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ITEPIAHYH

Tic televtaieg dvo Oekoetieg €xel mapoybel o€ MOYKOOUO EMIMESO £vOg
TEPAOTIOE OYKOG UIKPOPBLOAOYIK®Y d€00UEVOV TTOV GYETILOVTOL e TNV ACOAAELD TMV
tpogipwv. Ta dedopéva avtd meptlopufdvovior katd KOplo AOY0 G€ €PYACieg TOL
&xovv OMuUoctevtel o O1EBV EMOTNUOVIKE TEPLOOIKA KO OPKETEC MO AVTEG EYOLV
avaptnOel o10 O1001KTVO, HE OAMOTEAECHN Ol EVOLPEPOUEVOL VO, £XOLV EVKOAN
TPOGPACT G AVTEC HECH TOV PUMK®V GTO YPNOTH OOKTLOKMV pyaieimv. QoTdGO,
&xel dtomotmhel 0Tl Ta dedopéva oV TEPIAAUPAVOVTOL GTIC EPYOCies 0TS gite dgv
elvar €&’ oloxAnpov owbéoipa 1 0ev mapovctdlovtal Pe ONTIKE €VUANTTTO TPOTO.
EmnmAéov, vyninc modtmrog ypNoe  EMGTNHOVIKA Oedouéva  ouyva  Ogv
GLYKEVIPOVOLV TOV OOLTOVUEVO OYKO mov mpoimoBétel m dnuocievon tovg og
EMOTNUOVIKA Tepodikd. H avdykn Aowmdv yia tn ocvomnuotonoinon OAov Ttwov
TEPOUATIKAOV UIKPOPLOAOYIK®OV d£dOUEVOV Y100 TNV £yKaipn TpOPAeyn TV TOavdV
Kvoovev vroPdbuong g KpoPBloA0yIKnG TOWdTNTOS TOV TPOPIH®MV 1/Kot NG
ACQAUAELG TOVG, O OYEOTN UE TIG OLOOIKOGIEG TOPOY®MYNG Kol OMOONKELGNG TOVG,
ATOTEAEGOV ONUOVTIKO KIvnTpo Yoo TV avamtuén pog Paong dedopévov mov Ha
mEPLEYEL-CLVOLALEL TIC TANpoopieg avtéc. 'Etol, oto mAaicio ekmdévnong g
dTp1Png avantoyOnke N faon dedopévwv LabBase, n onoia epmepiéyetl dedopéva g
amdKPIONG TOV UIKPOOPYOUVIGUADV TMOV TPOPILMOV OTIS SOPOPETIKEG PLCIKOYTIUIKES
Kot epiorroviikés ouvnkes. Ot ypfoteg Tov AOYIGUIKOD auToL £X0VV TPOGRooT
o€ oTolyela Tov emTPEMOLY TN(V): (1) GVYKPIOT TNG ATOKPIONG TOV LKPOOPYOVICUMV
HETOED OLAPOPETIKAV EWOADV TPOPIp®V, (i1) avdmtuén cevapiov yio v avlektikdtnta
véov Tpoginmv, ot (i) ektipnon whavov  Kwvovveov  vroPdOuiong g
LKPOPLOAOYIKNG TOLOTNTOG KATA TNV TOPAYWOYT TOV TPOPIL®V.

21 ovvéxeld, avamtoydnkav 600 emmAéov AOYIGHKG Yo TNV TPOPAEYT NG
AVATTUENG TOV LIKPOOPYOVIGLMV GTA TPOPILO, TO 0010 EVIAGGOVTAL GTOV TOUEN TNG
TpOPAeEYNS TG UIKPOPLOAOYIKNG aAAOioN S TV TPoPit®my. ATd avTd, TO AOYICUIKO
UGPM agopd 6ty mpocopoimon g avantuéng v HIKPOOPYAVIGIMY GTO TPOPLLH
VO QLVOUIKESG KOl 6TATIKEG cuvOnkeg Beppokpaciag. Kivntpo yio v avantué tov
OMOTEALECE TO YEYOVOS OTL T VPIOTAUEVE G TOPO AOYIGHIKA gite OlatiBevtal povo
YL EUTOPIKN XPNON M EVOOUOTOVOLV OTOV KMOIKO TO UIKPOPlaKd povtéla, e
OTOTEAEGLOL VO, LTV EMLTPENOVY GTO PN 0T va €6dyel véa povtéda. Emmpocheta, ta

evoouatopéve poviéha PBacilovtol gite o gpyactnplakd dedoUéva 1| TPOEPYOVTOL



Ao TEPLOPICUEVOVG GUVIVOAGHOVS TPOPIL®V KOl WKPOOPYaVIGH®DV. O unyavicuoc
Aertovpyiog Tov Aoyiopikov UGPM Baocileton oto dtapopikd poviého twv Baranyi &
Roberts (1994) ce cuvovacud pe to deVLTEPOTAYEG LOVIEAO TETPOY®VIKNG pilag TV
Ratkowsky et al (1984). H ypnion tov Loyiopikod mov avoantoydnke emrpénet apevog
mv TPoPAeyn TG SLVOUIKNG TV TANBVGUOY VIO HETUPOAAOUEVES KOl OTATIKES
ovvOnkeg Oeppokpaciag, aeetépov O TV Tpocouoiwon Mg avénong TV
HUIKPOOPYOVICU®OV € GLVONKES amodnkevong Kot dtokiviiong tov tpoginmy. ‘Etot, to
AOYIOUIKO OUTO OVOUEVETOL VO OMOTEAEGEL €vol O0UTEPO YPNOLO —KOL €VYPNCTO-
gpyoreio akdpo Kot Yo pun eEEOIKELUEVOVS P OTES.

To tpito Aoyopkd mov avoantdydnke (GroPIN) oyetiCetor pe v mpoPreyn
TOGO 1TNG MECEMPAVEWNG ovaATTLENG/UN  avdmTtuéng, OG0 Kol HE OVTAV  TNG
avamTuENG/adpavomoinong TV HKPOOPYOVICUAV GTo  TPOQUN VIO  GTOTIKES
ouvOnkeg. Kivntpo yio v avéntuén tov anotélece to yeyovog 0Tt ival eEapetikd
TEPLOPICUEVO, TO VPLOTAUEVO OVTICTOLYO AOYICUIKE KOl KOVEVO TOLG OEV EXEL TIG
dvvatotreg mpoPreync mov mapéxet to véo Aoywopikd GroPIN. O Paocikdg
UNYOVIGHOG TOV VEOU AoYiopikoy Paciletal oty emnilvon Tov poviéhov TpoRieyng
™G mOavOTNTAG OVATTUENG 1 U OVATTTUENG TV LKPOOPYOVICUMV TOV TPOPIL®V
KaOdg Kot oto Spopikd poviédo twov Baranyi & Roberts (1994). Emutiéov
nmeplopPdvet T dvvaTdTNnTo ETIAVONG LOVIEAWDV ETPAVEI®V amokpiong. H yprion tov
AOYIGHIKOV aVTOV eMTPEMEL TV a10A0YNGT TOL TOAVOD KIvduvoy omd v avEnon
TOV HKPOOPYOVIGU®V ot Tpoea. Ta pikpoPlokd poviéda mov mepthappdvovrtol
07O AOYIGKO OglyvouV TTOl0l HKpoopyavicuol givatl duvatd va avamtuyBovv oe éva
TPOIOV Kal €AV avarTuyOovv, pe Tt ToyvTNTa o AAPEL YDpa 1 VATTLEN TOVG.

O avantuén TOV TPIOV AOYIGHIKOV GUVICTE &€VO TOKETO UIKPOPLOAOYIKOV
AOYIoUIKOV TO 0moio cuvdvaoTiKd pumopet vo aglomombel 1000 and ™ Prounyavio
TPOPIL®V 000 Kol amd EPELVNTIKA gpyacTthipla Yio: (1) v TpoOPAeym g emidpaong
TOV VEOV GUVINPNTIKOV/OVIYUKpoPlok®y ot uikpoPlokr ovdmtoén, (i) v
mpOPAeyn ™G WIKpoPlokng otafepdTnTag VE®V TPOTOVI®MV TOV TPOEPYOVTAL OTd
KAMOOIKA TpoidvTo KatoOmY oAAAYNG TG cVGTAONG TOVG, (iil) TO GYESCUO VEMV
nepapdtov, aeod Ba ival SuVTA 1 EK TOV TPOTEPMV EKTIUNOT TOV TPOGIOKMUEVHV
AmOTEAECUATOV OAAG Kol TG mopeiag N omoia mpokettal vo akoAovOnbel. (iv) to
OYEOCUO VE®MV TPOQip®V, pe Bdaon T xpnon TV TANPOPOPIOdYV amd T Pdon
OedOUEVMV (OYETIKA UE TOPOUTANGLO. TPOIOVTAL) GE GLVOVAGCUO UE TNV EKTIUNCT TOV

KIVOUVOV LKPOPLaKNG LOAVVONG amtd TO, AOYIGLUKG Lo LLOTIKNG LOVTEAOTTOINGTG.



[No ™ duwidoon TV dVO TPAOTOV AOYIGHIK®V Exovv MO avamtuydel Kot
avaptnOet avtioTolYEg 10TOGEADES (http://www.aua.gr/psomas, Kot
http://www.aua.gr/psomas/LabBase) pécm twv omoiwv kabe evolopepouevog pmopet
Yopic ypémon va ta avTrypayel 6To 6KANPO dicko Tov VITOAOYIGTH Tov. To AoYIGHIKO
GroPIN eivar emiong dobéoio yopig xpE€won Katodmy aitnons Tov EVOLLPEPOUEVOL

otV opada vAomoinong (apsomas@aua.gr, pskan@aua.gr).
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DEVELOPMENT OF NOVEL PREDICTIVE MODELLING SOFTWARE
APPLICATIONS AND DATABASES FOR THE PREDICTION OF GROWTH
INITIATION AND MICROBIAL POPULATION DYNAMICS IN RESPONSE
TO INTRINSIC AND EXTRINSIC FACTORS IN FOOD ECOSYSTEMS

ABSTRACT

Over the past two decades, an enormous volume of microbiological data has
been produced worldwide and it is readily available mainly via papers which have
been published in international journals. The deployment of international databases
and search engines for searching and accessing relevant papers in academic journals,
archives or other collections have contributed decisively to the rapid spread of such
information. However, the data included in these reports are not fully available, or not
always with a meaningful visual way. On the other hand, the effective use of
published knowledge requires high academic background and the ability of searching
for the appropriate sources of information. On the other hand, scientific data of high
quality is not included into scientific journals, due to their low quantity. Therefore, the
motivation for LabBase database development was the need for systematization of
experimental microbiological data and anticipating the potential risks of the foods
microbial quality/safety deterioration during their production or storage. LabBase
database incorporates compiled data used to predict the growth, survival and death of
microbial populations in foods, depending on the intrinsic food properties and the
environmental factors. The use of this software allows: (i) The comparison of the
microbial responses between the different types of foods, (ii) the design of new food
products, and (iii) the assessment of the potential risks of the degradation of the foods
microbial quality during manufacturing.

Growth models are fundamental tools in predictive microbiology, especially
for Ready-to-Eat foods, since they may assess the exposure of consumers to the doses
(levels) of pathogenic bacteria at the time of consumption. Several predictive
modeling software have been developed in order to provide predictions of microbial
responses in foods by controlling environmental and physicochemical factors and/or
food additives. Although, most of these programs are locked and the modification of
their models or the addition of new models is not feasible or requires authorization.

Furthermore, the embedded models are based mainly on data from laboratory media



or from limited combinations of foods and microorganisms. Therefore, the motivation
for UGPM tertiary model development was the need for a readily available and user -
friendly software, encompassing various food-microorganism-specific growth models.
software encompassing various food-microorganism-specific growth models. The
simulation of microbial growth is obtained via the primary model of Baranyi, using
momentary growth rates estimates in response to temperature, obtained by square root
secondary models. It is capable of providing predictions for the population dynamics
of the selected microorganisms-food combinations under static and dynamic
temperature conditions. UGPM software is a valuable decision support tool for the
Food Industry, by assisting in the management of foods based on their actual shelf-life
and microbial safety, thereby limiting the deterministic “best-by” practice for the
determination of shelf-life. The latter is commonly based solely on empirical
observations and has high uncertainty. This in turn, may result in the rejection of large
quantities of unspoiled or safe foods, or even in the distribution of spoiled and unsafe
foods, due to ignorance of the effect of temperature abuse on the microbial spoilage
and safety of products.

While several food microbial predictive software have been developed in
order to provide microbial growth-inactivation kinetics, only a few predictive tools
can comprehensively explore various kinds of microbial growth/no growth conditions,
and none can explore both growth/no growth conditions and growth-inactivation
kinetics under static conditions, simultaneously. GroPIN software constitutes a
tertiary simulation model, providing predictions related to the above basic described
functions, including the development of ordinary and time-to x log response surface
models. GroPIN software includes a microbial models database, where each equation
constitutes a datum, instead of being integrated in the programming language. GroPIN
provides information concerning growth/no growth boundary conditions and the
kinetics of microorganisms in the case of growth. This software contributes decisively
to the efficient and safe production and distribution of processed foods.

The combination of the individual software described above, constitutes a
software package, which can be exploited by the Food Industry and the Research
Laboratories in order: (i) To predict the effect of the new preservatives and
antimicrobial compounds on microbial growth. (i1) To predict the microbial stability
of the new products derived from traditional foods, after changing their composition.

(ii1) The design of new experiments, since it will be possible to assess the expected



results and the experimental procedures which are going to be implemented. (iv) The
design of new food products based on the information derived from database (related
to similar products) in conjunction with assessing the risk of microbial contamination,
derived from the tertiary models. UGPM and LabBase software applications are
available free of charge via the corresponding websites (http://www.aua.gr/psomas,
and http://www.aua.gr/psomas/LabBase), while GroPIN software is available upon

request (apsomas@aua.gr, pskan@aua.gr).

Scientific area: Quantative microbiology

Keywords:
Primary model, secondary model, tertiary model, food microbial responses
database, software, predictive microbiology, quantative microbiology, food
safety, dynamic temperature conditions, microbial growth prediction,
microbial inactivation prediction, response surface, growth/no growth,

LabBase, UGPM, GroPIN.
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I'NQETOIIOIHXEIZ-EYXAPIXTIEX

H dwrpin avt exmovinke oto Epyactiplo Xnueiog tov IN'evikov Tunpotog

tov ['eomovikov [Tavemotnuiov AOnvaov.

Apyikd amevdive Bepud evyaprotiplo otov Kadnynt) Zépko Xapovtouvidy
Y0 TNV TN TOV HOV £KOVE VO, LE EMAEEEL DGTE VO TPAYUATOTOMG® TN O00KTOPIKN
pov dwtpPn vod v kabodnynon tov. Tov gvyaprotd Bepud 1060 yia ) cLUPOAN
TOV TNV €MAOYN TOVL OEHOTOC TG O10aKTOPIKNG dtaTplPig OGO Kol Yol TNV TopOYT
™G EMGTNUOVIKNAG TOL KaB0ONYNONG, TOV TPOCHOTIKOL TOV EVOLUPEPOVTOS KOl TNG

EUMIGTOCLVNG TOL TOL HOL emedee Kab’ OAn TN Olpkeld ™G OOAKTOPIKNG

dwtpPne.

Oepud evyapompa Bého vo oamevBiveo 1060 oTOV emikovpo KaBNYNTN
[Movayuwmn Zxoavodun o omoiog pe oveEAVIANTN vTOHOV pe kKaBodnynoe Kot Ue
dtda&e Tavtdpova MaTE va VAoToBovV LE emiTuyia 01 6TOYOL TNG dALTPPNS, OGO Kot
otov Kanynt F'edpyro - Iodvvn Nuyd yio v vrostipiEn tov kaf’ 6An tn dbpkela

NG O10AKTOPIKNG OV Sl TPIPTG.

Evyapiotew emiong ta péin g eéetaotikng emrponnc Kwvotavtivo
I'ewpyiov, kaOnynm tov I'.IL.A., Xprioto Kvpoavoddn, avaminpmty kabnynt) tov
E.M.IL., Kovotavtivo T'adkodpn, avorinpot) kadnynt tov I'ILA. kot Evotdbio
[Mavéyov, enikovpo kabnynt) tov I'.ILA. yio T cvvepyacio tovg Kot v Tpobuuio
TOVG GUUUETAGYOVY GTNV EEETACTIKY EMTPONY. TEAOC, ELYOPIOTAO TOAD TN SOAKTOPQL
Tov gpyaotnpiov I'evikng Xnueiog Xogio KovAoyépn, yio ) Pondeid g kabog kot
Yo TI§ GVUPOVAEG TTOVL oL Ttapelye 6€ OAN TN dLdpKELD TG SOAKTOPIKNG StaTPPmS.
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KE®AAAIO 1

MoOnpoatikd povréra Tpofieync Tng amOKPLGNG TOV HIKPOOPYUVICHDV GTA

PO

EIZAT'QI'H

O dwpkadg av&avopevog apBpnodg Kpovoudtov Tpoeikng onintmpioaong -oe
TAYKOGO EMimedo- £xel LENGEL TV AVNOLYIO TOV KOTOVOAMTMOV GYETIKA UE TNV
acearele Tov tpoeipwv (Maurice, 1994). H dnuocia avnovyio evidOnke mepoutépm
™ oekoetio tov 1980 efautiog g eEdmAwong TG VOOOL TNG OGMOYYDOOVG
eykeparondBewag (bovine spongiform encephalopathy, BSE) ota Poogdn g
Meyding Bpetaviag, KaOde kol ToV EKTETAUEVOV HOADVGE®MY TOV TPOPIL®Y amd TO
Baxtpwo Escherischia coli O157:H7 otic HITA (1992-1993), Xxotia (1996) ko
lorovia (1996) (Sato et al., 2003). Ta yeyovoto awTd, GE GLVOLAGUO HE TNV TEOT
TOV OOKOUV Ol KOTOVOAMTEG Yo TPOSPacn o€ peyoAdtepn mowkidio Atydtepo
eneEepyacuéVOV /Kol VOTOV TPOGIL®Y, OMUIOVPYNoaYV TNV ovAaykn Yo, Topoyn
EYYUNCE®V OTNV acPAAE TOV TpoPipwv 1 omoieg Oa Pacilovror oe Tayeieg kot
axpiPeic peboddovg (McDonald & Sun, 1999).

Ot Roberts & Jarvis (1983) aueiopritnoay v omoTEAEGUOTIKOTNTO TOV
SLUUPATIKOV LKPOPLOAOYIKAOV HeBOd®MV GTNV EKTIUNGT TNG ACPAAELNS TOV TPOPIL®V,
BewpdvTog TIC damavnpES OV deV TOPEYOLV Ta avouevoueva amoteléopata. [ to
AOyo avtd mpotdOnke pio véo evorloktikn pEBodoc, m omoio Poaciletor otnv
KOADTEPT KOATOVONOT TNG GUCIOAOYING TWV HIKPOOPYOVIGL®OV Kol TOV OTOKPIGEDY
TOVG G€ KPIGOovs mapdyovteg edéyyov, Onw¢ eivar m Ogppokpacio. Xto miaicio
EPAPLOYNG TNG HEBOOOV OVTNG, OCULYKEKPIUEVOL UIKPOOPYOVIGHUOL OVOTTUGGOVTOL GE
gpyaoTnplokd péca Ko vrofdAiovtal oe 01popeg mEPPUALOVTIKES CLVONKES, EVD
TOPAAANAD  KOTOYPAPOVTOL Ol OMOKPIGES TOvGc. ApyKa avartoydnkav Pacelg
JEJOUEVMV Yol TNV KOTOYMPNOT TOV UETPNOEMV KOl GTN GLVEXEWL OVOTTOYONKOV
drdikacieg mapePoing dedopévmvy - aAANAETIOpaoTG TV PACEDV JESOUEVOV LE TO
padnuotikd povréda tpoPreyns. H véa avt) pebodoroyio avarntdydnie vid tig €€Ng
npoimobEoels:

(1) Ot amoxpicels TV PKPOOPYOVIGUAOV GTLG OLAPOPES TEPPAALOVTIKES GLVONKES Vo

elval ovvemeic.



(i) H emaviinynm tov petpnoeov va oonyet ota idw amoteléouato (Ross &
McMeekin, 1994).

H povtehomoinon oOev elvar oe 0éom vo mpoPAEmEL HE OVOUEVOUEVES
pkpofrokés amokpicelg, Opmg pmopel vo mpoPréwel TV eMiOPACT TOALOTADV
HETAPANTOV OTNV  amOKPIoT] TOV  HKPOOPYOVICUDV YOPIS Vo  ypelootel  va
dwmotwBovv avtég epyactnplaxd (Cole, 1991, Hedges, 1991). Me Bdon ™ Aoywn
oTH, 01 EPYACTNPOKEG OOKIUEG Ba Liropovoay Vo avTikaTasTafovy €' OAOKANPOL 1
ev pépel and pio pebodoroyio n omoio mepryploetal wg TPOPPNTIKY HiKpoftoroyia
tpogipwv (predictive food microbiology) (Whiting, 1997).

H mpoppnrikn pikpoProroyio amotelel éva toy€mg avamtuooOUevo Tedio g
piKpoProroyiog tpopipwv, t0 omoio kotd To TEAELTOdO €T €YEL MPOCEAKVGEL Eval
ONUOVTIKO EMGTNUOVIKO gvidtapépov (McDonald & Sun, 1999). Evoopatovel moAAd
EMOTNUOVIKA OVTIKEILEVO, OM®G TO. HOOMUOTIKA, TN UNXOVIKY, TN ynueio Kot
pikpoPloroyia, mopéyxoviag TPOPAEYES NG  UIKPOPOKNG  CUUTEPIPOPES Yo
OLYKEKPIUEVO TPOPILO KAT® amd dedopéveg ouvOnkeg (Zwietering et al., 1990, 1993,
Whiting & Buchanan, 1994, Peleg, 1997, Schaffner & Labuza,1997). Katd ™
tehevtaio dekamevtaetio 1 PEATIOON TG ATOI00NG TOV TPOCOTIKMY VITOAOYICTMOV
ouvéBare koboplotikd oty €EEMEN TOL VEOL OVTOV EMGTNUOVIKOV TEdiOL.
Evtovtolg, mapd tv mpoodo mov onUEI®wsE, 0 YOPOKTPOS TOV TOPOUEVEL KLPIMG
EPELYNTIKOG, eVl a&lomoteitan Mydtepo amd ™ PBropmyavia tpoeipwv. ‘Eva peydio
TPOPANpa evtomiletal 6To YEYOVOG OTL TOL ETKVPMOUEVO LOVTEAL TPOEPYOVTOAL KLUPIWG
a0 KOAMEPYEIEG GUYKEKPIUEVOV UIKPOOPYOVICUDY GE EPYOACTNPLOKA HECH Kol VIO
dedopéveg ovvOnkeg (McMeekin et al., 1987). Ta ovtictoyya poviélo mov
TPOEPYOVTOL OO TPAYUATIKA TPOTOVTO TPOPIU®V cVVINOME TaPoVG1ALovY dSVGKOAIEG
otV avdrntuén mpoPréyewv akpiPeiag, pe amotélespa -onwg £dei&e o Gill (1982)- 1
dwpopornoinon ot TPOPAEYEIS Vo gival avATOPELKTN YLo. TPOPUO TOAVTAOKNG
oVoTOoNG, OTMG T0 KpEag. [a To0 Adyo avtd, ot Houtsma et al. (1996) cuvictovv v
avATTUEN Kol EMKVPMOOT LOVTEA®Y TTOV TPOEPYOVTOL OO OEOOUEVO CUYKEKPIUEVMV
TpoidvTev pe faon to kpéac (McDonald & Sun, 1999).

210 mAaiclo avTtd padnUoTIKA HovTEAD TOL cuVOYilovV TIC OMOKPICELS TV
LKPOOPYOUVIGUMV GE O18POPOVS PLGIKOYNUIKOVG KOl TEPPOAAOVTIKOVS TOPAYOVTES
YPNOLOTOIOVVTOL Y10l VO TOPEYOVV OVTIKEUEVIKEG EKTIUNCELS TOV KIVOLVOV TOV
aPOPOVV GE TPOPOYEVEIG AOTUMEELS, TPOPIKES OINANTNPIACELS 1] OAALOIDGELS GE ELOKES

neputtdoelg (Ross & McMeekin, 1995).



1.1. Avamopoywyn kou Gavozog evog uirkpofioxod minboouod coupwva ue T poveAo

v Jones & Walker (1993)

Ov pikpoopyavicpol ypnolpwonoodv ta TPOPLUE OG LVTOGTPMLL Yo TNV
avdntuoén tovg. Otav Ppebodv o KATAAANAO VROGTPOUO Kot WOOVIKEG CUVONKES
molamAactalovtal pe peydAn tayxvtnta. O pvBudc petafoing tov peyéBovg evog
pikpoPiakov mAnfuouol eréyyeton 10660 amd 10 PLOUO TS dlAiPESNS TOV KLTTAPW®V
T0V, 660 Kol amd to PLOUS BavaTov Tovg cvUPEva pe TN Yevikn e&icwon (Jones &

Walker, 1993):

Ay-d6_n.Dy (I.1)
it dt dt
OOV,

N eivan to péyebog tov TAnBvcpov,

t, elvan 0 ypoVOg

diG etvar o puOpoS Yévvmong (daipeonc) kot dtopo, Kot
t

diM etvar o puBuodg BvnopdTag Kat’ dTopo.
t

H &€iomon 1.1 neprypdopet v avarapoywyn kot 1o 0dvato evog pikpofrokon
nAnBvopov. Otav évag pkpoProkdc mAnbuoudc tomobeteitar oe va TpdEYLO, TOTE
vroPdAleTon o€ TEPiod0 TPOGAPLOYNG, 1) dtdpKELR TNG omoiog eEapTdTol eV LEPEL ATO
0 meparrov. Edv ot ocuvOnkeg avdmruéng eivar ou Bértioteg, t0TE M TEPTIOSOG
TPOGOPUOYNG TOV umopel va elvar ohvtoun. e Aydtepo €uvoikéc ocuvvOnkeg o
mAnBvopdg pmopel va ypelacTtel LEYOADTEPO XPOVIKO SLAGTNLA Y10 VO, TPOCUPUOCTEL.
Kotd v mepiodo mpooappoyng (AavBdvovosa ¢don n ¢don kabvotépnong, lag
phase) 10 péyebog tov mANOBvopod pmopel va  Jwatnpeitar  otabepd. O
HUIKPOOPYOVIGHOC Tpocsapuolel ™ @uotoAoyia kot Proynueic tov o610 VEO TOL
neptPdAlov, evd dvckora pumopel va moapatnpnel kdmowo petafoir oto péyeddg tov
(Pirt, 1975). Koatd ™ dSibpkela TG mEPLOO0V 0TS Kot OTOV Ol GLVONKEG givol pn
€VVOIKEG, etvan dvvatd va mapatnpndet peimon oto péyebog tov mAnbuopod n omoia
avTiototyel otov apykd avéavopevo pvdud Bavartov (Jones & Walker, 1993).

H ¢don avt akorovbeiton and pia mepiodo ekbetikng avénong tov peyébovug
0V TANBVoUOY (ekBeTIKY PAoM), OTdTE TO GHVOLO TNG UETABOAKNG dPAGTNPLOTNTOG

TOV KLTTAp®V KoTevdiveton oty avamopaywyrn. Olo 10 CLGTUTIKA TOV KLTTAPWOV



Bpiokovion oe otafepéc avaroyieg Kot Ta KOTTOPA OE@POHVTAL Y10 TPOKTIKOVG AOYOVG
(QLGLOAOYIKE TOVTOCLOL. XE TOKTIKA YPOVIKA O1GTHHOTA STAAGLALETOL O TANOLVGUOG
Tov pKpoopyovicpudv N (exepdleton pe 10 AoydplOuo g muKvVOTNTOS TOV
KLTTapwV), ved 0 puBudc Bavdatov Tov etvor youniog (Jones & Walker, 1993).

Téco 1 dopkng cvoompevon TV PETOPOAMTOV 6T0 TTEPPAALOV avAaTTLENG
TOV WKPOOPYAVICU®OV 000 Kol 1 €AATTOON TOL Opemtikod VAoV amoteAohV
KaBop1oTIKoHg TapPAyovTES TOV cLVTELOVY 01N Babuaio peimwon Tov puORov avénong
T0V 0plBuoy TV KLTTAp®V, €mG To péyloto péyeBoc mov pmopel va Bdoel o
mAnBvoude. Tote o pikpoPrakdc TAnBvoudg E1GEPYETAL GTN PACT TN GTAGILOTNTOGS,
oTNV Omoio M AVATTVEN TOV KLTTAPWV 5lo®VETOL Le TO BAavatd tovg. 210 6110
KOTA TO OTO{0 1] GLYKEVIPMOGT T®V TOEWVMV TOV TPOEPYETOL OO TIG HLETAROMKES TOVG
dpacTNPOTNTEG Kot 1 EAAEWYM OpenTIKOV cuotaTik®v eBdcovv e Babud dote o
pLOUOG Bavdatov TV KLTTAP®V v elval PeyOADTEPOC amd TNV KAvOTNTO TOL
mePPAALovTog vo vtootnpi&el TV KuTToptkn Tovg olaipeon (pdomn Bavdrtov), tote 10
péyebog ¢ KPOPLOKNG TUKVOTNTOG HELOVETOL PEYPL TO BAVOTO TNG KAAMEPYELNG
(Ewoéva 1.1) (Jones & Walker, 1993).

N

A

. . Ewévo 1.1 Zynpotik) mopdotoom
OOCT CTUCLULOTNTUC

QLo TV Qhdoemv  ovlmTuEng  evog
exBenuch \emﬂmﬂ pikpoPfrokod  mAnbvopod  (Inyn:
DacT McKellar & Lu, 2004)

hovBivoooo
paoT -

1.2. Avamroén pabnuotikov poviédwy mpopieyns

1.2.1. Movtélo kou aovaptioelg

O 6pog poviého €xel oplotel o€ TOAEG €EAPETIKES OVOOKOTNOELS TTEPT NG

pnaOnuoTikng povtelomoinong M tov pkpofroroyikav depyacidv (my. Roels &

Kossen, 1978). 'Eva kaBapd epneiptkd Hoviérlo, OTmG ivol 1 TETPAYOVIKN EMOAVELL



amokpong yw v mepParroviikn eEdptnon pog mapapétpov evog Paktnplakon
mAnBvopov (Gibson et al., 1988) amotelel eniong £va povtéro, aAAd 0 GTOYOG TOV deV
elval timote meplocOTEPO Oamd pion OUOAN  OVOTOPAOTOCT) TOV  TEPAUATIKOV
dedopévmv. Amotedel povtédo pe TtV €vvola Tov ypnotiplomoleitol 6Ty avéAvon
TOAVOPOUNONG TNG OTOTIOTIKNG, OTOL oTOY0G €lvarl M aplOuUNTIKY ovamopdoToom
OPICUEVOV OMOKPICEDV [E £VVOLEG OTAMY GUVAPTICEDV OTTMG TO TOAVDOVLLO, YOPIG
UNYovioTikn eEnynon.

Qo1660, 0 Opog LABNUATIKO HOVTELD EIVOL OLGTNPOTEPOS KOl OVOPEPETOL OE
o oAAnAovyio. Bocik®v VTOBECEDV CYETIKA UE TIG Olepyacieg mov peAeTOVVTOL.
Mepikég amd avtég evOeyouévag va ek@paloviol e €VVOIEG GUVOPTICE®V KOl
dpopikdv eElomoewv. o To A0yo avtd, amd pio pnyavieTIKN €K00YN, 1| CLVEPTNON
Kol TO HOVIEAO Ogv OmoTeEAOVV 16000vapovg Opovs. H ovvéptnon eivor pio
pofnuotiky  ovvoyn 1 omoio KoOoTO €VKOAOTEPN TNV  TEPLYPOON, EVOG
ovykekpipévou povtédov (Baranyi & Roberts, 1995). TNa mapddetypa, o opiopoc tov
povtélov avénong Gompertz (Turner et al., 1976) Paciletar oty vwobeon O6tL 0
oTypaiog €10kog puOudc avénong piog mosotnTag W(t), cLVOEETOL e TO OTLYHLOiO
1060 X(t) eketvng TG TOcOTNTOS HECH TNG e&lomong:
,u(‘[):c-lnxm;ax (12)

x(1)

OOV Xmax €tvon M péytom T tov x(t) ko ¢ eivon pion otaBepd Tov poviéAov. Avtd
odnyel oe pio owpopikn| e&lowon 1 Adon g omolag amotelel T GLVAPTNHOM
Gompertz. H ovvaptnon avt, n omoio ohokAnpmOnke pe €vav mpocHeto Opo,
npocappoomke omd tovg Gibson et al. (1988) ot AoyopiOuikn popev TV
OVYKEVIPMOOEMV TMOV KLTTAP®V. XUVEM®MG, 1 OIYHOEWNG KOUTUAN TOV TPOKLITEL
npénel va kaAeitar cuvdptnon Gompertz, aAld and PNYOVIGTIKNG Gmoyng dgv givor
owotd va koieiton poviého Gompertz. [Taporo avtd, ota eyyepidla ™G avAALONG
TOAMVOPOUNONG, 0 OPOC HOVTELO YPNOLOTOLEITOL EVPVTATO Yo Pl cuvapTNoN Hiog
OLYKEKPIUEVNG HOPPNG, OVEEAPTNTA OO TO TMG TMPOEKLYE 1 GLVAPTNGCY OLTY

(Baranyi & Roberts, 1995).
1.2.2. PvBuog xai €101ko¢ pvluog

‘Eocto x(t) etvon pia ypovikd eCaptdpevn petafinti n onoio meprypdoel

dtakdpavon piog cvykekpiévng mosdtrag, 6mmg 1 Propdlo 1 1 CLYKEVTIP®ON TOV



KUTTapov. O oTrypoiog puBuodg g depyaciog ekepaleTal He TNV TPAOTN TAPAYWYO
™G HeTaPANTNC X(t) ONAad”| %x(t) .

Téte 0 e1dk6g pOUOS U(t) opiletan pe v e&icmon:

40

__ dt 1.3
u(t) s (1.3)

Edv x(t) eivor 1 ocvuykévipmon Tov KuTtdpov o€ pio kaAlépysto Bakmpiwv, T0TE 0
puOudg avénong eivor M amdAVTN AVENCT GTN CGLYKEVIPMOT TOV KLTTAP®V VA
HOVAda XpOVOL, EVA 0 E101KOG pLOUOC avENoN S ivarl 1 abENoM NG CLYKEVTPMOONG TOV
KLTTOPOV ové povada xpovov avd kbttapo. Evag anlog vroroyiopdg deiyvetl 6t edv
n x(t) etvon BeTkn, TOTE

4(t) =%1nx(t) (1.4)

IMa 10 AOy0 avtd, 0 €101KOG PLOUOG aENONC HETPLETOL HE TNV KAMOT NG KAUTOANG
avénomng oTn YPAPIKT ATEIKOVIOT] TOL PLGIKOL AOYAPOOV TOL X(t) ¢ TPOG TO YPOVO.
Edv avti tov @uowov AoydapiBpov ypnoipomombei o Aoydpibupog pe PBdon 1o 10
(logio), T0te M peTpovpevn kiion Ba etvar In(10) = 2.3 popég pikpdtepn amd Tov £191k0
puOud avénong (Baranyi & Roberts, 1995).

1.2.3. Xpovog dirhaciaouod kai ypovog yeveag

Yopeova pe tovg Baranyi & Roberts (1995), og éva mpokaBopiopévo ypdvo,
tix, €0T® OTL M T TOL W(t) etvon p(tsx)=pax. H €€icwon tov ypdvov dumhaciocpon

(doubling time) T, = In2 ~ 0.69

onpaiver 6tTL €dv o p(t) mapépeve o 1010¢ TOTE GTO
Hﬁx p’ﬁx

rpovikd ddotnua tix + Ty 1 ovykévipwon tov kuttdpov Ba NTav SmAdcio amd
exetvn 610 ¥poviKO drdoTnua trx. Eivor onuoavtikd va dwatvmmBel 6t oe achyypoveg
KoAAEpPYElEG 0 ypdvog omAactaopod Ty 0ev givor 106000VOUOC e TO HEGO YPOVO
veveds (mean generation time). TNV TpoyHOTIKOTNTA, 0 HEGOG YPOVOG YeEVEQS pumopel
va ektiunBel kodvtepa oG /sy mapd oG 0.69/usyx, €0v 1 dlaipecn TV KLTTAPOV
umopel vo mpooeyylotel pe pio toyaio oladikacio yévvnong Ommg 1 dadkocio

Poisson (Rubinow, 1984).



1.2.4. EvOoyeVeic mopayovies Kol mopayovies EAEYYOD

‘Eotw o6t pio depyoasio Paxtnpiov povtelomoleital amd pio cuvéptnon
x(t)=f(p,t), 6mov 10 dSrdvucua P TEPIAAUPAVEL TIG TOPAUETPOVS TOV HOVTELOVL. AVTEG
o1 ToPAUETPOL EEAPTAOVTOL OO TO CLYKEKPIUEVO, PAKTAPLO TTOV YPTCLULOTOLOVVTOL KoL
and Tic ovvOnkeg Tov TmEPApATOS (TOAVOS ypovikd eaptnpéveg), Ol Omoieg
emmpedlovtal amd Tov epeuvnTy. ZKOTHOG Bewpeitar 0 dSoy®PIoHOS TOV SLOVOCUATOG
P G€ p1 Kot p2, 6OV Py €lvar aveEAPTNTO TOL EpgLYNTI KAt P2 EEAPTNUEVO OO QVTOV.
Ymv mepintmorn ovtn, to otoreic mwov amaptiCovy 1o ddvucpa Pr kKoAobvTol
EVOOYEVEIG TOPAUETPOL, EVD EKEIVA TOVL P2, TOPAUETPOL EAEYYOVL. AT €lvan Guyva M
KOTAOTOOT KATA TNV OTOl0 TO HOVTEAO TEPLYPAPETOL OO EVA GUGTNUO OLUPOPIKAOV
e€l0MoEMV, Ol TAPAUETPOL TOV OTOIMV ATOTEAOVV EVOOYEVEIS TAPAUETPOVS, OAAGL Ol
APYIKES TIULES O OTTOleC TTPEMEL VOL HIVOVTOL MOTE VO TPOKVWYEL GUYKEKPIUEVT ADGT Yia
™ Spopikn e€icmon, eEaptdvior kKupiog and tov gpevvnty (Baranyi & Roberts,
1995).

Mo mapdostypa évo amdod povtédlo 1o onoio dev meptéyel eAaon kabvoTépnong
o€ KAEloT KaAMEpYELn etvat:

d
= O = 1,x(1) 05

x(0) = x,

omov x(t) etvan n ypovikd eEaptdpevn PaKTnploKy] GLYKEVIP®OTN, X lvar 1 TR ™
XPOVIKT] ottypn| t=0, kot

Lo €lvar 0 otabepds 1d1kdg puOUOS avENOTG.

H A0om tov avotépm poviédov, to omoio kaeitor TpoPAnUa apytkng TN elvar:

x(t) = x, - "' (1.6)
e aVTO TO LOVTEAO,

P=(po,X0),

omov

Ho tvan pio evooyevng, Ko

X0 etvon pio TapapeTpog eEAEYYOUL.

Eivor apketd e0kolo va pHETOGYNUOTIOTEL | GUVAPTNON TOV HOVTEAOL OTOAEIPOVTOG

avTdV TOV KaBopod Soympiopod m.y:

x()=(q,+4,)- el



Omov
_ Yot Hy (L.7)
! 2
Kot
q _ Yo" Ho (1.8)
g 2

e oVt TN LOPEY| TNG CLVAPTNONG TOL LOVTEAOL, Ol TOPAIETPOL ) KOl 2 OEV
OTOTEAOVV OMOKAEICTIKA £VOOYEVEIC TAPAUETPOVG 1 TAPAUETPOVG EAEYYOV. ZVVETADG,
d¢ Ba Tav ePOVIUN 1 LOVTEAOTOINGT TOV TOPAUETP®V (1 KOl g2 OG CLVAPTNGCN TNG
emidpaong tov mePPAALoviog oty avénon tov Paxtnpiov enewdn kot ot dvo
mopdpetpor  eEaptovror  amd Tov  gpevvnt. H  ovykekpyévn  dwdikacio
povtedomoinong ivar opOn poévo edv vmotebel 6TL M TAPAUETPOG Xp givar dedopévn
Kot OTL T0 HOVTELD YpNooTotleitot yio TpOPAEYN HOVO OTN OESOUEVT] TAPAUETPO Xo.
"‘Eva tétoto povtédo Ba elxe mepropiopévn mpoktikny onpocio. [apdia avtd vrdpyovv
MEPIMTAOGELS OMOL TOPOUOIOG TPOCWPIVOC UETAGYNUATIGUOG €lvol ¥pNOULOS Yo
dAlovg Aoyovg, Omwg M aplOunTikn guotddeia 1 N GYEOOV YPAUUKT CUUTEPLPOPA
(Ratkowsky, 1983). Eivar onuovtikdé owotdéco vo Anebel vmoéyn 6t or didpopot
LETOGYNUOTIGUOL OTOGKOTTOVV GE VTOAOYIOTIKOVG KOU OYl HUNYOVIGTIKOVS AOYOLG
(Baranyi & Roberts, 1995).

O petaoynuoticpog g cuvaptnong Gompertz avaidOnke amd tov Garthright
(1991) kou Baranyi (1992a,b). Mia cuvnOiopévn popen g cvvdptnong Gompertz
etvau:
gt)y=a+c - EXP{—EXP[-b-(t—m)]} (1.9)
omov a, b, ¢, d elvar o1 mapdapetpor g cvvdptnong (Gibson et al., 1988, Buchanan &
Phillips, 1990).

H péyrot xhion g xopmding eivor:

b-c 1.10
Hupax = ( )

Edv m ovvapmon g(t) mpocapuootel oto  @uowkd AoydpiBuo g
OLYKEVIPMONG TOV KVTTAPOV TOTE 1 VEN TOPAUETPOS, MHmax, 000 omoTeEAECEL pial
ektipmon tov péyotov €WKoD puBuod avénong exeivng g kaAlépyslag. Edav
dextobue OTL T0 oLYKEKPLUEVO TTEPIPAALOV 0TO omoio €vag opoloyevig TANOLGHOG
elvar dvvatd va avénbei, kabopiler 1o péyloto €0wo pvOUd avénong (Rubinow,

1984), 16t N TOPAUETPOC [imax OTOTEAEL pioL EVOOYEVI] TOPALETPO TOV LOVTELOVL.



H dwagpopd petald g avdtepng acOUTTOTNG KOl TOL EMTESOV EUPOAMAGHOD
TO 07010 EKTIUATOL OO TNV TAPAUETPO €, EQPTATAL OTO TOV EPEVVNTY| TOV UTOPEL VOl
amo@acicel &va vYNMAOTEPO N YOUNAOTEPO emimedo epfoitacuov. Qg ek ToHTOL, O
LEYIOTOG €101KOG pLOUOG AOENONG Hmax OEV OMOTEAEL EVOOYEVN TTOPAUETPO AALL 0VTE
etvar kKaBapd pio mopAUeTpog €AEyYOL €mMEWN| TPOPOVOS eEapTaTAl Omd PEPIKA
YOPaKTNPoTIKE TV Baktnpiov. ['a 1o Adyo avtd 00te N TAPAUETPOC

bzltlmax.E (111)
C

amotelel pio evOOyEVT] TOPAUETPO EMEON VTN TPETEL Vo €EQPTATOL OO TNV T TOV
euPoriov. Xvvenwg, N mepParrovtikny €dptnon g mopapétpov b dev Ba Empene va
povtedomomBel ektd¢ amd Vv mepinTmon mov 10 eninedo epPfoAilacuov ivar 1o 1010,
TPOKABOPIGUEVO KOt GTAOEPO Yol TO TEPAUATO KO TIG KOUTVAEG adOENONS Yol TIG
omoieg dtvetar 1 mpOPAey.

Evtovtoig, n popen 1.9 g ocvvdptnong g(t) pmopel va eivon ypnoun oamd
VTOAOYIOTIKT ATOWT, KOl, OVOAOYQ LE TO GUVOAO OEO0UEVOV GTO omoio epapudleTal,
pmopel va gpeovifel eELaEP®OG KOADTEPO OTATIOTIKA YOPAKTNPIOTIKG (OTMG £Xel
e&nynOei omd tov Baranyi, 1992a,b) amd 611 0 pETOGYNUATIOUOG O OTOI0C TPOTEIVETOL
and tovg Zwietering et al. (1990) ko Garthright (1991). Aev vadpyetl kKapio avtipaon
He T xpron mg popeng (a.c.b,m) g cvvapmong g(t) yia ™V TPocapHoyn g
KOUTOANG KOL GTI GUVEYEWD TNG HOVIEAOTOINGNG NG emidpaong Tov mePPArAiovtog
omv mopaperpo 1.10. O Baranyi et al., 1993 vroypaupilovv 611 1 cuvvdptnon
Gompertz dev Ba émpeme va ypnolwonoteital yuoo vo tpocapuolel To AoydpBuo g
Boktnplaxng cvykévipmong oe kdOe popen. Zuvenmg, cvppova pe Touvg Baranyi &
Roberts (1995) eivar atvyéc 61t o1 Gibson et al. (1988) ot Buchanan et al. (1990)

yopaxtnpilovv v TapapeTpo b “oyetikd pvlud avénong”.
1.2.5. Oco xaldtepn eivai 1 mpooapuoyn 1060 KoLOTEPO EIVAL TO HOVTELO;

Yopeomva pe toug Baranyi & Roberts (1995) ) mpocappoyr piog teTpoymvikig
EMPAVELNG OTOKPIONG OTIG EKTIUNGEIS TOV UEYIOTOV €10KOV puhuod avénong n oe
évav amd TOLG HETOCYNUATICHOVS TOL ). AoyoplOukd 1 teTpayovikng pilog
(McMeekin et al., 1993) eivar pio EekdBapn kot amdn Avon 6Gov agopd otV
amEWOVIoN ™G TEPPOALOVTIKNG EAPTNONG TNG HovTEAOTOMUEVNG TapapéTpov. Ot

TETPAYOVIKEG GUVOPTNGELS TOALDY UETAPANTOV ATOTEAOVV PLGIKES YEVIKEVCELS TV
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ToAvOVOH®V devTepng TaENG. Ot Buchanan & Philips (1990), katd t pétpnon g
TEPPAALOVTIKNG €EAPTNONG TOV KIVNTIKOV TOPAUETPOV TOV  HKPOOPYAVICUOD
Listeria monocytogenes, Pacilopevol oe éva F-test, mpdtetvav Ot £va TOALOVLLO
Tpitng TaENG e mToAAEG peTaPAntég mapeiye pio KaAOTEPT TEPLYPOON TOV SEOOUEVMV
toug. H 10éa €ytve dektn amd tov Hudson (1993), o onoiog katéAnée 610 cupmépaciio
OTL M emeaveln TpiTNg TAENG AmOTEAOVGE KOADTEPO LOVTEAO YOl TOL OEOOUEVO TOV OTTO
™V TETPAYOVIKY emipavewn. Ilpv Opwg ypnotpomonbovv ot ToAVIIACTATEG EKOOYES
™ Té€topmng TééNg 1M Ko axoua LVynAotepov TtaEev molvwvouwv, afilel va
gpevvnBei n Papdra avt)g ¢ Tpocéyyiong (Baranyi & Roberts, 1995).

Eivar yvootd 0t yevikd, 060 meplocdtepec TapaueéTpovg meptlapupdvel Eva
HOVTELO TOGO KAAVTEPT €lval M TPOoGapoyn Tov umopel va mapdyel. To otatioTikd
R?, 10 omoio YPNOCLOTOLEITOL VIOt TOV EAEYYXO TNG TPOCUPUOYNG GTO GUVOAD NG,
TPOPOVOG O Umopel amd POVO Tov Vo Katadeilet edv éva poviélo amotedel Pedtioon
N 0yl Axopa ko to F-test, To omoio Aapfdvel vdyn tov Tov apldud TV TOPAUETPOV
TOL HOVTEAOL Oev amotelel Eva amdAvTo epyareio pétpnong. Ot Baranyi & Roberts
(1995), éoe1&av Ot TaPd TO YEYOVOS OTL Ol EMPAVELEG ATOKPIONG Efval XPNOUES amd
TOGOTIKT ATOYT), EVTOUTOLS, KAOE CUUTEPAGILO CYETIKA LE TO GYNMUO TNG CLVAPTNONG
(TO10TIKO YOPAKTNPIOTIKO), TO OTOI0 AMOTEAEL £EKPPACT] TOV TPAYUATIKOD HLOVIEAOVL
Oa émpeme va yivel amodektd pe coPapéc EMPUAAEELS, €101KA Y10 TEPLOYES YO TIG
omoieg vapyovv oyeTikd AMya dedopéva. I'evikd oydel 0tL 600 O pPeydAn eivon n
T4EN vOg TOAVOVOLOV, TOGO TTEPIETOHTEPOVS AOPOVG Kol KOIAADES Uopel va mapayet.
"Eva. moAvdvopo peyding tééng etvar duvotd vo akolovOnoetl ta Tuyoio, TPOS To
TOVE Kol TTPOG To. KAT®, ceaApato tev perpnoewv. Evtovtolg, otdyo amotelel
TEPLGGOTEPO 1N EEAAELYT OVTOV TOV TLYOIOV CEOAUATOV TAPAE 1 TPOGUPLOYN TOVG.
Amd Vv dAAN pepd, o Pabudg Tov TOAVOVOLOL OV YPTGILOTOLEITOL GTO LOVTIELO,
kaBopilel cLYKEKPUEVO TOLOTIKG YOPOKTNPIOTIKE NG KopumvAng. Eva moAvmvopo
TPAOTNG TAENG dev Tapovclalel edyioto N uéyioto. 'Eva molvavopo dedtepns téEng
elval GUUUETPIKO YOP® amd TO PEYIOTO TOL 1 TO EAAYLETO TOV. To TOAV®VLLO TPiTNG
TaENg €xet éva onueio koumg k.o Mia mBavr| Beitioon tov poviélov amotelel o
KaBopIopHOg UEPIKDOV OVOUEVOLEVOV O1I0THTOV TG ovviptnong oamokpione. [a
mopdoetypa, N avapevopevn B€on oV AKpOV TG GLVAPTNONG, N LOVOTOvVia NG, N
KuptdTTA TNG K.0. (Baranyi & Roberts, 1995).

‘Eva. yopoakmnplotikd mopddstyo. HETOUGYNUATICHOD oG HETAPANTNG €VOG

HovtéAov gival oto povtého Arrhenius, 6mov gioMyBet | TOPAUETPOGS:
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1 (1.12)

1100 TN Ogppokpacio T, pe Ty=—273°C.

Emiong, ot Gibson et al. (1994) petaoynudrticav ™ HETOPANTA ay UETPOVTOG TNV

EVEPYOTNTA TOL VEPOD LE TO LTOKATACTATO TNG:

bw =+1-aw (1.13)
Avtd to mapadeiypato delyvouv Ot avti Yo TOAVOVLLN PE pHeYOAeS TAEELS, TaL

omoio Tapdyovy TEPIGGOTEPOVS AOPOVS KO KOIAAOES, EIVOL YEVIKA TIO CLUEEPOLGA M

avalTnon KATIAANA®V LETACYNUATICU®Y TOGO Y10 TIG EMEENYNUOTIKEG OGO Kol Yo

T aveapmteg petafintés. Koivtepn mpocsoppoyn dev onuaivel amoapaitnto Eva

KOADTEPO HOVTELD, E0IKA HE OPOLS TOGOTIKAOV YOPOKTNPLOTIKOV TO  OTOio

dwdpapatiCouv Kpioyo pOAO GTO EMOUEVO GTASIO TNG EPAPUOYNS TOV LOVTEAOL Yid

npoPAreym (Baranyi & Roberts, 1995).

1.2.6. Euueoes HETpHOoEIS THS ATOKPIONS THS QOCHONS

Onwg avagépovv o1 Baranyi & Roberts (1995), eival Loyikd va Bewpnbel 6tin
OLYKEVTIPOOT TV KLTTdpwv X(t) eivor m Pacwkn petafAnt) oe po KoAAEpyEL
Bakmpiov and tv omoio o otypoiog €0KOC puBudg avénong w(t) umopet va
VIOAOYI0TEL WG TOPAymYoc Tov Inx(t). o Tpopaveig Teyvikovg Adyoug (avtopoTicpol
K.0L.), Ol EUUECEG HETPNOELS TOGO TOL X(t) 600 Ko Tov p(t) avapEPovVTal GUYVA GTN
Bproypapio. Eivar onpaviikd vo kabopiotel n oxéon peta&d g embountig
TOGOTNTAG KO GVTNG TOV GTNV TPaypoTkodTn T pHeTplétat. O pOAOG TV GLVAPTNGEDV
BaBuovounong (calibration functions) eivolr 0oLGLOGTIKA 1G00VVOLOG HE  TOVG
LETAGYNUOTIGLOVG TTOL ovapépOniay avatépo (Baranyi & Roberts, 1995).

Ot petpnoelg Borepdttog Kot ayoyloTnTag vVTtootnpileTat 0Tt eivarl oxeddv
YPopKA avéroyes oto x(t) (Meynell & Meynell, 1965, Jason, 1983). Avtd onuaivet
OTL €dv 1 peTpolduEVN TooOTNTA €lvarl g, T0Te q=f(X) Omov f elvar pio ypoLUKn
ocvvdptnon Paduovounonc:
f(x)=ax+b (1.14)
Edv b#0 tote 0Ote T0 q 0VtE TO logq eivor ypoappuikdg avdioya mpog to logx. Qg ek

TO0UTOV, HE pia aicOnon avompdrag, o puOudg petafoing Tov q de Ba mpémetl va
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ypnooromOel yio v ektipmon tov €wkov pvlpov avénong. Ovte Ba Enpene ta
povtéla mov meprypdpouvv to x(t) va epappoctovv ancvbeiog oto poviédo q(t). Néa
ocvvdptnon Pabuovounong N dAlor Adyor Ba Empeme va An@Bovv vIoOYN Yoo T
povtelomoinon tov q(t) /xon T cvykpion Tov pe o x(t) (Baranyi & Roberts, 1995).

1.3. Zvotnuotin twv nolnuotikaoy wovieAwy mpopieyns

Ta povtélo mpoPAEYNG NG CLUTEPLPOPES TOV  UIKPOOPYOVIGUAOV TV
TPOPIL®V  OTOTEAOVV HOOMUOTIKEG EKQPAGELS TOV TTEPLYPAPOVY TNV avATTLEY, TNV
emPioon 7 v adpavonoincn tovg 6e mEPPAALOV TPOPIH®V. ZOUEMOVO LE TOVG
Baranyi & Roberts (1992) ot mapdyovteg mov mpocdidovv akpifeia kot avotnpotTnTa
oV TPOPPNTIKY HiKpoProroyia Tpoipwv (1 pikpoProroyie mpoOPieyne g
GUUTEPLPOPES TOV UIKPOOPYOVIGHAOV TV TPOPiL®V) gival TOGO 1) OUOLOYEVELD GTN
xpNon TV 6pwv 660 Kot 1 TaSvounon TV HovTEA®V TpOPAEYNS o€ Katnyopies [e
ovykekpléveg Aettovpyieg. Tlapd 1o yeyovog OtL omnv mpoppntTiky HikpoProloyio
TpoPipmv €yovv Tpotadel TOAALGL Kot O10POPETIKA GYNUOTO KOTNYOPLOTOiNog TV
pKpoPloKk®V HOVTEA®Y, €VIOVTOLS Ogv €xel oplotel akOpa €va amOAVLTO GUOTNUA

TaEVOUNONG TOVG.

1.3.1. Kivyuixa povtéia kai povréda mbovotntwv

O JyWPIoUOE TOV HOVIEA®V OE KIWVNTIKA HOVTEAD KOl O HOVTEAQ
mBavotnTmv, aroterel pio apykn Katnyopromoinot tovg (McDonald & Sun, 1999).
H emoyn g piog 1 g GAANG Tpoodyyiong Kot 1 avtictoyn epapuoyn kabopiletan
oe peybro Padbud oamd 10 €100C TOV UKPOOPYAVICU®V Kol TOV oaplipd tmv
petofintov. Ta kvntikd povtédo mpoPAémovv tOco v mANOLoUIK TLKVOTHTO
660 Kot 10 puOUO avanTvéng evog pikpoopyavicpov (Buchanan, 1993a).

To KiynTikd pHovtéda UTopovV Vo S10QEPOVY MG TTPOG TNV TPOGEYYICT TOVG.
Mia mpocéyyion glvail  povtelomoinomn tov pulpov aénomng evog PIKPOOPYUVIGHOD,
KOl 1 xpnon Tov povtélov yio v avdmtuén mpoPfriéyemv mov Pacilovior otnv
ekBetucn avénon tov TANOLGHOY TOV GLYKEKPLUEVOL KPOOPYOVIcHoV. Mio GAAN
Tpocéyylon elvar n dnpovpyics GLVAPTNONG GIYUOEWOVS KOUTOHANG TTov PacileTon ota
dedopéva  avamruéng evog  pukpofloakod  mANBLGHOL KOl OTN  CLUVEXEW 1

LOVTELOTOINGM TO®V EMOPAGE®Y TOV SOPOP®V TEPIPALAOVTIKMDV TOPpaAyOVI®V OTMG M



13

Bepurokpacia, oe avt ™ cvvdptnon. H a&loldynon g o1ypogtdong kaumoAng eivoe
duvaTtd vo EMITPEYEL OTOVG EPELVNTEG VA KAVOUV TPOPAEYEIS OYETIKA HE TN
CLUTEPIPOPE TV UIKPOOPYOVIGUADV CE €VO CLYKEKPIUEVO TpOPo. Kot otig dvo
TPOCEYYIGEIS N AVATTVEN TV HOVTEL®V PacileTon 6TV TPOCEKTIKY KATOYPAQT TMV
dedopévmv katd T dtdpkela TG avénong g pkpofraxng Propdlaog, eved peketdrol
EMOpaoN TOV PACIKOV EEMTEPIKDOV KOl EVOOYEVOV TOPAUETP®V Owg 1 Beprokpacioa,
n o&vmta (pH) xor n evepydtnta ToUV vEPoL (ay). Ot gpevvnrtég Paocildpevol ota
povtéda avtd etvoar duvatdv va KAvouv TPOPAEYEIS OYETIKO HE TN OAoM
KaBLoTEPNONG TG AVATTLENG TOV UIKPOOPYAVIGU®OV, TO XPOVO TOV OOLTELTAL Y10, TO
durhactacpd tov pikpoPlaxov mAnbucpov (generation time) 1 tov ekBetikd pvOUO
avénong (Broughall et al., 1983, Zwietering et al., 1991, Dickson et al., 1992, Van
Impe et al., 1995).

YKOTOG TOV KWNTIKOV HOVIEA®V &ivor 1 gpunveio tov ypdévov yuo v
AmOKPIoT TOV UIKPOOPYOVIGUAOV e OPOLG TEPPAALOVTIKAOV HETARANTOV Ommg elval M
Oepuoxpacia, to pH 1 n evepydémta tov vepod (Van Boekel, 1996). AAlieg
petafAntég mov pumopovv eniong va meptlapfdvoviot givar ot aépleg atudGPAPES, TO
duvapkd ofewoavaywyng (Eh), n Proroywn dour, m OxETIKN vypacia, 1
MEPLEKTIKOTNTO GE OPETTIKA GLGTATIKA Kol Ol OVTIIKPOPLakés 1010tnTeg. Ta KivnTikd
povtéla pmopovdv va ypnotpomomBovv yu va mpoPAEémovv TG UETAPOAEC GTOVG
piKpoPiokovg mAnBucuovc GuVaPTHGEL TOL YPOVOL OKOUN KOl GTNV TEPIMTOGCT TOL
petafaiietor o petofAnt eAEyyov n omoia pmopel va enmpedost v ovamTuén
(McDonald & Sun, 1999). Evtovtoig o kivnTikd povtéha pumopet va eivol SOGKOAO va
avamtuyBovv, KaBMOG Yo T0 6Komd avTd AmoITEITOL 1) GLYKEVIPWOT UEYIAOL aplBUoD
pcpofraxmv dedopévav (Gibson et al., 1988, McClure et al., 1994a, Baranyi et al.,
1995). Awbéoweg epyacieg avaokomnong mepl KvnTikdv HOVIEA®V glval ToV
Baranyi & Roberts (1994, 1995), Skinner & Larkin, (1994) xou Kovarova-Kovar &
Egli (1998).

Miao dAAn kotnyopio poviédov meptiapfaver v mBavotta va copPel éva
OLYKEKPIUEVO Yeyovog vmd mpokaBopiopéveg ovvOnkes. H wavotnta mwpdPreyng
TOoVOV cVUPAVTOV GTO TPOPIKO CLOTHHOTO £YEl TPoeavh TAgovektnuata. To
povtéda mbavotitev, £€ovv TNV TAom Vo epapupoloviol otnv TEPITTOON TV
onoployoveov Paxtnpiov. Xapoaktnplotikn mepintmon amotelel M mBovOTHTO
emPioong tov Clostridium botulinum oe koveépPec mactod Podvod (corned beef)

(Buchanan, 1993a). H Bdon ywo v avantuén poviédmv mbovotitov givar 11 oyéon
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avdpeso oy ovENon TV PIKPOPLOKOV KUTTAP®VY KOl TOV GUOIKOYNUK®V 1010THTOV
tov mepPdAarovtog (Ross & McMeekin, 1995). Zoupwva pe tov Roberts (1997), n
YVOOoN TG TOAvOTNTAG OVATTUENG TOV WKPOOPYAVICU®Y Uropel va fondnocet tov
Tapoy®yd oTn AYN TEKUNPLOUEVOV ATOPACEDV GYETIKE He TN ovvbeomn, v
emeepyaoia, T ovokevacio kot v oamobrkevon &vog mpoidvtog. Ta poviéda
TOOVOTTOV EVOEIKVUTOL OTIC TEPWMTAOCELS EKEIVEC OOV M TTAPAY®YT TOSIVAV GE €val
TpOQIU0 amotedel mapdyovto avnovyioc. Evtovtolg mapéyovv pukpn mAnpo@dpnon
oxetwkd pe o puhud avamtuéng tov pikpoopyavicpmv (Gibson & Hocking, 1997).
"Eva mpopAnuo pe ta povtéha mbovotntov givor 6Tt 1 mhovotnto petofAAleTon e
TO YPOVO. LVVETADGC, TA HOVTEAQ TOAVOTNTOV OMOTEAODV GTNV TPAYUATIKOTNTA £Vl
oLVOLAGHO TOAVOTHTO®V KOl KIVITIKNG, YEYOVOS TOL UTopEl Voo TPOKAAESEL GUYYLoN
(McDonald & Sun, 1999).

Amo TG apyéc g oekoetiog tov 1920, n Pounyovia KoveepPomompuévey
TPOPIL®V YPNCLOTOINCE HOVIEAN OEPLUIKNG KOTAGTPOPNG YO VO EKTIUNGEL TOV
Kivouvo amd v mopaymynq to&vav tov Clostridium botulinum (Brennan et al.,1990).
H Ogpukn emeéepyoacioa twv kovoepfomomuévov Tpoeitmv YounAng o&vutntog
amortel éva kivnTikd povtélo Oepuikng adpavoroinone 1™ tdénc (12D) tev cropimv
tov Clostridium botulinum f 121°C/15 psi yio 15 min (Baker, 1993). Ilapd to0
YEYOVOS OTL TPoidvia OMMG Ol KOVeePPOmOMUEVES HePIdES KPEATOS KOVOVIKA
voiotavtor poévo Mmoo Oepukn emelepyacia, eviovtols, epeaviovv pkpofiokm
otafepotnTo €EAITIOG TNG TEPLEKTIKOTNTAG TOVG OE VITPMON, OAATL Kot GAA
ovoTOTIKA TO. omoio. mapeumodilovv v avantuén tov omopiov tov Clostridium
botulinum M 10 oynpoticpd tovov (Genigeorgis, 1986). H ypnon tov tipov D (o
¥POVOG 6€ min OV YPEGLETOL Yol VO VTOOEKATANGIOCTEL O pkpoPlokog TANBuouds
péxpt v Koataotpodn tov 90% oe otabepn| Beppokpacia) wg petafint) andKpiong,
amAd TepLypaeet To. amotelécpota TG Bepuikng enelepyacioc. 'Exet viootnpiytel 011
n évvowa ¢ Tiung D dev givan emapkng, eved Oa mpémel va AapfaveTot vmOYN GTOVG
SPOPOVG VTOAOYICUOVS OV ¥pNoilponoovvial ot Bepukn enelepyoacio TV
TPOPIU®V Kol M avaloyio T®V onopiowv To Omoie AVUKAUTTOUV UETO OO ETDOON.
A1 givon 1010iTEPO ONUOVTIKO Y10 TAL TPOTOVTO KPEATOS YaUnNANg o&vTnTog To omoio
voiotavtal v ehdyiotn dvvatn Bepuukn eneEepyasio. 'Eva povtélo mov meprypdpet
TV OVOKOUYT TOV omopimv 6o cuvaptnon T0c0 NG évtaong e Oepuikng
enefepyaciog 660 Kot TV TEPPAAAOVTIKOV GLVONK®OV, TOAPOVCIACTNKE OO TOVLG

Mafart and Leguerinel (1997).
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Ot Ross & McMeekin (1994) vrootipi&av 6Tt 0 TAPUSOGIAKOS SO ®PICUOG
TOV PoONUOTIKOV HOVTEA®V TPpOPAeYNG o€ povtélo mOavoTTOV Kol KIVNTIKA
povtéla eivar teyvntods. Evod ot 600 tumol poviéAmv avTimpoownehovy T avtifeTa
dxpa. €vOG €DPOVLEC OMOLTHCEMY LOVIEAOTOINOTG, EVIOVTOWS M €PELVO EYEL GOV
ATOTEAEGUO, TN GVYKAIOT T®V AKpOV ovTdV, To omoio TeAKd tavtilovtat. [ToArd
pHovtéla uExpt onpepa £xovV eMKEVIPMOEL TEPIOCCOTEPO OTIG KIVNTIKEG OpYES TTapa
otV mOavOTNTO Vo LOVTELOTOMBOVV 01 EMOPAGELS TOV EVOOYEVAOV KOl EEMTEPIKMV
petafintav, ing g Beppokpaciag ot pikpofrokny adénon kot akopo Aydtepo
omv emPioon kot 6to Bdvato tov pkpoopyovicpumv (McMeekin et al., 1997). Ot
Ross & McMeekin (1995) avédeiav «kdmowo mpoPANuote TNV TPOPPMTIKN
HIKpoPloAoyio TPOQipmV To. omoia £(0VV TPOUKTIKY CNUACIO Yol TNV EQPUPUOYY| TOV
KIVNTIKOV poviédov. [o mapddetypa, vadpyovv SuoKoAMeS ot Ayn Oed0UEVDV
axpipeiog 6cov apopd oTig TEPPUALOVTIKES cuVONKeS OTtmG 1 Beplokpacia, oe OAa
T GTASLOL TNG TOPAYOYNG KPEATOG Kol 101KA Katd TV yoén tov ceayiov (Gill et al.,
1991a, b). Ot S1aKVUAVGEIS GTOVS YPOVOLG OTTOKPIONG TOV UIKPOOPYOVICUAOV, OTMG
etvar n @don kabvotépnong, eivar dvvatdv emiong vo mopovcslalel mpofAnuoTa
(McMeekin et al., 1989). H epappoyn evoc Kivntikoh HOVIELOL £XEL GOV OMOTEAEGLLOL
mv adénon TV oplev EUTIGTOCLVNG TOL GLVOLOVTOL UE TIC TPOPAEYEIS apov M
SLKOLLOVOT) TOV UIKPOOPYOVIGUAOV avEdveTol kKabmg avEdvovtat ot povol amdKpLong
(McMeekin et al., 1997).

Evtovtolg, ot Ratkowsky et al. (1996), édeiav Ot €dv m mBavoOTHTO
KOTOVOUNG TOV ¥pdvov amdkpiong eival yvwotr tote givar duvatd va mpocsdlopiotel
TavTepa M THavOTNTO AVATTUENG €VOG OPYOVIGUOU oE oyéomn pe pio mpoPreym
andkpions. o 10 Adyo avtd Ta KVNTIKE HOVTEAD UTOPOVV VO, TEPTYPAYOLV LE
GUVETEL ATOKPIGELS TNG OVATTVENG TOV IKPOOPYAVIGUADV. YO GUYKEKPIUEVES OUMG
ouvOnkeg, £va povtédo mbavottag pmopel va givar arapaitnto. Kovtd oe cuvOnkeg
OPLOKNG OVATTTUENG O EPELVITIG TTOV AVATTUGGEL £VOL KIVNTIKO HOVTEAD Oa mpémel va
dtepevvioel v mbavotnta Tov pvOpov avimTuEng M un avdmtuéng (Ross &
McMeekin, 1995). Ot Ratkowsky & Ross (1995) vnéBecav 6t1 Ba umopodvoe va
ypnoomomBel éva Kivntikd povtédo pe Baon 1o onoio Ba avamtuyBel éva povtédo
TOOVOTNTOV TTOL B0 TEPLYPAPEL TN LEGETLPAVELN OVATTLENG/ U AVATTVENG. ZVVETMG,
mpotdOnke éva POVTELO AOYIOTIKNG TaAwvdopounone, to omoio Oo umopovice va
kaBopiler v mbavoétmta ovATTLENG TV HIKPOOPYOVIGU®Y LTO TNV EMOPOOT

TOAL®V Tapaydvtov 6mwg to pH, n Beppokpacia, to aidtt (NaCl) kot o vitpkod
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vatplo (NaNOs). Xpnowomomdnke éva kivntikd povtédo Belehradek pe dedopéva
TOPOTIPNONG TOV QLPOPOVCAY GTNV AVATTLEN TOV Hkpoopyaviopov Shigella flexneri
Y ¥POoVIKO dtdotnua 24 opmdv. Ao T0 HoVTELD ekelvo otdBnke dvvorr 1 extipnon
TV oploVv Hetald TG avaTTLENG Kol TNG UN avATTTUENG € €VOL GUYKEKPLUEVO EMUTEDO
mBavotntoc. H evomoinon tov Kivntik®dv Kot ThovoTiKOV Tpoceyyicemy HTopovV va
EPUNVELTOVV OOV OAOKANPMON TOV KIWNTIKOV HOVIEA®V KOl TOV  HOVIEA®V
TOOVOTTOV GTNV TPOPPNTIKN HKPOPLoAOYi TOV TPOPIU®V KOl GOV EVOTTOINGM TNG
ukpoProroyiog mpoppnong pe v évvola tov eunodiov (Ratkowsky & Ross, 1995)
&xoviog emmeern amotedéopato. Ta mpoidvta Bo pumopovcav va popeomofodv
EYovtog TG EAQYIOTEG OLVOTEG OOLTNCES Yo OWTNPNON EVO  TOVTOYPOVA
KOVOTTOI0UV TIG TPOTIUNGELS TV Katavaiwtdv (Presser et al., 1998). Ot Houtsma et
al. (1996) mepiéypayav 115 cvvovacuéveg emdpdoelg ™g OBepuokpaciog, pH ko
YOAOKTIKOD vaTpiov TNV ovATTLEN TOL UIKPOOPYOVIGUOV Listeria innocua ©T0
AOVKAVIKO GTNV EMTPENTY] TEPLOYY] AVATTUENG TOV WG TNV EAGYIOTN OVOGTOATIKN
OLYKEVTPMOT TOV YOAOKTIKOU votpiov. Me avtdv tov TpOTO KOTESTN OLVOTH 1
duakpron petald g avamtuéng kot ™G U avantuéng Kabdg Kot 1 exTiumon tov
xpOVoL &vtog tov omoiov Bo pmopohoe vo vapPEEl avATTLEN VO GLYKEKPIUEVES

ovvOnkeg (Houtsma et al., 1993, 1994).

1.3.2. Eumeipixd ko1 unyoviotiko. Loviéia.

Mio GAAN katnyopromoinot Tov HovIEA®V pmopel va yivel avdioyo pe tov
Tpomo avantuéng Tovg. Ta gumelpikd poviéia, Onwg eivarl n cuvaptnon tov Gompertz
(Jeffries & Brian, 1984), yapoakmmpilovtal amd TPAKTIKY GCUVERELD, TEPTYPAPOVTOS TO
JedOUEVH KATM OO TEPOUATIKEG GUVONKES e TN Hopen piog POAKNG HoONUOTIKNG
eiowong (Gibson & Roberts, 1987). Ta mo kowd eumeipwkd povtéda elvar ot
moA@VVUIKEG eElomaels. Ta moAvmvupkd Hovtéda eivat E0KOAN GTN (P1OT TOLG EVA
UTOPOVV VO EQUPUOCTOVV GE€ i dlEpyacio ympic vo amorTeitonr KOmToo yvmon
oxetikd pe avtv (Whiting, 1995). Evtovtolg, 1o molvdvopa covyvd oev €xouvv
Bewpntiky Bdon evd pmopel va Exovv Kot un ypoppkn popoen. Ta moAvdvopo avtd
elval éykvpa pOVO Yoo T0 €0pOG TV UETAPANTAOV TOV GYETIKOV OEOOUEVOV, EVED
TEPILOUPEVOVY TOALEC TOAPAUETPOVG TTOV OV Exovv ProAoyikn onpacia. ['a to Adyo
aLTO TO TOAVMOVLUIKE HOVTEAN € GUVEIGOEPOLY KOUIO YVADOT GTOLG UNYOVICUOVG

nov otémovv pia diepyacia (Draper, 1988, Delignette-Muller et al., 1995).
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H xotavonon tov punyovicpdv mov JEmovV ToV KLTTOPIKO UETOPOAICHO
UTOPOVV Vo, EMTPEYOLV HEAAOVTIKG TNV avATTUEN UNYOVICTIKOV poviédwy. Tétown
povtéla Ba ypnoipuedcovy cov Oynua yo I dnpovpyio TpoPréyewy and vwobicelg
(Bazin & Prosser, 1992, Van Impe et al., 1992, 1993; Zwietering et al., 1993). H
epunvelo TG HOVIEAOTOMUEVNG OTOKPIONG HE OPOLG YVAOOTMOV QPULVOUEVOV Kol
depyaciov pmopet vo givar mbavr (Krist et al.,, 1998). Ov Baranyi and Roberts
(1994) édei&av OTL TO. LOVTEAD TTOL ATOPPEOLV OO TN YVMOOT TOV HIYOVICUDV TOV
diémovv 115 Otepyaocieg (mechanistically derived models), 6o ntov gukolotepo va
avamtuyBovv mepotépw KoOOG av&dveror mn mocdHTNTO KOl T wOdTNTA TV
TANPOPOPIOV amd TO GLOTHHOTO TOL ovoAvovtal. Evtovtolg, axdpa oev €xovv
avartuyBel ohoxAnpopéva unyoviotikd poviéha (completely mechanistic models)
TOV VO EVOOUATAOVOLV OAOVG TOVS EVOOYEVELG KOl EEMTEPIKOVG TAPAYOVTEG, Ol OTOT0L
emnpealovv v avantoén (Labuza & Fu, 1993, Ross et al., 1993).

Ta veotapevo povtéda givor ite gumelpikd €ite MUI-UNYAvioTik (Tivokog
1.1). Zoppova pe tovg Baranyi et al. (1996) Bewpeiton oxoOmun n avémrtoén
UNYOVICTIK®V HOVTIEA®V OV VO, OVTIKATOTTPILOUV TIG TPEYOVOESG YVMGEIS TNG
SUVOLIKNG TOV UIKPOOPYOVIGHUMY KOl VO UTOPOVV VO, TALPAYOVV TOLOTIKG OEO0UEVAL.
Qc1000, He TN XPNON WKPOPLOAOYIKAOV TEYVIK®V akplPeiag, n {NTnon yo eumelpikd

povtéAda avamtuéng umopel va meproprotet (Whiting, 1992).

1.3.3. Ilpwrotoyn, devtepotoyn Kol IpIToTayn HOVTEAX

To emkpatéotepo cvoTHA TASIVOUN GG TOV HIKPOPLOKAOV HoVTEA®Y gival TO
ovomnuo tov Whiting & Buchanan (1993) couemva pe to omoio ot meptocOTEPOL
tOmot povtélwv elvar dvvatd va opadomombovv ce Tpilo EMImEdH GUUPOVOL LE
ovykekpipéva kpunpuo:  Ta mpwtotayn, OEVLTEPOTOYN KOl TPLTOTAYY] HLOVIEAQ
(ITivaxkag 1.1). A@opetikd oYNUATO TOEWVOUNONS TOV HOVIEA®V Tapovcldlovv

mAeovektnuato Kot petovektipota (McDonald & Sun, 1999).

1.3.3.1. Ilpwrotayn poviélo.

Ta wpototayn povtéda meplypdeovv Tn petafoAn Tov apuod TV

HUIKPOOPYOVIGUAOV HE TO XPOVO KAT® 0OmO GUYKEKPLUEVES TEPIPAALOVTIKES GUVONKES

Kol ouvOnkeg koAMépyetog. H amdkpion pmopel vo petpndel dueco pe tov olko
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apBpd Loviavov pukpoopyovicpmv (Total viable count, TVC), pe 10 oynuatiopd
to&ivng, amd 1o €minedO LIWOCTPMOUATOS 1 amd To. TPoidvta petafoiopov. Emiong
umopetl va petpnBel pe Eupeco TpoOTo amd TNV amoppoOENGN, TNV OMTIKY] TUKVOTNTA N
and Vv avtictaon. Ta dedopéva mov meprypdoovv T HETAPOA] TOV GLVOAIKOV
apBpov TV (OVIOVOV UIKPOOPYOVIGU®OV UE TO XPOVO, amelkoviloviol Ypapikd o
KOUTOAN avartoéng pe m Pondewo evog mpwrtotoryohs poviéAov. Avtd pmopel va
OMNUOVPYNGEL TANPOPOPIES CYETIKA LE TO HKPOOPYAVICUO OT®G 0 ¥POVOC YEVEAGS, M
dwpkelr ™G @dong Kabvotépnong, o ekBetikdc puBudg adénong kot n pEYIGTN
nmukvotnto Tov TANBuopov (Whiting, 1995, Whiting & Buchanan, 1993, 1994).

Mivoxog 1.1. Ta&wounon peptkdv poviédov npdpreyne (McDonald & Sun, 1999)*

[Tpwtotayn Agvtepotaym Tprrotoym
Yvvaptnon Gompertz' Movtéro Belehradek USDA Pathogen Modelling
(LOVTELOD TETPOUYDVIKNG Program'®
pigag)"’
Tpomomompévn e&lowon Movtélo Ratkowsky Food MicroModel"’
Gompertz” (LOVTELO TETPAYWOVIKNG
piCag)"
AOYLOTIKO HOVTELD® Movtého Arrhenius' Pseudomonas Predictor™
Movtého Baranyi’ Tpomomomuévo poviéro "Epmetpo cuoTipoTo’

Arrhenius (Davey 1
Schoolfield)"

Movtého monod 1™ t6éng’ Movtéha mbavotfitmv'
Tpomomompévo Hovtéro

Monod®

Twov D Bgpuikng Twév 2"
adpOVoTOinoNg

Movtého Whiting and [MoAvmvopikd povtéia 1
Cygnarowicz® LOVTEAQ ETLPAVELDV

omokpong'®
Fpoppucd  poviého tpuwv  Movtého Williams—
0GoEOY’ LandelFerry'’

*1. Jeffries & Brian (1984), Gibson & Roberts (1987), 2. Zwietering et al. (1990), 3. Jason (1983),
Einarsson & Ericksson (1986), 4. Baranyi et al. (1993), 5. Monod (1949), 6. Houtsma et al. (1996), 7.
Brennan et al. (1990), 8. Whiting & Cygnarowicz Provost (1992), 9. Buchanan et al. (1997), Garthright
(1997), 10. Belehradek (1930), 11. Ratkowsky et al. (1982), 12. Arrhenius (1889), Labuza & Riboh
(1982), 13. Davey (1989, 1993), Schoolfield et al. (1981), 14. Hauschild (1982), 15. Brennan et al.
(1990), 16. Draper (1988), Gibson et al. (1988), 17. Williams et al. (1955), Schaffner (1995), 18.
Buchanan (1991), 19. McClure et al. (1994b), 20. Neumeyer (1994), Neumeyer et al. (1997), 21.
Zwietering et al. (1992), Voyer & McKellar (1993).

INo ta mepiocdTepa Tpoidvta Tpoipwy, 1 Beppokpacio amotehel TV KOpL
petafAnt eréyyov. IToAAd gpmelpikd poviéha £xovv avamntuydet Yoo v TpdPieym
™G OVATTLENG TV UIKPOOPYOVICUAOV G OCLUVAPTNON TOL YPpOVoL Yyl o

ovyKekpLéEVN BepprokpacioL.
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To povtého tov Monod (1949) exepdlet To pvOUO pe TOV omoio avédveratl o
pikpoPraxoc mAnfucpudg ko givor avéAoyog pe tov aplfud tov KuTtépmy, SnAad|:
N=N,-e" (1.15)

McDonald & Sun (1999), Ross & Dalgaard (2004)
o6mov N eglvar o apBudg Tov pikpoopyavicpmv oe yxpdvo t, Ny eivor 10 apyod
ppofrakd eoptio kot K glvar o edkog pubuodg avémrtuéne. To poviélo avtd €xet
ypnowomombel  omv  wpoPreyn g  dwpkewg {ONG  TOV  KOATEYLYUEVOV
OLOKEVACUEVOV TPOIOVIOV Podeov kpéatog (Zamora & Zaritzky, 1985), otmv
EMIOPACT] TOV TPOTOTOMUEVOV ATHOGPOPOV GTNV AVATTLEN TOGO TG OAAOLOYOVOL
YAPIdag OGO KOl TOV HKPOOPYAVICUOV Listeria monocytogenes 610 ®UO KOTOTOVAO
(Wimptheimar et al., 1990) kabmhg ko oy enidpaon g Oeppoxpaciog kot tov pH
otV 0ePOPla avamTLEN TOL WIKPOOPYOVIGHOV Listeria monocytogenes GTO GO0
Boewo kpéag kot 6Tovg Mmmodelg 1otovc (Grau & Vanderlinde, 1992). Evtobtoig, to
LELOVEKTNLOL 0VTOD TOV HOVTEAOL £YKELTAL GTO YEYOVOG OTL 0 ¥pdvog KaBuoTEPNONG
TPEMEL Vo, TPOCAOPIoTEL amd T dedopéEvo evad Og umopel e0koAa va koboplotet
YPNOLOTOI®VTAG ToAvOpounon (Schmidt, 1992).

Ext0¢ and ™ @don vetépnong Kot TNV ACLUTTOTIKN TN, 0 HEYIOTOS E101KOG
pLOLOG ENONS TG KOUTVUANG aVATTUENG OmOTEAEL ONUOVTIKY TTapdpetpo. Metpdet
v KMon ™G KOUTOANG avamTuéng OTov ol opyoviouol avédvovtol ekBeTukd.
Kavovikd, avtq n mopduerpog extipdton amoacifovtog mold PEPOS TG KAUTOANG
elval kotd mpocEyyion YPApUIKO eV 6T GLVEXELD AAUPAVEL YOPOU O TPOGOIOPIGUOG
™G KAMomg Tov e ypappukn tolvopounon (Zwietering et al., 1994).

[Mo 1o oYNUATICUO KAUTVA®Y oVATTUENG TOV HKPOOPYAVICUOV EQaprolovtot
KO TEYVIKEG U1 YPOUKNG ToAvopounons. H cvuvaptnon tov Gompertz:
y=A+C -exp{—exp[-B-(t—-M)]} (1.16)

McDonald & Sun (1999), Ross & Dalgaard (2004)
EPAPULOOTNKE YO TPAOTN GOpA o1n piKpoProroyia Tpoginwv amd tovg Gibson &
Roberts (1987). Ztn cvvéyela avtol mpdtevay ) ¥pnon S AOYIOTIKNG GlYLOEW0VS
oLVAPTNONG

N C (1.17)
{l1+exp[-B-(t—M)]}

y=4
McDonald & Sun (1999), Ross & Dalgaard (2004)
v vo mpoPréyouvv ) pikpoProkn avénomn. O Opog A eivor M vmoroylopevn

acHunTeT KaBmg 0 ¥povog teivel oto 0, o apBuntg C givor n dtapopd petald g
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AVATOTNG KOl KOTOTOTNG OCVUTTOTNG, B elvarl 0 oyetikdg puBudg avimrtuéng oto M,
kol M givar 0 xpdvog 6Tov 0moio 0 amdAVTOG pLOUOS avATTLENS Efvart PLEYIOTOC,.

Ymv épevva tov Gibson & Roberts (1987), ocvykpinke n ovvaptnon
Gompertz pe ™ AOYIOTIKY GlyHOEWT cuvaptnon. Ta amotelécpato Tov TPOEKLYOV
ntav mopdpole. Mg v dmoyn ovt) cvpewvodv kot ot Wilkox et al. (1993). H
tpomomompévn cvvaptnon Gompertz gunepi€yel to ypoévo Kabvotépnong, Tov E101KO
pLOUS aVATTLENC KoL TN HEYIOTY TIUY TOV HKpoPiokod TANOVGHOV (ACVUTTMOTIKY).

. 1.18
y= A-exp{— exp{’u“;l e(/i —t)+1}} (119

McDonald & Sun (1999), Ross & Dalgaard (2004)

H tpomomompévn cvvéptnon Gompertz damotoOnKe 0Tt NTOV GTATIOTIKA ETOPKNG
Yo Vo TEPYPAYEL TO. OEOOUEVOL OVATTTUENG TOL LuKpoopyaviopov Lactobacillus
plantarum. Ze oxeddv OLeG TIG TEPMTOGELS OempPnOnKe OTL Tay TO KOADTEPO HLOVTELO
YL TNV TEPLYPOPT TV OEOOUEVAOV OVATTUENG TOGO [E OPOVS GTATIGTIKNG akpifelag
0G0 Kol EVKOATOG 6T XPNon OTav GLYKPIONKE e AALES GLypoEdElg GLVOPTHOELS.

H ovvipmmon Gompertz (e€iomoerg 1.16 & 1.18) omotelel v mo
10 0ESOUEVT OLYHOEWN KAUTOAN GTNV TPOoppNTIKY HiKpoProroyia tpogipmy Eattiog
™G omAotNTog Kot amotedeopatikotntag ¢ (Giannuzzi et al, 1998). 'Eyel
ypnowomombel  yuo  vo  mEPLYPAYEL TIC KOUTOUAEG OVATTLENG Y. TOAAOVG
HUIKPOOPYOVIGHOVG, OOV avapesd Tovg meptlappdvovtol Tovddytotov 10 maboyovor.
[Tapodro mov 1 cvvdptnon Gompertz Tpocapudlet ta dedopéva Kard, dev TPOEPYETAL
and unyaviotiky Bedpnon. H éddewym Proroywkng Bdong twv ypnoILonTolo0UEVOV
TOPAPETPOV KAVEL TNV gpunveio TV mopapétpov 00VckoAn. ‘Exovv yiver moAiég
npoonafeleg dote va avtikatootabel n gumelpikny eOon ™G He GAAa povtéda
avamtuéng, ta omoio £yovv meplocoTEPO UNnyaviotikny Paon (Van Impe et al., 1992,
Zwietering et al., 1994).

Ot Whiting & Cygnarowicz Provost (1992) npdtevav €va mocotikd HovTEAO
pe 4 mopopétpoug yu v ekpAdomnon, v avdmtuén kot Ty adpavomoinotn Tov
pikpoopyoviopov  Clostridium — botulinum «ob®O¢ kol Yy TV  ovOTTLEN  TOL
pkpoopyavicpov Listeria monocytogenes. Ot pvBupol ovdmtoéng tov HOVTELOL
dlmot®inke 0Tt TV Katd 16% pkpdTepol amd eketvovg TOL TPOEPYOVTAY amd TN
ovvdptnon Gompertz. Ot Jones & Walker (1993) avéntuéav pia eEicmon (g€icmon
1.1) yio v mtpoPAeyn TG avaTTLENG, EMPiong Kot BovATOL TOV LUKPOOPYAVICU®Y,

n onoia Bacilotav oto pkpoopyavioud Yersinia enterocolitica ce petaforlAOpeveg
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TiéS pH Kot cuykevIpdoELS YA®PLOvYOV VATPIOL GE SPOPETIKEG Beprokpacies. Ze
avtibeon pe ™ ovvdptnon Gompertz, To povtélo towv Jones & Walker (1993) €yet
mv wavotnta vo enelepydletal dedopéva avantuéng, emPioong kat Bavatov, kabmg
Kot vo, Tpocappolel pe akpifelad v avantvén kot ™ peimon tov TAnfucpod Tev
LKPOOPYOVICUMV HE HIKPOTEPA LECO TETPAYOVIKA COAANOTE Omd TN GLVAPTNON
Gompertz. Ot Van Impe et al. (1992) npotevav pio dSvvopikn dtopopiky e&icmon
TPAOTNG TAENG Yo TNV TTPOPAEYN TOGO NG HKPOPLaknG avamtuéng 060 Kot TNng
adpavomoinong o€ oyéon pe 10 ypdvo kot  Beppoxpacio. Avtd Nrav éva amd to
TPMTO, LOVTEA TTOV avaTOHYONKE Yoo TNV TPOPAEYN TNG LKPOPLAKNG OVATTUENG KATM
and dvvopkd petafoilopeveg cvvOnkes. Xe ovvOnkeg otabepng Beppokpaciog,
EVTOC TOL EVPOVG TNG OVATTVENG, Ol TPOPAEYELS TOL HOVTELOL givan 101€G e OVTES TNG
cuvaptnong Gompertz.
Ot Baranyi et al. (1993) npdtevav éva duvapkd poviédlo yio v tpofieym
™G WKpoPlokng avamtuéng, 6e GLVOLOGUO HE pio cuvApTNoT TTPpocaproyns A(t) n
omoio.  €€aptdTol  amO TN QUOWOAOYIKY] KOTAOTOON TO®V  KLTTAPOV  TOV
LKPOOPYOVIGUMV:
O R 19
McDonald & Sun (1999), Ross & Dalgaard (2004)

To povtého Baranyi & Roberts (1994) (Ewkova 1.2) cuvicTd TOV KEVIPIKO UNYOVIGUO

254
E Mmax
=
315-
£
hg J"'E
Al
—
| I T I I
] 5 10 15 20 25

Time

Ewéva 1.2 Aneikovion Kopumoing pkpofaxnig avantuéng mov avortdydnke and to poviého Baranyi
& Roberts (1994). Q¢ pmax 0piletar o péyiotog e1dikdg pubuds avamroéng (h), A sivar n Siépketa g
paong kabBvotépnong Kat hy n pvcloroyikh katdotoon tov kuttdpov (Inyn: McKellar & Lu, 2004).
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TOV  TPITOTAYDV HOVIEA®V TPOPAEYNG 7OV  TPOYUOTEVETAL 1)  GULYKEKPUUEVN
dwaktopikn owatpiPr]. T6Go 10 cvyKeKPEVO HOVIEAO OGO KOl Ol OLOPOPETIKES
HOPQEG EKPPOONG TOL TEPLYPAPOVTOL OVOAVTIKO OTO EMUEPOVE KEPAAOLL TNG
dtTpprs.

Ot cvvOnkeg MOV EMKPOTOLV HETO TOV gUPOAMOCHO poall pe TV Tl g
OLVAPTNONG TPOCAPLUOYNG, ATOTEAOVV TOPAYOVTIES TTOV UTOPOVV Vo TPOPAEYOLY TN
dlapkeln g eaong kabvotépnone. Toco 1 edon kabvotépnong 660 Kol 0 PEYIGTOG
€WIKOC pLOUOS avamTLENG OmoTeEAOVV  pio amAn] UETOPOAN] OTN  QUGLOAOYIKY|
KATAoTOoN TOV KUTTdpmv. Ot EKTUNCELS TOV ToPaUETpOV avtdv Kabopilovv tov
Tpomo pe Tov omoio ot mepParioviikol mapdyovieg emnpedlovv Tov €01KO pvOUd
avamtuéng yopic va yperdletor va poviehomonel n meptParliovtikn e£GpTnon g
eaong Kabvotépnong Eexwpiotd. Edv o €101kdg puBuog avantuéng axorovbel Tig
TEPPOALOVTIKEG OKVUAVOES OUECHOS HOMG ovTég cvuPaivovy, TOTE TO HOVTELD
avtod umopel vo eptypayetl T pikpofiakt| avdmtuén émov mapdpetpol 6mwg to pH, 1
evepyoTNTa TOL VEPOL Kot 1 Beprokpacio petafdiroviot pe 1o xpovo (Pin & Baranyi,
1998). IloAlol epevvmtég £xovv YpPNOYWOTOMCEL TO HOVTEAO ToL Baranyi og
OULYKEKPIUEVES EPAPHOYES LOVIEAOTOINONG KOl OVOKAALYOV OTL GE GUYKPLOT UE TN
ovvaptnon Gompertz Kot GAAo poviéra, divel kodvtepa omotedéopota (McClure et

al., 1993, Dalgaard, 1995, Sutherland et al., 1995, 1997) (Ewko6va. 1.3).

—— Gomperiz
---------- Baranyi
--- Buchanan
~--- McKellar

0 100 200 360 460
Time (h)

Ewéva 1.3 Z0ykpion TV KOpmTLAOY avantoéng yuo 1o pkpoopyavioud Listeria monocytogenes 6Tovg
5°C. To povtého Baranyi mopeiye kaldtepeg eKTIUNoELS o€ oyéon pe n cvvaptnon Gompertz (TInyn:
McKellar & Lu, 2004).
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Amo toug Hills & Wright (1994) ko Hills & Mackey (1995) avamtoydnie pio
vevikn Bewpia yio TV KOTOVOUN TNG OVATTLENG TOV MKPOOPYAVICUMY GE ETEPOYEVN
ovotnuota. H Bewpio ooty meprypdost T peETOQOPE TOV OPENTIKOV OVLCIDV
ouvovalovtag €va KnTikd HOVIEAO NG OOUNG TOV KLTTAPWV UE EEICMOGELS
avtpdoemv dtdyvons. Edv M eivan 1 odikn Propdlo g pikpoPlakng KaAMEPYELOG
kol N etvor 0 cuvolMkog aplBudg TV KVTTAPOV GTNV KAAAEPYELWD, TOTE GE GTATIKN
@domn 1oyveL:

M(t)=M(0) e (1.20)

K, e+ de”™ (1.21)

N(t) = NO) =

McKellar & Lu (2004)

omov A ko k, givor ot otabepés taydnTag mov efaptdvion omd OAOVLS TOVG
napdyovteg. O devtepog ekBeTkOg Opog TG cvvaptnong N(t) mapéyel TAnpoeopnon
oxetwkd pe 1M Aoavldvovoa @dorn. Ot ypdvor g AavBdvovcag @Aong Kot

Suhac1acpov divovtot amod Tig eEI6DoELS:

(1.22)
to=A" 'log[l +Ki]
(1.23)
fug _ (In2)" ~10g(1 +ij
ZLD Kn

McKellar & Lu (2004)
To mapandve povtélo pmopel va yevikevtel og opoloyevn cvotnpata, OTmg gtvatl ot
emeaveleg tov  tpodipwv. Ot epoppoyés tov poviéhov Hills yevikd etvon
TEPLOPIGUEVEG.

Ot Buchanan et al. (1997) npdtewvav éva ypappkd HOVIEAO TPLOV QAGEDV
(Ewoéva 1.4). To povtédho avtd anoteAeital and t AavOdvovca @acn, tnv ekBeTiK|
QAo AVATTLENG KoL TNV GTOTIKN OAC:

N, =N,,t<t,,. : AavbBavovca @don (1.24)
N, =N,+u- (t—tLAG ), T,,; <t<T,, : ExBetik| pbon avdntoing
N, =N, .t 2t,,, : ZTOTIKN QOO
McKellar & Lu (2004)
omov N; eivar 0 AoydpBpog g mokvotTog Tov TANBvsrod oe ypdvo t, Ny eivar o
AoyapOpog g apykng mukvotnTag Tov TANBVoHoV, Nyax eivol o AoydpiBpog g
HéEYLoTNG TUKVOTNTAG ToLv TANBLGUOD Tov eEaptdtol amd To mEPPAAlov, t gival o

YPOVOG , trag Elvar o xpovog 6tav oAokANpmOel n AavBdvovsa @don (h), tymax €lvat o
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YPOVOG TN GTLYHN OV 1 TLUKVOTNTO TOV TANBLGHOV eivan  péyiot (h), Ko p etvat o
gd1coc puBpde avamtuéng (log CFU-ml™h™). Ot 6pot Ny, Ny kot Niax ek@palovron
oe log CFU'ml™ .

H exdoy 1pdov  o@doewv ypnoipomombnke 7y 1n  povtelomoinon
TEPAUATIKOV OEOOUEVOV TTOV 0popovcay GTO pkpoopyoavioud Escherichia coli
O157:H7. Enedn yia 1 oTaTIKN OACT 08V LIAPYEL EVOLAPEPOV, 1| OPYIKT EKOOYN TOL
povtélov tpomomomOnke yio 600 @doelg, T AavBdvovcsa kat tnv ekbetikr). O Oscar
(1999) ypnowomoince 10 TPOTOTOMNUEVO LOVTEAD OVO QAGEWMV Y10 TNV TPOCUPLOYY|
dedopéEVmV avanTuéng Tov pikpoopyaviopov Salmonella typhimurium ce {opd BHI,
o€ Ynuévn KOta Kat o€ tepoyiopévo othibog kotoc. 'Eva poviéro, emiong, Vo pacewmv
YPNOUOTOMONKE Yo TNV avATTLEN TOV HuKpoopyaviopoVv Escherichia coli O157:H7
(Cornu et al., 1999).

154

Ymax

104

Yo |

In cfuml’

A

1 I 1 | I |

0 5 10 15 20 25
Time

Ewova 1.4 Azeicovion Kapumoang avantuéng mov avortdydnke and o poviélo tov Buchanan et al.
(1997). Qg y, opiletar 0 puokdg AoydpBpog Tov apykol apldod TOV KLTTAPOV, Yk EIVOL O GUOUKOG
AOYap1OLOG TOV PEYIGTOV 0PLOLOD TOV KUTTAP®V, tmax EIVOL O HEYIOTOG EIIKOG pLOUOG avamTTLENG Kot
A glvar ) didpketa g eaong kabvotépnong (IInyh: McKellar & Lu, 2004).

To poviého McKellar apopd oe etepoyeveic mAnbvcpovg kuvttdpov. H
avamtuén evog pikpoPlakov TAnBvopov ekepdletal pe ™ popeY| piog cuvaptnong
oV EPLYPAPEL 000 Egymprotovg mAnBvopovg kvttdpov (McKellar, 1997). Ta
KOTTOpOa propovv va Ppebodv glte o€ katdoTaon ovATTLéNG 1N o€ KotdoTaon uUn

avantuoéng. ASopotikd, t ypovikny otyun t=0 éva pikpd KAAGHO TOL GUVOAIKOD
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mAnBvopov Ppioketon oe Katdotaon avantvéng. Tote n avdntuén AapPdaver yodpa
ocOHPmVa pe TV e€lowon:

(1.25)
d_G:(;.ﬂ.[l_LJ
dt N

max
McKellar & Lu (2004)

o6mov G givar 0 aplBuUdg TOV OVOTTUGGOUEVOV KUTTAPOV GE KATACTOGT OVATTLENC.
Avtd 10 povTéAo dev €xel ypnolwomonBel yoo T povteAomoinon g HKpoPLoK”g
avamTuEng o€ LeYAAn €Ktaot, eottiog TG OpLotdTNTAG TOL e TO povtédo Baranyi. Ze
avtd 10 povtéAo €yovv mpocapuootel  dgdopéva ywo MV ovamTuén  Tov
Hikpoopyaviopo¥ Listeria monocytogenes otoug 5 kor 35°C egvd otn cuvéyeio
ovykpinkav pe ™ ocvvéptnon Gompertz (McKellar, 1997). Ot tipég tov péyiotov
€101K0L pLOLOY avdnTLENG MTay Alyo LYNAOTEPES Kot TNG Ao KaBvoTéEPNOTG NTOV
yopnAdtepes and to poviého Gompertz. H avédivon Goodness-of-fit £de1ée 6T 610
pnovtého McKellar, ta dedopéva mpocsapudloviar kKaAvTeEPO amd OTL GTO HOVIEAO

Gompertz (McKellar & Lu, 2004).
1.3.3.1.1. Movtélo empPiwong

Ta povtéha emPiowong mov meptypdpovy v pikpofiokn Bvnoyodtta cov
arotédeopa g Béppovong. Xpnoomotovvtar and 1o 1920, kot amotehovv pio amd
TG TPAOTES HOPPEG NG  HikpoProroyiag mpdppnong. Ta poviéda emPioong
dtakpivovtol o€ KAUGOIKE YPOUUIKE LOVTEAD KOL GE [T YPOLLUIKG LLOVTEALL.

Ocov agopd ot KAOGGIKE YPOUMIKE HOVIEAQ, T OOPAVOTOINGCT TV
LIKPOPLaK®OV TopayovTeov akolovbel TV KIvnTiKn avTidpdoemy Tpdtg TaENG KAT®
amo 1600eppKég cuVONKES Kot TeptypapeTal amd TV e&icwon:
ds, (1.26)

—k"S,
dt

McKellar & Lu (2004)

t

o6mov St etvan  avoroyia emiPicoong Kot k£” glvar 1 otabepd tov pvOUoH NG

0

dlepyociog. Xvvenmg o aplnog TV KVTTAp®mV Tov eMPLUOVOLY HEIOVETOL EKOETIKA:

S, =e™" =logS, =—k-t O6movk =1k—10. H éxopaon D-value oniadn o ypdvog
n

t
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nov omouteiton yuo peioon xotd 1 AoydpOpo (1-log) ivon ion pe 1/k, 6mov k eivon n

KAlon oto oynuo ¢ ekévag 1.5.

5 _ 3
2 J
1 4 (a
[=2}
-
3 z=1/xkion
0 0 . . .
o
o 40 50 60 70
2 4 T (°C)
D=1/xkion
1.
G T T T 1
0 10 20 30 40
Time (min)

Ewéva 1.5 T'soperpcn meptypaon tov D kot z- tipnedv (IInyn: McKellar & Lu, 2004).

Ot tipéc D gtvon duvatov eniong va ekppactodv g eENG:

t (1.27)
logN, —logN,

D —value =

McKellar & Lu (2004)
Otav o AoydpBuog tov tipadv D (D-values) mapiotdveTat ypoeikd 6o cuVAPTHOT TOV
avtiotoy®v Beprokpaci®dv, To avtioTpoPo NG KAlong sival ico pe v TN z (z-
value), | omoia amotedel TV avéEnon g Beppokpaciog Tov amatteital yio ) peiwon
g g D katd 1 LoydpiBuo (ewéva 1.5).

Onog yivetor avtiAnmtd amd v avtidpaon tpdtg Taéng, ogv ival dvvatni n
amOALTN  KOTOGTPOPN OA®V TeV omopiwv Tov pkpoopyovicpoV Clostridium
botulinum cg éva dedopévo Oyko mpoidvtoc. 'Eva omopo Ba vdpyel mavta doikto og
Kkdmola kovoépPa av e&gtaotel tkavomomtikog apluog koveepPfmv. I'a 1o Adyo avtod
&xel vioBetnBel 6T peiwon kotd 12 AoyopiBuovg (12D) elvor tkavomomtikny yo TV
TPOCEYYION NG “EUTOPIKNG OMOGTEIPOONG” N Yo vl OMOOEKTO EMMEOO KIVOLVOL
emPiowong tov Clostridium botulinum. Xvykpicyles TOmMIKES TIUEG TG TapopuéTpov D

v GAdo Tafoydva dev VILEPYOLVY, MGTOGO Elval YEVIKA AmOdEKTO OTL Lol LEimon KaTd
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4 M 5 hoyopiBuovg (4D 1 5D) Bewpeitor kovomomtiky avdioyo pHe TO TPOIOV
(McKellar & Lu, 2004).

Ta pn ypoppkd povtédo avikovv c€ OVO Katnyopieg. Xe aLTE OV
TaPoLGLALovY Uid GACT) TPOGAPUOYNG TPV TNV Evapén TNG AdPUVOTOINoNG Kol GTN
oLVEYELN KOPT®OT TNG KapmuAng (shoulder) kabag Kou og avtd mov eppaviovv ovpd
(tail) otV teAKN AoM TG KAPTOANG 0dPAVOTTOINGTC.

Ot KopUmOAEG adPOVOTOINGNG TOV ATOKAIVOUV amtd TNV OAN €KOETIKY LopeOn
Tapovctalovy Guyva e edor Kabvotépnong Tpy omd TV ekBETIKN adpavonoino.
‘Eva amhd ypopikd HOVTELO TOL TTEPTYPAPEL TN CLUTEPIPOPA AT AvVOTTUYONKE amd
tov Whiting (1993):

logN,,0<t<t,

1.2

McKellar & Lu (2004)

logN =

To mAeovéKTna TOV GVYKEKPUEVOD HOVTEAOV givarl OTL pumopel va ypnoyoromel n
YPOUUIKT TOAIVOPOUNCT Y10 TNV EKTIUNGCT TOV TOPIUETPOV TOV. AVTO TO0 amAd
LOVTEAO £)El €QOPUOCTEL OMOTEAECUATIKE YloL TNV TEPLYPOPN TNG WUN Oeppukng
adPOVOTTOINoMG TOV UIKPOOPYavVIGHOV Listeria monocytogenes Go. GUVAPTNOYN TMV
OLYKEVTIPOOEWMV GE 0pYoVIKA 0&éa Kat vitpmor (Buchanan & Golden, 1994), 6nwg kot
oe ovvinkeg petowpévov ofvydvov (Buchanan & Golden, 1995). Zuvnbwc 1 @don
kabvotépnong dapopomoteitor mOAD Ge o KapmoAn adpavonoinone. To yeyovog
avTd KaoTd SVGKOAN TNV AVATTLEN OEVTEPOYEVAOV LOVTEA®V TTOV TEPLYPAPOLY TNV
enidpaon tov mepPdAioviog ot edon KabvoTéEPNoNG. TVUVERTMOC, UE TN (PNON TOL
povtélov avtov N emPioon ekepaletor ®g o ypodvog Tov amarteital Yo po peimon 4
AoyapiBuov (Buchanan & Golden, 1994, 1998):
T,,=T,+4-D (1.29)
McKellar & Lu (2004)

Evtovtolg, ot moAdmAoKeg KIVNTIKEG 0OPAVOTTOINGNG amaltohv T ¥pnom Ui
ypoppkov  povtédwv. To  ekbBetikd poviého  adpavomoinong (power law)

nmeplopPdvel Koidn koumdOAN, N omoia otepeital GAoNS KaBLOTEPNONG OALL PEPEL

TANBvoud ovpdc:

N ¢ (1.30)
log—=——

N, D

McKellar & Lu (2004)
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Mia xoiAn kopmoAn oynuotietor otov p<l, evd pio KoOpmOAN KLPTOD GYNLOTOS
avantoooetor o0ty p>1. To exkbetikd poviého €xer  ypnowomomBel ot
HOVTELOTOINON NG KAUTLAOTNTOG GE KOUTOLAEG EMPI®OONG TOL HKPOOPYOVIGLOV
Enterococus faecium (Ross et al., 1998) kot g aAkaiikng owceatdong (McKellar et
al., 1994) 10 ydAa.

H egicoon 1.30 tpomomodnke Yoo vo. TPOCOUOIDGEL TNV EMPIOOT TOL
HiKpopyoaviopov Staphylococcus aureus katd tn 0éppovon oe amofovtupopévo Yoo
(Daughtry et al., 1997):
logNi = —kte ™ (1.31)

0

McKellar & Lu (2004)

omov k givat o cuvtedeoTtng peimwong Kot A 0 cuvtehesTtig LITOPEOIoNG.

Mia Aoyiotikn e&icmon pmopel vo ypnoyoromnbel otn povielomoinon g
avAmTLENG LE OKOTO TNV TPOTOTOINoN TNG AMANG eKOETIKNG avATTLENG TPOKEIUEVOL
va AdPet vrdyn Tov TEPLoPIGUd 610 PEYEDOG TOL HEYIGTOL TANBVGUOV OC AMOTEAEGLOL
mg éMAewyng oe OBpentikd cvotatikd. Opoimg, pio Aoyiotikn e€icwon pmopel vo
ypnowomombel kot ywoo TV TEPLYPOUPN, TNG MEPOPIGUEVIG Bavdtmong evidg
HIKpoopyoviopov e&outiog e emidpaons KATOOL TapdyovTo Tov TPOKAAEL GTPEC M
MV KatacTpoen 6to KOttapo (Pruitt & Kamau, 1993). H Loyiotikn oty cuvéptnon
kaAeiton e€icmwon Fermi kot ypnoylomoteital yio v Teplypoen KOUTLA®V peimong
oL epueavifovv cvppeTpios:

{ 1+e } (1.32)

1 N =1
o8y, =8 L

0
McKellar & Lu (2004)

o6mov N eivor o TAnBvopdg (cfu/ml) mov emiPudvet o gpdvo t, Ny givar o TANOLGHOG
mov emPuovel og ypévo t=0, b elvar o0 péyrotog edKog puOUdS BovaTov Kot tp givai n
@aon kabvoTéEPNONC TPV Ao TNV 0OPOVOTOINGM.

Mia tpomomoinon g e&icwong Fermi mepihapfdvet 6o 6povc. O mpdTOg
mephapPdverl Eva TUNO TOL TANOLGHOD TV LKPOOPYOVIGU®MV TOL £ival gvaicOntog
ot Béppovon (Tpwtoyevig TANOBLOUOG), EVEO 0 dEVLTEPOG OPOC TEPIAAUPAVEL TO MO
avOekTiko ot Bépuavon T tov TANBvoHoL (dwactkd poviédo, Whiting, 1993):

g~ 1ogl £ (1+e) a-F)1+e™) (1.33)
N, (1+ebl<t—tL)) (1+ "D

McKellar & Lu (2004)
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o6mov b; kot by sivar or péyrotor pvbuoi Bavdrtwong Yy TOV TPOTOYEVH] Kot
devtepoyevn TAnBvoud, avtiotorya. Ot Tyéc D pmopovv va tpocdioptotovy wg 2.3/b
v kdBe mANOBvopd. Or @Aacelg TPOCAPUOYNS WITOPEL Vo eKAEIMOVY GE KATOEG
TEPWMTMGES, OMOTE O Opog tr AauPdver pundevikn Trn. ZTI§ TEPMTMOGES TOV
napotnpeitar poévo Evag mtAnbucpoc, o 6pog F Aappdvet tiun ion pe tn povada, ondte
N e&lowon maipvel Ty Tponyovpevn Hopen ™. To d1pacikd AoyoTIKO LOVTEAD EXEL
ypnoworombel ot povieAomoinon NG adpovomoinong  omopiwv  TOv
pucpoopyavicpov Clostridium botulinum (Juneja et al.,1995), kot g pun Beppiknc
a0POVOTOINGCNG TWV LKPOOPYOVICU®V Listeria monocytogenes (Buchanan & Golden,
1994, 1995, 1998) ko Staphylococcus aureus (Whiting et al., 1996).

Mia dAAN maporiayn g AoyioTikng e€lowong (AoyloTikd povtélo tecodpmv
napopétpov) £xel emiong mpotabel and toug Cole et al. (1993):

—o (1.34)
40 (7-x)
l+e ©°

y=a+

McKellar & Lu (2004)
omov y = logjocfu/ml, x = logjp xpoévov, a eivor n avotarn acvunTOT, © £ivol N
KOTOTATI QCOUTTMTI, T £ival 0 ¥pOVog 6ToV 0moio mapatnpeitol 1 péylotn KAion g
KOUTOANG Kol 6 givor 1 pé€yomn kiion. To povtého avtd e@oapudoTKE GTN UEAETN
emPioong tov pikpoopyavicpov Yersinia entrocolitica oe pH wou Oeppokpacieg
cuvtnpnong Katw and tig apioteg Tnés (Little et al., 1994), kabog ko otn Oeppuk
adpavomoinon tov pukpoopyovioumv Salmonella typhimurium (Dufty et al., 1995),
Clostridium botulinum (Anderson et al., 1996), Salmonella enteritidis xou Escherichia
coli (Blackburn et al., 1997).

H tpomomompévn eficwon Gompertz (e&icwon 1.35) (Linton et al., 1995) éyel
YPNOoTomOel yio TNV TPOGUPLOYN TOV LN YPOLUIK®OV KOUTLADV €mPiwong Tov
pkpoopyoviopoV Listeria monocytogenes o€ puOotikd didAvpo (Linton et al.,
1995) ko og mpoidv madikng dwatpoeng (Linton et al., 1996).
logNi = Cexp(—exp(A4 + Bt)) — Cexp(—exp(A4)) (1.35)

0
McKellar & Lu (2004)
A0 mopaderypa EQAPUOYNG TG 110G GLVAPTNONG OMOTEAOVV HUEAETEG GYETIKES LLE TN
oLVOLOCUEVT] OpAoT  E€QOPUOYNG LYNANG mieong kot Mmiag Oépuavong oty
adPOVOTOINGCT TOV WKPOoOPYAVIGU®OV Eschericia coli kau Staphylococcus aureus og

yaia ko Toviepikd (Patterson & Kilpatrick, 1998).
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1.3.3.2. Agvtepotayn povréia

To devtepotayn HOVIEAX TEPLYPAPOLY TNV AMOKPION OGS 1| TEPIGCOTEPMV
TOPAUETPOV EVOG TPOTOTAYOVS LOVTELOL, N omoia peTafdiietal 6e oyéom He Evav M
TEPLOCOTEPOVS TEPPAALOVTIKOVG TTOPAyovTeS I Tapdyovteg kKoAAépyelag (pH, ay, T,
Eh). I'o mopdaderypa, £otw 0Tt Egovv peketn et ot emdpdoelg g Beppokpaciog oty
avamtuEn Tov pHIKpoopyoavicpov Salmonella typhimurium oto Poglo kpéag petacy 15
kat 40°C. O pkpoopyaviopdg antdg 0o umopodoe v ovomTOGGETOL 68 KAMOLEG
Bepurokpacieg evtdg avtod Tov €0povg. Amd kdBe Bepuokpacio Bo pmopovice va
voloylotel  évag  ypdvog  dmAaCAcHOV  TOv  pukpoflakod  TANBvuouov
YPNOLOTOLDVTOG EVO TPOTOTUYEC LOVTEAD £TGL MOTE M emidpacn g OBepuokpaciog
OGNV AVATTLEN TOV MKPOOPYAVICUAOV va Teptypdeetol pe pio podnuatikn eéicmon.
H efioowon oavm emuapéner otov teMKd ypnotn vo mpocdlopicel To  ypdvo
dumhactacpov mov Bo mapatnpnbet o pio dedopévn Beppoxpacio T (Dickson et al.,
1992, Whiting & Buchanan, 1993, 1994).

H xwvntue g pkpofraxng avémroéng ota tpdeipa ennpealetal 1660 ond
TOUG aveEapTnNToug eEMTEPIKOVG Kol €VOOYEVEIG Tapdyovieg OGO kol omd Tnv
aAnAenidpacn| tovc. Ot emmtdoels eivor dSvvatod va TpoPAreeBodv pe tn fondela Towv

LOONUOTIKOV LOVTEA®V TPOPAEYTG.

1.3.3.2.1. Evdoyeveig ko eCtepikol Topayovieg mov eXnpedlovy TNV OVATTOCH TV

LIKPOOPYOVIOUDY

Ot puowoynuikot Kot mepailoviikol Tapdyovieg Tov TepAaUPavovtal oto
pofnpatikd povtéda tpdPAeynS Kot enpedlovy TV avAmTLEN TOV MKPOOPYOVIC OV
dwkpivovtol og evooyevelg, ol omoiot oyetilovtal pe Tig WOOTNTEG TOL TPOPIHOL Kot
e€mteponc, ot omoiol oyetiCovtar pe T mepiPariiovtikég cvuvinkeg (AuPpociadng,
2005). T kaBe moapdyovto opilovtal PéATioTec, eldyloteg Kot PEYIoTEG TIHES. Ot
mopdyovteg cuvovdlovtar kot aAAnAemidpovv (McDonald & Sun, 1999).

2oppova pe tovg McDonald & Sun (1999) ko ApPpociadng (2005), ot
ONUAVTIKOTEPOL EVOOYEVEIC TAPAYOVTEG ElvaL:

(1) O Pabudc g evepyod o&vtmrag (pH) tov Tpo@ipov, o omoiog amotelel mOAD

ONUOVTIKO TTopdyovto Yo TNV avamtuén tov pikpoopyoviopmv. Ot tipuég tov pH
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Kopoivovtol and 0-14 evd o1 TEPIGGATEPOL UIKPOOPYOVIGHOT, GCUUTEPIAAUPOVOUEV®Y
TV To0YOVeV BoKTnpiov, OVOTTOUGGOVTOL 6TV TEPLOYN omd 6.6-7.5.

(11) H evepyodmnta tov vepol (ay), n omoia amotedel Ogiktn ™G 16YX0V0C GLYKPATNONG
TOV VEPOL OO TA GLGTATIKA TOL TPOoPipov. To bpog TV THOV TS KLHOLvVETAL OO
0-1, evdd o€ YeVIKEG YPOES TO POKTIPLO GTTAVIO. OVATTTOGGOVTOL GE TILEG PIKPOTEPECS
a6 0.9, pe ta apvntikd Kotd Gram Paxtiplo va gival To gvaicOnta oty ehdttmon
™G aw oo ta, Oetikd Katd Gram.

(111)) To o&ewoavaymywd ovvoukd (Eh), to omoio ekppdler v evépyswo mov
ypewdlovtal ot pkpoopyavicpol yoo v avantuén kot to petafoiiopnd tovg. H
EVEPYELDL QTN TOPAYETOL KOTA TIC OEEWO00VAYWOYIKES OVTIOPACELS, OTIS OTOLES
OUUUETEYOVY TO. O1APOPOU GLOTATIKO TOVL TPOEipov. O AOYOC TOV GLVOMK®OV
o&eOTIKOV (déKTEG €) TPOS TA CLVOAKE avaymywd (00teg €) wabopilel To
o&ewoavaymyikd dvvapkd tov tpoipov, Eh. To Eh givor evdektikd g tdong yio
Mym M amdre o&uydvov amd to TpdEIo. Agv givan otabepd oe dAn ™ pdlo Tov
TPOPIHOV OAAG pETOPAAAETOL QIO TNV EMPAVELN TPOS TO £6MTEPIKO Tov. To €Opog
tov Eh, 6nov avoantocoovtar ot pukpoopyavicpol, eivatr +300 éwoc -420mV.

(iv) To o&vyovo, to omoio amoterel kaBoploTIKO TAPAyOVTA Y10 TNV OVATTLEN TOV
HIKPOOPYOVICU®V. Avidoya pe v avdykn o€ o&uyovo ol HKPOOPYUVIGHOL
Jdwkpivovtor 6 VIOXPEMTIKA  aepOPflOve  UIKPOOPYOVIGHOVS  (OVOTTUGGOVTOL
mopovcio o&uyovov, Eh Betikd), vroypewtikd avaepdfrovg (avantdcsoviol amovsio
o&vyévov, Eh apvntikd), mpoaipetikd aepoPfiovg 1 avaegpdfiovg (avoamtvccoviot
napovsios 1 oamovoia o&uyovov, Eh Oetikd 1 apvntikd) ko pkpoaepdPlovg
(avamtdooovtal g eEAATTOUEVT TAoN 0ELYOVOV).

(v) Ta Owbéopuo Opentikd GLOTOTIKG, TO. OMOI0L YPNOLUOTOOVVTAL OO TOVC
HUIKPOOPYOVIGLOVG MG TNYN EVEPYELNS Yo TO HETAROMSIO Tovg. O HKpoopyaviGHoL
ypewlovtar vepd, mnyés avOBpaka (amid clkyopa, oAKOOAES, apvoEéa, cUVOETOVS
vdaTavlpakes, Mmopéc ovaieg), Tyég aldTov (apvo&éa, VOLKAEOTIOW Kot ovOPYaveg
mmyég, 6mmg NHj), Prrapiveg ko avopyova cvotoatika (Fe, P, S, K, Mg, Cu, Ca, Zn,
Co).

(vi) Ot avtyukpofioxol mapdyovteg, ot onoiot Bavatdvouy 1 avacTEAAOVY T dpdon
TOV WKPOOPYOVICU®V. MTopel va amoTteA0VV QUGIKH GUGTATIKA TOV TPOPIL®Y 1 Va.
nmpootifevtal Katd v emefepyacioa TOvg HE OTOYO TNV avENOM TOL YPOHVOL
TN PNONG TOVS. LT PLGIKE OVTIUKPOPLOKE OVIIKOVY TOL IO aptkd Ko T obEpia

Ehoe  OpOUOTIKOV  QuTAV, évibpo Kol Ollpopeg  oppoves. Q¢ mpOcHeTeg
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avtyukpoPlokég ovoieg (avaoTorelc) ¥pnolomoovvTonl avTiPloTikd (TETPAKVKAIVT,
TEVIKIMYTN K.0.) Ko ovvinpntikd (Beiddng avudpitg, Pevioikd o0&y, copPikd o&d
K.0L).
(vil) Ot Broroyikég SopEG TV TPOPIL®V, Ol 0TOlES ATOTEAOVV TOVG PUVGLKOVS TPOTOVGS
TPOCTUGIOG TOLG OO HKPOOPYAVIGHOVG. XOPOKTNPIOTIKO Topddstypo givar to
KEALPOG TOV AYOV KOt 01 PAOL0L TOV KOPTMV.
(viil) H katavoun tg euoikng pikpoPakng yAwpidos Kot ot GAANAETIOPAGELS LETOED
TOV HKpoopyavicp®v. Ot oyxécelg HETOED TV HKPOOPYOVICUOV GE £va TPOPLUO
yopokmpilovior  ovTayoVioTikEG, OCLUPLOTIKEG, 1N HETOPOTIKES. XNV  TPOTY
nepintmon emkpatel éva poévo €100g, cuvnBmg Tapdyoviag ovoieg 1 petafdriovog
TIC 1010TNTEG TOL TPOPIHOV, £TCL MOTE VO PN UmopovV va emMPudoovy ot dALOL
ppoopyavicpol. Xtn dedtepn mepintmon ta d1dpopa €101 cuVVTTAPYOVY KoL GLVIOMC
dpovv pali, evd omv teAevtaio TEPITTOON, €VOG HIKPOOPYOUVIGHOG OMpovpyet
EVVOTKEG GLVONKES Y100 TN OPAGT] KATOL0L GAAOV.

AMor gvdoyevelg mapdyovteg eivar H mopovsio tov @uowov doumv, ot
KOAAOEOEIG LOPPES, 1 OvOAOYio ETPAVELNG TPOG OYKO K.4L.

Ov xvpiotepor emtepikol mopdyovteg eivor (McDonald & Sun, 1999,
Apppociadng, 2005):
(1) H Oeppokpacio. Or pukpoopyoviopol avamticooVIol G€ GUYKEKPEVO €0POC
Oeppokpacidv mov umopei va mowkidder amd -24 fwc +90°C. Me v katdAAnAn
Oepuikt|  emeepyoacio  pmopel  va  emtevyBel  pepK]  KOTAOTPOON TV
LKPOOPYOVIGUMV  €VOG  Tpo@ipov (pe mootepioon) M Oavdtwon Olwv TV
LIKPOOPYOVIGU®MY Kot TV omopiov toug (oamooteipwon). Ot pikpoopyavicuol
avéAoya pe 1o €0pog TV BEPLOKPACIOV GTO OTOI0 OVOTTVCCOVTAL JUKPIVOVTAL GE
YuypoeIhovg (e0pog avamtuéng: -5 émg +20°C, apiotn Oepuokpacio avamtvéng: -5
éwc +10°C), Oepuodgirovg (+40 £mg +80°C, +55 éwg +60°C) kot peco@rovg (+5 €mg
+45°C, +25 émg +45°C).
(1)) H oyetwn vypaocia, n omoia opiletoar ®g 10 m0c0otd KOopeospov (%) Tov
epPAALOVTOC e VOPATUOVS GE GLYKEKPIUEVT Beppokpacio. Amotedel onupavtiKod
Tapdyovto Kotd TV amofnkevon tov Ttpoeipmv. Edv éva tpdeuo pe younin
evepydtta vepoly Ppebel oe mepiPdAdov pe vynAn oxetikn vypoocio, ToTE Oot
AmOPPOPNGEL LYPAGia, EVA Ba amofdAlel vypacia dtav 1 EvEPYOTNTO TOV VEPOL Elvarl

VYNAN KOt 1) GYETIKN LYpAGio yoUnAr.
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(ii1)) H ovotaon kot ovoloyio atpoceoipikev aepiov kot avoroyio tovg. Ot
HeTAPOAEG OTN GVOTOCT TOV 0£PO HTOPOLV VO OTOTPEYOLV TNV CAAOI®woN TV
Tpopipwv eoutiog g dpdong tov pikpoopyavicpuav. I ovtd oty Ttevoroyia
TPOPIL®V YPNGILOTOOVVTOL EAEYXOUEVES 1] TPOTOTOMUEVES ATUOGPOALPES, TOGO Yol
TOVG YDPOLG Ao KELONG, OGO KOl GTIC CLOKELOGIEG. AVTEC GLVIOMC ATOTEAOVVTOL
amd piypoto aepiov, kupiog o&uydvou (O,), aldtov (N;), dro&ewdiov tov GvOpaka
(COy), eva ypnowomnoteitar kKo to 0Lov (03) o¢ faktnploktdvo.

Alor eEmtepcol mapdyovies etvor: H éviaon kot to pnikog KOUOTOS TOL
QMTOG, TO, YOPUKTNPICTIKA TNG GLGKELOGIOG Kol Ol CAANAETOPACELS, M amodnKevon),

N Katavoun K.d. (McDonald & Sun, 1999).

1.3.3.2.2. Movtelomoinon twv ETOPAGEDY TWV EVOOYEVOV KOl ECWTEPIKWV TOVONKDY

ot piKpofioxn avemrtoln

Ta povtélo mov ypnoyomowovvrol e€aptdvtal oe peydAo Pabud amd tov
aplOpd v petafAnToOV Kot o €01 TV EUTAEKOUEVOV HIKPOOPYOVIGUOV. AvTd
pumopel va etvar kivntikd povtéda M povtéda mbavorintewv. O Hauschild (1982)
extipnoe v mhovotnta ekPAAGTNONG £VOG oTOpiov Kot TNG mopaymyns to&ivng oe
OALOVTIKA OTMG GE CLCKEVAGIEVO UTEIKOV GE KeVO aépoc. Ot emdpdoelg petafAntov
OT®G 10 OAATL, TA VITPMOIN, TO POCEOPIKE GANTO, 1) HLOPPOTOINGT, Ol TEXVIKES
enefepyaciag kot to pH €povv emiong peletnOel (Hauschild, 1982, Roberts and
Gibson, 1986, Tompkin, 1986). H mBavémra avarntuéng uropet vo povrelomon et

pe pio Aoyiotikr] ovvéptnon mbavotnrog kot pio molvwvouikny cvvaptnon (Cole et

al., 1987):
P 1 (1.36)
I+e™

McDonald & Sun (1999), Ross & Dalgaard (2004)
Omov n glval M CLVAPTNON TOL TEPLYPAPEL TIG EMMTOCES TOV OveEEAPTNTOV

petofintov. H elicowon 1.36 mpoépyetar omd 1 AOYIOTIKN]  GLVAPTNON

logitP = " P

, omov P elvar n mBavota tov amoteléoparog. Edv logitP=n, t61¢

npokuntel M egicwon 1.36 (Ewkova 1.6). AvaAvTikéG TeEPLYPOQES TOV HOVIEA®V
mBavotnTev pumopovv va Bpebodv oe dnpocievcelc tov Baker & Genigeorgis (1993),

Dodds (1993) ka1 Maas (1993).



34

5-80

5-40
L 5.00

0
A
4-60
O O O
4.20 L 1 1 ] |
0 005 010 015 020 025 0-30

o

Ewoéva 1.6 IIpoPreyn Tov HECEMQOAVEIOV avVATTUENG/UN AVATTUENG YL TO HIKPOOPYOVIGHLO
Brochothrix thermosphacta otovg 25°C, 0tov 1 HETAGYNUOTIOUEVN UETAPANTA TG evepydTnTOg TOV

vEPOL avTimpoc®nevETAL oTtov dEova X Kot N petafAnt tov pH, otov d&ova y (IInyn: Ross & Dalgaard,
2004).

Ot oVyypoveg mpoceyyicelg otn TpoppnTikn HikpoProdoyia tpogipwy £xovv
EMYEPNCEL VAL GLVOEGOLV TNV AVATTLEN TOV UIKPOOPYOVICU®V HE PLOUICTIKOVG
mopayovteg Ommg M Oeppokpocio. H cvvipurtikn mAsioyneio Tov devTeEpOTAYDV
povtélmv Pacilovtal oty KvnTikn TG OVATTUENS TOV UKPOOPYOVIGULMOV UE TOL TLO
EVPEMS YPMNOYLOTOOVEVA HovTEL Vo gfval To povtédo Arrhenius, To Tpomomompévo
povtédo Arrhenius, to poOvTéAo TETPAYOVIKNG Piloc KoL TG TOAV®VUUIKA LOVTEAQ
(Labuzza & Fu, 1993). Ta kwmtik@ poviéha vy v mpoPieymn tov ypdvov
dwtpnong vevikd Pacifoviol 6To QAIVOPEVO TOV EMKPOTEL KO TEIVEL voo pnv
egedikeveTon Yo évol cuykekpyévo Tpoepo. Evtovtolg, ot mepapotikol ko
nePPaALOVTIKOL TAPAUETPOL EVOC LOVTELOL glvar dvvaTtd va Tpocappoloviol o val
OLYKEKPIUEVO TPOQO. H o onuavtiky] and avtég Tic mapapétpovg Bempeitor 0Tt
elvar n Ogppoxpacio kKabng emnpedlel tovg pvOuovg amokpiong. H mpoéievon g
eElomong tov Arrhenius givon gpmelpikn Ko Pacileton og Oeppodvvapikég Oewpnoelg
(Labuzza & Riboh, 1982).

“Ey (1.37)
E&icwon Arrhenius: k =k e *"

McDonald & Sun (1999), Ross & Dalgaard (2004)
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omov k givar o puOpog avantuéng, A eivan pio otabepd mov oyetiletal pe Tov aplOuod
TOV GLYKPOVGEDV HETAED TOV aVTIOPOVI®V avd povada ypovov, Ex sivar n evépyeia
evepyomoinong, R eivan n maykéowma otadepd tov agpiov (8.314 J-K ' mol™) ko T
etvon n Oeppokpaoio (K). Xy g€icwon 1.37 edv ot Tipéc tov k Kotaypdeoviol og
drpopeTikég Beppokpacie kat edv 1o Ink mapiotdveton ypapikd g mpog 1/T, téte
oynuatiCeton gubeia ypoauun pe kiion -Ea/R (Ewoéve 1.7) (Labuza & Riboh, 1982,
Labuza et al., 1992).

Evtovtolg, m avdmtuén tov HIKPOoOpPYOVIGU®V givol TOAVTAOKY €V Ol
TPOPAEYELS TYDV €KTOG TOV TOPATNPOVUEVOL €DPOVG TIUADV NG OBeppoxpaciog
uopovv vo. dei&ovv un ypappukotnta. o 1o Adyo avtd n e&icmon 1.37 ¢ pmopel va
TPOGOPUOCEL TOL OESOUEVOL APKETA YaunAdTEPQ 0o TIC BEATIOTEG 1) LYNAGTEPA OO TIG
eMdiyoteg Beppokpaoieg avantvéng. Ta dwypappato e pkpoPlokng avamtuéng
Kovovikd mopovstdlovv akpifela povo méve amd Eva meplopicpévo BepLoKpacloko
evpog (Labuza & Fu, 1993). Ot Fu et al. (1991) anewoévicav avtiy v axkpifea pe

dwypdppata Arrhenius yio to pkpoopyavioud Pseudomonas fragi. Aldpopeg

Temperature (YC)
76.84 66.84 56.84 46.84 36.84 26.84 16.84 ©6.84 -3.16 -13.16 -23.186

6
4_
z
e 2
a
2
2
L
£
=
o
2 .29
E
-4
-6 - - - - -
0.00288 0.00308 0.00326 0.00346 0.00366 0.003886
1/(Temperature [K])
(IITmyn: Ross & Dalgaard, 2004)
Ewova 1.7
-E, -E, —E E 1
RT RT = . 4 mnK=Ink -|-=22|.| = |>
k=ke® hhK=Inlke? |=InK=Ink = In
’ [ J * URT U R)\T

PLOT InK vs. %
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tpomontomoelg ¢ eicmwong 1.37 anockomoboav otnv mpocmddeia Pertioong g
TPOCOAPLOYNG TOV HOVTEAOV o€ akpaieg Oeppokpaocies. Ot Schoolfield et al. (1981)
petaoynuaticay pio tponyovuevn eicwon (Sharpe & De Michele, 1977) oe éva pn
YPOUUKO HOVTELO EEL TAPOUETPOV OC EENG:

T AHG (1 1
25°C 4
pR5°C) e eXp{ 2 j}

. 298 T
K AH, [ 1 1 AH, [ 1 1 (1.38)
1+eXp Ti—? +eXp R Ti—?
o i Jou

McDonald & Sun (1999), Ross & Dalgaard (2004)
omov T 1 amdivtn Beppokpacia, R n maykodcua otabepd tov aepiov, K n amdkpion
(puBuog avamtuéng N avtiotpo@o TOL YPOVOL dmAAGLOGHOV), P(25°C) évog
ouvTELEOTG KAMpaKOG, 160 e o puOud g andkpiong otovg 25°C, AHY, eivor 0
evépyela gvepyomoinomng g kuplog avtidpacng mov kabopilel to pvBud avimtuéng,
evdd AHp kon AHy glvan o1 evépyeleg evepyomoinong g petovsioong tov eviOov ce

YOUNAES Kot VyMAES Beprokpaciec, avtiotoya. 7 y wo 7' y gtvon 1 younAdtepn Kot
2z 2n

N vyniotepn avtiotoryo Oepuokpacio, 6TIG 0moiEC TO NUIGL TOL LVIEHOVVOL Yl TO
pLOUS avamTLENC VOO0V £xEl LETOVOIWOEL.

H Ogppokpacio tov nepiocdtepmv tpopipmv, 18img Tov Tpoidviav pe Pdon
T0 KP£OG, AmOTELEL KPIGIHO TOPAYOVTO Yid T SLUCPAALIOT TG LKPOPLOKNG acPAAELng
Katd TV mopaymyr kot Otakivion tovc. o v mpoPfieym tov apiBuod TV
HUIKPOOPYOVIGUAOV MG GLVAPTNOT TOL ¥pdvoL Kal TG Oepprokpaciog ivor amopaitntn
N povteAomoinom Tov ¥povov Kabuotépnong, Tov kol puhuol avdntuéng Kot g
TUKVOTNTOS TOL pIKpoPrakoy mAnBucpov cav cuvdptmon g OBeppoxpaciog. Ot
Zwietering et al. (1991) oclOykpwvov v KotaAAnAdtnTo Kol TN Y¥PNCWOTNTO TOV
povtédov tov Schoolfield oe mévte dAla poviéla mapaTpdOVTAG TV OVATTLEN TOL
wikpoopyaviouo¥ Listeria plantarum ce $164¢popec Oeppokpoocieg petald 6 ko 43°C.
Awmotodnke 6tt to poviého tov Schoolfield mepiéypage T dedopéva
Kavomomtikd. Evrovtolg, dAda povtéda émwg 1o povtédo tov Ratkowsky to omoio
Oa meprypael ot GLVEKELN, TOPOVGIOLE CTOTIOTIKY EMAPKELN, UEYOADTEPT EVKOAI
ot xpnon Ttov, eved mepleAdupave Ayotepeg mopapétpovc. O Davey (1989)
YPNCLOTOINGE EVOL TPOTOTOMUEVO TOTTO TOV povTtéAov Arrhenius dote vo Teptrypayet
TIG EMOPAGES TNG €VEPYOTNTAG TOL vEPOD Kot NG OBepuokpaciog otovg puopods

AVATTUENG TOV LKPOOPYOVIGUMV:
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1.39
1nk=Co+Q+C—§+c3aw+c4aw2 (139)
T T

McDonald & Sun (1999), Ross & Dalgaard (2004)
omov T eivon 1 amdAvtn Beppokpacia (K), oy eivar 1 evepyotnra tov vepol kat Co,
Ci, Cy, G, C4etvar o1 cuvteELeoTEG TPOS EKTIUNOM).

H e&lowon avt Bpiokel epapproyn o Tpoidvia OTOL 1 EVEPYOTNTO TOV VEPOL
&xel meproprotel og yaunAd emineda (Van Gerwen et al., 1998). Evtovtolc, dtav 1o
€0POG TNG EVEPYOTNTAG TOL VEPOL OEV KVLUAIVETOL GE TEPLOPIGUEVA EMImMEdD, TOTE Ol
dvo terevtaiol Opot g e&icmong propovv va anoiepbodv (McMeekin et al., 1992).
2mv ggicmon 1.39 6Lot o1 mapdpeTpot epavifoviot ypoppkd Kot £Tol 1 EKTipnon
umopel va yivel pe  ypNnomn TOAAATANG YPOUMKNG ToAvdpounong. To povtédo
EQUPUOCTNKE GE ONUOGIEVUEVO OEOOUEVO CUUTEPIAAUPAVOUEVOV TOV SEGOUEVOV TOV
nephappdvovior otig epyoacieg twv McMeekin et al. (1987) xou Broughall et al.
(1983). Movtehonombnke emiong m Owdpkew TG @AoNG KOBLOTEPNONG TNG
pikpoPlokng  avdmtoéng, M omoio GLUE®VOVCE KOAG HE TO  OMUOCLELUEV
anoteréopata (Davey, 1991). Ta tpomomomuéva poviéda Arrhenius to omoia
nepthappdvoov ta povtéda tov Schoolfield kor Davey, avomtoybnkov dote vo
Eemepaotovy ta. TPoPANLaTa Kot va evioyvBel To apykd poviélo Arrhenius 6cov
aPOPA GTNV TPOGOPLOYN TWV OEOOUEVOV GTO BEPLOKPAGIOKAE Oplo avATTUENG TOV
pIKpoopyoviop®my. Mepkol ouyypoaeic, eved meEPLYpAPOVY GLTE TO. HOVTEAL ©C
OTOTEAECUATIKG, EVIOVTOIS KOTOOEIKVOOLY TNV TOAVTAOKOTNTO TOVS Kol TNV
nepropiopévn eveMéia toug (Buchanan, 1993a).

To povtého Belehradek, to omoio dmpocievtnke to 1926, mopépeve oe
aopavela (Belehradek, 1930, McMeekin et al., 1993, Ross, 1993) éwg 6t0L O
Ratkowsky et al. (1982) wpdtevav v €popproyn Tov 6t HKpoBloloyio Tpo@ipmy.
To poviého avtd elvar emiong yvootd ®¢ Hovtélo TeTpaywvikng pilog ot
eprypaetal and v e&lcwon:

JE=b-(T-T,,) (1.40)

McDonald & Sun (1999), Ross & Dalgaard (2004)

omov k elvar o ewdwodg pvBudg avamtuéng, b eivor m Kiion ™G YpOuUng
TaAVOPOUNoNG KOTA TNV amekovion Tov k og cuvaptnon g Beppokpaciag, T eivar
n Oepuokpacio wepapatiopod (oe °C M K) kot Thin €ivor 1 Bsopntikd eddyiot

Oepuoxpacio. ommv omoia Aapfdver yopa M pkpofroky avdmtuén kot n omoio
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npocdopiletal wg T0 onueio TOUNG TG YPOUUNG TOAVOPOUNONG HE TOV AEova NG
Oepurokpaciog yo v tiun k =0.

O Ratkowsky £dei&e 6t 1 e€iocmon 1.40 mepiéypage kavomomTikd ™ oyéon
petald tov pvbpov ¢ pikpofrokng avdmtuéng kot g Oepuokpaciog oe
neplocotepa and S0 cvvora dedopévov (Ratkowsky et al.,1982). Ot Pooni & Mead
(1984) doxyalovtag v eéicmon 1.40 ce dedopéva amd 14 dNUOGIELUEVEG EPYOCTES
OV APOPOVGAV GE OALOIDGELS TOVAEPIKAOV KOl GLYKPIVOVTAC TNV e GAAL pLoVTELQL,
dwmictwoav O6tL ftav N TALOV KATOAANAN Yoo TV TpOPAeym G oAloimomng o€
Bepuokpacieg amd -2 £mg 15°C. H mapakorovbnon tng aAdloimong tov kpéatog
e€autiag TG avATTLENG TOV HECOPIA®Y UIKPOOPYOUVIGUMY TPOYUATOTOMONKE LE TN
YPNON OAOKANPOTOV Bepuokpaciog ot 0moiol HTav TPOYPUUUATICUEVOL LE CYETIKES
Kapmoreg ovamtuéng ot omoieg Pacifoviav oe Tipég eddyomg Oepuoxpaciog
pecophov ukpoopyoviopmv (Gill, 1985, Smith, 1985). H &ficwon apyotepa
EMEKTAONKE BOTE VO KOAOWEL OAOKANPO TO €VPOG TV BepoKpacidv dmov Aapfdavovv
yopa Proxwntikég depyaocieg (Ratkowsky et al.,1982) wor va copmepiddafer ™
petmon tov puBuov avartvéng oe Beppokpacies Tave and v dplotn Beprokpacia
avantuéng (Top) (Ratkowsky et al.,1983). Avto elxe cav amotérecpo v ovdntoén
TOV VEOL EUTEPIKOD U YPOUUIKOD HOVTEAOV TOALVOPOUNOTG:
VE=b-(~1,,)-fi-exple- (7~ T,,, )} (141

McDonald & Sun (1999), Ross & Dalgaard (2004)

o6mov b givar o ovvtedeotng maAvdpounong tov k og mpog T (K) ya Bepproxpacieg
T<Topt, € etvar pia TpdcHeTN TOPAUETPOG TOV EMTPEMEL GTO LOVTEAO VO TPOCUPUOCEL
t0. dedopéva g Oeppokpaciag mive omd ™ Oeppokpacion Tep, Kot Tmax €lvor m
avotatn Oeppokpacic OmOv M YPOUUY] TOAWVIPOUNCNG TEUVEL TOV dEova NG
Bepuokpaciog yia tiun k =0, 6mmg paiveror Kot 6to didypappa e eukéveg 1.8.

Ot 6pot Thin K0t Trax pwopov va, xpnoipomonfovv yio vo KatatdaEouV ToVg
LIKPOOPYOVIGHOVS LLE TO OVTIKEWEVIKO TPOTO OTMG WYuypOOIlovs, HECOHPIAOVS M
Oepuogrovg (Ross, 1993).

Ot Ratkowsky et al. (1983) epdppocav pe emtvyio v eicowon 1.41 ot
dedopéva amd 29 PBakmmplakd oteléyn. AAAol epguvntég £xovv emiong deiletl OtL N
egiomon 1.41 mpoPAémel pe emtuyio TIC EMATOCELS TOV oTadEpDOV OeprOKPUGIDOV
amofnkevong otovg pvOuovc avémruéng twv pikpoopyovicp®v (Chandler &
McMeekin, 1985a,b, Phillips & Griffiths, 1987). Ot emntoocelg v KupAVOLEV®OV
Beppokpacidv amobrkevong £xovv peredei and tovg Blankenship et al. (1988), o
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omoiog avamtuée éva duvapikd HOVTEAO Yl TV TPOPAeyn TG avAmTLENG TOL
pikpoopyoviopo¥ Clostridium perfrigens ce POYEPEUEVO KPEOG UE TOIAL KOTA TN

dlapKeln TG Yoéne.

1.2 5
1.1 5
1.0 -
0.9
0.8 1
0.7 5
0.6 1
0.5 5
0.4 -
0.3 5
0.2
0.1+

0 T T T T T T T T T T I 1
-0 5 0 5 10 15 20 25 30 35 40 45

o< (%)

Temperature (°C)

Ewéva 1.8 IIpocopoinon g e€icmong 1.30 (svbeio 1) kot g e€iswong 1.31 (kopmoin 2) otov
b=0.025 h3/°C, Tmin=-8°C, ¢=0.30°C-1 ko1 Tmax=40°C (IInyn: Ross & Dalgaard, 2004)

H &iocmon 1.41 éyel vmootel moAAég tpomomomoelg. Ot McMeekin et al.
(1987) mpdcbecav v mapAueTpo ay. To povtélo mov mpoékvye (e€icmon 1.42)
npoéPheye pe axpifela TIg emmtdcElg TG Oeprokpaciog Kol TG evepyOTNTOS TOV
vepoy  oto PLOUO avdmTLENG TOL uKpoopyovicUoV Staphylococcus xylosus Kot
Halobacterium spp. ota omoénpouéva mactd yape (McMeekin et al.,, 1987,
Chandler & McMeekin, 1989a,b).

\/;:b~(T—Tmin)-1/iaw—awmini (1.42)

McDonald & Sun (1999), Ross & Dalgaard (2004)
Evtovtolg, ot Chandler & McMeekin (1989a) é£deiéov ot np €€icwon 1.42 dev

neplerdpfoave Opovg €EMTEPIKOD YIVOUEVOL, YEYOVOG TOL GULVEMAYETOL OTL Ol
TAPAUETPOL dpOVV aveEdpTNnTa 0 £vag amd Tov aAlo. Emmpdcbeta, n eicmon 1.42 Oa
UTOPOVGE VO LOVTEAOTOMGEL TNV avamTLEnN ToL Staphylococcus aureus diymg v
aAAnAemidopaom g Oepprokpaciog kal g evepydtntag tov vepov. Ot Adams et al.

(1991) tpomomoincav v e€icmon 1.42 ya 116 emnTOOCELS amd T0 cvuvovacud tov pH
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Kot ¢ Beppokpacioc. Edei&av 011 0 puOuodg avantuéng vd petafintég cuvOnkeg
Oeppokpaciog kot pH pmopel va mpoPre@bel ypnCILOTOOVTAG TNV TPOTOTOMUEVT
eElomon, 1M omolo €0woe KOAEC TPOCOPUOYEC YL TPES OPOTLITOLS  TOV
pikpoopyavicpov Yersinia enterocolitica.

VE=b-(T =1, ) o = 1T, (1.43)

McDonald & Sun (1999), Ross & Dalgaard (2004)

O1 McMeekin et al. (1992) npotevav 6t to. amotehécpata e Bepuokpaciog, g
evepydtnTag Tov vepol Kot Tov pH Ba pmopovcav va meptrypagolv pe v akdAovin
eklowon:

Vk=b-(T =T, ) (@, =, )(PH - pH ;) (1.44)

McDonald & Sun (1999), Ross & Dalgaard (2004)

H avotépo e&icwon ypnoomomdnke petaysvéotepa pe emttuyio yo tnv tpopreym
Tov PLOUOY aVATTVENG TOL UIKPOOPYOVIGUOV Listeria monocytogenes 0OmO TOLG
Wijtzes et al. (1993).

H ovoxevacio pe tpomomompéveg aTpoOcQOIPES XPNGLOTOLEiTaL EVPEWS G
TOAAG TpoidvTa vorolh kpéatog. Ot 0pot tov pH avikatactddnkav oty eéicmon
1.44 pe avtiotoryovg mov mEPLypaeovy 1o StoAvuévo O10E€id10 Tov AvOpaKa o€
ovoKevaoUEVA TPOPUA VIO cLVONKEG TpomoTTOMUEVDVY atpocpoupov. H eEicmon:

%CO,  —%CO,) (1.45)
\/z :b' T_T ) ( 2 max 2
( mm) %CO

2 max
Ross & Dalgaard (2004)

TPOTAONKE Yoo TN HOVTIEAOTOINGOT TOV EMATOCEWV TV eUTAOLTIGHEVOV pe CO,
ATHOCPUIP®OV ©T0 pLOUd avdmtuéng Tov  pkpoopyavicpov  Photobacterium
phosphoreum ota yapro (Dalgaard, 1995, Dalgaard et al., 1997). Apydtepa 10
HOVTELO OV TEpLypaeTol amd TV e&icmon:

\/; = b ' (T - Tmin ) ’ \/(aw - awmin ) ' \/(COZmax - COZ ) ’ \/(NaLmaX - NaL) (1 46)

Ross & Dalgaard (2004)

ypnoporomOnke yuo tn poviedomoinon twv e&lodcemv Tov CO; Kot TOV YOAOKTIKOD
vatpiov (C3HsNaOs) oty avdntuén tov pkpoopyoviopuav Leptobacillus sake kou
Listeria monocytogenes, o€ otofepd pH (Devlieghere et al., 1998, 2000 a,b).

‘Eva. o meptektikd Hovtélo TOTOL TETPOYWVIKNG pilag Tov mEPAAUPAVEL TIC
emOpacelg e Beprokpaciog, TG EVEPYOTNTOS TOV VEPOV KOl TOV YOAUKTIKOD 05E0G
npotéOnke oe cepd dnuociedoemv amd toug Presser et al (1997), Ross (1993), Salter

et al. (1998) kot Tienungoon (1998):
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\/z:c'(T_Tmin)'(l_eXp(d'(T_Tmax)))'\/ (aw _awmin).

(I-exp(g-(a, —a, .. )))\/1 _ QP min=pH [ _1pH-pHmax

(1.47)

\/1_ LAC . \/1 } LAC
U, - (1+1077775) D,,, -(1+107%1)

Ross & Dalgaard (2004)
Epappoomre otovg puBuotg avdmruéng tov pikpoopyovicuwv Listeria
monocytogenes kol Escherichia coli. Ztnv mo cOvOetn Hopen TOL TOPOLGLAGTNKE
omv epyacio Tov Ross et al. (2003). Or mapdpetpot ¢, d kot g givor mopapéTpot
npocappoyns, LAC givat 1 cuykévipmon Tov YaAaKTikov 0&€0g, 1 onoio ekppaletol
oe mM, Uiy elvon n eAdypiotn ovykévipmon (mM) Tov adtdoTatov YoAaKTIKoD 0E£0G
nov gumodilel v avdmtuén dtav 6Aot ot GAAoL Tapdyovteg etvat BEATIGTOL, Dpin lvarn
N eAdyoT cvyKEVTIp®on (mMM) tov ductdpevou yohaktikoh 0EE0¢ mov eumodilel v
avdmtuoén Otav 6lot ot GAlol mapdyovieg eivar Bértiotol, pK, elvar to pH ya to
07010 01 GLYKEVIPADGELS TOV AOLAGTATOV KOl SUGTAUEVOD YOAUKTIKOV 0EE0G elvan 10€G.
[ToAréc ovinthoelg €govv AdPel ydpo Katd tn oOyKpPon Tov HOVIELOL
Arrhenius pe 1o povtéha tetpayovikng pifag. Kdamowor épovv exdnidoer v
TPOTIUNGN TOVS OTO LOVTEAD TETPAYOVIKNG Pilag Yo TNV TPOPAEYN TOV EMATOCEDV
™m¢ Oepupokpaciog otnv avantuén tov pikpoopyavicpuav (Pooni and Mead, 1984,
Standard et al., 1985, McMeekin et al., 1989, Ratkowsky et al., 1991). Ot Fu et al.
(1991) katéAn&av oto CLUTEPAGLLO OTL TOGO T, LOVTEAD TETPAYMVIKNG pilag 0G0 Kot
10 povtélo Arrhenius pmopodoov vo TPocappocovy T Ao kabvuetépnong Kot To
pLOUO  avamtvéng Tov  uKkpoopyaviocuoV  Pseudomonas  fragi o€ otoabepn
Beppokpacic. Xe GLYKPITIKY 0EOAOYNON OKT® GLUVOL®V JEJOUEVOV aVATTLENG TOL
pkpoopyoaviopo¥ Clostridium botulinum otn poyelpepévn yohomoOia, ot Adair et al.
(1989) avokdAvyoav Ott 10 poviédo Schoolfield oamotedovoe pio mepiocdTEPO
TPAYUOTIKY TEPLYPAPT TOV TEPAUOTIKOV OedopévmVY. QoTdG0, GAAOL EPELVNTES
aueopntnoay T owdikacio. mov ypnotuomoinocov ot Adair et al. (1989),
TOPATNPOVTAS OTL TO HOVTEAO TOVL EQOPUOCTNKE OEV NTOV TO KATAAANAO €VD TO
Hovtého teTpaymvikng pilag mpoodppole too O€dOpUEVO. LE UEYOAVTEPN EmTLYIN
(McMeekin et al., 1989; Ross, 1993). Ot Baird Parker & Kilsby (1987) avakdivyov
01t 10 povtédo Schoolfield Ntav KaAVTEPO amd TO HOVTEAD TETPAYWOVIKNG Piloc Yo
mv TpdPreym tov pikpoopyavicpov Clostridium botulinum ce GUGKELAGUEVO KILA

V1O cLVONKES KEVOD aépog, o€ yapnAég Beppokpacies.
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O Zwietering Kot Ol GUVEPYATEG TOV, TPMTOL EICNYAYOV TNV EVVOld TNG
ouvaptnong vy (gamma concept) oty TpoppnTIKY pikpofroroyia to 1992. Apydtepa,
N ovvaptnon Pertiodnke amd toug Wijtzes et al. (1998, 2001), Zwietering (1999) ko
Zwietering et al. (1996). H cuvapmnon vy Paciletot:

(1) Ztig mapatmpnoelg 6t moArol mapdyoviec mov ennpedlovy tov puOUd avdmTLENG
dpovv avefdpmnto kol 1 emidpaon kdbe petpnowov mapdyovia ctov puiud
avantuéng umopet va mapactadel pe Eva dakprtd 6po o omoiog moArlamiactdleton pe
Opovc oV eKPPALoVV TNV €midpacn TV GAA®V TOPAYOVI®V TOV €MNPEAOVV TO
pLOUO avamTLENG, Y.

u = f(Beppokpaocia) x f (aw) x f (pH) x f (opyoavikd o&a) x f(AAAog TopdyovTag;) X
f(dAAhog Tapdyovtacy) X ..... f(AGALOC TapdyovTag,)

(i1) Zto yeyovdg Ot M emidopacn otov puBud avantvéng kébe mapdyovta umopet va
EKQPOOTEL e TN HOPPT] KAAGLOTOG TOL HEYIGTOL pLOUoy avdmtuéng (.. o pLvOUAC
otav o mepifariiovtikdc mapdyovtag Ppicketal oe PEATIOTO eMinedo).

Katow oamd oloxinpotikd Pértioteg ovvOnkeg «dbe pkpoopyoviouog
napovcotalel €va péyloto avamapoywywkd pobud avantuéng mapd v mbovi
eMidpacn ™G TMAPOAAUKTIKOTNTOS TOL OTeAEYoVs. Kabog wdbe mepiforiovticdg
TOPAYOVTOG YIVETOL TTEPLOPLGTIKOC, O PLOUOS AVATTUENG EAATTMOVETAL LE AVOUEVOUEVO
TPOTO KO 1 €KTAOY TNG OVAGTOANG Umopel va cvoyetiobel pe to Bértioro pubuod
avamtuEng. O cuoyeTIGHOC aVTAC Yivetal vroloyilovtog To oyeTikd puOUd avdmtuéng,
OTIG VO UEAETN OLVONKEG KoL GLYKPIVOVIAG TO pe TOV PEATIOTO. XVVETMG, M
afpolotikn emidopacn MOAADV TapaydvTOV moL 1606TaOUilovIal GE TEPLOPIGTIKA
emineda, pmopel vo ektiun0el amd 1o TPOidV TG AVAGTOANG TOV PLOUOV AVATTVLENG
eEautiag g emidpaong kdbe mapdyovta cOpEmva pe v e&icwon:

_ ll’lmax (T7 aw7pH)"') (148)

/4

M hax opt
Ross & Dalgaard (2004)
H oyetkn ovaotodtikny emidpaom OGS CLYKEKPUEVNS TEPPOAAOVTIKNG
HETAPANTAG TEPLYPAGETOL amOd £va. TAPAYyovVTo, OovATTLENG Y TOL OmoTeAel éva

adtdotato pEyedog, ot TYEG Tov omoiov Kupaivovtal and 0 €og 1. Ot mepiParlovtiég

OLVOPTNGELS EKPPalovTat oG eENg:
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- LT ’ (1.49)
}/ - Top[ _Tmin
H—-pH_. \pH_ .. —pH 1.50
}/(pH) — (p p min )(p max p ) ( )
(pHopt _pHminpomax _pHopt)
(aw - w,min) (151)

)=

Ross & Dalgaard (2004)

H oyetkn oavactoltikny enidpacn pmopel va mpocdlopiotel amd v
"amdotaon" peta&d Tov PEATIOTOV EMMESOV TOL TOPAYOVTO KOl TOL EAAYLGTOV (1] TOVL
HEYIOTOV) eMIMESOV OMOV 1 AVATTUEN OVOCTEALETOL EVIEAMG, OMWG TPOKLATEL 0o
KOmolo povtédo mpoPAeyMs. Xe Eva LOVTEAOD Y TPOCEYYIONG, O avapePOUEVOS pLOUOS
avamtuéng eivol 10 Umax. L0 ovagepopevo emimedo g Oeppoxpaciog, G
evepydtTTaG TOL VvepPoy K.o. egivor ekelva ota omoio eivor PEATIoTOg O PLOUAC
avantuéng kot ovvnlwg cvpBoAilovrar ¢ Top, aw opts PHop, k.0 H cvvovaouévn
eMidpacn TV dPopwv TEPPUALOVIIK®OV TapaydvTmV mpocdtopileton TOTE amd TOV
TOALOTAQGLOGUO TMV OVTIGTOLY®OV TOPOYOVI®V Y:

Hnax = Hinasope 7 (D) - 7(PH) - v(a,, ) (1.52)

Ross & Dalgaard (2004)

H enidpaon tov mepiParrloviikadv mopopétpov 0nwg to CO,, 10 YOAUKTIKO
VATPLO KoL TO VITPDOT, SCUUTEPIAAUPAVOVTOL GTO LOVTELD TOTTOV TETPAYMVIKNG pilac.
H amovsio avtdv TV avasToATIK@OV ovoidv amotelel BEATioT) Tpodmoddeon Yo v
avdmtuén. o to A0Yo avTd 0 VTOAOYIGUOG TV Y TOPUYOVI®V ATOLTEL TANPOEOPTOT|
HUOVO YO0 TNV EAAYLOTN GLYKEVTPMOT TNG KAOE ovaiag mov epmodilel v avamTuén.

Ta povtéha Oepelwodv mapoapétpov  (Cardinal Parameter Models)
eupaviomkav to 1993 kot AmOTEAOLV  ONUOVTIKY KOTNyopio OELTEPOTOYDV
eumepkev poviéhov (Augustin & Carlier, 2000a,b, Le Marc et al., 2002, Messins et
al ., 2002, Pouillot et al., 2003, Rosso, 1995, 1999, Rosso et al., 1993, 1995, Rosso
& Robinson, 2001). H apyn mg avdntuéng tovg Paciletar omn ypnom TopopeTpmv
mov €yovv Podoyikr| N pobnuoatiky onpoacio. Ot apyikés TWES TOV TOPAPETP®OV
npocdopilovtarl apod TPAOTU TPOGUPLOGTOVY TO LOVTEAN GTO TEPUUATIKA OEO0UEVAL
pHéc® ypappkng maivdpounone. Ta poviéha Ospewdov moapapétpov Pacilovio
otV TPobmOHecn OTL N OVOCSTOATIKY EMOPOCT TOV TEPPUALOVTIKOV TOPAYOVTWV

OTNV aVATTLEN TOV UIKPOOPYOVIGUAOV givol TOAAATAAGLAGIUY. ATOTEAOVVTOL OO
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évav duokpttd 6po yuo kb mepiParioviicd mapdyovra. Kabe 6pog exkppdletor oc o
pLOUOG avanTuENnG oe oyéon Le ekeivov, Otav o Tapdyovtag sivatl Bértiotog. O kabe
O0po¢ xopoaiveton petasd tov Tnev 0 ko 1. X1ig BéATiotec cuvOnkeg avantuéng 6Aot
ot 0pot &yovv Tun 1 kot Yo to Adyo avtd 0 PEYIOTOS €0KOG pLOUOS avamTLENG
oovtat pe 10 BEATIETO pLONO avarTLENS (Hopt) (EElc@on 1.53).

; b (1.53)
Ho = Hoy - CM(T)-CM, (a,,) - CM, (pH) -] [7(c)) - T (k)

i=1 Jj=1
Ross & Dalgaard (2004)

Ot e&ismoerg 1.53 £oc 1.55 ekppdlovv éva poviero BepeMmody TopaptéTpmv
nov mepriapPavel v enidpaocn g Oepuokpaciog (T), g evepydtmrag vepoL (ay),
t0v pH, TOV OVAGTEATIKOV OvCUOV (Ci) KOl TOV TOWTIKAV Tapaydvimv (k) oto

HEY1GTO €101KO pLOUO aVATTUENG tmax (Augustin & Carlier, 2000a).

0L,X<X_
(X_Xmax).(X_Xmin)n

M, =

’Xmin <X < Xmax
(X —X ‘ )n—l . (Xopt _XminxX_Xopt)_(Xopt _Xmax)' (154)
' " .((n_l)'Xopt-i_Xmin_n.X)
0L,X>X,
Ross & Dalgaard (2004)
{(1 —¢,/MIC,Y ¢, < MIC, (1.55)
y(c,) =
0,c;, = MIC,

Ross & Dalgaard (2004)

OOV Xpmin KO Xmax Etvar avtictoya ot Tipég Tov X mivem Kol KOTo amd TG OToies Ogv
TPAYHATOTOELTOL OVATTTUEN, EVA Xope EIVOL ) TIUH OTNV OTOL0L TO Hmax EIVOL {60 pE TN
Bértiotn TN Wopr. H petofinm [MIC] ocvvictd v eAdylotn avooTOATIKY
OLYKEVTIPMOOT] TOV GUOTOTIKMV OV TEPLYPAPNKAY OVOTEP® GTNV omoin o AapPdvet
YOpo avamTuén. Avtd 10 HOVTEAD OgpeA®ODV TOPOUETP®V OvOTTOYONKE Omo
Biproypapucd dedopéva oL APOPOVCHY GTNV AVATTLEN TOL  HKPOOPYOVIGHLOD
Listeria monocytogenes. Ot ovaoTOATIKEG 0VGieG TEPAAUPAVOLY ad140TOTO 0EIKO
080, yoroktikd o0&V, Kitpwkd o0&y, Pevioikd vdatplo, copPikd KAAO, 0S1AGTATO
VITp®OEG vatplo, glycerol monolaurin, BoutvAlwpévn VOPOELOVLGOAN, BovTVAM®UEVO

vOpouToLVAOLEVIO, tert-fovTuAvdpokivovn, CO,, kapetvn Kot eatvoAn. Ot mototikol
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napdyovteg mEPAOUPAVOUY TNV EMOPOCN TNG OVIOY®OVICTIKNAG OVATTUENG TOV
LKPOOPYOVIGUMY KOl TNG OVOCTAATIKNG EMLOPOONG TOV OPEILETUL GE GUYKEKPIUEVOVG
TOTTOVG TPOPIL®V.
AlAEG KT YOPLES OEVTEPOTAYDV LOVIEAMY ATOTEAOVV:

(1) H povtedomoinon twv dadpactik®dv emdpdcemv g Oeprokpaciog, tov pH kot
MG OGLYKEVIPWONG TV adldotatmv opyavikov oféwv [HA] oty avdmtuén tov
piKkpoopyovicpov Listeria monocytogenes (Le Marc et al., 2002).

(i1) Ta vevpwvikd diktva (artificial neural networks), T omoia eivar akyopiBpot mov
umopovv  vo.  ypnowomomBovv  yuo TNV EKTEAEGT) TOAVTAOK®V  GTOTICTIKOV
JdIKAGIOV Yo poviehomoinon petalld evdg cuvorov peTafANT®dV mpdPAeyng Ko

HeTafANTOV amdKpiong.

1.3.3.3. Tpitotayn povréda

To tprrotayn poviéda mepthapfdvovy 600 cuvictwocec. Tig Phoelg dedopévev
Kol To Aoywopkd mpoPreymc. H pedémn tov emotnpovikod ovtol ovTikeipevov
eunintel 1060 ot Blominpoeopikn 660 kot oto Bopadnpatikd. H avdrtoén g
teyvoroylag tov H/Y pe éupaon otn owpkn €£€MEN TG LTOAOYIOTIKNG 16Y00G
gkovay SLuVOTH TNV EKTEAECT TOADTAOK®V HOOMUOTIKGOV VIToAoYicu®dv. To yeyovoc
avtd aélomomOnke amd TN TPoppPNTIKY HIKpoPloroyio doTe vo. avamtuyHovv Ta
royopikd mpoPreyng mov Paciloviar oe €va 1] 0E MEPIGGOTEPA TPMOTOTOYN KoL
devtepotayn poviéda (McDonald & Sun, 1999). Ot moAdtipeg €@appoyés g
TPOPPNTIKNG MiKpoPloroyiag Ba NTav mOAD OVOKOAO Vo avadE TOOV YWPIG TIg
peydiec toyvtnteg emefepyaciog T@V cOYYPOVOV UIKPOETEEEPYUOTAOV, EMEWN N
EKTELEOT] TOV TPOGOUOIDGE®MY Ba tav e€apetikd ypovoPopa. Ta Tprrotayn poviéha
neplhapupdvooy v ewoaywyn (input) tov povtélov, Vv enefepyocio.  TOLG
(processing) Kot 6T GLVEXELD TNV EQYMYN TOV ATOTEAEGUAT®V (output) LE TN HOPEN
YPUPIKAOV TOPUCTAGEDV. XOUPUKTNPIOTIKA TPLTOTOYN HOVTEAL TPOPAEYNC OV £YOVV
evpeila ypnon t6co ot Propnyoavio TPoPiHmY 660 Kol GTNV TAYKOGULO EPEVVNTIKN
kowotrta eivor ta : PMP (Pathogen Modeling Program) kot FMM (Food
MicroModel) (Tamplin et al., 2004).

Yopeova pe tovg Tamplin et al. (2004), o yevikég ypappés n avantuén twv
AOYIGLUIK®V IOV apopovV oe KpoPloroykd dedopéva mepthapfavel ta akolovda

oTAdw avATTLENC:
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(1) HMepapatikd dedopéva oe Tpmtoyevn popen| (raw data): Kataypdeovtar cuvibmg
o€ AOYIOTIKA QUAAO 0Td TOV EPELVNTA O OTOT0G EKTEAEL T TEPALATOL.

(i1) Baon oedopévov: Ieptrappavel cuvora ded0UEVOV TOL OTTOI0 KOTYOPLOTO10VVTaL
Kol Kotoypdeovtolr pe ocvotnuatikd tpomo. H xataypaen tovg akoAovBel pio
npokaBopiopévn  popen. H avamroén ploag Pdaong dedopévev  amortel OG0
TPOYPOUUOTIOTIKES OeE10TNTEC OGO KOl TNV KATOVONGN TV Oedopévev mov Oa
nepAapBavovtal oe aUTAV.

(i11) Zvvoodevtik epapuoyn (application software — browser): Anotelel GuVoOdELTIKO
Aoylopikd mov mepthapfavel dwdikacieg ovalntmong kot eSoymyng dedopévev
EVOLLPEPOVTOG.

(iv) Amiég mpoPréyels: Tlapdyovion amd Aoyiopikd oto omoia cuvnOmg AapPdver
yopo TopepPoin Tindv (interpolated values) pe ) fondeia pabnpatikov elomcemv
Kot EAYMYTN TOV OMOTEAEGUATMOV LE TN LOPON YPUPIKDV TOPUGTACEDV.

(v) XOvOBeteg mpoPréyerc: Tlapdyovtar amd Aoylopikd oto omoia meptlapfdavovot
Suvapkég ouvOnkeg, TPOPAEYN NG UECEMQPAVEWNG OVATTUENG/UN  OvVATTVENG,
mlavomta avantuéng, éumelpo ovothuato, Bayesian pébodor (Bacilovror ot
mBovotiky) Oewpia katnyopromoinong Tov kavova tov Bayes). IIpog to mapdv kavéva

TOKETO AOYIGHKOD dev givat dtaB€cio 6€ aVTod T0 GTA0.

1.3.3.3.1. Baoeig deoouévarv

2t Phon g mpoppnTikng pkpoProroyiag Ppickovior Tor mEPOUATIKA
dedopéva (raw data) amd v enelepyacio TV OTOI®V AVOTTOGGOVTOL TO, LOOMUATIKE
povtéda mpoPAeEYNG TG avamTLENG TOV HiKpoopyavicuav. H tpoécPacn oe avtd ta
dedopéva, ExEL LEYAAN ONUOCIO Yo TNV EMKVPMOOT TOV HOVIEA®YV, YlOoL TNV EKTIUNON
™G UIKPOPLOKNG aCQPAAEG Kol Yyl TN PBEATiOON TOV TEYVIK®OV HOVIEAOTOINGCTG.
[Ipdéopata  Aoywopkd Omwg eivor 1 Pdon  dedopévov g  omdkpion TV
HKpoopyovicpmv tov tpoeipmv, ComBase (ComBase, 2007), éyet ) dvvatotnta
OLYKEVTPMONG HEYEAOL GYKOoL GLUVOAWV dedouévav pe Bdom ta omoia etvar duvatn M
EMTAYLVOT TNG OOIKAGING OVATTUENG Kol ETIKVPMONG VE®V Hoviédmy. Ot Bacelg
OedoUéveV  TTAPEYOVY  APEVOG TN OLVOTOTNTA OPYAvVOONG UEYAA®V TOCOTHTMV
dedopéEVmV, aPETEPOL TNG ovalITNONG KOl OVAKANOTG TOV ETBVUNTOV TANPOPOPLDV

(Tamplin et al., 2004).
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H apotPaio e£dptnon peta&h podnpotikdv poviéAmv Kot BAcemvV 000UEVMV
emPefoardveTor omd o YEYOVOS OTL 01 TEMKEG SOKIUES TV TpoPAEéyemv Pacilovtal o
dgdopéva, Tov TPoépyovior amd TopoTnPNoEl. Ot GLYKPIGES TOV APOPOVV GE
LEYAAES TOGOTNTEG OEOOUEVAOV UTOPOVV VO, YIVOUV EDKOAN KOl OTOTELECUATIKE LOVO
€AV M HOPPN| TOV KATOYOPNUEVOV OEOOUEVOV Vol aLGTNPE TLTOTOMUEVT] Kot
EVOPUOVIGUEVT He TIC avtiotolyeg poabnpotikéc petafintés. H PBdon dedopévov
amotedel pio pEYAAN GLYKEVIPWON OTOVKEI®V, OPYOVOUEVOV EOIKA Yoo Toyeio
avalnmon kot avéxinon. H vroloyiotikn popen g pmopetl va Bewpnbel og évog
nivaxog (table) mov mepthapfaver ypappés (rows) kot otnieg (columns). Ot 6TAES
ocuviotovv to media (fields) eved 10 chvoro tv mediov piog Ypopung cuvietd pio
eyypaon (record). Kotd to otddio tov opiopod tov mediov, éva and ovtd (key)
kaBopilel Tov TpoémO pe TOoV omoio Ba yivel 1 avdivon twv dedopévov. H tiun evog
nediov gtvar duvatd vo avarvBel Teportépm e T daipeon Tov 6€ TePIoGHTEPA TESTAL.
H dwipeon tov mediov mpocdidel HeyolOTEPT) AEMTOUEPELD. GTNV EYYPOON TOL
eumepiEyet ta media avtd. O apykdc oxedacuds g faong dedopévmv Tpocdtopilet
TV QVOYKOLOTNTA TOV DTOJPEGEMY TV Ttediwv. To mpdTo Prina Yo tnv avantuén
piog Baomng dedopévav gtvatl o kaBopiopog tov mediov Kot g cOVINENG TOVG ONANON
10 €100G TV TH®OV oV umopet va d€xetal éva medio. Tumikd, avtég ot Tipég pumopel va
etvan gite aplBuntikéc (mocdtreg) eite aAeoapOuntikés (Katnyopieg, meprypapéc
K.0Q.). Oewpeiton ypiowo, émov gival dvvatd, va opiletar pio AMota TIHOV omd TV
omoio. umopel o ypnotg vo emAEEEL TNV KATAAANAN T, Me avtdv 10V TpOTO
EMTLYYAVETOAL 1 TVTTOTTOINGN TV TIUOV TV Tedinwv (Tamplin et al., 2004).

E&attiog g mOALTAOKOTNTOG TOV TPOPIKOV GLGTNUATOV, 1 HiKpoftoloyia
TPOPPNONG OMOTEAEL €val EMOTNUOVIKO Tedio OTOL Ol KOAd opyavoupéves Paoelg
dedopévaov &xovv vynin om. Mepwd and to mpoPAnuata mov umopodv va
emtivBovv e ) PBondeta tov Bdoewv dedopévav pkpofakng andkpiong tvor:

(1) H oavriyeromon g avaxpifeog tov petpnoewv 1 omoio. pmopel va
avtotaduiotel and molvdpBuec petprioelc mov meptlapfdavovior otic PAcels
OEJOUEVDV.

(11) H perafintémra tov arnokpicewv. H mocotikomoinon Kot povteAomoinon g
LETAPANTOTNTOS ATOITOVY EMOVOANTTIKEG LETPNOELS OL OTOlEG OULWOS TEPIAALPAVOVTOL
oT1G PAGELG OEOOUEVMV.

(ii1)) H avtoliayn owebvav dedopévaov. Avt) Ot pmopel va emtevybel yopig ™

Bonbeta cvuPatmdv popedv PAcemv ded0UEVOV.



48

YUVENMG, TO TPAOTO £pAOTNUHO ToL TifeTtol KoTd TV avdmtuén piog Paong
dedopéEVeV apopd 6to Tt B Kataywpnbel. Amd avtiv v dmoyn N avamtuén ™G
glvon mapopola pe ekeivn evog pobnuatikov poviédov. Kat otig 600 mepmtdoelg,
KAt KOOV TPOmo, £apuoleTor “n Ttéyvn G MOPAAEWYNS TOL TEPLTTOV”. ZTIg
Baoeic dedopévav dev HTOPOV Vo KATaypapohVv OAES Ol SLOBECIIEG TANPOPOPIES TMV
HIKPOPLoAoYIK®V TTEPAUATOV. Mepikés amhovoTeEDGEIS KOl KOTIYOPLOTOMGELS vt
avordeevkteg. Ot amAovoTedoELS ALTEG UToPEL va YivovTal Katd TPOTO VITOKEEVIKO,
eVIOVTOlS eivar avappopnmro omapaitmrec. 'Etolr kot to podnuotikd poviéio
OTOTEAOVV OVOYKOGTIKG OTAOVGTEVUEVES TEPLYPAPEG TOV PUGIKAV SEPYUCLDY Y10
v  katovonon Kot wpoPAeyn moAdmlokwv @awvopévev. H o katovour tov
TANPOPOPLOV GTo TEdiD oG Pdong dedopévav givol TopdAANAN HEe TNV KOTOVOUR
TOV LOONUOTIKOV HETAPANTAOV GE GLYKEKPLUEVES TEPPOAAOVTIKES KO QLUGIKOYNUKES
nocottes. H oyéon petald tov mediov g faong dedopévov e okomd ™ ypryopn
eneEepyaoia kot avalnon etvor TapdAAnAn pe Tig oxE6EIS LETAED TOV Lo UOTIK®V
petafintodv yoo v eéaywyn ocoumepocudTov kot mpoPAéyewv pe tn Pondela

eClowoemv (McDonald & Sun, 1999).

1.3.3.3.2. Aoyrouikd, mpofieyns

O unyoviopdg Aertovpyiog @V AOYIGHUK®V TPOPAeync mepthapfavel
OLVEPYOGIO TPOTOTAYMOV KOl OEVLTEPOTAYADV HOVIEA®V Y0, TOV TPOCIOPIGUO TNG
€KTOONG Kot Tov pLOROL avamtvéng TV pkpoopyovicumv (McDonald & Sun, 1999).
Ot amokpicelg TV pKPOOPYOVIGUOV OTIC MeTaforiopeves meptParloviikés Kot
QLOIKOYNUIKEG oLVONKES KOOMG Kol 1 GUYKPIOY] TOVG HE OVTIGTOL(EG OMOKPIGELS
AoV €10V HIKPOOPYOVICU®V  Ld  avdAoyec ouvOnikeg  pmopoldv  va
npaypatoronBodv ypnotponoldvtog pia Baon oedopévav (McDonald & Sun, 1999).
Ot telkol ¥PNOTEC OVTOV TV GLOTNUATOV OV amotteiton vo Yvopilovy TexviKég
HOVTEALOTTOINGNG 1 VO £XOVV TN YVOGCT TOV TPMOTOTAYADV KOl OEVTEPOTAYDV LOVTEAWDV
OV EUTMEPLEYOVTAL GTO, AVTIGTOLYO. TPLTOTOYT, TO OToio KaO1oTOOV TV TPOPPNTIKN
pkpofroroyion €va 1oyvpd epyaleio g £pELVOC Kol TNG PLOUMYOVIKNG TOPAY®OYNG
((Buchanan, 1993b, Whiting & Buchanan, 1993, 1994, Whiting, 1995).

[Tapd to TAn00¢ TV petafAntav mwov exnpealovv ) pikpoflokr adénon ota
TPOPIa, To povTEra BacilovTotl TpmTicT®mg 6TOVG KOPLovs Kadoplotikovs Tapdyovteg

™G pkpofrakng avantuéng onwg eivar n Beppokpaocia, To pH kot n evepydmra tov
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vepoy, &vd TO Ogdopéva Yyl TNV avATTLEN TV  HOVTEA®V TPOEPYOVIOL Omd
epyaomnplokd péso (McClure et al., 1994b). H emikdpmon tov HOVTEA®Y Yio ypnon
oto TPOPUO emTELYONKE oLYKpivovtog TV TPOPAEYN NG CLUTEPLPOPAS KAOE
HKPOOPYOVIGHOV He Ta. avtiotorya onpoctevpéva dedopéva. Omov n Pifroypapio
nTav eAMmng, mepdpota Slevepyndnkay €0IKA Yoo TNV EMKOPOOT TOV HOVIEAMV
(McClure et al., 1994b). H enucopmon evog povtélov mpdPreyng e avantuéng Tomv
HIKPOOPYOVIGH®OV o€ €va TpOQIuo Paciletal ota aptOuntikd dedopéva Tov YpovoL
OV OOLTELTOL Y10 TO OIMAAGLOGUO TOV TANOLGLOD Kol TOL ¥POVOL TOL OTALTEITOL Y10
pla cvykekpévn petaforn. Ta povtéda e edong Kabvotépnong £xovv deilet 0TL N
extipnon g Kabvotépnong etvar yevikd Ayodtepo emavaAnyiun and to ypOvo Tov
amouteiton yuo 1o duthaciacud tov TAnvcspov (McClure et al., 1994b).

Agv vrapyetl kapio yyomon Ot ta apOuntikd dedopévo Tmv mtpoPAdyemy Oa
tapralovy pe ekeivo oL mOpATNPNONKAY OTOL TPOPIKA GULOTHUOTO KATO TIG
nepopatikég oepyacieg. Ov gpguvntég €xovv emionudvel TG adLVOUIEG TOV
TOPOTNPOVVIOL OTIG LOIOTAUEVEG PACEIS TANPOEOPIOV KOl TNV OVAYKN Y10, 7O
EKTETAUEVN £PELVO, KO AVATTLEN TPLTOTOYDV LOVTEA®V TPpOPAEYNG. 26TOGO 1| £pgvval
€xet OelEetl OTL o1 TPOPAEYELG TTOL TTPOYUATOTOLOVVTOL LE SLAPOPO TPLTOTOYT LOVTEAL
CLUUPOVOVV KOVOTOMTIKA pe Ta PipAoypaeikd dedopéva 1 to. dedopéva TV
nepapatikav depyacidv. Ot McClure et al. (1997) dwanictwoav 6t1 o1 mpoPAréyelg
omd 1o hoyopkd Food MicroModel! cuyipifnkay emtuyde pe to amoteléopota omd
115 emdpdoelg Tov dratog (NaCl), Tov pH, g Oeppokpaciog anobkevong kat tov
vitpwoy  vatpiov (NaNOs) oty  avdmntvén Tov  piKkpoopyovicpoby  Listeria
monocytogenes. Evtovtolg ot Dalgaard & Vigel Jorgensen (1998) dwumictwcav 6Tt ot
TpoPAéyelc mov &yvav omd To Aoyopké Pathogen Modelling Program® kou Food
MicroModel €dwcav moAd vynAovg pvBHoLg avATTLENG KOl EKTETAUEVEG (PAGELS
kabvotépnong ommv wPOPAeyn TG avAmTLENG TOL  HUKpOoOpYovicUoV  Listeria
monocytogenes ot0. TPOQO. Baddooiag mpoéhevons. To opdipo TeEAKA amoddOnke
otV emidpaon GAA®V TOPAUETPOV EVOVTL EKEIVOV TOL YPNCILOTOMONKOY Yoo TNV
TpOPArey”. Avtd diyvel 6TL N ypnodTa Kot 1 axpifeto vog povtélov mpdPfreyng

eCaptdron dueca and 1o tpoidv (McDonald & Sun, 1999).

' To Food MicroModel-FMM (Leatherhead Food Research Association, UK, ftov éva eumopikd
Aoyiopukd TPOPAEYNS LLE YPAPUKEG TAPACTAGELS, TapOpotes e avtég Tov PMP (McClure et al., 1994b),
10 0moilo oTapATNGE Vo KUKAOQOpPEL [e TNV apyikn Tov popen. Iepropildtov oe pikpoforoyucd vypd
OpenTIKA VTOGTPAOUATH KOl CLYKEKPLULEVA LOVTELL TpoPipmV Yo Taboydva kot addotoydva PokTipio
(Tamplin et al., 2004).
2 r I ’

ITepryphpeton TepnmTikd 6To KeEPdAoo 2.
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Mepkoi egpevvntég €ovv TPOTEIVEL TN YPNON VTOAOYICTIKOV VELPOVIKDV
SIKTOMV Y10 TNV TPOPPNTIKY UiKpoProroyia, evtovTtolg 1 epyacio mov €xel yivel oTov
Topén avtd givor e€apeTikd mepropiopévn. Avtd Bo pumopovoe va oeesiletal oTo
YEYOVOG OTL M YPNON TMOV VTOAOYICTIKOV VEVPOVIKOV OIKTO®V &xel mpotabel
TPOCPATO KOl OEV LINPYE TKOVOTOMTIKOG YPOVOS Yo TV ovamTuén tovg og gupeia
kMpoka (Najjar et al., 1997). Zvykpivoviog to vevpovikd diktoua pe TpoPAEYEIS TOV
Eyvay and eEI0MGELG TOAVOPOUNOTG Y10 TEWPOUOTIKA OEOOUEVO TTOV APOPOVCAV GTIV
avaepoPlo avdmtuén tov pikpoopyavicpo¥ Shigella flexneri, domotdbnke 0Tl TO
vevpovika olktvo mapelyav KaAdtepn cvopeovio pe to osdopéva (Hajmeer et al.,
1997). Ov Geeraerd et al. (1998) peAétnoav TIC GLVOVOGUEVEG EMOPACELS TNG
Bepuoxpacioc, tov pH kot tov mwococtod GAaToc ot Poaktnplokn avimtuén oe
TPOPIUO. TOL SLTNPOVVTIOL GE OamA YOEN Kot €5e1Eav OTL T TEXVNTO VELPOVIKA
dlktua  amoteAoVvoav  piol  Un YPOULUKT  TEXVIKY  HOVTEAOTOINOMG  YOUNANG
TOALTAOKOTNTAG, 1 omoia, Bo umopovce pe akpifela vo mepLypdyel To TEPOUATIKE
J€00EVH 0TO TTESTI0 TV OEVTEPOTAYMV HOVTEAWMY. AVTH 1 TEYVIKY LovTEAOTOINoNS Oa
UTOPOVGE VO KOTOOTNGEL OLVOTY] UE UEYOAVTEPT OKpifeld TNV TEPLypapn TV
EVOOYEVOV KOl EEMTEPIKMOV UETAPANTAOV GTA TPOPLO TOV SLATNPOVVTOL GE OTAN YOEN

Otav cLYKPIvovTOoL LE TTo OlKEln LKPOPLoAOYIKE LOVTELQ.

1.4. Epapuoyéc twv nofnuotikmy poviéiwy apopieyns

H rtoyelo avémtoén tov pkpoflokdv HOvIEA®V Kot 1 KOVOTNTA TOLG Vo
TPOoPAETOLY TV AVATTLEN TOV HIKPOOPYUVIGU®V, KABIGTOUV TN povtelomoinot éva
TOAOTIHO €peLVNTIKO epyaAeio. H yprion tov pobnpotikov poviélmv mpoPreyng
umopel va mapéyel tayeion TANPoPOPNON Kol Y TO AOYO OVTO €ivol GNUOVTIKO Vo
extiun0etl n Tpaypatiky aia kot n gpnopdmtd tove. Ipénet va emonpaviel ot ot
EPOPUOYEG TOVG OEV UTOPOVV VO OVTIKOTOOTHGOVV TN HKPoPlokn) oviilvon Ttov
OElyUATOV 1 TNV TEYVIKN EUTELPioL KoL TNV KPIoT TOV EKTOUOELUEVOV UIKPOPLOAOY®V.
Ta ponpotikd poviéda mpoPreyng €xovv  peydrio €OPOg  €QPUPULOYADV Ol
onuoavtikotepes tov omoiwv eviomifovtar ota avrtikeipeva g Owuyeipong e
AGQPAAENG TOV TPOPIL®V, TNG EKTIUMONG TG emKvouvoTTOS, TG Peltioong tov
VEOTAPEVOV  TPOPIH®OY, NG avamTLENG VE®V KOOMG kot TG mpoPAeyng g

pikpoPiaxng arroimong toug (I'ovyovin, 2006).
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Ta tehevtaio ypovia, onuovtikn givor n tpdodog mov €xel emrevydel dGov
aQOPA GTNV aVATTLEN KoL YP1ON TOV HOONUOTIKGOV LOVIEA®V TPOPAEYNC GTOV TOUEN
™m¢ Avdivong Enucvovvotrog tov Kpicwov Enueiov EAéyyov (HACCP) yu v
TOGOTIKOTOINoN Kot eKTiumon tov piKpoPflokadv Kivddovev mov cyetilovtal pe ta
tpogua. (Notermans et al., 1994a,b). Zoppwva pe toug McMeekin & Ross (2002)
OGOV aPOpPd GTNV OVAADOT EMKIVOLVOTNTOG, TO UOVTEAX OVATTUENG/UN aVATTUENG
UTOPOVV Vo ypNooToBovy yio va deiEovv mo1og Hkpoopyaviorog Ba avamtuydet
ot0 mpoidv kot av avantvuydel, edv Ba amoterel mbavd kivovvo. Ocov agopd ctov
TPOCIOPICUO TV Kpiowv onueiov gréyyov, Kabopiloviag Tig TapapéTpovg G
eneepyaociag 6mwg eivor n Beppoxpacia, 1 evepydmra Tov vepov, 1o pH Kk.a., eivon
duvaTdC 0 TPOGOOPICUOS TV OTAdIwV oTa omoia M avamTvEn N o Bdvatog eival
mBovd, kabmg Kot n damictwon edv 0 Eeyxog TV Kpicymv onueiov pumopel va
emtevyBel 1 Oxt. Ocov apopd ctov Kabopiopd twv opiwv, ta cevdpro "what-if"
LITOPOLV VoL TPOYUATOTTO 00UV Y10, SIOPOPETIKA TVTOTOMUEVO TPOTOVTO £TGL MOTE VOl
olmotwlel €dv Ol TPOTMOMOMCELS EMITPEMOVY TNV EUPAVIOT VE®V KIVOOUVOV 1
UmopovV vo avENCOVY TNV ETKIVOLVOTNTA EVOS VPLOTAUEVOL Kivdvvov. Télog, 6cov
aPOpd 6TOV TPOGOIOPIGUO TLUYOV SLOPHMTIKAOV EVEPYELDV, €AV Yo Kdmolo AdYO Yivel
Kamolo AdBog kot yabel o éheyyog ota kpioyo onueio eAéyyov TOTE UmOPEl M
puetafol oto pkpoPlokd mANBvoud mov oyetifeton pe TV omdKAon  va
pocdloptobet kot va yivouv ot katdAinieg dtopbmtikég kivinoelg (I'ovyovin, 2006).

H Exrtipnon mg Emuivovvottoag Mikpofrokadv Kivovvev (Microbial Risk
Assessment) anotehel Eva avorlvTikO gpyaieio mov ypnolponoteitot ylo v ektipmon
TOV JOOIKAGLOV TOPAYMYNG, ENEEEPYOTIOG Kot SLOVOUNG TV TPOPIL®V OGOV apopd
oV ac@diel. Tovg kol otn onpdcta vyeia (FovyodAn, 2006). Or weplocOTEPECS
pebodoroyieg extiunong emkwvoLvOTTOG amoTeEAOVVION omtd Téooepo oTdola: Tov
YOPOUKTNPICUO TNG TAONGNS-0VayVAOPLoTG TOL KIVOUVOV, TOV TPOGHIoPIod g SO0,
TOV TPOGOOPIoUO TNG €kBeoNC 6TOV KiVOLVOo, KoL TNV EKTIUNON TNG EMKIVOLVOTNTOG
(Foegeding, 1997). Ta pobnuoticd povtéda TpdPAeYng LTOPOVY VO EPOPLOGTOVV Yid
TOV TPOGOIOPIGHO TOL TANOVGLOV TV HKPOOPYAVICU®Y GTO TPOPLUO TN OTUYUN TNG
KAToviAmong. Xe avtd 10 6Tdo10 (Tpocdloplopds g Ekbeong otov kivouvo) pmopel
va poPrepBel n pkpoflokn avamntvén akopo Kot o€ PeTABOAAOUEVEG GLVONKEG
(Koutsoumanis, 2001).

Ol amoutoel TV KOTovoA®T®V TOG0 Yo PeATioon TOV VEIGTAUEVOV

TPOPit®mv 660 Kat Yo v avlntuén véwv, odnyncav v Pounyavikn enegepyacio
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TOVG KOVTO G€ GLVONKEG oLV €uvoolv TN pkpoflaxn aAloiwon tovg (['ovyovdn,
2006). Zoppwva pe tov Cole (1993), n kavdTnTo Vo KIVOOHOGTE OPLoKE PETAED TNG
AoQAAELNG KOl TNG emKvouvoTnTaG pE Pefotdotnta, amotelel £vo HETPO OV dElyVeL
Oyt povo moOGo KaAd eréyyeton n emeepyacio aAdd Kol 1660 KOG eEacaiiletal 1
yvoon yw ) 8éon tov opimv. Ta padnuatikd povtéda tpodPieyng fonbovv oto va
kaBopioBovv pe peyadvtepn okpifelia ta Opa petalh cuvONKOV acEIAElS Kot
EMKIVOLVOTNTOGC, OIVOVTOG TN SVVATOTNTO GTOVS GYEOACTES TPOPILLMOV VO EPELVIIGOVY
T1G ovvOfKeG TOL TO TTPOIOV Kot ol emelepyacieg elvar oe Béom va emtpémovy v
avantuén, emPioon 1 BovdT®on TOL UIKPOOPYOVIGHOD TOL TOLG EVOLUPEPEL
(FovyovAn, 2006).

‘Exer amoderybel 6Tt pdvo éva KAAoUo ammd T GLVOAKTY HKpOoyAmpida ivorl
vevbuvo Yyl ™V oAAOI®OTN TOV TPOPIU®Y, TO OTOl0 avaPEPETAL MG “‘E101KOol
aArotoyovor opyavicpoi” (specific spoilage organisms) (Dalgaard, 1993). H didpkela
Cong evOg GLYKEKPLUEVOL TTPOIOVTOG B UTOPOVGE VO VTTOAOYICTEL WG O ¥POVOS TOL
amoLTEITON OO TOVG E101KOVG OAAOI0YOVOLS OPYOVIGLOVG VO TTOAAATAOGIOGTOVV OO
oV apykd Toug TANOLGUO oe éva emimedo 61O omoio mapatnpeitor M aAloiwon
(eminedo aAloiwong). H yprion tov pobnuotikdv HovtéA®V Y10 TV TOGOTIKOTOINo)
g emidpaong TV TEPPUALOVTIKOV TapayovIov (Kupimg ¢ Beppokpaciog) otnv
avanTuén TV PoKTNPI®V TOV OVIKOLY €101KOVG 0AAOL0YOVOLG OPYOVIGHOVS UTopEt
va odnynoel oty wpdPreym g obpkelag (ong Ttov tpoeipmv (Koutsoumanis &

Nychas, 2000).
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KE®AAAIO 2

Avamtoin kol emkvpoon s faong dcoopévov LabBase yia tnv andkpion Tov
RUKPOOPYOVIGRAV TOV TPOPINLMV GTIS OLUPOPETIKES PUOLKOYTUIKEG KL

nepfoilovTikES cuvONKeS

EIZAT'QI'H

Kotd 11g televtaieg ovo dekoetieg €xel mapoybel €vag TEPAGTIOC OYKOG
pikpoProroyikmv dedopévav oe d1eBvEC emimedo, ta omoia eivon drabécia Kupimg
HEC® ONUOCIELUEVMV EPYOCIDY GE O1EBV] EMGTNUOVIKA TEPLOJIKE, EVM GNUOVTIKO
népog Tovg voeiotatal ce apyeio | oe GAAeg cvAloyés. H avamtuén tov debvav
Broypapik®dv Pacewv 0edoUéVOV Kol TOV SOOIKTVOK®OV HNYOvVOV avalntnong
&xovv ovuPdiiel amo@acloTikd otV TOoyEio 014000 AVTAOV TOV TANPOPOPLDYV
(Miller, 1993, McMeekin, 2007). Qot660, Ta dedopéva. To omoia TephapPavovtol oe
aVTEG TIG EpYacieg Oev etvan TAPS dtobécia 1 TOLVAGYIOTOV O)L TAVTOTE LE VO
KOTOVONTO OTTIKO TPOTO (YPAPIKES TOPAOTAGELS, GUVOTTIKOL TivVaKeS K.4.). ATd Vv
GAAN pHePLd, M OTOTEAECUOTIKY ¥PNON TNG ONUOCIELUEVNC YVAOONS Oaltel LYNAO
akaonuaikd vroéfabpo kabmdg kot T SLVATOTNTA EVIOMICUOD TOV KATAAANA®V
TANPOPOPLADV.

Ot Pdoeig dedopévav g OmOKPIONG TMOV HKPOOPYOVIGUAV TOV TPOPIHmV
OTOVG  OPOPETIKOVS  QUOIKOYNUIKOVG Kot TEPPAALOVIIKODS — TOPAYOVTEG
neprlopPdvovv enelepyacpéva ded0UEVA TOL OO0 TPOEPYOVTAL A0 ONUOCIELUEVL
Kol pn Onpoctevpéva oOvola dedopévav. MEPOg avtdv TV EMEEEPYUCUEVOV
OEQOUEVMV TTPOEPYETOL KO OO HOONUATIKA HOVTEAX OV €xovv ovamtuydel Yo va
npoPfAémovv v avénon, emPioon kot 10 Bdvato TV HKpoPlaK®V TANOLGUOV
aviAoyo HE TIG €VOOYEVEIS 1010TNTEG TOV TPOPIU®V OAAG Kot TOVG €EWYEVEIS
mopdyovteg (McMeekin et al., 2006, McMeekin, 2007, Baird-Parker, 1995).
Xopaktmpiotikol mopdyovieg, ot omoiot emnpedlovv TN CLUTEPIPOPA TV
LKPOOPYOVIGU®MV 6TO TTEPBAALOV TV TPOPil®V glval n vypacic, 1 evepydTnTa TOV
vepov (ayw), 10 pH, 1 Beppoxpacia (T), n atpndcEapo cuoKeLAGING KoL 1| EVOEXOUEVN
nmopovcio cuvinpntikedv (Membré & Lambert, 2008).

H Bdon dedopévov ComBase anoterel o€ moyKOGUIO €nimedo TO LOVOSIIKO

£€0C TOPA AOYISHKO OV £xel avamTuyBel Y To okomd avtd. Avti mepthapPdvet
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ATOTEAECUATO UOVO ONUOGIEVUEVOV EPYOCUDY OYETIKOL WE TN GLUTEPLPOPE TV
LKPOOPYOVIGU®MV G TPOQLUN Kol epyactnplakd péso (Baranyi & Tamplin, 2004). To
AoyloKo ovto vrootnpileTon amd v tpwtofoviia “ComBase consortium” 1 omoio
anoterel Tpoidv cuvepyaciog twv Bpetavikdv Ivotitovtowv IFR (Institute of Food
Research) kot FSA (Food Standards Agency) pe ta gpgvvntikd kévipo tov USDA
tov HITA (Agricultural Research Center kot Eastern Regional Research Center), tov
EBvicov Epevvnrtikod Ivotitovtov Tpooipwv e lonwviag (National Food Research
Institute of Japan) kot tov Kévipov Acepdieioc Tpooipwv tov Ioavemompiov g
Tacpaviog (University of Tasmania Food Safety Center, FSC) (ComBase, 2007). H
ComBase n omolo eivor  dwbéoyun o©10  OOIKTLO  OTNV  1GTOGEADN
http://www.combase.cc/, ocvvinpeitar and 1o IFR. Ilpdcpata avortoybnke pio véa
dwdiktvakn Paon dedopévov and tov Koseki (2009) n omoia Pacileton oty
ComBase kot xoieitor MRV - Microbial  Responses  Viewer
(http://cdnfri.dc.affrc.go.jp/). TlepthouPdaver dedouéva ta. omoio a@opodv oIV
avamtoén/un avamntuén (Growth/NoGrowth) tov pikpoopyoviopudv Tov Tpoeifoy.

[apd ™ peydAn ovverspopd g Paong dedopéveov ComBase ce gpevvnTikd
KOl TOPAYOYIKO EMIMEDO, OVTN TOPOLGLALEL TO HEOVEKTNUA OTL omevBuvetal oe
EMIOTNUOVIKO-EPEVVNTIKO TPOCOMIKO HE OMOTEAEGUO VO OTOLTEITOL GLGTNUOATIKN
Beitimon g vy va yivel duvatny m ypnon g and un miotomompéva dtopa. Ta
dedopéva ta omoia mepthapPavel Bacilovtal wg eni 10 TAEioTOV G€ AmoTEAEoUATO OO
EPYACTNPLOKG HECH EVD €VOL TEPLOPIGUEVO TOL OEOOUEVE OAANAETIOPACEDY HETAED
Tpogipwv kol pikpoopyovicpmv (ComBase, 2007). Emutiéov, dev mepthapfavel
adnuocievta Propnyoavikd 1 epyactnplokd dedopuévo To omoio propet va givat woAy
xpnoo kot vymAng mowotntag. Ilpoéoceata or Buche et al. (2011) mpotewvav pia
péBodo M omola emirpémel v eEay@yn O0£0OUEVOV A0 OVTIOTOLYOVG THIVOKEG, Ol
omoiol TEPIAaUPAVOVTOL GE EMGTNUOVIKEG ONUOCIEVGELS 6TO JadiKTLO, KAOMG Kol To
OTNUOVTIKO GVVOSELTIKA TOVG oyOAa Bdoel TG ovtoroyiag. Eviovutolg n néBodog avtn
dev amoteAel faon dedopuEVDV.

H Pd&on dedopévev LabBase mov avantoydnke oto mAaiclo €KmOvVnong g
SwTpffg avtg €xel ©¢ Pacikd oTOXO Vo KOADWEL TO TOPATAVEO KEVO TOL
meprypaenkay yo ) Paon ocdopévov ComBase. EmimAéov, dwabéter pia kKovotdpo
VIOGTNPIKTIKY] EQAPLOYN 1) OTtoiol EIVAL TKOVY] VO TOPEXEL TANPOPOPNOT CYETIKA LE TN

Suvapkn TtV PIKpoPlokdv  mANBLoU®V VIO  TOWKIAEC  (UOIKOYNUIKES Kot
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neplPoAloviikég  ocuvvOnkeg Yy 08d0UEVOVG  CLUVOLOCUOVS  HKPOOPYAVIGUADV-

TPOPIL®V.
MEIPAMATIKO MEPOX-ANAIITYEH AOTTEMIKOY

To Loyopkd LabBase amoteAel pio véa Pdon dedouévov yoo v andkpion
TOV UIKPOOPYOVICUAOV TOV TPOPIL®MY GTOVS SOPOPETIKOVS (PLGIKOYTUIKOVS Kol
neptParloviikong mapdyovies. H avdmtuén g Paciletar oto mepipdriov Microsoft
Excel® 2007, evéd mepihapPaver pio vroompiktiky epappoyy (servicing application)
pe tv omoio mpaypoatomoleiton 1 avdAvon tev dedouévav e To Aoyiopko
Microsoft Excel® em\éyOnke eneidn eivar 1o gupiTepo S108€501EV0 AVALESH GTOUC
EMOTNIOVEG Ko TOVG ovaAvTteéS dedopévov (Baranyi & Tamplin, 2004). ISwitepa
YOPOKTINPIOTIKA TOV OMOTEAOVV 1 QUMKOTNTO TPOG TO YPNOTN, M HEYAAN
YOPNTIKOTNTO TOV OEO0UEVAOV KOl TO EVOOUATOUEVA epYyaAieion dtoyelplong Tovg
(Microsoft Office, 2011a). H vmoompiktikn epappoyn mov avortoydnke (LabBase
Navigator) facictnke 6tov KOdKa Tpoypappaticpov Visual Basic for Applications —
VBA obppova pe 1 pebddovg ot omoieg meprypdoovtal oto  €yxelpiown
TPOYPOUHOTIGHOL TV Petroutsos, E., (1998), kow Walkenbach, J., (2004). Mépog g
eQopUOYNS €xel avamtuyBel YPNOILOTOIOVTIOS TNV TEXVIKN OVATTUENG EQPAPLOYDV
“Excel/Access Integration”. Xvykekpiuéva, ovorntoynke pio eEOTEPIKT EQOPUOYN OE
nepPédhov Microsoft Access® kot evompotdONKe appovikd otov kGdka VBA
(Alexander & Clark, 2007, Schmalz, 2005) ®ote va gvioyvGEL TIG SLVUTOTNTEG TOV.

"Exet Sromotmbel 6Tt o1 epappoyéc mov avomtvocovon pe Microsoft Access”
&xovv: (i) Toyvtepn mpocPaon oe Pacelg dedouévav (Baranyi & Tamplin, 2004), (ii)
KOADTEPT amdOOGT OTN GLYKEVIPMOGN KOl Opyavmon Ttomv dedopévev (Microsoft
Office, 2011a), ko (iil) CLTORATOTOMUEVES TEXVIKES dlayeipiong TV dedoUéVeV KOTA
mv ovamtuén ypoaeikomv mtapactacewv (Microsoft Office, 2011b). Eniong, 1660 10
Loytopkd Microsoft Excel® do0 kot 1o avtiotoygo Microsoft Access ypnoponototy
TOV 1010 pnyovicpud ypagikov onetkovicemv (1010 ChartObject) (Robinson, 2008).

H avantoén g vmoompiktikig eQaproyns, 1 omoia £ywve cOUPOVA UE TIG
nebddovg mov mEPLYpAPOVTOL GTO £YXEPId Tpoypappatiopod Tov Alexander &
Clark, (2007) ko1 Schmalz, (2005), €iye ®wg o6TOX0 TN CLYKPIOT TOV SLUPOPETIKMV
ppofak®v Tpoeid avamtuéng kabmg kol v €1g PaBog avaAvorn Tov dedouEvav

a&lomoOVTOS OPEVOG TIG LYMANG TOOTNTOS YPAPIKES dvvatdtnteg g Microsoft
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Access®

, OQETEPOV TNV OVTOUATY HETATPOT] TOV KOTAYOPNUEVOV OEOOUEVODV GE
avtiotoyovg mivakeg (Microsoft Office, 2011b). H Aemtopepng emideiln g
Aertovpyiog Tov Aoyiopikov LabBase kafd¢ kot GAL TEXVIKA YOpaKTNPIOTIKA Eivor

dwbéoa oty 1otoceAida dradoons tov (Psomas & Skandamis, 2011).

2.1. Opyovwaon twv 0e0ouEVmY TS UIKPOPLOKIS OTOKPIONS

Ta amoOnikevpévo dedopéva eival opyovouéva GE YPOLLIKY HOPOY Kot
opadomomuéva o TPES peyahes TaEelg medlov yio KAbe eyypagn HKpoPLoKkng
andkpiong. Ao to media avtd, To TPiTNG TAENG EKEPALOVY TIC OVOAVTIKEG LETPNOELS
v kdBe cuvONKn avdamntuéng teptrapavoviog To xpovo, T UKPOPLaKY] amdKPIoN, To
ouowoynuikd kot mepPorroviikd dedopéva. Ot eyypagés (records) ot omoieg
neplapPdvouy TIg aveEapTnTeS EMAVOANYELS TOV UETPNOE®V TOV HKPOPLOK®OV
anokpicewv oe kdbe ypovikd Odotnuo amofnkevovial oe KaBetn dudrtadn
oVVIOTOVTOG £va oUVOAO dedopévav. Ta dedopéva g apykng Oeppokpaciog (T), g
o&vmrag (pH) kot g evepydmrag Tov vepol (ay) mephapuPdvouy TG avTicTOLES
TWEG otV apyn S mePLodov mapatnpnons. Ta dedopéva g €vdoyevoig
Oepuoxpacioc, ofdtmrog kol evepyotnTag TOL  vEPOL  yopaxtnpilovionr  omd
HETOPAAAOUEVES TIUES Ol OTTOIEC TOPOTNPOVVTOL KOTE TN OIUPKELD TNG TEIPUUATIKNG
EPLOooL eoutiog TV POYNUIKOV SEPYACIOV Ol O0MOlEG TPOKAAOVVTOL OO TOVG
LKPOOPYOVIGHOVS 6TO TTEPPAALOV TOVG, evd M peTafoAn Tovg e&optdTor amd Tig
ouvOnkeg g pikpoProkng avdmtuéng (Baranyi & Tamplin, 2004). I1pog to mapdv, ta
eVOOYEVY] 0edopéva elcdyovtal ot Pacn O0c00UEVOV OAAE OEV GLUUETEXOLV GTN
dwdwkacio enelepyaciag-omopudvmong TV Oed0UEVOV HEG® TOL UNYOVIGLOV T®V
gpotudtov (llivekag 2.1).

Ta wedia devTEpNg TAEEMS EKPPALOVV TIC GUVONKES Ol OTTOIEC EMKPATOVV GE
k6O meipopo, evd to medio TPOTG TASEMS EKPPALOLV TOL YEVIKA YOPAUKTNPLOTIKA

€VOG CLYKEKPIEVOL GLVOLOL dedopévav (Ewova 2.1).
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DATASET (DATASET)
DATASET TITLE SUB GROUP
SUBSTEATE
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CATEGORY ORGANISMS
NOTES SELECTIVE
ENUMERATION
MEDIA
EXPERIMENTAL
CONDITIONS
STATUS —

(%) A/A: Metpnmic eyypopdy
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AfA s

(STATUS)

MEASURES No

MEASUEES
REPEATED No

t (2 decimals)

{davshours/min) d/h'm

LogCFU/ml (1 decimal)

T (°C) (I decimal)

pH (2 decimals)

aw (3 decimals)

T (°C) INIT (1 decimal)

pH INIT (2 decimals)

aw INIT (3 decimals)

Ewéva 2.1. Opydvoon tov nediov g Pdong dedopévov LabBase

YuvtokTikd, ovtd to medio mepriapPdvovv tOco aplBunTikéc 660 Kot

aleaplOuntcéc Tipwés. H - ypappoypdonon e Pdong dedouévav Tov AOYIGUIKOV

LabBase nepirapfaveror otov Iivaka 2.1.

Ta avimpoownevtikd dedopéva to omoio. KataywpnOnkov ot Pdon

dedopévmv tov Aoyiopikod LabBase pe okomd tov éheyyo g Asttovpyiog Tov Kot v

EMIKVPMOT] TOL, OPYOVAOONKOV GE TEGGEPA GVUVOLA OEOOUEVDV:

Mivaxkac2.1. I'pappoypdenon g Paong dedopévov LabBase

Fields: 1) 2) 3) “4) 5)
A/A DATASET DATASET DATASET NOTES
TITLE CATEGORY
n/a: n a a a a
Description: Records Datasets title category notes
Counter encoding
e.g. 1096 ds002 L. Safety
monocytogene

s in response

to pH/a,/T
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Fields: (6) 7 ®) ) (10)
SUB GROUP  SUB GROUP SELECTIVE = EXPERIMENTA STATUS
SUBSTRATE ORGANISMS ENUMERATI L CONDITIONS
ON MEDIA
n/a: a a a a a
Description: substrate organism media experimental dataset
condition subset
e.g. TSB Listeria No Media pH4.5 ds002q
monocytogene Information ay 0.90
s T=5°C
Fields: (11) (12) (13) (14) (15)
MEASURES  MEASURES t (days/hours/min)  LogCFU/
No REPEATED ml
No
n/a: n n n a n
Description:  info about no of measurements Time d/h/m response
e.g. 1 18.00 d 5.6
Fields: (16) W) (18) 19) (20)
T (°C) pH aw T (°C) INIT pH INIT
n/a: n n n n n
Description:  changing values due to the microbial activity (for initial values
future use)
e.g. 5.0 4.50 0.900 5.0 4.50
Fields: 2n
aw INIT
n/a: n
Description:  Initial values
e.g. 0.900

n: numerical value

a: alphanumerical value
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(i) Spoilage of ham ( Skandamis & Nychas, 2000, Koutsoumanis et al., 2006,
Mataragas et al., 2006a,b, Mataragas & Drosinos, 2007),

(11) Listeria in response to temperature, pH and water activity (Skandamis & Nychas,
2000, Geetaerd et al., 2005, Gounadaki et al., 2007, Janssen et al., 2007, Skandamis
et al., 2007a,b, Stopforth et al., 2007),

(ii1) Staphylococcus aureus in milk ( Baranyi & Roberts, 1994, Baranyi et al., 1995,
Bovill et al., 2000, Bovill and Baranyi, 2001, Xanthiakos et al., 2006),

(iv) Biofilms of Listeria monocytogenes on food spoilage (Pan et al., 2006, Gram et

al., 2007).

2.2. LabBase Navigator: H vrootnpixtixn epapuoyn g paons dedouévwv LabBase

H vrootmptikn epappoyn g Pdong dedopévov LabBase mepthapfavel mv
extéleon plog oepdc epotnudtov (queries) amd 1o ¥PNoTN TPOS TO AOYICUIKO TO
omoia £YoVV MG TEAKO OmMOTEAESHOL EITE TN YPOUPIKY] OTEKOVION TNG OVATTLUENG EVOG
LUKPOOPYOVIGHOD KAT® O dEGOUEVEG GUVONKES 1] TN GLYKPLTIKY YPOPIKT OTEIKOVION
V0 1 KOl TEPIGGOTEPOV UIKPOPLOKAOV TPOPIA GTO 1010 Ypapn L.

Ot dwbéoyeg emhoyég emeepyaciog — amopudvoong dedopévov (Etkova 2.2)
ot omoieg ex@palovv ta avtictoya wedio g faong dedopévav (Ilivaxkag 2.1) stvat:
(1) SUB GROUP ORGANISMS: Ileptrapupdvovior Ta €101 TOV [UKPOOPYAVICUDY T
omoia &yovv kaAlepynBel Katd T1g mepapoTIKES dlepyacies. Me v emAoyn avt
elvar ovvat] mn amoudvoorn Tev osdopévev (filtering procedure) to omoia
TEPLOUPAVOVY LOVO TO GLYKEKPIUEVO €100G LMKPOOPYAVICHOD TO OTOi0 EMALYEL O
XPNOTNG.

(i) SUB GROUP SUBSTRATE: Ilepthopfdvetar to péco €vtdg tov omoiov
avanTHGGETOL 0 KAOE LiKpoopyaVIoUOGS.

(111) SELECTIVE ENUMERATION MEDIA: IIepihappdvetor o TOMOG TOL
VTOGTPAOUOTOG O OTTOI0C YPNOCLLOTOLEITOL Y10 TV TapaKoA0VON O™ TNG avATTLENG TV
HUIKPOOPYOVIGAOV GTO LEGO.

(iv) EXPERIMENTAL CONDITIONS: Evoopotdvel TG  OUYKEKPLULEVEG

TEPOUATIKEG CLVONKES ATO TIG OTOTEG TPOEPYOVTAL Ol OVOAVTIKES LETP|GELS.
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— Emtloyr) TS Kot EmKOpact] g

LabBase Navigator
2 : i ) » Tnitial Values
— Microorganism Experimental conditions
-ToC- pH aw
5| - 0 4 a
Brochothrix thermosphacta T=0C 4.5 0.9
Enterobacteriaceae T=10C 5 6 0.92
1 Lactic add bacteria T=15C s
. — Listeria manocytogenes T=5C LJ 7 6.07 0.94
Mnyovn Pseudomonas sp. 10 6.18 0.96
v 1l staphylococcus aureus _'_J 15 Lj 6.19 0.98
avagntnens 62 v
-,/ Substrate B
I\.{[rlzu\qglu_oc_ EQUAL-FROM EQUAL-TO MT]Z.H\’IU,M'JC_
EQUPLOYTS - £QUPUOYNIS
eopl le . Fresh pasteurized milk T(oC) I:l I:l pop Y,TIL"
EPOTNUOTOV Full fat highly pasteurized milk o 2 c EPOTNUOTOV
Highly pasteur. milk of reducec Tlep1oym) YPOOIRMY UTEROVIGEMY
Low fat (or skimhighly pastew pH
Low fat fresh pasteurized milk
Meat Products
Milk fBiofilm
S - [
= Enter deamal values separated by
Sel.Enumer.Media ant £) snd not by 0 PROCEED
BPA
cFC pLOT DATASET TITLE
MRS
No Media Information
PALCAM CLEAR &
PCA ‘ \E .
STAA VEPYO
TSA > -
k| oLVOLO
- - £ 7 '
HISTORY: RESTART FROM: T T SebouEvV
0 ALLCLEAR -
1 ALLDATA <= ‘
TIxtpa 51?25191011@ TIAMKTPO Y10 GUYKPIOT
dedopévev wkpopuk@v mpopii

MnyoviGLLOS UmoBTKELONS KUl ELUVUEQOPAS CUVOADV

! OVATTUETC
SedouEvav M5

Ewova 2.2. H vrootnpiktikn epappoyn g Paong dedopévav LabBase

(v) Apykéc Tyég Beppokpaociag, pH kot evepydtntag tov vepoy (ay) (apBuntikég
Tég): O ypnotmg &xer ) dvvatdtto vo opicel 10 €0pog KABe mapdyovia, e
OTOTEAECUO, VO, ElVOL EQIKTN 1] OMOUOVOOY] T®V OEOOUEVAOV TNG EMIAOYNG TOV HE
peyoAvtepn axkpipeta.

Ta kpumpla avalpmong meptiapufavovy TPelg OlaPopeTikés  pneboddovg
(Ewova 2.3):
(1) Tnv emdoyn pioag 0edOUEVNC TIUNG €VOC Tediov Kol TNV EMKOHP®ON NG UE TO
AT TOV AVTIGTOLYOL TANKTPOL EAEYYOV.
(i) Tnv avalnon -pe Kprripo aplfunTikovs 1 aA@optOunTKovs YoPoKTPES- amd
ta nedio SUB GROUP SUBSTRATE 1) EXPERIMENTAL CONDITIONS, kot ot
CUVEYELNL TNV EMKLPOCT] TOV OUTHUATOS avalTNoNG LECH TOL AVTIGTOLYOV TANKTPOL

eAEYYOVL.
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(ii1) Tov opiopd 1OV €VPOVE TOV APOUNTIKAOV TYDV TNG APYIKNG Beppokpaciag, g

o&HMTOG KO TNG EVEPYOTNTAG TOV VEPOU.

EPQTHMATA (QUERIES)

MHXANH ANATHTHEHE ME BATH TOYE XAPAKTHPET \I. OPIIMOZ EYPOYE TIMAON (ATIO E£IT)

ENMLAOTH ATAGEZIMHE TIMHE

< ol
s&&:
g g0 EXPERTMENTAL
SUBSTRATE MICROORGANISM el i
SELECT.
EXPERIMENTAL SUBSTRATE |
CONDITIONS ENLMER, —{)—L
MEDIA
Y
| !/_"\l ‘1\-—_.—/}
Ry
ATIOMONGNEITIZ
EITPASET OI OTIOTES
ITO ZYTKEKPIMENO
[IEAIO
[EPIAAMBANOYN
TOYE XAPAKTHPET
ATIOMONOYH AEAOMENON
L A e ———

Ewéva 2.3. Kpuripia extéreong epotpdtov

O oVTOUATOC CLVTOKTIKOG EAEYYOC OV EQPAPUOLETOL KOTA TNV EIGOYMYN TOV
gpotpdtov oto otolyeio wlcaymyng dedopévov (TextBox controls) dwacearilel v
aflomiotio T@V omoteAecpdtov o oyéon pe v Tl tov pH (1-14) wor g
evepyotnrag tov vepoL (0-1), apod ta emrpentd €0pn TIUOV £(OVV OPLOTEL Y0 TA
avtiotoryo aplunTikd medion doTE Vo EAEYYETAL OO TO AOYICHIKO 1 opBITNTO TV
EPOTNUATOV.

H anewovion tov Tipnov tov nediov mepthapPdvel T HOVaOKY ep@dvion

Kk6Oe emovolapPoavopevng Tiung, eved OAeg ot THES eppaviCovion taivounuéves. Edv
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éva medio g Paong dedopévov LabBase dev givar copminpopévo, tote 1 €voeiln
omoapéng piag kevig tiung (blank value), mopdtt givar dvvatd vo ameikovicbei dev
elvatl Opm¢ dvvarn N ETAOYN TG,

XKOmOG NG TOPATAVE ONEKOVIONS €ivol 1 EVNUEP®OT TOL YPNoTn OTL GTO
OLYKEKPIUEVO TEdT0 TTEPAOUPAVOVTOL Kot UN GUUTANPOUEVEG TIHEG Ol OTTOieg OUMG
aVTIOTOYYO0VV GE aVOAVLTIKEG HETPNOELS. Avtiotora, otn Pacn dedopévaov ComBase
otov to amotéleopo pioag péETpnong avoeépetar pe v évoelEn N/D (not detected),
ovvayetor 0Tt évag apBudg o omoiog Ppioketar ektdc ToL €Vpovg emelepyaciog
katoloppdavel T 6€om Tov mediov avtov (Baranyi & Tamplin, 2004).

Ymv mepintmon mov 0 ypnotng 0écel Eva epdOTNUO Yol VO CLYKEKPUUEVO
nedio, T0 amotéAecpua €ivarl M ATOUOVEOCT TOV OVTIICTOY®V EYYPOUP®OV Ol OTOIEG
nepthappdvouy v emheybeica Tiun tov avtictoryov nediov. Qg emakdAovho, dAa ta
ameKoVILOIEVA OEOOUEVA OVOTPOCAPHOLOVTaL.

O ypfomg &xer mAéov ™ dvvatdtrta gite va Bécel Eva vEo epaTNUA GTO
avabempnUEVO GUVOAD JEGOUEVAV 1] VO LETACYTLLATIGEL EKEIVO TO GVVOLO dedOUEVDV
0E YPOPIKY] OTMEWOVION TNG OVATTLENG TOV UIKPOOPYOVIGU®V ®OG TPOG TO YPOVO
(LogCFU/ml vs. time). Emedn] o ypOvog TopIoTAVETOL YPOQIKO O MUEPES, TO
dedopéva xpovov ta omoia £xovv Kataympndel e dAA0 GOoTNUO HOVAd®VY, Y. CE

Aemtd g opoag (min) 1 ®peg (h) petatpémoviar avtopata o nuépes (Ewova 2.4).

2.3. Avarroln kouvotopo unyeviouod oxoOnKevans/exavopopos 0EO0UEVDV

O KowoTOUOG UNYOVICUOS 7oL  avartuydnke mopéyel oto YpNoTn 1M
duvaToTTO. VO ETOVOPEPEL €va  amOONKELUEVO GUVOAO Oedopévmy, TO Omoio
AVTITPOCMOTEVEL TIG MKPOPLaKkéS oLVONKEG aDENONG MOV EMKPATOLGAV GE Eval
TPOTYOVLEVO GTASO TNG dtadtkaciog enegepyacioac-amopoveons Tov dedopévav. I'a
K6Oe epdOTNUO, TO AOYIGHIKO Onuovpyel pio. YOPOKINPIOTIKY €yypaen m omoio
ovopaleton “otopikn eyypaon (history record)” Kou meptrypa@etor amd 11 0E00UEVT
T tov ediov (Ewdva 2.2).

Ot véeg 10TOPIKEG EYYPOOES TPOSTIOEVTOL CEPLOKA GTNV AVTIGTOLYN TTEPLOYN
OmEWOVIONG HeTd amd Kdbe véo epatnua, eved &évag avéov apluog epeaviCeton

UTPOoTA oo KAOE EyypOan.
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Apywn UserForm
AIATPA®H TIMQN
(3)
P ANANEQEH
AIATPA®H
&qggg{%%‘{m EITPAGON KATQ \
ETTPADON AIO THN ! EHIA(‘)'FH
EIMIAETMENH :
2. KAOAPIZMOX
3. ANANEQXH
(2)
4. EE0OAOX
A
(4)
AYTOMATH ANANEQXH
A
\4
ENEPI'O XYNOAO
AEAOMENQN
OXI EIAOZ
T'PAOIKHX )
ATIEIKONIZHX i
AIATPAMMA YYT'KPITIKES
AIAXTIOPAX [PA®IKES
ATIEIKONIZEIZ
EITIAOTH
[TPOHTOYME OXI
NOY

BHMATOZ

Ewévo 2.4. Awdypoppo AETovpyldV NG VTOGTNPIKTIKNAG

gpapuoyng g Paong dedouévmv “LabBase”
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To “0” ekppaletl Tov kabapiopd g meproyng oedopévav epyaciog (ClearContents). O
avéov aplBuog “1” ekepdletl ) peta@opd TV 0£0OUEVOVY amd TNV avtiotoryn Pdon
otV mepoyn oedopévav gpyoaciog. O adémv aplBudg “2” exepalel v mpdT™
epapuroyn epotpartog kAn. Kdébe 1otopwkn eyypoaen avtictoyyel oe éva GHVOAO
dedopévmv to omoio eivor amoBnkevpévo oe pio TPOSWPIV TEPLOY] OmOOKELONG
dedopévav tov Aoylopikov. Otav o ypfomng emAélel pio 10TOpIK €yypoen, TO
avVTIoTOY(0 GUVOLO TV OmOONKELUEV®V OEOOUEVOV UETOPEPETOL OO TV TPOGMPIVY|
TEPLOYN OMOONKEVONG TOL TNV meEPLOYN Oedouévav epyocios. EmumAéov, Oleg ot
IGTOPIKES EYYPOPES Ol 0Toies PpiokovTol KATM amd TNV emMAEYUEVT OloypdpovVTaL, EVD
TOVTOYPOVO. OLALYPAPOVTOL KOt TO avTioTowy o amodnkevpéva chvora dedopévav. “Eva
AOYIKO O1AyPOLLO TO OTTO10 OmeKovilel To unyoavicpd g amodnKevong/enavapopdg
dedopévmv kot TN ox€om TOL UE TNV  LWOAOUTI] VTOGTNPIKTIKY  E€QAPULOYN

napovotdletal otnv Ewkova 2.4.

2.3.1.MeAéty mepinmtwans: Emovapopd amoOnkeopuévav aovoimy dedouévawv

To ocbvolo dedopévav “Staphylococcus aureus in milk” ypnoipomombnke mg
perétn mepintoone. o mapddetypo, €bv vrotebel 6TL 0 ypnotng Bétel epOTNUHQ
EMAEYOVTOGC ®G TN VTooTpdpotoc to “highly pasteurized milk of reduced lactose”,
TOTE OTOUOVAOVOVTIOL Ol EYYPOPEC OV EUTEPIEYOLV TN GLYKEKPLUEVN TIUN, HE
amotédespo va  avobewpnBodv ta dedopéva TV mEPoy®V  amekoviong. Ot
avafewpnuéveg THéG mov TEPAOUPAvVOVIOL GTNV TEPLOYN OMEIKOVIONG TOL HUEGOL
emifAeyng g avdntuéng tov pikpoopyavicpav sivar “BPA” kot “TSA”, evod n tiun
N omoio eUEVICETON GTNV TEPLOYN OAMEIKOVIONG TOV TEPAUATIKOV GuVONKOV givat
“Inoculation 1072-10"3, T=10°C”. Edv o ypfiotng emhééel ®g T Tov pHEGOL
enifreyng to “BPA”, 101e petd amd 1 véa avabe®dpnor TV 0E00UEVOV TPOKOTTOLV
LOVOOTKES TIHES Y10 KAOE TEPLOYT ATEIKOVIOTG.

O ypnotg etvar dvvaTdV Vo ATEIKOVIGEL YPOPIKE TO TPOPIA AVATTLENG TOV
pKpoopyavic ol vrd Tig dedopéveg ocuvOnkes. [apdAinia, Ta epoTiHaTO TOL £YOVV
1e0el £xouv dnovpynoet tig e&ng wotopikég eyypapés (Etkova, 2.5):

0. ALL CLEAR

1. ALL DATA

2. Highly pasteurized milk of reduced lactose
3. BPA
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LabBase Navigator 32000

HISTORY:

Ewova 2.5. T'pagikn aneikovion evog GUYKEKPLUEVOL HIKPOPLakod TPpodid vid Tig
dedopéveg ovvOnkec ot omoleg TEPLYPAPOVTIOL OTIS OVTIOTOWEG TEPLOYES
anewkovions. H ypoewr| amewodvion epeaviletal €vepyomoldvIog TO TANKIPO
e\éyyov “PLOT”

Edv o ypnomg embBopel va amewovioel ypagikd 1o HiKpoPlokd mpogii
avamtuéng pe péco emifreyng to “TSA”, 16te avti va apyioel T dwdwkoscio amd TV
apyn -®ote vo eBAacel oto emBuuntd amotédecspo- €ival duvaTov v ETAEEEL TV
wotopikn eyypoon “2” (Highly pasteurized milk of reduced lactose). 'Etot, 6a givon
duvath M ETOVOPOPE TV SEGOUEVOV TTOL OVTIGTOLYOVV GTNV £YYPOOT OVTH OO TNV
TEPLOYN TPOCOPIVIG amobnKeLoNG OTNV TEPLOYN dEGOUEVAOV EPYATIAG.

Télocg, o yprot¢ umopel va emAééel g Tiun tov pécov emifreync to “TSA”
Y0l V0L OTTEIKOVIGEL YPOPIKA TO AVTIGTOLYO HKPOPLoko TPOPiA avamTuEnG.

O unyaviopds avtdg eivar TOAD YPNGIULOS APOD EMTPENEL GTOVS YPNOTES VoL
TPOTOTOW|COLV TNV 0OPYIKY] TOvg dwdkacia avalntnong, apyiloviag omd éva

EVOLOUECO OTAO0 KO Oyl amd Vv apyn (scratch), dtutnpodvrog pe avtdv Tov TPOTO N

GLVOYN TNG GKEWYNG TOVG.
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2.4. Xoyrpion uetold o1apopeTikmy LKpoLLoKdV TpoPil avartoéng

Edv o ypnomg embBuuel va omewovicel ypoaeikd meplocdtepa amd £val
pkpofrokd Tpogik tavtdypova, OV glvarl dSLVATN 1 EKTEAECT] TNG EVEPYELNS OVTNG
péom g emaoyng “PLOT”. Awrtia tng duokoAiog avtig amotelel To yeyovdg OTL OAa
T amEKOVILOUEVO TTPOPIA £XOVV TO 1010 YPOHO, EVEO Kot To onueio Tov opilovv Tig
OLVTETAYEVES ep@avilovTal LE TO 1010 YL

Mo va avtipetomiotel 10 TpofAnpo avtd, avartdydnkav Vo emmpdcheta
gpyoreia YPOQIKNG OMEWKOVIONG TO OTOle TEPIAAUPAVOVTIOL GTNV VTOGTNPIKTIKN
EPAPLOYT. ZKOTOC TNG OVATTLENG TOV EPYOAEI®V OVTAOV Eivat 0 dLo®PIGUOC KoL KT’
EMEKTOON 1 GUYKPLON TOV TOAAATAGV TPOQIA avamtuéng to. omoio eUmeEPLEXOVTaL
TaVTOYPOVO 6TO 1010 YpaPMUa. Ao Ta pyareia avtd, T0 TPMOTO TAPOVSIALETOL GTNV

Ewova 2.6, 6mov aneikovi{ovtal o1 GUVTETAYUEVES TOV UIKPOPLOKAOV TPOPiA.

Microsoft Access PivatChart Tools - BXx

Cha) = =
o
Home  Creste  ExtemalData  DatabaseTools  Acrobat Design

EEl plot comparison per microarganism

LogCFW/ml

Mavigation Pane
4% Mean Values

HISTORY:

0,50 0,60

s awar s (e [ T e e
 Lactic a5 bacteria - Meat Products - T=105 - MAS - 10,00 - 6,29 - {Biank) ‘

B Lotis acid bastasia - Mast Produses 7150 MAS- 15,00 522 - (Bank]

Ewova 2.6. Zuykptiikd S1éypopLpo. anelkoviong TV GUVIETAYUEVOV TV LIKPOPBLOKOY
Tpoi. ZuvOnkeg avamtoéng:

’ Lactic acid bacteria- Meat products- T=10°C- MRS- pH 6.29

. Lactic acid bacteria- Meat products- T=15°C- MRS- pH 6.22
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O d&ovag X avVTITPOCHOTEVEL TO XPOVO GE NUEPES KOl 0 AEOVOG Y TO eminedo
TOV UIKPOOPYOVIGUAOV. To 0e0TEPO EPYOAELD YPAPIKNG OEIKOVIONG TEPIAAUPAVEL TNV
OTEIKOVIOT] TV 0E00UEVOV G€ LopPN) 16ToYpappatos (Ewkova 2.7).

Yta 000 oUTA OYPAUUATO TO  OPOPETIKE TPOQIA avanTuéng TV
LKPOOPYOVIGU®MV amelkoviCovTat e dlokpitd ypodpota, to omoio opilovral avtdpota
and T0 AOYIoHKO KaBmg kol pe Oakplty otién tev cuvietaypévov. Ot ypoaeikeg
OVTEG TAPUOTACELS TapAyovTol omd pio eEmTEPIK €QOPUOY TOL ovoudletal
labbaseaccs kat £xet avamtuydei pe o Aoytopkd Microsoft Access”™, To omoio &yet
EVOOUATOOEL OPUOVIKA GTOV KOOIKA TNG LIOGTNPIKTIKNG epaproyns. H eotepkn
EPapPLOYT €xel petappaotel o€ Yhwooa unyavig (labbaseaccs.mde) mote va pnv eivoe
duvatn 1 0ALOI®WoN TOV GYESIGHLOV TS EPAPUOYNS amd Tovg xpnotes. H epapuoyn
labbaseaccs amoteheiton and 600 epyareia ypopikav ancikovicemv tomov PivotChart
reports ta omoia £YOVV TPOYPOUUATIOTEL £TCL MOTE Vo amekovi{ovy Ta pKpoPlokd
TPOPIA avATTLENG LE OLUPOPETIKA XPDUATA, TPOGPEPOVTAS TOPAAANAL TEPIGCOTEPES

EMAOYEG Yia TN duvapikn enegepyacio-amropovoon oedopévov (Ewkoveg 2.6 ko 2.7).

Microsoft Access PivotChart Tools - B X

Home Create External Data Database Tools Acrobat Design

[l plot comparison per microorganism =l &

LogCFU/ml

Navigation Pane

B Lactic i Sactera - Mest Products - Te150- MAS - 15,00 6,22 - {Baank)

Ewova 2.7. Zuykpitikd 16tdypapio Tov PKpoPlakdy Tpoii.
SovOnkeg avantoéng:
. Lactic acid bacteria- Meat products- T=10°C- MRS- pH 6.29

. Lactic acid bacteria- Meat products- T=15°C- MRS- pH 6.22
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Otav o ypnotg emrééet pio amd TG V0 CLYKPITIKES YPOPIKES TAPOUCTACELS,
TOTE TO GUVOAO TAV OEOOUEVAV TO Omoio PplokeTal €Kelvn TN ¥POVIKY OTIYUN oTNV
TEPLOYN TOV OedOUEVODV epyaciog HETAPEPETAL o€ OVO TIvaKES OEOOUEVOV TOHTOL
PivotTable reports (Microsoft Office, 2011b). Ze kd0e €idog ypapnuatog avrictoyyel
évag Tivakog 0E00UEVMV, VM KOTA TN HETAPOPE TV dedopuévav 1 povada ypdvou
petotpénetol avtopoto o MuEpes. Otav o ypnomng e&€pyetar TG E€QOPUOYNG
labbaseaccs.mde, ot avtictolyor mivakeg dedopévmv adeldlovy kol To péyebog g

EPAPLOYTNG AVOILOUOPPDVETOL AV TOLOTA.

2.5. Ilepropiouoi oty oOyKpion TV WIKpoLLaKmOV TPOPIL avATTOENS

Edv o ypfotmg emié€er v T “CFC”  (medio: SELECTIVE
ENUMERATION MEDIA, ctOvolo dedopévmv: Spoilage of ham) yw va 6écel éva
EPMTNUA, O TIHESG TOV TPOKVTTOVY Atd TNV EVEPYELN QTN ElvaLL:

SUB GROUP ORGANISM: Pseudomonas sp.,
SUB GROUP SUBSTRATE: Meat products.

O avtioTotyeg TelpapoTiKég cuvinkeg eivat:

T= 0°C, 6tov n tipn tov pHeivat: 6,28 2.1)
T= 5°C, étov n tiun tov pHeivor: 6,26 (2.2)
T=10°C, 6tav n tiun tov pH eivor: 6,29 (2.3)
T=15°C, 6tav n tiun tov pH sivor: 6,22 2.4)

H povada xpovov yia ta pkpofrakd tpo@id avémtoéng tawv cuvinkov (1) kot
(2) etvar n nuépa (d), evd n avtictoyyn yo tig cvvOnkeg (2.3) ko (2.4) givon n dpa
(h).

H avdntoén tov tecodpov pukpoflak®dv tpoeil avénong oto ido ypaenua
dev glvar evotdkprrn e&attiog Tov HEYEAAOL EVPOVG TOV TIUDV YPOVOL TOV SLUKPIVEL TIG
dwpopetikég mepumtoels (2.1 éoc 2.4). H avdntuén tov Aoyiopkod £ytve Kotd
TETOWOV TPOTO (MOTE VO TEPLOPIGTOVV Ol JPOPETIKES HOVAdES ypOVov o Lo,
LETOTPEMOVTOGS TIC ALTOUOTO GE UEPES. LTV TTEPITTMOOT oVTH T onpeia Tov opilovv

TIC GLVTETOYUEVEG TOV HKpOPlakdv Tpogik avantuéng (2.3) éwg (2.4) eppavifovron
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va givol cuykevIpoUEva o KOvid otov dgova y, evd dgv givor duvatn 1 ddkpion
toug (Ewkdva 2.8).

Av16 ovpPaivel yati 1 povada xpdvou 1 omoia apopd Ta onpeia mov opilovv
TIG GUVTIETAYUEVEG TOV LIKPOPLOKAOV TPoeid avamtuéng (2.1) ko (2.2) eivon n nuépa.
YUVEnMG VILApyEL dpopd TaENG neyéboug petald twv dedopévav xpovov, 1 ool
dgv EMTPEMEL TN SLOKPLTY AMEIKOVIOT] TOV OES0UEVAOV oMV 1010 KATpaka. Ot mhaveg
oVLYKPIGELS 01 oToieg givar duvaTdV Vo TPAYUATOTOM OOV HETAED TV SLOUPOPETIKMV

ppofrax®v Tpoeid sivar (Ewkéva 2.8):

(2.1) ko (2.2), povada xpdvov = nuépa
(2.3) ko (2.4), povada ypdévov = dpa

Tovenkeg ovartuing (3) kot (4) o Opeg (o1 omoieg Eyouv
LETOTPUIEL OLTOUUTO OF TUEPES

, -
Ll
-
& -
i\
E : . B
E 4 . EvvBrkeg avdmtolng (1) kot (2) s nuépsg
U & - -
g 4 .
- -
-
. -
3 " : .
-
L] : & =
2 . H
L] -
- - -
10 20 30 40 50 60 70 80

Ewéva 2.8. Ta pikpoPraxd mpoeid (1) kor (2) dev pmopovv va amgicovicBovv ypapikd poli pe ta

avtiotoyo (3) ko (4) e€artiog g Sa@opeTkng TdEng peyéboug Tav TGV xpodvou
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2.6. Emxopwon s faong dedouévav LabBase

Ta ovvolo odedopévov  mov meplthapPavovior ot Pdon LabBase
KaToyopiOnkay avtiotoyo oto  Aoyopiké Microsoft Excel ®. H mopdhinin
emeepyacio Tovg amédelEe OTL TOGO M ONOVPYIO VTTOCLVOAMY KATE TNV ATOUOVMOGN
TV dedopuévev OG0 Kol Ol YPAPIKEG TOLG OMEIKOVIGES NTav 10100 Kot GTIG OVO

TEPIMTAOGELS.

2.7. Mobeaiuotnto Aoyiouikod

H npdofaon tov evolagepouévmv xpnotdv 6To AOYICUIKO Tov avoartHyonKe
eCacpariletor péom g eAedBepng Sudbeong tovg oe wotoywpo Tov ITIA
(http://www.aua.gr/psomas/LabBase). O 16t0x®poc avtd¢ amoteleitor omd TPELS
10T00eAdec d1adoong Tov Aoylopkov LabBase, ou omoieg avamtdyOnkav pe to
Aoylopkd  avamtuéng otooedidov Adobe® Dreamweaver*CS4 (Adobe systems
incorporated).

H mpdt 10t00eAido mepthapPdvel €va €10aymYIKO KEIPEVO LE TO OmOio
TOPEYETAL OTOV EMIOKEMTN] ML YEVIKN] TANPOPOPNON OYETIKA LE TO AOYIGUIKO
LabBase, esvo meptiloppdvovior kot 600 mAnktpa eiéyyov, ta “DOWNLOAD
SOFTWARE” ka1 “MANUAL” (Ewkéva 2.9). And ovtd, 1o tAnktpo “DOWNLOAD
SOFTWARE” avoiyet tn dgbtepn totocerida diddoone, n omoio meptlapPavel to
ovvoeopo (link) yw ™ petagopd tov Aoywopikov LabBase amd to y®po TOL
egummpem (server) O6mov @uhoeveital, o610 YOpo TOoL diockov tov H/Y 1oL
EVOLOPEPOUEVOD GOUPMOVOL LLE TIG VTOOEIEEIS EYKATAGTAOTG Ol OTOIEG TEPLYPAPOVTAL
avaALTIKA 6TV 1otocerida avt (Ewkova 2.10).

To mnktpo “MANUAL” avoiyel 10 £yxelpidlo epiopod Tov AOYIGHIKOD
LabBase, evd o ovvdeopog “Press here” mov avagépetor oty npodtacn “Press here
for software development references” euppaviCer v tpitn 10TOGEAIdD S1AOOCGNG
(Ewoéva 2.11). Xg avtv meprthopfdvovior ot ava@opés Yo Ty oviamtuén Tov

AOYIOUIKOV.



LabBase Database Dissemination

DOWNLOAD SOFTWARE

MANUAL

[ 4
oa
=

Webpage

LabBase: An Innovative Food Microbial Responses Database:

LabBase is a novel microbial growth responses database to various
combinations of environmental and physicochemical factors, supported
by an easy-to-use software application developed in order to collect
and systematize the existing knowledge, analyze data and simulate the
microbial response to food systems. The innovative features of the
LabBase database are focused on the management methods of
microbial data, recorded for educational purposes, consuling services
from research institutes to the food industry, the food safety production,
the nsk assessment of food spoilage during the wvanous food
production stages, storage and handling.

Development: Antonios N.Psomas, Ph.D. and Panagiotis M.
Skandamis, Assistant Professor.

Research group of chemical and microbial processes and
automations: Asst Prof. Panagiotis Skandamis, Prof. Serkos
Haroutounian, Prof. George-John Nychas. Dr. Antonios M. Psomas.

You can also visit the UGPM Microbial Growth Predictive Software
dissemination webpage, in order to download it.

Ewéva 2.9. ITIpodt 16t00eAida dtddoong Tov Aoyiouikod LabBase

LabBase Database Dissemination

DOWHLOAD SOFTWARE

MANRUAL

Webpage

CLICK HERE TO DOWNLOAD (FREE OF CHARGE)

Download Instructions:

(1). You must have installed Microsoft Office 2007 Pro to your PC. Then
create the folder C\LAB.

(2). Download LAB zip file to C:\LAB. The file LAB zip must be
unzipped (extracted to) 1o the specific folder.

(3). The folder then will include the following files: (i) Labbase xlsx,
which is the main database software, (i) labbaseaccs mde Microsoft
Access file. This file is already compiled. (iii) the introduced zipped file
LAB.

(4). Double click the Labbase xlsx file to acivate the database software.

(5). When you execute the Labbase program you must allow the
macros to run.

For further information you can contact to ASST PROF. PANAGIOTIS
SKANDAMIS orto DR. ANTONIOS PSOIMAS.

Press here for software development references

Ewéva 2.10. Agdtepn 1otocerido dtddoong tov Aoyiopikod LabBase
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LabBase Database Dissemination

Webpage

SOFTWARE DEVELOPMENT REFERENCES:

Microsoft Excel Tips & Solutions from MrExcel. Software development consulting services.
hitp:/hwww. mrexcel.com

= =1 | » Microsoft Office, 2011 Using Access or Excel to manage your data. hitp-/foffice
e = microsoft com/en-us/access-help/using-access-or-excelto-manage-your-data-
— HAD10210195.aspx.

Microsoft Office, 2011. About PivotChart reports., hitp:iioffice. microsoft.com/en-
uslexcel/HP052497741033.aspx.

DOWHLOAD SOFTWARE Fearson Software Consulting, LLC. hitp2fwww.pearson.com/Excel/Mainpage.aspx.

_ Petroutsos, E., 1998. Mastering Visual Basic &, SybexInc., San Francisco, USA.

Robinson, G., 2008. Creating Charts in an Access 2007. Database Journal.
http:ifwww.databasejournal.comfeatures/msaccess/aricle.php/3764206/Creating-Charts
-in-an-Access-2007-Database. him.

Schmalz, M., 2005. Integrating Excel and Access. O Reilly Media Inc., USA.
Software development forum. hitp/fwww.xdremevbtallk.com.

- MANUAL
==

Tech on the Met Software development consulting services. hitpiwww. techonthenet.
com [index.php.

_ VBATips & Tricks. http:ivbadub blogspot.com/2007 M1 0/excel-vha-findall-method. html.

Walkenbach, J., 2004. Excel 2003 Power Programming with VBA, Wiley Publishing Inc.,
Indianapaolis, USA

Ewova 2.11. Tpitn wotooerida dtddoong Tov Aoyiopikod LabBase

2.8. Xpnotikotyra

H ypnotikéomta tov véov Aoywopkov LabBase a&oloyntnke péom tng
dlvoung epmTnuotoAoyiov oe 63 dtopo, too omoio Oev elyav Kapio oyéon He TO
Aoyopikd avtd. Ta dtopa mov emeléyncav eivar e€edkevpéva ot HkpoPloroyio
TPOPIL®V, EVO KATOWOL a0 QLTOVG OmacYOoAOVVTOL 6T Propnyovia tpoeipmy. Ot
CLUUETEXOVTEG KANONKOV VO OTAVINGOUV GE OKTM POCIKO EPOTAUATO CYETIKA TN
xpnomn tov Aoyiopkot LabBase kot Tig epmepieg mov amokdpsay and tm yp1on Tov
(Ewova 2.12).

AvoiouTtikotepa, 1 dtadkacio e aSloAdynong mpoEPAETE T LETAPOPE TOL
AOYIoUIKOV amd TNV 16T0GEAS 514000M¢ TOV 6T0 oKANPO dioko Twv H/Y toug, v
EYKOTAOTOON KO YPNON TOV, GOUPMVO. [LE TIG 00TYiEg TOV TEPAapPdvovtol otny o1
otoceAidn (Ewdva 2.10). O1 epothoeLg KOl 1] OVAALGT TOV GTOTIOTIK®OV OE00UEVMV

TOV TPOEKLYAV OO TIG ATAVTNGELS Tapovatalovtal oty Ewéva 2.12.
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EPQTHOENTEX
%
100.00 B (1) Tpvovrioarz Suokohiss KeTd TV EYKUTACTACT] TOR
n lo',.lfﬁg.um_i} GTO GrAT)pd E?imco rou_um?c.o'ﬂcrﬂ cag,
90.00 KN aohonfaviog T o0&t yies ot OT0IES TEptYpAoovTIL
’ GTNV ovToToNyT 1oToceridn dtedoans Tow;
80.00 % (2) Eyers spmeiplo ot pwpofitodoyikes soopuoyEs:

70.00 1

B (3) Eysi= yprcwomonos dhieg fdons Sedousvow:

60.00

O 4 @eopeitz onn fdon dzdousvov LabBase #zt
KOO TOLLC ¥ LT pLoTid:

50.00

| BE

)

@zopeitz 0T fdor Sedopsvery LabBase amotzhsl

40,007 o 2y praT o apuoy;

30.00

(6) Qempeite on To gyyEpido Aaitovpyieg TOV AoyLoUOD
ooz forjfno: va avonoBeit nig Latovpyizg ton
hoyiopmou LabBase:

20.00
O (7 TITotedete 6110 hoyiouuco LabBase amoteha &va
PG stendenTd epyehaio:

10.00 7

b
inananmanai i)
da

O (8) IMoravers 0T To hoyicukd LabBase arotehel va
PG fropmyevsd epyaheio;

Kefohov Nom Opt As yvopilo

Ewova 2.12. A&oAdynon Tov endoce®V Kot TG amodoyng tov Aoyicpukov LabBase

H otatiotkn eneéepyocic tov amotelecudtov €5eie OTL 1 UEYAAN
mheloynoeic tov epomBéviov SomoTdveEL OTL TO AOYIGHIKO £)Xel KOVOTOUO
xopoknpotikd (>90%). EmmAéov, éva peydio pépog twv egpotnbéviav (~80%)
Bewpel 6TL T0 Aoyopkd LabBase givat éva yproipo exmaidevtikd epyaieio, evad éva
T0G00TO T0 0moio pooeyyilel to 70% Bewpel 0TL amotedel Eva yproYLo Kot HYPNGTO
Bopnyovikd epyareio. Ta amotedéopato TG OTATIOTIKNG avdAvong dgiyvouv pia

BetiKn TpoomTikn Yo T Propnyovikn xpron tov Aoyiopikod UGPM.

XYMIIEPAXMATA

Ot Brounyavieg tpoeipmv dSwbétovv i PEYGAN TOcOTNTA OONUOGIELTO®V
OEOOUEVMV GYETIKA e TNV OMOKPION TOV UIKPOOPYOVIGUAOV TOV TPOPIU®OYV GTOVGS
QLOIKOYNUIKOVS Kot TEPPOALOVTIIKOVG  Topdyovies, €vd  ovtd  Ogv  elvar
Katoyopnuéve o€ Kamowo Pdorm odedopévev. ‘Ewg onuepa n Pdorn dedopévav
ComBase amotehovoe 10 poOvo Owbéoyo Aoyiopikd mov eivor oe Béon va
eCumnpetnoel TV avaykn avtr. ‘Eva Pactkd ¢ pelovékmua etvor n meplopiopévn
duVaTOHTNTO EMEKTACTG TNG GE TPOCMTIKA 1 L1 ONLLOGIEVUEVE OEOOUEVAL.

To Aoywopkd LabBase €yet avamtuybel pe okomd va KoAdyel avtd 1o kevo,

aeov 0 YPNoTNG NG elval og BEon va TV emekteivel 164 yovVTaG ETTAEOV OEOOUEVA
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amd v kadnuepvn tov epyacio. [lapdrinia, n LabBase eivar gulkn (user-friendly)
TPOG TOV U1 EUMELPO YpNoth (non expert user), SH10TNPAOVTAG TOPEAANAL TOV QVGTNPA
EMOTNUOVIKO TNG yopoktipa. Amevbiveror kvupimg oe Prounyavikovg ypnoteg ot
omoiot dev givor amOAvTo E0IKEIOUEVOL LE TIC VIINPEGIES TOL S1adIKTOOL 1) Ogv elvan
OPKETO EUTELPOL DGTE VO YPNOLOTOoVV TN diebvn Pdon dedopévaov ComBase. Me to
Aoywoukd LabBase, ou ypnotec eivor dvvatd va amodnkevovv-enelepydalovtan
TPOGMOTIKA TOVG OEJOUEVA, VO CLYKPIVOLV SLOPOPETIKA TPOPIUO 1 VO EKTEAOVV
oevapla mapoywyns/oaxiviong tpopipwv. EmmAiéov, toug mapéyet ) dSvvatotnta
exktipmong tov mbavov emmtdcewv ond TNV ovirtuén tov mofoyévev Kot
OAAOLOYOVOV HKPOOPYOVIGUL®MY OTNV TOWOTNTO KOl OGQOAEW TOV TEAMKAOV TOVLG
TPOTOVIMV.

H LabBase ocvviotd amd povn tg pla avtéovoun eeappoyn (standalone
software application) mov mepthapPdver dedopévo HETPNOE®V TNG OTOKPIONG TOV
HUIKPOOPYOVICU®OV. ATO To oToryeior ovTd mopdyovtol ot TOG0 KOUTOAEG avENONC-
emPioong 600 ko avtictoyor pvOuoi adpavomoinong tovc. H odwyeipion tov
dedopévov  meplhapupdver v emeEepyacia-amopdvoon (data filtering) tov
pkpofrak®dv dedopévaov cOppove pe KaBe duvatd cvvdvacpd Tev okOAoLB®V
TOPAPETPOV: MIKpoOpYaVIGHOS, VTOGTPOLO, OPENTIKO HEGO, TEPAUATIKEG GUVONKEG,
Oepuoxpacio, pH kot evepyodtnta vepov. Ta epyaireia eneepyoasioc-amopndvoons tmv
dedopévav meptioppdvouv:

(1) ™ YpaeKn amewodvion TS avantuEng Tv pikpoopyovicpuav (LogioCFU/ml) og
TPOG TO YPOVvo (1),

(11) ™ YpaeKn amekovion 000 1 TEPIGGOTEP®V KPOPLOK®V TPOPIA avimTuEng oTov
1010 Ypdonuo dote va givar duvorr N GVYKPLIoN TOVGS, Kol

(ii1) ene€epyacpéva dedopéva dabéciLa oe LopeT TivaKo OEGOUEVMV.

Ot onpavtikdtepeg dropopés petald tov Aoyiopikov LabBase kot ComBase
eotialovron ota akorovbo onpeio:

(1) To Aoywouikd LabBase cvviotd pio avtovoun e@oppoyn m omoio pmopel va
ypnoonomBel and 6Aovg Tovg yprotec. Avtibeta, to Aoyiopukd ComBase cuvvictd
pio OldKTLOKY €POPUOYN 1 omoio amevBliveTol omoKAEIoTIKG o €&e1dkeELUEVO
EMIOTNHOVIKO-EPEVVITIKO TPOCHOTIKO.

(1)) H Pdaon dedopévarv tov Aoyiopukov LabBase vmootpilelt v elcaywyn 1000
ONUOGlELUEVOY OGO Kol 0ONUOGIEVTOV-TPOcOTIK®V dedopévev. H epapupoyn €xet

oxed100TEL KOTA TETOO TPOTO MOTE VO UTOPEL VO TPOGOPUOCTEL OTIG AVAYKEG TOV
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KdOe ypnom TapEYovTdg TOv TN SVVATOTNTO VO TN XPTOLUOTOLEL MG U0 TPOGMTIKN
Baon oedopévov. AvtiBeta, m Pdon dedopéveov ComBase mepihapfaver povo
onuooctevpéva ogdopéva, To omoio eivon mpooPaciuo povo yoo emefepyacio. H
ComBase dgv mopéyet tn OvvatOTNTA GTOVG YPNOTES VO EIGAYOLV T OWKEL TOVG
dedopéva.

(ii1)) H doun g Paonc dedopévov LabBase Paciletor o TUMIKN YPOUUIKY] HOPOT|
OOV Ol €YYPAPES OPOVVTIOL GE TPELS TEPLoyEg dedouévav. H dopn g Paong
dedopéveov ComBase Paciletonr oe Tumikn ypoppikn popen 1 omoila meptlapPavet
évav KOPlo Kot TOAAOVG SEVKPIVIOTIKOVG Tivakes dedopévev (Baranyi & Tamplin,
2004).

(iv) m PBaon dedopévwv LabBase mepiéyet v KOWVOTOUO GULVOOELTIKY E£PAPLOYT,
avtiotoym g omolag dev vrapyet otnv ComBase. H epoppoyn avtr| eunepiéyet Evav
KOWVOTOUO PUNYOVICUO O omoiog £xel avomtuybel pe okomd vo amodnkevel To GOVOAL
dedopévav mov moapdyovior amd T owdikacio g enegepyaciog Kot amopUOVOONS
TOVG PETA OO AVTIOTOL(ES EQAPLOYES EPOTNUATMV AT TO YPNOTY TPOG TO AOYIGUIKO.
Emumiéov, o unyaviopds avtdg mepthapfdvetl Eva cvotnua eronteiog kot dtoyeipong
TOV omoONKELUEVOV CUVOL®Y Oed0UEVOV TOPEYOVTOS OTO YPNOTN TN dLVOTOTNTA
EMOVOPOPAS €VOG amodnKevpuévov cLVOAOL JedOUEVOV MOTE VO, GLVEYIGEL TNV
EKTELEOT] TOV gpOTNUATOV amtd exeivo To onpeio. H dwadwasio avtn eivon wdiaitepa
YPNOUN ETEWT| AVTILETOTILEL TO TPOPAN LA TNG AKVP®ONG TNG CLVOAIKNG S1001KAGT0G
avdAvong tov dedoUEVEOV amd TO YPNOTH GTNV TEPIMTOOT TOL ALTOG EYEL KAVEL gite
KAmolo odApo Katd T dadikacio g avaltnong tov 1 €xel emAEEEL Eva dpOUO
avalnong o omoiog dev TOV 001N YNCE 6TO EMOBLUNTO ATOTEAEGLAL.

H avantuén tov Aoyiopukov meptypdoetot avaAivtikd oty epyacio “LabBase:
Development and validation of an innovative food microbial growth responses
database”, n onoia dnpocievTnke 6T0 d1ebviC meprodikd Computers and Electronics in
Agriculture (85) tov ekdotikov oikov Elsevier, and tovg Psomas et al. (2011)

(Ewova, 2.13).
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ARTICLE INFO ABSTRACT
Article history: The use of predictive modeling software may markedly contribute to the better understanding of the
Received & October 2010 microbial behavier in foods. In this paper, the development and validation of a tertiary model, which
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provides predictions of microbial growth in foods under dynamic or static temperature conditions, is
Accepted 24 January 2011

presented. In particular, the UGPM (Unified Growth Prediction Model ) software applies the Baranyi and
Roberts (1994) primary model, coupled to a secondary temperature model, in order to simulate growth
of a given microorganism during storage of a specific food or food category. The software, intended to be
used by both expert and non-expert users, may be a valuable decision support tool for the food industry,

Keywords:
Predictive microbiclogy
Food safety

Microbial growth prediction by assisting in the management of foods based on their actual sheli-life and microbial safety, thereby
Safety m‘;w model limiting the deterministic “best-by" practice for the determination of shelf-life. The latter is commonly
Dynamic temperature conditions based solely on empirical observations and has high uncertainty. This in turn, may result in the rejection

of large quantities of unspeiled or safe foods, or even in the distribution of spoiled and unsafe foeds, due
to ignorance of the effect of temperature abuse on the microbial spoilage and safety of products.
© 2011 Elsevier B.V. All rights reserved.

Ewéva 2.13. H egpyosio oty omola meprypdoetor m avdntoén tov Aoywopkov “LabBase”,
dnuoctednke 610 d1eBvig emotovikd mepodkd “Computers and Electronics in Agriculture”

To Aoywopkd LabBase avapévetor vo mpocs@épel TOADTILEG VINPEGIEG OGOV
aQopd GTNV AGPAAEID TV TPOPIL®V KOTE TN dadKacio g petamoinong tovg. H
TANpoedpnon N omoia mapéyetar amd ) Bdon LabBase pnopet va a&tomomBet amd
Bropunyoavia Tpoeip®my yio TNV EKTIUMON TOV SLYNTIKOL KIvOHVOL TNG LIToRAdoNS TG
UIKPOPLOAOYIKNG TTOWOTNTOG KOL OCQAAELNG TOV TPOPIU®V KATA TN OPKEWD TOV
otadiov mapackevnc tovg (Kang et al., 2000), ¢ pikpoPilokng otabepotntag véEmv
TPOIOVTOV, T OTOoiol TPOEPYOVTOL Omd AVTIOTOUM TOPAUOOGLUKE, HE UETAPOAN NG
obotaong 1N OWOKOGIOG — MOPACKELNS  TOVG, NG  €midpacn  VE®V
CUVTNPNTIKOV/OVTIUIKPOPLOKOV 6T UIKpoPlokn avamtuén, Kot Tov ypovov {ong tomv

TPOIOVTWV 6TO PAPL, e Paomn T pikpoPilokn Toug otabepdtnTo.
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KE®AAAIO 3

Avantoén Kol EMKOYPOGT TOV TPLTOTAYOVS HovTELoV Tposopoimons UGPM yw
™V TPOfAreYN TNS AVATTVENS TOV HIKPOOPYAVIGUAV TOV TPOPILOV KAT® 00

ouvakég kot otadepéc cuvOnkeg Oeppokpaciog

EIZAT'QI'H

Ta pobnuotucd povtéda mpdPAEYNG TNG ATOKPIONG TOV LUKPOOPYOVICUDV TOV
TPOPIU®V aoTEAOVV BepeA®ON epyaieia TG TPOPPNTIKNG HiKpoPloroyiag, E101Kd yia
To. étola mpog Katavdimon tpdéeua (Ready-to-Eat foods). H cuopfoin toug eivon
TOADTIUN GTNV TPOGTAGIN TOV KOTAVOAMTIKOD KOO OGOV apopd TNV TPOANYN TV
TPOPIKAV OMANINpLdcemy. Zoppwvoe pe tovg McMeekin et al. (2006), pe ta
padnuotikd povtédo tpdPreymg eivar dvvorr n extipnon tov Padbuov éxbeomng twv
KOTOVOAWTOV OTo EMmedn TV Todoydvev KPOOPYAVICU®V KATO TO YPOVIKO
dlloTnUe. TG KATOVOA®ONG  Tovg.  MéEpog TV poOMUOTIK®OV  HOVTEA®V
cvotnpoatoromnke oe Tprtotayn poviéha (Aoyiopkd mpoPieync) pe okomd v
EVKOAOTEPT KOl TOYVTEPT] TTAPOYN TPOPAEYEMY TOGO TTPOS T EPEVVNTIKA KEVTPO OGO
Ko TN Popnyovia tpoeipwv. Ta tprrotayr poviéla meptlopupdvovv mpwtoToyn Kot
OELTEPOTAYY| AVTIOTOLYO, Ol TAPAUETPOL TV OTOi®V TEPLYpdpovy TeEPPaAAovTiKoDg
KOl QUGTKOYTKOVG Ttapdyovteg Kabmg Kot tpocheta tpogipwv (Baranyi & Tamplin,
2004).

Mepikd amd ta o dSNUOPIAT TPITOTAYY| LoVTEAD Elvat:

(1) PMP (Pathogen Modeling Program. To Aoyiopuxd avtd mepriopPdvel poviéia

nov Pacilovion 6NV pappoyn g cvvdptnong Gompertz e GuVOLAGUO e avAAVoT
EMPAVEIONG  amOKpIoNG. Avamthydnke yPNOUOTOIDOVTINS EKTETAUEVO, TEIPUUATIKA
J€00UEVO TTAV® OTN) GLUTEPLPOPA TMOV UIKPOOPYOVIGU®OV 6€ VYpa péso (Buchanan,
1991, 1993; Gibson & Hocking, 1997). IlepihapPdver mepiocdtepa amd 40 poviéha
nafoyovev UIKPOOPYOVIGU®OV To. Omoio. apopolv o€ HOVIEAN avAmTuEng Kot
adPOVOTOINoNG Yo S10POPETIKOVG cuvOvaoUoVs Beppokpacioc, pH, cvykévipwong
dAatoc/evepyotntag vepol (NaCl/ay) kabmg Kot Wdlaitepwv cuvONKOV OTmG TOTOL Kot
OVYKEVTPMOOELS OPYOVIKOV 0EEMV, aTHOoEOpEC | ViTpikd GAata (Buchanan, 1993).
Eniong mepihapfaverl v enidpoon tov Beppokpacidv yHoéng oty avamntvén tomv

Clostridium botulinum o Clostridium perfringens petd to paysipepo. Avontoydnke
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and v Ymmpeoia Aypotikng ‘Epevvag (Agricultural Research Service) tov
gpevvnTikon kévipov “Eastern Regional Research Center” tov Yrnovpyeiov [N'empyiog
tov H.IT.A (USDA, 2009a, 2009b).

(i) Sym’Previous. Anotehel £va eKTETOUEVO GUGTNHO ANYNG amo@dcewy ['aAAKNG

avdntuéng, to omoio meptlopPdaver agevoc pio Bdon mov mepthapPdvel dedopéva
avamTuEng Kol adpavomoinong e amoOKPIoNS TV HIKPOOPYOVIGU®OV GTO TPOPLL,
aQeTEPOL HOVTELD TTPOPAEYMC TG avénong kot adpavomoinong Tov mabdoyovmv
Bakmnpiov Kot peptkdv pikpoopyavicpmv airoioong (Leporq et al., 2005).

(iii)) Food Spoilage Predictor. Avamthybnke amd Avotparovg epsuvntég (Tunua

Aypotikng Emotiung, Ioavemomuo g Tacupavio, Avotpaiio) pe okomd tnv
TpoPAeyn Tov pLOUOY NG aAAoiwong (e&attiag TG dPAoTC TV LKPOOPYAVICU®Y) GE
éva peydAo €0pog TPOPILOY VYNANG TPMTEIVIKNG TEPIEKTIKOTNTAS, OLOTNPNUEVOV CE
amAr] Yoén 6mwg to KPS, T WYAPLo, TO TOLVAEPIKA KOl TO, YOAUKTOKOUIKE TPOIOVTAL.
To Aoywopkd emkowwvel pe pkpod peyébovg ovokevn pétpnong ypoOvov-
Oepuoxpaciog (data logger) n omoia T0 Tpo@oOdOTEL e dedOUEVA. £TO AOYICUIKO aVTO
nepthapPdvetan to povtéo Pseudomonas predictor tov Neumeyer et al. (1997).

(iv) Seafood Spoilage Predictor (SSP). To Aoywoukd oavomtdybnke omd v

gpevvnTikn opdda tov Paw Dalgaard tov EBvikody Ivotitovtov Tpoeipwv tov
[ToAvteyveiov g Aaviog, pe okomd vo KataoToel dvvor v TpoPrieyn g
SLAPKELOG CLVTNPNONG OEWPAS TpoPinmy Bardooiag mpoéievong. Tlepthappdvel toco
KIWNTIKE 0G0 Kol EUMEIPIKE LOVTEAN GLYKEKPLUEVOV UIKPOOPYOVIGUAOV OAAOI®mONG
(Dalgaard et al., 2002). To Aoyiopkd avtd eEedlyOnke oto Seafood Spoilage and
Safety Predictor (SSSP) to omoio Aeitovpyel oe Microsoft.Net runtime environment
(SSSP, 2009).

(v) Epyadeia poviehomoinong e ComBase (ComBase modeling toolbox), ta omoia

avantHyOnkay and v epevvnTiky opdoda tg ComBase tov Ivetitobtov ‘Epevvog
Tpoopipwv (Institute of Food Research—IFR) oto Norwich tg Meyding Bpetavioc. H
oelpd avt Aoyioukav mepiiopupdver 1o ComBase Predictor (to omoio amoteAel
BeAtiopévn kol eUTAOLTIGUEVT] SLOOIKTVOKY €KO0OCT] TOV OTOVOLOL TTPOYPAULOTOS
Growth Predictor), to Perfrigens Predictor a1 to DMFit. To Aoyiopiké ComBase
predictor meptlappdver éva ovvoro amd 23 poviélo avamtuéng Kot 6 povtéda
Oepuikov  Bavatov yw MV wPOPAeym TG KPOPlOKNG  amOKPLONG  OE
TEPPOALOVIIKOVE KOl QUGIKOYNUKOVS  TEPPUAAOVTIKOVG TOpAyovTieg Ommc 1

Bepuokpacio, N cvykévipmon drotoc, to pH k.é. (ComBase, 2007). To Aoyiopko
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Perfrigens Predictor amotekel pia epappoyn v v mpdPreyn g avdmtuéng Tov
pkpoopyoviopo¥  Clostridium perfringens katd ) ddpkelo TS YHENS TOV KpeQT®V
puetd to poyeipepo (Le Marc et al,, 2008). To Aoyiopukdé DMFit amotedel pia
ePapuroy” pe v omoia givor dvvotd va mopactafel YPoPIKA O HEYIGTOC €101KOG
puOLOG avbENong/Bavatov eved pumopel vor VIOAOYIGBOOLV TOAAG ypnoipa dedopéva
OT®MG M PACT TPOGAPUOYNG, M OPYIKY KOl 1 HEYIOTN GLYKEVTPMOOT TOL TANOLGLOV
TV pukpoopyavicumv (ComBase, 2007).

(vi) Tprrotoyéc povtéAo yia tnv  mpofiswn e avénonc/adpavomoincone ne

Salmonella spp. kdt® amd dvvapukés cvvinkeg Bepuokpacioc, pH kot gvepydtnTOg

ToVv vepo (ay) (Pin et al., 2010).

Mé£pog Tov AOYIGHUIK®OV anToV gite dlatiBevtor uovo Yoo eUmopikn ypnon eite
EVOOUATMOVOLV TO, LKPOPLoKE LOVTEAN GTOV KAOOIKA, PNV EMTPEMOVTIOS GTO XPNOTN
va glodyetl véa pHovtéa dlywg e£0ve1080TNon omd tov mpoypappatioty. Emmiéov, ta
evoopatopévo povtédo Baciloval eite og epyactnplokd 0e00UEVA EiTE TPOEPYOVTAL
amd TEPLOPIGUEVOVS GLVIVACUOVS TPOPIL®Y KO LIKPOOPYOVIGUMDV.

Ot avotépo meploplotikol mapdyovieg odMynoav oty  ovamtvln tov
Aoywopikov UGPM (Unified Growth Predictive Model) to omoio agopd oe éva
TPITOTAYES LOVTEAD TTPOPAEYNG TNG AVATTTUENG TOV HKPOOPYOVIGUDV VIO OLVOIKEG
Kol oTaTikég cuvOnkeg Beppokpaciog pe ™ Porfeld TPOTOTAYDOV Kol SELTEPOTAYDV
povtélmv (Psomas et al., 2011). O pnyaviouodg Asttovpyiag Tov TPITOTAYOVS LOVTEAOL
UGPM Boaociletar oto0 mpototayés poviéAo tov Baranyi & Roberts (1994) oe
oLVOLOCUO HE TO dELTEPOTAYEG HOVTEAD TeTpaywVikng pilag twv Ratkowsky et al.
(1982). To tprrotayég poviéAo mpooopoimong meptiappdavel pio Bdon dedopévav
omoio meptAapPavetl onpoactevuéva, pikpoPlakd povtéla to oroio amotelovvrol amod 4
puovo mapopétpoug ava povtédo. H Pdon dedopévov tov pukpoPlok®dv HOVTEA®V
EVNUEPDOVETOAL OO TO YPNOTI EVO 1 aPYIKN £€KOOGN TOL AOYIGHKOD TepAapPdvet
HOVTELQ TOL OTTOT0L TTPOEPYOVTOL OO EUTOPIKE TTPoTOVTA. Ta 0O AVTA XUPUKTNPIGTIKA
gpyovtal o avtifeon PE TO OVTIOTOL(O YOPAKTNPIOTIKO TOV AOYIGUIK®OV T OTOoio
avapéptnkay avotépm. To UGPM esivor éva dwaitepa edypnoto Aoyiopukd (user
friendly) to omoio amevBvveton ce pn éumeipovg ypnoteg (non expert users). To
Aoyiopkd UGPM dwatifetor dwpedv otovg evdtapepopevoug (Psomas & Skandamis,

2009).
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IHEIPAMATIKO MEPOX-ANAIITYZH AOT'TEMIKOY

To Aoywopkd UGPM avamtdoynke pe kodwo VBA (Visual Basic for
Applications) oe mpoypappotioticd mepiBiriov Microsoft Excel® 2007 kou 2010
(Walkenbach, 2004, Petroutsos, E., 1998). [Tapéyet mpoPAéyelc yio TV amdKpion Tov
pikpoProkmv tAnfuoumdv tov Tpo@ipmy (raboydvav 11 0AL010YOV®VY) DTTO OLVOLKEG
N otatkéc ovvOnkeg Oepuokpociog. 1o Aoylopukod eivar dvvatd va gicaybodv
duvapukd dedopéva Beppokpaciog-ypovov (t-T) pe m popon apyeiov Excel kot va
LETAGYNUOTIOTOVV 08 TPoPAEWELS TUKVOTNTOG TANOLGHOD TOV HKPOOPYOUVICUDV EiTE
HE TN HOpON OplOUNTIKOV OEOOUEVAOV E1TE HE TN HOPON YPUPIKOV TOUPACTACEDV
avticTolyO.

To dwpopkd povtého tov Baranyi & Roberts (1994) éxet mpoypappatiotel
oto0 Aoywopkd UGPM emedn eivar €dkoho otn yprion tov, epopudletar vmod
duvapIKEG GLVONKEG, £XEL KOAT TPOCOPUOCTIKY TKOVOTNTO EVD Ol TEPICCOTEPOL OO
TIC mopapéTpoug Tov (AavBdvovca kot ekBetikn @don avamtuéng) eivar ProAoykd
gpunvevoyeg (Lebert & Lebert, 2006). ‘Exst ypnowonomfel evpémg ot
povtedomoinon g pikpoProkng avantuéng péow tov Aoyispukod DMFit (ComBase,
2007) 10 omoio eMTPETEL TNV EVKOAN TPOCAPLOYT TWV SEGOUEVAOV OTIS EEICMGELS TOV
povtélov avtov. To 1010 poviéro €xel mpoypappatiotel oto Aoywopukd ComBase
Predictor mov pmopel va wpoPAéyet T pikpoPlaky] amdKpion o dSLVVOUKEG cuVONKEG
Beppoxpaciag. O Fujikawa & Morozumi (2005) emiong avéntuéav €va TplroTary€s
povtéro to omoio Paciletal 610 poviého twv Baranyi & Roberts (1994). To povtério
TOVG aPOPA otV TPOPAEYN NG avarTLENG ToL TalBoyodvov PBaxtnpiov Staphylococcus
aureus Kol G mopoymyns 1to&ivng amd to 1010 PoKTAPlO GE OMOCTEPWOUEVO YAAQ
Kdto amd petaforidpeveg cvvOnkeg Bepuokpaciog. Evdwapépovia oydia yio
xpon Tov povtélov twv Baranyi & Roberts (1994) éyovv emiong ovapepbel oe
ypéupa wpog v emBewpnon Applied and Environmental Microbiology, amd toug Le
Marc et al. (2007).

3.1. MaOnuartixn Bswpnon tov pirotayovs poviéloo UGPM
H mpocopoimon ¢ pkpofraknie avénong Paciletorl 6To Tp®TOTAYES LOVTELD

1ov Baranyi & Roberts (1994) 1o onoio ekppdaletar pe m Swpopiky Eicoon 1™

16&emg;
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dx(t)
dt 9" .
0y 1w gger e 1) 3.1

o6mov u(x) etvor n ocvvaptTnon avacToANS TG avénong, x(t) elvar  GVYKEVIpWON TOV
LUIKPOOPYOVIGUAOV GE XPOVO t KO max EIVOL O HEYIGTOG EO1KOS pLOUAS avamTLENG TOV
minfoopod tewv kuttdpov. H mapauetpoc qo omotelel HETPO NG  QPYIKNG
(UOCLOAOYIKNG KOTAGTOONG TMOV KLTTAP®V cuvoyilovtag tnv €Toldttéd Toug v
apyicovv va av&avovtor oe éva véo mepPdAiov, evd eival cuykekpluévn yio KaOe

oLVOLAGUO TPOPIHWV Kol pikpoopyoviop®v. [Ipokdntel and v eicwon:

P
qO :K—O (3‘2)

p
O apBunmg tov devTEPOL OpoL NG e&icmong 3.2 amoteAel Vv apywkn T piog
Kpiowng ovciag 1 omoio givor amapaitnn ywoo va apyicovv va oavédvovior ot
LUKPOOPYOVIGHOL VD 0 TapovouaoTig ekepalel T otabepd Michaelis — Menten. H
petafintn Py ovvoéetan emiong pe v mapdpetpo hyn onoio aroterel éva dAAo pétpo
NG OPYIKNG PUGIOAOYIKTG KATAGTACTG TOV KLTTAP®V Ko opiletor amd v e&icwon:

- ln[Qo +1J (3.3)
0,

Y7o dvvapikég cuvOnkeg Bepuoxpacioc, spappoletor o akdOlovbo cvoTnua

dwapopikmv eElodoewv (Baranyi & Roberts, 1994):

dy(1) _ Non .
Oy )( o j(l—e o) G4

do) _ (3.5)
== u(l)

»(0)=y

Le apykég cLVONKEG: {
=Ing,

kot Q(t) = Inq(t)

H npd dapopikn| eicmon exepalet ) ypoviky] e€EMEN Tov pkpoPiakod
Qoptiov evd M 0evTEPT eKPPALEL TN UETAPOAN OTN QUGIOAOYIKY] KOATAGTOOT TV
Baktnpiov pe 1o xpovo (Lebert & Lebert, 2006).

Yno otatikég ovvOnkeg, OMAadn OTav Ol TOPAUETPOL TOV HOVIEAOL Eglvol

ave&ApTNTOL TOL XPOVOL, TO SLAPOPIKO HOVTELO EKPPALETAL WG O PLGIKOG AOYAPIOLOG
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™G CLYKEVTIPMOONG TOV KLTTAp®V y(t)=Inx(t) Ko meprypdeetar amd v emALUEVT
pope1| g drapopikng e€icmong 3.1, dSnAadn:

1 em'llmax'A(t) _1
H=v. + A(t)——In| 1+ —————
YO = Yo+ o A =— e (3.6)

Omov Ymax €lvar 0 eUoKOG AoyapOlog ™G HEYIOTNG CLYKEVIPOONG TOV TANOVGHOD
TOV KLTTAPWV, Yo €ivol 0 QUOIKOS AOYAPIOHOC NG OPYIKNG CLYKEVIPOONG TMV
KuTtapov (Inxg), N TAPAUETPOC KAUTLAOTNTOC M YapoakTnpilel T peTdfacn amd v
exbetikn ot otatiky] eaon eved A(t) elvon pio Boabaio ypovikn kabvotépnon n
onoio kaBopilel tn @don npocappoyng (Baranyi & Roberts, 1994) kot meprypdpeton
ano v e&iomon:

ln(l —e M e ) (3.7
v

Ay =t-A+

omov t givan 0 xpdvoc, A givon n PACT TPOGUPUOYNS TOV HIKPOOPYOVIGHOD dNAOT TO
YPOVIKO d1doTnUa T0 0moio TapNABe Tpv amd v Evapén e eKOETIKNG pAoNg Kol v
etvar 0 puOUOC KOTAVAAMONG VITOCTPAOUATOS KOl AVTIGTOYNS Topay®myng ndlog amd
pio kpiown ovsia. H kpiowyn ovcia dtav mapayBel oe enapkn| enineda, onpoatodotet
™V €i0000 TOV KVTTAPp®V otV eKBeTIKN Pdon TollamAiaciacpob (Skandamis et al.,
1995).

O péytotog edkdg puOudg avdmnTvEng Tov TANBLGUOL TV KLTTAP®OV (max)
exkQpaletal ®g 1 cuvapTNo NG BepoKpaciag COUE®VA LE TO dEVLTEPOTAYEG LOVTELD

tetpaymvikng piCog twv Ratkowsky et al. (1982):
Ji,.. =b(T — T min) (3.8)

6mov b givan  KAion g ypouung moiwvdpounone, T eivar n Beppoxkpacio kot Ty
elval n Beopnrtiky eddyiotn Beppokpacio avdmtuéng oty omoia 0 HEYIOTOS €101KOG
pLOLOG avamtuéng tpoPrémetar va etvar undév (Umax=0). Epapudletor n eicwon 3.8
N omoia meprAapPavel pio povo Bepelmdn mapdpetpo, v Tmin (Zwietering et al.,
1991). H &ficwon avt) amotedel v amAovotepn €kO0yn €vOG OevTEPOTAYOVS
HovTéLOL emedN M mepLoyn Beprokpacidv otnv omoio AapPavel yodpoa n wopepfoin
TV (interpolation area) kvpoaiveton and 0-4°C éog 25°C avtictoya. Meyadvtepeg
Bepuokpacieg ommg 30-37°C (dnA. Péhtioteg Oepuokpocicg avamntvEng yio Tovg
TEPIGCOTEPOVE UIKPOOPYAVIGHOVS) 1 okOpa vyniotepeg (>45°C) Oo pmopovoay va.
TOPOVGIOGTOVV GTAVIN KOl LOVO GE TEPIMTMOT ATLYLOTOG GTNV YUKTIKY] 0ALGION I

Katd ™ ddpkela amodnkevong TV Tpopipmv oe Beppokpacio mepiPdirovtoc. [a to
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AOyo avtd M BepeAddng mopduetpog Tmin OewpnOnke OTL KOVOTOEL TIG ATOUTNGELS
eVOG dEVTEPOTAYOVS HOVTEAOL Yoo TV €pappoyn g &gicmong 3.8 oto Aoyiouiko
UGPM. H e&icowon oavty kobiotd TN ypnon Tov AOYIGHIKOU ovToD 100VIKY Y10
TpoPAdyel o1 omoieg agopohv oTa PlOoUnNYovVIK®OG TopayOreVe TPOPLUN T OOl
arortovv yoén N eivor otabepd o Beppokpacio mepipdriovtoc. [apdia avtd, oe
Aoylopka ta omoia mpokertal va avantvybodv oe enduevo xpdvo Ha Ntav dvvatn M
eQOpUOYN Kot AAL®V BepeMmd®v poviédmv Omtmg tov Rosso et al. (1995) ta omoia
neploppdvouy  emmpdobeteg  OepeMdOEl;  mOpaUETpOLS  OTMG 1M PEATIO
Oeppokpacio avantuing (Top) ko n péyot (Tmax) avtiotorya, dote vo mapéyovv
mpoPAéyelg yioo ™ pikpoPlaxn avénon o€ oAOKANPO TO PLOKVNTIKO €0POC TV
Oepuoxpaciwv (Psomas et al., 2011).

[TpoPAéyelg pe 1o poviélo tov Baranyi & Roberts (1994) oe dvvapucég
ouvOnkeg Oeppokpaciog eivar dwbéolueg otig otooehideg g — “ComBase”
(www.combase.cc). Ocov apopd oTa deVTEPOTAYY| LOVTELQ, T O0TTOio VITOAOYILoLV TO
OTIYMLOHO HEYIOTO E101KO PLOUG OVATTTUENG TOV HKPOOOPYAVIGUAV, avtd Pacilovton
o dedopuéva to omoion mpoépyovror omd Cwpovg (broth data) ko cuvemdg ot
npoPAéyelg Ba mpémer vo AapPdvovtor vmoéym pe TPocoyn Kot pAAAov oav

TPOGEYYION TOV TPOTOV AVATTLENG TOV PUIKPOPLaK®Y TANBLCoU®V GTo TPOPILAL.

3.2. lleprypapn twv AE1Tovpyiav tov Loyiouixod

To Aoywopikd UGPM avomtoyOnke pe ) pébodo g devopoetdons didragng
(Ewxéva 3.1). H apyikn UserForm (Initial UserForm) tov Aoywopikod (Ewéva 3.2)
nmepiopPdavel Ta akoiovBa mAnktpa eAéyyov (CommandButtons) pe tig avtiotoryeg
Aertovpyiec:

(1) “Initial Level”: Emloyn tov apyuod emmédon g HiKpoPlokng HOALVONG amd Eva
otoyeio eléyyov mlatciov Adotag (ListBox control) to omoio mepthapPdver evpog
oV amd 0.0 éog 10.0 Ko otn cvvéyew €yypaen TG EMAEYUEVNC TIUNG OF
GLYKEKPUEVO TEdIO TOV evepyol PUALOL dedopévamv “Sheetl”. Avti n tiun n omoia
neprypapetar ©¢ “LogCFU/mI” exopaler t AoyopiOukr (pe Paon 1o 10)
OLYKEVTPMOT) TOV piKpoftlakov TAnbvouol ava ml.

(11) “Model Selections”: EmAoyn €vOg cLykeKplUEVOL UIKPOPLAKOD HOVIEAOL Ovd
TPpoPKd vdoTpOUA, 10 omoio meprlapPdaver €wg 4 mapopétpovg, amd T Pdon

dedopévov tov Aoyiopikov UGPM. To mopapetpomompévo HOVIEAO OvVTIGTOL EL OF
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£VOL GLUYKEKPLUEVO GLVIVAGUO UIKPOOPYOVIGHMV-TPOPILOV, VD OAO TO. LOVTEAQ TO
omoia mepthapfavovior otn Pdon dedopévov eivar emkvpopévo (validated) ko
TPoEPYOVTOL amd dNUOGIEVGELS o€ O1ebv emotnuovikd meplodwkd (Ilivaxkag 3.1).

(ii1) “Logger Data”: Emloyn cuykekpilévou apyeiov Suvapkdv 0e00UEVaV ypdvou -
Bepuokpaciog (t-T) and Alota apyeiov mov eivol amodnkevpéva o€ GUYKEKPIUET
neproyn tov dickov tov H/Y. Ta dedopéva tov emAeypévov apyeiov €16GyovToL G€
TPOKOOOPIoUEVE Y10, TO GKOTO OVTO KEALNL TOV EVEPYOL PUALOV dedopévmv. Metd and
TNV OAOKANP®OT TG aplOUNTIKNG TPOGOUOimoNG 1 omoio AapuPavel xdpo HeTd amd
™V ooywyn tov dedopévav tov eEmtepikod apyeiov, ta  dedopéva ypoévov (oe
opeg) kot OBeppokpociog amewoviCovtal 6to otoryeio €Aéyyov mAouciov AMortog
rpOvov-Oeppokpaciog g apykng UserForm.

(i) “Constant T”: AplOuntikn Kot ypo@iKy €KTéreon NG mPocopoimong vmwo
otatikéG ouvOnkeg Beppoxpaciag. O ypnog pmopel va opicel T UEYIOTN TN TOL
YPOVOL (o€ dpeG) Kal TNV TN TS Beprokpaciog ota avtiototryo otoryeio ElGaymyng
dedopévav g oyxetikng UserForm. Xt ovvéyela, oto otoyeio ehéyyov mioicsiov
Motag ypdvov-Oepuokpaciog g apywkng UserForm amewcoviCovran ta aptOuntikd
dedopéva mov avartoydnkav pe Prua (step) 0.5 opov (h). Ot Tipég g Beppokpaciog
elval otafepég Yo TN GLYKEKPLUEVT] XPOVIKT TTEP100O0.

(iv) “Plot”: T'pagikn amewodvion ¢ pkpoPrakng adénong yio SuVoKE cuvOnKeg
Oepuokpaciog pe T HOPEY OIYHOEWOVE KOUTOUANG M omoio Ppioketor o€ dueon
e€apmon pe 115 Beprokpactokés dtokvpdvoelg (Tpogik ypovov-Beppokpaciog) oe
TPAO cOoTNUO aEOVEV, amdKPLoNc-XpOVoL-OepoKpacios.

(v) “GROWTH PREDICTION UP TO 4 TEMPERATURES”: Xvykpttikn ypa@iKt|
OTEIKOVION NG aOENONG TOL WKPOOPYOVIGUOD oV TEPIAAUPAVETOL GTO €VeEPYO
povtéro, oe 4 dapopetikég Beppokpacies. Avtéc opilovion amd 1o ¥pnoT ywo pio
péytotn T xpdévov (oe mpeg). H mpooopoivwon agopd otnv mopdAinin ypoeikn
amEOVION MG 4 OLYHOEW®V KOUTLVA®V Tov  eK@pdlovv v avénom Tov
HIKPOOPYOVIGHOV OTIC OPIGHEVEG amd TO Ypnotr Bepurokpaciec. Ta mANKTPO YEVIKOV

Aertovpyudv mepthappévovv:



(1) llpocopoicweon vid
dvvopkeg ovvBikeg
Bepuoxpacioc

(2) Mpocopoiwan vitd otabepic

cuvbnkeg Beppoxpaciog

(3) ITpéPheym avantuing uéypt 4

APXIKO
EIIIMEAQ MO

MIKFOBIAKA
MONTEAA

Bspuoxpocisg
1) 2
v (3)
KAOAPIEMOE
AEAOMENON
l  J
KAGAPIENOL
AEAOMENON

EQL 4 OEFMO
KPAIIEL ANA
LTAQEPO XPONO

FIZATOTH
APXEIOY AEAOMENA
METPHEEON ¢-T XPONOY -
OEPMOKPAEIAL
, !
POSLA AHMIOYP
XPONOY ra
- BEPMO AEAOME
KPAZIAT NaN

MONTEAD
BARANYI

ALASOPIKO

AIA$OFIKO
MONTEAO
BARANYI

Ewoéva 3.1. AGypoppo 1o omoio meptypdeel v avamtuén Tov

Tprtotayovg poviéhov tpdPreyng UGPM
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(1) Tov kaBapiopd TV
QOA®V 0EOOUEVOV TOV
AOYIGLUIKOV OTt0 TIG
aplOuNTIKES
npocopoimoels (“Reset

Data”),

(i1) ™ dvvoTdTTAL
€16000V TOV
EVOLOPEPOLEVOD EVTOG
TOV QUAAOV OEOOUEVOV
mote vo eAEYEEL TIG
apOunTIKég
TPOGOUOLDGELG 1 VO
OVTANGEL dEOOUEVQL

EVOLAPEPOVTOC,

(ii1) tnv €000 amd 10
AOYIGUKO pE 1 Yopig
amofnKevon TOV
dedOUEVMV TNG
TeEAeVTOLOG
TPOGOUOI®ONG 1 oToin
exteléotnke (“Exit (not
Saving)” ko “Save and

Exit” avtictoya),

(iv) ™ dvvartoTTOL
avVAyVmGOTG TOL

gyyepiotov xepiopo.

3.3. H paon oedouévarv v pikpofiokav poviéiwv

H eootepwkn Pdon dedopévov tov Aoyiopikov UGPM  mepihappdver

onNuoctevpéva pKpoPlakd pHoviéda 1060 yuo mafoyovoug 0G0 Kot Yo aAAOL0YOVOLG



107

LKPOOPYOVIGHOUS TV TPOQit®my. Ot TIHES TOV TUPAUETPOV TOV HOVIEA®V OLTOV
(ITivaxag 3.1) TpoPOSOTOVLV TOVG GLVTEAEGTEG TV EEICMGEMV OTMC TTEPTYPAPOVTOL
and tovg Baranyi et al. (1994) kot Ratkowsky et al. (1982), o1 omoieg cuvicTovv tov
KOPLO UNYOVIGHO TOV AOYIGHKOD, LLE OTOTEAEGUO TNV AVATTUEN TPOGOUOIDGEDV TNG
ppofrakng avantuéng oe duvapukég 1 otaTikég cuvonkeg Beppokpaciog.

Ta pkpoProxd poviéla giodyovior ot Pdon 0£00UEVEOV TOV AOYIGUIKOV.
Amotehovvion amd ta akolovba media, o omoia yopaktnpilovv TNV amodKPIoN NG
mkpoPlokng avénong oe €va ovykekppuévo €idog tpogipov (IMivekag 3.1):
Mikpoopyaviodc, VIOGTPOU, OPYIKH QLGLOAOYIKY Kotdotaorn Ttov kuttdpwv (hy,
eicmon 3.3), acvunTOTIKN cLYKEVTIP®OT KVTTAP®OV (Yend), i puOotikn Tun

omoio. ekEPAleEl TNV KOTOAANAOTNTO TOV KLTTAP®V VO TPOCOPUOGTOOV GTO VEO

nepPdArov (0<a<l), eldyiotn Beppokposion (Tmin).

Mivakog 3.1. Avimpooomevtikd HOVIEAN TOTOL TETPAYOVIKNG pilag Y
GLYKEKPLLEVOLG GLVOLOGLLOVG TPOPIULOV-UIKPOOPYOAVIGUADV, omoia
nepriopBdvovror ot faon dedopévov tov Aoyiopkov UGPM
Mikpoopyoviopog | YITOETPQOMA | hy' Yend a’ Tonin” Avagopd
Tvpocalita 2.37 8.5 0.019 | -10.7 Manios et
(Cheese salad, al. (2009)
lNoAoktucd pH 4.5)
Bakmpia (Lactic | Tvpoxagtepn | 2.55 8.5 0.023 | -4.60 Manios et
acid (Spicy cheese al. (2009)
bacteria) salad, pH 4.2)
Mayepepéva 1.03 8.2 0.057 | -6.72 Mataragas
OAAOVTIKA et al.
(Cooked cured (2006b)
meat products)
Mayepepévo 0.84 5.0 0.058 | -1.03 Mataragas
Capumdv et al.
(Cooked ham) (2006a)
Listeria [Mapadocwokn | 1.09 8.5 0.056 | -6.23 Panagou
monocytogenes KpEHQ or &
YOAOKTOG 1.75 Nychas
(2008)
Morokd topi 1.18 8.0 0.082 | -1.64
Staphylococcus dpéoko yora 1.57 8.0 0.091 | -1.70 Fujikawa
aureus &
Morozumi
(2005)

ToapGueTpog 1 0TOL0L AVTITPOSMREVEL TNV UPYIKT PUGIOAOYIKY KATAGTACT] TMV
KUTTAP®V, “AGVUTTOTIKY GLUYKEVIP®OT TOV KUTTAP®V, “Ad1A6TATOS GUVTIEAESTNC,
d@smpnrmﬁ elyiotn Beppokpacio
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Unified Food Microorganisms Growth Prediction Model (UGPM) ==
Z'rmxg'm mmou | Running Model I[;uurs l ;DC =
;‘o"‘g'r‘r’:l?: AioTag LogCFUiml-  1.600 a :
A . MO: Lactic acid Bacteria 72 s
TrEpIAap Bdvel Ta Substrate: Spicy cheese salad (pH4.2) 330 g
5550usyu ToU Ho: 2.55 = :
evEpyoU 168 5
plxggﬁlaxol] Yf’"d-' 8.5 192 15 Emlxs!'o t:.?\'s'vxou
) a: 0.023 216 8 mhaigiou AigTa
HOVTEAOU Tomin )+ 160 240 ] " <
miin (<): . 264 3 Xpovou -
[Qo-ifexpiiorl] [coop(lo0oiiGa ]| 35 : Bepokpagiag
| [ 0.084694775 0.078 336 8
360 8
Agricultural University of Athens Research Project 433;‘ g
(c) Psomas, A., Skandamis, P. (2009) :gé g
MICROBIAL MODELS ~ SIMULATION  GROWTH PREDICTION ggg g
ADMINISTRATION UPTO 4 TEMPERATURES | 555 a -
MARKTpa eAéyyou Tnstial Level [ LozzerData fope Reset Data
Blaxeipiong Twy | I Esa' . )
HIKPOBIOKGIV | - “a — MNARKTpa eAéyxou
oVTEAWY - 2 =) Slaxeipiong
H Model Selection E l Constant T | ADMINISTRATION AoyioHIKOU
Active WorkBook | References
. E Exit (not Saving)
\:E ) et \_/. I\ ‘i
= \ SaveandExit | Link Model:
|
MAfkTPO EAEYXOU MAfRKTPa eAgyxou
avayvwaong Tou TTPOCOHOIWOoNG

o8nyou Xeipiopou

Ewova 3.2. [eprypaogn g apykng UserFormtov Aoyiopuod UGPM

H scaywyn, 016pbmon kot dtaypa@n TV HOVIEA®V OALL KOl 1) EDPECT] KOl
emAoyn tovg avtictorya mpaypatomoteiton amd t UserForm “View Models Header
Data” n omoia mepthopPdver 6Ao To TANKTPO €AEYYOL Yol TNV VAOTMOINGON T®V

avotépm ddikaciov (Ewkdva 3.3).

Microbial Models Administration

MICROORGANISMS SUBSTRATE Ho

Lactic acid Bacteria Cheese salad (pH4.5) 237
Lactic acid Bacteria Spicy cheese salad (pH 255
Lactic acid Bacteria Cooked cured meat prc 1.03
Listeria monocytogenes Mizithra 1.18

Listeria monocyvtogenes Cooked ham 0.84

Ewova3.3. H UserForm “View Models Header Data” nepihopfaver OAeg Tig amapaitnteg Aettovpyieg
Yo ™ Owelpion TV UIKPOPLOKADV HOVIEA®V TG €0MTEPIKNG Paong Oedopévav Tov AOYIoULKOD

UGPM.
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3.3.1. Moyeipion g faons dedouévawv

H Aertovpyia Tov Aoyiopikod n omoia apopd 6TV €100 y®YN KOl TPOTOTOINGN
TOV HOVTEA®V Tteplopiletal o€ dV0 GLYKEKPLUEVES TTEPLOYES TOV PUAAOL JEOOUEVMV
“Sheetl”. Ta pikpoPlokd povtéda etvor amofnkevpévo oty KOPLOL TEPLOYN TOL
@OALOV dedopévov “Sheetl” m omoio emitelel poro Pdong dedopévov (database
master area), £otm, “mepoy] A” (Ewkova 3.4). Otav éva povtédo emheybel dote va
tpomontomn0el, T0TE OLTO avTrypapeTal amd TV “meployn A” e pio GAAN TEPLOYN TOV
@VOALOL dedopévmv “Sheetl” n omoia emitedel pOAO TPOSOPIVIG TEPLOYNG dtoryEipLong
¢ Paonc dedopévav (database temporary area), €61, “meproyn B”.

Edv o ypriot¢ emiééel va petafaiet ta dedopévar vOg LITAPYOVTOS LOVTEAOD,
10TE 0OV apyKd To avalnmoel kot 1o emAéEel amd ™ Paon dedopévov pe T
dwbéopa epyadreio Tov S100£TEL TO AOYICUIKO Y10l ALTHV TN SLOdIKAGI0, GTr CLVEXELD
TO EMAEYUEVO HOVTEAO (OAN M €yypapn) ovTlypagetol amd v “mepoyn A” otnv
“neproyn B”. Metd amd tpomomoinon ota dedopuéEVe TOL HOVTELOL UE T dtobéatpa
gpyareiol TOL AOYIGUIKOD, TPALYLLOTOTOLEITOL QVTOLATO S1yPOPY] TOV LOVTEAOL (OAN M
gyypaon) oty “meployn A” evd TO TPOTOTOMUEVO LOVTEAO aVTILYpAPETOL amd TNV
“meproyn B” omv mpodm ddswo ypopun g “mepoyng A” apécmg Kt omd To
televtaio povrého. Tehkd, m “meployn A” (ommv tehevtoio ypopupn e omoiog
nmeptioppavetor to 01o0pOwuévo HovTEAD) TOEIVOUEITOL OUTOMOTO HE KPUTNPLO TNV
ovopacio Tov poviéAov, eved M “meployn B” adedlel amd ta dedopéva. Avtictoryo
TPOYUOTOTOEITOL 1] KATOYMDPNON €VOG VEOL HOVIEAOL, OMOL 1 ECAYOYN TOV
dedopévav tov AapPdavel yopo amevbeiag ommv “mepoyn B eved ot ovvéyeia
aKoAovBeitar 1 1010 S dkacio TOV TEPLYPAPNKE AVOTEP®.

Ta mktpa eréyyov ¢ UserForm “View Models Header Data” kot ot
avtiotolyeg Aettovpyieg dtayeipiong g pikpoPrakng Paong dedopévav gival (Ewkéva
3.3):

(1) “Enter Microbial Model”: Eicaywyn tov Tu®v £vog vEou pKpoPlokod HoviELOL.
(1) “Update Model Data: Tpororoinon tov Tidv evog HikpoPlokon HoviéAov.

(ii1) “Delete Model”: Awaypon Tov ETAEYUEVOL HOVTELOV.



Enter Header Data

Microorganism
Substrate

Ho

Yend

a

Tmin

oo ||

JI1]

Update Header Data

Morganism | ‘

Substrate

Ho

Decimal values are

separated by dot ()
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UserForms gicaywyng

Kot 916pBmwong
piKpoPlaxmv

HOVTEL®V

Sheetl:

Yend |— eg
Ho = 237
a Yend = 83
a = 0019
Tmin l— Tmin =10.7
OK | CANCEL
A B | C I | E
1 |INITIAL (STD) VALUES
2 |LogCFU/ml: 2400 2,400]
3 |MO: Lactic acid Bacteria Lactic acid Bacteria
4 |Substrate: Tyrokafteri Tyrokafteri
5 |Ho: 2,55 2,55 Header Range-Row 10-500
6 |Yend: 8.5 8.5
7 |a: 0.023 0,023 D502=used row
8 [Tmin (-): 1 4,60
| 9 |KNOWN INITIAL VALUES/MO & SUBSTRATE LIBRARY (A11-D501)
| 10 |[MICROORGANISMS SUBSTRATE Ho Yend a Tmin
| 11 |Lactic acid Bacteria | Tyrosalata 237 8.5 0,019 10.7
| 12 |Lactic acid Bacteria | Tyrokafteri 255 8.5 0,023 46
| 13 |Lactic acid Bacteria |Cooked cured meat prod 1,03 8,2 0,057 6,72
| 14 |Listeria monocytogene Mizithra 1,18 il 0,082 1,64
| 16 |Listeria monocytogens Cooked ham 0.84 ] 0.058 1.03
| 16 |Listeria monocytogene Traditional milk cream 1.75 8.5 0,056 6,23
| 17 |Listeria monocytogene Traditional milk cream-av 1,09 8.5 0,056 6,23
18 |Staphylococcus aureu Fresh milk 1,57 il 0,091 -1.7

[Teproym dedopévav

EVEPYOU LOVTELOL

Moéviun meproym
amodnkevong
dedoUEVODV TV
HKpoPlaxmv

LOVTEA®V

Ewova3.4. Awwchvdeon tov epyoleinv Sloyeiplons Tov KPoBLaK®V LOVTEAMY LE TNV TEPLOYT|

uoVIUNG oo KeEVENG TOVG

(iv) “Sort Models”: Ta&vounon tov uKpoPlok®y HovTEA®Y.

(V)

npocopoinons (Ewdéva 3.5).

“Select Model to Simulate”:

Emoyn evog poviéhov yu  évopén

me
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1
1
! ‘ APXIKH USERFORM
1

l F 3
/ Mixpofiiaxd povréia /
Emotpogi
+
>
k4 l l
Ewsayorni AvépBcaan Awoypoen
1 '
TaZwvépunon TaZwvepnon
¥
AYNANMIKH TIPOZOMOIQEH ITATIKH OIPOZOMOIQZH
Ptk S— epenlie

Ewéva 3.5. Awyeipion g Péong 6edopévav Tav LikpoPikdv poviélmv

Ol TOpAUETPOL TOV EMAEYUEVOD LOVTEAOV HETOPEPOVIOL GE GUYKEKPIUEVA
KeMA Tov @OAAOL dedopévav “Sheetl”, onv mepoyn TV O£d0UEVOV TOV EVEPYOD
LOVTEAOV, OVTIKOOIGTOVTAG TVYXOV Tponyovueva dedopuéva (Ewkova 3.2, 3.4).

Otav to 0edopévVa VOGS ETAEYUEVOD LIKPOPLOKOD HOVTEAOL LETAPEPOVTOL GTO
avTioTO(O KEALDL TNG TEPLOYNG TOV EVEPYOV HOVTELOL, TOTE AAUPAVEL YDPO CVTOUATOG

vIoAoYIo oG TV petaPintdv Qo' kat ay” (Ewkéva 3.2), cOpemvo. e TI eE1I0GOOELS:

(3.9)

Anéoeen 3.9: And v g€icmon 3.3 tpokHmTEL OTL

H0=1nQ0+1:>eHO=QO+1

=™ Qo=0, +1= Qoll—e™)=-1=

! £TOILO™TAL TOV KVTTAPOV VoL 0pyicovY VoL avédvovtatl 6g Eva VEO TEptBEALOV.
2 avakoyio Tmv KVTTAP®V T0, 0TToia avVomTHGEOVTaL 6TO VEO TEPBAALOV LiE TOV {810 pLOUO dTmG 6TO
nwponyovuevo (Baranyi & Roberts, 1994, Baranyi et al., 1995).
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—Ho — QO
1+ Qo (3.10)

d, =

Anooen 3.10: And v g€iomwon 3.3 mpoxvntel OtL:

1 1
HO — ln QO + = eHa — QO + = Il_[ — QO — ao e—Ha — QO
Qo Qo e” 1+Qo 1+ Qo

3.4. Ilpocapuoyn tov 0109opikod LOVTEAOD GT0 AOYIoUIKO

To dwpopikd povtédo tov Baranyi & Roberts (1994) to omoio cuviotd tov
KOPLO LUNYOVIGUO TNG TPOGOUOIMONG TS MKPOPLaKNG adENONG £XEL TPOYPOUUOTIOTEL
010 Aoywopikd UGPM. Ot Baranyi et al. (1995) €dei&av 611 1| dwopopikt| e€icmwon 3.1
etvar €ykvpn kdto ond petofarropeves mepiParlovikég cvvinkec. Ot Baranyi &
Roberts (2000) vrootpilovv OTL 1| ETAVUEVT] HOPPT] TOV SLOPOPIKOD TOVG LOVTEAOV
(e€lomon 3.6) ocv elvar Eyxvpn Vo petafoairopeveg meplBarllovtikés cuVONKeEG VD
n mpoocopoimon otov H/Y 1 omoia otnpiletar oe avty v e€icwon amoterel pdévo
npocéyyion ¢ mpoPreyns. To poviého avdmtuéng oe Suvapkd petafoariopeva
nepPdAlovio mPENEL Vo €QapUOoTEL GE Olopoptky popen. [ 1o Adyo avtd,
TPOYPOUUOTIOTNKE TO GVOTNHA SPOPIKOV elohoewv (g€lomoels 3.4 kot 3.5) o610
hoyopkd UGPM pe katdAAnieg mpocaployég €161 MOTE Vo amopevyfovv mbavd
CQOALOTO KOTO TNV EKTEAECN TOL TWPOYPAUUHOTOS eEontiog Tng vmepyeilong
dedopéveov (overflow) (Baranyi & Roberts, 2000).

Avvapikd dedopéva ypovov-0eprokpociog 16dyovtal oTig 00 TPMOTEG GTNAES
TOL PVUAAOVL dedopévav “Sheet2” to omoio £xel £101KA OPIOTEL Y10, TOVG VTOAOYIGLOVG
™m¢ mpocopoioong (apBuntikn mpocopoiowon). Ov eflowoelg meptrapPfavovv
HETAPANTEG KOl CLUVTEAEGTEG TTOL AQUPBAVOLY TO EGOUEVO TOVG:
(1) Amo T1g TOPAUETPOVS TOL EVEPYOL LKPOPLako LOVTEAOD.
(11) Amd 1o ewoepyduevo duvaptkd dedopéva ypodvov-0eppokpaciog 1 T CTOTIKA
dedopéval.
(ii1) Amd ave&apmteg €£10MDOELG Ol OTOIES YPNGUYLOTOLOVVTIOL Y10 TOV VITOAOYIGUO
HETOPANTAOV TOV S10poptkov cvotNatog (eElemaoers 3.9 kot 3.10).

O e€lomoelg, €101kd eketveg o1 omoieg mepAapuPavouy TOAAES HETAPANTES Kot
ekBetucog mapdyovieg, etvar duvatd va mapdyovv dedopuévo pe ceaipata eEontiog

g vrepyeilong dedopévav. Eivar 60okoro vo eleyyBel edv To omoteAéGHOTO HiOG
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dpopkng e&icmong mepropilovtar evidg g avapevouevng taéng peyébovg, td6co
HUAAAOV EVTOG TOL OVOUEVOLEVOD EXPOVE TILMV.

YOopupova pe tovg Baranyi & Roberts (2000), eivor amoapaitmto vo
dwwopoMotel 0Tl T0. OMOTEAEGUOTO TOV VTOAOYIGH®OV dgv Ba vmepPaivovv v
avapevopevn taén peyébovug. o va avtipetomotel 10 TPOPANUA AVTO GTO AOYIGHIKO
UGPM, éroPe ydpo HETACYNUATIGUOC TOV EEIGCMCEMY, Ol OTOIES ATOTEAOVVTOL ATd
TOMEG PETAPANTES KO EKOETIKOVG TOAPAYOVTES, GE EEICMOELS E TEPLOPIGIEVO aPOLd
petapfntov. Ot petafintés kotavepnnkav ce amlodotepes €£1GMGES VD O
W10 TEG TV pPETAPANT®V opiotnkay avotpd. Katd cuvéneia, n tédén peyéboug tmv
pepikov anotedecpdtov kébe eEicmong télnke vd Eleyyo mpwv amd TV E1G0YOYN
TOVG OTNV TEAIKY| e&lomon).

Ot petapintéc ov omoieg opifouv o pEYIGTO €0WKO PLOUS avamTLENG TOV
TANBLGUOV TOV HKPOOPYOUVICUDV Hmax KOODG Kot TNV KPIoIUn ovcio mTov mpémel va
mopayfel and ta KOtTOpa dote va €&EABovV NG PAONG TPOCHPHOYNS KOU VO
eloéMovv o exbetikn @don avarntuEng Q(t), AapBavouy tiuég and v e&icwon mov
nEPLYPAPEL TNV €£APTNOoN TOL UEYIGTOL €W0KOV  puBuod oavdmrtuéng amd 1

Bepurokpacio KoM Kot TG Kpioung ovsiag amd To PEYIGTO £101KO pLOUS avATTLENC.

Anhodi,

f =t [1°C = (= 1,,))] F n(10) G.11)

Kot

Q0= 00 e+ I (i) = Time(d) g
(3.12)

OToL:

previous value /nextvalue: H e&lowon AouPdver v Tyun ¢ GLYKEKPUEVNG
petafAntig amd 1o avtiototyo medio To omoio avikel otV Tponyovuevn (previous
value) | omv emopevn ypapun (next value) oe oyéon pe avtiv otnv omoio AapuPavet

xopa N exktéreon g e&lowong Kabe ypovikn otiyun. O deiktng previous/next eivar
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évag xopkog deiktng o omoiog yapaktpilet pio cvykekpipévn pebodoroyio eniivong
TOV SPOPIK®OV EEICDGEMV € EQUPUOYEG TANpoeopiknG (Psomas et al., 2011).

Time (d): O ypdvoc oe Nuépec.

O1 ouvOnkeg enidvong g dtapoptkng Eicmong eivar ot €€1¢:

{umax (previous value) < Mmax < umax (next value) - l’l“max (previous value), “max (next value) € umax neigthurhOOd

Tlme(d) (previous value) < Tlme(d) . Tlme(d) (previous value) € Tlme(d) neighbourhood

H apywn T g ovykévipoong s kpiciung ovsiog vroroyileton amd v eicwon:

o) =In(Q,) (3.13)

H petafint tov ypdvov (oe nuépeg) voroyiletal and v e&icwon:

Time(h) (3.14)

Time(d) = 4

omov Time(h) etvou n TIUN TOL XPOVOL GE MPEG.

H tehkn ovykévipoon (mokvotnto wAnOuGHov) TV HKPOOPYOVICUMV &lval 1
puepdtepn T petaEd ¢ e€lcwong LvmOAOYIGHOD NG CLYKEVIPMOONG TV
LIKPOOPYOVICUMY KO TNG OOAVTNG TIUNG TNG OCLUTTMOTIKNG GLYKEVIPOONG TOV

kuttapov (|Yend|).

LogCFU /ml = LogCFU | ml L 0%)m.s O
08 mi = Log ML previous value) T Treon U7 M
0mov,
K =|LogCFU / ml-(previous value)— Yend| (3.15a)
H maxnext value + H max previous value (3 1 Sb)
- 2
g Time(d) —Time(d) ,,evious vaiue (3.15¢)

In(10)
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O1 cvvOnkeg emidvong g dapopikng e&icwong eivat ot e€ng:

{LOgCFU /ml(previousvalue) < LOgCFU /ml : LOgCFU/ml(prcvious value) € LOgCFU/ml neigthMVhOOd

M max (previous value) < [max < M hax (mextvalue) & WL o (previous value), WL, o (next value) € WL - neighbourhood

3.5. Ilpofleyn ¢ ovamtong Twv UIKPOOPYOVIGU®DY DO OVVOUIKES OOVONKES
Oeproxpaaciog

Ta apyeio Suvopkdv dedopévav popeng *.xls ta omoia meptlapfdvovv Tovg
YPOVOLG ANYNG TV HETPNCEWMV (0 MPES) UE TIC avTioToryes TIHéG Beppokpaciog livat
duvatd va eisaybovv oto Aoyopkd and éva eakeho (Folder) o omoiog ovoudleton
“MODEL FILES”. Avtoc mepilopPdver poévo apyeioa HETpRoE®V  YPOVOL -
Bepuokpaociog (data logger files). Apdtov eiooyBodv ta dedopéva Tov apyeiov otV
TPMOTN Kot 0eVTEPT] OTNAN TOv PVAAOL dedopévev “Sheet2” tov AoyiopiKov, TOTE
enpaviCetoaw  avtépota n  UserForm  “Time-Temperature Profile” mn  omoia
nmeprlopPdvel éva otoryeio eAéyyov ewovag (Image control) 6to omoio amewovileton
Ypapikd to Oepuoxpaciokd mwpoeid Ttov emAeypévov apyeiov. To mpoeik avtod
avtotoryel otn cvvaptnon T=f(t), omov T eivar n Oegppokpacio (°C) ko t givor o
YPOVOG GE NUEPES.

Ymv 0w UserForm mepihapfavetor mn dvvatdotmro emdoyng: (1) g
dTnpNoNg TV dEO0UEVAOV GTN HOPPT| Le TNV omoia etonyOnoav, (ii) tng mapepoing
(interpolation) 200 emumAéov dedopévov ypovov-Oepuokpaciog (t,T) To omoia
mpoEpyovTol amd vmoloyiopovg (data generation) pe okomd va avénbel 1o apyikd
TA00G TOVG DoTE VO KOAVPOOUYV OHOAd Ta KEVAL HETAED TOV UETPIOE®V Kol VO
BeAtiwbel n axpifela g mpocopoimons. Xto ypNotn mapExeTal N SVVATOTNTO TG
TANPOPOPNONG TOL GLVOAKOV OPIOUOY TOV UETPNCEMY TOL TEPIAAUPAVOVTOL GTO
apyeio (otoyeio eréyyov mAiaiciov Alotac: “No of measurements”), ®ote avtdg va
anopacioel edv embouel vo mopepPairel véa dedopéva Pedtidvovtog TV akpipela
NG TPOCOUOI®ONG 1 VO 0yVONGEL T SuVATOTNTA TG TOPEUPOANG VEDV JEQOUEVMDV
eqv kpiver OTL 0 oplOUOg TOV UETPNOEMV €Vl KAVOTOMTIKA HEYAAOG (oTOolyElo
eAéyyov mAaiciov Adotag: “Estimated Interpolating values”). Ot diadikocieg avtég
extelOLVTOL pE Ta aviioToryo TANKTpo eAéyyov “Interpolating” yio moapepPoAn
dedopévev kat “Proceed” yia dpeom ektéleom Tng mPocopoimong xwpig mapePoAr.

Edv o ypnomc BAémovtag 10 Beprokpactokd TPOoeiA TV dEO0UEVMV TOV apyEIOV TOV
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eméleEe SlomoTMoEL OTL EMBVUEL VO E1GAYEL VAL SLAPOPETIKO OPYELD, TOTE TATMOVTOG
T0 WAKTpOo eAéyyov “Retry”, emotpépel ota mepieyduevo apyeion Tov @aKEAOL
“MODEL FILES”. Mg 10 mAnktpo eAéyyov “Exit” axkvpmvetor 1 dadikocio kot

npaypotonoeitan emotpopny otnv apykn UserForm tov Aoyicpkov (Ewkéva 3.6).

Time-Temperature Profile

16,00 -

14,00 4

12,00 4 A

10,00

3 g,00 A

= 5,00
400
200 A
0,00 : T : : r :

0o0 2000 40,00 BOO0 8000 10000 120,00
Time (days)

No of measurements :

Estimated Interpolating values:

Ewéva 3.6. Ocplokpaciokd Tpoeid Tov SUVAHIKAY 0EG0UEVOY TOV
entheypévou apyeiov. O ypnotng Exet ) dvvatdtnra va emAeEet edv Ba
EKTEAEGEL TNV TTPOGOUOIMOT LE Ta dEdOUEVA TOV apyeiov 1) €6V Ba Kavel

mapeRPorr dedopuévay.

[Matdvrag To TAnkTpo ehéyyov “Proceed 7 Interpolating” mpaypatomroleiton n
aplBuntikn tpocopoinwon. Apyikd, ta dedopéva ypdvov-epuokpaciog eppaviCovro
070 GTOLKEl0 EAEYYOV TANIGIOV AIOTOC QUVOIKAV 1 GTATIKAOV O£S0UEVOV TNG OPYIKNG
UserForm.O ypdvoc ekppdletar oe wpeg ko 1 Beppokpacia oe Pabuovg Keioiov.
> ovvéyela AapPdvel xopa 1 exilvon Tov dlupopikdv eElo®oewv Tov Baranyi &
Roberts (1994), o1 onoieg cuvicTohv ToV KOHPLO PUNYAVICUO TOV AOYIGHIKOD, GTA GVAAL

dedopévmv ta omoia etvat optopéva yo 1o okond avtd (Ewova 3.7).
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EICATOTH APXEIOY

L J

ATATPAMMA ATIEIKONIZHE
AVYNANIKON AFAOQMENON
Tt

EMEZEPTAIIA EMANASOPA

MAPEMBOAH (INTERPOLATION)
¥

MMAPEMBOAH XPONO-
OEPMOEPAIIAKON
AFAOMENGN

¥
YIIOAOTTEMOZ
i ATASO0OFPIEOY
MONTEAOY

.

Ewéva 3.7. Adypoppo g TPOGOROimoNg NG ovamtuéng Ttov

HIKPOOPYAVIGUAV VIO dUVaLIKEG cuvOnKeg Beprokpaciog

Ta dedopéva TG TPOGOUOImONG APOPOLV GTIC LETAPOAES TNG TVKVOTNTAG TNG
pkpofrokng avamtuéng pe to ypévo kar ) Oepuokpacio (Ewkéva 3.8). Me 1o
mAkTpo eAéyyov “Plot” eppoavifetor n ypoeikn OmEWKOVION TNG OVATTLENG TOL
HIKPOOPYOVIGHOV, VIO TIG cLVONKEG Ol 0Toiec TepAapPavovtal 6To evepyd HOVTEAO,
HE TN HOPON OLYHOEWOVS KAUTOANG 1 Omoio avomTOGoETAL G €5APTNOT UE TIG
OepLOKPOCIOKES JOKVUAVOELS G€ TPUWTAO oVoTNUO aEOVOV  amOKPLoTG-YPOVOL-
Bepuoxpacioc. O dovag tov ypovov (X) amoterel KOO AEova TOGO Y10 TO GUGTNLA
a&OVaV YpOVoL (o€ NUEPEG) - CLYKEVTPMONG TOV LuKpoopyaviop®mv, logoCFU/mI (y;)
660 Kot Y 10 cvotnua agovev ypdévov (e nuépeg) — Bepuokpacios (y2) (Ewéva

3.8).
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3.6. Myyoviouog mopeufoins twv 0e0oueévmwv ypovov-0epuokpaciog

Epappoletar n péBodoc e YpoUKknG TopePoAnG 6to d160146T0To Tivaka
dedopévmv ypdvov-Beppokpacioc.
Apyn Aertovpyiog: Zopemva pe ) péBodo g ypapukng tapeppfoing (Billo, 2001),
vy pio petafAnTr| x 1 omoia £xel OESOUEVES TIUEG Xmin (EAGYIOTN TN TNG HETAPANTIG
X) KOl Xmax (ovtiotoym péyiom tun), to Ppa katd 10 omoio AauPdvel yopa M

avEnomn g petafAng x opileTat amd ™ cvuvaptnon:

— X 3.16
S(x) — xmax - x]TllIl ’l‘ ¢ 0 ( )

c

KOl Xmax~Xmin

omov 1. givor pior petapinti n omoia ex@pdlel 10 PETPNTH TOV TOPEUPAALOLEV®V
THOV, Aappavovtag Tipég amd 0 émg 10000.

Toéte ta dedopévo ta omoion mopespPdAlovior HETOED TOV TWOV TOL KAEGTOL
JloTNHOTOG [Xmin, Xmax |ylo T povodldotatn pHetafint x, sivot:

Xmin

X, =x,, +S(x)

x, =x, +S(x)

x =(x__ —-1)+S(x)

max max

Epappoyn oto Aoyiopkd UGPM: H eEicwon 3.16 epoapudletal 6Tov KOOKO
tov Aoyopkod UGPM wg eénc:

Maxval — Minval (3.17)
200

step =
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e — — _—
Unified Food Microorganisms Growth Prediction Model (UGPM) X

Running Model

1,600
M/O: Lactic acid Bacteria
Substrate: Y cheese salad (pH 4.2)

B Ho(1.34)_Yend(8.5)_a(0.024)_Tmin(-)(2.32...
@J LAB_Tyrokafteri_scenl

@J LAB_Tyrokafteri_scen2

@J LAB_Tyrokafteri_scen3

&ﬂ LAB'Tymka&eri'“En-rr;l:t:e-Temperature Pmﬁle"-_ Liz-
B LAB TyrokafteriTest_

B LAB Tyrosalata_scer 2000

18,00
B LAB Tyrosalata_scer 16,00

Agricultural University of Athens
(c) Psomas, A., Skandamis, 1

MICROBIAL MODELS SIMULATION

ADMINISTRATION

14,00
B LAB Tyrosalata_scer 1200
Constant T o
&= Lab-Cooked ham 3180'0000
= 8
& LAB-Cooked product] 6,00
4,00
&) stable t-T 2.00
0,00 +
0.0 20,00 40,00 60,00 0,00 100,00 120,00

Time (days)

LAB_Tyrokafteri_scen3

Simulation -

tn

entn e e n

I}

Log 10 CFU/mI

a0 G0

Temperature Time tdﬂysl

Ewoéva 3.8. Ilpocopoimon vmd duvopikés cvvinkeg Oeppoxpaciog: AVIUTPOCOTEVTIKY KOUTOAN

avamTuéng yio to pikpoProkd povtédo “Lactic acid bacteria in Spicy cheese salad (pH 4.2)
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o6mov Minval givai ) apykn T tov ypdvov, Maxval eivar n avtictoyn péytom tiun
ko 1 otafepn Tun 200 exkppdlet Tov apBud TV TapePPoAdV Ol 0TToieg TPOKELTAL VO,
TPAYUATOTOM 000V HETAED TV OVO TIUMDV.

[Na kéBe Prpa ypdvov, N avénon g Beppoxpaciog (Tin) opiletar amd v e&icmon:

T, -T, (3.18)
- b, >t

1

T

int

= Step

f i
omov 1 ko f givar ot apykég ko TeEMKEG TYES Yo kGBe Prypa.

I éva Tpoil ¥pdvov-Beprokpaciog e TIC GUVTETAYUEVES {(0,5), (5.6),..., (40,5)}ro

Brpa g avénong tov ypdvoo giva: 40 =0.2.

200
H tiun ™c¢ Bepprokpaciog yio to mpdto Pripo Tov xpovov pmopei vor vworoyiobel mg
edng:
T -T, —5)° 3.19
{(0.5), (5.6)}: T,, = step—~—— = o,zz.M =T, =0.04°C G.19)
t,—t, (5-0)-t

To nopepPoariopevo (evyoc Tudv givar: 0,2t—5°C + 0.04°C = (0.2, 5.04)

3.6.1. Meiétn mepintwons: Tpofieyn e ovartoéng twv yoloktik@v foxtnpiov oty

wpoocaldzo. “Topokoptepn”

Ta yoraxtikd Baxtipa (lactic acid bacteria) amotelobv Tovg e£€1d1KELUEVOVG
OAAOL0YOVOLG UIKPOOPYOVIGHOVS o€ pio mopadootakn EAAnvikn tuposardto 1 omoio
ovopdleton “Tvpokagptepn” (Manios et al., 2009). H pehétn nepintwong apopd oty
TPOCOUOIMON NG AVATTLENG TOV YOAOKTIKOV Poaktnpiov cOU@OVE HE TO LOVTEAOD
tov Manios et al. (2009). To apywkd emimedo 1TNG OLYKEVIPOONG TOV
pikpoopyovicpmv opiotnke ota 1.6 log;¢yCFU/ml (mAnktpo eAéyyov: Initial level).

Ot mopdpetpot avamtuEng Tov emAeyUEVOL HOVTELOL elvarl (TANKTPO EAEYYOL:
Model Selection):
ho=2.55
Yena=8.5
a=0.023
Timin=-4.60
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Metd amd v evepyomoinon Tov HOVTEAOL Ol OAYEPPIKES €EI0MGELS
VTOAOYIGHOD TOV OPYIKOV TILOV TOV UETAPANTOV Qo Kot ag £dmcav to. akdAovHa

OTOTEAECLLOTAL:

Q0=0.085
4=0.078

[Motdvrog to mAnkTpo eAéyyov “Logger Data” emidéyetar 1o e€mtepkd apyeio
“GPF3.xls” mov mepilapfaver dedopéva  petproemv  ypdvov (1M othdn) ko
Bepuokpaciag (2" otiin). H emdoyn yiveton and Aloto apyeiov mov sumepiéyovial oe
ovykekpiévn mepoyn tov diokov tov H/Y (C:\MDL\MODELFILES). H emiloyn
npoypatonoleitol pe o mwhtnua tov TANkTpov ehéyyov “LoggerData”. Xtn cuvéyeta,
enpaviovtot T6Go 10 YPovoDEPLOKPAUTIAKO TPOPIA TOL EMAEYUEVOL apyElov OGO Kot
GAAo TANPOPOPLOKA GTOLXEIN TAL OTTOT0L CUPOPOVV TOGO GTOV OPOUd TOV TPAYUATIKDOV
petpnoewv (97), 660 Kol 6Tov aplBpd TOV PETPNCE®V Ol 0TToieg TEPIAAUPAVOLY TIG
avTIGTOLEG TPAYUATIKES LV TIS mapeUParropeves Tipég (297). H emhoyn mov €ytve
aQOPovCE GTNV EKTEAECT] TNG TPOGOUOIMOoNG HE ToPEUPOAAOUEVEG TIES (TANKTPO
eAéyyov “interpolating”) mote va Behtimbel 1 modTNTO TG YPOUPIKNG TPOCOUOIWMONG
(smoothed curve). Ta dedopéva mov mpodkvyay amd TiG €£loMGES TOPEUPOANG
(e&romosrg 3.17, 3.18, 3.19) avantoyOnkav oto otoryeio eAéyyov mhouciov Motog
rpovov-Oeppokpacioc g apywng UserForm (Ewkéve 3.8). H opiBuntwn
npocopoimon oavantbooetor ond tov koo VBA ota @OAha dedopévav Tov
neplPdrrovioc Excel mov Aettovpyel oto vdPabpo tov Aoyiopikoy o€ KOBECTMG
andxpoync. H ypaeun npocopoimwon propei vo ameicovicbet gite oe £yypoun eite oe
acTpOLOLPN LopeN avtioTorya. v kovae 3.8 supaviletol 1 ypagiky| ameikovion
™G avATTLENG TV YOAOKTIKOV Poktnpiov pe Tn HOpeN GLYHOEW0VG KOUTOANG
avamtuEng o amoKplon He Ta OedopEVA XpOvov Bepuokpociog oe TPTAO GOGTNHA
aEovav  amdkpiong-ypovov-Oeppokpaciog.  Ilapéyer oto  ypfotn  moAvTIUN
TANPOEOPNOT CYETIKO HE TNV EMOpAcT TOV TEPPUALOVIIKOV GLVONKOV otV
avdntuén tov yolokTikdv Pokmpiov ot coidta  “Tvpokagtepn”. Avty 1
TANPoeOpNoT pmopet va ypnooromBel yio v npdPreymn tov emmédonv aAloimoNg
omv Tvpokaptepn eoutiog TG OpAoNS TOV UIKPOOPYOVICUDV GE GLVONKEG

amofnkevong Kot dpa Yo To YpOHVo daTPNONG TOV TPOIOVTOC.



122

3.7. Hpofleyn s ovamtoéng TtV UIKPOOPYaVIoU®Y VIO OTOTIKEG oOVONKES

Oepuorpaacios

O ypnomg pmopel va opicer ™ pEYIOTN T TOL YXPOVOL (GE MOPES) KOl TN
Bepurokpacio oto avtictoyo otoyeia ewlcaywyns dedopévav g UserForm “Detail
Data Scenario” £étot ®ote va  ovomtuyBovv Ta dedopéva TG oplOUNTIKNG
TPOGOUOIMONG Yo OTATIKEG GLVOT|KES YpOVoL-Oepokpaciag. Ot Tyég Tov ypovov (t)
avéavovtor (pe Priupo 0.5) g ™ péyotn Ty, VO Ol QVTICTOWXES TIUEG TNG
Bepurokpaciog £yovv tn otabepn TN OV opictnke and To YpNot. Lo péytotn Tiun
xpoévou 2160 wpav (90 nuépeg), N YPAPIKN OTEKOVIOT TOV YPOVODEPLOKPACIAKOV
dedouévmv 6To avTioToryo ototyeio ehéyyov mAaiciov Alotag g apywng UserForm
anortel ypovikd ddotnua 1.05 Aentdv g dpag dtav n cuxvoTTe AEITOLPYING TOL
pkpoeneEepyaot tov H/Y otov omoio ekteleitorl ) mpocopoimwon eivar 1.83GHz.
Koatd 1pémo avdioyo 0nwg kol 6ty Tpocopoimon vrd SuVapKES cuvOnKeg
Oepuokpacioc, 1 YPAPIKN OTEKOVION TNG OVATTVENG TOV LUKPOOPYOUVIGU®Y £XEL TN
HOPOY| GLYHOEWO0VE KAUTVUANG GE amdKplomn pe ta dedopéva xpovov Bepuokpaciog. Ot
YPUPIKES TOPACTAGELS ameEKOVILOVTOL GE TPITAO GVGTNHA 0EOVOV ATOKPIoNC-YPOVOL-
Oepuoxpacioc, n Beppokpacia Opwc oty mepintwon ovt) epeaviCetar pe gvbeia
YPOUUT, TOpAAANAN oTov 0p1lovTio dEova, oo gival otabepn (Ewova 3.9).

.

-
Detail Data Scenaric: (running time:~ 38s/2160h=90d, processonl 83GHz) M

Select Hours: | 280

Step: 0.5

Enter ToC: ‘ 1 9|

Ewéva 3.9. UserForm gioaymyng dedopévav yio TNy eKTELECN TNG TPOCOLOIMONG VIO

otatkég cuvinkeg Beprokpaciac.
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3.7.1. H éxooon tq¢ otatikng mpooouoimons amoTeLEl DIOTEPITTWON THE OVTIOTOLYNG

OVVOUIKNG

Mo va emPePorndet 9 1 %
vofeon Ot N otatiky ékdoon g f/ g e sy L
TOL AOYIGLUKOV UGPM ; L 25
amotelel €101kn mepintoon Mg | 2 & Auvapikii ékGoon EX
avtioToyng SLVOUIKNG, OE €val ‘_:'7 1 &
apysio Excel sonydnoav: (i) ¥l Lo
2V TPAOTN GTHAN Ol TES TOV ? | Ls
xpOvov ot omoieg av&dvovrav 0 0

0 0 40 &0 a0 100

opord amd 0 £wg 2160 dpeg (90 RIS o Taite  TWRE
nuépes) pe Piipa 0.5 h. (ii) T 1y
D ? // s ———— oL
Beppokpaciag 30°C ot omoieg 5 1 / [
OVTIGTOLOVGAY OTIC TWEG NG g ; ; e txbaey “e
npO™C otANG. To apysio avtd z : / il
OVOUAGTNKE Al Kol 5 ?
tonobetOnke o610  QAKELO 11 [?
MODEL FILES. Xt cvvéyeio P ,:,, I » | ! n.,.em.,y.;, . e

gvepyomombnke 1O  HOVTEAO

“lactic  acid  bacteria/Spicy
Ewéva3.10.H npocopoinon vd otatikég cuvOnkes omotelel

cheese salad (pH 4.2) (ITivaxoag
VIOTEPIMTMOT TG TPOCOUOIMONG VIO SVVOKES GLUVONKEG.
1). Katomv gtonydn 1o apyeio

Al o10 Aoylopikd péom g 01dkaciog TG TPOocopoimong Vo dVVAUIKEG cuVONKES
Oepuokpacioc. Xt cuvéxel cLYKPIOINKE 1 YPOPIKY TPOCOUOIMOT TG TUKVOTNTOG
oV TANOLGLOD TOV HKPOOPYAVICUAV LE TNV AVTIGTOLYN 1 OToile TPOEKLYE Ol TNV
npocopoimon vd otatikég cuvinkeg Beppokpaciog. Ot 600 YPUEKEG TOPACTAGELS
ntav axpifog id1eg emPefardvoviag €161 OTL 1 GTATIKN] TPOGOUOIMOY ATOTEAEL

vromepintwon g aviiotoryyng dSvvaukne (Ewkova 3.10). (3.20)
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3.8. Zvyrpiuixéc npofléyels uéxypt 4 dapopetikes Geprokpacies

[Moatdvtag 10 mAnktpo eréyyov “GROWTH PREDICTION UP TO 4
TEMPERATURES” g apywmng UserForm tov Aoywopwod UGPM, eppaviCeton n
UserForm gioaywyng dedopévov “Compare Graphs per Temperature” 6mov o ypnotng
elval dvvatd va eodyst péypt 4 dpopetikéc Beppokpacieg yoo pio péEyoTn TIUN
xpoévov amobnkevong (oe opec). To amotéhecpa elvar 1 TOVTOYPOVN YPOPIKN
anewovion (LogoCFU/ml vs. time [days]) péypt 4 oypogld®@v KOUmuA®Y avanTuéng
TOV UKPOOPYAVIGU®OV 01 0T0ieg eKPPALOVY TNV aVATTTLEN TOV UIKPOOPYOVIGUMY OTIG
Oepuokpacieg avTEC cOUPOVO PE TIC GLVONKES TOV LIOYOPEVOVTOL OO TO EVEPYO

povtélo (Ewéva 3.11).

3.8.1. Melétny mepintwons 2: Xvykpitikn mpofieyn e avamtolng twv YoAaKTIKOV

Paxtnpiov otyy topocoltato “Tvporkoptepn”

XopaKkTnpioTiKy HEAETN TEPIMTOONG aPOpd M AVATTVEN TOV YOAUKTIK®OV
Bakmpiov otnv Tvpokoaptepny 6TV TO OPYIKO EMIMEOD TOV LKPOOPYOVICUDV
(Log1oCFU/ml) opiletor oty tyun 2.4. Iotdvtoag 1o ainktpo eréyyov “GROWTH
PREDICTION UP TO 4 TEMPERATURES”, eicéyovror puéypt 4 o10popeTikég
Oepuokpacies yiu éva ovykekpluévo aplud opdv dote vo avamtoydel ypagikn
npocopoimon yww TV ektipmon Tov mlavov Kwohvev KoTd TIG OldKacieg
dtyeiptong TV Tpopipmv otig Beprokpaciec oLTES.

IMa wapdderypa, swodyovon ot akdrovdeg tipés Beppokpasciag (°C): 5, 10, 15,
20 evd 1 péytotn T tov xpdévou etvan 2160 mpec. Kabe (evyoc tumv (5, 2160), (10,
2160), (15, 2160), (20, 2160) evepyomoicitanr Eex®POTA TATOVTAG TO AVTIGTOLYO
nktpo eréyyov “GO”. Kdébe (evyoc TIUOV avIUTPOoOTEVETOL UE TN HOPON
OUYHOEO0VE KOUTVUANG 1 oTtoial EKPPALEL TNV AVATTLEN TOV YOAOKTIKOV Poktnpiov cg
2160 dpeg ot cvykekpuévn Beppokpacio. Méypt 4 o1ypogdels KOUTOAES LWITOPOVV
VO OTEIKOVIGTOOV GE £YYPOUN 1| ACTPOLOVPT LOPPY], GTOV 1010 YOPO YPUPNLATOG

(Ewova 3.11).
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Running Model

2.400

Lactic acid Bacteria
Substrate: Spicy cheese salad (pH 4.2)
Ho: 2.55
Yend: 8.5
a: 0.023
Tmin (5):

Agricultural University of Athens Research Project
(c) Psomas, 4., Skandamis, P. (2009)

MICROBIAL MODELS SIMULATION GROWTH PREDICTION

ADMINISTRATION TP TO 4 TEMPERATURES Compare Graphs per Temperature

Conztant T

LEAR ALL DATA

- [

'ﬁ

‘ 5 ‘ 10 ‘ 15 ‘ 20
a?cfﬁfs) ‘ 2160)

Temperature format: e.2. 251 01 25 To Hep ‘ Continue ‘

Time format: 2140

Comparative graphs per ToC

Comparative M/O Growth per ToC :

Log 10 CFU/mI

a0

Time (days)

Coloured Graph

Ewéva 3.11. GROWTH PREDICTION UP TO 4 TEMPERATURES: Zbykpion npoPrévemv yio Tig
Oepuokpacicg avamTvEng Tov pkpoopyoavicuos: Lactic acid bacteria, 5, 10, 15 kot 20°C yia uéyiom
T xpovov 2160 mpeg 6tov To evepyd povtéro givar to : Lactic acid bacteria in Spicy cheese salad,
pH 4.2 (‘Tyrokafteri’).
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3.9. Emixopwon tov tprrotayovg poviéiov “UGPM™

H emwvpwon g opbng Aettovpyiag tov Aoyiopkod “UGPM” éyve o 600
oaocels. H mpdt odon mepieddpfove tov Eheyyo g AETovpyiog ToOv AOYIGUIKOD Kot
™V avImapofoAr] TOV TOPUYOUEVOV OLOYPOUUATOV LE OVTIOTOUYO TO OTOoio
EUTEPIEXOVTOL OTIG ONUOCIEVUEVES EPYACIES.

XopaKTNPIoTIKO TOPASEIY U ATOTEAEL TO O1AYPOLLLLO TG EpYaCiag TV Manios
et al., 2009 pe titho “Field Validation of Predictive Models for the Growth of Lactic
Acid Bacteria in Acidic Cheese-Based Greek Appetizers” (Fig. 6a). Me agpetnpio
exeivo 10 dudypoppo, EXTIUNONKE 1 TPOYLE TG KOUTOANG OVATTUENS GTO SULYPOLLLLLOL
mov avantoydnke and to Aoywoukd “UGPM”. And yvootd onueio tov agova y,
eépoviar gubeieg mopdAinies mpog tov G&ova X. Ta onueio oto omoia ot gvbeieg
AUTEG TEUVOLV TN OLYHOEW] KOUTOAN Tpofdiiovtal 6Tov G&ova X. ZTN CLVEXELN
epopuoleton n 01 dadkacios 6TO SAYPOUUE TOV TPOKVATEL OO TO AOYICUIKO
“UGPM” ko mapatnpeitor o Babuog amodxiione. Eav n tédén peyéboug e amdkiiong
etvar pikpn 10t1e Bewpeiton Ot 10 Sdypapa TOV TPOEKLYE UE TA OEOOUEVA TNG
extTipmong eivar cmotd. O GNUOVTIKOTEPOS TOPAYOVTOS TTOL EXNPPEALEL TNV OTOKALOT
elval n extipnon tov onueiov ent xdptov cOUP®VL pPE TNV AvOTEP® LeBOodOAOYia.
Eneon dpmg n amdxhon avtr| eivor moAd pukpr, Bewpeitar 6tL dev vdpyel ool
Katd TN dokacio. Ot tpoPAéyelg ol omoieg mpokvuTTOLY Od T0 Aoyioko “UGPM”
npooceyyilovv wavomomtTikd 11 avtioToryeg TPOPAEYELS OV TPOEPYOVIOL OO TNV
avdivon Tov eikdévev g epyaciog (Ewkdéva 3.12).

H devtepn pdon meprelapupove v avaptnon Tov AOYIoUIKOD 610 dladiKTLO,
™ ovyypagn Gpbpov Kal TNV amOCGTOA| TOV 6TO O1EBVEG EMGTNUOVIKO TEPLOOIKO
“Computers and Electronics in Agriculture”. Ot kpitég petépepayv 10 AOYIGUIKO amd
N GLYKEKPIUEVT S1EvBuven Tov S1adIKTHOV GTOV NAEKTPOVIKO TOVG VTOAOYIOTH KOl
gkavay evoeAeyr] €AEyX0 TOL AOYIOHIKOD TPV gykpivovv 1Tn OMUocGievon Tov.
XopaKTnploTikny eivat 1 epacn evog Kpitn 6Ta GYOAA TOV TPOS TOVG cLyypapeic: « /1
have downloaded the software ... I had some difficulties opening the data, until 1
followed the download instructions exactly”. H @opdon avt katadeikviel O6tL Eyet
mpaypatonom el ELeyyog Oyl LOVO TOV KEWWEVOL TNG ONUOGIELONG AALAL KO TOV 1010V

TOL AOYIGKOD MOTE va, eAeYyDel 1 axpifela TV avoypapouevov 6Ty gpyocia.
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Fig.6a (Manios et al., 2009)
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Adrypappo and 1o “UGPM” o avtiotoyio pe Fig.6a (Manios et al., 2009)

Ewova 3.12. Enikdpwon tov tprrotayods poviédov apofreync “UGPM” 6cov agopd oty
avénon TV YOAOKTIKGOV Poktnpiov oTmnv  TUPOGOAATE VIO  SUVOUIKEG  GUVONKEG
Beppokpaciog. XvoYETICHOC OMOTEAECUAT®OV TG OLYHOEWOVG KOUTOANG avénong Ttov
Loyopukod “UGPM” ue avtictoyn KaumdAn mov meptypdeetal otny epyacio twv Manios et
al., 2009.
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3.10. MioBeootnto. Aoyiouirxod

"Evog 1otoympog avanthydnke pe okomd va TapEYEl 0TOVG YPNOTES eAeVOepN
npocPacn oto Aoyopkd. O 16ToY®MPOg oVTOC amoTEAEiTOL AmO TPELS LGTOGEADES
dtadoong Tov Aoyispkod UGPM ot omoieg avoamtoyOnkav pe 10 AOYIoUIKO avAmTUENG
10t00eMdwv Adobe Dreamweaver® CS4. H mpdtn totocelida mepthapBavel éva
EI0AYOYIKO KEIUEVO HE TO OMOI0 TOPEYETOL YEVIKY) TANPOPOPNOY| CYETIK( LE TO
royiopukd UGPM og Omoov emokénteton Tov 1610X0po. Tavtdypova mepthapBavet
Kat 000 TANKTpa eAEyyov. To mAnktpo eAéyyov “Software” Kot To TANKTPO EAEYYOL
“Documentation” (Ewkdéva 3.13a). To mAnktpo eiéyyov “Software” avoiyer
devTEPN 10TOGEAIDO Otddoone M omoia mepthapPaver 1o ovvoespo (link) yoa
petapopd tov Aoywopkod UGPM amd to ydpo tov e&umnpetntyy (server) Omov
@uhoéeveital, 610 Ydpo Tov diokov Tov H/Y Tov £vdlapepouevov, cOLPOVA LE TIC
VTOOEIEELS EYKATACTOONG Ol OTOIEC TEPTYPAPOVTIUL OVOAVTIKE GTNV 1GTOGEMIO OVTN
(Ewova 3.13b). To minktpo ehéyyov “Documentation” meptlapupdvel to €yyepioto
repopov tov Aoywspikov UGPM. To eyyepido avtd, to omolo eivon €va apyeio
napovcioong (.ppt) mepthapuPdveral emiong kKot o610 010 TO AOYIGHIKO (TANKTPO

73T
1

eLEYYOV ¢ apywng UserForm). Tatdvtoag to cvvdeopo “here” oty mpdtaon:
“Press here for software development references” speavietar n tpitn 6T0GEASQ
owavoong (Ewkova 3.14) n omoia mepthapPavet Tig ava@opé yoo TNV avamtuén tov
Aoyopikov. To Aoyopikd dwtiBetar diymg ypéwon v kbbe evdolopepOUevo o1

devBvvon: http://www.aua.gr/psomas.

3.11. Xpnotikotyro,

H onpaocia tov Aoyiopikov UGPM yia gpmopikn ypnon dametadnke pe
dwvoun epotuatoroyiov ce 50 dropa To omoio EUTAEKOVTIOL HE TNV €PELVA TNG
HIKpoPloAoyiag Tpopipmy, aAAd Kol amacyoAovvial otn Propnyovio tpoeipwy. Avtol
KMOnNKav vo amavtioovy oe TéEVTE POCIKES EPOTNOELS Ol OTOIES OPOPOVGAV GTNV
eumepio Tovg g wpog ™ xpnon tov Aoywopkov UGPM (Ewéva 3.15). Apyikd
EMPETE VO LETOPEPOLY TO AOYIGUIKO OO TNV 10TOGEAMO O1400G1G TOV GTO GKANPO
dtoxo Tov H/Y tovg Ko omn ouvEXEld Vo, TO EYKATOGTHCOVYV OKOAOLODVTAG TIC
odnyieg eykatdotaong ot omoieg meptlapfdvoviar oty 10w 1otoceridn (Ewkéva

3.13b). H 1o100eAida mapéyet OAeG TIG avaykaieg TANPOPOPIES Yo TNV €YKATAGTOON
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TOV AOYIOHIKOD KOOMG kot To gyxelpido yepopod tov. Kovévag oamd tovg
epmmOévteg Oev eixe ekmandevtel ot ypnon tov Aoywospkov UGPM. Toéco ot
EPMTNOES 00O KOl 1 AVAAVLON TOV GTATICTIKOV OEG0UEVOV TOPOLGLALOVIOL GTNV
gwkova 3.15. Onwg mpokdmtel and Tn HEAETN TOV GTOTIGTIKOV O£dOUEVMV, TO GUVOLO
TOV epOOEVIOV domictmwoe OTL TO AOYISHKO amoTeAel €val TOAD YPNGUO

EKTOOEVTIKO epYaAELD.

l \II Agricultural University of Athens

=R

UGPM: A Food Microbial Growth Simulation Software

Software i UGPM is a tertiary model named "Unified Growth Prediction Model"

based on Baranyi and Roberts (1994) primary model, which simulates

| growth of specific spoilage organisms under iscthermal and dynamic

temperature conditions It is developed in order to assist food industries

in decision making regarding the safety and quality of their products

| Specifically, the software may be used in combination with fraceability (a)

L and temperature-monitoring systems in the chill-chain and rapidly

.. .4 assess the impact of temperature history on the freshness andfor safety
Documentatiofl level of the produicts

Illl Development: Dr. A Psomas and P. Skandamis, Assistant Professor.

|

Research group of chemical and microbial processes and
i : Asst Prof_Panagiotis Skandamis, Prof Serkos
Haroutounian, Prof. George-John Nychas Dr. Antonios N Psomas.

PRES$S HERE TO DOWNLOAD (FREE OF CHARGE)
Software [| (1). Create folder: G:MDL.

(2). Download MDLzip file to C\MDL. The file MDLzip must be
unzipped (extract to) to the specific folder.

(3). The folder then will include the following elements: (i) UGPM xls,
which is the predictive software, (i) docv.ppt, (i) MODEL FILES folder
and (iv) the introduced zipped file MDL.

(4). Double click the UGPM xls file to execute the application software.
(b) (5). When you execute the UGPM pragram you must allow the macros
to run. Environment: MS Office Pro, 2007, 2010.

For further information pls contact Dr. P.Skandamis or Dr. A. Psomas

Press here for software development references

Ewéva 3.13. [Ipa (a) xor dedtepn (b) wotooerida diddoong Tov Aoyiopikod UGPM
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SOFTWARE DEVELOPMENT REFERENCES:

Software [ Microsoft Excel Tips & Solutions from MrExcel. Software
1 development consulting services. http://www.mrexcel.com.

Pearson Software Consulting, LLC. http:// www.pearson.com/
Excel/ Mainpage.aspx.

E— N
Software development forum. hitp://www.xtremevbtalk.com.
Dowmentatiop_ Tech on the Net. Software development consulting services.
hitp:/iwww. techonthenet. com / index.php.
Walkenbach, J., 2004. Excel 2003 Power Programming with
| VBA, Wiley Publishing Inc., Indianapolis, USA.
| A

Ewéva 3.14. Tpitn wotooeiida dtddoong Tov Aoyiopikod UGPM

Ot meprocoTEpPOL 0md TOVG epMTNOEVTEG damicTOsUV OTL TO AOYICUIKO OVTO
amotelel TOAD YpNoUn PLOUN avIKN EQOPUOYN I ool Eivat EDKOAN 6T XPT oM TNG.
To oVvvoko TV gpoTBEVIOV €lval EUMEPO OTN PO TOV TOKETOL AOYIGLIKOV
Microsoft Office, evd dSwbétel mepropiopévn eumeipio ota UIKPOPLOKE TOKETO
hoywopkov. To amotehéopato TG OTATIOTIKNAG avaAvong oelyvouv pio Oetikn

TPOOTTIKNY 6T Bropnyavikn xprion tov Aoyiopuod UGPM.

XYMIIEPAXMATA

To peydho evola@EPOV TNG KOWVNG YVOUNG OYETIKO UE TNV OCQAAEW TOV
TpoPipmv £xel odnynoet ot Peitioon tov avtictorywv pedddwv druyeipiong tovg,
eV TEUMUo TV peBOdwV ovtdv amotedel kot M pkpoPloroyia mpoéppnons. H
avamTuEn aLTAG NG EMCTNUOVIKNG TEPLOYNS €ivol OTEVE GLVOEdEUEV HE TA
OepeMmon mpoPAnuato g Propnyoviog TPOEIHOV O €ivol Ol ETIOTPOPES
TPOIOVTOV, To. KPOVCUATO UIKPOPLOKG adénong dimg katd v amodnkevon Kot ot

néBodOL EKTIUMONG KIVOVLVOUL.
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EPOTHOENTEZ

15
40 -
35 ]

Noho ApreTd Alyo KaBdhou

B Eiots £UTELOC YPAOTNG OTO TakeTo hoyo kol Microsoft Office;

Eiote epmelpog xpriotng oTig pukpe frodoykes eQaproyEs;

B @zwpsits 6m o hoyiops UGPM amotehsi pia e0ypnotn ebappoyr;

[] Pcwpeite ou 1o Aoyropukd UGPM omotehel v ypriowpo s kmobeutikd spyaheio;

Il o:wpeitz GTUto hoyuopwd UGPM amatehsl £va YpR oo PLopmyavikd spyaieio;

Ewova 3.15. Aoddynon tov endoce®v Kot TG amodoyng tov Aoyiopkov UGPM

To Aoyiopikd UGPM cuvviotd éva tprtotayés poviélo 1o omoio cupPdiiet
otV €miAvon TV mpoPAnudtov avto®v. Amotelel éva egeldikevpévo Propmyoviko
AOYIGUKO TO OTOl0 €Yl GYEONOTEL MOTE VO, EIvat QIAIKO TPOG TO YPNOTY OAAG YoPig
OTMOAELNL TOV EMGTNUOVIKOL TOV Yapaktipa. [lepthappdvel 00 dapopeTikés eKd0YEC.
H pio agopd oe mpoPréyelg g avénong twv HKPOOPYAVIGHAOV VLITO SUVOUIKES
ovvOnkeg Oepupokpociog kot n GAAN Vrd ototkég avtiotorya. To Aoyiopikd
mepAopPdvel éva GOVOAO amd PovTivec EAEYYOL Ol OTOIEG TO TPOGTATEVOVV OO
a0£E10VG YEPIGUOVG TOPEYOVTOS £TGL VOV OGQOAT KOL OTOTEAEGUOTIKO UNYOVICUO
OTOVG Plopmyavikovg ¥PNOTEG Yol TNV TPOCOUOI®MON TNG HKpoPlakng avénong oe
ocuvdptnon pe tig Oeppoxkpaciec amodnkevonc.

H avéntoén tov Aoylopukod meptypd@eTon  avaAvTiKO otV gpyacio
“Development and validation of a tertiary simulation model for predicting the growth
of the food microorganisms under dynamic and static temperature conditions”, 1
omoia dnpoctevtnke oto debvég meprodikd Computers and Electronics in Agriculture

(76) tov ekdoTko¥ oikov Elsevier, amd tovg Psomas et al. (2011) (Ewova 3.16).
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Development and validation of a tertiary simulation model for predicting the
growth of the food microorganisms under dynamic and static temperature
conditions

Antonios N. Psomas®®, George-John Nychas?, Serkos A. Haroutounian®, Panagiotis N. Skandamis?:*

3 pepartment of Food Science & Technology. Laboratory of Food Hygiene and Quality Control. Agricultural University of Athens, lera Odos 75, Achens 11855, Greece
® Department of Sciences, Laberatory of Chemistry, Agricultural University of Athens, lera Odos 75, Athens 11855, Greece

ARTICLE INFO ABSTRACT
Article history: The use of predictive modeling software may markedly contribute to the better understanding of the
Received & October 2010 microbial behavier in foods. In this paper, the development and validation of a tertiary model, which

Received in revised form 3 January 2011

provides predictions of microbial growth in foods under dynamic or static temperature conditions, is
Accepted 24 January 2011

presented. In particular, the UGPM (Unified Growth Prediction Model ) software applies the Baranyi and
Roberts (1994) primary model, coupled to a secondary temperature model, in order to simulate growth
of a given microorganism during storage of a specific food or food category. The software, intended to be
used by both expert and non-expert users, may be a valuable decision support tool for the food industry,

Keywords:
Predictive microbiclogy
Food safety

Microbial growth prediction by assisting in the management of foods based on their actual sheli-life and microbial safety, thereby
Safety m‘;w model limiting the deterministic “best-by" practice for the determination of shelf-life. The latter is commonly
Dynamic temperature conditions based solely on empirical observations and has high uncertainty. This in turn, may result in the rejection

of large quantities of unspeiled or safe foods, or even in the distribution of spoiled and unsafe foeds, due
to ignorance of the effect of temperature abuse on the microbial spoilage and safety of products.
© 2011 Elsevier B.V. All rights reserved.

Ewéva 3.16. H epyacia oty onola meprypdoetar n avémtuén tov Aoyicpkov “UGPM”, dnpoctevtnke
o710 O01ebvég emotnpovikd meplodkd “Computers and Electronics in Agriculture”

Ev katoakAeidtl, 1o Aoyiopikd UGPM 1o omoio vrmootnpilel v evoopdtmon
pikpoPlok®v  poviéAwv  mpoPAeyng vy maboydvovg kot 0AAOLOYOVOULG
HUIKPOOPYOVIGLOVG, SUVATOL:

(1) va exktynogt tov kivduvo oamd N pkpofrokn avénon o€ peyaAn mowida
TPOIOVIMOV TPOPIL®V, KOt

(11) va evoopatwdel 6ta GLGTAUATO VTOGTNPIENG ATOPAGE®MY Y10 TN JLoYEIPIOT] TOVG
KOTA TN OBPKELD TNG YUKTIKNG 0ALGIONG.

[TemoiBnon amoterel O6TL T0 AOYIGHIKO OVTO TPOKELTOL VO, ATOTELECEL KOO
nedio petalh g Propnyaviag TPoPiHOV Kol TG EMOTNUOVIKNG pEVVAG TO 0moio Oa

oLUPAALEL GTN GLVEPYOGia TOVG.
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KE®AAAIO 4

Avartoén Kot emKOPOG1 Tov TPLTOTAYoVS povtédov GroPIN v tnv Tpofireyn
™¢ mOavotnTeg avartuEng 1 un avartuéng Kot TS KiviTiKNg TG avantuéng/

00PAVOTOIN OGS TOV HIKPOOPYAVIGUAV TOV TPOPIL®V

EIZAT'QI'H

Evd éyer avamtuyBel évag onpovtikdc aptBpdc Aoyispukov tpofieyns 1060
Yoo TNV KwnTikn G MKpoPlokng avamtuéng (microbial growth) 6co kot tng
pikpoPlaxng adpavomoinong (inactivation kinetics), €viovutolg ta AOYIOUIKE 7OV
g&yovv avamtuyfel yio v ektipnon t6éco tov mhovod Kvdvvov aviamTuéng N un
avdntuéng tov taboyovav (pathogens) kot aAlotoyovav (spoilage) pkpoopyovicpumv
oT0 TPOPULA, OGO KOl TNG TOoYLINTAG avATTLENG Tovg (o€ mepimTmon mov avTd
avartuyBovv), eivon efopetikd mepopiopéva (Carrasco et al.,, 2012). Onwg
avapépovv ot McMeekin et al., (2000, 2002) 1 épevva T@V GLVOINKOV avATTLENG 1 LN
AVATTUENG TOV UIKPOOPYOVIGU®Y €XEL OVUYVOPICHEL G OGNUOVTIKY] GLVIGTOCO TNG
acQAAELRG TOV TpoPipmy. Zopewvo pe tov Koseki (2009), éxovv diepeuvnBel extevag
ol cLVONKEG AVATTLENC/UN AVATTTVENG YO TO. OVTUTPOCOTELTIKA Paxthplo Listeria
monocytogenes (Bolton & Frank, 1999, Koutsoumanis et al., 2004a, Koutsoumanis &
Sofos, 2005, Ross et al., 2000, Tienungoon et al., 2000), Escherichia coli (McKellar
& Lu, 2001, Presser et al., 1998, Salter et al., 2000, Skandamis et al., 2007) kot
Salmonella spp. (Koutsoumanis et al., 2004b, Lanciotti et al., 2001). O Koseki (2009)
avéntuée éva Aoyiopkd (Microbial Responses Viewer - MRV) pe to omoio eivat
duvat) M ektipnon g mbavoémrog avantvEng/un avantuéng tov maboydvov
LKPOOPYOVICU®Y 6T TpOPLUa. To Aoywopikd avtd Poaciletor oe dedopéva g
deBvoug dradiktvaxng faong dedopévav ComBase (ComBase, 2007).

ATO TN HEAETN TOV VPICTAUEV®OV AOYIGUIKOV OamoT®ONKe OTL KOvEVO oo
avtd dev wavomotel Tavtdypove TN dvvatdTNTA TPOPAEYEDV TOV GLVONK®OV
AVATTUENG/ UM AVATTTUENG TOV UIKPOOPYOVIGUMY TOV TPOPIL®MV Kol TNG KIVNTIKNAG TNG
avEnong/adpavomoinong Tovg vtd otoTikég cuvinkes. H avdaykn avt) odnynoe oty
avamtuén tov tprrtotayovg poviéAov GroPIN 1o omoio mepilapfdver pion Pdon
dedopévov tov pkpoflakmv poviédwov. Kdébe koatayopnuévo poviélo amoteleiton

and v e&iomon eniAvong Tov N omoia amotedel dedOpUEVO, Omd TO EVPOS TOV TIUDV
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TOV UETAPANTOV NG avtioToyng e&lomong kol amd Tovg cuvTeAeoTéS TG, [ kdbe
HUIKPOOPYOVIGHO OV TEPIAOUPAVETOL GE £VOL CUYKEKPIUEVO LOVTELO, Ol TPOPAEWYELS
etvai dvvatdv va teptrappavoov: (1) Tnv mbovonta avdmtoéng 1 un avdmtuéng tov,
(i) v xwvnkn g avénoncg/adpovomoinong tov, Kot (iil) TV ovamTuén

TPIGOLACTATOV HOVTEA®V EMLPAVELDV OTOKPLIOTG TOV.

IHEIPAMATIKO MEPOXZ-ANAIITYZH AOI'TEMIKOY

To tprrotayéc poviélo mpdPreyng GroPIN avantiydnke pe koddka VBA og
TpoypappaTioTikd TeptBdilov Microsoft Excel” (exddoeig 2007, 2010) chppova pe
TIC neBOO0VE TOV TTEPTYPAPOVTOL GTO EYYEPIOI TPOYPAUUATIGHOV TV Petroutsos, E.,
(1998), xar Walkenbach, J., (2004). H Pacwn tov dour mepirappdver apevog pio
Baon dedopévov mov gumepiéxel pkpoflakd poviéda mpoPreyng g mbavotnTog
avAmTLENG/ UN avATTTVLENC, OVATTTLENG KO AOPOVOTOINGNG TOV UIKPOOPYOVIGUDY TOV
TPOPIU®V, OPETEPOL TNV LIOCTNPIKTIKY EPapuoyn (servicing application) tng Pdong
JEJOUEVMV YO TNV EMIAVGT] TOVG.

Ta povtéha mpdPreyng g pecemedvelog avdntuéng/un avantoéng (GNG)
To. omola gumepiEyovion otn Pdaomn dedopévev tov Tprrotaryovg poviédov GroPIN
amoteAoOV ypappikég e€lonoelc. Ta ypoppukd povrédla Paciloviol 6€ TOAVOVOIIKEG

g&iomoeig 2™ 1aEng, N yevikn popen Tev omoimv, copeava pe tov Bradley (2007),

exppaletar og e&ng:
_ . y 2 (4.1
yy=ag+y.ax,+y.a,x" +Y Y axx +e
j=1 i=1 i<j

Omov y &ivar m ovvdptnon amodkplong N omoio emnpedleTon amd TG aveEAPTNTES

HeTaPANTEG X1, X2, . .. Xq, ONACIN:

y= f(X1, X2,..Xg) + € (4.2)

O 6pog e ekppalel o GEAANN TNG amoOKplong y kabdg kot kabe dAlo moapdyovia
dwpopomoinong 1o omoiog dev mepthapufavetor ot cvvdptnon omokpiong f. O

delkng 1 exepalel Tov apBpd tov petapfintov Kot Aappavel tipég amd 1 €og N, evo
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0 0eikTNg j ekpdlel 1o emimedo TG ave&apTNNG HeTAPANTNG Kot AapPdvel TYES amd
1 ¢ q. O deikng q exEpalel Tov apBpd TV aveEdptnTov PETAPANTOV, EVO 1GYVEL
N>q. O cvvtedeotng o EKQPALeEL TNV avapevOUevn PETOBOAT 6TV AmOKPIoT Yy ava
povado avéEnong g HeTaPAnTig X, Otav ot vmoéAowmeg UETAPANTEG draTnpovvToL
otabepés.

H e&iocwon 2™ taEng meprihapfaver 6Aovg Toug Opovg g e&icmong 1™ téénge:

q
y;=a,+ Zajxij +¢&, (4.3)
i=1

KOl EMITAEOV TOVG OPOLG eKEIVOLG O1 0Toiol TEPIAAUPAVOLV:

(1) Ta ywvopeva TV TETPAYOVOV TOV AVEEAPTNTOV LETOPANTOV LE TOVS OVTIGTOLYOVG
OULVTEAEGTEG TOVG, KOl

(11) Ta ywvopeva TV avedpTNTOV UETOPANTAOV HE TOLG OVTIGTOLOVS GULVTEAECTEG
TOVG T, 01Ol EKPPALOVV TIG AAANAETIOPACELS TOV UETAPANTOV QVTOV.

H amAomompuévn popoen g eicmonc 4.1 ivau:

2 2 2 .
Pn=a,+a -x+a,-x tagyta, - yiHada,gha, gita e ytatag x4+

(4.4)

ta,-y-j

omov n=[x.,y,...j] eivar o1 petafintég tov moAvevipmv ko ne[2,10], a, givor M
Sapopd hyoug (intercept), kat a; / k=x, x°,...&ivoL 01 GUVIEAESTEC TOV OVTIOTOYMV
peTOPANTAOV.

O péyrotog €101K6¢g pLOUOS AHENONG (Hmax 1] <MU>MaXx) amoTeELEL EKPPOAOT] TOV
QLOIKOYNUIK®OV Kol TEPIPAALOVTIKOV TAPAUETPOV KAOE HOVTEAOL Kot amoTeel Avon
g e&iomong:

Hmax =€ %, 1 =[2,3,...,10] (4.5)

H dwdwoaocia emilvong evog poviéAov mpoOPAEYMS TG UECEMUPAVELOG
avamtuEng/un avantuéng meptlopPavel apyikd tov opiopd TV peTaPfAntdv mov Ha
AVTITPOCSHOTEVOVTOL GTOVG AEOVEG X KOl Y, EVD OTN] GLVEXELX TOV OPICUO TOV TIUDV
TOV VTOAOUT®V SOEGIL®V LETOPANTOV, EVTOC TOV emTPENTOV £VPOLS TOVG (range). H

emihvon g mpOPAEYNG TG UECEMPAVELNS aVATTVENG/UN avamTLENG TEphapPdver
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v enthivon g e&icmong Tov Ypouputkov poviédov (eicmon 4.5) kot 6T GUVEKELL
TNV EQOPUOYN TNG AOYIGTIKNG TaAVOpOUNoNG otV e&icmon:
4.6

4o J#m (4.6)
Le M xpnion Tov Aoytopucov Solver (Frontline Systems, Inc®), to onoio amotelei add-
in Aoyopkd tov Microsoft Excel® kon éxet etooyBel appovikd otov kddika VBA.

H Loyiotikny maiwvopounon epappoletor agod apyka £xel oplotel N T TG
petafintg mm¢ mbavoétmrog avdmtuéng/un avamrtvéng P=[0,1]/ 0=pn avimtuén,
I=avantuén, evtog TV opimv avdmtuéng twv pkpoopyovicudv. H gopeon tov
Bértiotov TwoOv mpokvmtel and v g€icmon 4.6 wotdémyv  petafoing TV
avTioTor®V TH®V ToL GEova y. To amoTéAEGHA TG TPOGOUOIMONG Ival 1) YPOPIKT
ATEKOVION TNG UECEMPAVELNS AVATTUENG/UN avATTTVENG TOV EVEPYOD LOVIEAOL TTOV
kaBopilet 1o 6plo PETAED TNG AVATTLENG KOt TNG UM AVATTTLENG TOV LIKPOOPYOUVIGLDYV.

Yto Kwvntikd povtédo avdmtuéng (GRT) kot adpavomoinong (INA), vmo
OTOTIKEG CLVONKESG, 0 HEYIGTOC E101KOG PLOUOS aVATTVENG Mmax (N K oV mepinTmon
™G 0dpPAvVOTOiNoNGS), OMOTEAEL EKOPACT TV QUOIKOYNUK®OV Kol TEPPAALOVIIKMV
TapayovTev Tov pukpoflakod poviédlov (eicmon 4.5). H dadikacio enidivong evog
HOVTELOL OVATTTUENG 1 adPOVOTTOINoNG TEPIAAUPAVEL OPYIKA TOV OPIGUO TOV TIUADV
TOV PETAPANTOV TOV €vEPYOD HOVTEAOL EVIOC TOV EVPOVG TMV EMTPENTOV TIUOV. [0
TV TPocopoimon TG Hkpoflakng avdmtuéng 1 adpavomoinons epappoletor M
dapopikn e&iowon 1™ 14€emg twv Baranyi & Roberts (1994). Tougove pe v
anmoden 3.20, n emiivon g dwpopkng eicmong 3.1 vd otatiKég cLVONKEG
anotelel vmomepinTmon T avtiotoyng emiAvong ™G LIO SLVOLUKES GLVONKEG
(Psomas et al., 2011). Zvvenmg, epoappdletar To oot dPopikav eEicmoewv 3.4
kat 3.5 mov Tpoodoteitan amd TIG TIWES TOV TOPAUETP®V TOL EvEPYOD poviéhov. Ta
dedopéva g aplBuntikng mpdPAeyng mov mopdyovtal, eKPPAlovIol LE GUYHOEN
KOUTOAN aOENONE 1 LEIWONG TOL LKPOOPYOAVIGLOV.

H avdntoén tpiodidotatov poviéAmv eMQAVEL®Y OTOKPIONG TOPICTAVETOL
ano v e&icmon:
E(y)= f(x1, x2) (4.7)
omov y &lvar m ovvhptnon amdkpiong mov emnpealeron amd TG aveEdptnTeg

HETOPANTES X1,X2 Ko eK@paleTon amd Vv e&iowon:
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y=f(x1,x2) +e (4.8)

To amotéhecua TG TPOGOUOI®MONG OVTNG &lval M YPAPIKY OTEIKOVION TOV
emoaveldv omndkpiong (Response Surface) otov 1piodidotato ydpo kol TV
avTIGTOY®V JYPOUUAT®OV 1600YdV 6€ 0160140TaTo enimedo. Empdveia andkpiong
ovopdleTor N TPUOV SCTACEDV YPOPIKT OVOTAPACTOCT MiOG EMPAVELNG 1) OToln
oynpotifeton petagd dvo aveEdptnTOV HETOPANTOV Kot piog HeTafANTAS amoKpiong.
Ortov 1 andkpion (€icmon 4.8) sxppaletar ue e&icoon 1™ 1aEnc, 10te TapiotdveTat
e EMImEdT EMPAVELN GTOV TPLEALACTUTO YDPO VD Otov ekppdletor pe eEicwon = 1M
T4ENG 10TE MaplotdveTan pe un eninedn empdveln. H e€icmon 4.1 amotelel cuvibwg
plo KoAn ekTipnomn g TPAYHOTIKNG emedavewng omdkpiong. H avdivon g
EMPAvELNG amoKplong Bempeitar wg “avéPacua e AOPO” OTOL 1] KOPLEN TOL AOPOV
avTITPOo®TEVEL TO onueio pe tn péylotn andkpion 1 “Katéfocpo € KOdda” OTov
10 onueio tov PértioTov elvar onueio eAdylotng amoKpiong. ZTdY0g TG avaAvoNg
Tov dedopévav  OM®G TPOKVATOLV OO TNV EMEAVEIL amOKpong &ivor o
TPOGOIOPICUAC TNG TEPLOYNG TOL TEGIOV OPIGHOL TV TOPOYOVI®OV Yo TNV OToin
KavomolovvTal ol BEATIOTES GLUVONKES avaTTLENC.

H em@dvelo andkpiong ontikonoleitor pe to ddypappa wwobymv (Contour
Plots). To dbypoppo 1600yaV amotelel mPoPOAn TG EMPAVEING OTO EMIMESO TMV
petafAntav xi,X. To ddypappa avtd ansikovilel KOUmOAEG Tov KEOe pio amd ovTég
amotelel TPOPOAY TG EMPAVELNG OTOKPIONG GE OPIGUEVO VYOG N LE GUYKEKPIUEVN
. Ot xopmoreg Ponbodv otn peAéTn TOV EMTES®V TOV THOV TOV X|,X2 TOV
eMPEPOVY PETAPOAES GTO oyNUa N 6TO VYog NG empaveng andkpiong (Bradley,

2007).

4.1. H faon oedouévav tawv pikpofiokmy Hoviéiwv

To @OALO dedopévav “NonLinear” tov Aoyiopikod GroPIN cuvviotd ) Bdon
dedopévav Tov pikpoPlokmv poviéAwv. Kdbe amobnkevpévo pukpoflokd poviédo
ot Pdon dedopévev tov Aoyiopuod GroPIN amotelrel pia cuykekpyévn eyypoen n
omoio. omoteheiton omd TO TEPLYpOPKE TEdia, TO TEdlM gvepyomoinong TV
UNYOVICU®V ETIADONG KO TO VTOAOYLOTIKA TTEdiaL.

Ta neprypapikd nedia eivor (Ilivakag 4.1):

(1) To medio yevikng meprypaoens. [eprypdpovtal: To €i00G TOL HKPOOPYAVIGHOD TOL

&xel KaAlepynOel Katd Tic meEpapaTIKEG dlepyacies, ot eEapnuéveg HETAPANTEG TOL
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pKpofakod HovTELOL, 0 aplBlog TG EEICMONG OVAPOPAS GTT ONLLOGIELUEVT] EPYOCTN
KOl 1] QUGIKN TTePLypapn g e&lowong avtmg.

(i1) To vooTPp®UAL.

(ii1) To medio avagopds oTn dNUOGIELUEVT EPYACIL.

Ta media evepyomoinong mepthapuPdvovy cvykekpluéveg Tég Pacet tov
omoimv evepyomolovvTal SPopeTikol pnyaviopol emilvong vy kabe xotnyopio
povtélov. Ta poviéha mov eumepiéyovior otn Pdorn OedoUEVOV TOV AOYIGLIKOV
pmopet va gtvon gite poviédla TpdPAEYNG TNG LECEMPAVELNG OVATTVENG/UN AVATTVENG
(Growth/No growth models) 1 kwntikd poviéda avénong (Growth models) 7
Kivntikd povtéha adpovoroinong (Inactivation models). Ot tipnéc GNG kot GRT ot
omoieg meprapPdvovrar ot omAn “A” mpoodiopilovv TOV TPOTO emMAvONG TOV
povtédwv. Ta poviého mov mepilapPdvovv oto medio “A” v Ty “GNG”,
emidovtol ®¢ pHoviéha mpOPAeyng g mBavoTNTOg avATTLENG/UN  OvATTVLENC.
Avtifeta, Ta povtéda mov meptiapupdvoov v Ty “GRT” emdvovror o¢ Kivntikd
povtéla. Edv éva poviédo sivon yopaxtnpiopévo og kivntikd (GRT), tote avtd
emAvETON €ite MG POVTEAD ovamTuéng Otav M Tun Tov mediov “AH” etvon keviy N ©¢
povtédo adpavomoinong 6tav oto medio avtd gumepiéyeton n T “INA” (Mlivakog
4.1).

Mia dAAn kotnyopio mediov evepyomoinong amoTeAOVV Ol HOPPEG EMIALONG
Kol anekoviong tov eElomoewv ([CO]). Ot avtiotoryol kmotkoi evepyomoinong eivat:
(2) yw Kinetic curve, (3) yun Response Surface, (4) yio Time to x log inactivation
Surface, (5) ywo Kinetic curve & Response Surface, (7) yio Response Surface & Time
to x log inactivation Surface, kot (8) ywn Kinetic curve & Time to x log inactivation
Surface.

Ta vroroyiotikd media meprapfavovv (Ilivaxag 4.1):

(1) Tnv e&iowon enidvong Tov poviédov (medio “CQ”). Ot e€loMoElg TOV HOVTEADV
amoTEAOVV OEOOUEVO TTOV EMAVOVTAL PE €ViOi0 TPOTO Amd TO UNXAVICUO EMIAvONG.
SVVENMGS, OipETOL O TEPLOPICUOG GTOV OPOLO TV SOPOPETIKMDV EEIGMCEMY Ol OTOTES
gtvar dvuvaTdv vo. cuUTEPIANPBOHV G6TO AOYIGHIKO, 0OV aVTES glcdyovtal ot PBdon
JedOUEVODV amd TO YPNOTN UE TN LOPPN OEOOUEVOV Kol OYl OTOV KOJIKO omd TOV
TPOYPOUUOTIOTY.

(11) T peraPintég g e&icmwong (2-10) pe T avtiotoyes apOUNTIKEG TYLES TOVG
([E:AE] xon [AJ:AG]),

(ii1) Tovg cvvtereotéc g avtiotoyyng e€icmong (uéxpt 20) ([BA:CN)),
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(iv) To petaoynuatiopd ékepacng tov poviédov ([CP]), n omoia pmopei va eivon

AoyoapOukn, pe Ty “In<mu>max”, adyefpikn pe T “<mu>max’” 1 TETPUYOVIKTG

piag pe tun “Sqr<mu>max”.

(v) Tov apBuod tov petapintav ([C]).

Ta pkpoProxd poviéda ta onoio meptiapfdavoviar ot Pdon dedopévev tov

hoywopkov GroPIN mpoépyovror poévo amd ompocievuéveg epyociec oe o1ebvn

eMOTNUOVIKA Teplodikd. Kdbe puxpofraxd poviédo, extdOg amd v avaeopd ot

avtiotoyn epyacia amd v onoia wpoépyetor (nedion AF-Al), mepthapfdaverl Kot tov

aplBpd M v meptypaen g avtiotoyns e&iomong, OTmMG ovTn avaypieeTol oTNV

gpyacia avapopdc (nedio B) (Ilivakag 4.1).

Iivaxog 4.1. Tpoppoypdaenon g Paong dedopévev tov Aoyiopkod GroPIN

A B C D E
1 2 3 4 5
Model Microorganism Var Substrate X
Avvatég tyég: | Eidog p/o kan Ap1Bpog Ynéotpoua Avtiotoryia
GNG YOPAKTNPIOTIKO |  UETOPANTOV petaPAnTg
GRT povtélov povtélov AOYIGLIKOD X
LLE TTPALYLLALTIKT
petaPAnt
(eTikéta)
F G H | J
6 7 8 9 10
xfrom xto y yfrom yto
Apyucn Ty TeAucn Tyun Avtictotyia Apyucn Ty Telun Tipn
petaPinmex | petafinmicx | petafAntig | petaPinmgy | petaPrntigy
AOYIGUIKOV X
pe
TPOYLLOTIKT
petapAnT)
(eTkétar)
K L M N 0
11 12 13 14 15
z zfrom zto d dfrom
Avtietoyyia Apywn Tyun TeAucn Ty Avtietoyyio Apycn T
petTaANTIG petafAnTg z petoPANTG Z petaANTIG petopintmg d
AOYIOUIKOV Z Aoyopkoo d
LLE TTPALYLLALTIKT LLE TTPOLYLLOLTIKT
petafAnt petafintm
(eTikétar) (eTikéta)
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P Q R S T
16 17 18 19 20
dto € Efrom eto f
Telwn Tyun Avtietoryio Apywn Tyun Telwn Tyun AvticToyia
petafintmg d HETAPANTNG petafintige | petapintmge petafintng
AOYIGLUKOV € pE Aoytopukoo f
TPOLYLLOTIKT LLE TPALYLLALTIKT
petofAnT petapanT
(eTikétar) (eTikétar)
U \Y W X Y
21 22 23 24 25
ffrom fto G gfrom gto
Apycn T Telkn Tyun Avtietoryio Apyn Tun Telkn Tyun
petafinmigf | petofinticf | petafintic | petafintigg | petaPinticg
AOYIGLUKOV g
pe
TPOLYLLOTIKY
petafAnt
(eTicéTa)
Z AA AB AC AD
26 27 28 29 30
h hfrom hto 1 ifrom
Avtietoryia Apywn Tyun Telwn Tyun Avtietoryio Apycn Tyun
HETAPANTNG petafAntch | petapfintigh HETAPANTNG petafAntig i
Aoylopkov h AOYIGLIKOV 1
LLE TPALYLLALTIKT LLE TTPOLYLOLTIKT
petapant) petofAnt
(eTikéTar) (eTikétar)
AE AF AG AH Al
31 32 33 34 35
ito Authors Paper Journal No
Telkn Tyun Xvuyypaeic kou | Epyacio oty | Emetnpoviko ApBuog
petafAntigi | ypovoAoyio g omoia TEPLOOIKO GTO | MEPLOJIKOV KOl
gpyaciag oy | meptypdoetat omoio &yet oeMOEG OTIg
omoia TO LOVTEAO AGBel yopo omoieg
TEPLYPAPETAL TO onuocigvon TEPLEXETOL M
LOVTEAO epyacio
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Al AK AL AM (*)
36 37 38 39
1 jfrom jto INACTIVE 13
Avtictoyia Apyucn T TeAucn Ty Kmduog doeto KeAd
petafAnTng petapAnTG j HeTafAnTig j adpavomoin (a6 AN £mg
AOYIGUIKOV | ong A7)
LLE TTPALYLLALTIKT) Avvotég TYEG:
peTaPAnT) INA,
(eTicéta) (Blanc value)
BA BB BC BD BE
53 54 55 56 57
Col Colval Co2 Co2val Co3
Heprypagn Tyn Heprypagn Tyn Heprypagn

ocvvteleot 1

ocvvteheom 1

ouvteleoTn 2

oLVTEAEDTN 2

oLVTEAEGTY 3

BF BG BH BI BJ
58 59 60 61 62
Co3val Co4 Co4val Co5 Co5val
Ty Heprypapn T Heprypapn Ty

ouVTEAEGTY 3

cuvteheot 4

cuvteheot 4

GUVTEAEDTN S

GLVTEAEGTN S5

BK BL BM BN BO
63 64 65 66 67
Cob Cobval Co7 Co7val Co8
Heprypogn Ty Heprypagn T Heprypagn

ouvtereoTn 6

ouvteELEDTH 6

ocvvteleot 7

ocuvvtereot 7

ovvtereotn 8

BP BQ BR BS BT
68 69 70 71 72
Co8val Co9 Co9val Col0 Col0Qval
T Heprypagn Tyn Heprypagn T
OLUVTEAEOTNS ocvvteheot) 9 ocvvtedeot)9 | ovviekeot) 10 | ovviedeotn10
BU BV BW BX BY
73 74 75 76 77
Coll Collval Col2 Col2val Col3
Heprypopn T Heprypopn T Heprypopn
ocvvteheotll | ovviedeom)l]l | ovvieheom12 | cvvteleom12 | ocvviedeotnl3
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BZ CA CB CC CD
78 79 80 81 82
Col3val Col4 Col4val Col5 Col5val
T Heprypagn Tyn Heprypagn Twn
ocvvteleot13 | ovvtedeot) 14 | cvvteleom 14 | ocvvtedeot)lS | ovvieleols
CE CF CG CH CI
83 84 85 86 87
Col6 Colé6val Col7 Col7val Col8
Heprypagn Tyn Heprypagn Tyn Heprypagn
ocvvteheot 16 | ocvviedeom|16 | cvvieheot)l7 | cvvtedeomn 17 | ovviedeotnl8
CJ CK CL CM CN
88 89 90 91 92
Col8val Col9 Col9val Co20 Co20val
T Heprypagn Tyn Heprypagn Twn
ocvuvterleot18 | ovvtedeot) 19 | cuvteleot19 | ovvieheot 20 | cuvteleotn20
CO Cp CQ
93 94 95
mumax Equation
Activation uévo yio povtélo GRT H &&icmon n omoia eiodyston
Moppég Avvatég Tyéc: ot Pdon dedopévev and to
emilvong In<mu>max XPNOTN
<mu>max
sqr<mu>max

4.2. Ileprypapn twv Aertovpyiav tov Loyiouixod GroPIN

Otav evepyomomnbei n Aertovpyia tov Aoyiopukod GroPIN, eppavileton apykd

N ewoayoywk UserForm oty omoio mapovoidlovtatl ot GUVTEAEGTES TG AVATTLENG

0V Aoyopkoy (Ewkdva 4.1).

GroPIN Tertiary Model

Agricultural University of Athens _oam

(c) Psomas, A., Skandamis, P.

2011

Ewova 4.1. Ewcayoywn UserForm: Zuvteleotég avantuéng Tov Aoyiopikon
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Metd amd ™V TapEAELON LKPOV YPOVIKOD SLOGTNOTOC AEVEPYOTOLEITAL, KOADVTOG
v apyikr] UserForm tov Aoyiopkod. H apywn UserForm tov Aoyiopikov dwoupeitot
Aertovpyikd oe técoepelg meployés (Ewkova 4.2).

2

Tertiary Model | H mepoyn “1” emupéner v mpdsPacmn tov

xpNoT oTO0 OTTOKPVUUEVO (hidden)

L
GroPIN
ro neptdAhov Microsoft Excel®. H mpaén ot

TPOYLOTOTTOlEITOL  UE  TO  TATNUA  TOL

“drakprikod” mAfkTpov eAéyyov. H meproym
UFDATE |

“2” meprhopPdvel Ta TANKTPO EAEYXOL pE TO

SOLVE

omoio. TPOYUOTOTTOLEITOL apYIKAL 1 ECOY®YN
(ENTRY) wor n petafoArny (UPDATE) evog
pikpofrokod  povtédov. Me 10 mTANKTPO
eréyyov “SELECT” egivon dvvatn 1 emdoyn
evog povtédov. To povtého ekeivo opiletor mg
R evepyd povtélo (active model). Me 10
nkTpo  eAéyyov “SOLVE” emhdetar T0
Type of model: evepyd poviého. O tpdmog emilvong ToL
eCaptdtor amd TV Katnyopic. otnv omoia
avinkel (Ewéva 4.3). Zmv mepoyn “3”
enpovifetor 10 evepyd HOVTEAO pETO TNV

EMAOYT TOV, EVA otV TTepoyn “4” Aapfdavouvv
CLEAR DATA

YOPO aPEVOS 1 OladtKacio Kabapiopol Tov

Ewovo 4.2. Apyxr UserForm 1ov i , i
dedopévev g mpocopoimong kabmg kot M
Aoyiopukov GroPIN

¢€000¢ amo 10 Loyioukod (Ewkdova 4.2).

4.3. Ewooywyn ukpofioxav povie Aoy oty foon 0edouévwv

Yrdpyovv dvo pEHodOL Yo TNV KaToy®dPnon TOV KPOPLOK®OV HOVTEA®Y 01N
Baomn dedopévav Tov Aoyispkod GroPIN.

H mpdt pébodog apopd omnv KoToy®PNOT TOV HKPOPLOK®OV HOVIEA®V
omevBeiog oto eOALo epyasiag “NonLinear” tov meptBdirovtog Microsoft Excel® tov
hoyiopkov GroPIN. H pébodog avtn evdeikvutarl yio paliky] katoayopnon tovg. H
TpOcPacn 610 YPOUUKO TEPBAALoV KaTay®pPNong Aapupdvel ydpa amd v TEPLOYN

“1” g apyikng UserForm tov Aoyiopukod (Ewéva 4.2), evod n dwyeipion tov
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OedOUEVDV TEPIAAUPAVEL TNV EQPAPUOYT] OA®V TOV EVOOUUTOUEVOV EPYUAEIOV TOL

Microsoft Excel® (avtrypogt, entcorinon, oamodfkevon k.¢. ). H emotpoen otnv

( KYPIA UserForm )

IPAMMIKA MONTE MH IPAMMIKA

GRT GRT 0 EIZAT/AIOP®

GNG

EIZAT/AIOPE®

EMINOTH AZONQN
X,Y KAl TIMON TON
METABAHTQON

EMINOTH AZONQN
X,Y KAI TIMQON TON
METABAHTQON

EIZATQIH TIMQN
TON METABAHTQON
TOY MONTEAQY

ATAIPAMMA AIAPAMMA
MEeANOTHTAZ IMNE@ANOTHTAZ
ANAIITYEHE-MH ANAINTYZEHE - MH
ANATITYZHE ANANTYZHE

AIADPOPIKO
MONTEAO
AYZHIHE -

AAPANOIIOIHIHE

ENMPANELA
AIOKPIEHE

AIAIPAMMA
IEOY'WON

Ewéva 4.3. Enilvon tov evepyol poviélov avaloyo e TNV KoTnyopio oty omoio oviKeL

apywn UserForm tov Aoyiopikov mpaypotomoteitor amd v emhoyn “RETURN” g
TPOGaPUOCUEVNG YN epyareiwv (Custom Toolbar).

H devtepn péBodog mepilapfdver v  Katoy®Opnon TOV  HKPOPLOK®V
povtéAwv pécm tov mAnktpov eAéyyov “ENTRY” 1tng apywng UserForm. Tote,

evepyomoteitow M UserForm “Linear & Non Linear Models Entry” otmv omoia
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Aoppdével xdpo 1 KATOXDOPNON TOV OEOOUEVOV TOV HOVIEAOV GE TPELS PACELS, Ol
omoieg dwympilovian amd dVo ypopoTikeés meployés. H mpotn o n devtepn @dion
mePAaUPavouy TNV Katoy®pnon ToV OedoUEVOV OTO EVEPYOTOMUEVO TEdiO, OTO
apotepo Tunpa g UserForm o onoio €xet ykpt ypopa. H tpitn odon meprropfaver
™V gvepyomnoinon tov medinv otn purie meproyn g UserForm. H evepyomoinon tov
edimv TO0O GTNV YKPL OGO GTN WITAE TEPLOYN YIVETOL LE TO TATNO TOV OVTIGTOTYOL
TMKTpov eréyyov amodoync “Bl’ apod mpdTo AdPet xdPo GUVTAKTIKOC EAEYYOC TOV
dedopévev amd to Aoyiopkd. Edv dtomotwbel omd 1o Aoyiopikd 0Tt ta dedopéva TV
nedlov &govv Kataywpnbel copPOVO UE TIG TPOSIAYPAPEG TOV £YOVV OPLOTEL GTOV
KOO EAEYYOV, TOTE AQUPAVEL YDpO €lGOY®YN TOV OcdopEveV otn Pdon pe to
méTnpa Tov avtictotov TAkTpov “El.

Apywcd, €6dyetal 0 HKPOOPYAVIGUOS, EVA GTN GULVEXEW EGAYETOL TO
vrootpopo. Kotdémv opiletor m xotmyopio tov poviéhov (“GNG” yuoo poviéro
TpoPreyng ™G peoempdvelag avamtuéng/un ovamtuéng, “GRT” yia povitélo
avénong kot “INA” yio poviého adpavomoinong). Eav emieyel n tun “GRT” 7
“INA”, tote opiletonr 0 HETAGYNUATICUOS £KPPACNS TOL UEYICTOL €101KOV pLOUOV
abENONG Mmax- Ol Tpelg owbéoipeg emroyég etvar: In<mu>max, <mu>max 0
sqgr<mu>max. Eaqv emieyei n tiun “GNG”, 1ot dev AapPdveror vroyn kopio omd T1g
TOPATAVEO TYES KOTA TV EIGOYMOYT TOL LOVTEAOV.

H popon mg ypagikng ameikdviong tov pkpoPlokod poviédov opileton amd
TO OVOTTUGGOUEVO LEVOD EMAOYDV. Ot duvaTég emhoyEg etvat:

2. Kinetic curve: To povtéAo pumopel vo OmEKOVIOTEL YPOQIKE LE TN HOPPT] KOUTOANG
avamTuENg 1 adpavomoinong ovaAoYo LLE TO XOPUKTNPIGHO TOV LOVTEAOV.

3. Response surface: To pikpofrokd HOVTIEAO LITOPEL VO OTEIKOVIOTEL YPOPIKA LE TN
LLOPPT] LOVTEAOV ETPAVELLS ATOKPLOTG.

4. Response surface (time to x log): To pkpoPfiokd poviélo pmopei va amekovioTel
YPOQIKA LLE TN LOPOT LOVTEAOL ETLPAVELOS OTTOKPLONG OTO OO0 OUMG EUTEPLEYETOL O
VTOAOYIGHOG TOL YPOVOV Y10, dEGOUEVT) AoYaplOUIKY] avEnomn/peimon.

5. Kinetic curve & response surface.

7. Response surface & response surface (time to x log).

8. Kinetic curve & response surface (time to x log).

Y ouvéyewr, ToTOvTog 0 mAKTpo eléyyov “Bl”’, mpayparomoeitor m
petdPfoon ot devtepn @daon Omov yiveror N gwooywyn TV petafintav (variables)

oV povtédov. H petdfoaon ovt) mpaypatomoteiton pdévo 6tav o avtoUatog EAEYYXOG
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JMOTOGCEL OTL TO HOVTEAO TO OToio glodyetan dgv givor O Kataywpnuévo. Emiong
eAéyxeTon €dv 10 oToKElo elGaY®YNG OedoUEV@DVY G6TO omoio opiletatl 1 ovouacio Tov
povtélov kot to vroéoTpopo givor kevd, omdte aipeton M peTdfoacm €mg OTOL
oLUTANPWOOLV Ta TTEdIOL.

AoV mpaypotonombei n peTdfoacn, COUTANPOVOVTOL OPYIKA, OVAAOYO LE TO
povtéro, amd dVo €m¢ déka PETAPANTEG PE TO avTioTolyd VPN TOV TIUAOV TOvs. Ot
petaPAntég pe  owtaén {X,y, z, d, e, f, g, h, 1 ka1 j} oopperéyovv otnv eniAvon twv
povtédmv. O oplopdg Tmv embountov petafintodv yivetal mavta ceplokd, opilovrog
APYIKE TNV ETIKETA TOVG KO GTN GLVEXEWD TO €0POG TOV TIUMV Tovg. Ot 6TNAEG TTOL
nepthappdvouv ta avtiototya medio givar ot “Define the variables” (etikéteg) wot
“Range (From/To)”. ITopdoctypa: H petafAnti x pumopet va €xel v etikéta pH, pe
evpog TV and 1 (From) émg 3 (To). To Aoyopkd amokAeier ™ petdpaon oty
Tpitn @don (gvepyomoinomn TV mediwV TG UTAE TEPLOYNG) OTIS TEPINTMOGELS OV (1)
&xel oprofel 10 gVpog TWMOV povo piog petaPAntig, ko (i) €xer ewooydel Kamolo
oAQaPIOUNTIKN M KEVN TN OTO OTOEIN EGUYMYNG OSOOUEVOV TO OToilo £YOLV
oplotel ¢ aplOunTIKA.

H petdpaon oy 1pitn @domn e160ymYNG TOV 0EG0UEVMV TPAYLOTOTOLEITOL e
10 TAKTpOo eréyyov “Bl”. Me to mAktpo eréyyov “BF” AapBdvel ydpo axdpoon g
EI0AYOYNG TOV 0EO0UEVAOV TOV HOVTEAOL KO EMGTPOPT 0TV TPOTN Gdcn. Katd
petdPaon oty tpitn @dor, o apBuds twv petafAntdv ansikoviletor 610 oTOTYKELD
eréyyov mhouciov Alotoag “Number of variables”. Ztn ¢don ovt) pmopovv va
OPIOTOVV HEYPL EIKOGL GUVTEAEGTEG LIE TIG OVTIGTOLYES TIUEG TOVG KaBmG Ko 1) e&icmon
eMIAVONG TOL HOVTEAOV GTO GTOLEID l0aY®YNG dedopuévav “write the equation (only
UPPERCASE)”. H e&fiowon opiletor mwhvio pe KEQOAAIOVS  YOPOKTNPES,

avTIKANOTOVTOG TIG ETIKETEG TOV LETOPANTOV UE TIS avTioTOoKeS E0KES PeTABANTES

“Equation variables”, Kot T1g ETIKETEC TOV GUVTEAECTMV LLE TOVG AVTIGTOLYOVS EO1KOVE
ovvtedeotés. H xataywpnon g elowong kdbe poviélov ot Pdon dedouévav
amoterel HEPOG TOV KOVOTOHOV pnyovicid tov Aoyiopukod GroPIN.

Me 10 mampa Tov TAKTpov edéyxov “Bl” mpoypatomoteitoan cuvtokTKOC
Eleyyoc g Tpitg edong. Edv dev vdpyel kdmolo c@dAa KOTd TV EI0AYWOYN TOV
dedopévav, To OEOOUEVO KOL TOV TPIOV (QACEMV KATOYM®PNONG UETOPEPOVIOL OE
OLYKEKPIEVOL KEMA TOv @OALOL dedouévav “Nonlinear” (IMivakog 4.1), agov
ta&vopnBov apykd katd xatnyopia poviédov (GNG 1 GRT) kot otn cvvéyea

KOT6  avEovoa  GEpd  pikpoopyaviopod. Me 1o mAfktpo  ehéyyov “EI”
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TPOYUOTOTOEITOL  aKOPWON NG EI0AYOYNG TOV Od0UEVOV TOV HOVTEAOL Kol
emotpoen otnv apyikr UserForm.

To mepiPaALov TV AOYIGHIKOV OTOTEAEL SLUPOPETIKO TEDIO EKQPOONS TOV
poONUaTIKOV €E10DGEDV OGOV 0QOPE TOGO GTNV KMOKOTOINGT Tovg OGO Kol GTNV
enihvon tovg avtiotoyo. [ to Adyo avtd, avamtOyOnke £vag KOVOTOUOG
unyaviopog dayeipiong tov e€lodcemv, n erlocogio. Tov omoiov otnpiletal oTIG
apyéc elooymyng kon emiluone toug oe meppéihov Microsoft Excel ®, aAhd eivon
TPOGOPUOCUEVOS OTLS eEeldkevpéveg Aettovpyieg tov  Aoywopkov GroPIN. H
Katoydpnon g e&lowong evog pukpofrakod poviélov mepthopPdvel apykd v
KOOKOTTOINoM TG HE KPP0 TIS EO0IKEG LETAPANTEG KAl TOVG EOIKOVG GLUVTEAEGTES
ot omoiotl epavifovion dimAa amd TIG ETIKETEG, EVM GTN CLVEYEWD TNV EICOYOYN TNG
oto medio “Write the equation (only UPPERCASE):” t¢ UserForm “Linear & Non
Linear Models entry:” pe kepoAaiovg yopaktipeg oe ypouky popen. H e€icwon
glodyetor oto avtiotoyyo medio g omAing “CQ” tov @OAAOL dedouévmv

“NonLinear”.

4.3.1. Melétn mepimtwons 1: Ewooaywyn evog un ypouuixod povieiov oty faon

O0EOOUEVWV

‘Eoto to un ypoppukd poviédo mpoPieyng g enidpaong e Oeppokpaciog
oTNV avAanTLEN TOL HIKpoOPYaVIGHOV Botrytis cinerea oto. otopvie (Judet-Correia et

al., 2010) pe dedopéva:

Yrootpopa avantoéne: PDA (Potato Dexture Agar)
Koamyopia povtéhov: Kivnrikd povtédo avantoéng
Mertaoynpatiopdg exilvong: Movtédo tetpaymvikng piog

E&iomwon povtélov:

0,5

0.5 (T =T max)(T — T min)’
/’lmax = . . .
(Topt —T min)(Topt — T min )T —Topt)— (Topt — T max )Topt + T min-27)] | (4.9)

MetafAntéc:
Ogppokpacio (T)= 7-25°C
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YVVTEAEOTEG:
Tmin= -1.39
Topt= 21.4
Tmax= 29.1

H swoayoyn tov povtéhov otn Pdon dedopévav tov AoyIoUkoy Aappdvet
yopa motovtag v emhoyr] “ENTRY” g apywng UserForm. Tote gppaviCeton m
UserForm ewcaywyng “Non Linear Models Entry”. Xto mpdto ototyeio eioaymyng
OedOUEVOV ELGAYOVTOL TO YOPOKTNPIOTIKG TOV HOVTEAOL. X1 cvvEyeln opiletal to
VIOOTPOUO, TO €100G ToL povtéAov (GRT), n popen tov péytotov €dkoy pvOuov

avantuéng Kot n popen enthivong tov poviédov (Ewkova 4.4).

Linear & Mon Linear Models entry:

Kinetic curve X |

Ewova 4.4. TIpdtn @pdon elcaymyng tov LoviéAov Botrytis cinerea ot Pdon dedoUEVOV TOV

Loyiopikov GroPIN: Eicayoyn T@v YeVIKOV YepaKkTnpIoTIK@Y TOV HOVIEAOL
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Hothvtac o TAfKTpo eréyyov “Bll” sivar duvatd va optoTovV ot petafAnTéc
g géicmong 4.9 pe ta avtictoyya vpn Tipdv tovg (Ewéva 4.5). To Aoyiopikod
Oéyetor amd OO £m¢ OéKo UETOPANTES Yo KATOXDPNON. XTNV TEPITTOGN TOL
GLYKEKPIUEVOL HoVTEAOL (pe plo petofAntn) swodyetor kot pio dgvtepn M omoia
arotelel petafint) ocvotnuotog (Sysvar) evd opileton pe v etkéra: “not used”
(standard format) wou déyetar Tipég amd 0 g 1 étol ®ote va Kavomombovy ot
cuvOnKes elcay®yNg Tov poviélov. H ewcovikn avtr| petafAntr| 6ev cuvelcpépet otnv
emilvomn Tov povtéAov agov dev opiletat Katd tnv elcaywyn g eElcwong.

Hothvtag to TAKTpo eréyyov “Bl” emucvpdvetal 1 sloaywyh ToV dedopévav
™G TPAOTNG KOl SEVTEPNS PACNG, TA SEGOUEVH OUMOC OV EXOLV PeTAPEPOET kO oTN

Baon dedopévav.

[oompsanees

Models entry:

Kinetic curve i

Ewéva 4.5. Aehtepn pdion ewsayoyng tov povtéAov Botrytis cinerea ot Péon dedopévmv Tov

Aoyiopkov GroPIN: Ewsaymyn tov petapintov g eEicmong Tov pikpoflakod HLoviéAov
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ear Models entry:

' Enter up to 20 coefficients:
[ i Define the  Values
coefficients
Tmin
Topt

Tmax

10)
11)
)
&)
14)
15)
16)
17)
18)
19)
20)

(((B2-02)* (B2K2]"2)/{ (M2-K2)" ((M2-K2]~(B2-M2)} {(M2-02)*(M2+K2-2*B2))}0.5
]

Ewéva 4.6. Tpitn pdon eicaywyng tov povtédov Botrytis cinerea ot Paon dd0UEVOV TOV

Loyiopikcod GroPIN: Eicayoyn T@v cuvteheotdv kat g e£l6mong Tov HOVIEAOL

H 1pitm ¢@bom ewcoyoync tov dedopévaov tov poviéhov meptiapfdaver v
gl0aymYn TV cvvieheotav ¢ e€icmong 4.9 kobog kol v da Vv e€icwon 4.9
aeoy TpmTa. £YEl KmOKomombel cOppove pe TG €01KéS petaPintés (equation
variables). H kodikomomuévn e&icmon n omoic €1GAYETOL GTO GTOLKEID E10AYMYNG

dedopévov “write the equation (only UPPERCASE)” eivau:

Kwdwonoinon g eficmong

oOHPOVO  HE TG E0KEG
petafAntés kot Tov  €10K0VG

OUVTEAEGTEG  TOL  AOYIGHIKOV

GroPIN
-02 (B2-K2)"2)
[ X /r i
05 T —TI'max}(T-Tmin|
Mo = |:{Topr— T min [ Topt—T min | T — Topt)—(Topr—T max)Topt~ T min— 2?)]} (4~ 1 0)

M2-K2 M2-K2 B2 M2 M2-02 M2+K2-2*B2
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((B2-02)*(B2-K2)"2)/(M2-K2)*((M2-K2)*(B2-M2))-((M2-02)*(M2+K2- (4.10)
2*B2)))"0.5

4.3.2. Melétn mepimrwong 2: Eiooywmyn evog ypouuikod poviéiov oty facn 0edouévawy

‘Eoto 10 ypoppkd poviédo mpoPreync g enidpaong g Oeprokpasciog, g
ofvmrag (pH) xou g evepydTTog TOL VEPOD OTNV AVATTLEN TOL OGKOUVKNTO
Monascus ruber. Ot cuvONKeg AvATTLENG TOV ACKOUVKNTO Ol OTOieg TEPLYPAPOVTOL
amo to povtéro eivan (Panagou et al., 2003):

Yrnootpopa avantuéng: Malt extract agar
Koamyopia povtéhov: Kivnrikd povtédo avantoéng
Metaoynpatiopdg enilvong: AoyoaptOuikd povtéio

Inp,, =a,+a;-T+a, T’ +ay -pH+a . -pH?® +a,, -bw+a,_ ., -bw’ + (4.10)

tapy T-pH+ag, -T-bw+aprw - pH -bw

MertopAntéc:

Ogppokpacio (T) =20-40°C

pH=3.5-5

Evepyomnta vepot (bw) =0.2073-0.2509
YVVTELECTEC:

a0 = -10.031

ax, = 03249

a’ = -0.0067

ay, = 1.04863

a = -0.1282

apw = 56.4765

a = -156.33

ayy = 0.01562

axpw = 0.35818

apy = -2.9354
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H ypoppikn e€icwon 4.10 kodikonoleitor cOUQOVE e TIC E01KEG HETAPANTES KoL

TOVG E0KOVG GUVTEAEGTEG ™G €ENG:

K2+(M2*B2)+{02*(B2~2))}+{Q2* C2)+{S2*(C22))+{U2*D2)+{W2*(D2~2))+ @.11)

+(Y2*B2*C2)+{AA2*B2*D2)+HAC2*C2*D2)

H sicaymyn tov ot Bdon dedopévav akorlovdel T pLopen:

eaéis(mﬂ] 4.11 /( 1+ eaéis(mﬂ] 4.11) (4 1 2)

Kot yiveTatr cOPEMVO PE TN dladkacio n oroia TEPLYPAPNKE OTN CYETIKN TAPAYPUPO.
4.4. Emiloyn evog pixpofiarxod poviéioo
H dwdwcacio emAoyng evog pkpoPlokod HovIEAOD amookomel Oyl LOVO otV

evepyomoinon tov (model activation) aAld kot 6t SOPOM®OT TOL 1 TN SLLYPAPY| TOV

ano v avtictoyyn Paon dedopévav (Ewéva 4.7).

Emoyn pikpoProkod poviéhov <

A

_/

A 4 A 4

Evepyomoinon AopBmon
Awaypaon

v

A 4

[Tpocopoimon Koatayodpnon
dedopéEvmv
BipAoypapikadv
aVOPOPOV

Ewéva 4.7. Asrtovpyleg emhoyng wkpofroxol poviélov
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[Motovrog 10 mAnktpo eréyyov “SELECT” g apywng UserForm,
enpaviCeton  UserForm “Select Models” otnv omoia gpeavifovtat ot Katnyopieg towv
HOVTEL®V oV gumepiEyovionl otn Pdaomn oedopévov. Emiéyovtag pio ocvuykekpiuévn
komyopia kot matdvrag to mAktpo eléyxov “Bl” epgaviCovroar ta avtictorya
pKpoPloKd HOVTEAD VA TAVTOYPOVO AQUPAVEL YOPA 1 OTOKPLYT TOV KATYOPLDV
TOV HOVTEA®V KOl TOV OVTIGTOLYOV TANKTPOV €MA0YNG TovG (Ewkéva 4.8).

To medio “ACTIVE MODEL TYPE” mepihapfPdver v xatnyopia tov
emieypuévov povtérov pe tig twés: GROWTH/NO GROWTH, GROWTH,

INACTIVATION.

Select Models
SELECT A MODEL CATEGDR\{:
GROWTH/NO GROWTH )

NACTIVATION

SELECT A SPECIFIC MODEL:

Select Models
SELECT A MODEL CATEGDR‘(:

SELECT A SPECIFIC MODEL: . -
- * & Escherichia coli, (Al-Nabulsi et al., 2007) - Eq. Final pH, table 2
ACTIVE MODEL TYPE: Escherichia coli, (Al-Nabulsi et al., 2007) - eq. Reduction in aw, table 3
Escherichia coli, (Al-Nabulsi et al., 2007) - Eq.2 (0<=T<=47)
Escherichia coli, (Al-Nabulsi et al., 2007)- Eq.1 (T)
(Calicioglu et al., 1997) - eq. Final aw, table 3
licioglu et al., 1997) - Eq.1 (T)
(Calicioglu et al., 1997) - Eq.3 (T>47)
Calicioglu et al., 1997) - eq.Reduction in pH, table 3
Calicioglu et al., 2001) - eq. Reduction in aw, table 3

ACTIVE MODEL TYPE
INACTIVATION

Ewoéva 4.8. Awadikacio enthoyng pikpofiakod poviélov

Motdvtag to mAgkTpo eléyxov “Bll”, to povtého evepyomotsiton evéd To &idog
TOV KPOOPYAVIGHOV gueaviletal oto ototyeio eAéyyov mAaiciov Alotog “Active

model” ¢ apywng UserForm.
Avaroya pe v kornyopio tov poviédov (GNG, GRT 1 INA), 1o povtéro

emhveTon pe dapopetikd tpdmo (Ewova 4.9).
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MODEL SELECTION

GNG < P g
: RESPONSE ¥
« GRT ™1 surrace [ [L1NA
A\ 4 l A \ 4
Time to x- GROWTH INACTIVATION Time to x-
log CURVE CURVE log
A\ 4 \ 4 A\ 4 A\ 4
Lag time No(LogCFU/g) No(LogCFU/g) Shoulder
Ho Shoulder
Log increase Nend(LogCFU/g) Nend(LogCFU/g) Log
Hours Hours decrease

\ 4

ttoxlog = Lag time+(

lleaX

Log increase

|

A

ttox log = Lag time +

(Log decrease j’K <0
K

Ewéva 4.9. H evepyonoinon evog LovtéAov TteptAapPavel Kot Tov TpOTo EXIAVGNG TOV aVALOYOL LE TNV
Kotnyopio otV omoia oviKel

Edv to emieypévo poviého (Ewéva 4.8) mepihapPdver ™ petafinm

evepyomtog vepod ay, 1M by, 101e epgaviCetar n UserForm emhoyng tov

LETOGYNUOTICUOV TNG EvEPYOTNTAG TOV vEPOL (Ekova 4.10).




159

w
aw -

n aw=1-bw’ (4.14)

Ewoéva 4.10. UserForm petooynuotiopod g HETOPANTAG TG EVEPYOTNTAS TOV VEPOD KOl OVTIGTOXES
g&iowoelg (Gibson et al., 1994). H eficwon 4.13 emitpénet Ty kakdTEPN TPOGUPUOYH TOV LOVIEAOL
(Mataragas et al., 20006).

Edv emeyel n katoyowpnuévn petafAnt) tov pikpoPloakod poviéAov, ToOTe N
T ¢ Oa Tapapeivel avorioimtn aAAdg Bo VTooTEL HETATPOT COUQ®VA UE TIG
sfictosig 4.13 ko 4.14. Tlotdviag o mAkTpo eréyyov “Bl’, n xommyopia Tov
evepyoy Hoviédov gpopaviletor oto ototyeio eAéyyov mioisiov Alotag “Type of
model” g apyinc UserForm. Ot duvatéc Tyég mov pmopet va ndpet avtd to medio

etvat: Inactivation, Kinetic, Probability(G/NG).

4.5. A16pBwaon kou droypapn vog uikpofiarxod puoviéAoo

AoV mpaypatorondel 1 ETAOYN TOV HOVTELOL A0 TO ¥PNOTN, TOTE OO TNV
apywn UserForm mpaypoatomoteiton o10pBmwon, odaypaen 1 KOTOXDOPNON TOV
BPAOYPOQIKOV OEOOUEVOV OVOPOPAS TOV HIKPOPLOK®OV, TATOVING TO TANKTIPO
eréyyov “UPDATE”. Evepyomoteitor tdte m UserForm “VIEW and UPDATE
MODEL”, 6mov eugovifovtol ot THég TV avtioTolyov medimv Tov emALYUEVOD
pikpoPiaxov poviédov. O ypnotng €xel T SvVATOTNTA VO LETARAAEL TIG VITAPYOVGES
TIWEG KOTOYWPAOVTAG VEEC OTO OVTIIOTOU(O. OTOLEIN E1G0YMYNG OEOOUEVOV KOl
notovtog To TANKTpa eAEyyxov “UPDATE”. Ot tpononomcels yivoviot amodekTég amod
T0 AOYIOUIKO HOVO EPOGOV 0 XPNOTNG, TPV TOTNCEL TO TANKTPO gAéyyov “ACCEPT
CHANGES”, ¢£yet ovuminpooet Eavd 10 otoreio  swcaymyng OedopéEvmv
Microorganism”. H copmAipmon tov cuyKekpipévov mediov amoteAdel EvoeiEn g
emPePaimonc twv tpomomomcemv. O yxpnomg éxet emiong tn dvvatdTo Vo
dwypdyel oAOKANPO TO HIKPOPLOKS HOVTEAD TOTOVIOG TO TANKTPO EAEYYOL

“DELETE RECORD” (Ewkéva. 4.11).
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4.5.1. Ewoaywyn PifAoypopik@v 0e00UEVWY avapopag EVOS HIKPOPIOKOD HOVTELOD

Amo v emloyn g d10pHmong TV pukpoflakdv HovtéAmv Aappavel yopo n
Katoydpnon tov dedopévov to omoia agopodv ot PiPAoypaeikn avagopd evog
ovykekpipévovr poviédov. Edv  éva  katayopnuévo HOVIEAO TPoEpyETAl  Omod
dnuoctevpévn epyocia, TOTE 0 YPNOTNG OPYIKG ELGAYEL TOVG CLYYPAPEIG 0TO TEDIO
“AUTHORS”, xatoémv tov Titho ¢ onpocievong oto nedio “PAPER”, ot cuvéyewa
T0 TEPLOOIKO 610 omoio €xel yiver m onupocicvon (medio “JOURNAL”). Téhog o
xpPNoTNG Kataywpel 1o TELYXOG (1 KOU TOV TOWO) KOOMG Kol TIG OEAIdEG NG
dnpocigvong (medio “ISSUE/PAGE”). Ze kd0e pia and TIG TPONYOOUEVES TEPITTMOCELS
0 ypnotg evepyomotel o mANKTpo eAéyyov “UPDATE” dote o1 véeg kaTaympfoelg
va gloayBobv o1 Pdon dedopévov. Arapaitntn ivor n Kataydpnon Eavd tov Tithov
Tov povtélov oto medio “Microorganism” kot 1 €vEPYOMOINGN TOL OVTICTOLYOV
mktpov eiéyyov “UPDATE”. H petagopd twv Tpomomomcemv otn Pdon
0ed0UEVOV TTPAYLOTOTOLEITOL e TV EvePYOTOinon Tov TANKTpov eAéyyov “ACCEPT

CHANGES” (Ewova 4.11).

VIEW and UPDATE MODEL

Escherichia coli, (Calicioglu et al., 1997) - eq. Final a

Semid beef summer sausa

I
\H

.E‘W
__u
__u
LI
||
|
__u
| I

Ewoéva 4.11. UserForm d&u0pbmong, dwypagng kot kataydpnong PipAoypoeikdv  dedopévmv
AVOPOPAG €VOG LIKPOPLOKOD LOVTELOL
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4.6. Ilpofieyn )¢ UECETIPAVEIOS OVATTOENS/UN AVATTOENS TOD UIKPOOPYAVIGUOD EVOS

HKpofroxod poviéion

Boown mpodmoddeom yio tnv evepyomoinom tng dadtKaciog ovTnG AmoTeEAEL 1
eMAOYN €vOG Kkpoflakod povtédov mov avikel oty Katnyopia “GROWTH/NO
GROWTH” (GNG). Mg 1o mhtnua tov tAnktpov eaéyyov “SOLVE”, evepyomoteitat
N Owdkacio mPOPAEYNG NG MECEMPAVEWNS ovamTLENG/UN  avdmTuéng  Tov
LKPOOPYOUVIGHLOD TOV TEPIAAUPAVETOL GTO EVEPYO LOVTEAO.

[Motovrog 1o mAnKTpo eAéyyov “SOLVE” epeavifetor m ékdoon g
UserForm “Set the variables” (Ewova 4.12) mov o@opd otn OJlaxeipion Tov
HETOPANTAOV Y10 TO LOVTEAD TTPOPAEYTG TNG LECEMPAVELNG AVATTLENG/ UM AVATTTUENG.

Ot mnpogopieg mov mapéyet m UserForm oto ypfiotn oagopodv otnv
OMEKOVION:

(1) Tov petapintav g e€lomong He o avTicTol o 0P TIUOV TOVG,
(11) T®V GLVTEAESTAOV TOV UETAPANTOV LE TIG TIESG TOVG,

(ii1) Tov cvVvolkoy apBoD TOV peTABANTdV, Kot

(1v) TOL HIKPOOPYOAVIGHLOD TOV EVEPYOL HOVTIELOV.

Ot Aertovpyieg g UserForm mepiiapfdvovv:

(1) Tov opiopd TV LETOPANTOV TOV HLOVTEAOL TOV OVTUTPOGMTEVOVTOL GTOVG AEOVES
X Koy,

(1) ToV OpIoUO TV VIOAOITMY HETAPANTAOV TOL LOVTELOV,

(1i1) TV aTEWKOVIOT TOV YUPOKTNPLOTIKAOV TOV EVEPYOV LOVTEAOV, KoL

(1v) TV eKTEAEST TNG TPOCOUOIWGNC TOV EVEPYOD LOVTELOV.

Apyikd, Le TO OVOTTUGGOUEVO UEVOD EMAOYDV “X” ,emAéyeton pio LETaPANTH
and AMota OAV Tov dwbécimv petafintdv tov povtédov, ot TéG g omoiag Oa
AVTUTPOCOTEVOVTAL GTOV AEOVO X TOL dlaypappaTog TG mlavOTTAS avAmTLENS/ LN
avamTLENG TOv ptkpoopyavicpod. Me to mhkTpo ehéyyov “Bll” to omoio Ppicketar
de&10L TOL AVATTTUCCOUEVOD HEVOD EMAOYDOV X, QPEVOS TPAYUATOTOLEITAL 1] QITOdOYN
™G emAeypévng HetafAntig eved tavtdypova evepyomoteiton N e&icmon maperPoing

(interpolation):
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Rest variables

X
Y
z
d
e
1:
g
h
[

]

= e

Escherichia col

_*I_I ]

. -]

Ewéva 4.12. UserForm dwyeipiong pLeTafAntdv yio v TpoPAeyT TG LECEMPAVELNG OVATTUENG U
avamTLENG TOL EVEPYOD LIKPOPLOKOD LOVTEAOL

[Xz] = Rangefmm

Variable x - axis : Range,, — Range, (4.15)
[Xx]= f’”’”7 ° F[X(x-1)],x € (3,77)

9]

Omov:
Rangefrom etvou 1 apyikn| Ty Tov €0povg TG HETAPANTNC,

Rangeto eivar n avtioctoym teAkn| Tun.
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Edv X givar 1 omin tov gvepyod @OAAOL dedopévev mov €xel OpLoTElL OGTE va
Aappdver yopa n avarntuén tov dedopévov g egicwong 4.15, tote [X2] eivor n Tun
TOV OPYIKOV KEAMOV Kot X givar 0 aplBuodg Tov KeEADV TG oTHANG X.

Tavtdypova, Aapupdver xdpo ovTOUATN OTOKPLYN TOL TANKIPOL EAEYYOL
“M’pne oxond v mpootacia ¢ dadikaciog amd MOAVO GOEAAULN YEPIGUOV EK
pépovg tov xpnot. O apBuog Tov peTafAnTdV EAATTOVETOL KOTd £vav, eved M
avtiotoyn petafAnt mov eivar dwbéoun vy va dgxbel v elGaymyn TUNG otV
evotra g UserForm “Enter values”, amevepyomoteitar.

211 GUVEKELD, UE TO OVOTTUCCOUEVO LEVOD EMAOYMV “y”, EMAEYETOL UE TNV
avtiotoyn owdwocio pior peToPANTN, Ol TWES TG omoiag Ba avVTITPOCHOTEVOVTOL
oTov GEova y Tov ypoeiiatoc. To mdmpa tov Thjktpov eéyyov “Bl” de&id Tov “y”
EYEL GOV QMOTEAEGLLAL TV AVATTLEN TOV TILAOV TNG OVTIGTOYNS LETAPANTHG oTAL KEMA

TOV EVEPYOV PUAAOV SeJOUEVMOV TTOV £XOVV OPIGTEL Y10 TO OKOTO QTO, £6TM TO, KEALL

[Y2:Y77], coppmva pe v eéicwon 4.16:

Range .+ Range 4.16
Variable y - axis = [ &€ from 8 ] (4.16)
2 [Y2:Y77]

H amodoyn g petafAntgc £xet emiong cov amOTEAEGUO TV EAATTMOGT TOL
aplOpoy TOV HETAPANTAOV KOTA VOV OKOUN KoL TNV OTEVEPYOTOINGN NG AVTIGTOLYNG
dwbéoung petafintig oty evomnta ¢ UserForm “Enter values”. 'Exet Ane0et

[

HEPYVOL (DOTE €AV GTO OVOTTUGGOUEVO HEVOL emAoydv “y” emheybel n dw

e,

LETAPANTH LE VTV TOL OVOTTUGGOUEVO HEVOD EMAOYMV “X”, TOTE TO AVTIOTO(O
mnktpo eréyyov “Bl’ defi6 tov “y” vo pmv amokpOmTETON, TOPEUTOdILOVTAS TNV
amodoyn Te.

> ovvéyela opilovtar ot TIHEG TV VITOAO®V O1BESIU®Y PHETAPANTOV TOV
povtédlov oty evotnta “Enter values” mavtote evtdg TV EMTPENTOV OpiwV TOV
TILOV TOVG, OM®G ovtd epgavifovior oto avtiotoryo otolyeio €Aéyyov mAociov
Motag g evepyng UserForm. O apiBuog mov amewoviletal 610 otoryeio eAéyyov
mAouciov Alotag “Rest variables” eivor  avimmpocomevTikKdc TV  LTOAOITOV
Swbéciu@v LETAPANTOV PETA OO TOV OPICUO TOV PETARANTOV TV 0EOVOV X Kot .
Yg mepintoon mov N TN piog peTaPAntg opiletan £KTOG TOL EMTPETTOL £VPOLS
TIHOV 1 glvarl kevn, TOTE gV yivetal amodekt| omd 10 Aoyicpkd otav matndel to

mktpo eréyyov “GROWTH NO GROWTH”, eve gppaviCetal to pnqvopa: “Out of

range. Click on exit and retry”. Edv dev tkavomomBovv ot cuvOnkes katoym®pnong, To
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AoylopiKd dev emtpénet ) petdfaocn oty enodpevn UserForm. E&aipeon amoteiel n
T “0”, 1 ool eV LILOKELTAL GTOVG EAEYYOVS TOL dlEVEPYEL TO AOYIGUIKO.

Me 10 médpa tov mAfktpov “BIF” mpayparomoteitar emoTpoer TNV 0pyIKN
UserForm gvd tavtdypova dtarypdpetar To vepyd HOVTEAO. Z€ QVTN TNV TEPITTMOON M

drodkacio EMA0YNG HOVTEAOL TTPENEL Vo, EEKIVIIOEL Otd TNV apyN.

4.6.1. Eleyyog dedouevamv evepyod LOVTELOD

[Motovrog to minktpo ehéyyov “MODEL INFO”, epupaviCetor 1 UserForm
“MODEL-ID:” pe tv omoia o ypnotg umopel va eléyEet 6Aa to dedopéva Tov
evePyoy pIKpoPlakod povtélov Tto omoio mEPAaUPAvVOLY TA TEPTYPAPIKE TOV
ototyela, Tig petaPintég g e€icmong o avtioTolyia Le TiG E101KEG LETAPANTES, TOVG
OUVTEAECTEG TOV UETAPANTOV TOV EVEPYOL YPOLUIKOD HOVIEAOL GE avTioTOlyio LE
TOVG €101KOVEC GLVTEAESTEG, Kat TV e&lowon. O ypnotg dvvaton va eA&yEel kat va
petappacel v e€lomon cOUPOVO UE TIG EWOIKEC METOPANTEG KOl TOVS E101KOVG
ouvteleoTtés. Mmopel emiong va  eAéyEel moleg emMAOYEG  amEOVIoNG  Etvan
EVEPYOTTOMUEVEG Yo TO €vePYO pkpoflaxkd poviého. EmumAéov, pe to mANKTpO
eréyyov “IS THERE A PUBLISHED PAPER?” o ypnotng eivar duvatov va elEyEet
€QV LVIAPYEL KATOYOPNUEVN 1 epyacio oty omoia TeEPLOUPAVETOL 1| GUYKEKPIUEVT
eElowon. Edv dev vmapyel kotoywpnuévn onpocicvon, tote epugoviletor 6to KEVIPO
™G 006vng 1o uqvopa “Data of our own”. To pvopa KAEivel TaTdVTOC TO TANKTPO
edéyyov “OK”. Edv vmbpyer xotoyopnpévn onpocicvon 10te  gpeavifetor 1
UserForm “VIEW PUBLISHED PAPER”, omv omoio mepilapfdavovior ot
oLYYPOPELS Kol N nuepounvia dnpocicvong, o TiTAog TG £pYACiaG, TO TEPLOOIKO OTOV
€xel OUoctevtel N epyacia, o aplBudg Tov TEVYOLS Kol 01 GEAIDES TOV KATAAAUPAVEL

N dpocigvon 610 TepPlodwko (Ewova 4.13).

4.7. MéQooog emilvans tov povtélov avamroéng/un ovamroéng

[Motdvrog 1o TAnktpo eréyyov “GROWTH NO GROWTH” gvepyomoteitor n
UserForm “Probabilistic model”. To peyoddtepo pEPOC NG EMPAVEILG NG
KOAOTTETOL OO TO GTOKEID EAEYYOL EIKOVOG (YDPOG YPAPNHOTOS), EVE TEPYUETPIKAL

TOV OVOTTTUGGOVTOL:
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£

MODEL 1D:

M/O: Escherichia coli, (Ska
[« | >

SUBSTRATE:

]
=]
m
m
pun|
0
m
=
—'
n
q
=
=
=
()
=

|

SR EECEER

Tipe of model: o o ovthyNoGrowth

Siohi

If Growth modsl (GRT):

INA:Inactvation

o llo o o o §o
aflull: et i-

Range
VARIABLES: rom to
a7
(B2 x I —_—
= y e y—
[D2 z AE2 NN
22 N < . A2
W - e -- ,ﬁ VIEW PUBLISHED PAPER 2 |
2 o : :
W - g -- S AUTHORS: Skandamis, P. N., Stopforth, 1. D., Kendall, P. A., Belk, K. E., Scanga, J. A., Smith, G
2 I - . 02
) NN T -
A2 - j -- s PAPER: Modeling the effect of inoculum size and acid adaptation on growth/no growth interf
lﬁ 7l I =l
| 15 THERE A PUBLISHED PAPER? | A2 JOURNAL: International Journal of Food Microbiology
View the equation:
‘ EXP(K2+(M2*B2)+{02*D2)+(Q2*C2)}+(52*B2~2)+{U2* D2 4| | »
4 ‘ | DETAILS: 120, 237-249

4 13
e o

Ewova 4.13. UserForm ometkdviong vepyod LOVTEAOL Kot dNIOGIEVGNE TOL

(1) O opBudS TV PETOPANTOV TOV HOVTEAOVD, N EMAOYN TOL OTOIOL UTOPEL VoL Yivel
amd £vo OVOTTUGGOUEVO LEVOD ETAOY®V oV TepthapPavet Tig Tyég amd 0.1 wc 0.9.
Ot Tipég avtéc avtmposmmevovy TV mOavOTNTA avATTLENG/UN OVATTVENS  T®V
pcpoopyavicpmv (10-90%).

(i) To mkTpo €Aéyyov amodoyng ¢ TWNG ¢ mbavotrag “Set the probability”
Kol EMIALONG TOL HOVTEAOV.

(i11) To mAnKTpo eAéyyov “Convert bw to aw”. Me v emAoyn avt) Aapupdavetl xdpa o
LETACYNUOTIOUOC TNG LETOPANTAG TG EVEPYOTNTOS TOV VEPOL amd bw ce aw Aoy
TpOTO. EYEL avamTuyOel N TPOPAEYN TG HeCEMPAVELNG ovamTLENG/ U avATTTVLENG KO
eVO 1 pLeTaPAnNT bw €xel opiotel oTov £val amd Tovg 600 AEOVES .

(iv) To mAnktpo eréyyov “Variables comparison”. Mg v emAoyn avt) pmopei va
Yivel 6OYKpLon HEYPL TPLOV LEGETIPOVEIDV OVATTLENS/UN avATTLENG.

Hotdvtog 10 mAgktpo eréyyov “€F”, mpaypotomositar emotpoer; otnv
nponyovuevn UserForm (Set the variables) omnv omoia dtatnpovviol ot TEG TV
HETOPANTAOV TOL £X0VV OP1GTEL A TO YPNOTN oTa TEdia TV aEOVEVY “X” Kal “y”, VD
ot TIéG TV vrdAowmwv dbécimy petafintov eivar kevég. Emmiéov, eppavileton

Eavd 0 cLVOAKOG aPOOG TOV HETAPANTAOV TOL EMAEYEVTOS LOVTELOV.
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4.7.1. Myyoviouog exiivong tov HoVTELOD aVATTOENS/ U OVOTTOENG

O opopds ¢ petapinmc e mBavotnTag avarTTLENG/Un avATTLENG TOL
EVEPYOV HOVTEAOL, TPAYLOTOTOLEITOL apYIKE e EMAOYN TG TWNS NG TOAvVOTNTOGC
P=[0.1-0.9] amd tO0 0aVATTLGGOUEVO HEVOD EMAOY®OV KOl GTN CLVEYEWL HE TNV
gvepyomoinon tov TANKTpov eAEyyov “Set the probability”.

Evepyomoinon g eficmong: Apywd Aappdver ydpa n gvepyomoinomn g e&icmong

TOV gvePYOD HIKPOPLakoD HoviéAov. Avth TeptlapPavet:

(1) Tn perapopd g o10 080TEPO KEAL TNG GTAANG TOL QUAAOL OEGOUEVOV TOL
AOYIGLIKOV OV €xEl Op1oTEl €101KAE Yia TNV TPOPAeym ¢ mBavotTToS avamtuéng 1
UM avaTTLENG TOL PIKPOOPYAVIGHOD.

9

(i) Tmv evoopdtoon oty apyn TS, TOL HOONUATIKOL GVLUBOAOL . Tote, 7
elowon amd amhd dedopévo peTATPEMETOL GE evepyn €ElomON TOV AOYIGHIKOD, Ol
petaPAntég e omoiag (e101kég petafAntéc) AapPavovv tor dedopéva Toug amd To
avtiotoyo KeAld ota omoio €govv MON avamtvybel 1660 ot Tég TV afdvev X,y
(cObppova pe tic eilomosig 4.15, 4.16) 600 Kot o1 TYWEG TOV PETUPANTOV 01 OTOieg
&xovv oplotel amd To YPNoTN.

E@appoyn mg Aoyiotikng maivopdunong: Me 1o mdtnpa tov mAnKtpov eAEyyov “Set

the probability”, evepyomotleiton 1 dadikacio TG AOYIGTIKNG TOALVIPOUNONG 1| OToin
epapudletar pe to Aoyloukod Solver mov €xel evempoTmOel appovIKA GToV KOKO
VBA. Anopaitn mpobimdbeon ywo tn Asttovpyion tov givor va €xel mponyndel n
gykotaotacn Tov oapyeiov Solver.xlam oto vmoloyiotikd cvotnpa Tov Ypnotn. To
Aoyiopkd GroPIN meptapfdver évav €101kd punyoavicpd pe tov omoio aviyvevEL TNV
vmopén tov Aoyiopkov Solver otov H/Y mov givon eykateotnuévo. Edv to Aoyiopiko
dgv etval gykatactnuévo, TOTE 1 EYKOTAGTACT] TOV EVEPYOMOLEITAL AVTONATO O TN
BipA0OnKN TV TPpdobetwv Tov Microsoft Excel © pe tqv évapén tov Aoyloptkod
GroPIN.

‘Exet oprotel 611 yio kéBe petafoln g tung g e€icmong vmd v emidpaon
™G TWNG TS TBAvOTNTOS OVATTVENG/UN ovATTTVUENG, HETAPAAAETOL 1) OVTIGTOLYN TIUN
Tov dEova y.

eeQuation ’}\’ o (417)
Hemg [38 TIOTN TN (1&0\/(1 y
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4.7.2. I popixn omeikovian TS Tpofleyns TS UECETIPAVELOS OVATTOCHS/UN OVATTOEHS

H npéPreyn g pecemodvelng — ovamroéng/pun  avdmtuéng  tov

LKPOOPYOVIGHOD, TOL 0TTOioL 01 GLVOTKEG TEPTYPAPOVTOL GE KAOE evepyd piKpoflokd
LOVTEAO, TOPIGTAVETOL YPAPIKE 0OV OAOKANPwOEL 1 aplOunTiky TPOocopoiwon g
OTOTEALEC O, TNG EVEPYOTOINONG TOV TANKTPOL eAEYYOL “Set the variables™.
O tithog tov ypaonuatog (Ewdva 4.14) éyel ) popon|: {variable 1:y—variable 2:x},
exkepalovtag TV avtiotoryio. Tov HETAPANTOV pe Toug doveg y kot X (my. Time:y -
T:x). Ov Tipég “variable 17 kot “variable 2” Stopop@dvoviol Kot TO GTASI0 TNG
EMIAOYNG TOV EVEPYOD LOVTELOV.

H ypagukr amewovion g mpdPreyng tng HECEMOAVELNS OvATTLENG/ LN
avamtuéng epeaviCetal otov kevipkd yopo g UserForm “Probabilistic model”. O
YOPog ovtdg amoterel €va otoryeio eAéyyov eKdVOC KOl TPOPOOOTEITOL HE TO
YPOONUO TO ONOI0 EUMEPLEXETAL OTO QUAAO OEOOUEVOV OOV OVOTTOCGETOL T
apluntikny tpocopoimon. H guedvion tov ypagnuatog yivetor KatoOmy e EVIOANG
eKTéAEONG OO TO OVTIGTOO TANKTPO €Ayyov. Tavtdypova pe TV €UEAEVION TOV
ypaenuatog otn UserForm, oynuatiCetal to avtictoyo apyeio eikdvag oty meployn
TOV 01oKOL OOV eKTEAEITAL TO AOYIoHIKO pe dvopa: solver.gif.

Ot 0100TAcEC TOL  YPOPNUOTOS TPOGOPUOLOVIOL OTN  UECETLPAVELL
avartoéng/un avartoéng. H mpoocappoyn meptlapupdver apykd v €dpeon TtV
peyiotov Kot eEAayicTOV TGOV TOV aEOVOV X Kol Y VO oT1 GUVEXELD AapPdverl xdpa
1N OVTOUOTH TPOGOAPUOYN TOV 0EOVOV OTIS AVTIGTOLES UEYIOTES KOl EAAYIOTES TIUEG
(Ewoéva 4.14).

Metd to mépag ™G apunTikng tpocopoinong, £xet Anedel pépuva dote v
amokAegiovtot ot moapaydeiceg Tipég mov dev avnkovy 610 KaBOPIGUEVO €VPOC TIUMV
™G METAPANTAG TOL G&ova Y, UETE amd TNV TPOTOMOINGN OV £YOLV VTOGTEL VO TN
dpdiomn Tov Aoyiouikov Solver.

H yevua popon tov kddwa (hardcode) mov eAéyyet avtr| ) dadwkocio stvol:
If ActiveSheet.Range [2:77] > valmax or ActiveSheet.Range [2:77] < valmin then
ActiveSheet.Range [2:77] =, 6mov ot petafAntéc valmin kot valmax exepdlovv
HEYIOTN Kot EAGYIOTN TN TNG METOPANTNAG TOL €YEL EMAEYEL MOTE Ol TIEG TNG VA
anewkoviCovtar otov d&ova y, eve [2:77] etvar ta avtictorge KeMd OmoOv

nepthapPdvovtot ot TIéG.
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| Probabilistic model

B bw o Variables:

pH:y --bw :x

G 225669

.

—
[ pH
[ bw
—
—
—
—
—
—

5J25669

5225669

4LL06EY

0pt 0p3 ] 013 0l o

Convert bw to aw Variables Comparison

‘Escherichiacjo\ |7

Ewoéva 4.14. TIpoPreyn g pecempdveng ovamtoéng/un ovamtuéng Tov  HIKPOOPYaVIGHOD
Escherichia coli (Model: Escherichia coli, (Skandamis et al., 2007)-(bw selection), 2nd experiment,
TSB-G), tov onoiov ot cuvBNKeg AVATTLENG TEPLYPAPOVTOL GTO GTOLYELD EAEYYOVL TTAALGIOL AloTag TG
UserForm “Set the variables”. H petafAnt) bw avtimpoconevetor otov d&ova x kol to pH, otov
a&ova y. H Beppokpacio éxet opiotei otovg 35°C.

O oamokAelopOg mEPAAUPAVEL TN Ol0ypa®n TOV TW®OV TOV GEOVO Yy 7OV EYOLV
avartuyfel extdg TV mpoPrenduevev oplov pe TEMKO OmOTEAECUO TN OYPOON

puépovg g koumving (Ewkova 4.15).

time-d:y--T:x time-d:y--T:x
) 00

00

(1) 2

Ewoéva 4.15. (1) Kopmodn ovamtoéng/un ovamtoéng otov ot Tég g MetaPAntig ol omoieg
AVTITPOCOTEVOVTUL OTOV GEOVO Y OEV VTOKEWVTAL 6E EAEYY0 €4V Ppiokovial eVIOE TV EMITPETTOV
opiev 0mwg avtd €yovv kabopiotel and to povtéro. (2) Kopmdin avértoéng/un avémtoéng étav ot
TIWEG TNG LETOPANTAG 1 0omoieg avimpocmnevovial 610 GEova y Ppickoviol evidg TOV EMTPENTOV
oplwv 6mwg avtd £xovv KoBopiotel amd To LOVTELO.
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4.7.2.1. Metatpornn g uetafintic tov alova y omo by, o€ a,,

Edv n pio and tic 0Vvo petafAntég, ol TIHEG TOV OTOIMV AVTITPOCMITEVOVTOL
0TOVG AEoVeES X Kal y glval 1 “bw”, tdte 10 Aoyokd Tapéyetl emiong tn dvvaToOTNTA
OTOV XPNOTN Vo, petacynuotiost ™ petafint) avt) oe “aw” (e€icwon 4.14) kot va
v amewovicel ypapwd. H véa ypagikn aneucovion Aappdvel yopo otov matndei to
TAKTpo eAéyyov “Convert bw to aw” evd TaLTOXPOVO OTOKPOTTETOL TO TANKTPO
eréyyov “Variables comparison”. Tavtoypova, pe v EUEAVICT] TOV YPOPT|LLATOG,
oynuatiCetor apyeio eKdvVOG 6TV TEPLOYN TOL dIGKOV OOV EKTEAEITOL TO AOYIGLUIKO
pe ovopa: solver.gif. O ypnot¢ emotpépel oty mponyovuevn UserForm matmvrog
10 TMKkTpo edéyyov “BF’. Eqv n emhoyf g petafAnTic, ot TEC NG omoiag
avTurpocwnevovtal otov dEova X 1y, elvar dtdpopn ¢ petafAntg “bw”, tote dev
TpaypaTonoleitol Kapio Agrtovpyio KaTd TO TATNO TOL TANKTPOL eA&yyov “Convert
bw to aw”.

Edv n petafint) tov déova x elvail n “bw”, 1018, cvppmva pe v g€icmon
4.14 evepyomnoteitan o unyovicpdc (Ewéva 4.16): VA:Ae [2,7]/A = gvepyd OAAO

dedopévarv, 1oYvEL:

[HY2] = 1-[B2]

[HY77] = 1-[B77]°

Avrtiotoryog givar o unyaviopds o0tav n “bw” amoterel petafAintn tov d&ova “y”.
pH:y --bw :x pH:y--aw:x

miiig e
R :,/ Biies oA

L] —

re
m e u " " . " " xa L 034799 [E5 1579 [T 3

(1) (2)

Ewéva 4.16. Metatpomny| TG petafAntng tov dova x and “bw” oe “aw”. I'papikéc anekovicelg g
avantuéne/un ovamtuéng v to povtého: Escherichia coli, (Skandamis et al., 2007)-(bw selection),
2nd experiment, TSB-G, pe d&ova x ™ petapint “bw”, a&ova y to pH, evéd n i g petafintng

g Beppokpaciog eivar 35 kot g mbavomrog avdmTuEng pn avartvéng etva 0,5.

(1) H xapmdin avartuéng/un avantuéng mpv omo ) LETOTPOTH bw o8 aw.

(2) H kopmddn avamtuéng/pun avamtoéng pHetd and ) petotpont) bw o aw.
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4.7.2.2. Xbykpion IOV UECETIPOVELDYV OVATTOCHG/ U  OVOATTOENS V1o OE00UEVN
uetofintn

O ypnotmg éxet ) dvvatdomto va avarntiéel ot UserForm “Probabilistic
model” pia véa ypagikn mapdotacn oty onoia anewkoviovtor 1660 1 apyiky 660
Kot 000 emMAEOV UEGEMIPAVELES, 0QOV TPMOTO emAEEel pio amd TG Swbéotueg
UETOPANTEG TOV HOVTEAOL (# TV AEOVOV X,Y), KOl GTN GUVEXELD OPIGEL TIG THES Yo
Kkd0e pio amo Tic 600 pecempdveleg MGTE Vo Tpaypatomotn el n cOykpion.

H ovykpion mpaypotonoleitor matdviag to mANKIpo eAéyyov “Variables
Comparison”, omote gpeavifetor n UserForm “Select Variable:” otnv omoia o
YPNOTNG Hmopel apykd va eMAEEEL T HETOPANTY Yo TN CVYKPION amd TIG d100ETTpES
LETAPANTEG TOL OVOTTUGGOUEVOL LEVOD EMAOYMV. XTN GLVEXEWN EXEL TN SLVATOTNTA
va opioet Tig TIHég TG Yo KAOe véa TpOPAeYn pHesEMPAVELNS GTA aVTIoTOYO GTOLYElDL

gloaymyng oedopévav (Ewkéva 4.17).

Select Variable: _ Select Variable: E|

- Jx]

Ewova 4.17. Emiloyn petafAntig kot optopog péypt 000 TIL®OV Yl T HETAPANTH avTh

Ot Tég avtég Tpémel va. Bpiokoviot VIO TOV EMTPETTOV EVPOVE TIUMV TNG
petofAntg mov mepthapfPdvovtor oto otoryeio eAéyyov mAouciov AloTtag NG
UserForm “Linear Models: Set the variables”. Edv xdamown omd 11 dvo Tipég
Bpioketar ektOg opimv, TOTE TO AOYIGUIKO dev EMITPENEL TN UETAPAOT GTNV EMOUEVN
@aomn €mg 0ToL OploTel M T EVIOC TOL EMTPENTOL €VPOVLS. XTI GULVEYEW TO
Aoylopikd Kadel éva véo ypdonuo TO 0moio avTIKOOIoTA TO TPONYOVUEVO OTN
UserForm “Probabilistic model”. Katd tv evepyomoinomn tov mAnkTpov €A&yyov
“Variables Comparison”, 1o mAnktpo “Convert bw to aw” amoxpOmTETAL.

H oapyikn kapmodn €xel umle ypoUa Kot QEPEL TNV OVOLOGIO TOL E€VEPYOL

HOVTELOL, TTOL aVaYPAPETOL 6TO LoV, Ot VITOAOUTEG 0V0 KAUTOAEG EXOVV YPDOUA
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KOKKIVO Kol TPAGIVO, EVAD OEPOVY TNV OVOUOGIO TNG TYNG OV TOovg 00Onke amd To
YPNOTN. XTO LIOUVNUO AVOQEPOVTOL Ol UETOPANTEG TV AEOVAOV X KOl Y, EVD OTN
oLVEXELNL avaPEPETAL 1 LETOPANT) TTdve oty onoio Paciletor 1 ovykpion (Ewkéva
4.18). Tovtoypova pe TNV EUEAVION TNG GLYKPLTIKNG YPOQIKNG TOPAGTAOTS,
oynuatiCetor apyeio eKOVOG 6TV TEPLOYN TOL diGKOV OOV EKTEAEITOL TO AOYIGLUKO
ue ovopa: solver2.gif. Metd amd v ELEAVION TOL YPAPNUATOG, TO TANKTPO EAEYYOL
“Variables Comparison” amevepyomowsitot. IMatdvrag to mAiktpo eréyyov “EI” o

¥PNOTNG Uropel var avamtiget o vEa TPOGOHOImGeT) amd TV apyn).

EEEEEL /S

] 0,05 0,1 0,15 0,2 0,25 0.2

=—=Escherichia coli, Skandamis et al., 2007)-(bw selection), 2ad experiment, TSB-3
— 11

20

pHuy--bwx

Compare per: T

Ewéva 4.18. ['pagikn omeikdvion g cOYKPLONG TPLOV UECEMPOVELDV AVATTUENG/UN AVATTUENG LE
kprenpto ) Oeppokpacio yuo to povtého Escherichia coli, (Skandamis et al., 2007)-(bw selection), 2nd
experiment, TSB-G. H petafAnt “bw” avtimpocmnevetal otov déova X, to pH otov d&ova y, evd n
T g ThavotTog avartuéng un avantoéng sivai 0.5. H apykn mpodPfreyn g pecEmpavelag Exet
T Beppokpaciog 35°C, evd o1 véeg npofréyeic nepthapfavouy tiuég Oeppokpoaoiog 10°C kar 20°C.

4.8. Exilvon kivytik@v poviéAwv

Edv to evepyd povtého eivonr yapokmmpiopévo g kivntikd povrédo (GRT 1

INA), 16te 1 emilvon tov meprhapPdvel gite ™V avanTLEN HOVIEA®V EMPAVELNS
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amoKponNg N Vv ovartuéng KoumdAng avénong (Hovtédo avénong) M KopmTOANG
adpavoroinong (LovIEAO 0dpovoToinong).

[Matdvrag to TAnkTpo eréyyov “SOLVE” ¢ apywknc UserForm, sppaviCeton
n éxdoomn g UserForm pe titho “Set the variables” n omoia agopd oto KivnTikd
povtéia. 1o aplotepo uépog g UserForm epgaviCovtot ot petafAntég tov evepyol
HOVTEAOL HE TO OVTIGTOLXOL €0PY TYMV TOVG VA GTO OTOKElD €AEYYOL TAOLGIOVL
AMotag “Rest variables” eueoavifeton o ovvolkog oplBuoc tov  petafAntov.
Tavtdypova, gppavifetor pnvopo tpog Tov xpnot (Kitpvog mivaxog), divovtds tov
oonyieg Yy TN GLUTANP®OYN TOV TIUOV TOV UETAPANTOV OovOAOYo HE TN HOPOY|
eMIALONG TOL €vEPYOD HOVIEAOL. ZOUQ®OVO UE TO HUNVOUO 0VTO, €0V O YPNOTNG
TPOKEITOL VO AvamTOEEL P oo TIG 000 HOPPEG LOVTELOV EMLPAVELNG OTOKPLONG, TOTE
umopel va opicet Tig LetafAnTég TV aEOVmV X Kol y e UNOEVIKN TN, EVO TPETEL VAL
opioet T1g TYég (#0) Yo Tig vrdrowmeg petafantés. Edv dpmg o ypnotng mpoxkeiton va
avamtOEEL KOUmOAn avénong 1 adpavomoinong, Oo mpémel va opicel OAeG TIC
dwbéoueg tipég g UserForm. Ot tipég tov doBéoiuwv petafAntdv 1o £vEPYOD
HoVTELOL TTPEMEL va. fploKovTal TAVTO EVTOS TOV EMITPENTMOV Opiwv 1 va eivor undév
(to undév elvar emrpenty TN oveEdpnTn Omd TA OplO TOV UETAPANTOV). €
nepintoon mov kdmowo TN Ppioketal ektog opimv N elvan kevr, 10te dev yiveral
0modeKTn amd 1o AOYoUKd Otov matnBobv  to mANKTpa eAéyyov “RESPONSE
SURFACE”, “TIME to X LOG” 7 “GROWTH and INACTIVATION”, evd
epeavifetoan to punvopa: “Out of range. Click on exit and retry”. Xg avt) v
TEPINTOON, TO AOYICHIKO Ogv emitpémel TN peTdPocn otig popeés emilvong. Ot
dwbéoeg popeéc emidvong yio kébe poviého €xovv mpokabopiotel Katd 10 GTAS0
E100YWYNG TOL LOVTEAOV TN PAon dEdOUEVAOV TOV AOYIGHIKOD.

Edv o ypnotg emiééer €va kKivntikd povtélo 1o omoio €xel pia pdvo
petafint) kKot pio cvpPotikny HETOPANTH GLOTNUATOS YlOo. TNV KOVOTOiNon TV
avaykov eniAvong (“not used”) t0te M peTOPANTH cvoTHUTOS Opilel awTOHTA TN
ovpPatikn) Ty “0” oto avrtioctoyo otoyeio ewoaywyng oedopévav. To otoryeio
EI0AYWYNG OEOOUEVOV GE QTN TNV TEPIMTMOON EUPOVILETOL e KOKKIVO YPOUO KOl
amoxAeiet T tpdcsPacn 6to YpHoT.

Eniéyoviag pio popen emilvong, o kitpvog mivaKoG OMOKPVTTETOL,
TopoywpavTag TN 0€on 1oV 6T GTOLYXElD EAEYYXOL TANIGTIOL AloTag OOV gppavifovTon
ol ouvvieheotéc ¢ eflomonc. Me 1o mammpa tov mAfKTpov eaéyyov “EI”,

npaypatonoleitol emiotpor] oty apykn UserForm kot tavtdypovn dwaypaer) tov
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evepyov poviélov (Ewodva 4.19). Xe avt v mepintmon 1 dadikosioo ETAOYNG TOV

HOVTELOL TPETEL VoL EEKIVIGEL OTO TNV apyN.

Set the variables

X
Y
ra
d
=
f
g
h
i

]

FFyyore want to develop: Enter values:

) B issfiva el =

or ?EJ‘JI’E o J"?Juﬂ-}‘ﬂﬂd‘ Mﬂd;?}r |

=]
=5

mgseoﬁw{y, ender the zere
value to the fields that
represent the x maﬁ;y asis,
m‘enyuu can define the rest
available values based on the
ranges displayed above.

[(;:’) Q‘mwﬁ'ﬂr Inactivation

CLETVE, tfenyu T d%'fx‘:re all
the waf}ragf:z-ﬁefn‘&v Fased cn

the ranges d—?ﬂ:rfa;y\eﬂra&m

g Escherichia col
; [« | i

THE

GROWTH and
INACTIVATION

Ewoéva 4.19. UserForm diayeipiong petofAntdv yo v enilvon tov Kivntikdv poviéiav. Ot
EMAOYEG emiAvong eEapTdVTAL OO TOV KWOJIIKO TNG HOPPNG EMIAVONG O 0moi0g EUTEPIEXETAL OTO
avtioTolyo medio Tov evePYoD HOVTEAOL.

H emdoyn evdg xkivnmikod poviélov amd 1n Pdomn dedopévov E€xel og
ATOTEAEGUOL TN UETAPOPA TNG e&lomoNng oto 0e0TEPO KEAM TNG GTNANG TOL QVUAAOV
O€JOUEVMV TOV AOYIGHIKOD TTOV £YEL OPIOTEL EOIKA Y10 TNV AVATTUEN TOV KIVNTIKOV
povtélov. Koatoémv Aappdvel yopo eveoUdT®on tov podnuotikod copfoiov “=”
omv apyn ™ e&lcoong. H eElowon tote gvepyomoteitor kot or petafAntég g
(edwcég petafintég Aoyiopikov) Aapfdavoovv ta dedOUEVO TOVG amd TO OVTIGTOLYO
keMd. To amotéleoua amd v emihvon g e&icmong opilel v T tov mediov

<mu>max (Umax), €VO peTaoynuatiCetor oavtopato oe In<mu>max (Inpmax) Ko
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Sqr<mu>max (4/#,,,. )- AT6 10 onpeio avtd N cLVEKELD TNG emiAvong eapTdTol amd

TNV OPYIKA OPIGUEVT] LOPPT] EKOPOGTS TOV LOVTEAOL.
4.8.1 Avamroln kourding ovénong 1 adpovomoinong

‘Eva evepyd xivntikd poviéAo pmopel va elvar yopoktnpiopévo eite g
HoVvTéLO avénong N og poviédo adpavomoinone. H Paocikr popen emilvong xabe
KIVNTIKOV HOVTEAOL TEPIAAUPAVEL TNV KOUTOAN adENGNS 1 adpavoroinong avticTotyo
1N omoia avamtvoceTat pe Pdomn To Sapoptkd poviédo Tov Baranyi & Roberts (1994).

Edv to evepyd poviého givan yapoakmmpiopévo g poviédo avénong (GRT), pe
to matnpa Tov TANkTpov eAéyyov “GROWTH and INACTIVATION” tng UserForm
“Set the variables”, epgaviCetor n UserForm “Growth curve:” otnv omoia o ypnotng
pmopel vo EIGAYEL TIG TIWES TOV TAPOUETPOV TTOV YopakTnpilovy TV amdKplo TG
pikpoprokng avantuéng (Ewkova 4.20). Ot mopdpeTpot ovtot giva:

(1) No(LogCFU/g), n omoia ek@palel TNV apyIKy] CLYKEVIPOGT TOV LKPOOPYOVIGLDV.
Amotelel AoyaplBpukn €KEpacn TG avATTLENG TOV KPOOPYOVICUOV pe Baon to 10
(Log10CFU/g).

(i) Lag, n omoia exepdlel ) @dorn kabvotépnone N to ypOVO TPOGAPUOYNG TOV
UIKPOOPYOVICHOV Ttptv omtd v avdmtué tovg. Amd ™ ¢don kabvotépnong
VTOAOYI(ETOL M OPYIKN] QUOIOAOYIKT] KOTACTOON T®V KLTTAPWV COUOOVO HE TNV

e&lowon:

hy = A (4.18)

omov A givan  pdiom kabvotépnong

KOl max o Péy1otog e101k0g puOudg avamroéng

(ii1)) Nend(LogCFU/g), m omoio ex@pdlel TV OCLUTTOTIKY] GLUYKEVIPWOOT TOV
KLTTAP®V.
(iv) Hours, n onoia ek@pdlel 10 ¥pdvo oe dpeg.

Ot TG TOV TOPAUETPOV VITOKEVTOL GE GUVTOKTIKO EAEYYXO0 amd TO AOYIGHKO,
TOVL gvepyomoleiTan pe 1o ThTNUa Tov TARKTpov eléyxov “Bl”. Edv o cuvtakTikdg

ELey oG O0eV amodMOEL KATO0 COAALN TOTE EUPAVIETOL 1] YPOPIKT OTEKOVIOT TNG
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AVATTUENG TOL WKPOOPYAVIGHOD MG TPOG TO YPOVO, LE TN HOPPN GLYLOELOOVG
KopmoANg avénong. Me to mhgktpo eréyyov “EF” mpaypartomoeiton entotpoey otV
nponyovpevn UserForm 1 omoia cuveyilel va dwatnpet to dedopéva Tov giyov oploTel
v televtaia eopd and to yprotn. Kdtw and m ypaekn tapdotocn epeaviCeton n
popon ékepacng Tov pvopod ovimrtuéng tov povtédov. Ilatdviag to TANKTPO
eréyyov “ACTIVE EQUATION”, gppaviCovtot ta dedopéva Tov evepyod LOVTELOL
(Ewova 4.20). Tovtoypovo pe ™V €UEAVION TOL OlYPAUUATOS ep@aviletol To
apyeto ewdvag “Growth.gif” oty meproyr| tov dickov 6mov ektereitan T0 AOYIGUIKO.
Edv 10 evepyd poviého eivar yopakKTnplopévo ®g HOVIELD 0dpavomoinong
(INA), pe 1o matpa tov TAnktpov eréyyov “GROWTH and INACTIVATION” g
UserForm “Set the variables”, gpoaviCetor n UserForm “Inactivation curve:” otnv
omoia 0 ¥pNoTNG UTOPEl va EIGAYEL TIG TYWEG TOV TAPUUETPOV TOV XAPOKTNPILovV TNV
andKplon ¢ pkpoPrakng adpavoroinong (Ewova 4.21). Ot mapdpetpot avtot giva:
(1) No(LogCFU/g), n omoia ek@paletl TNV apyIKy GUYKEVIP®GOT TOV UIKPOOPYUVIGLDYV.
Amotedel AoyaplOuikn EKQpaot NG avantuéng Twv UIKpoopyovicuoV pe Baon to 10
(Log10CFU/g).
(i) Shoulder, n omoia ekppdlel v KOptwon e&artiog NG amdOKPIONG VOTEPNONG
(e€iowon 4.18).
(ii1)) Nend(LogCFU/g), m omoio ex@pdlel TNV OCLUTTOTIKY] GLYKEVIP®OON TV
KLTTAPp®V.

(iv) Hours, n omoia ekppdlet to ypdvo 6e dpeg.

4.8.2. Myyoviouog avarroéng tov Arapopixod Moviélov twv Baranyi & Roberts, 1994

H dwgpopun e&iowon tov Baranyi & Roberts (1994) cuvictd 1o punyoviopd
G TPOGOUOIOoNG TG HIKPOPLakng adénong kat yio To Adyo ovtd 1 e&icwon ovty
TPOCUPUOCTNKE GTOV KMOJOIKO TOL AOYIGHIKOV. XOuemva pe v amédaln 3.20,
evoopatodnkav ot e§lomoelg tov dapopikod ocvotuatog (3.4 xor 3.5) oto

AOYIoHIKO.



QE Growth curve:

y:LogCFU/u-x:t(hours)

i

7’

Enter values:

i 30

= & ACTIVE EQUATION
g Escherichia col GROWTH and
4 _,J INACTIVATION - .

Ewoéva 4.20. Avantoén kopmding avénong vy to pukpoopyaviopd E. coli oto
pkpoProxd povtéro Escherichia coli in gel cassettes (Skandamis et al., 2007) 6tav 1
Beppokpacio éyet opiotel otovg 30°C xar 1o pH, oto 5. Ot mopduerpot TOL
Awpoptkod Movtéhov tewv Baranyi & Roberts, 1994 gppaviCovtar oto 8e&1d népog
g ewdvag. H povada tov ypovou eivar oe mpeg. O puBuodg ekppaletar oe LogCFU/,
o6mov u pumopel va givar g ml

"Q Inactivation curve: @
| y:LogCFU/ml-x:t{days)
n
3
8 \
7
8 ™,
5 \
4 N
logDF 0.7 Enter values: . S~

B 276 :

1
0 n 20 30 i} 50

-
-
-
-
-

11

/’%

3
T ACTIVE EQUATION , F e
m Clostridium spx CROWTH and & Period () s used for deomal separation
4 _,J INACTIVATION

Ewova 4.21. Avantoén koumding adpavonoinong yio 1o pukpoopyovicpd Clostridium
sporogenes oto pkpoPlokd povtédo Clostridium sporogenes ATCC 7955,
logDpref(P), Eq.4, pressure model otav m mieon €xer opiotei ota 276 MPa. Ou
napdpeTpotl Tov Awgpopikod Movtéhov tov Baranyi & Roberts, 1994 gueaviCovron
070 0e§10 PEPOG TNG EIKOVAG,

176
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O1 petafintég tov eElodoewv AapuPdvouy Tig TIéG Toug amd:

(1) T mapap€Tpoug Tov EvEPYOV HOVTEALOL TOL £XOVV OPIGTEL A TO YPNOTN,

(1) ™V TN TOL HETACYNUATIGUEVOD HEYIGTOL €101KOV puORoy avamtuéng (Umax) M
adpavoroinong (K) mov amotelel £K@pacn TV SUPOPETIKOV PLGIKOYNUIKOV Kot
TEPPOALOVTIKOV TOPayOVI®V, Kot

(ii1) T1g e&lomoelg mov €yovv emALOEl G TPONYOVUEVO GTAGI0 KOTA TNV EKTEAESN TNG
npocopoinong (eiomoerg 3.9, 3.10, q, = InQ,).

Koatd 10 o14d10 ¢ avdntuéng tov 01apopikov HoviéAov, glval SVGKOAD va
eleyyOel edv ta amoteAéopata TG Sapopikng e€lowong mov mepthapPaver TAn6og
LETAPANTOV Kol EKOETIKOV TapayOVI®mV, Teptopilovtal 6To aVaUEVOUEVO €0POG TILMV
N amokAivouv Katd ta&elg peyébovg. I'a to Adyo awtd, pe KPUTnplo v omopuyn
ocQoANATOV, eANEONn pépiuva mote va eivar BéPato OTL TO OMOTEAEGHOTO TOV
vroAoylopudv o0 Bo vrepPaivovv v avapevopevn taEn peyébovg (Baranyi &
Roberts, 2000). 'Erape ydpa petocynuatiopds tov eElo®cemv mov tepthappdvovy
TOALEG HETAPANTES KOt EKOETIKOVG TAPAYOVTES, O EEIGMGELS LUE TEPLOPIGUEVO aplOUO
petafAntov. Mépog tov petafintedv vmoAoyiletar Eexwplotd oe AmMAOVGTEPEC
eElonoelg.

H dwapopd tov péyiotov €101tkod puhpod avamtuéng amd Tov avticTtolyo g
adpavomoinong &ykettal oto gvoldpeco mpoonuo s egicwong 3.15 mov sivan
ApVNTIKO, ONAOT|:

1
(previous value) 1 + e_Q([) )

(4.19)

LogCFU /ml = LogCFU | ml (1-10%)-a1-5

O punyoviopdsg epapuoyng Tov dlaPopkov poviéhov Tov Baranyi & Roberts
(1994) avarbbnke extevog katd v avdntuén tov Aoyicpkobd UGPM (Ilpocappoyn

TOV O10POPIKOV LOVTELOV GTO AOYICUIKO).
4.9. Avarroln poviéAwy empavelag amokpions

Me 10 mamua tov mAnktpov eréyyov “RESPONSE SURFACE” g
UserForm “Set the variables”, eueavietar n UserForm “Response Surface and
Contour Plot”, n omoio dwokpiveror omd TO YOPOKTINPIOTIKO HADPO YPDOUO TOL
vrofabpov Kol mePAapPavel dvo YpaPlkéG mapacTacel; o kabetn owdtaén. Tnv

TPIGOLAGTATN YPOPIKY AMEKOVIOT TNG emPdvelag omdkpiong (response surface) 1
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omoio onTiKomoleital € H160146TATO EMIMESO GTO OAYPALLLO TOV 1IGOVYADV KOUTVADY
(contour plots).

O ypnomg umopetl va opicel ) petafAnt) mov Bo avItpocOTEVETOL GTOV
d&ova x, emAéyovtag pia amd TG LETAPANTEG TOV EVEPYOVL LKPOPLAKOD LOVTELOL OO
TO OVOTITUGGOUEVO LEVOL EMAOY®OV “X-axis”. Me to mAnktpo eAéyyov “l” to omoio
Bpioketor 0e&ld TOL AVATTUVGGOUEVOL HEVOD EMAOYQOV “X”, TPAYUATOTOLEITOL M
OO0y TNG EMAEYUEVNG LETOPANTIG.

2 ovvéyew, o ypnotng pmopel va opioet ™ petaPfAnty mov Oa
AVTUTPOCMOTEVETOL GTOV AEOVA Y, EMAEYOVTOS Mo amd TIG HETAPANTEG TOL EVEPYOL
piKpoPlokod HOVIEAOL G0 TO OVOTTUGGOUEVO HEVOD EMAOY®V “y-axis”. Mg to
mnktpo exéyyov “Bll” To omoio Ppicketar Se£1d TOV AVOMTVGGOUEVOL PHEVOD ETAOYDV
“y”, mparypatomoleitan 1 amodoyn| TG EMAEYUEVNG LETAPANTIS.

Metd amd v amodoyr TG emMAEYHEVNG METOPANTNGC Yoo KEOBe GEova, TO
TANKTPO EAEYXOV amOKPOATETOL Y10 AOYOoVS aiopaAelag. Edv emtheyel ) 0o petafAnt)
1660 Yo Tov AEova X 0G0 Ko Yo ToV AEova Y, TO TANKTPO EAEYYOL TOov AEova y dgv
KOAVEL OMOOEKTN TNV EMAOYN, HE OMOTEAECHO VO WU UTOPEL VO TPOYWPNGEL 1M
dwdkacio oto enodpevo otado (If x=y then exit sub).

To endpevo otdd0 TEPLOUPAVEL TNV TOVTOXPOVY] YPOPIKY OTEIKOVION TNG
EMUPAVELOG OTOKPLONG KOt TOV Sy pAUpoTos 160Dyav. Tavtdypova, pe TNy epedvion
TV dVo dypapudtov epeavifovral 000 apyeion eOVAG oIV TEPLOYN TOV dICKOV
oOmov exteAeital To Aoyopikod, Ta apyeia Response.gif kot Contour.gif.

>m UserForm “Set the variables”, amewoviletor n popen tov pLOUOY
AmOKPIONG OV AVTIoTOLKElL 6TOV G&ova z, M omoio umopel va €xel TG TWES: “rate”,
“In(rate)” ko “Sqrt(rate)”. O ypnotg dvvatar vo eEAEYEEL TaL dEGOUEVA TOV EVEPYOV

pkpoPiaxov povtédov pe v emioyn “ACTIVE MODEL” (Ewova, 4.22).

4.10. Mnyoviouog HovieAw ETLPOVELAS ATOKPIONG

Me 10 mépo Tov TAKTpov eLéyyov “Bl” Tov dEova “x-axis”, evepyomoteitar

n eicmwon mapeppoing 4.20:
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[AZ] = Rangeﬁ'om

Variable x - axis : Range rom — Range,, (4.20)
[Ax]= 0 +[Ax-1)],x €(2,22)

omov:

Rangefrom etvot n apytkn| Ty Tov €0povg TG LETAPANTNAC,

Rangeto etvan n avtioctoym teAkn tun.

‘Edv “A” glvar n omAn T0V gvepyoh UALOL dedopévav 1 omtoia £xel oploTel MOTE va
Aappdver yopa n avantuén tov dedopévov g eEicwong 4.20, tote [A2] ivor n Tun

TOV aPYKOL KEAOV KoL X fvat 0 aptBpdg TV KEMAOV TG GTAANG A.

-g;g Response surface and contour plot

Enter values:

T ’07
pH’gi

1 1

5

10 145 19 235 28 32,5 37

GROWTH an

B Escherichia col i
4 v INACTIVATION

LRI

z: IR [E]

Ewéva 4.22. Avémto&n poviélov em@dvewng omoOKplong kot OloypaulaTtog 1ooDY®V Yo TO
pikpoopyaviopd E. coli 610 pikpoPfrokd povtého Escherichia coli in gel cassettes (Skandamis et al.,
2007). Ot petofAntég tov aovoy x kal y epeavifovtal 6to 0510 HEPOG NG EIKOVAG.

Me 10 médpo Tov TARKTpov eAéyyov “Bl” Tov dEova “y-axis”, evepyomoteitat

n eicmon mapeppfoinc 4.21:
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[B,]= Rangefmm

Variabley - axis : Range,,,, — Range,, (4.21)

[Byl= 0 +[B(y-1],y €(2,22)

omov:
Rangefrom etvou 1 apyikn| Ty Tov €0povg TG LETAPANTNG,
Rangeto eivar n avtiotoym teAkn T,
Edv B gival n ommin tov evepyod @UALOL dedopnévav 1 omoia £xEl OpLoTEL MOTE Vv
Aoppdaver yopo n avantuén Tov dedopévav g eéicmong 4.21, 1dte [B2] givor n tun
TOV aPYKOD KEAOV Kol y givot 0 apBpdg Tov keM®V g otnAng B.

21N GLVEYELN EVEPYOTOLEITAL O UNYXAVICUOG GLVOLOGHOD TMV OESOUEVOV TOV
KeMoV [A2]:[A22] kar [B2]:[B22], copupmva pe v apyn cLvOLOGHOD TMV KEAMMV
(Ewova 4.23):

A B

1 X 1

2 X 2

3 X 3

X N z d 4 y 1
5 y 2

6 y 3

7 z 1

1 2 3 8 z 2
9 z 3

10 d 1

11 d 2

12 d 3

Ewova 4.23. Avantuén cvvdvacpod tov keov otav [Al]:[A4]=(x,y,z,d) ko [B1]:[B3]=(1,2,3).
O ég tov apywav kehmav [B1]:[B3]1=(1,2,3) avtictoryiCovrat pe kébe Tiun Tov apyik®dv KeAmY

[A1]:[A4]=(x,y,z,d) oynuotilovtag évav mivaka 2x12.

O x®dkag Tov ePappoletol 6e oVTN TN JOIKOGIO EXEL GOV OTOTEAEGLLO TNV
avantoén 441 keMdv, to omoio. TPOKLATOLY Omd TO GLVOLOGHO TV
napepPorlopevoy oV Tov kemov [A2]:[A22] x [B2]:[B22] apaipovpévev tov 44
IMAGV TIHOV TOV KEAMMY TOL TPOKLATOLY Ao T0 cuvoLacHo. H otin C (dovag z)

TEPAAUPAVEL TNV TN TOV PEYIGTOV €101K0D pOUOY avdmTtuéng 1| adpavomroinong.
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21 ovvéyela, o mivakag 3x441 dedopévav petacynuatileton o mivaka 21x21

(ITivaxag 4.2), 0 omoiog eivat kavog voL VTOGTNPIEEL TV ETEAVELN OTOKPIOTC.

Mivaxkag 4.2. Metaoynuoticpdc tov dedopévov g cuvdptmong y=£(Xi1, Xz) o€

empaveln anokpiong E(y)=£(x1, X2)

[Tivaxag 3x442
X1 X2 y
A B C
1
2 0,20736 3,5 7,7526918
3 0,20736 3,575 7,7082571
4 0,20736 3,65 7,6530306
5 0,20736 3,725 7,5872484
0,20954 3,5 7,5850324
0,20954 3,575 7,5379372
0,20954 3,65 7,4803373
0,20954 3,725 7,4124783

e

Metooynuotiouoc mwivako dsdouévav 3x442 oe mivako em@Evelnc omoKpiong
21x21

A B C D E F ..V
3,5 3,575 3,65 3,725
0,20736 7,7526918 7,7082571 7,6530306  7,5872484
0,20954 7,5850324 7,5379372  7,4803373  7,4124783

~ W N P
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4.11. Avamroén povieAwv empOveLas amOKPIoNS TOD EUTEPIEYODY TOV DIOAOYVIGUO TOV

XPOVOD Yo deoouévn AoyapiQuikn adinon/ueicwon

To pikpoPuokd povtélo pmopel va oamewovictel pe  Hopen HOVTEALOL
EMPAVEING amOKPIONG OT0 Omoio Opmg vroloyiletar o ypdvog yuor dedopévn
AoyapOpikny avénon/peiowon. Me 10 matnpo tov TANKTpov eAéyyov “TIME to
XLOG” g UserForm “Set the variables”, eupaviCeton n UserForm ‘“Response
Surface and Contour Plot”, n omoia dtakpivetar amd 10 YOPAKTNPIOTIKO KOKKIVO
YPOLO TOL VTOPABPOL Mote va dtoywpiletor ontikd amd v Tpornyovpevn UserForm.
Téco o0 Pacikdg unyoviopuds ovamtuéng tov poviéAwv 660 kot 1 dtodikacio G
amEKOVIONG TOLG lval 101 pe ekeivn TV GLVNOOV HOVTEA®V EMPAVEIDV OTOKPIGNGC.

H dwpopd tov poviédmv avtodv and to cuvinom, EyKertol 610 pUNyovicpd emiivong

¢ e&lomong:
X
Time to x log (growth/inactivation) = lag time +
el ) s (+) growth or (-) inact. rate (4.22)
omov,

growth, edv to evepyd povtélo givar povrédo avénong,
inactivation, €av 1o evepyd povtélo givol povtédo adpavomoinong,
lag time, o xpdvoc kaBvoTéEPNoNG 6€ MOPEG Yoo TNV OVATTLEN 1 TNV Adpavomoinom
avtictoyo,
X, 0 fabuoc peimwong (reduction) 1§ abénong (increase)
(+) growth rate, o pvOUOC OVATTLENG TTY imax, KO
(-) inact. rate, o pvOudS adpavomoinong my K.

O pnyoviopodg vrootpiletor amd v UserForm “Insert time to x log
parameters”, 6TV omoia 0 ¥PNoTNS pmopel va opicel to ypovo kabvotépnong (Lag
Time, edv givar povtélo avénong 1 Shoulder, edv eivar povtédo adpavomroinong) Kot

10 Badpd avénong N peimong (x) (Ewkoveg 4.24, 4.9).



183

4.12. Emxdpwon oo pitotayois poviéiov GroPIN

IpoPArewn e pecemodvelac avamrrvéne/un avartuénc:

[Noa mv emwdpwon g opboTTAg TV TPOPAEYE®V TNG UECEMUPAVELOGS
avamtuéng/un avantuéng tov Tprrotayovs poviélov GroPIN ypnowomomOnke m
epyacia twv Marin et al. (2008).

Lag time

Enter values:

& 10
= | Insert time ta;loé ;);rameters E} e 235 28

—— Lag Time (h) ﬁ

— Log increase »

—

—

—
“

[ 10 145 19 235 28 325 37
m Escherichia co GROWTH end

4 j INACTIVATION

oo I 7] -
7]

Ewoéva 4.24. Avantoln poviéhov emQAveENg OTOKPIONG KOl SloypAUUOTOS 1G0UY@dV oTa ool
EUMEPIEXETOL O VTOAOYIOUOC TOL ypOvov Yoo dedopévn AoyoplBukn avénon/peimon, yw T0
pkpoopyaviopd E. Coli, 610 pukpofiaxd povtého Escherichia coli in gel cassettes (Skandamis et al.,
2007). Ot petafintéc tov afdvav X Kot y gpeaviovtar 6to 6610 HEPOC TG EKOVOS. ZTO KEVTPO
amewkoviCetor m UserForm “Insert time to x log parameters”, omov opilovioar t6G0 1 @AoN
KaBuoTEPNONG TNG AVATTLENG TOV LKPOOPYOVIGHOD 0G0 Kat 0 Babidc e AoyapBpikng avénong

>10 poviého “Aspergillus carbonarius (Marin et al., 2008), Modeling the growth/no
growth interface, t in days” n petapint) g Oepuoxpacioc (T) avrimpocwmeveTan
oTOV G&ova X, M UETAPANTH TOV ¥pOVOL GE MUEPES () AVTITPOGMOTEVETAL GTOV AEOVL
y, N T g petafintm MC% Aappaver mv tun 17 (%) kot n 1y g mboavotntog
avamtuéng/un  ovamtoéng AopPaver v Tt 0.6. Tote TPOKVLMTEL M YPAPIKY|
OTEIKOVIOT TNG EIKOVOG 4.25.

Eniong, 6tav yw 10 610 povtého, m petofAnm g OBeppoxpaciog (T)

AVTUTPOCMOTEVETOL GTOV A&ova X, 0 Xpovog oe nuépeg (time-d) otov dfova y, 1
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petafinty MC% Aoppdaver tv tiun 20 (%) kou n tipn g mbavotrag avamtuéng/un
avamtoEng Aappdvel v Tiun 0.9, tOTE TPOKLTTEL 1| YPOPIKT OTEIKOVIOT TNG EIKOVAG

4.26.

Set the probability

time-d:y--T:x

i
90 »J

5 _j P=0,6
@ Days=90 » =7 =225
30 MC% =17

0 5 ] 15 nwo2y 5 30 35 Ll

Ewova 4.25. Tprrotayéc poviého “GnG”: Aspergillus carbonarius (Marin et al., 2008) Modeling the
growth/no growth interface, t in days

0 ")
. A =
il /
i1} /
5 _,’ P=0,9
i0 Days=90 ;=T =21
0 MC% = 20
il
1
i}
0 3 i} 15 nEa N il 35 4

Ewéva 4.26. Tprrotayég poviédho “GnG”: Aspergillus carbonarius (Marin et al., 2008) Modeling the
growth/no growth interface, t in days

AvoAivovtag v 3n ypoeikn mapdotacn g wkovos 2 (Ewkova 4.27) n omoia

nepthapPdvetar oty epyocio tov Marin et al. (2008), damctdveral apykd ot dtav
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N T ™S TOavOTNTOG AvATTLENG/ UN avamTuENG etvar 0.6 TOTE 01 GUVTETAYUEVEG TOV
atdvov xy etvar (22.5, 90). Avtictoyyo dwmotdveTon OTL OTOV M TN TNG
mhavoTog avantuEng/un avantuéng eivor 0.9 tote o1 cvvtetayuéves Tov afdvov

X,y €tvat (21.2, 90). Ot tipéc tov cvvretaypevav Tontilovtal Pe To OmoTEAEG AT TOV

hoyopkov GroPIN.
1 —r— i Ewkova 4.27.
90 days Y e
R B L | Avdloon g 3ng katd cepd
0.8 3-'3:!-':\. : i -, '_ !
058, | : \ YPOPIKNG ATEIKOVIONG TNG EKOVOG
i i y
684 -----4F-4—1d A ' Vo 2 (Fig.2) n omoia meptiapPavetor
20% | Vo . .
[ I \ \ otV gpyacio tov Marin et al.
0.4 - 17h4 LA
l _ | (2008).
foofn SR
0.2 - | N A14% | \‘
' f o s SR
I ; | : - ” Y \ |..
0 il 3 I | 12% : a
5 15 21 25 35 45

22,5
Tempearature (°C)

Avémtuén povtéAov ETLOAVELNC OTOKPLGNC:

Otav kotd ™ ddkacio TG avATTLENG TOL HOVTEAOL EMPAVELNG ATOKPIONG
Yy 10 gvepyd ukpoPlakd poviédo “Monascus ruber, (Panagou, 2003),
<mu>max(T,pH,bw), eq.2, polynomial” pe €bpog Oeppokpaciog (aovag y) and 20
éwg 40°C, gbpog pH (G&ovag x) amd 3.5 éwg 5 ko n petafint bw opiletan pe v

T 0.173, mpokdmTEl 1) TPIGOIACTATY YPOPIKN OTEIKOVIOT| TNG EMPAVELNG OTOKPIONG

n onoia amewoviletar oty kova 4.28.

Ewéva 4.28.Tpiodidotatn ypoeikn amecovion Ewoéva 1a (Fig.1) g epyaciog tov Panagou, E.
™G EMPAvVELNG amdKPLoNg 1 omoio avorTHCCETOL Z., Skandamis, P. N. & Nychas, G.-J.E. (2002)

amo to Aoywopkd GroPIN dtav bw=0.173
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H xopuen g kapumOANG Tov HOVTEAOL EMPAVELNG OTOKPIONG TOV OVATTOGGETOL OO
10 Aoyopukd GroPIN Bpicketor 610 vyog g Tiung 2.8 tov dEova z 1o omoio gival
avtiotoryo pe to Vyog Tov daypappotog g ewovag la (Fig.1) g epyaciag tov
Panagou et al., 2002. Ot axpég ¢ micw TAELPAS TG EMPAVELNS ATOKPIONG TOV
Aoyopikov GroPIN mpooeyyilovv Tig avtiotolyeg g emeAvelng amdkpiong g
ewkovag la (1 KopmoAdTTo TV 000 EMTPAVELDY £XEL S1OPOPETIKO TPOGOUVOUTOAGO).
Avtiotoyya mpooeyyilovv ot okpéEC G eumpocHiog mAELPAC NG EMUPAVELNG
amokpons tov Aoywopkov GroPIN tig aviictoreg g emdvelag omoKpiong e
ewkovag la.

Opoimg, 6tav n petafint) bw opileton pe v Ty 0.238 t6TE M TPOKHITEL
TPLOOIAGTATY YPOUPIKY] TAPACGTACT] TNG EMPAVELNG ATOKPIONG TOV OEKOVILETOL OTNV
ewkova 4.35. H avtiotoryio 1@V GUVIETOYHEVOVY TOV OKUOV OAAG Kot TOL DWYOLS TNG

empavelog LETaEL TV etkovov 4.34 kot 1 eivar sppavnic.

Ewéva 4.35.Tpiodidotatn ypoapikn ameovion g Ewova 1p. (Fig.1) g epyaciog tov

EMPAVELNG OTOKPLONG 1| OToia AvarTOCCETOL OO TO Panagou, E. Z., Skandamis, P. N. and

royiopukd “GnG” 6tov bw=0.238 Nychas, G.-J.E. (2002)

[poPrewn e ovénonc M odpovomoincns TOV  UKPOOPYUVICUAV VTO  GTATIKEC

ovvOnkec:

H Aertovpyia g avdntoéng tov Kapmvidv avénong oaciletor oto dapopikd
povtédo tov Baranyi & Roberts (1994). Ta dedopéva TV KIVITIKOV TOPAUETPDV TOV
elodyovior oto Aoywopukd GroPIN, mpoépyovtal amd extiunon tov daypopupudTomy

ONUOCIELUEV®VY EPYUCLOV. APOV TPOKVYEL TO SLAYPaUO TOV EKPPALEL TV TPOPAEYT
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™G oENONG TOL UIKPOOPYOVIGHOL TOL EVEPYOL HOVTEAOL amd 10 Aoyiopikd GroPIN,
TOTE EKTIUATOL 1] TPOYLE TNG KOUTOANG avATTUENG cOHPmVa pe TNV €ENG pebodoroyia:

‘Eoto 10 01dypapio Tov ¥pnoLUOTOlEiTOL Y1 TV EMKVPOGCT TPOEPYETOL O
mv epyacio tTov Skandamis et. al, 2007 pe titho “Image analysis as a mean to model
growth of Escherichia coli O157:H7 in gel cassettes”. Xta owaypappato g epyaciog,
amd To YVOoTd onueio tov dEova y, pépovtal evbeieg mapdAANAeC TPOg TOV AEova X.
Ta onpeia ota omoia o1 vbeiec AVTEC TEUVOVY TN GLYHOEDT KOUTUAN TTpodAlovTal
oTov G&ova X. Xt ovvéyew epapudletor n 0 dadikacios 6To SdypopLe TOV
npokOTTel amd 10 Aoywopkd GroPIN kot mopatnpeitor o Babuog andkiiong. Edv n
TaEN neyéBoug Tov etvon pkpn tote Bempeitan 6Tl TO S1AYPALLLO TOV TPOEKVLYE LE TO.
dedopéva g ekTipnong eival cwoTto.

Ot onNUOVTIKOTEPOL TOPAYOVTES TTOL SLOUOPPMVOLV TIG OTOKMOELS elvat:

(1) To oA KOTA TNV EKTIUNON TOV KIVITIKOV TOPAUETPOV HETA OO 0VAALGT TOV
dwypaupotoc g  epyaciag, (i) o  WKPOG aplOUOC  GUVIETAYUEVOV — TOV
xpNnoonoleiton oto. daypdupata ¢ epyacioc, kot (iil) o peydriog aplOpdc tov
ocvvtetaypévov (701) mov ypnowonoteitol ota dStoypappato TV TpoPAEYE®V TOL
Aoyopikov GroPIN.

[Topd to yeyovdg 6Tt ot TpoPAEWELS Ol 0moieg TPOKVTTOVY OO TO AOYIGUIKO
GroPIN eumepiéyouv peydho mOGOOTO GCEOAAUOTOS, €VTOVTOS mpoceyyilovv
IKOVOTOMTIKG TIC  OVTIoTOLXES TPOPAEYELS TOV TPOEPYOVTOL amd TNV AvAALGN TV
eikovov (Ewéva 4.36).

Avtioctoyn pe 1t dwdwkacio emkdpwong g ovianTuéng TV

LKPOOPYOVIG UMY TPOPAETETOL KOt Y10, TV AOPOUVOTOINoT).

AIIOTEAEEMATA-XYZHTHXH

To tprrotayég poviého GroPIN amotelel éva mpwrtomoplokd Propmyovikd
epyoreio To omoio givar dvvatd va ypnoomomBel yio TNV aviAlvon TovV TOUVOV
KvoOvev amd v avdrtuén tov pkpoopyavicumv ota tpdéeua. H avaivon oot
Baciletar 1660 610 TOAVOVUUIKA (YPOLUUKA) OGO KO GTO. LT YPOLLUKO LOVTEAD TTOV
neplhappdvovtar ot Pdorn dedopévav tov Aoyiopukov. Ta moAvovupkd povtéia
TEPLYPAPOVY TN GCULUUETOYN KOl OAANAemiopacn TV  TEPPUAAOVTIKOV KOl

QULGIKOYNUIKOV  TOpayOVTI®OV oTn  [KpoPlokn avamtuén, evd o | YPOUHUKA
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Estimated parameters

pH=6 &
NO(LogCFU/g)=3
HO=0
Nend(LogCFU/g)=8.1
Hours=290

5
(10°C) @

1 Estimated parameters

. o

o

T / NOLogCFU/g)=

G gCFU/g)=3

2 4f ,,/'//'I/ HO=5

£ gam Nend(LogCFU/g)=8.1
oL Hours=210

0 : 5 ' : = :
0] 50 100 150 200 250 300 350 400

Fig.1a, Skandamis et al.,2007

y:LogCFU/u -x:t[hours) y:LogCFU/u-x:t(hours)
q ]
a T

e -
7 / /
— 8 =

g ~ 4 ’/
3 H
Z 1
1 0
i 0 50 nn Ea 200 50

Awdypappo and 1o GroPIN og avtioctoyio Awdypoppo amdé 10  GroPIN  oe
pe v kapmoAn 1 g Fig.la avtotoyio He TNV KOPmOAN 2 1Tng
Fig.1a

Ewova 4.36. Enucopmon g avénong tov HIKpoopyovIoUOV VO GTATIKEG GLVONKES TOV
TprtoTayovs povtédov mpoPreyng GroPIN. ZuoyeTiolog amoTeAEGUAT®OV KAPTVANG a0ENONS
tov Aoywopkod GroPIN pe avrtictoyyn KopmdAn 7ov TEPLYPAPETAL GTNV €PYUCi TMV
Skandamis et al., 2007 (O yp6voc mov opileTal 6TV KOUTOAT TNG EPYOCING EIVOL GE MPEG).

povtéda amofAémovv 6tov KoBopopd Tov péYeTOv PLOUOL OvATTLENG VIO TIC
Bértioteg ovvOnkeg. O pLOUOS aWTOG ehaTT®VETOL OO KAOE pio amd TIC TOPAUETPOVS

o1 omoieg amokAivouv amd Vv aplot Katdotaon (Ross & Dalgaard, 2004).
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Amd v enefepyacio tov pukpoPlokmdv povtéAwv givol duvatn 1 TpdPreyn
TOV CLVONKOV AVATTVENG 1) UN OVATTTUENG TOV HKPOOPYAVICUADV TOV TPOPIUMOV LE TN
HOPON:

(1) KopITOANG TOV TEPLYPAPEL TNV UEGEMPAVELD AVATTVENS/ UN AVATTTVENS TOVL,

(i1) ovpPoatikod povtélov eMPAVELNS OTOKPLIONG KOl TOV AVTIGTOLYOL S0y PAUIOTOS
1GOLVY®V TO 01010 amoTeEAEL TNV TPOPOAN TOL 6TO S1601AGTATO EMIMEDO,

(111) poVTELOL EMPAVELNG ATOKPIONG OTO OTOI0 EUTEPLEYETOL O VITOAOYIGHOG TOV
APOVOL Yo OE00UEVT AoYaplOLKT] OENGT/LEIGT) KOl TOL OVTIGTOLOL Sy PAUATOG
1GOLY AV,

(1v) OlYHOEWGV KOUTVAGV 0OENONE 1| KOUTLADY adpOvOToinomg COLPMOVA LLE TO
novtého Tov Baranyi & Roberts (1994).

To Aoyioukd GroPIN €xel oyediaotel Katd Tétolov TpOMO MOTE Vo €lvol
OUIKO Ttpog to ypnot. [lepthappdvet Eva chvoro amd drodikacieg eAEyyov, ol omoieg
TPOGTATEVOVV TOGO TO AOYICUIKO 0md Thovos adéEtovg xepiopons Tov ¥pfoth, 660
KOl TO YPNOTH OO TV Topay®y AavOaGHEVOV OmOTEAEGUATOV eEoTiag TOV adEEI®V
yeplopmv tov. H kawvotopio tov €ykettor otn péBodo TG GLOTNUOTOTOINGNG Kot
dwyelptong Tov LKpoPloKdV HOVIEAL®Y KOOGS KOt 6TO UNYOVIGUO NG EMIAVGTG TOVG
e eviaieg kot tayeieg pebooovce.

To Aoyopikd GroPIN cuvvietd éva tprtotayéc povtédo to omoio eival copmg
TPOCAVATOMGUEVO GTNV OVAAVGT] TOV THOVOL KIVOUVOD amtd T HKPOoPlakn avamtuén
oTa TPOPILO. AVOUEVETOL VO GUUPAALEL OTOPAGIOTIKA GTNV £yKaipn TPOPAEYT TV
mOovoOv KIvouvev voBdduiong e HkpoPLOAOYIKNG TOdTNTAS TOV TPOPIL®VY N/Kol

ACGPAUAELAG TOVG, GE OXEON LE TIG SLOOIKAGIES TOPAYMYNG Kol arrodKELGNG TOVG.
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The resistance of Listeria monocytogenes biofilms formed under food processing conditions, against various
sanitizing agents and disinfection procedures was evaluated in the present study. The first sanitation
procedure included biofilm formation on stainless steel coupons (SS) placed in tryptic soy broth
supplemented with 0.6% yeast extract (TSBYE) of various concentrations of NaCl (0.5, 7.5 and 9.5%) at
different temperatures (5 and 20 °C). The biofilms formed were exposed to warm (60 °C) water for 20 min, or

ﬁ?t/:r/;rﬁ'onocymgenes to peroxyacetic acid (2% PAA) for 1, 2, 3 and 6 min. Treatment with warm water caused no significant
Biofilms (P>0.05) reductions in the attached populations. Conversely, surviving bacteria on SS coupons decreased as
Attached the exposure time to 2% PAA increased and could not be detected by culture after 6 min of exposure. Biofilms
Detached formed at 20 °C were more resistant to PAA than biofilms formed at 5 °C. Salt concentration in the growth
Planktonic medium had no marked impact on the resistance to PAA. The second sanitation procedure included biofilm
Sanitizers

formation of nonadapted (NA) and acid-adapted (AA) cells in TSBYE of pH 5.0 and 7.0 (i.e., NA-5.0, NA-7.0 and
AA-5.0, AA-7.0) at 4 °C. Coupons bearing attached cells of L. monocytogenes were periodically exposed to
chlorine (0.465% Cl™), quaternary ammonium compound (1% QAC) and 2% PAA. The resistance of attached
cells to QAC, PAA and Cl~ followed the order: AA-5.0>NA-7.0 > AA-7.0>NA-5.0. The most effective sanitizer
was QAC followed by PAA and Cl~. The results can lead to the development of efficient sanitation strategies in
order to eliminate L. monocytogenes from the processing environment. Furthermore, such results may explain

Acid adaptation

the presence of L. monocytogenes after sanitation as a result of cell attachment history.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Listeria monocytogenes is widely distributed in nature, particularly in
food processing environments, and is responsible for numerous
outbreaks associated with ready to eat dairy products (Schlech, 1991;
Waak et al., 2002; U.S. FDA/USDA/CDC, 2003). It has been isolated from
soil, silage, and surface waters and has been found to survive in plant
materials for up to 10-12 years (Wilks et al., 2006). The ability of the
pathogen to survive at low temperatures, colonize surfaces in the form
of biofilm-like structures, and resist various food-related stresses is
crucial for its persistence in the processing environments (Rieu et al.,
2008). Particularly, L. monocytogenes may adhere to and grow on
processing surfaces, where food residues are accumulated (Gandhi and
Chikindas, 2007; Poimenidou et al., 2009). This is a potential resistance
mechanism to antimicrobial agents, biocides and heat (Bower and
Daeschel, 1999; Cloete, 2003). Resistance of attached bacteria to biocides
has been associated primarily with mechanical protection due to the
synthesis of exopolysaccharides (EPS) and the surrounding nutrients, or
with intrinsic physiological factors, such as the adaptation of biofilm cells

* Corresponding author. Tel.: +30 210 529 4684; fax: +30 210 529 4683.
E-mail address: pskan@aua.gr (P.N. Skandamis).

0168-1605/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.ijfoodmicro.2010.10.020

to stresses (e.g., acid, oxidative stress, starvation, etc.; Morton et al., 1998;
Somers and Wong, 2004; Pan et al., 2006, Chaitiemwong et al., 2010).
Environmental factors such as pH, water activity, temperature and
nutrient composition of the food soil can be important for the
phenotypic transition of planktonic cells to sessile form (Shi and Zhu,
2009). They may also affect the susceptibility of sessile L. mono-
cytogenes cells to disinfectants (Aarnisalo et al., 2007; Gram et al.,
2007). When exposed to mild acid or osmotic stress conditions, such
as pH 5.0 or NaCl 3-5%, bacteria have been found to develop resistance
mechanisms to even more stressful conditions (Lou and Yousef, 1997;
Stopforth et al., 2005). Naitali et al. (2009) studied the influence of the
pH of the growth environment on the tolerance of suspended L.
monocytogenes cells against disinfection and concluded that cells
grown at pH 5.2 needed four times higher minimal bactericidal
concentration (MBC) of a quaternary ammonium compound (QAC)
and two times higher MBC of chlorine, than those grown at pH 7.2.
Pan et al. (2006) tested a commercial hydrogen peroxide-based agent
and found that it was ineffective in eliminating L. monocytogenes
biofilms. However, exposure to this agent enhanced biofilm resistance
to other commonly used disinfectants such as QAC (Shi and Zhu,
2009). On the other hand, Stopforth et al. (2002) concluded that acid-
adapted (AA) or nonadapted (NA) L. monocytogenes cells attached on
SS coupons and incubated in water decontamination run-off fluids
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behaved similarly to disinfectants. Detailed information on the
adaptive responses of biofilms to sanitizers could be of marked
importance for ‘biotraceability’ and specifically in relation to ‘causal-
ity’ (i.e., link between cause and effect; Barker et al., 2009). The
combination of such data with rapid detection methods and
mathematical models (Barker et al., 2009) may assist in linking the
presence of L. monocytogenes at a certain stage of the food chain with
the ‘history’ of cells and their physiological state. Indeed, the latter
may be markedly affected by the survival or growth of cells in
biofilms, subsequently exposed to sanitizing agents. For example, L.
monocytogenes cells derived from cheese (AA cells, a,y 0.96), or milk
(NA cells, a,, 0.99) may contaminate stainless steel surfaces of a
refrigeration room (4-6 °C) or a maturation room (16-22 °C) and
form biofilms. Furthermore, understanding the resistance of biofilms
formed under various environmental conditions could also assist in
assessment of the risk posed by insufficient sanitation practices. This
is useful for the so-called “operational” biotraceability, which may be
applied when an outbreak occurs, in order to identify the potential
source(s) of L. monocytogenes contamination (Barker et al., 2009).

Considering the above, the aim of this study was to evaluate the
efficiency of thermal and chemical sanitation on the survival of L.
monocytogenes biofilms, formed on stainless steel surfaces under
different osmotic and acidic environmental conditions, potentially
occurring in dairy processing environments.

2. Materials and methods
2.1. Bacterial strain and inoculum preparation

L. monocytogenes Scott A (serotype 4b, epidemic strain, human
isolate), kindly provided by Dr. Eddy Smid (Agrotechnological
Research Institute ATO-DLO, Wageningen, Netherlands) was used
throughout the study. The strain was selected due to its clinical origin
and the strong epidemiologic association of serotype 4b with human
listeriosis (Kathariou, 2002; Lianou et al., 2006). Stock cultures were
maintained in tryptic soy yeast extract broth (TSBYE, Biolife Italiana
Srl, Milan, Italy) supplemented with 20% glycerol at —20 °C. For all
inoculums types, cultures were activated by transferring 0.1 ml of the
stock cultures into 10 ml TSBYE and incubating at 37 °C for 18-24 h.
For preparation of the nonacid-adapted (NA) inoculum, aliquots
(0.1 ml) of the activated culture were transferred into 10 ml tryptic
soy broth without dextrose (pancreatic digest of casein 17 g/l, soy
peptone 3 g/1, sodium chloride 5 g/1, dipotassium hydrogen phosphate
2,5 ¢g/l) supplemented with 0.6% yeast extract (TSBYE-G) and
incubated at 37 °C for 18 h. The acid-adapted (AA) inoculum was
prepared by transferring 0.1 ml of the activated culture into 10 ml
TSBYE-G supplemented with 1% glucose (TSBYE + G) (Buchanan and
Edelson, 1996) and incubating for 18 h at 37 °C. The cells were then
harvested by centrifugation (5000xg for 15 min at 4 °C; Heraeus
instruments, Megafuge 1.0 R) and washed twice with 10 ml of
maximum recovery diluent (MRD; Biolife, Italy) to be further used as
inoculum (10° CFU/ml).

2.2. Preparation of stainless steel surfaces

Stainless steel (SS) coupons (2 by 5cm, type AISI-304, No. 2b
finish, 0.1 cm thick, Halyvourgiki Inc., Athens, Greece) were used for
the adherence of L. monocytogenes cells, due to the extensive use of
stainless steel as the main material for the surface and equipment of
the food industry (Boulange-Petermann, 1996; Poimenidou et al.,
2009). The coupons were initially soaked in acetone (3 h), to remove
any manufacturing process debris and grease. Then, they were
washed in commercial detergent solution, rinsed thoroughly with
distilled water and air-dried (1 h). Before use, cleaned coupons were
sterilized by autoclaving at 121 °C for 15 min.

2.3. Preparation of sanitizer and neutralizer solutions

Three chemical agents commonly used for sanitizing food contact
surfaces were selected due to their differences in hydrophobicity and
electrical charges, as well as in their mechanism of action on bacterial
cells (Naitali et al, 2009). Dilutions of the concentrated chemical
solutions were prepared according to manufacturer's recommendations
with sterile distilled water on the day of the evaluation. Specifically, the
chlorine solution (CI™) was prepared with commercial household
bleach (Klinex, Unilever Hellas, Greece; 4.3% sodium hypoclorite) and
diluted in sterile distilled water at a concentration of 0.465% (pH
10.354-0.25). The quaternary ammonium compound (QAC; Septanol
10, Ecochemical S.A, Greece) was prepared with sterile distilled water at
a concentration of 1% (pH 7.8+0.12). The peroxyacetic acid (PAA)
solution was prepared with a commercial PAA sanitizer (P3-topacti-
ve®DES, Ecolab, Greece) and diluted in sterile distilled water to give a
final concentration of 2% (pH 3.6140.20). The Dey-Engley (DE)
neutralizing broth solution (Difco) was prepared by dissolving the
powder in distilled water (pH 7.20 4- 0.30) before autoclaving at 121 °C
for 15 min.

2.4. Experimental design

SS surfaces placed in TSBYE of different osmotic and acid
conditions and stored at different temperatures (4-20°C) were
used to simulate the environmental conditions (i.e., physicochemical
properties of foodstuffs) and sites, where bacterial cells may
encounter in a food processing environment. To investigate the effect
of the above environmental conditions on the biofilm formation and
subsequent resistance of attached cells to sanitation treatments, two
main studies were carried out (Fig. 1). Both studies were performed at
least twice, and in each replicate study the samples were analyzed in
duplicate (n =4).

2.4.1. Experiment I: effect of NaCl and temperature on biofilm formation
and resistance to warm water (60 °C) and PAA

This experiment aimed to evaluate the efficacy of warm water at
60 °C and PAA (2%) on the survival of L. monocytogenes biofilms
formed on SS surfaces. Such surfaces could be of small utensils, such as
knives or small removable machinery parts. Portions (40 ml) of sterile
TSBYE supplemented with different NaCl concentrations (0.5, 7.5 and
9.5%) were aseptically transferred into sterile plastic centrifuge tubes
in order to simulate the osmotic environment that bacteria may
encounter in food processing (i.e., foods in brines or ripened
products). Subsequently, individual sterile SS coupons were placed
vertically in the centre of the tubes, so that the whole coupon was
entirely covered with the media. Each tube was then inoculated with a
0.1 ml aliquot of appropriately diluted L. monocytogenes suspension in
order to obtain an initial population of approx. 10® CFU/ml. Inoculated
tubes were stored in high-precision (40.5 °C) incubation chambers
(MIR-153, Sanyo Electric Co. Osaka, Japan) for 12 and 19 days at 20
and 5 °C, respectively. In an effort to simulate the environmental
conditions that bacterial cells may encounter in a food processing
environment, biofilm formation was evaluated at 5 and 20 °C, which
may occur in different areas of a food processing plant. Prior to
application of sanitation treatments, each SS coupon bearing attached
cells was carefully removed from the growth medium with sterile
forceps, gently tapping it against the side of the test tube to remove
excess liquid droplets and then rinsed using a pipette with 15 ml of
MRD solution per coupon side (Giaouris et al., 2005). This process
aimed to remove any loosely attached cells.

For application of warm water sanitation, washed SS coupons were
placed in sterile plastic tubes (Falcon) containing 40 ml of sterile
distilled water, pre-warmed at 50 °C. Each tube was then immediately
placed in a water-bath preset at 60 °C (SBS40, Stuart, Bibby Scientific
Limited, Staffordshire, UK). After 20 min, each SS coupon was
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Fig. 1. Schematic representation of experimental design. Attached L. monocytogenes cells, formed on stainless steel coupons, in TSBYE of various NaCl concentrations (0.5, 7.5 and
9.5%), or pH 7.0 and 5.0 were subjected to warm water or chemical sanitation. CI~: Chlorine; PAA: peroxyacetic acid solution; and QAC: quaternary ammonium compounds solution.

aseptically removed from the test tube, using sterile forceps, and
placed in a plastic tube containing 40 ml of sterile distilled water and
10-12 sterile glass beads (diameter 5 mm) and immediately cooled in
ice until detachment and quantification of the surviving population.
To investigate the changes in temperature at the surface of the SS
coupons, a thermocouple was placed in contact with an additional
coupon using a rubber band so that this coupon received the same
treatment as the test coupons. The temperature detected by the
thermocouple was logged at 10-s intervals for 22 min using a PicoLog
recorder PP222 (Pico Technology, Cambridgeshire, UK). In all cases,
the temperature at the surface of the SS coupons increased to 57 °C
within the first 2 min and by the 3 min, the temperature of all SS
coupons was 58.5-60 °C.

For application of the chemical sanitation (PAA), washed SS
coupons were placed in sterile plastic tubes containing 40 ml of 2%
PAA and left for 1, 2, 3 and 6 min at 25 °C. At the end of each of the
above time intervals, each SS coupon was aseptically removed from
the test tube, using sterile forceps, and placed in a new plastic tube
with 40 ml of DE neutralizer and 10-12 sterile glass beads (diameter
5mm) for the detachment and quantification of the surviving
population. SS coupons bearing attached L. monocytogenes cells
receiving no treatment served as controls.

2.4.2. Experiment II: effect of acid adaptation and pH on biofilm
formation and resistance to chemical sanitizers

Three commonly applied sanitizers (Cl~, PAA and QAC) were
assessed for their efficacy to reduce AA and NA L. monocytogenes
biofilms formed on the surface of SS coupons at neutral or acid pH, at
4 °C (Fig. 1b). Specifically, portions (40 ml) of sterile TSBYE of pH 7.0,
or acidified with 85% w/w lactic acid at pH 5.0 (concentration used
<1% v/v, DL-Lactic acid, Sigma) were aseptically transferred into
sterile plastic centrifuge tubes (see Section 2.4.1). Each tube was
inoculated with a 0.1 ml of appropriately diluted AA or NA L.
monocytogenes cells in order to obtain an initial population of approx.
108 CFU/m. Inoculated tubes were stored in high-precision (£ 0.5 °C)

incubation chambers for up to 12 days at 4 °C. After 4, 8 and 12 days of
incubation, two SS coupons were aseptically removed from the test
tubes, using sterile forceps, and thoroughly rinsed with 30 ml of
sterile MRD (Giaouris et al., 2005) as previously described, in order to
remove any loosely attached cells.

For the application of the three sanitizers, washed SS coupons
were aseptically transferred in sterile plastic tubes containing 40 ml of
2% PAA, 1% QAC or 0.465% Cl and left for 6 min. Then, each SS coupon
was removed from the sanitizer solution and placed in a plastic tube
containing 40 ml of sterile DE and 10-12 sterile glass beads (diameter
5mm) for the detachment and quantification of the surviving
population. SS coupons bearing attached L. monocytogenes cells
receiving no treatment with sanitizer, or treated with sterile water
(40 ml; 6 min at 25 °C) served as controls. Cleaning of coupons with
detergent was omitted from the present study, since the scope of the
experiment was to access the efficiency only of the sanitation
methods alone.

2.5. Enumeration of the attached and planktonic populations

Detachment of attached cells from the SS coupons was performed
by the “bead vortexing method” (Giaouris et al., 2005), which has also
been used in relevant studies (Stopforth et al., 2002). It is considered
as the most suitable method for removal of attached bacteria (Lindsay
and von Holy, 1997), even though 100% removal of attached cells
cannot be guaranteed (Chorianopoulos et al., 2008; Poimenidou et al.,
2009), without using potentially harmful for bacteria techniques, such
as ultrasounds.

Briefly, each coupon was transferred to a new 50 ml sterile plastic
tube containing 40 ml of either sterile distilled water or DE neutralizer
and 10-12 sterile glass beads (diameter 5 mm) and subsequently
vortexed for 2 min, at maximum intensity, in order to detach the cells
from the coupon. Quantification of attached L. monocytogenes was
performed by surface plating 0.1 ml aliquots of the appropriate ten-
fold serial dilution onto duplicate tryptic soy agar (TSA; Biolife, Italy)
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plates supplemented with 0.6% yeast extract (TSAYE) and incubation
at 37 °C for 48 h. The suspended (planktonic) population of L.
monocytogenes was determined by serially diluting the growth
medium (TSBYE), surrounding the coupons, in MRD, plating 0.1 ml
of the appropriate dilutions onto duplicate TSAYE plates and
incubating at 37 °C for 48 h.

2.6. Statistical analysis

Data from plate counts (CFU per cm? for attached cells and CFU per
ml for planktonic cells) of duplicate samples from the two
independent experiments (n =4) were transformed to logo values.
The log,o data were subjected to analysis of variance (ANOVA), using
the general linear model procedure of the SPSS statistical package
(SPSS 10.0.1 for Windows; SPSS INC., Chicago, Il1.). Tukey's multiple-
range tests were used to compare means. All differences are reported
at a significance level of 95% (a=0.05).

3. Results and discussion

Biofilm formation and resistance to sanitizers is affected by the
material of the surface (e.g., stainless steel enhances microbial
attachment compared to polyethylene and glass), the presence of
food soil and the fact that imperfect surfaces serve as cavities which
attract and embed microbial cells (Moltz and Martin 2005; Pan et al.,
2006; Chaitiemwong et al.,, 2010). The physiology of cells, as
influenced by the previous environment (‘history’) and the present
ecological determinants (pH and water activity) may also affect their
susceptibility to sanitizers (Stopforth et al., 2002, 2005; Somers and
Wong, 2004; Gram et al., 2007; Naitali et al., 2009). The results of the
present study partially address the above issues.
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Fig. 2. Population of attached L. monocytogenes cells on stainless steel coupons placed in TSBYE of various NaCl concentrations; 0.5% (W), 7.5% (

3.1. Effect of NaCl and temperature on biofilm formation and resistance
to warm water (60 °C) and PAA

The population of attached L. monocytogenes cells on SS surfaces
ranged from 10% to 10° CFU/cm?, at all conditions tested (Fig. 2a and b).
Planktonic cells remained at 10° CFU/ml for the whole duration of the
experiments (data not shown). In accordance with previous studies,
attachment of L. monocytogenes on SS coupons at 20 °C was higher
than at 5 °C (Fig. 2; Poimenidou et al., 2009; Mai and Conner, 2007),
probably due to the increased production of flagella at 20 °C. Flagella
are commonly associated with cell attachment under static conditions
(Vatanyoopaisarn et al., 2000; Chavant et al., 2002). Moreover, at
20 °C, significantly (P<0.05) higher numbers of attached populations
were recovered from SS coupons incubated in medium with 9.5% NaCl
than in medium with 0.5% NaCl (Fig. 2b). The rate of bacterial
attachment is known to increase with increasing ionic strength of the
medium (e.g., by adding NaCl; Morisaki and Tabuchi, 2009; Uyen et al.,
1988). Our results also indicate that this effect is more evident at high
(20 °C) compared to low (5 °C) temperatures (Fig. 2).

Regardless of the environmental conditions used for bacterial
attachment and biofilm formation, treatment of SS coupons with
warm water (60 °C, 20 min) reduced the levels of attached cells by
less than 1 log CFU/cm? (P>0.05; Fig. 2a and b; Taormina and Dorsa,
2007). Such results indicate that treatment of small SS utensils, such
as knives, and blades with warm water cannot be considered an
effective sanitation procedure, if its application is not preceded by
further chemical sanitation. Although at present, the only prescribed
procedure for sanitisation of small SS utensils is the immersion in
flowing water at >82 °C for an undefined period (SCVMPH 2001),
several studies have shown that the use of water at lower
temperatures (60-72 °C) for longer times can produce equivalent
inactivation of attached bacteria (i.e., >3-log reduction; Goulter et al.,
2008; Eustace et al., 2007). Discrepancies between results of different

ND ND NDND ND ND ND ND

| 2min 3min 6min

PAA 2%

ND ND ND ND ND

3min 6min

PAA 2%

) and 9.5% (@), incubated; (a) at 5 °C

for 19 days; and (b) at 20 °C for 12 days and left untreated (control) or exposed to warm water (60 °C) sanitation for 20 min, or 2% PAA for 1, 2, 3 and 6 min. abc: within different
treatments, means sharing a common letter are not significantly different (P>0.05). ND: Counts below the detection limit (0.30 log cfu/cm?).
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studies probably reflect variation in thermotolerance of microorgan-
isms and strains used and the type of cells (attached or planktonic)
used. Specifically, attached cells are more resistant to heat than
planktonic cells (Frank and Koffi, 1990), whereas strain variation,
previous growth conditions, exposure to sublethal stresses, such as
heat and acid may further increase bacterial resistance to heat (Doyle
et al,, 2001; Sergelidis and Abrahim, 2009).

Contrary to warm water, treatment of SS coupons with PAA (2%)
significantly (P<0.05) reduced the levels of attached cells and this
reduction increased with exposure time (Fig. 2). Specifically, exposure
of SS coupons to PAA (2%) for 1 min reduced the levels of attached L.
monocytogenes by approx. 2 to 2.9 log CFU/cm? (Fig. 2). This reduction
was slightly higher for SS coupons that had been previously incubated
at 5 °C compared to 20 °C (Fig. 2). Treatment of the SS coupons for
2 min with PAA (2%) reduced the levels of attached cells below the
detection limit (0.3 log;o CFU/cm?) for samples previously incubated
at 5 °C, whereas no significant changes in the levels of attached cells
were observed for the SS coupons incubated at 20 °C (Fig. 2). Finally,
as the time of SS coupons exposure to PAA (2%) increased to 6 min, the
levels of attached cells reduced below the detection limit of the
method, regardless of the incubation temperature and the NaCl
concentration of the medium used for biofilm formation (Fig. 2).
These results illustrate the strong bactericidal effect of PAA against L.
monocytogenes. Similar reductions have been reported for mixed
culture of L. monocytogenes and Pseudomonas sp. exposed to different
sanitizers, including PAA (40, 80 mg/l; Fatemi and Frank, 1999) and
for L. monocytogenes biofilms formed in the presence of meat soil and
exposed to 2.600 ppm of dual peracid (PAA; peroxyacetic acid and
peroxyoctanoic acid) sanitizer (Somers and Lee Wong, 2004). The
antibacterial activity of PAA is associated with the generation of
superoxide anions and a burst of free hydroxyl radicals (OH"), which
can damage bacterial DNA and cause cell death (Clapp et al., 1994).
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Previous studies have shown that temperature, food soiling and the
age of the biofilm affect the bacterial resistance to sanitizers
(Stopforth et al., 2002; Gram et al.,, 2007; Mai and Conner, 2007).
We showed that L. monocytogenes biofilms formed at 20 °C were more
resistant to PAA than biofilms formed at 5°C, whereas salt
concentration in the growth medium had no marked impact on the
resistance to PAA (Fig. 2). The aforementioned data on the survival of
L. monocytogenes on SS surfaces after treatment with warm water or
chemical sanitizer address the magnitude of risk posed by a potential
sanitation failure. Therefore, they may partially explain the persis-
tence of L. monocytogenes in the food processing environment.
Improper cleaning and sanitation of food contact equipment, due to
insufficient contact time or limited accessibility of sanitizer to certain
areas (Pan et al., 2006, Skandamis et al., 2009) may lead to
accumulation of L. monocytogenes cells on the surfaces and conse-
quently increase the difficulty of its entire removal (Shi and Zhu,
2009).

3.2. Effect of acid adaptation and pH on biofilm formation and resistance
to various chemical sanitizers

The population of attached NA L. monocytogenes cells on SS surfaces
ranged from 4.2 to 4.6 log CFU/cm? throughout incubation for 12 days at
4 °C, regardless the pH of the medium in which, the attachment took
place (Fig. 3a and c). Similarly, the levels of attached AA cells were 3.6
and 4.6 log CFU/cm? on SS coupons incubated for 12 days in growth
medium of pH 5.0 and 7.0, respectively (Fig. 3b and d). The planktonic
populations of NA L. monocytogenes cells after 12 days of incubation in
TSBYE of pH 5.0 and 7.0 reached the level of 8.4 and 9 log CFU/ml,
respectively (Fig. 3a and c). The levels of planktonic AA cells on day 12
were 9.2 log CFU/ml in TSBYE of pH 7.0 (Fig. 3b) and constantly around
8 log CFU/ml in TSBYE of pH 5.0 (Fig. 3d). In accordance with previous
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Fig. 3. Population of planktonic ([1) and attached acid-adapted (b, d) or non-acidadapted (a, c) L. monocytogenes cells on stainless steel coupons placed in TSBYE at pH 7.0 (a, b) or pH
5.0 (¢, d), incubated at 4 °C and left untreated (control), or treated with water, CI~ (0.465%), PAA (2%) and QAC (QUAT—1%) for 6 min. Means of planktonic cells sharing a common
capital letter, or attached populations before or after treatments with sanitizers, sharing a common lowercase letter are not significantly different (P>0.05). bd: Counts below the

detection limit (0.30 log cfu/cm?).
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studies, the results indicate that acid adaptation did not affect the
attachment of L. monocytogenes on SS coupons (Stopforth et al., 2002).
Regarding the resistance of the attached cells to sanitizers, no
significant reduction (<1 log CFU/cm?) in the levels of attached L.
monocytogenes cells was observed after treatment of SS coupons with
water, as compared to samples receiving no treatment (control)
(Fig. 3). Conversely, treatment of SS coupons with chlorine (0.465%)
reduced the levels of attached L. monocytogenes cells by 1-3 log CFU/
cm?, regardless of prior acid adaptation or the pH of medium, in which
attachment took place (Fig. 3). However, in agreement with previous
reports, the resistance of attached cells to chlorine increased with the
‘age’ of the attached populations (Frank and Koffi, 1990). Specifically,
on days 8 and 12, the majority of attached cells surviving chlorine
sanitation were considerably higher or were almost unaffected by the
treatment compared to day 4 (Fig. 3). It could be postulated that L.
monocytogenes developed stress tolerance during biofilm formation
for 12 days (Mai and Conner, 2007). It has also been established that
attached cells have enhanced resistance to chlorine compared to free-
living cells and this resistance is highly dependent on the concentra-
tion, exposure time and the age of the culture (Frank and Koffi, 1990;
Fatemi and Frank, 1999). Another factor known to affect the
resistance of attached cells to chlorine is the pH of the chlorine
solution (Bremer et al., 2002; Naitali et al., 2009). It has been reported
that chlorine solutions are most effective at pH<8.0 (Bremer et al.,
2002). Therefore, the reduced effectiveness of the chlorine against the
attached cells, as found in this study, may be explained by the alkaline
pH (10.3) of the solution used. Nevertheless, this study aimed to
simulate a convenient and timeless practice of using commercial
chlorine directly diluted in water without pH adjustment.
Treatment of SS coupons with PAA (2%) or QAC (1%) for 6 min
reduced the levels of attached L. monocytogenes cells by 1.5-4.8 log
CFU/cm? depending on the incubation period before exposure to
sanitizers, the pH of medium during biofilm formation, the sanitizer
and the acid adaptation of cells (Fig. 3). In general, QAC seemed to
cause higher reductions of attached cells than PAA. The levels of L.
monocytogenes attached cells after treatment with both sanitizers
increased with incubation time of SS coupons at 4 °C (Fig. 3). On day 4,
all types of attached cells, except for NA biofilms formed at pH 7.0,
showed survivors below the detection limit of 0.3 log CFU/cm? after
exposure to PAA and QAC. On day 8, only one of the latter two
sanitizers caused reduction of L. monocytogenes below the detection
limit. After 12 days of incubation, all types of biofilms, except for those
formed by NA cells at pH 5.0, remained at the countable levels of 1-2.5
log CFU/cm? after exposure to any of the three sanitizers (Fig. 3).
NA biofilms formed at pH 7.0 were more resistant to PAA on days 4
and 12 than AA biofilms formed at the same pH (Fig. 3a and b). In
contrast, AA biofilms developed on SS surfaces soiled with TSBYE of
pH 5.0 were more resistant to subsequent treatment with 2% PAA than
their NA counterparts (Fig. 3c and d). With regards to the effect of pH
on subsequent resistance to PAA, NA biofilms formed at pH 7.0 were
more resistant to PAA than NA biofilms formed on coupons at pH 5.0,
in 4 and 12 days (Fig. 3a and c). Conversely, growth of AA attached
cells at pH 5.0 made them more resistant to PAA than growth at pH 7.0
(Fig. 3b and d). Overall, in contrast to the findings of Stopforth et al.
(2002), acid adaptation of the inocula used to form biofilms at an
acidic medium (pH 5) significantly affected the resistance of biofilms
to subsequent PAA (2%) treatment. One possible explanation is that
under the acid (pH 5.0) and cold (4 °C) conditions of attachment and
habitation of acid adapted cells, the acid resistance of L. monocyto-
genes could be maintained, e.g., due to function of proton pumps
(Booth, 1985; Shabala et al., 2002; Samelis et al., 2004). Then, such a
resistance might have induced cross-protection to the subsequent
sanitation to PAA (pH 3.6; Tiganitas et al, 2009; Greenacre and
Brocklehurst, 2006; Lou and Yousef, 1997).
Acid adaptation and incubation at pH 7.0 did not markedly affect the
subsequent resistance of L. monocytogenes biofilms to 1% QAC, since

both AA and NA cells survived at similar levels after exposure to QAC on
day 12 (Fig. 3aand b). Conversely, populations of NA or AA cells attached
on SS coupons that had been soiled with medium of pH 5.0 were below
the detection limit of 0.3 log CFU/cm?, after treatment of coupons with
QAC on day 12 (Fig. 3c and d). These observations may be associated
with the exposure of cells to a gradual pH reduction from 7.0 to 4.8,
during growth in TSBYE + G (to obtain acid adapted cells) followed by
transfer to neutral pH (7.0), or the opposite (i.e., culturing at neutral pH
and shift to medium with pH 5.0). Indeed, these consecutive shifts in
media of different pH may have posed a large energetic burden to the
cells, in their effort to maintain their pH homeostasis, and this might
have increased their sensitivity to sanitizers (Lou and Yousef, 1997;
Stopforth et al., 2002; Tiganitas et al., 2009). Similarly, acid adapted cells
inoculated on the surface of beef slices, which were then exposed to
acidic marinates and consecutively subjected to drying were more
sensitive than nonadapted cells (Calicioglu et al., 2002; 2003).
Therefore, our results suggest that the resistance of biofilms to sanitizers
is enhanced when the pH of sanitizer is closer to that of the environment
in which the biofilm was developed. Such a conclusion may also be
supported by the findings of studies assessing the acid resistance of
biofilms formed in the presence of water (pH 6.8-7.0) or acid-diluted
(pH 3.1-4.7) meat decontamination run off fluids. Samelis et al. (2004)
concluded that the expression of high acid tolerance by acid-adapted
Escherichia coli 0157:H7 can be maintained or even enhanced in acid-
diluted meat decontamination run-off fluids of pH>4.5, that could
permit long-term survival at 10 °C. Thus, the selection of proper
sanitizers should also be dependent on the intrinsic properties of the
material soiling the surfaces. Furthermore, rotated use of acid and
alkaline sanitizers would minimize the risk of development of resistant
biofilms.

4. Conclusions

Once biofilms are formed on food processing surfaces, they may be
able to persist in the processing environment. Consequently, their
resistance to sanitation may increase with time (Pan et al., 2006,
Aarnisalo et al., 2007). Based on the findings of the present study,
L. monocytogenes biofilms may survive for long against thermal
treatment and sanitation, depending on the temperature, type,
concentration and application time of disinfectants as well as the
physiological state of cells (Naitali et al., 2009). Monitoring the results
of cleaning and disinfection at a regular base is of utmost importance
in order to modify the sanitation procedures towards a better
outcome. Furthermore, since biofilm may partially explain the
persistence of L. monocytogenes in the food processing environment
(Mgretrg and Langsrud, 2004), the combination of our data with other
tools, such as rapid detection methods, typing, gene expression data
by microarrays and mathematical models, may assist in biotrace-
ability (Barker et al., 2009). This is feasible by linking the presence of
L. monocytogenes in foods or on processing equipment at a certain
food processing stage, with the ‘history’ of cells. The term ‘history’
among others, may also include the survival due to sanitation failure,
or the increase in levels of attached cells on a food-soiled surface.
Further research on the factors affecting the resistance of
L. monocytogenes biofilms against sanitizers may assist in the
development of new sanitation strategies, which will selectively
target potentially ‘stress-hardened’ cells.
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The ability to monitor the results of research on food safety could help the food industry to design safe
foods and to control reliably their stability during the stages of processing and distribution. However, due
to the large volume of data and information that exists in the international literature, the specific (and
necessary) knowledge for making decisions on the safety of certain foods is difficult to glean, or such a
process is only possible with the help of experienced scientific staff. Therefore, a systematic recording
of such research data in food databases is required, allowing the user to find quickly and easily the
requested information (e.g. depending on the food product or the production conditions and distribu-
tion). The user would have the ability to compare different foods or to perform scenarios of food manu-
facturing and distribution. This paper introduces a novel food microbial growth responses database,
called LabBase that satisfies the above requirements, supported by innovative application software,
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designed for scientific and industrial use.
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1. Introduction

Over the past two decades, an enormous volume of microbiolog-
ical data has been produced worldwide and it is readily available
mainly via papers which have been published in international jour-
nals. The deployment of international databases and search engines
for searching and accessing relevant papers in academic journals,
archives or other collections have contributed decisively to the ra-
pid spread of such information (Miller, 1993; McMeekin, 2007).
However, the data included in these reports are not fully available,
or not always with a meaningful visual way (e.g. graph, summary
table). On the other hand, the effective use of published knowledge
requires high academic background and the ability of searching for
the appropriate sources of information.

Databases of microbial responses in foods include compiled data,
which originate from archived datasets, international literature and
mathematical models, developed to predict the growth, survival
and death of microbial populations in foods, depending on the
intrinsic food properties and the extrinsic (environmental) factors
(McMeekin et al., 2006; McMeekin, 2007; Baird-Parker, 1995). For
example, key factors influencing the microbial behavior in food
environments are humidity, water activity (a.), pH, temperature,
packaging atmosphere and presence of preservatives (Membré
and Lambert, 2008).

* Corresponding author. Tel./fax: +30 210 5294684.
E-mail address: pskan@aua.gr (P. Skandamis).

0168-1699/$ - see front matter © 2012 Published by Elsevier B.V.
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The most significant relevant example in this field is the inter-
national food microbial database “ComBase” which includes the
results of published papers on the microbial responses in foods
and laboratory media (Baranyi and Tamplin, 2004). It is maintained
by the ComBase consortium, which is an association between the
Institute of Food Research (IFR) and the Food Standards Agency,
UK, the USDA Agricultural Research Center and its Eastern Regional
Research Center, USA, the National Food Research Institute of Japan
and the University of Tasmania Food Safety Center (FSC), Australia
(ComBase, 2007). The Internet version of the ComBase, developed
and hosted by Institute of Food Research-IFR, Norwich, U.K, is
available on the website: http://www.combase.cc/. A ComBase-de-
rived web-based database, called Microbial Responses Viewer -
MRV (http://cdnfri.dc.affrc.go.jp/), has been developed by Koseki
(2009), consisting of microbial growth/no growth data. However,
ComBase is addressed to scientific-research staff and systematic
improvement is needed to make its use possible by unqualified
personnel, while unpublished results are not included, which can
be very useful and of high quality. Furthermore, the data included
are based mainly on results produced from laboratory media
(broths), while data on interactions between foods and microor-
ganisms are limited (ComBase, 2007). Recently, Buche et al.
(2011) have applied a method which allows data to be retrieved
from data tables found in scientific documents on the Web and
to be annotated thanks to the ontology. This method is based on
the querying system, called MIEL++ allowing the end-user to query
simultaneously and in a transparent way the local data and the
semantic annotated Web data, thanks to the ontology.
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The aim of this work was to address the usefulness and the
technological aspects of “LabBase database”, a new user - friendly
food microbial responses database with innovative characteristics,
which make it a competitive software tool that can be used by both
expert and non-expert users in Food Microbiology. The LabBase
database is supported by an innovative servicing application, capa-
ble of providing information on the microbial population dynamics
of the selected microorganisms-food combinations under various
physicochemical and environmental conditions, in both tabular
and graphical way.

2. Materials and methods

Data recording was applied in Microsoft Excel® environment.
This environment was selected because of its special features
which makes it widespread among scientists and data analysts
(Baranyi and Tamplin, 2004). The servicing application, called
“LabBase Navigator”, was written in Visual Basic for Applica-
tions-VBA (Petroutsos, 1998; Walkenbach, 2004). Moreover, a
Microsoft Access® application was developed in order to support
the graphical comparison of the selected microbial growth profiles
(Alexander and Clark, 2007; Schmalz, 2005). It has been incorpo-
rated to the LabBase software in order to enhance its capabilities.

The data stored in the database are organized in linear format,
and is grouped in three main field categories for each microbial re-
sponse record: (i) The third order fields, expressing the analytical
measurements for each growth condition, including the time, the
microbial response, the physicochemical and environmental data.
The independent replicate measurements of microbial responses
at each time interval are stored vertically, associating all repeti-
tions, i.e., of the same or independent experiments but for a given
set of conditions, with the same observation time. The initial tem-
perature (T), pH and water activity (a,,) data include the values re-
corded at the beginning of the observation (experimental) period.
The endogenous temperature, pH and water activity data express
the changing values during the experimental duration (e.g. during
incubation or storage of foods), due to physicochemical changes
occurring on the substrates where microorganism are habituated.
These internal (intrinsic) changes depend on the microbial growth

Table 1
LabBase database record format.
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conditions (Baranyi and Tamplin, 2004) and are the result of the
impact of the microbial biochemical processes on their environ-
ment. Currently, such endogenous data are introduced into the
database in tabular form (Table 1), but at the moment they cannot
be visualized by the data filtering procedure via the queries mech-
anism. This might be the subject of a future software update,
depending on the feedback by the users; (ii) Second order fields,
expressing the conditions prevailing in each experiment; and (iii)
first order fields, expressing the general features of a specific
dataset (Fig. 1). Syntactically, these fields contain numerical or
alphanumerical values. Based on the above classification, interpre-
tation regions for numerical values were defined for the corre-
sponding fields so that incoming data could be tested. LabBase
database record format is presented in Table 1. The representative
data introduced in the database in order to develop and validate
the software, were organized in four datasets: (i) Spoilage of
ham; (ii) behavior of Listeria monocytogenes in response to temper-
ature, pH and water activity; (iii) growth of Staphylococcus aureus
in milk; and (iv) biofilms of L. monocytogenes.

The servicing application includes powerful tools in order to
provide the users with the ability to display a single microbial
growth profile or a set of growth profiles in the same graph, by
the sequential application of a series of queries. The available data
filtering options are (Fig. 2): (i) “SUB GROUP ORGANISMS”,
expressing the species of microorganisms, which are cultured in
the experiments; (ii) “SUB GROUP SUBSTRATE”, expressing the
medium in which the microorganisms grows; (iii) “SELECTIVE ENU-
MERATION MEDIA”, expressing the type of substrate used to mon-
itor the microbial growth in the medium; and (iv) “EXPERIMENTAL
CONDITIONS”, encompassing the specific experimental conditions
applied to each dataset (i.e., an independent experiment). These
conditions also serve as keywords, so that the user may retrieve
the whole data set that corresponds to these records by a simple
alphanumerical search (Fig. 2); and (v) Initial values for tempera-
ture, pH and water activity which are numerical values. The user
can define the range for each factor. These fields allow the user
to perform more detailed data retrieval, based on a single growth
condition factor (e.g. the initial temperature), or even a combina-
tion of them.

Fields (1) A/A (2) Dataset
n/a n a
Description  Records counter Datasets encoding
e.g. 1096 ds002
Fields (6) Sub group substrate (7) Sub group organisms
n/a a a
Description  Substrate Organism
e.g. TSB Listeria monocytogenes
Fields (11) Measures No. (12) Measures repeated No.
n/a n n
Description Info about no of measurements Time
e.g. 1
Fields (16) T (°C) (17) pH
n/a n n
Description  Changing values due to the microbial Initial values
activity (for future use)
e.g. 5.0 4.50
Fields (21) ay INIT
n/a n
Description Initial values

eg. 0.900

(3) Dataset title (4) Dataset category (5)Notes
a a a
title category notes
L. monocytogenes in response Safety
to pH/aw/T
(8) Selective enumeration media (9) Experimental conditions (10) Status
a a a
Media Experimental condition Dataset subset
No media information pH 4.5 ds002q
ay 0.90
T=5°C
(13)¢ (14) (days/hours/min) (15) Log CFU/ml
n a n
d/h/m response
18.00 d 5.6
(18) aw (19) T (°C) INIT (20) pH INIT
n n n
0.900 5.0 4.50

n: numerical value.
a: alphanumerical value.
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1% order fields 28d grder fields 3rd order fields
DATASET (DATASET) A/A
DATASET TITLE SUB GROUP | (STATUS)
SUBSTRATE
DATASET SUB GROUP MEASURES No
CATEGORY ORGANISMS
NOTES SELECTIVE MEASURES
ENUMERATION REPEATED No
MEDIA
EXPERIMENTAL t (2 decimals)
CONDITIONS
STATUS (days/hours/min) d/h/m
LogCFU/ml (1 decimal)
T (°C) (1 decimal)
pH (2 decimals)
aw (3 decimals)
A/A : Records counter T (°C) INIT (1 decimal)
pH INIT (2 decimals)
aw INIT (3 decimals)

Fig. 1. LabBase database record organization and data classification.
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Fig. 2. The servicing application UserForm.
The imported values are checked by the software in order to re- venting from possible problems such as the outranged pH and

ject those that exceed the allowed range. The syntax check ensures water activity values. During the display of field values in the User-
the reliability of the applied queries to the fields of interest, pre- Form of the LabBase servicing application, the recurrent values are
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consolidated into a single value, while all the displayed values are
sorted. If a field includes a blank value then it is displayed but it
cannot be selected. In ComBase, if the result of a measurement is
referenced as N/D (not detected), then a number outside the inter-
pretation region of the field is used as a symbol (Baranyi and
Tamplin, 2004). When the user applies a query to a specific field,
the result is the filtering of the corresponding records. Then all
the displayed data are automatically updated. The user may apply

( Main Userform ><—

CLEAR VALUES /L

a new data filtering to the updated information or display graphi-
cally a microbial growth profile.

A microbial growth profile is represented by a scatter plot, dis-
played in the plotting area of the LabBase servicing application. The
time unit of the microbial growth graphical representation is the
day (d). The other recorded time units, are converted automatically

into days before data processing.

T 3)

REFRESH

HISTORY
CLEAR DATA BELOW THE
SELECTED OPTION
RECORDER
AUTO REFRESH
A 4
NO PLOTTING

SELECTION

1. SELECT

2. CLEAR

3. REFRESH

4. EXIT

)

PLOT

GRAPH

COMPARISON

SELECT

STEP

PREVIOUS

DATASET MAPPING

Fig. 3. The servicing application mechanism.
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Fig. 4. Comparison options for displaying growth profiles in two different enumeration media, namely BPA and TSA of Staphyloccocus aureus in highly pasteurized milk of
reduced lactose at 10 °C when the special growth condition is inoculation level of 102-10% CFU/ml. Scatter plot: BPA(<) and for TSA(M). Histogram: BPA (0J) and TSA(M).
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2.1. An innovative mechanism: recording/restoring of data

An innovative mechanism of the servicing application provides
the user with the ability to restore a set of records representing the
microbial growth conditions recorded at an intermediate stage of
the data analysis procedure. The user then can perform a new data
filtering, starting from the restored records. For each applied query,
the software creates a characteristic record which is called “history
record” and it is described by the value of the field from which it
has been derived (Fig. 2).

A new history record updates sequentially the corresponding
display area after a data filtering while a serial number is displayed
in the front of each record. The serial number “1” which is dis-
played in the front of a history record means that the data have
been transferred from the database area to the working data area.
The serial number “2” of the history record corresponds to the first
applied query, etc. Each “history record” corresponds to a filtered
dataset, which is saved in a specific data area, in order to be re-
stored after a user request. When the user selects a “history re-
cord”, then the corresponding set of analytical records is
transferred from the data area containing the saved records to
the working data area. Moreover, all the values of the history dis-
play area below the selected one, are cleared. A flowchart describ-
ing the mechanism of the servicing application is presented in
Fig. 3.

As a case study, the dataset “S. aureus in milk” was used. Let’s
assume that the user initially, selects the substrate value “Highly
pasteurized milk of reduce lactose”. The result values which are
displayed in the enumeration media display area are: “BPA” and
“TSA”, while the displayed value in the Growth Conditions display

area is: “Inoculation 10*2 - 1073, T=10 °C”, respectively. Let’s as-
sume now that the user selects the enumeration media value
“BPA” in order to isolate the records including this value. Then,
the user can plot the corresponding microbial growth profile. In
the meantime, the applied queries have been recorded sequentially
in the history display area with the following format: (0) ALL
CLEAR; (1) ALL DATA; (2) Highly pasteurized milk of reduce lac-
tose; (3) BPA.

If the user wants to plot the microbial growth profile when the
enumeration media value is “TSA”, then instead of restarting the
search procedure, the history record “2. Highly pasteurized milk
of reduce lactose” can be restored by clicking “RESTART FROM".
Then, the servicing application data area is updated by the restored
data. The user now can select the enumeration media value “TSA”
in order to plot the corresponding microbial growth profile.

This mechanism is very useful because it allows the users to
modify their initial search, starting from an intermediate stage
and not from the beginning. Without this mechanism, the user
should have to start from scratch.

2.2. Comparison between microbial growth profiles

In the case that the displayed microbial growth profiles is more
than one, the distinction between them is not clear, since all the
profiles have the same color and the data markers have the same
shape. For that reason, the servicing application includes two more
graphical tools for the separation and the comparison of the multi-
ple microbial growth profiles which are displayed in the same
graph. The first tool presents a scatter plot and the second a histo-
gram. In these graphs, the microbial growth profiles are displayed

Growth conditions (3) and (4) in hours (converted to days)

-
. -
71 .
6 . o
- L]
+
E : .od
3 5 1 L Growth conditions (1) and (2) in days
l(s . - -
S 4 .
-l -
L ] . .
. s’ . .
o b : . .
A R :
L] -
- L] L]
10 20 30 40 50 60 70 80

t

Fig. 5. The microbial growth profiles under the growth conditions (1) and (2) cannot be displayed graphically together with the corresponding profiles (3) and (4) in order to

be compared, because of the high amplitude of the time values.
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with discrete colors (and discrete data markers in the case of the
scatter plot) (Fig. 4). These graphical representations are created
by an external Microsoft Access® application, which is encom-

105

passed in the main software. It has been found that the applica-
tions developed with Microsoft Access®, when compared to the
corresponding ones, developed with Microsoft Excel®, have: (i)
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Fig. 6. Representative comparisons between growth profiles corresponding to the following growth conditions: (a) T=10°C pH=6.29 (<) and T=15°C pH=6.22 (m);
(b) T=0°C pH=6.28 (¢) and T=5 °C pH = 6.26 (W) when the microorganism is Pseudomonas sp., the substrate is meat products and the enumeration media is CFC.
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more rapid access to databases (Baranyi and Tamplin, 2004); (ii)
better efficiency in concentrating and consolidating of data
(Microsoft Office, 2011a); and (iii) better efficiency in development
of graphical representations. Although Microsoft Excel® and
Microsoft Access® use the same Chart Object (the same graphical
engine) (Robinson, 2008) in the area of the software development,
Microsoft Access® provides more efficient programming tools and
graphically displays complex queries (Microsoft Office, 2011a). For
the above reasons, we applied a special methodology in VBA pro-
gramming, called “Integrating Excel and Access” (Alexander and
Clark, 2007; Schmalz, 2005). The Microsoft Access® application
consists of two PivotChart reports which have been programmed
in order to: (i) display separately the microbial growth profiles
with different colors; and (ii) offer further options for dynamic data
filtering in order to develop new graphical representations (Fig. 4).
When the corresponding graphical options are activated, the
filtered records are transferred from the working data area (Micro-
soft Excel® data sheets) to two temporary PivotTable reports (one
for the scatter plot and one for the histogram respectively). The
transferred time unit is automatically converted to days. The Pivot-
Table reports constitute interactive, cross tabulated reports that
summarize and analyze the database records (Microsoft Office,
2011b). When the user quits the Microsoft Access® application,
the corresponding data tables are cleared of data and the applica-
tion size is redefined automatically.

2.2.1. Microbial growth profiles comparison limitations

Let’s assume that the user selects the value “CFC” (Field: Enu-
meration Media; corresponding dataset: Spoilage of ham) in order
to apply a query. The displayed result values are: ‘Microorgan-
ism’ = Pseudomonas sp.; and ‘Substrate’ = ‘Meat products’. The con-
ditions of microbial growth are:

T = 0°'C,when the value of pH is 6.28 (1)
T = 5°C,when the value of pH is 6.26 (2)
T = 10 C, when the value of pH is 6.29 (3)
T =15 C,when the value of pH is 6.22 (4)

The time unit for the growth profiles of conditions (1) and (2) is the
day (d) while for (3) and (4) is the hour (h) respectively.

The comparison between the four growth profiles which were
developed in the same graph is not possible because of the high
amplitude of the time values. The program has been developed
to limit the number of the time units to one, by converting auto-
matically the hours to days. In that case, the data markers of the
growth profiles (3) and (4) appear to be concentrated closely to
the y axis and cannot be distinguishable, while the data markers
of the growth profiles (1) and (2) are distinct and comparable
(Fig. 5). The possible comparisons which can be performed be-
tween growth profiles are (Fig. 6):

{ (1) and (2) : Time unit = day
(3) and (4) : Time unit = hour

3. Availability
A website has been developed in order to provide the users with
free access to the software. The latter and the user’s manual can be

downloaded, free of charge, from anyone who is interested, by vis-
iting the address http://www.aua.gr/psomas/LabBase.

4. Results

The authors have ascertained that there is a large quantity of
unpublished food microbial responses data available in food indus-

tries which are not introduced in any software specially designed
for that purpose. To our knowledge, there is not any easy-to-use
database software in order to be used by non expert users for their
data storage. The ComBase database seems to be the only available
software that could serve that scope, but it is addressed to scien-
tific staff. LabBase software has been developed in order to fill this
gap. It has been designed as a user-friendly data platform that may
accommodate useful scientific data in a user-friendly manner but
without any loss of its scientific character. It is addressed to the
industrial users who are not familiar with the internet services
or they are not expert enough in order to use the international
database ComBase.

Currently, LabBase constitutes a standalone software applica-
tion accommodating full growth and survival curves derived from
viable count measurements. Data management includes the micro-
bial data filtering according to any combination of microorganism,
substrate, enumeration media, growth conditions, temperature, pH
and water activity ranges of interest. The data analysis tools in-
clude: (i) A time vs. log CFU graphical representation (a microbial
growth profile); (ii) a mechanism for two or more microbial
growth profiles graphical comparison. This mechanism separates
the microbial profiles and represents them in the same graph area;
and (iii) filtered data, readily available in tabular format. The VBA
code used for LabBase software development provides the user
the ability to enter in the temporary data area, in Microsoft Excel®
environment for further data processing.

The LabBase software may assist in food safety control in post-
harvest operations. More specifically, the information provided by
the LabBase database can be exploited by the food industry in or-
der to estimate: (i) the potential risks of the deterioration in the
microbiological quality and safety of food products during the
manufacturing stages (Kang et al., 2000); (ii) the shelf life based
on scientifically documented food microbial stability, in order to
support the inventory management; (iii) the microbial stability
of new products originating from traditional ones (with known sta-
bility) after changing their composition or their manufacturing
procedure; and (iv) the impact of new preservatives/antimicrobials
on microbial growth.

The main differences between LabBase and ComBase software
are focused on the following general and structural points: (i) the
LabBase database constitutes a standalone application which is ad-
dressed to non expert users. ComBase database is a web application
which is addressed to scientific staff; (ii) both published and unpub-
lished microbial data can be introduced into the LabBase database.
The application is designed in such way that can be customized by
the users, offering them the opportunity to use it as a personal data-
base, without authorization. ComBase database includes only pub-
lished data and is accessible only for retrieval but not for entering
own data; (iii) the structure of the LabBase database is based on
the division of the microbial records in three data areas in a simple
linear format. The structure of the ComBase database is based on a
typical and simple linear format containing one master and several
definition tables (Baranyi and Tamplin, 2004).

The innovative feature of the servicing application constitutes a
mechanism which has been developed in order to store the filtered
datasets corresponding to executed queries. As described above,
this mechanism includes a monitoring system of the recorded
datasets providing the user the ability to restore a saved dataset
in order to continue the queries execution from that step onward.
This procedure is very useful because it resolves the issue of can-
celling the entire filtering process when the user simply wants to
modify an intermediate step of the last search and repeat it.

Excel/Access Integration programming technique has been ap-
plied for the comparison of the microbial growth profiles and fur-
ther data analysis, exploiting the high performance graphical
abilities of Microsoft Access®. Several other points of the computa-
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Fig. 7. Evaluation of the performance and acceptability of the LabBase database.

tional realization of the LabBase database were discussed in detail
and relevant references to similar applications have been provided
in the present paper. The exact demonstration of the LabBase data-
base software and other technical issues can be found in LabBase
database dissemination website (Psomas and Skandamis, 2011).

The applicability of the LabBase database for commercial use
was ascertained with the distribution of questionnaires to 63 indi-
viduals worldwide, who are involved in food microbiology research
and/or in the food industry. They were asked to answer eight basic
questions concerning their experience in the use of software and
their opinion about the LabBase database (Fig. 7). Initially, the
respondents had to download the software from the corresponding
webpage to their hard disk and to install it respectively by follow-
ing the instructions which are available in the same webpage. The
website provides all information needed for the installation of the
software (operation’s manual, guide for the compilation of the
“labbaseaccs” application), whereas none the respondents received
training. The distributed questions and the derived statistical anal-
ysis are shown in Fig. 7.

The statistical analysis revealed that the majority of the respon-
dents (92%) recognized the fact that the software has innovative
features. This recognition was made by the respondents who are
experienced in the use of databases (88.9%). We believe that these
innovative characteristics such as: (i) the mechanism of recording
and restoring of the applied queries, developed especially in order
to help user to redefine his options easily and (ii) the mechanism of
Excel/Access integration developed in order to achieve a fast and
complex graphical analysis of data, differentiate our software from
other similar databases, making LabBase, a software tool of a high
degree of flexibility, which can be used by non expert users. Most
respondents considered that the LabBase database was a very use-
ful educational tool (77.8%) while the 68.3% of the replied persons
judged that it was a very useful industrial tool. The 79.7% of the
respondents have some experience in food microbiological appli-
cations (very: 50.8%; sufficiently: 28.6%) while all the respondents
consider that the software constitute an easy - to - use application.

Most of the respondents encountered some difficulties during
the installation of the software to their hard disk (63.5%). This is
due to the compilation of the Microsoft Access® application that

has to be done. However, there is enough information available
on the software’s website for the necessary actions. The user’s
manual which is posted on the software’s webpage is sufficiently
good, as it has been judged by the respondents (very: 46%; suffi-
ciently: 52.4%). The results of the statistical analysis show a posi-
tive perspective concerning the acceptance of the LabBase
database. Further dissemination of this software is needed in order
to be highlighted its usefulness.

5. Discussion

In the future, the LabBase database will be enriched with new
data concerning different microorganisms in different environ-
ments, derived from both experiments and the international liter-
ature. In that phase, users will be able to compare both LabBase
and ComBase databases and discover the advantages and disad-
vantages of the LabBase database against the ComBase database,
respectively.

We aspire to establish the LabBase database as a common soft-
ware platform between the decentralized food industries which
have limited expertise or knowledge in the field of search and
exploitation of the appropriate information from international dat-
abases such as ComBase database. Each plant could concentrate
and systemize its archived data which are of great scientific value,
although not published. The future upgrade of the LabBase data-
base concerns on the development of a web application, based
on the same platform, in order to support data exchange between
the scattered food industries and research laboratories.

References

Alexander, M., Clark, G., 2007. Microsoft Excel and Access Integration with Office
2007. Wiley Publishing Inc., Indianapolis, Indiana.

Baird-Parker, A.C., 1995. Development of industrial procedures to ensure the
microbial safety of food. Food Control 6, 29-36.

Baranyi, J., Tamplin, M.L., 2004. A common database on microbial responses to food
environments. Journal of Food Protection 67, 1967-1971.

Buche, P., Couvert, O., Dibie-Barthélemy, J., Hignette, G., Mettler, E., Soler, L., 2011.
Flexible querying of Web data to simulate bacterial growth in food. Food
Microbiology 28, 685-693.



108 A.N. Psomas et al./ Computers and Electronics in Agriculture 85 (2012) 99-108

ComBase, 2007. A Combined Database for Predictive Microbiology, Institute of Food
Research. http://www.combase.cc/ (retrieved February, 2011).

Kang, S.H., Kodell, R.L., Chen, ].J., 2000. Incorporating model uncertainties along with
data uncertainties in microbial risk assessment. Regulatory Toxicology and
Pharmacology 32, 68-72.

Koseki, S., 2009. Microbial Responses Viewer (MRV): a new ComBase-derived
database of microbial responses to food environments. International Journal of
Food Microbiology 134, 75-82.

McMeekin, T.A., Baranyi, J., Bowman, J., Dalgaard, P., Kirk, M., Ross, T., Schmid, S.,
Zwietering, M.H., 2006. Information systems in food safety management.
International Journal of Food Microbiology 112, 181-194.

McMeekin, T.A., 2007. Predictive microbiology: quantitative science delivering
quantifiable benefits to the meat industry and other food industries. Meat
Science 77, 17-27.

Membré, ].M., Lambert, RJ.W., 2008. Application of predictive modeling techniques
in industry: from food design up to risk assessment. International Journal of
Food Microbiology 128, 10-15.

Microsoft Office, 2011a. Using Access or Excel to manage your data. http://
office.microsoft.com/en-us/access-help/using-access-or-excel-to-manage-
your-data-HA010210195.aspx. (retrieved, May, 2011).

Microsoft Office, 2011b. About PivotChart reports., http://office.microsoft.com/en-
us/excel/HP052497741033.aspx. (retrieved, May, 2011).

Miller, AJ., 1993. Data collection and capture systems for microbial modeling.
Journal of Industrial Microbiology and Biotechnology 12, 291-294.

Petroutsos, E., 1998. Mastering Visual Basic 6. Sybex Inc., San Francisco, USA.

Psomas, A., Skandamis, P., 2011. LabBase: An Innovative Food Microbial Responses
Database, LabBase Database Dissemination Webpage, Agricultural University of
Athens, http://www.aua.gr/psomas/LabBase (retrieved March, 2011).

Robinson, G., 2008. Creating Charts in an Access 2007. Database Journal. http://
www.databasejournal.com/features/msaccess/article.php/3764206/Creating-
Charts-in-an-Access-2007-Database.htm.

Schmalz, M., 2005. Integrating Excel and Access. O'Reilly Media Inc., USA.

Walkenbach, J., 2004. Excel 2003 Power Programming with VBA. Wiley Publishing
Inc., Indianapolis, USA.


http://www.combase.cc
http://www.office.microsoft.com/en-us/access-help/using-access-or-excel-to-manage-your-data-HA010210195.aspx
http://www.office.microsoft.com/en-us/access-help/using-access-or-excel-to-manage-your-data-HA010210195.aspx
http://www.office.microsoft.com/en-us/access-help/using-access-or-excel-to-manage-your-data-HA010210195.aspx
http://www.office.microsoft.com/en-us/excel/HP052497741033.aspx
http://www.office.microsoft.com/en-us/excel/HP052497741033.aspx
http://www.aua.gr/psomas/LabBase
http://www.databasejournal.com/features/msaccess/article.php/3764206/Creating-Charts-in-an-Access-2007-Database.htm
http://www.databasejournal.com/features/msaccess/article.php/3764206/Creating-Charts-in-an-Access-2007-Database.htm
http://www.databasejournal.com/features/msaccess/article.php/3764206/Creating-Charts-in-an-Access-2007-Database.htm

Computers and Electronics in Agriculture 76 (2011) 119-129

Contents lists available at ScienceDirect

Computers and Electronics in Agriculture

journal homepage: www.elsevier.com/locate/compag

Original papers

Development and validation of a tertiary simulation model for predicting the
growth of the food microorganisms under dynamic and static temperature
conditions

Antonios N. Psomas?®P, George-John Nychas?, Serkos A. Haroutounian®, Panagiotis N. Skandamis®*

a Department of Food Science & Technology, Laboratory of Food Hygiene and Quality Control, Agricultural University of Athens, lera Odos 75, Athens 11855, Greece
b Department of Sciences, Laboratory of Chemistry, Agricultural University of Athens, lera Odos 75, Athens 11855, Greece

ARTICLE INFO ABSTRACT

Article history:

Received 8 October 2010

Received in revised form 3 January 2011
Accepted 24 January 2011

The use of predictive modeling software may markedly contribute to the better understanding of the
microbial behavior in foods. In this paper, the development and validation of a tertiary model, which
provides predictions of microbial growth in foods under dynamic or static temperature conditions, is
presented. In particular, the UGPM (Unified Growth Prediction Model) software applies the Baranyi and
Roberts (1994) primary model, coupled to a secondary temperature model, in order to simulate growth

gey(‘j"_"’tr,ds" - robiol of a given microorganism during storage of a specific food or food category. The software, intended to be
ngdlzal;':t;mcm 10108y used by both expert and non-expert users, may be a valuable decision support tool for the food industry,

by assisting in the management of foods based on their actual shelf-life and microbial safety, thereby
limiting the deterministic “best-by” practice for the determination of shelf-life. The latter is commonly
based solely on empirical observations and has high uncertainty. This in turn, may result in the rejection
of large quantities of unspoiled or safe foods, or even in the distribution of spoiled and unsafe foods, due

Microbial growth prediction
Safety tertiary model
Dynamic temperature conditions

to ignorance of the effect of temperature abuse on the microbial spoilage and safety of products.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

The application of predictive models has markedly assisted
in modern food safety management (Gorris, 2005). Such models
constitute mathematical tools, which are based on the product
characteristics and the conditions occurring during processing or
storage of foods, in order to accurately predict their microbial qual-
ity and safety. In this context, the ability to simulate the complex
world of microbes constitutes a valuable methodology, which com-
bines information from different scientific areas, such as chemistry,
mathematics, biology, computer programming and statistics. Pre-
dictive microbiology can quantify the response of microorganisms
in foods with the help of the various mathematical models. These
models are mathematical expressions describing the inactivation
or increase of microbial populations in foods as a function of the
relevant intrinsic or extrinsic variables generally on a macroscopic
scale (Marks, 2008). The mathematical models should also take into
account the physiological state of microorganisms, which depends
on the species and the ‘history’ of exposure of microbial cells to var-
ious stresses during processing and distribution of foods (Tiganitas
et al., 2009; Le Marc et al., 2010).

* Corresponding author. Tel.: +30 210 5294684; fax: +30 210 5294684.
E-mail address: pskan@aua.gr (P.N. Skandamis).

0168-1699/$ - see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.compag.2011.01.013

The models are classified into three categories: (i) the primary
models, which are used to describe the changes of the microbial
population density as a function of time using a limited number of
kinetic parameters (e.g., lag time, growth or inactivation rate and
maximum population density); (ii) the secondary models express-
ing the effect of environmental variables (e.g., temperature, NaCl,
pH, etc.) on the kinetic parameters estimated by the primary mod-
els (McMeekin et al., 2006; Ross et al., 2000; Whiting, 1995); (iii)
the tertiary models, which are computer tools that integrate the
primary and secondary models into user-friendly units. The wider
use of models in the food industry and research depends on the
availability of user-friendly software, which encompass predic-
tive models and allow different users to retrieve information from
them in a rapid and convenient way (McMeekin and Ross, 2002;
McMeekin et al., 2006).

Growth models are fundamental tools in predictive microbiol-
ogy, especially for ready-to-eat (RTE) foods, since they may assess
the exposure of consumers to the doses (levels) of pathogenic
bacteria at the time of consumption (McMeekin et al., 2006). Sev-
eral predictive modeling software have been developed in order
to provide predictions of microbial responses in foods by con-
trolling environmental and physicochemical factors and/or food
additives (Baranyi and Tamplin, 2004). The most popular ones are:
(i) the stand-alone Pathogen Modeling Program (PMP v.7.0) and
the Online Pathogen Modeling Program (Online PMP) developed
by the Eastern Regional Research Center, Agricultural Research
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Fig. 1. Flowchart describing the UGPM software application layout.

Service, U.S. Department of Agriculture (USDA, 2009a,b); (ii) the
Sym’'Previous (Leporq et al., 2005); (iv) the Microbial Responses
Viewer (Koseki, 2009); (v) the Pseudomonas predictor (Neumeyer
et al.,, 1997); (vi) the Seafood Spoilage Predictor (Dalgaard et al.,
2002); (vii) the ComBase Predictor which is a modified, augmented
and improved web-version of the free of charge Growth Predictor
stand-alone program (2003) (ComBase, 2007); (viii) the Perfrigens

Predictor (Le Marc et al., 2008) which can be accessed through
the modeling toolbox of Combase; (ix) the software for predict-
ing growth/inactivation of Salmonella under dynamic conditions of
temperature, pH and ay (Pin et al., in press). Most of these programs
are locked and the modification of their models or the addition of
new models is not feasible or requires authorization. Furthermore,
the embedded models are based mainly on data from laboratory
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Table 1
Representative square-root type models for specific food-microorganism combinations, included in the UGPM microbial database.
Microorganism Substrate ho? Yend?® af Tmin® Reference
Lactic acid bacteria Cheese salad I ‘Tyrosalata’ 2.37 8.5 0.019 -10.7 Manios et al. (2009)
Cheese salad II ‘Tyrokafteri’ 2.55 8.5 0.023 —4.60 Manios et al. (2009)
Cooked cured meat products 1.03 8.2 0.057 -6.72 Mataragas et al. (2006b)
Listeria monocytogenes Cooked ham 0.84 5.0 0.058 -1.03 Mataragas et al. (2006a)
Traditional milk cream 1.09 or 1.75 8.5 0.056 -6.23 Panagou and Nychas (2008)
Soft cheese 1.18 8.0 0.082 -1.64
Staphylococcus aureus Fresh milk 1.57 8.0 0.091 -1.70 Fujikawa and Morozumi (2005)

a Parameter representing the initial physiological state of cells.
b Asymptotic cell concentration.
¢ Dimensionless coefficient.

d Theoretical minimum temperature.

media or from limited combinations of foods and microorgan-
isms. Conversely, the program developed in this study is publicly
available and its models are exclusively based on data from com-
mercially available products.

Therefore, the main objective of the present study was to
evaluate the predictive value of a tertiary model, in the form of
readily available and user-friendly software encompassing vari-
ous food-microorganism-specific growth models. The simulation
of microbial growth is obtained via the primary model of Baranyi,
using momentary growth rates estimates in response to temper-
ature, obtained by square root secondary models. The tertiary
model is based on an updatable database of validated and pub-
lished predictive models including only 5 parameters per model.
It is capable of providing predictions for the population dynam-
ics of the selected microorganisms-food combinations under static
and dynamic temperature conditions. Dynamic temperature pro-
files (e.g., during chill-chain) may be uploaded as an Excel file in the
form of time-temperature sheets and translated into predictions
of microbial population density, both numerically and graphically.
The software constitutes a good example of how predictive mod-
els may be by the industry as user-friendly applications and tools
assisting in efficient and science-based management of the safety
and quality of their products.

2. Software development

The software, called UGPM (Unified Growth Prediction Model),
was developed with Visual Basic for Applications (VBA) in Microsoft
Excel® environment (Microsoft Office 2003 Pro). The Baranyi
model constitutes a common field between the UGPM soft-
ware application and the “ComBase Predictor”, i.e., the on-line
application, which can also predict the bacterial responses to
dynamic temperature conditions. ComBase Predictor (available at
http://www.combase.cc/toolbox.html) supports a set of twenty
three growth models and six thermal death models for predict-
ing the microbial response to key environmental factors such as
temperature, pH, salt concentration etc. (ComBase, 2007).

2.1. The differential equation model

The adjustment model of Baranyi and Roberts (1994), combined
with the growth model of Richard (Baranyi and Roberts, 2000)
has been introduced in the UGPM software in order to simulate
the microbial growth. The model of Baranyi and Roberts (1994)
has been selected due to the following reasons: (i) it is easy to be
applied; (ii) it is applicable under dynamic environmental condi-
tions and; (iii) the model parameters are biologically interpretable
(Lebert and Lebert, 2006).

The model is based on the following first order equation:

dx(t)/dt  qoe""
x(t) T 1+qge

t/J«max 'U(X) (1)

where qg =Py/K)p, Py is the initial value of a critical substance needed
for the bacteria to initiate growth, K, is the Michaelis—-Menten con-
stant, x(t) is the microbial concentration at the time ¢, u(x) is the
inhibition function and qg is a measure of the initial physiologi-
cal state of the cells summarizing the readiness of cells to initiate
growth in a new environment. This is specific for each combina-
tion of food and microorganism, or for the ‘history’ (i.e., sequence
of exposure to various stresses, or just the previous environment)
of the same microorganism. The parameter qq is also related to the
parameter hg, which is another measure of the initial physiological
state of cells and is given by the equation:

ho = In (qoq:1) (2)

Under constant temperatures, the following explicit solution of
Eq. (1) can be used:
1 em'MmaX'A(f) -1
Y(t) = Yo + UmaxA(t) — m In (l‘i‘m) (3)
where t is the time, yq is the natural logarithm of the inoculum
(Inxg), xg is the initial cell number, m characterizes the curvature
before the stationary phase, y(t)=Inx(t) and pmax is the maxi-
mum specific growth rate. The tmax parameter can be described
as a function of temperature according to square-root secondary
model:

v/ Mmax = b(T — Tmin) (4)

where b is a constant, T (°C) the temperature and T, is the
notational minimum temperature for growth of the microorgan-
isms, estimated by extrapolation of the regression line to pmax =0.
We chose the shortest version of the square root equation, with
only one cardinal parameter (Ty,i,; Zwietering et al., 1991), as the
simplest option for secondary model, because the interpolation
area of the current models is expected to range from refrigeration
(0-4°C) to room temperatures (25 °C). Higher temperatures, such
as 30-37°C(i.e., optimum temperatures for most microorganisms),
oreven higher (>45 °C) would only rarely (and accidentally) occurin
the chill-chain or during ambient storage of foods at room temper-
ature. Therefore, Ty, was considered sufficient cardinal value for
the secondary models of the present application, which is intended
for use by the industry producing foods that require refrigeration
or are stable at room temperature. Nonetheless, in future generic
applications, other cardinal models such as that of Rosso et al.
(1995), including Topt and Tmax for optimum and maximum temper-
ature allowing growth, respectively, may also be applied in order
to obtain predictions for microbial growth within the whole bioki-
netic range of temperatures. This would also allow direct use of
literature cardinal values.
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A(t) is a reparameterised time variable (Baranyi and Roberts,
1994) expressed by the equation:

In(1 — eV + e~ Ut=2))

Alt)=t -1+ "

(5)

where A is the lag phase of the microorganism, that is the time
lapsed before the beginning of exponential growth.

Under dynamic temperature conditions, the following system
of differential equations is used (Baranyi and Roberts, 1994):

dy(t) 1 -m
ar - w(T) (m) (1- eV ) (6)
490 _ Q)
y(0)=y
Qo =1Inqo

Q(t) =In q(t)

The first differential equation describes the time evolution of the
microbial load and the second equation represents the change in
the physiological state of the bacteria with time (Lebert and Lebert,
2006). Predictions by this model in dynamic environments are also
readily available on the “ComBase” web site (www.combase.cc)
and can be compared to static environments. However, the sec-
ondary models providing the momentary 4 max estimates are based
on broth data and predictions should be treated with caution and
rather as approximations of how microbial growth occurs in foods.

2.2. The description of the software application’s layout

The software has been developed with a decision-tree-based
technique (Fig. 1). The following command buttons are avail-
able in the start-up UserForm with the respective functions: (i)
“Initial Level”: a value expressing the initial microbial contami-
nation level can be selected from a ListBox control and then be
loaded in a specific area of the active worksheet (Sheet 1). This

value, expressed in “log CFU/ml”, is the logarithmic-with base 10-
concentration of the microbial population per ml (values range
from 0.0 to 10.0); (ii) “Model Selections”: a record, expressing a
microbial model per food substrate, can be selected from a database
which is embedded into the software. Each model corresponds to
a specific microorganism-food combination, whereas all models
are validated and published in the literature. The user may further
evaluate these models by comparing their predictions with inde-
pendent observations of microbial growth in the foods included
in the database, or in foods of similar composition, or in foods
belonging to a broad category (e.g., meat products, emulsified sal-
ads, etc.; Table 1); (iii) “Logger Data”: a data logger file can be
selected and introduced in a specific range of the background
spreadsheet. The introduced dynamic data of time and temper-
ature, with time expressed in hours is displayed immediately in
the main UserForm’s time-temperature ListBox control after the
completion of the numerical simulation, which is performed auto-
matically in the background spreadsheet (Fig. 2); (iv) “Constant T":
avalue of maximum time (in hours) and a value of temperature can
be entered in the corresponding fields of the UserForm. Then, the
main UserForm'’s time-temperature ListBox control displays the
generated time data, which is increased with a step of 0.5 h, while
the temperature remains constant for the specified time period.
The resulting time-temperature dataset is displayed immediately
in the main UserForm’s time-temperature ListBox control after
the completion of the numerical simulation which has been per-
formed automatically in the background spreadsheet; (v) “Plot”: a
simulation of microbial growth for the selected time-temperature
profile is graphically represented; (vi) “Reset Data”: the data
displayed into the main UserForm’s time-temperature ListBox
control and the corresponding numerical simulation is erased
(Fig. 2).

Another function of the software is the “Growth prediction up
to 4 temperatures”, where up to four temperatures of incubation
and a maximum time value (in hours), can be entered in the corre-
sponding fields of the UserForm. By clicking on the “Plot” command
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Fig. 3. Output showing the Microbial Models Administration UserForm and its modification methods.

button (Fig. 2), the corresponding growth curves per tempera-
ture are illustrated in the same graph to allow comparisons of the
growth curves of the same microorganism at four temperatures.
The general functions include: (i) a command button called
“Active workbook”, for the software maintenance and (ii) two com-
mand buttons to quit the software with or without saving changes.
Three more functions provide additional information about refer-
ences and links to other predictive modeling software associated
with inactivation or growth of microorganisms in foods (Fig. 2).

2.3. The microbial models database

The internal database of the UGPM software includes published
validated food microbial models, both for pathogenic and spoilage
microorganisms. The coefficients of the differential equations
described in this paper, constituting the supporting mechanism
of the software, use the values of the parameters of these mod-
els as registered in the database, in order to provide predictions of
the microbial growth in dynamic or static temperature conditions
(Table 1).

The microbial models are introduced to the software as records
of a database. They are composed of the following fields, which
characterize the microbial growth response in a given food
(Table 1): microorganism, substrate, initial physiological state of
cells (hg; Eq. (2)), the asymptotic cell concentration (Yenq), an
adjustment value expressing the suitability of the cells to the actual
environment (0<«<1) and the minimum temperature (Tyi,). A
UserForm has been designed to provide all necessary information
and functions to the users, including the introduction of a new
model record or the modification of an existing record using the
update, delete and sort command buttons, respectively, (Fig. 3).

2.3.1. Updating the database of predictive models

The subroutines concerning the introduction and the modifica-
tion of the models refer to a designated range of the background
Excel spreadsheet (Sheet 1). The microbial models are stored in a
particular range of the “Sheet 1” (let’s call it “range A”). When a
model of interest has to be modified, the selected model record is
copied to another range of the “Sheet 1” (let’s call it “range B”).
After the modification, an automatic deletion of the corresponding
row in the “range A” is executed and the modified record is copied
back to the last empty row of the “range A”. Finally, the “range A”
is sorted automatically and the “range B” is cleared from the data
which is participating in the modifying actions.

By clicking on the command buttons: (i) “Enter Microbial
Model”, the values of a new microbial model can be entered and
sorted automatically; (ii) “Update Model Data”, the values of the
selected model can be updated; (iii) “Delete Model”, the selected
microbial model record can be erased and the model records are
sorted automatically; (iv) “Sort Models”, the microbial models can
be sorted; (v) “Select Model to Simulate”, the selected microbial

model data is updating the active model data area overwriting the
previous values. The updated values interact with the main User-
Form’s running model ListBox control and the data is displayed
(Fig. 2).

When a specific microbial model is updating the active model
data area, two variables displayed in the main UserForm, are calcu-
lated automatically. The initial values of Qp and «, which are also
defined as follows:

Qozm (see also Eq. (2)) (8)
omctoo @ 0

where « is the proportion of cells that grow in the new environ-
ment at the same rate as in the previous environment (Baranyi and
Roberts, 1994, 2000; Baranyi et al., 1995) (Fig. 2).

2.4. Adaptation of the Baranyi model equations to the software

The differential equations of the Baranyi model constitute the
mechanism of the simulation of microbial growth and thus, were
programmed into the software. Baranyi et al. (1995) demonstrated
that the differential equation (1) is valid under fluctuating envi-
ronmental conditions. Baranyi and Roberts (2000) contend that
the explicit version of the model will not be valid under these
conditions and that the model should be simulated approximately
on a computer. The growth model in dynamically changing envi-
ronments should be derived in their differential version. For this
reason, Egs. (6) and (7) were programmed in the UGPM soft-
ware application after necessary reparameterizations in order to
avoid errors due to overflow (Baranyi and Roberts, 2000). Dynamic
time-temperature data has been loaded in the first two columns
of a worksheet, which is specially defined for the simulation
calculations (Sheet 2). The imported data area defines the hor-
izontal boundaries within which, the calculations are executed.
The equations include variables and parameters which receive
their values from: (i) the parameters of the activated (selected
from the database) microbial model; (ii) the introduced dynamic
time-temperature data or the generated static time-temperature
data; (iii) other equations used to calculate intermediate vari-
ables. The equations, especially those containing many variables
and exponential factors, can produce results that are incorrect due
to overflow. It is difficult to check if the results of a complicated
differential equation are limited to the range of expected magni-
tude. Therefore, in order to avoid overflow it must be ensured that
the results of the calculations will never be larger than the corre-
sponding magnitude (Baranyi and Roberts, 2000). To address this
problem, we transformed the equations which consist of many vari-
ables and exponential factors into equations with limited variables.
Part of the variables, are calculated separately in simpler equations
and the attributes for each variable are strictly defined. Conse-
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quently, their magnitude is checked before their introduction to
the transformed equations.

The variables of the maximum specific growth rate (max) and
the concentration of the limiting substrate over time (Q(t)), obtain
values from the equation describing the dependency of tmax on
temperature and of q(t) on fimax, as follows:

fimax = {0 - [T°C = (=Tpin)]}* In(10) (10)

|'umaxpreviousvalue + H’maxnextvaluel

2
(Time(d) — Time(d)previous value) (11)

Q(t) = Q(t)previousvalue +

where previous/next, means that the equation is taking the value
from the corresponding field belonging to the previous or the next
row, Time(d), is the time (in days).
Conditions:
Umax(previousvalue) < u max < imax(nextvalue) :

Umax(previous value), umax(next value) € umax neighbourhood
Time(d)(previous value) < Time(d) :

Time(d)(previous value) € Time(d) neighbourhood
The initial value of the concentration of limiting substrate is
calculated by the equation:

Q(t) = In(Qo) (12)
The time variable (in days) is calculated by the equation:
. _ Time(h)
Time(d) = — (13)

where Time(h) is the time value in hours.

The final concentration (population density) of the microorgan-
isms is the minimum value between the equation calculating the
concentration of the microorganisms and the absolute value of the
asymptotic cell concentration |Ye,q|. The microbial concentration
is expressed by the equation:

log CFU/ml = lOg CFU/ml(previousvalue)
1

K
e (171079 Ms (14)

where

K = |log CFU/ml - (previous value) — Yepql (15a)

M = H’maxnextvalue +2Mmaxpreviousvalue (15b)

Time(d) — Time(d)previous value
S= In(10) (15¢)
Conditions:

log CFU/ml(previous value) < log CFU/ml :
log CFU/ml(previous value) € log CFU/ml neighbourhood
MUmax(previous value) < u max < pumax(nextvalue) :

Umax(previous value), umax(next value) € umax neighbourhood

3. Prediction under dynamic temperature conditions

Excel files including the time (in hours) and the correspond-
ing temperature value can be introduced in the software from a
folder containing only the saved data logger files. Once the file is
loaded, the program activates a mechanism in order to display the
graphical profile of the selected file before the dynamic prediction
(simulation) of the microbial response. A function T=f (t) corre-
sponds to that profile, where “T” is the temperature (°C) and “t”

is the time (in days). This mechanism affords an image control
displaying the time-temperature profile of the selected file and
information about the maximum number of measurements and
the interpolated values. If the number of measurements is large,
then a simulation of the selected microbial model runs with suf-
ficient accuracy in the simulation, otherwise this accuracy can be
achieved by data interpolation. By clicking on the command button
“Interpolate”, 200 new data points (¢, T) enrich the measurements
of the file, by smoothly covering the gaps between them. Then, the
time-temperature dataset is displayed into the main UserForm’s
time-temperature ListBox control. Time is expressed in hours and
temperature in celsius (°C). The automatic solution of the differ-
ential equations which serve as the calculation mechanism of the
software is generating a numerical simulation of the equations in
the corresponding background Excel worksheet. The simulation
predicts the changes in microbial population density over time
in response to the selected time-temperature profile (Fig. 4). It is
displayed graphically by clicking on the “Plot” command button.
In particular, the microbial growth is expressed by the graphical
representation of log;g CFU/ml vs. time in days. The axis of time
(x) is common for log;o CFU/ml and temperature. The outcome is
a sigmoidal-like curve expressing the growth of a selected food
microbial model in a dynamic or static environment (Fig. 4).

3.1. Procedure for interpolation of time-temperature data

The following equation performs linear interpolation by calcu-
lating the interpolation step value:

Maxval — Minval

step = 200

(16)
where Minval is the initial time value, Maxval is the maximum time
value and the constant number 200 is the rate of change between
the two values.

For each time step, the increment of temperature (T;,, ) is defined
by the equation:

Ty - T;
Tint = Step r— tr > t; (17)
where i and f are the initial and final values for each step.

For a time-temperature profile with the coordinates: {(0, 5),
(5, 6), ..., (40, 5)}, the step of time increment is: 40/200=0.2. The
temperature variation for the first step of the time value (0.2) can
be calculated as follows:

Tp - T,
{(0,5), (5,6)} : Ty = step - _t 0.2t
f — 4
6-5)°C
ﬁ = Tijnt = 0.04°C

The interpolated data pointis: 0.2t — 5°C+0.04°C=(0.2, 5.04).

3.2. Case study: prediction of lactic acid bacteria growth in
cheese salad (‘Tyrokafteri’).

As a case study, the model of lactic acid bacteria, which are
the specific spoilage organisms in a traditional Greek cheese salad
called ‘Tyrokafteri’ (Manios et al., 2009), was used (Table 1). The
initial microbial contamination level was set to 1.6logo CFU/g
(command button: initial level). The growth parameters of the
selected model were (command button: Model Selection): hg 2.55;
Yend 8.5; @ 0.023; Thin —4.60. When the model was activated, the
algebraic equations for the calculation of the initial Qg and « gave
the following results automatically (Fig. 4): Qg = 0.085; g =0.078.
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Fig. 4. Simulation under dynamic temperature conditions: representative growth curve of lactic acid bacteria in cheese salad (‘Tyrokafteri’).

3.2.1. Importing data and application output

An Excel file (LAB_Tyrokafteri_scen3), which includes the data
of time in hours (first column) and temperature (second column),
was selected from a list of files, saved in a specific disk folder

(C:\MDL\MODEL FILES), by clicking on the “Logger Data” com-
mand button. Then, the profile of the selected file appeared in an
image control on the UserForm, which also included the number of
measurements (97) and the interpolated values (297). The “inter-
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polating” option was selected and the generated data was displayed
into the time-temperature ListBox control of the main UserForm
(Fig. 4). A numerical simulation was developed by the VB code into
the corresponding background Excel worksheet.

The graphical simulation can be displayed either in color or in
grayscale mode (e.g., for publications), respectively. The simulation
isagraphical representation, which includes both a sigmoidal curve
expressing the lactic acid bacteria growth and the corresponding
time-temperature profile. This simulation provides the user with
valuable information about the influence of the environment (fluc-
tuating temperatures) to the growth of lactic acid bacteria, in the
cheese salad (‘Tyrokafteri’; Fig. 4). Such information can be further
used to predict the effect of storage conditions on the spoilage level
and hence, on the shelf-life of this product.

4. Prediction for a constant temperature

A time value (in hours) and a single temperature are entered
in the corresponding fields of the UserForm in order to generate a
time-temperature data set for constant temperature. The time (t)
values are increasing (at a step of 0.5) up to the maximum value,
while the temperature (T) remains constant. For 2160 h (=90 days),
the main UserForm’s time-temperature ListBox control requires
1.05 min approximately to display the generated data, when the
microprocessor rate is 1.83 GHz. Similarly to the output of predic-
tions under dynamic temperature conditions, the model simulation
results in a graph with two curves: a sigmoidal curve expressing the
microbial growth as a function of time (in days) and a parallel line
to horizontal axis expressing the constant temperature.

4.1. Case study: the static version is a case of the dynamic version

In order to confirm the hypothesis that the static version of the
UGPM software application was developed as a special case of the
dynamic version, initially, we created an Excel file in which, the first
column includes the time values which increase smoothly from 0
to 2160 h (=90 days) at a step of 0.5 h. The second column includes a
constant temperature value of 30 °C that corresponds to each of the
time values of the first column. Afterwards, we activated the “lac-
tic acid bacteria/cheese sala”d ‘Tyrokafteri” model (Table 1) and we
loaded the Excel file into the dynamic version of the UGPM software
application in order to obtain a numerical simulation of changes in
microbial population density over time. Then, we compared the
simulation graph with the corresponding graph of the static ver-
sion. We noticed that the two simulation graphs were exactly the
same, given the above hypothesis (Fig. 5).

5. Comparative predictions for up to 4 temperatures

Up to four temperature values and a single value for the max-
imum incubation or storage time (in hours) can be entered into
the corresponding fields of the UserForm illustrated in Fig. 6.
This option provides a simultaneous graphical representation
(log19 CFU/ml vs. time [in days]) for up to four sigmoidal growth
curves, which are temperature dependent, expressing the micro-
bial growth of a specific microorganism per substrate at 4 constant
temperatures (Fig. 6). As a case study, the model of lactic acid bac-
teria in the aforementioned cheese salad (‘Tyrokafteri’) was used
(Table 1), setting the level of initial microbial contamination to 2.4.

5.1. Importing data and application output

By pressing the “Growth Predictions up to 4 Temperatures” com-
mand button, up to four temperatures of interest for a specific
number of hours, can be entered manually into the UserForm in
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Fig.5. Comparison of predictions between the dynamic and the static version of the
UGPM software application for stable t-T conditions. Model: lactic acid bacteria/in
cheese salad (‘Tyrokafteri’).

order to be provided a simulation for the evaluation of the possible
risks concerning the food management procedures in the corre-
sponding temperatures. As an example, we entered the following
values of temperature (°C): 5, 10, 15 and 20 and the value of time
2160 h (corresponding to 90 days). Each pair of values (5, 2160), (10,
2160), (15, 2160) and (20, 2160) is activated separately by press-
ing the corresponding “GO” command button. Each pair of values is
displayed as a sigmoidal curve expressing the growth of lactic acid
bacteria in 2160 h depending of the given temperature. Up to four
sigmoidal curves can be displayed, in color mode or in grayscale,
respectively, in the same graphical display (Fig. 6).

6. Availability

A website has been developed (Psomas and Skandamis, 2010)
in order to provide the users with free access to the software. The
latter can be demonstrated with a PowerPoint presentation and it
can be downloaded, free of charge, from anyone who is interested,
by visiting the internet addresses: http://users.uoa.gr/~apsomas;
http://www.aua.gr/psomas.

7. Results and discussion
The increased awareness of food safety and the application of

food safety management systems have increased the interest in
predictive modeling. The development of this area is also markedly
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Fig. 7. Evaluation of the performance and acceptability of UGPM software.

associated with the emergence of fundamental problems in the
food industry, such as recalls, outbreaks and risk analysis practices.
The UGPM software application constitutes a tertiary model which
aims to assist in these issues. It has been designed in a user-friendly
form, but without any loss of its scientific character. It constitutes
anintegrated set of routines and subroutines which protect the pro-
gram from operations caused by unskilled users, providing a safe
and effective mechanism for the simulation of microbial growth in
response to storage temperature. Several points of the computa-
tional realization of the tertiary model were discussed in detail and
relevant references to similar applications have been provided in
the present paper.

The applicability of the UGPM software for commercial use was
ascertained with the distribution of questionnaires to 50 individ-
uals worldwide, who are involved in food microbiology research
and/or in the food industry. They were asked to answer five basic
questions concerning their experience in the use of software and
their opinion about the UGPM software (Fig. 7). Initially, the respon-
dents had to download the software from its webpage and install it
on their computer, following the instructions available in the same
webpage. The website provides all information needed for both the
installation of the software as well as operation manual, whereas
none the respondents received training. Both questions which were
distributed with the questionnaire and the statistical analysis of the
responses are shown in Fig. 7. The figure revealed that the majority
of the respondents considered the software a very useful educa-
tional tool. Most respondents considered also that it was a very
useful industrial application while the same percentage judged that
it was easy to use. The majority of the respondents have experi-
ence in Microsoft Office software package, while they have limited
experience in microbiological software packages. The results of
the statistical analysis show a positive perspective concerning the
commercial acceptance of the UGPM software application. Further
dissemination of this software is needed to highlight its usefulness
render it more popular.

In conclusion, the UGPM software, which incorporates a set of
predictive models for various pathogenic and spoilage microor-
ganisms together with algorithms for their growth prediction, is
capable of estimating the risk of microbial growth in a variety
of food products, also assisting in decision support systems for
management of products during chill-chain. We hope that this soft-
ware will constitute a common field between food industry and
scientific research, and will assist in their collaboration. We are
currently extending the software towards an integrated tertiary

model, including also growth/no growth (i.e., probability) mod-
els and generic models for predicting inactivation or growth in
response to various intrinsic and extrinsic properties of foods. Such
tools are expected to markedly assist in the reliable determination
of the shelf-life of foods under the constraints of safety.

References

Baranyi, J., Roberts, T.A., 1994. A dynamic approach to predicting bacterial growth
in food. International Journal of Food Microbiology 23, 277-294.

Baranyi, J., Roberts, T.A., 2000. Principles and application of predictive modelling
of the effects of preservative factors on microorganisms. In: Lund, B.M., Baird-
Parker, T.C., Gould, G.W. (Eds.), The Microbiology Safety and Quality of Foods.
Aspen Publishers, Inc., Gaithersburg, MD, pp. 342-358.

Baranyi, J., Tamplin, M.L, 2004. ComBase: a common database on microbial
responses to food environments. Journal of Food Protection 67, 1967-1971.
Baranyi, J., Robinson, T.P., Kaloti, A., Mackey, B.M., 1995. Predicting growth of Bro-
chothrix thermosphacta at changing temperature. International Journal of Food

Microbiology 27, 61-75.

ComBase, 2007. ComBase Predictor, ComBase Modelling Toolbox. Institute of Food
Research, http://www.combase.cc/toolbox.html (retrieved March, 2010).

Dalgaard, P., Buch, P., Silberg, S., 2002. Seafood spoilage predictor—development and
distribution of a product specific application software. International Journal of
Food Microbiology 73, 343-349.

Fujikawa, H., Morozumi, S., 2005. Modeling surface growth of Escherichia coli on agar
plates. Applied and Environmental Microbiology 71, 7920-7926.

Gorris, L.G.M., 2005. Food safety objective: an integral part of food chain manage-
ment. Food Control 16, 801-809.

Koseki, S., 2009. Microbial responses viewer (MRV): a new ComBase-derived
database of microbial responses to food environments. International Journal of
Food Microbiology 134, 75-82.

Le Marg, Y., Plowman, J., Aldus, C.F., Munoz-Cuevas, M., Baranyi, J., Peck, M.W., 2008.
Modelling the growth of Clostridium perfringens during the cooling of bulk meat.
International Journal of Food Microbiology 128, 41-50.

Le Marc, Y., Skandamis, P.N., Belessi, C.L.A., Merkouri, S.I., George, S.M., Gounadaki,
A.S., Schvartzman, S., Jordan, K., Drosinos, E.H., Baranyi, J., 2010. Modeling the
effect of abrupt acid and osmotic shifts within the growth region and across the
growth boundaries on adaptation and growth of Listeria monocytogenes. Applied
and Environmental Microbiology 76, 6555-6563.

Lebert, 1., Lebert, A., 2006. Quantitative prediction of microbial behaviour during
food processing using an integrated modelling approach: a review. International
Journal of Refrigeration 29, 968-984.

Leporq, B., Membré, ].M., Dervin, C., Buche, P., Guyonnet, ].P., 2005. The “Sym’Previus”
software, a tool to support decisions to the foodstuff safety. International Journal
of Food Microbiology 100, 231-237.

Manios, S.G., Skiadaresis, A.G., Karavasilis, K., Drosinos, E.H., Skandamis, P.N., 2009.
Field validation of predictive models for the growth of lactic acid bacteria in
acidic cheese-based Greek appetizers. Journal of Food Protection 72, 101-110.

Marks, B.P., 2008. Status of microbial modeling in food process models. Comprehen-
sive Reviews in Food Science and Food Safety 7, 137-143.

Mataragas, M., Drosinos, E.H., Siana, P., Skandamis, P.N., Metaxopoulos, 1., 2006a.
Determination of the growth limits and kinetic behaviour of Listeria monocyto-
genesin asliced cooked cured meat product: validation of the predictive growth
model under constant and dynamic temperature storage conditions. Journal of
Food Protection 69, 1312-1321.


http://www.combase.cc/toolbox.html

A.N. Psomas et al. / Computers and Electronics in Agriculture 76 (2011) 119-129 129

Mataragas, M., Drosinos, E.H., Vaidanis, A., Metaxopoulos, I., 2006b. Development of
a predictive model for spoilage of cooked cured meat products and its validation
under constant and dynamic temperature storage conditions. Journal of Food
Science 71, 157-167.

McMeekin, T.A., Ross, T., 2002. Predictive microbiology: providing a knowledge-
based framework for change management. International Journal of Food
Microbiology 78, 133-153.

McMeekin, T.A., Baranyi, J., Bowman, J., Dalgaard, P., Kirk, M., Ross, T., Schmid, S.,
Zwietering, M.H., 2006. Information systems in food safety management. Inter-
national Journal of Food Microbiology 112, 181-194.

Neumeyer, K., Ross, T., McMeekin, T.A., 1997. Development of Pseudomonas predic-
tor. Australian Journal of Dairy Technology 52, 120-122.

Panagou, E.Z., Nychas, G.J.E., 2008. Dynamic modeling of Listeria monocytogenes
growth in pasteurized vanilla cream after postprocessing contamination. Journal
of Food Protection 71, 1828-1834.

Pin, C., Avendaiio-Perez, G., Cosciani-Cunico, E., Gdmez, N., Gounadaki, A.S., Nychas,
G.-]., Skandamis, P., Barker, G., in press. Modelling Salmonella concentration
throughout the pork supply chain by considering growth and survival in fluc-
tuating conditions of temperature, pH and ay, International Journal of Food
Microbiology.

Psomas, A., Skandamis, P., 2010. UGPM: a Food Microbial Growth Simulation
Software, UGPM Dissemination Webpage. Agricultural University of Athens,
http://users.uoa.gr/~apsomas; http://www.aua.gr/psomas (retrieved Decem-
ber, 2010).

Ross, T., McMeekin, T.A., Baranyji, J., 2000. Predictive microbiology and food safety.
In: Robinson, R.K., Batt, C.A., Patel, P.D. (Eds.), Encyclopedia of Food Microbiology.
Academic Press, New York, pp. 1699-1710.

Rosso, L., Lobry, J.R., Bajard, S., Flandrois, J.P., 1995. Convenient model to describe
the combined effects of temperature and pH on microbial growth. Applied and
Environmental Microbiology 61, 610-616.

Tiganitas, A., Zeaki, N., Gounadaki, A.S., Drosinos, E.H., Skandamis, P.N., 2009. Study of
the effect of lethal and sublethal pH and a, stresses on the inactivation or growth
of Listeria monocytogenes and Salmonella typhimurium. International Journal of
Food Microbiology 134, 104-112.

USDA, 2009a. Pathogen Modeling Program, Version 7.0. U.S. Dept. of Agri-
culture: AR.S. Eastern Regional Research Center, http://ars.usda.gov/ Ser-
vices/docs.htm?docid=11550 (retrieved March, 2010).

USDA, 2009b. Online Pathogen Modeling Program. U.S. Dept. of Agriculture: A.R.S.,
Eastern Regional Research Center, http://pmp.arserrc.gov/PMPOnline.aspx
(retrieved March, 2010).

Whiting, R.C., 1995. Microbial modeling in foods. Critical Reviews in Food Science
and Nutrition 35, 467-494.

Zwietering, M.H., de Koos, ].T., Hasenack, B.E., de Wit, J.C., van’t Riet, K., 1991. Model-
ing of bacterial growth as a function of temperature. Applied and Environmental
Microbiology 57, 1094-1101.


http://users.uoa.gr/~apsomas
http://www.aua.gr/psomas
http://ars.usda.gov/Services/docs.htm%3Fdocid=11550
http://pmp.arserrc.gov/PMPOnline.aspx

	1 of 6
	2 of 6
	3 of 6
	4 of 6
	5 of 6
	6 of 6
	7 of 7
	9 of 7
	Efficiency of different sanitation methods on Listeria monocytogenes biofilms formed under various environmental conditions
	Introduction
	Materials and methods
	Bacterial strain and inoculum preparation
	Preparation of stainless steel surfaces
	Preparation of sanitizer and neutralizer solutions
	Experimental design
	Experiment I: effect of NaCl and temperature on biofilm formation and resistance to warm water (60�°�C) and PAA
	Experiment II: effect of acid adaptation and pH on biofilm formation and resistance to chemical sanitizers

	Enumeration of the attached and planktonic populations
	Statistical analysis

	Results and discussion
	Effect of NaCl and temperature on biofilm formation and resistance to warm water (60
°C) and PAA
	Effect of acid adaptation and pH on biofilm formation and resistance to various chemical sanitizers

	Conclusions
	Acknowledgement
	References


	10 of 7
	LabBase: Development and validation of an innovative food microbial growth  responses database
	1 Introduction
	2 Materials and methods
	2.1 An innovative mechanism: recording/restoring of data
	2.2 Comparison between microbial growth profiles
	2.2.1 Microbial growth profiles comparison limitations


	3 Availability
	4 Results
	5 Discussion
	References


	11 of 7
	Development and validation of a tertiary simulation model for predicting the growth of the food microorganisms under dynam...
	Introduction
	Software development
	The differential equation model
	The description of the software application's layout
	The microbial models database
	Updating the database of predictive models

	Adaptation of the Baranyi model equations to the software

	Prediction under dynamic temperature conditions
	Procedure for interpolation of time–temperature data
	Case study: prediction of lactic acid bacteria growth in cheese salad (‘Tyrokafteri’).
	Importing data and application output


	Prediction for a constant temperature
	Case study: the static version is a case of the dynamic version

	Comparative predictions for up to 4 temperatures
	Importing data and application output

	Availability
	Results and discussion
	References



