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MikpoxAwpida Tpowipou
AAAoloyovocg xAwpida



H aAloiwon Twv TpoWigwv eivar éva
OIKOAOYIKO @aivOUEVO Kal WTtopei  va
oploOci oav omoiadnmore peTAPoAR h
otroia KaioTd éva TPOWIHo HN ATodEKTO
yia katavaAwaon.

H aAAoiwon Twv TpoWipwv umopei va
TPoKANOei amd évropa, amé Quaiki PAAPN
olapopwyv €IdWyv, OTWC XTUTAUATA KAl
Yuén, kai amoé TN Opdon evlUpwv R
HIKPOOPYAVIGHWV.

Microorganisms

Food
Spoilage

Insects,
rodents etc.

Chemical
reactions
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AITIA AANOIQZHZ TON TPOOIMQON

‘Evtoua,
TPWKTLKA ...

MikpoBLakn AuBOPUNTEC XNHLKEG MeptBaiAovtikol
Spaotnplotnta avtIOpAcELG TIAPAYOVTEC

AUTOAUTLKEG
Siepyaoieg

~
Evboyevn MikpoBLakd Avtibpaoeis O, A€pac, pwc, Mepirtwuata,
(autoAutika) éviuua UE Autibia n kot vypaoia, akadapoiec,
Evivua XPWOTLKECG Jepuokpaoio VEKPO EVTOUX

7

H pwkpoBlakn Spaoctnplotnta amoteAel tn ouvnBeotepn attia aAlolwong twv
Tpodipwy, Kal ekbNAWVeTOL HECW

opatr¢ avantuéncg (erpavelakn BAEvva, EYXPWUEC ATTOLKIEC)

UETABOANC TNC UENC (arTotkodoUNCN TTOAUUEPWY EVWOEWV)

anwintikng oounc & yevonc (uitkpoBiakoi puetaBoAlitec)



MIKPOBIAKH AAAOIQZH TPOOIMQN
MuwkpoxAwpida tpodipou

s KaBe tpodpo dEpel tn Skn tou, povadikn pkpoxAwpida, oe KAOs otadlo TNC Mapaywync Kat

ouvtripnong
s H ouvBeon ¢ yAwpidoc s€aptatal omd TIC MPWTEC UAEC Tou xpnowuomowdnkav (sidoc &
TIPOEAELON), TIC TIAPAPETPOUC ETEEEPYAOLAC KL TLC CUVONKEC ouvTHPNoNG Ttou tpodipou

AAAoloyovoc YAwplda
s ATO 1o TMANBOC TwV Ko TG apxtkng xAwpidag, Alya povo yevn katadEpvouv va auvénbouv oe
HeyaAouc aplBpoug (aAdotoyovocg yAwpida)

v' 0 tino¢ twv kupiapyxwv pfo So gfoptnVsi amd TN OUOTAON TOU UTOOTPWUOATOC KO OPLOUEVEC (PUOLKOXNULKEC
napaugtpoug (9°C, pH, atudopaipa, a,), kKadwe Kot anod tnv tkavotnta twv u/o va avraywvijovrat

- g*" : WYy
rida’
Ratura
Pseudomonas,
Bacillus spp. . it g voviang
s At S

LAB, TOpeg OuaveKkTLkA oTopoyova
Baxtrpla Alicyclobacillus

NOVA SALMON

ANODWNa Apyaia

Gram (-) MNKTWOAUTIKA

ApxLKr pikpoBLakf YAwpiSa Baxttol Baxtiplo

LAB, Enterobacteriaceae,
P. phosphoreum




MIKPOBIAKH AAAOIQZH TPODIMQN

Table 18.1 Some End Products from Microbial Metabolism of Food Nutrients

Food Nutrient End Products
Carbohydrates CO.,, H,, H.O.,, lactate, acetate, formate, succinate,

butyrate, isobutyrate, isovalerate, ethanol, propanol,
butanol, isobutanol, diacetyl, acetoin, butanediol,
dextran, levans

Proteinaceous and NPN CO.,, H,, NH;, H.S, amines, keto-acids, mercaptans,
compounds organic disulfides, putrescine, cadaverine, skatole
Lipids Fatty acids, glycerol, hydroperoxides, carbonyl

compounds (aldehydes, ketones), nitrogenous bases

MkpoBLoAoyikn SpaotnpLotnta OpyavoAnrttikn ekdNAwaon

Mapaywyn e&wwug}p:::gz TIOAUGOKYOPLTLKOU e S S

Napaywyn 6toéebiov tou avBpaka amno abaviv aeblon
uSatdvBpakeg ) apwoia paywyn a&p




Aidkpion aAAoloydvwy opyaviopwyv

XapakTtnpiopdg opyaviopoU wg SSO (specific spoilage organism)

Xwpog arhoiwang (spoilage domain)

AAMNnAeTidpdoeic aAAoloyovwy opyaviopwy

Baktrpla




Znueio

OpPYaVOANTTIKIG amoppLYng
TOU TPO@IiloU

AANOIOTONOZ XAQPIAA

-

Mikpoopyaviouol iou Mikpoopyaviouol ou
ouveBaAdav otnv aAdoiwon, napayovrag avantuydnkav xwpic va mpokaAéoouv
duooououc uetaBoAites duoueveic ueTaBoAéc

Eidixoi aAAotoydvor , ,
opyavicuol H extaon tng aAdoiwong bev

ouuBadilel anapaitnta UE TIC

(Specific Spoilage uetaBoAéc tne OMX

Organisms)

& &

Tq EUPOC TWV oqunKa')vlong ortoiec o SSO ' e SUYVd, aTTOTEAOUV UIKDO LEPOC TNC QPXIKAC

avanTuooeTal Kot tapayet SUooououG uetaBoAiTeg, YAwpibac
opiferar we “ywpog aMoiwang” (spoilage domain) * Mimopel va aippopouvV eva Kol LovadLKO i60¢
TOU 0pyaVIOUOU




AAAoloyovoc “duvatotnto — tkavotnto”

Eva Baktnplako otéAexoc xapoaktnpiletol w¢ SSO otav pmopel va mopdéel SUCOOUEC EVWOELG
TUTILKEC TOU aAAOWWwHEVOU Tpodipou (aAloloyovog Suvatotnta), O CUYKEVIPWOEL, OVAAOYEC
EKELVWV TTOU TTOLPAYOVTAL OTO TPODLUO UTIO TTAPOUOLEC cUVONKES (aAAOLOYOVOC LKOVOTNTA).

H aAAoloyovog LKavoTnTo EAEYXETAL O TIUKVOTNTA KUTTAPWYV OVAAOyn €KELVNG TTOU ATTOKTA O K/0 oTo
duoikd aAAoloUpevo TpodLuo (moootnta petofoAitn ava pHikpofLokd KUTTAPO).

H tautomoinon twv SSOs amattel otevr) cuvepyaoia TNG ULKPOBLOAOYLKAG avAAUONG, UE TN XNULKA
KOl TNV OPYOVOANTITLKY avaAuon

ATToudvwaon — TaUTomoinon opyavIioUwV ToU OUVIETOUV
™V aAdoloyovo yAwpida tou tpoiuou (KAaoolkeéc &
Hoplakeg uedodot avaAuonc uikpoBiLakwv kowvotntwy)

MikpoBLoAoyikn
avaAvon

2UyKpLon tou opyavoAnmtikoU mpo@iA aAdotwuévou
TPOQIUOU, LUE QUTO TTOU SLOOPPWVOUV Ol 0pYyaVIoUOL
TT0U atopovwinkav aro tnv aAdotoyovo xYAwpida

OpyavoAnntikn
avaAvon

Tavutomnoinon
SSO

2UyKpLaN XNULKOU TTPOo@IA adAAoLwUEVOU TPOYIUOU UE TOUC
UeTaBoAiTec mou mapdyeL o v Suvduel aAdoloyovog
opyaviouoc (aAdotoyovoc duvatotnta/ikavotnta)

Xnuikn avaAvon




«XWwpoc» aAAoiwang

* I TpOdLua leKpOB'LaKr'] enibpaong (m.x. uuovpueva TPodLua) N og anodopoupeva
tpo,cgtua (aAAolwpeva-aANOLWOELG) OL TIPOKAAOUHEVEG HeTABOAEG omavia opeilovtal

O€ VOl LOVO ULKPOOPYOVLOUO.

To eupog Twv cuvBnkwv (8°, pH, a,, atpoodatpa, aAAnAemdpacel; peTagd p/o) uTo Tig
omoieq evag SSO UMopeL vo avantuxBel kot va mapagel dUocoououg peTOPOAILTES,
opiletal wg “Ywpo¢ aAloiwong” Tou opyaviopou

* 2ug ouvlrikeg auteg, o SSO auéavel TayUtepa amo tnv unolowutn xAwpida (> 107 CFU/g otav n
ovoowpeUon SUCOCUWV UETABOAITWY KaBLOTA TO TTPOIOV 0OPYAVOANTITIKA OTTOPPLITTED)

* Mikpeg aldayeg atov tumo puoxeuaoia/a{ n TG ouvinkeg ouvtnpnong UMopEi va mpokaAeoouv
opauatikeg uetaBoAeg otn ouvieon tng xAwpidag kat oto mpopilA tng aArolwaoncg

I I I S
AR

Kpéag vwmno N Pseudomonas sp. Zouldibla (mAnv H,S)
Kp€ag vwmo N - N 1~ LAB, B. thermosphacta, Appwvia, onyn, oopES
Enterobacteriaceae, KOTWTEPWV ALTOPWV 0EEWV-

Clostridium spp. Tuplov, modapila



Dynamic Microbial Association
Selected Microbial Association

Specific Spoilage Organisms

Pseudomonadaceae

Enterobacteriac

Processing & Packaging Factors e. dq air at g" (i
ommunity Development
‘ in space and time

v
Ephemeral Spoilage Organisms




Processing & Packaging Factors e.g. map
Community Development

‘ in space and time
O

Dynamic Microbial Association
Lactobacillus spp

Selected Microbial Association
Br. thermosphacta

Specific Spoilage Organisms
Ephemeral Spoilage Organisms
L.sake & L. curvatus

Br. thermosphacta




Quowo nepBaov (Habitat): Opilel Ta GUOIKOXNLKA XOPAKTNPELOTIKA TOU TIEPLBAAAOVTOC

To omnolo umopel va umootnpliEl TIC GUOLOAOYLKEC OPAOTNPELOTNTEC YL TNV AVATTTUEN €VOC
eldouc N pLac opadac eLOwv.

Kupwotnta (Domain): OpN&tal n\{epLoxr Omou O ULKPOOPYAVIOUOG EXEL TNV eMibpaon Tou
OTO XWPO KQy TO XPOVO.

A. Habitat @vowch Mspudidor
B. Niche - froBsom

I. Domain- Kupomra

M. Mukpoop reviapig

Ta pekn éciyvowy v emibpaen
TOU LK poil e wan
RPOS TO T

Movoduraraty axewivion g fobéong tov duewd mepifdiiovrog kel kuprdTHTOg Evig
Hikpoopravipoot



Effect on | Effect on | Type of

ad Y interaction

0 0 MNeutralism

> 0 Amensalism

+ 0 Commensalism

- - Competition

+ + Mutualism

X I Predation or
Parasitism

1. OudeTepoTnTa
2. AvTipiwon

3. OuoaoiTionog
4. Avtaywviouog

5. ApoipaioTnTa

6. Onpeuon N TAPACITIOUOC
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AAMNAeTidpaon peTall Twv HIKPOOPYAVIOHWY

AvTipiwon
(amensalism)

Another famous (and useful) example 1s the production of penicillin by Penicillium notatum. This antibiotic compound mbhibits the
growth of many species of bacteria (in this picture, it's Staphylococcus aureus) by interfering with the normal formation of peptidoglycan

in the cell wall.
Staphylocoque
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PemCl”Ium Christine L. Case

Skyline College




AANNAeTI0pdoeic aAAoloyovwy opyaviopwy

« H aMoiwon mpoUmoBéTel alnon Twy p/o o€ uynAd emtimeda (107-10° CFU/q)

« X& UYnAég mUKVOTNTEG KUuTtdpwv ot p/o aAAnAemidpouv (antagonism, symbiosis,
metabiosis)

« Opiopévol y/o, av kai Tapdyouv dUcoopouC HETAPOAITEC ae kaBapég KahAiEpyeleg
aduvaTtoUv va To TPAouv KATW Ao TIC CUVONKEC TTOU E£TTIKPATOUV OTO TPOPIHO

« Melwan tou pH (m.x. amo yaAaktika Pakthpla)
«  Aviaywviguoc ywa ta daBéaa Bpemtikd ouatatika (m.x. Pseudomonas — Fe)
* Mapaywyn avtpaktnpakwy evwoewy (m.x. P. fluorescens — avtiplotikd, Kuavuouxa)

« Kamoia oteAéxn dev mpokahouv aAAoiwaon, Tapd poévov 6tav dnpioupynBouv
EUVOIKEG ouvOnkeg amd dAAa péAn TG HIKpoPIAKAG KoivoTNTAg

« Anuwoupyia avoikwv guvlnkwv amo Gram (-) xAwplda — avamwuén Clostridium
botulinum

* lNapougia ofu%aAaKuKu'zv Paktnoiwv (LAB) — moAAamAdawa mapaywyl] Toutpeakivng
amo HéEAn Twv Enterobacteriaceae (petapiwan)




Log Bacterial Numbers

Turukn KopmuAn avénong Baktnplakol KUTTApou

Growth slowed to the population

9
g Balance point due to depletion of
y nutrients and accumulation of
7 4 toxic metabolic products
6 7 ExkOeTIKA @paon avfnong
2 * Exponential growth (from 100
4 s /10100000 cells in 2 hours...)
3 — [
\
q. e’ ) $aon mpooapHoyNg
1 [ (short) period of adjustment to environment -
0 Time —
Lag phase Log phase Stationary phase — 49—
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levikA eiIkOva aAAaywyv otov oAIKO Hikpopiakd TAnBuopd (OMX), e1dikwyv aAloioydvwy HIKpoopyavioHwy
(58S0) ka1 dcikTeC XNUIKAC aAAoiwong Katd Tn didpkeia aAAoiwang TwY TPOWiHwy.

10
q S ) L
____a50
8 —— - -METCPOMNTEC -
[ T 1 E
. EWimedo "E
- (o
—_ 5 _ cc.h.hmmgllg_ L =
= - -
— e
E 5 .-"r =
L = # E
b &
™ : =
o 4 - ‘
— -~ £ -
o+ .'.-l "'E
3 - =
e f ;—
5 P . Hrpkrg -
= - . . . Ao oo g
- H oo foo g 7
1 14 . -
£
&
0 | | - |
0 3 [ 9 12 15



Table 3.1 Facrors affecting the development of microbial associations in food

Intrinsic Factors

MNutrients

pH and buffering capacity
Redox potential

Water activity
Antimicrobial constituents
Antimicrobial structures

Environmental factors
Relative humidity
Temperature

(Gaseous atmosphere

Implicit factors
Spectfic growth rate
Mutualism
Antagonism
Commensalism

Processing factors
Slicing

Washing

Packing
Irradiation

- . Mnyf: Jay et al., Modern Food Microbiology, 7t edition.
Pasteurnzation

H yvwon Twv mopayoviwy ou €uvoouV N IepLopilouv TNV avénon TwV ULKPOOPYAVLIO WY
elval onUOVTLKA yLa TNV KATOvONonN Twy apXwyV 1ou SLETOUV TNV aAAOLlwaon Kal cuvthpnon
TWV TPoPipwv




F DANISH MEAT
RESEARCH INSTITUTE PREDICTIVE MODELS FOR MEAT

Home Safety models Shelf life models About Guidelines Privacy Sign out

Shelf life models

= Pork cuts - Shelf life of fresh pork cuts - Vacuum packed and/or MAP-packed
(70% 02 + 30% CO2) and/or stored under aerobic conditions (on "Christmas
trees” (multiple hooks), in boxes, wrapped, etc))

= Beef cuts - Shelf life of fresh beef cuts - Vacuum packed
= Minced pork - Shelf life of minced pork - MAP-packed (70% O2 + 30% CO»)

= Chicken cuts - Shelf life of chicken cuts - Fresh or marinated (£0.8% NaCl) -
MAP-packed (70% 05 + 30% CO»)

= Shelf life of Bacon (cured pork, whole cuts) - Vacuum packed, 2-5.5 % sailt in
aqueous (% Sodium Chloride in the water phase, w/w), With/without
Ascorbate, 60-120 ppm nitrite/nitrate added, No smoke

= Minced Beef - Minced and MA-packed (70 % O» + 30 % CO2) with or without
prior storage of cuts/trimmings in vacuum

= Processed meat - MA-packed (20/80 CO2/Ns), 1.5-5.0 % salt in aqueous (%
sodium chloride in the water phase, wiw), +/- nitrite, +/- organic acid

http://dmripredict.dk/Models/ShelfLife/

Shelf life models for fresh meat

The shelf life model is your tool to predict shelf life of fresh meat. The
model is based on storage trials performed in controlled conditions with
meat from different commercial plants in e.g. Denmark, Sweden, Norway
and Germany. Each individual storage trial includes as much natural
variation as possible: different producers, different processes and different
cuts. The shelf life models are highly robust as the large amount of meat
cover a large range of variation.

show more »

Shelf life model for processed meat

The model predicts the shelf life of cooked, sliced MA-packed (deli) meat
products. The madel is based on storage trials performed in controlled
conditions with processed meat from different commercial plants in
Denmark, Norway, Poland and Germany. Each individual storage trial




v Agpopia ocuvtiapnon
v’ Zuvonkeg peiwpévng mieang O, (VP & MAP)
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Chillinaroom = PDeboningroom = Storage chiller

Aerobic storage Anaerobic storage
conditions conditions
I:> Primals prepared
24=86 h Vacuum-packed
Carcass E> Room at 12°Cor E> primals stored at
Carcass 0=2°C for up to
temperature 6 weeks
decreased to a
core
temperature of . |_| . I_I
29 or less Trimmings Trimmings
Storage chiller

Trimmings stored aerobically or anaerobically
{vacuum-packed) at 0=2°C

Figure 1: The chilling and chilled storage conditions used for beef, pork and lamb carcasses and
associated primals and trimmings

EFSA Journal 2016;14(6):4523



Evdoyevnc ukpofLakn xAwpldo Tou KpEATOC

* TO €0WTEPLKO TOU QKEPALOU KPEATOC TIOU
TMPOEPXETAL Qo Ly} wa KoL oo  UYLELWVEC
ouvOnkec odaync elvatl oteipo 1 oxedov oteipo.

* H empavela tou, PLoAUVETAL KATA TN OLAPKELQ
™G odayng n otn OSlApKE TwV HETEMELTA
XEWPLOHWY  HE  SlAdPopouC  HLKPOOPYOVIOUOUC
(Baktnpla, CUpEC Kal HUKNTEC) €lte aAAOLOYOVOUG,
elte maboyodvouc.

* To apxlkd HIKPORLOKO ¢opTio TOu KPEATOC
efaptatal amod TN GUOLOAOYLKN KOATAOTAON TOU
(wou Katd tn odayn, n eEamiwon tNG HOAuvong
ota odayelo Kol KaTtA TNV Emneéepyaoia, evw
Oepuokpaocia kal AAEeC ouvBrkec amoBrikeuong
Katad tn Slavour umopel emiong va emnpedoeLl TO
pLBUO aAolwoNC Tou KPEATOC




e Ol EEWTEPLKEC TINYEC LOALvoNC avadepovTal o€ OAeC TIC Sladlkaolec kata tn OLAPKELA TNC
odaync tou {wou. OL MEPLOXEC PUE TN UEVYAAUTEPN CUYKEVIPWON HIKPOOPYAVIOUWY €lval TO
SEPUQAL KOL O EVTEPLKOC OWANVAC.

* H nmapouvoia naboyovwy pkpoopyaviopwy (Salmonella spp., Staphylococcus aureus, Yersinia
enterocolitica, Clostridium botulinum, Campylobacter sp., Aeromonas hydrophila, Listeria
monocytogenes) 0To VWO KPeAC €EapTATOL QO TIC OUVONKEC UYLELWVAC TIOU ETULKPATOUV OTO
odayelo.

v’ Enionc pmopet va mpogpyovtot oo HOAUVen ord Tov EVIEPLIKO CwARvVaA Tou {Wou.



MikpoxAwpida kpEatog Kal Xwpwv enefepyaaiag

Eva eupL daopa 0wV HIKPOOPYAVIOUWY KUPLWE apvnNTIKWV KAatd Gram Boktnplwv
(Pseudomonas, Acinetobacter, Serratia, Enterobacter, Proteus «kou Vibrio) €xel
Bpebel va amolkel oto Tplywpa Kat To dEpua Twv odaylwv N ExeL amopovwBel amno
delypata ov mpoEPXOVTAL Ao EMLPAVELEC TV oPayeiwv.

» g pla mpoodatn HeEAETN peAETnoav tn peTadopd amd to dEpua Twv (Wwv
amnevBelac oTo KpEAC Kol avadEPOUV OTL N oLKoyEVeLla. Enterobacteriaceae koBw¢
Kol To Baktriplo Escherichia coli Atov To IO CUXVA ATTOVTWIEVO OTO TPIXWHA TWV
(wwv, evw dev Bpednke kaBoOAou Salmonella spp.

» AAN\oL gpeuvntec avadEpouv OTL N UTIapén Maboyovwy ULKPOOPYAVIOUWY, OTIWC
Salmonella spp. Listeria monocytogenes, Escherichia coli, kot Campylobacter
spp., Bpiokovtal cuxva o povadec enetepyaciog KPEATOC
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Fig. 2. Microbiota composition after slaughtering and post cooling. Stacked bar plots {A) showing microbiota composition (relative abundance) at ditferent
taxonomic rank levels and relative colour coding key. Samples are grouped by sampling time (after slaughtering, post cooling) and sequentially displayed according
to animal and sampling area; taxa are sorted in the legend from the most to the least abundant. Biplot (B) of the Non-Multidimensional Scaling (NMDS) analysis
coloured by animal origin, which significantly discriminated the samples (PERMANOVA; P < 0.001). Venn diagrams (C) displaying the shared taxa berween animals
(A, B, C), temporal phases (AS, PC) and sampling areas (Neck, Flank, Thigh).
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Evboyevnc pikpoBLakn xAwpido Tou KpEATOG

e uPnAouvc mAnBuopoug amaviwvtal kol Gram + PaktApla, Onwc Lactobacillus xal
Brochothrix thermosphacta.

OL pkpoopyaviopol Pseudomonas spp., Br. thermosphacta, yoAOKTIKA PoKTApla Ko
Shewanella putrefaciens amoteAoUv TNV KUpLa pkpoBLakn xYAwplda og vwmo Kpeacg xapunAou N
uPnAovu pH, To omoilo Swatnpeital oe cuvOnkec PUENc KATW Ao aePOPLEC 1 CUVONKEC

TPOTIOTIOLNMEVNC ATUOOPALPAC.

E{6n tou yévouc Pseudomonas kal oplopeva akoun Yuxpotpoda, pn-lupwtika Gram -

BaktApLa KupLapxoLV o€ VWA polovta umo Puén o aepoBla ocuvinpnon

* KaAn mpoooapuoyri otiC xaunAéc Gspuokpoaolec ouvtnNpnonc (ULKpOTEPOC XpPOovocC yeveac/ toxela

avénon Baktnplakou tAnBuouou)
» AnoteAeouatikn xpnoiuorolnon EKXUALCUATIKWY EVWOEWV (UnN — mpwTeivViko alwTto, NPN).

o [lapaywyn avtiBaktnplokwy Kol QVTILUKNTIOKWY EVWOEWV (Pseudomonas).



AAANoiwaon Tou KpéaTocg

Ta xapaktnplotika tng aAlolwonc yivovtal opatd o€ SLaPOPETIKO ULKPOPBLAKO
MANBUGCO TIou oXETI(ETAL [LE TOV TUTIO TOU KPEATOC KAl TO pH.

2e kpeata pe vPnAo pH (>6) n alolwon yivetal epdpavnc o€ xapunAo mAnBuouo
nepimou 6 log CFU/cm?

2e Kpeata UE xaunAotepo pH o mAnBuopoc kupaivetal amo 7 €wc 8 log
CFU/cm? avaloya pe tn cUvBeon TwV HLUWV Kal To eTtimedo tou YAUKOYOVOouU.

H Oepuokpaocia €xeL aupeon oxeon HE Tov €WOWKO pubuo avénonc Twv
LLLKPOOPYOVLIOHWV KoL ME TN SLapKkeLla tTnC $aonc mMpooapoynC TOUG

Mevikd, n d1dpkela CWNAC Tou Kp€AToC cival o Xpovog amoBnkeuang HéEXP! Thv
aAAoiwah Tou



20vBeon Tng MikpoxAwpidac

Pseudomonas spp: Pseudomonas fluorescens, Pseudomonas putida, Pseudomonas

chlororaphis, Pseudomonas cichorii, Pseudomonas viridiflava xai. Pseudomonas syringaet

v Metd and $awoTurikd Kot HopLako Xopaktnplopd twv Ppuxpotpodwv Baktnpiwv mou
amopovwinkav ano ppeoko Kal AAAOLWUEVO KPEQC KATEANEaV oe Tpilar Kuplapya €i6n
Jpevdopovadwyv, Pseudomonas fragi, Pseudomonas fluorescens koL Pseudomonas

ludensis.

O B. thermosphacta, amoteAel €va oNUAVTIKO TTOOOOTO TNC aAloloyovou YAwpidac tou
KPEATOC TIOU CUVTNPELTaL aepofla Kol TepLoTAcLOKA €XEL Ppebel va eivatl n kupiopxn

HUIkpoxAwpida.

v' 0 B. thermosphacta pnopei va avontiooetol o€ agPOPLEC KoLl O avOEPOPBLEC CUVONKEC



20vBeon Tng MikpoxAwpidac

FaAaKTiKA BaKtipLa

v

Tal TTLO CUXVA ATTAVTWUEVO YEVN OE KPEAC TO OTOLO €lVOll CUCKEUOOUEVO OE CUVONKEC
Tpomomolnpevng atpoodalpac N oe kevo avkouv ota Lactobacillus, Lactococcus,
Leuconostoc, Carnobacterium ko Weissela.

H aAAoiwon mou mpokaAeitatl anod ta yaAaktikd Baktipla v gival tooo €vtovn 000
OUTH TIOU TtpoKaAELTal amod ta Gram - BaktipLa, Ta omoia mapdyouv SUCOCGUEC TITNTLKEC
ouoiec onYnc (putrefaction).

H aAlolwon amo ta yaAakTtika Baktriplo mpokaAel 6&lvo apwpa (souring) g€attiog Twv
TIOPAYOUEVWY HETABOALKWY TIPOTOVIWV TIOU €lval KUPLWE YOAQKTIKO, LUPHNKLKO, OELKO
o&v, aketoivn, StakeTUALO, alBavoAn Kal urtepoéeidlo Tou udpoyovou



BiBAloypadik) AvaoKkomnnon

Table 2: Pseudomonad counts on beef, pork and lamb carcasses reported in the scientific literature

Carcass -
type Data provided Reference
Beef Mean count of 1.14 (range 0.23-2.35) logyq CFU/cm? (4 sites sampled = Reid et al. (2015)
as per Commission Decision 2001/471/EC) immediately before chilling
increasing to 1.86 log;, CFU/cm? after 96 h chilling
3.2 logig CFU/cm? (briskets) immediately before chilling increasing to  Lasta et al. (1995)
8.9 logyo CFU/cm? after 14 days storage at 5°C
1.04-5.48 log,o CFU/cm? Dan et al. (2003)
0.4 logyq CFU/cm? Gustavsson and
Borch (1993)
Pork 2.74-6.57 logso CFU/am? Dan et al. (2005)
4.37 (neck/chest), 4.49 (thigh), 5.45 (lateral abdominal) and 4.55 Sala et al. (2010)
(coacygeal region) logyq CFU/cm?
Lamb 3.11 (after fleece removal), 3.09 (after evisceration) and 3.08 (after Bhandare et al. (2007)
washing) logyo CFU/am?
3.32-3.51 log;o CFU/cm? (leg/flank regions) Sauter et al. (1980)
Poultry 2.45-3.15 log;q CFU/cm?, post-chill Vareltzis et al. (1997)

1.8 (before scalding), 1.7 (after scalding) and 3.1 after de-feathering) Geornaras et al. (1997)
log,o CFU/g of neck skin

Mean count of 3.96 log;o CFU/cm? (ranging from 0.44 to 4.45 Holder et al. (1997)
0.4 logyq CFU/cm?

CFU: colony forming unit.

EFSA Journal 2016;14(6):4523



Table 41: Effect of storage temperature and initial microbial load on the time (days) required by
pseudomonads to reach a level of 107 CFU/cm? on red meat stored aerobically

Time required by pseudomonads to reach 107 CFU/cm? (days)
Initial pseudomonad level (logio CFU/cm?)

Storage temperature (°C)

1 2 3 4 5
1 15.0 12.5 10.0 7.5 5.0
2 13.1 10.9 8.7 6.5 4.4
3 11.4 9.5 7.6 5.7 3.8
4 10.0 8.3 6.7 5.0 3.3
5 8.8 7.3 5.9 4.4 2.9
6 7.8 6.5 5.2 3.9 2.6
7 6.9 5.7 4.6 3.4 2.3

CFU: colony forming unit.

(assuming an initial count of 1 CFU/cm?)

EFSA Journal 2016;14(6):4523
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Profile and activity of the bacterial biota of ground beef held from
freshness to spoilage at 5—7 °C

Table 1

J.M. Jay ™, J.P. Vilai, M.E. Hughes

Genera (and number) of generic isolates recovered from sample no. 12 from day 0 to day 21

Days tested and genera found

Day 0

Day 5

Day 9

Day 13

Day 16

Day 21

Pseudomonas (18)
Aeromonas (T)
Citrobacter (3)
Pantoea (8)
Alcaligenes (4)
Shewanella (4)
Hafnia (2)
Proteus (2)
Kurthia (2)
Enterobacter
Enterococcus
Klebsiella
Kluyvera
Listeria
Micrococcus
Morganella
Providencia
Serratia
Streptomyces
Lactic cocei (5)

Pseudomonas (16)
Alcaligenes (6)
Shewanella (2)
Aeromonas (2)
Serratia (2)
Klebsiella (2)
Corynebacterium (2)
Citrobacter
Lactobacillus
Leuconostoc
Listeria
Moreanella
Pantoea
Vagococcus

Pseudomonas (17)
Leuconostoc (2)
Listeria (2)
Kurthia
Moraxella

Pseudomonas (8)
Psychrobacter (4)
Lactobacillus (2)
Enferococcus
Providencia

Pseudomonas (11)
Psychrobacter (2)
Aeromonas
Escherichia
Enterococcus
Lactobacillus
Micrococcus

Pseudomonas (5)
Enterococcus
Unknown
Morganella
Providencia
Psychrobacter
Pantoea




Types of MAP
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» Removes most of the
air before packaging
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2UCKELOLOLOL OE TPOTIOTIOLNMEVEG ATUOOPALPES

O MPWTAPXLKOC OKOTIOC TNC CUCKELACLOC, amo HKPOoPBLoAoyikne aroync, elvat n
LEPLKN 1N OAOKANPWTIKA TOPEUTTOOION TWV YpPAYOPO  OAVATTTUCCOUEVWV
pseudomonads.

OL p/o mou avamtvooovtal apyd (yoAaktika Poktipia, Enterobacteriaceae,
Brochothrix thermosphacta) pmopel va amoteAECOUV TOUC KUpLlopxouc K/o TG
aAAoLoyovou xYAwpidac.

OL oA\ayeg twv ouykevipwoewv tou O, kot CO, OTn OCUOKEUAOLA OE KEVO
NMPOKAAOUV Mo €MIAEKTIKA €mnidpaon otnv avamtuén Ttou HKpofLakoU
nANBuopoL KL emopevwe Ttpoodlopilouv 1o €doc¢ TN aAAoiwong Kol To XpOvo
(WNC TOU OCUCKEUOLOMEVOU TIPOTOVTOC

Vacuum Packed Nitrate Film
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Fig. 1. Representative growth curves of the spoilage microflora of minced meat packed aerobically with a high (a) and a low (b) permeability film and stored at 5°C. Each

point is the mean of four values derived from two independent expeniments: W, total aerobic populations; @, pseudomonads; A, B. thermosphacta; #, lactic acid bacteria;
and #, Enterobacteriaceae.

K.P. Koutsoumanis et al. / Food Microbiology 25 (2008) 915-921



2 UoKevdoia o€ peiyHara agpiwv

ITivaxeg 2.11 H emiopoon ne atpocpapac 20% CO; 6To ¥povo YEVEIS TOV GAAOLOYOVAV
Pokmpiov oe kpéoag D.F.D. (Dark-Firm-Diy= ZkovpoypoIo-Zopmayec-Z1eyvo) oTous
3°C

Xpovog yeveag (h)*

MUKpoopYOVIGILOC

Agpag 20% COq

Pseudomonas

L pBopilovteg 7.1 8.5

pBopilovteg 7.8 10
Alteromonas putrefaciens 9.1 13.6
Acinetobacter 9.6 124
Enterobacter 10.8 10.8
Yersinia enterocolitica 11.5 14.7
Brochothrix thermosphacta 12.1 12.1

* Xpovog OmACCLEGILOY TOD ¢piBLod TOV KOTTUpLv
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Fig. 2. Relative abundance (%) of the bacterial community during the chilled storage of beef steaks packaged under both MAP types. (a) phylum level; (b) genus
level. Sample numbers represent storage days. T and C = TMAP (50% 0,/40% CO,/10% N,) and CMAP (50% 0,/50% N,), respectively.

Yang et al., Food Research International 151 (2022) 110872



Table 2
Spoilage association dominating on fresh meat stored at 0-4 °C under
different gas atmospheres

Gas composition  Meat and poultry

Air Pseudomonas spp.

=50% CO; with O5  Brochothrix thermosphacta

505 CO5 Enterobacteriaceae, lactic acid bacteria

<50% CO, with O5  B. thermosphacta, lactic acid bactena

100% CO4 Lactic acid bactera

Vacuum packaged Pseudomonas spp., B. thermosphacta, Sh.
putrefaciens

Based on Nychas et al. (2007) and on unpublished data (Koutsoumanis
et al., 2007).



Table 43: The effect of storage temperature and initial microbial load on the time (days) required
by LAB to reach a level of 107 CFU/cm? on red meat stored anaerobically

Time required by LAB to reach 107 CFU/cm? (days)

Initial LAB level (I CFU/cm?
Storage temperature (°C) ™ (logyo CFU/cm’)

1 2 3 4 5
1 35.5 29.6 23.7 17.8 11.8
2 26.3 21.9 17.5 13.1 8.8
3 20.3 17.0 13.6 10.2 6.8
4 16.2 13.5 10.8 8.1 5.4
5 13.2 11.0 8.8 6.6 4.4
6 10.9 9.1 7.3 5.5 3.6
7 9.2 7.7 6.2 4.6 3.1

CFU: colony forming unit; LAB: lactic acid bacteria.

EFSA Journal 2016;14(6):4523



Table 1: The main spoilage defects and causal bacteria (adapted from Nychas et al., 2008)

Defect Meat product Causal bacteria

Slime Fresh meat Pseudomonads, Lactobadllus, Enterococcus, Weissella and
Brochothrix

Hydrogen peroxide Fresh meat Weissella, Leuconostoc, Enterococcus and Lactobacillus

greening

Hydrogen sulfide
greening

Hydrogen sulfide
production

Sulfide odour
Cabbage odour
Cheesy or dairy odour
Putrefaction

Bone taint

Souring

Vacuum-packed fresh meat
Cured meats

Vacuum-packed fresh meat

Bacon
Vacuum-packed fresh meat

Ham
Whole meats
Vacuum-packed meats

Shewanella and Clostridium
Vibrio and Enterobacteriaceae

Clostridium and Hafnia
Providencia

Brochothrix thermosphacta
Enterobacteriaceae and Proteus
Clostridium and Enterococcus

Lactic add bacteria, Enterococcus, Micrococcus, Bacillus
and Clostridium

EFSA Journal 2016;14(6):4523
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H Evdoyevinc pikpoxAwpida Twv 1XOunpwv-Eidikoi AAAoloyovor Opyaviopoi

H pikpopiakn xAwpida Twv ppéokwy 1XOunpwy atoTeAei €vdeifn TNC ToIOTNTAC TWV
uddTwy amd TA oTroia MpoEpxovTal £TEION TA EVTOOOIA TWV UYEIWV 1XBunpwy eivai
oTEipa.

H moi6TnTa Kai uyieivih Tou UdATIvou TepiPdAAovToC Kal o Tpomoc eme epyaadia Twv
IXOunpwv oxeTileTal dueoa pe Th HiIkpoPIakh Toug TToIdTNTA

AbU&non Gram (+)
¥Awpidag

EmBiwon
aAAoLloyovwy

o Wapia oe
nayo (0C) e MapadabBri &

* VB guén (<
4%)

* Znpi
aAdation

PUETWY * Wuxpn kdanvion

KAAAWTTLOUOG (30 C)

QUAETWV

Evioxuon
OAOQVEKTLKWV

LAB, omopla  C.
botulinum

Gram (-) xYAwpida




H Evdoyevic pikpoxAwpida Twv 1xOunpwv-Eidikoi AAAoloyovor Opyaviopoi

H pikpopiakh xAwpida Twyv 1xOunpwy amavrdrai oe:

Q E€wTepiko mepipAnpua
d Bpdyx!a
Q Evrepa

H pikpopiakn XAwpida Twv ¢@péokwv 1XOunpwyv efapTdtal TEPIOOOTEPO ATO TO
mepiPAAAov Kal AiyoTepo amod To €ido¢ Toug. H evdoyevig xAwpida Twyv 1xBunpwyv amo
eUKpATA KAidaTa KUplapxeiTar amo:

Gram -: Moraxella, Pseudomonas, Shewanella putrefaciens, Flavobacterium, Vibrio
Kal Aeromonas.

Gram +: Bacillus, Micrococcus, Lactobacillus, Coryneforms kai Clostridium.

H avaAoyia Twv Gram - kai Gram + PpakThpiwv ToIKiAEl, Ta Katd Gram + PakThpid
avTimpoowTteVouv To 0-30% TG ouVOAIKAC XAwpidac.

O ouvoAIkOC apiBuOC Twv HIKpoopyaviopwy ota 1XBunpd mapoudidler peydAeg
diakupavoeig. TT.x apiBuoég Twy Gram + ptmopei va kupaivetar amé 102-107 cfu/g.



O ouvoAIkOC HIkpoplakoC TANBuouoC de 1XBunpd mou daAieUovTal amod TIC YUXPEC
TEPIOXEC TWV eUKPATWY KAILATWY KAl 0TAv dutd cuvThpouvTdl gg Ttdyo, 0To TEAOC ThC
didpkelag whg Toug Kupaivetar améd 107-1010 cfu/q.

H peyaAUTepn aluénon mapartnpeiTal ota PAKTApIA TTOU avhAkouv ota vévn Pseudomonas
kai Shewanella putrefaciens ta omoia amaptiouv Tnv mAciovéTnTa (80-100 %) Tng
HIKpoXAwpidag Twv aAhoiwpévwy 1xBunpwv (Adyw Tou pHikpoU Xpovou diTTAaciacioU Trou
Ttapouaidlouv Ta TapaTdvw PAKTAPIA OTIC XAPNAEC Beplokpaadieg).

2ta Yapla twv Yuyxpwv Galacowv mou ouvtnpouvtatl o€ mnayo (0°C), ta vdpoUsiouya S.
putrefaciens kot S. baltica amoteAdovv TOUC KUpioPYoUG CiAAOLOYOVOUC oOpyavIoUOoUG Kol
akoAoudouv ot Pseudomonads, evw o€ Yapia Fepuwv Salaocowv kuptapyouv ot Pseudomonads
kot akoAoudouv ot Shewanella

2 £ uPnAoTepeC Oeppokpaaieg (Beppokpaaia mepipdAhovtog, 259C), n HikpoxAwpida Twy
IXOunpwy TOU ouvThPoUVTAl UTO dacpoPieC OUVONKEC KuplapxeiTalr amd peod@iAa
PakThpia Twyv oikoyevelwv Vibrionaceae ka1 Enterobacteriaceae.



H Shewanella putrefaciens Bswpeitai 0TI €ival 0 HIKPOOPYAVIOUOG TTOU TIPOKAAEI TV
aAAoiwon Twv vwTiWwy 1XBunpwyv 6Tav autd cuvTnpouvTal UTd agpoPie¢ ouvOnkeg oe

Oeppokpacia Yuénc.

Exel avapepOcei 0TI 0 TANBUopOC TNG ouoxeTileTal dueoa pe Th didpkeia CWAHC TTOAAWY
g10Wyv, OTTWC TT.X TOU HTTakaAidpou.

To pakThAplo auTod éxel diamioTwOei 0TI avayel To ofcidio Tne TpipeBUAapivne (TMAO)
kal Tapdyel TpiueOuAapivn (TMA) n omoia AOyw TnG XApdKThPIOTIKAC TNG OOWHAC
TIPOKAAEI TNV 0pyaVvOANTITIKA ATtéppIyn TWV 1XOunpwv.

2¢ 1XBunpd amdé Th Bopeia Eupwmn ouokeuaopéva umd Kevo €xel mapatnpnOei
avnpévn ouykévipwon TMA evw n didpkeia (wng dev mapouaidlel peTaPoAéc oe
ox€on Pe Th ouokeuaagia uttd agpoPiec oUVOAKEC.
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BakaAdog (cod)
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2 ¢ 1XOunpd ouokevaopéva utd Kevo n au€non Twv Pseudomonas mapepmodileTtal, n Shewanella
putrefaciens givai ikavi va avantuxBei ae emimeda mAnBuopou 10°-108 cfu/g kai va diaomdoel
T0 TMAO.

()ot6oo, 0TI TANBuauoi Tng Shewanella putrefaciens pikpdTepol Tou 108 dev givar 1kavoi va
TIpoKaA£oouv aAAoiwon.

Kamoia dAAa peydAou peyéOouc KUTTApa oO€ WUTIAKAAIAPO OUOKEUAOHEVO UTIO KeEVO €XOUV
avagepBei 0TI pmopei va ouppeTéXouv oTnv aAhoiwaon. TTpéopaTa, amodeixOnke 0TI Ta KUTTApPA
autd avhkouv ato pakTthpio Photobacterium phosphoreum to omoio mapdyer 10-100 popég
meploodTeEPo TMA avd kUTTapo amd Thv Shewanella putrefaciens aAAd dev mpokaAei oopég
aAAoiwong 6Twe auth mBavov emeidn dev TTapdyel TTNTIKEC BeloUXEC OUTiEC

Ydpia yuxpwyv Balacowv

H ouakeuaoia kevou odnyel ae emoyn Pakthpiwv tumou S. putrefaciens, kaBwg Kat Tou
avektTwoU ato CO, Photobacterium phosphoreum

2e ouvlnkec CO,-tpomomownuévng atpoopawac (MAP) dev emikpatouv ta LAB, omwg
oupPaivet pe to Kpéag, aAla to P. phosphoreum mou auéavel ae emimeda 107 - 108 CFU/g
Ydpia yAukoU vepoU/ Beppwv uddTWY

H oguokevaala ge kevo N tpomomowuévn atuéapawa odnyel oe emAoyn Gram + xAwpldag
Tou Kuplapxeltat amo LAB kat eviote B. thermosphacta f P. phosphoreum



D.A. Anagnostopoulos et al

Trends in Food Science & Technology 120 (2022) 236-247

Table 1
Molecular methods in monitoring the most abundant and dominant microbiota of different seafood types, stored and preserved at several conditions, worldwide.
Seafood Area Method Preservation/ Top ldentified Bacteria Dominant Bacteria Reference
Storage
Atlantic Cod Atlantic 16 S rRNA amplicon Air & MAP, Photobacterium, Acinetobacter, Photobacterium Kuuliala et al. (2018)
Ocean sequencing (V3-v4) Chilled/4 & Psychrobacter, Pseudomonas,
8°C Flavobacterium
Cod fillets French 16 5 & gyrB rRINA MAP/S “C Photobacterium, Aeromonas, Photobacterium, Aeromonas Poirier et al. (2018)
market amplicon Acinetobacter, Psychrobacter, Serratia
sequencing (V3-v4)
Salmon fillets 16 5 & gyrB rRINA Photobacterium, Aeromonas, Photobacterium, Serratia
amplicon Acinetobacter, Psychrobacter, Serratia
sequencing
Gilt-head Ionian Sea 16 5 rRNA amplicon 0°C,4°C,8°C Pseudomonas, Psychrobacter, Pscudomonas Parlapani,
seabream sequencing (V3-v4) Carnobacterium, Acinctobacter, Michailidou,
Comamenas, Rhodococcus, Shewanella, Anagnostopoulos,
Sphingomenas, Aeromonas, et al. (2018)
Blastococcus, Brevundimonas,
Brochothrix, Arthrobacter, Lactobacillus
Aegean Sea 16 5 rRNA amplicon Pseudomonas, Psychrobacter, Bacillus, Psychrobacter
sequencing (V3-v4) Acinetobacter, Exiguobacterium,
Stenotrophomonas,
Brevundimonas
Largemouth Guangzhou 16 5 rRNA amplicon 0.1% LAE Aeromonas, Pseudomonas Aeromonas Zhuang et al. (2020)
bass fillets sequencing (V3-v4) solution/4 °C
16 S rRNA amplicon 4°C Aeromonas, Pseudomonas Pseudomonas
sequencing (V3-v4)
Cod fillets Greenland 16 S rRNA amplicon Iced or Pseudomonas, Photobacterium, Pscudomonas Sgrensen, Boknaes,
sequencing (V2-v3) superchilled in Shewanella, Acinetobacter, Mejlholm, and
air Psychrobacter, Janthinobacterium Dalgaard (2020)
16 S rRNA amplicon Iced or Pseudomonas, Photobacterium, Photobacterium
sequencing (V1-v3) superchilled in Shewanella, Acinetobacter,
MAP Psychrobacter
Hake fillets Bay of Biscay 16 5 rRNA amplicon MAP/1°C,4°C, Pseudoalteromonas, Carnobacterium, Photobacterium, Psychrobacter Antunes-rohling et al.

sequencing (V3-v4)

7°C

Shewanella, Psychrobacter
Photobacterium, Phychromonas

(2019)
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FIG. 1. Development of the natural microflora of Mediterranean red mullet (M. barbatus) stored aerobically (a) and under MAP conditions (50% CO,, 50% air)
(b) at 4°C. Symbols: W, total viable count, @, pseudomonads; &, S. putrefaciens; . B. thermosphacta;, D, lactic acid bacteria.
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Aplotepd: H uéylotn nukvotnta kuttapwv Shewanella putrefaciens nieplopiletal Spaotika, Aoyw moapaywync Loxupwv atdbnpopopwv
oUUTTAOKWV arto ateAeyn P. fluorescence (1oto¢ unakaAiapou, 0°C)

Aséia: Ztic iblec ouvinkeg, n mapouaoio Shewanella putrefaciens Sev emnpealet tnv avantuén twv oteAeywy P. fluorescence
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MLKPOOPYXVLOMOL TTOL MEAETNONKXV

OAk MegodpiAn XAwpldx
Pseudomonas spp.
Shewanella putrefaciens

LAB (Lactic Acid Bacteria)
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> ZuvTnpnon oe Beppokpaaix 8°C
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Avdoyperpped 30 Metaforn Tne uikpoPuakns xhwplbac Tng yormmog
{Boops boops) TTow ouvTnpnEnyke OF CUTKEUXOLE TPOTTOTIOU|HEVIC
oiTpombopag (B0% CO,, 30% M, 10% O,) koL oroug BoC.

= OALxn) Meoodhn Xhwpiba == Pseudomonas spp.

Avoeyporppe 4: MeTooln Tne puepofuaens xhwpibog Tng yoTag
(Boops boops) Tow TUVTn PRBNKE 06 TUOKELNTLE KEVOL KL OTOUG
BC,

—dr—Shewanella putrefaciens —@=LAB




Epwtnon ?

[Molo TpOdLUO AAAOLWVETOL YPNYOPOTEPQA TO KPEQC N TO YapL;

To pH tou puikou otov eival 5,5-5,6 o€ KATAOTAON VEKPLKNG
akapyiac (post rigor) evw oto Yapt eivat 6,2-6,5. To yeyovoc
QUTO oUMPAAEL otn dLatAPnNon Tou KPEATOC yLa MeEYAAUTEPO
XPOVLKO dLaotnpa.

Ertiong, o Kuplotepo¢ aAAOLOYOVOC HLKPOOPYOVIOHOC TWV
Japwwv, n Shewanella, mou eival evaicOntn oe xapnAo pH,
dev €xeL avadepBOel oto kpeag (pH < 6,0).
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