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H évvoia Tng aAAoiwong

AiTia aAAoiwong Twyv Tpowilwy
MikpoxAwpida Tpowipou
AAAoloyovog xAwpida




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

H aAAoiwon Twv TpoWipwv pumopei va
TPoKANOei amd évropa, amdé Quaiki PAAPN
olapopwyv €IdWyv, OTWC XTUTAPATA Kal
Yuén, kai amdé TN Opdon evlUpwv R
HIKPOOPYAVIGHWV.

Microorganisms

Food
Spoilage

Insects,
rodents etc.

Chemical
reactions
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AITIA AANOIQZHZ TON TPOOIMQON

AUTOAUTLKEG MikpoBLakn AuBOPUNTEC XNULKEG MeptBarAoviikotl ‘Evtoua,
Slepyaoieg SdpaotnpLotnta avtIOpAcELG TP AYOVTEG TPWKTLKA ...
~
Evboyevi MikpoBuakd Avtibpaoeis O, Aépac, pwc, Mepirtwuata,
(autoAutika) éviuua e Autibta iy kat vypaoia, akadapoiec,
éviuua XPWOTLKECG Uepuokpaoio VEKPO EVTOUX
v

H pwkpoBlakn Spaoctnplotnta amoteAel tn ouvnBeotepn attia aAloiwong twv
Tpodipwy, Kal ekbNAwWVeTOL HECW

opatr¢ avantuéncg (erpavelakn BAEvva, EYXPWUEC ATTOLKIEC)

UETABOANC TNC LUENC (artotkodouUNon MOAUUEPWY EVWOEWV)

anwintikng oounc & yevonc (uitkpoBiakoi puetaBoAlitecg)



MIKPOBIAKH AAAOIQZH TPOOIMQN
MuwkpoxAwpida tpodipou

s KaBe tpodpo dEpel tn Sikn tou, povadikn pkpoxAwpida, os KAOs otadlo TNC mapaywyrnc Kat

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

AAAoloyovoc YAwplda
s ATO 1o TMANBOC TwV K/o TNG apxlkng xAwpildag, Alya povo yevn katadEpvouv va auvénbouv oe
HeyaAouc aplBpoug (aAdotoyovocg yAwpida)

v 0 tino¢ twv Kupiapywv pfo So gfoptnVsi amd TN OUOTAON TOU UTOOTPWUATOC KO OPLOUEVEC (PUOLKOXNULKEC
napaugtpous (9°C, pH, atudopatpa, a,,), kKadwg Kot anod tnv tkavotnta twv u/o va avraywvifovrat

)

=

Pseudomonas,
Bacillus spp.

. fones
f g v
Nl S

-

LAB, TOpeg OuaveKkTLkA oTopoyova
Baxtrpla Alicyclobacillus

NOVA SALMON

ANODWNa Apyaia

Gram (-) MNKTWOAUTIKA

ApxLKr pikpoBLakf YAwpiSa Baxurol 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

MukpoBLoAoyikn dpactnplotnta OpyavoAnmrtikn ekdnAwaon

MNapaywyn e&wwug}p:::gz TIOAU COKYOLPLTLKOU e S S

Napaywyn 6toéediov tou avBpaka amno BV aeblon
uSatdvBpakeg r apwoéa paywyn agp




Znueio

OpPYaVOANTTIKIG amoppLYng
TOU TPpOQiuoU

A

AANOIOTONOZ XAQPIAA MIKPOXAQPIAA TPODIMOY

Mikpoopyaviouoi rtou Mikpoopyaviouoi rtou
ouvéBaAdav atnv aAdoiwan, mapayovtac avantuxdnkav xwpic va mpokaAécouvv
dUuooououc uetaBoAiteg duoueveic ueTaBoAéc

EiSixoi aAA >
‘ "g;)lyoéw 3;:2:,0"01 H éktaon tn¢ aAdoiwonc dev
. . . ouuBadilel amapaitnto UE TG
(Specific Spoilage Organisms LeTaBoAéc tne OMX
-SSO)
To eUpo¢ TwV ouvinkwv oti¢ ortoiec o SSO SUXVd, QTOTEAOUV UIKPO WEPOC TNC QPXIKAC

QVOATTTUOOETOL KOl TTOPAYEL SUCOOUOUC UETABOAITEG,
opiletal w¢ “ywpog¢ aAAoiwong” (spoilage domain)
TOU 0pyavIoUoU

xAwpidacg
Mrtopei va agpopouv eva Kot UovadLko €i60¢




MikpoBioAoyikn
avaAvon
OpyavoAnntikn
avaAvon
XNUIKN avaAuon e

Tavutomoinon
SSO




* J€ Egocbtua lepOBlaKn enidpaong (m.x. uuovpueva TPodLua) N oe anodopoupueva

podua (aAAoLWHEVO-AANOLWOELG) OL TIPOKAAOUUEVEG UETABOAEG omtavia odeilovtal
O€ VOl LOVO ULKPOOPYOVLOUO.

* To eUpo¢ twv ouvBnkwv (8°, pH, a,, atpoodatpa, aAANAENLSPACELG LETOED [/0) UTIO TIG
oroteg evag SSO UTOpEL va avantuxea Kal va Topaéel SUcOoPOUC UETOBOALTEC,
opiletal wg “ywpo¢ aAloiwong” Tou opyavicpou

* 216 oUVONKeG auteg, o SSO aui VEL TaxUTEpA amd TNV unbAoutn xAwpida (> 107 CFU/g otav n
ovoowpeUon SUCOOUWVY UETABOAITWY KaBLoTA TO TPOIOV 0OPYAVOANTITIKA OTTOPPLITTED)

* Mikpé¢ ardayég otov tumo ouoKeuacnaX 1 TG oUVUNKEG OUVTNPNONG UTTOPEL va MPoKaAEoouv
dpauatikec uetaBoAég otn ouvdeon tn¢ xAwpidac kat oto npo@iA tn¢ aAdoiwaong

Kpéag vwmo Pseudomonas sp. ZouAdidia (mAnv H,S)
Kpéag vwmno N - N N LAB, B. thermosphacta, Appwvia, onyn, oopEg
Enterobacteriaceae, KATWTEPWV AUTAPWV 0EEWV-

Clostridium spp. Tuplov, modapila



levikA eiIkOva aAAaywyv otov oAIKO Hikpopiakd TAnBuapd (OMX), €1dikwyv aAAoloyovwy HIKPOOpYavIoHWY
(8S0) ka1 dcikTeC XNUIKAC aAAoiwong Katd Tn didpkeia aAAoiwang Twy TPOWilwy.
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Table 3.1 Facrors affecting the development of microbial associations in food

Intrinsic Factors

Nutrients

pH and buffering capacity
Redox potential

Water activity
Antimicrobial constituents
Antimicrobial structures

Environmental factors
Relative humidity
Temperature

(aseous atmosphere

Implicit factors
Specific growth rate
Mutualism
Antagonism
Commensalism

Processing factors
Slicing

Washing

Packing
Irradiation

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

H yvwon Twv mapayoviwy ou euvoouV N mepLopilouv TNV alénon TwV HUKPOOPYOVLO WY
elval onUaVTLKA yLa TNV KATovoNon Twy apywy ou SLEMOUV TV aAAolwaon Kol cuvtipnon
TWV TPoPipwv




v Agpopia ocuvtnpnon
v’ 2Zuvonkeg peiwpévng mieang O, (VP & MAP)




Regulation (EC) No 853/2004

Chilling room Reboning room Storage chiller
Aerobic storage Anaerobic storage
conditions conditions

Primals prepared
24-96 h Vacuum-packed
Carcass Room at 12°C or [> primals stored at
Carcass fess 0-2°C for up to
temperature b weeks
decreased to a
core
temperature of . I_I . I_l
7°C ar 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

EFSA Journal 2016;14(6):45

associated primals and trimmings



MukpoPLakn YAwpLdo Tou KPEATOC

* TO ECWTEPLKO TOU QKEPALOU KPEATOC TTIOU TIPOEPXETAL ATIO LYLN
(wa Kal amo uylewvec ocuvBnkec odaync elval otelpo ) oxedov
oteipo.

* H emudavela Tou, HOAUVETAL KT TN OLApKELD TNG oPaync N
otn OLApKELD TWV UETEMETO  XEWPLWOMWY HE  Sladopoug
LLLKpoopyaviopouc  (Boaktipla, JOpeCc kol  MUKNTEG)  elte
aAAoloyovouc, elte mabBoyovouc.

e OL €€WTEPLKEC TINYEC HOAUvVONC avadepovTal 0 ONEC oXeOOV
TIc Swadlkaoiec kata TN Olapkela tng odaync Tou {wou
(adaipatn, ekdbopd, EKOTIAAYVIOUOG, TEUOAXLOUOG).

* To apylkO ukpoBlakd doptio Tou KpEATOC e€apTaTal ATO TN
duoloAoyLk Kataotaon tou {Wwou KATA tTn odayn, N €€amiwon
NG MOAuvong ota odayelo Kal Katd TNV enetepyaocia, evw
Bepuokpaoia kal AAeC ouvBrKkec amoBrkeuong katd tn Stavoun
Lropel emiong va emnpedcel To pubuod aAlolwonc Tou KPEATOC




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

* H napouoia naboyovwy pkpoopyaviopwy (Salmonella spp., Staphylococcus aureus, Yersinia
enterocolitica, Clostridium botulinum, Campylobacter sp., Aeromonas hydrophila, Listeria
monocytogenes) 0To VWO KPEAC €EapTATOL QO TLC OUVONKEC UYLELVAC TIOU ETILKPATOUV OTO
odayelo.

v’ Enionc pmopet va mpogpyovtot omd HOAUVen ord Tov EVIEPIKO CwARvVaA Tou {Wou.



Evboyevnc pikpoBLakn xAwpido Tou KpEATOG

Gram — : onw¢ Pseudomonas, Acinetobacter, Serratia, Enterobacter, Proteus xav Vibrio €xet
Bpebel va amolkel oto Tplywpa kat to depua Twv odaylwy f ExeL amopovwBel ano delypata
TIOU TIPOEPYOVTAL OO ETILPAVELEC TWV odayelwv.

Gram + : oniw¢ Lactobacillus kal Brochothrix thermosphacta

Ot p/o Pseudomonas spp., Br. thermosphacta, yohokTtikd Baktipla kot Shewanella
putrefaciens amote oUv TNV KUpLa pkpoBLakn xAwplda og vwmo kpeac xapnAou ) vPniouv

pH, To omolo dlatnpeital oe cuvOrkec PUENC kKATw amo agpofec N MAP

Elbn Tou yevouc Pseudomonas kal oplopeva okopn Yuxpotpoda, pn-(UPwWIkd Gram -

Baktrpla KupLapxoUv o VWA tpoiovta umo Puén oe aepoBLla cuvtnpnon

 KaAn mpoooapuoyn otic yaunAéc 9spuokpaociec ouvtnNpnonc (ULKDOTEPOC XpPOvoc yeveac/ toxela

avénon Baktnplakou mAnBuouou)
*  AnoteAeouatikn xpnoluorolnon EKXUALOUATIKWY EVWOEWV (UnN — mpwTEeiVIkO alwTto, NPN).

* [lapaywyn avtiBaktnpLlakwy Kol QVTILUKNTIOKWY EVWOEWV (Pseudomonas).



20vBeon Tnc MikpoxAwpidac

Pseudomonas spp: MeTd amod HopLOKO XopaKkTtnPlopo twv Ppuxpotpodwv Baktnplwv mou
aropovwOnkav oamd ¢pEoko Kol OAAOLWUEVO KpEQC, PpeOnkav tpia Kupilopxa 6N

Jpevdopovadwy, Ps. fragi, Ps. fluorescens & Ps. ludensis.

O B. thermosphacta, amoteAel €va ONUOVTIKO TTOCOOTO TNC aAAOLOYOVoU YAwpildac Tou
KPEATOC TIOU OUVTNPELTal agpofla kol meplotaclakd €xel Ppebel va eival n Kuploapxn
ukpoxAwpida. O B. thermosphacta pmopel va avamtuoOETOL O OEPOPLEC Kal OE

avoepOPBLec ouvOKeC.

Enterobacteriaceae (kuplwg Juxpotpoda €ibn) onwc Hafnia alvei, Serratia liquefaciens &

Pantoea agglomerans, mpokaAoUv aAAoiwon HOVO UETA armo BepUoKPACLOKA KOTATIOVNON).

Clostridium spp (Puxpoadvtoxa & Ypuxpod\a): Cl. algidicarnis, Cl. frigoris, Cl. bowmanii, Cl.
frigidicarmis & Cl. ruminantium mpokaAoUv oAAoiwon oe KpE€ag mou ouvinpeitol (4-6
eBSouadec) umo Puén avaepofla xwpic 1 pe (Cl. estertheticum & Cl. gasigenes) tn

iapaywyr aepiou



20vBeon Tnc MikpoxAwpidac

FaAakTikd BaktipLo

v Ta 1o OUXVA OQIOVTWUEVA YEVN OF KPEAC TO OTMOLO Eival CUOKEUOOMEVO O OUVONKEC
TPOTIOTIOLNUEVNG aTuoodalpag 1 o€ kevo avikouv ota Lactobacillus, Lactococcus,
Leuconostoc, Carnobacterium ko Weissela.

v" H al\oiwon mou npokaAeitot and to yahakTikd Baktripla Sev sivat tooo évtovn 600 auTh
TIOU TtpoKaAE(Tal amo ta Gram - BakTApLa, Ta omoila mapAyouv SUCOCHEC TITNTLKEC OUCLEC
onync (putrefaction).

v H aMoiwon and ta yaloktikd Baktipla npokodel 6fvo dpwpa (souring) e€ottioc twv
TIOPOYOUEVWY UETABOALKWY TPOLOVTIWY MOV €ival KUPLWE YOAAKTLKO, LUPHNKLKO, OELKO 0L,
aketoivn, dtaketuALo, alBavoAn kot urtepoteidlo tou udpoyovou

Tahle 2
Substrates used by meat spoilage bacteria during growth in aerobic storage (A}, vacuum packaging (VP) and modified atmosphere packaging (MAP)L
Substrates® Pseudomonas spp Enterobaceriocens Br. thermosphucio Lactic acid hacteria Clastridiumn spp.
A VP amd MAP A VP and MAP A VP and MAP A VP and MAP A VP and MAP
Clucose 1 1 1 1 1 1 1 1 1
Clucose-6-I 2 2 2 2 2 2 2 2 2
Lactic acid 3 3
Pyruvic acid 4 3
Cluconic acid 5 3
Clunonate-6-P B

Acetic acid 3 3

Aminoacids 7 3 4 3 3
Ribose 4

Clycerol 5

? The numbers reported indicate the order of substrate utilization.
http://dx.doi.org/10.1016/j.fm.2014.02.002



http://dx.doi.org/10.1016/j.fm.2014.02.002

AAANoiwaon Tou KpéaTocg

Ta yapaktnplotikd tng aAAolwonc ylvovtal opatd o€
SLAPOPETIKO ULKPORLOKO TMANBUOUO Tou oXeTileTal pe
TOV TUTIO TOU KPEQTOC Kal To pH.

Ye Kkpeota pe uvPnAd pH (>6) n aMolwon ylvetal
gepudavnc og xopnAo mAnBbuo o nepimou 6 log CFU/cm?

Ye Kpeata e yapnAotepo pH o mAnBuopoc kupaivetol
ano 7 €wc 8 log CFU/cm? avaloyo pe tn ovvBeon Twy
LLUWV Ko To emtimedo Tou YAUKOYOVOoU.

H Bepuokpaoia €xeL dpeon oxeon Ue Tov €LO0KO pUBLO
auéNong TwV ULKPOOPYAVIOUWY Kal ME TN SLAPKELA TNG
$AoNG TPOCAPHUOYING TOUG

Mevikd, n d1dpkela CWAC Tou Kp€AToC cival o XpoOvog amoBnkeuong HEXP! Thv
aAAoiwaon Tou



Table 38: The predicted growth (log;q CFU/cm?) of pseudomonads in red meat stored aerobically
at different temperatures and times (days), assuming the initial concentration was
1 CFU/cm?

Growth potential (log;o CFU/cm?)
Storage temperature (°C)

Time (days) 1 2 3 4 5 6 7
1 0.4 0.5 0.5 0.6 0.7 0.8 0.9
2 0.8 0.9 1.1 1.2 1.4 1.5 1.7
3 1.2 1.4 1.6 1.8 2.0 2.3 2.6
4 1.6 1.8 2.1 2.4 2.7 3.1 3.5
5 2.0 2.3 2.6 3.0 3.4 3.9 4.4
6 2.4 2.8 3.2 3.6 4.1 4.6 5.2
7 2.8 3.2 3.7 4.2 4.8 5.4 6.1
8 3.2 3.7 4.2 4.8 5.5 6.2 7.0
9 3.6 4.1 4.7 5.4 6.1 7.0 7.9

10 4.0 4.6 5.3 6.0 6.8 7.7 8.7

11 4.4 5.1 5.8 6.6 7.5 8.5 9.5

12 4.8 5.5 6.3 7.2 8.2 9.3 9.5

CFU: colony forming unit.



Table 40: The predicted growth (log;o CFU/cm?) of LAB in red meat stored anaerobically at different
temperatures and times (days), assuming the initial concentration was 1 CFU/cm?

Growth potential (log;, CFU/cm?)
Storage temperature (°C)

Time (days) X , 3 4 5 6 .
1 0.2 0.2 0.3 0.4 0.5 0.5 0.7
2 0.3 0.5 0.6 0.7 0.9 1.1 1.3
3 0.5 0.7 0.9 1.1 1.4 1.6 2.0
- 0.7 0.9 1.2 1.5 1.8 2.2 2.6
5 0.8 1.1 1.5 1.9 2.3 2.7 3.3
6 1.0 1.4 1.8 2.2 2.7 3.3 3.9
7 1.2 1.6 2.1 2.6 3.2 3.8 4.6
8 1.4 1.8 2.4 3.0 3.6 4.4 5.2
9 1.5 2.1 2.7 3.3 4.1 4.9 5.9

10 1.7 2.3 2.9 3.7 4.6 5.5 6.5

11 1.9 2.5 3.2 4.1 5.0 6.0 7.2

12 2.0 2.7 3.5 4.5 5.5 6.6 7.8

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



Table 1

Genera of bacteria commonly found in raw meat stored in different conditions,

Gram-positdve  Storage conditions  Gram-negative Storage conditions

Air MAP VP Air MAP VP
Bacillus [ | Achromobacter |
Brochothrix 4 1 t Acinetobacter 1 + +
Carnobaclerium 4 | | Aeromaonas i f
Corynebactenum | Alcaligenes | | |
Clostridium | Alteromonas | | t
Enferococcus 4 1 Campylobacter 1
Kowiiriia } Chromobacternium
Kurthin [ Citrobacter | |
Lactobacillus + + + Enterobacter 4 +
Lactococcus + Escherichia +
Leuconostoc [ | Flavobacterium |
Listeria i J Hafmia ' | t
Microbacterium + + + Klebsiella +
Microcoecis ! { Kluyvera 1
Paenibacillus [ Moroaxello |
Staphylococcus 4 | | Pantoea i F
Strepiococcus + + Proteus + +
Weissello [ | Providencia | | |
Pseudomonas ! | t
Serratia + + +
Shewanella I
Vibrio |
Yersimia i f
Moraxella +

http://dx.doi.org/10.1016/j.fm.2014.02.002



http://dx.doi.org/10.1016/j.fm.2014.02.002

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



Dynamic Microbial Association

Pseudomonadaceae Selected Microbial Association

Enterobacteriacea Specific Spoilage Organisms
Y
Ephemeral Spoilage Organisms

Processing & Packaging Factors e. (? air at g ° fi'
emmunity Development
‘ in space and time




Processing & Packaging Factors e.g. map
Community Development

in space and time
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Dynamic Microbial Association

Lactobacillus spp
m Selected Microbial Association
Br. thermosphacta

u
- Specific Spoilage Organisms
m
Ephemeral Spoilage Organisms
L _sake & L. curvatus

Br. thermosphacta




F DANISH MEAT
RESEARCH INSTITUTE PREDICTIVE MODELS FOR MEAT

Home Safety models Shelf life models About Guidelines Privacy Sign out

Shelf life models

m 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% 02 + 30% CO»)

= Chicken cuts - Shelf life of chicken cuts - Fresh or marinated (<0.8% NaCl) -
MAP-packed (70% O5 + 30% CO»)

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

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

» Processed meat - MA-packed (20/80 CO>/N2), 1.5-5.0 % salt in aqueous (%
sodium chloride in the water phase, w/w), +/- nitrite, +/- organic acid

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 model 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

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



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

Danish Technological Institute

Beef mince
Shelf life of fresh beef mince

INnput

Raw material quality

Estimated initial count (log CFUsg) 2.9
Standard dewviation (log CFU/g) 0.9

Packaging and storage conditions

Storage in vacuum before mincing

MAP: 0% Oz and 20% CO;

Temperature (°C) Time (days)
o 40

Storage in MaA-pack after mince (Max 3 rows)
Vacuum: no O

Temperature (°C) Time (days)
(o] <0

About sensory scores

2: Fresh. 4: Acceptable. 6: Unacceptable. 8:
Putrefied

All scores are based on odor evaluations
conducted by a professional panel

Beef mince
Shelf life of fresh beef mince

INnput

Raw material quality

Estimated initial count (log CFUsg) 2.9
Standard dewiation (log CFUsg) 0.9

Packaging and storage conditions

Storage in vacuum before mincing
MAP: 70% Oz and 30% CO:
Temperature (°C) Time (days)
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Beef carcass microbiota after slaughtering
and primary cooling: A metataxonomic
assessment to infer contamination drivers
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Fig. 2. Microbiota composition after slaughtering and post cooling. Stacked bar plots (A) showing microbiota composition (relative abundance) at different
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
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Bacterial community analysis using 16S
rRNA amplicon sequencing in the boning
room of Australian beef export abattoirs
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Fig. 2. Total viable count on environ-

mental surfaces in the boning room of

integrated abattoir (A) and the list of
environmental sites in sequential order
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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) log;s CFU/cm? (4 sites sampled = Reid et al. (2015)
as per Commission Decision 2001/471/EC) immediately before chilling
increasing to 1.86 log;o CFU/cm? after 96 h chilling
3.2 logio CFU/cm? (briskets) immediately before chilling increasing to  Lasta et al. (1995)
8.9 log,q CFU/cm? after 14 days storage at 5°C
1.04-5.48 log;o CFU/cm? Dan et al. (2003)
0.4 log;o 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)
(coccygeal 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 logsg 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 logy, 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
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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
/ 6.9 5.7 4.6 3.4 2.3

CFU: colony forming unit.

pH of 5.7 and an a,, of 0.975-0.98 for red meat.

The effect of storage temperature and initial concentration on the time (days) required to
reach 10’ CFU/cm, pseudomonads on red meat stored aerobically for a range of initial
concentrations (1-5 log,, CFU/cm,)




Profile and activity of the bacterial biota of ground beef held from
freshness to spoilage at 5—7 °C

Tahble 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

Diay 0

Day 5

Day 9

Dav 13

Day 16

Day 21

Pseudomonas (18)
Aeromonas (T)
Citrabacter (3)
Pantoea (8)
Alcaligenes (4)
Shewanella (4)
Hafnia (2)
Proteus (2)
Kurthia (2)
Enterobacter
Enterococcus
Klebsiella
Kluyvera
Listeria
Micrococcus
Morganelia
Providencia
Serratia
Streptomyces
Lactic cocet (3)

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

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

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

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

Pseudomonas (5)
Enterococcus
Unknown
Morganella
Providencia
Psychrobacter
Pantoea
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-~ Mixture of
gases

+ Removes most of the
air before packaging

+ replaced with another
gas mixture before
packaging sealing in
barrier materials
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Enidpaon tng Osppokpaciag Kat Tou apxitkol pikpofLlakol ¢optiov og KpEAC

OUGCKEUQOUEVO UTTO KEVO

EFSA Journal 2016;14(6):4523

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 (log,;, CFU/cm?)
Storage temperature (°C)

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.

The effect of storage temperature and initial concentration on the time (days) required to
reach 10, CFU/cm, LAB on red meat stored anaerobically, for a range of initial
concentrations (1-5 log,, CFU/cm,)
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Metataxonomic signature of beef burger
perishability depends on the meat origin

prior grinding

Cristian Botta, Irene Franciosa, Valentina Alessandria, Vladimire Cardenia, Luca Cocolin, Ilario

Ferrocino & &
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Vacuum packaging and 4°C storage
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Comparative evaluation of spoilage-related

Beef stored at 4 °C under air and vacuum packaging (VP) bacterial diversity and metabolite profiles in
chilled beef stored under air and vacuum
Storage time (days) TVC (log CFU/g) pH packaging
Adr VP Adr VP Ahmad Rois Mansur ® 2, Eun-Ji Song ® ®, Yong-Sun Che °, Young-Do Nam ® %, Yun-Sang Chai %,
Dae-Ok Kim ® Dong-Ho Sec ® 2 &, Tae Gyu Nam ° 2 &
[} 3.74 =+ 017 374 = 017 545 = 0.4 545 %+ 0.04
2 5.20 = 0.25 3.13 =+ 0.25 560 = 002 5.56 + 0.01
4 5086 = 017 3.16 = 0.13 540 = 0.1 551 = 0.03
7 8.81 = 0.09 4.13 + 0.21 550 = 0.02 545 = 0.01
9 B8.84 = 0.04 4,97 + 0.07 562 + 0.1 542 + 001
11 9.33 = D26 524 %= 011 573 = 002 522 = 01
21 - 547 = 019 - 4.94 = 002
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IXOunpwv oxeTieTal dueoa pe Th HIKpoPIAKA TOUC TTo10TNTA
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H Evdoyevic pikpoxAwpida Twv 1xOunpwv-Eidikoi AAAoloyovol Opyaviopoi

H pikpopiakh xAwpida Twyv 1XOunpwy amavrdrai oe:

Q E€wTepiko mepipAnpua
d Bpdyx!a
Q Evrepa

H wikpoPpiakn xAwpida Twv gpéokwy 1xBunpwyv (2-3 log CFU/g) e€apTdTal mepioadTepo
amo To mepiPdAAov Kal AilyoTepo ato To €ido¢ Touc. H evdoyevic xAwpida Twv 1xBunpwy
amo eUKpATA KAipdTa KupiapxeiTal amno:

Gram -: Pseudomonas, Shewanella, Psychrobacter, Pseudoalteromonas, Moraxella,
Acinetobacter, Flavobacterium kat Vibrio, Photobacterium, kat Aeromonas .

Gram +:. yadaktika pPaxtipw (LAB), Micrococcus, Corynebacterium, Vagococcus,
Bacillus kau Clostridium.

H avaloyia Twv Gram - kai Gram + PakTnpiwv ToikiAel, Ta katd Gram + PakThpid
avTimpoowTteVouv To 0-30% TG oUVOAIKAC XAwpidac.

Enterobacteriaceae, Staphylococcus, Listeria k.a. umopei va ppeBolv o010 dpXIKO
HIKpoPlaké TTANBUOoNO Kupiwg améd KATola emipoAuvon
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l

Anaerobic glycolysis
|
Formation of lactic acid

l

pH 7.0 — pH 5.0 (muscle)

l

Activation of ATPase

l

Degradation of ATP (—=ADP — AMP — IMP — Inosine — Hypoxanthine — Uric acid
l histamine

Feedback inhibition

Rigor mortis degradation of protein — polypeptide — amino acid
~a NH3
TMAQO — TMA — DMA + formaldehyde

rapid increase of bacteria

—4*_/

’gtlll viable
counts
/ /

< for cooking >

Level of toughness, K value, VBN and total viable cell counts

/ rigon mortis

death 1 2 3
Storage days at 5°C

MetaBavartieg aAayeg ota Papta (Pacquit et al., 2008).
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O ouvoAIkOC HIKpoplakoCc TANBuopoc oe 1XBunpd mou daAielovTdl amod TIC YUXPEC
TTEPIOXEC TWV eUKPATWY KAIHATWY Kal 0TAV AUTA oUVTNPoUvVTdl g€ Ttdyo, 0To TEAOG TNnG
didpkelag Cwng Toug KupaiveTal amo 107-10%0 cfu/g.

H peyaAUTepn al€non maparnpeital ota PakTApia Tou avikouv ota yévn Pseudomonas
kKai Shewanella putrefaciens, Ta omoia amaptiCouv Tnv TAgiovoTnTa (80-100 %) Tng
HiIkpoxAwpidag Twv aAroiwpévwy 1xBunpwyv (AdOyw Tou piIkpoU Xpovou diTtAdcidcpol Trou
Tapouaidlouv Ta tdpamdvw PAKTAPIA OTIC XAUNAEC Beplokpaagiec).

3 ta ydpla Twv wuxpwv Baiagowv mou auvtnpouvtat g mayo (0°C), ta udpoBelouxa S.
putrefaciens kat S. baltica amoteAouv toug Kuplapxoug aAloloydvous opyaviauoUs Kat
akoAouBoUv ot Pseudomonads, esvw oge ydpla OBepuwv Baiacowv KuplapxXouv ot
Pseudomonads kat akoAouBouv ot Shewanella

2 € uPnAoTepec Oepokpaaicg (Beppokpaaia mepiPdAhovTog, 259C), n HikpoxAwpida Twy
IXOunpwyv TOU OUVThPOUVTAl UTO daeplOPle¢ OUVONKEC KupldpxeiTal amo HeoOWIAd
PakThpia Twv oikoyevelwyv Vibrionaceae ka1 Enterobacteriaceae.



H Shewanella putrefaciens Bswpeital 0TI €ival 0 HIKPOOPYAVIOUOG TTOU TIPOKAAEI TV
aAhoiwon Twv vwTtiwy 1IXBunpwyv 6Tav autd cuvthpoUvTdl UTTO agpoPiec ouvOnkeg oe

Oeppokpacia Yuénc.

Exel avapepOcei 0TI 0 TANBUOpO6C TNG ouoxeTileTal dueoa pe Th didpkeia CWAHC TTOAAWY
g10WyV, OTWCG TT.X TOU PTtakaAidpou.

To pakThAplo autod €xel diamioTwOei 0TI avdyel To oeidio TG TpIHeOUAapivng (TMAO)
Kal Tapdyel TpiHeOuAapivn (TMA) n omoia AOyw TNnG XAPAKTNPIOTIKAC TNC OOHAG
TIPOKAAEI TNV 0pyaAVOANTITIKA ATTOppIYn TWV 1XOunpwv.

2¢ 1XBunpd amdé Th Bopeia Eupwmn ouokeuaopéva umd Kevo €xel mapatnpnOei
avénuévn ouykévipwaon TMA, evw n didpkeia (wAg dev mtapouoidlel peTaPoAéC o€
ox€0n Pe Th ouokeudoia utd agpoPpie¢ oUVONKEC.
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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/q kai va diaomdoel
T0 TMAO.

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

Kamoia daAAa peydAou peyéOouc KUTTApad Oc HUTIAKAAIAPO OUOKEUAOHEVO UTIO KeEVO E€XOUV
avagepBei 0TI pmopei va ouppeTéXouv oTnv aAhoiwaon. TTpéoyaTta, 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 ouakevaoia kevou odnyel ae emoyn Pakthpiwv tumou S. putrefaciens, kaBwg Kat Tou
avekTikou ato CO, Photobacterium phosphoreum

2e ouvlnkec CO,-tpomomownuévng atpoopawac (MAP) dev emikpatouv ta LAB, omwg
oupPaivet pe to Kpéag, aAla to P. phosphoreum mou auvéavel ae emimeda 107 - 108 CFU/g
Ydapia yAukoU vepou/ Beppwy uddTwyv

H oguokevaala ge kevo N tpomomowuévn atudapapa 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 Identified Bacteria Dominant Bacteria Reference
Storage
Atlantic Cod Atlantic 16 S rRNA amplicon Air & MAP, Photobacterium, Acinetobacrer, Phorobacterium 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 S rRNA amplicon 0°C,4°C,8°C Pseudomonas, Psychrobacter, Pseudomonas Parlapani,
seabream sequencing (V3-v4) Carnobacrerium, Acinetobacter, Michailidou,
GComamonas, Rhodococcus, Shewanella, Anagnostopoulos,
Sphingomonas, 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 5 rRNA amplicon Iced or Pseudomonas, Photobacterium, Pscudomonas Sgrensen, Boknz=es,
sequencing (V2-v3) superchilled in Shewanella, Acinetobacter, Mejlholm, and
air Psychrobacter, Janthinobacterium Dalgaard (2020)
16 5 rRNA amplicon Iced or Pseudomonas, Photobacterium, Photobacterium
sequencing (V1-v3) superchilled in Shewanella, Acinetobacter,
MAP Psychrobacter
Hake fillets Bay of Biscay 16 S rRNA amplicon MAP/1°C,4°C, Pseudoalteromonas, Carnobacterium, Photobacrerium, 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. barbaius) stored aerobically (a) and under MAP conditions (50% CO,, 50% air)
(b) at 4°C. Symbols: W, total viable count; @, pseudomonads; A, 5. putrefaciens; %, B. thermosphacta;, D, lactic acid bacteria.



Microbiota profile of filleted gilthead seabream (Sparus aurata) during storage
at several conditions by 16S rRNA metabarcoding analysis
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Dimitrios A. Anagnostopoulos, Faidra Syropoulou, Foteini F. Parlapani,

Athanasios Tsiartsafis, Athanasios Exadactylos, George-John. E. Nychas and

Ioannis S. Boziaris, Food Research International, 2022
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" End of shelf-life : dominant
genus, Pseudomonas,
Exception: MAP-stored
fillets at 12°C: dominant
genus Serratia, more diverse
bacterial profile

Middle stages of storage of
MAP-stored fillets:
Shewanella, Carnobacterium,
Brochothrix prevail against
Pseudomonas

Useful information on the
spoilage status of seabream
fillets —p innovative
strategies development—»
spoilage course delay

Determination ot seabream hllets’ end ot shelt-lite®, as assessed by sensory

evaluation of five trained panelists.

Sample Atmosphere Temperature (“C) End of Shelf-life (h)
Filleted Seabream Air 0 186

Filleted Seabream Air 4 20

Filleted Seabream Air 8 66

Filleted Seabream Air 12 42

Filleted Seabream MAP 0 535

Filleted Seabream MAP 4 305

Filleted Seabream MAP 8 185

Filleted Seabream MAP 12 113

'The end of each product shelf-life was determined when the average score of
the studied parameters was below 3 (score 3 indicates the minimum acceptable

level).

https://doi.org/10.1016/j.foodres.2022.112312

IMAP consisted of CO,, O, N, at levels of 31%, 23% and 46%,


https://doi.org/10.1016/j.foodres.2022.112312

https://doi.org/10.1016/j.foodres.2022.112312
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Relative abundance (%) of bacterial genera of air-stored (MFA) and MAP-stored (MFM) seabream fillets during storage (h) at various temperatures (C), as

revealed by 16S rRNA metabarcoding analysis.
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» 2JUOKELXOLX
- AepofLa
- MAP - 100% CO2

MAP - 60% CO2, 30% N kot 10% O2
- Kevo




MLKPOOPYXVLOMOL TTOL MEAETNONKXV

OALk MegodpiAn XAwpldx
Pseudomonas spp.
Shewanella putrefaciens

LAB (Lactic Acid Bacteria)
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> ZuvTnpnon oe Beppokpaaix 8°C
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Audoyporpped 1: Metafohn Tne dikpoPuakne xhwplbeic e yommeeg
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Altoypoigpe 3: Metafoln THS Uk poPlakns shwplbad TG yoTTag
(Boops Aoops) TTow ouvTnpnEngKeE OF CUTKEUXDLE TPOTTOTIOU|HEVIC
ciTpocdopag (B0% CO,, 30% N, 10% O0,) koL oroug 8°C.

= OALxn) Meoodhn Xhwpiba == Pseudomonas spp.

Avocypoupo 4 MetoBodn Tne puepofuaene xhwpilbog Tng yoTog
{Boops boops) Tow ouvTnPRBNKE 06 TUOKELNTLE KEVOL KL OTOUG
BeC,

—dr—Shewanella putrefaciens =—@=LAB




Epwtnon ?

[Molo TpOdLUO AAAOLWVETOL YPNYOPOTEPQA TO KPEQC N TO YapL;

To pH tou puikou otov eival 5,5-5,6 oe KaATAOTAON VEKPLKNG
akapiac (post rigor) evw oto Yapt eivat 6,2-6,5. To yeyovoc
QUTO OoUMPAAEL otn dLatAPnon Tou KPEATOC yla HEYAAUTEPO
XPOVLKO dLaotnpa.

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



FOOD SAFETY

cook to proper
temperatures

wish hands and refrigerate
surfaces often promptly

3 Thank You /&8

—  Anyquestions? @ =




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65: Ερώτηση ?
	Slide 66

