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Mikpopioroyikoi kivbuvol og d14-
@opa otddi1a g napaywyng kai d1d-
Ocong onv katavddwon twv AXda-
vukov Oeppikng Eneepyaociag.

A. Xepykedibng', A. Apiv’, A. ZapipPen’,
K. I'evayidpyng’

ITEPIAHWH. EfetdoOnkav 51 Sefypara kpeatonactdrv S1apé-
pwv e16dv aldavukav Oeppixiig enefepyaoiag ané Svo arravro-
Bropnyavieg tng B. EAAd6ag. H oduxdi pecdpiin ydwpiba (OMX)
TV KPEATONACTOV aut®v Kuparvétav 5,3-6,3 Log;(CFU/g. Xa i-
81a Sefypata napatnpiBnke otabeph n napouvoia onpavukoes a-
p10po0 xodoBaxinpioeibdrv (93->2.400MPN/g) ka1 o§uyaraku-
kv Baknpiov (5-6,3 Log;CFU/g). H L. monocytogenes avi-
xveliOnke oe mocoot6 56 ka1 38,4% twv Serypdrwv and kdbe adia-
vioPiopnyavia avuotofywg. H E. coli aviyveiOnxe oe nocoots 20
ka1 16,6% ka1 n Salmonella spp oe 12 xa1 16,6% avucroiywg. Me-
td m Oeppuxii ene§epyacia wv kpeatonaotdv yia my napaywyn
v alavukav, o kavéva Sefypa Sev SiamotdOnke n napoveia
wv npoavapepféviwv naboyévwv Pakmpiov ovte kat n emPio-
on xodoPaxtnproeilSarv. Aev napanpiOnke, enfong, avdvnpn wydv
Tpavpauocpévev KUTIdpwy Toug petd t ouvidpnon wv iSiwv ak-
Aavuxdv oe Oeppoxpacia 4°C eni 20 npépeg. H OMX wwv adda-
VUuk®v, apéowg petd tn Oeppikd eneepyacia, kupdvOnke 3-4,7
Log;(CFU/g ka1 anotedotviav kupiog and o§uyaraxukd (<2-4,5
Log;(CFU/g) ka1 omopoyéva (3-4,5 Log; (CFU/g). Metd m ouvui-
pnon v adavukdv avtdv otoug 4°C eni 20 npépeg o€ kevd, na-
pamphifnke as§non tng OMX ka1 v o§uyadakukdv, n onofa ot
kapud nepimwon Sev Eenépace v 1Log; . E§etdodnkav enfong a-
16 16 Sefypara and v empdvera kai 1o e0wtepikd pn evinkeupé-
vov adavukdv Oeppikig ene§epyaociag, ta onoia anotehovvia a-
né6 peydla f avtotedd tepdyia kpéatog. AlamotdOnke éun OMX
wv Seypdrov avtov and ug em@dveieg kupavétav 5-5,3
Log;,CFU/g, evd ta Sefypara and 1o sowtepixé 2-3,5 Log;CFU/g.
KoloBaxwnpioeids, E. coli, L. monocytogenes, ka1 Salmonella spp
Sev aviyvedOnkav. Kupiapyn ydwpibda Arav ta ofuyadaxukd fa-
kuipia. ESetdoOnkav enfong Sefypata and ug emepdveieg pn evin-
kevpévov addavukdv, katd ug S1dgopeg pdoeig, amd w Oeppikh
enefepyaoia éwg t ouvuipnon toug und wién eni 24 dpeg, ywpic
npootarevuki ouokevaoia. H e§¢taon £6e1€e 6u n OMX oy &
m@dvela v aAdavikdy autdv npoépyetal Kuping and 1o nepi-
Bdddov ka1 10 vepd v kataovnuipwv ypi§ng. H OMX, apéowg
perd m Oeppuxii eneSepyaoia, drav <2 Log,(CFU/g, petd wv gi-
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Microbiological hazards at several
stages of production and
distribution of cooked sausages.
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ABSTRACT. Fifty one (51) samples of several types of cooked
sausage paste, prepared by two meat factories in N. Greece were
examined. TPC of these samples ranged between 5,3-6,3
Log;(CFU/g. Coliforms were regularly present reaching populations
0f93->2.400 MPN/g and lactic acid bacteria ranged between 5-6,3
Log;(CFU/g. L. monocytogenes was detected in 56 and 38,4% of
the samples collected in each factory. E. coliwas detected in 20 and
16,6%, and Salmonella spp in 12 and 16,6% respectively. Neither
pathogens nor coliforms were detected in 51 samples of cooked
sausages originated from the same pastes examined before. No
recovery of any injured cells of the pathogenic bacteria and coliforms
was observed after their storage at 4°C for 20 days. TPC of the
cooked sausage samples, after thermal treatment, ranged between
3-4,7 Log;,CFU/g and consisted mainly of lactic acid bacteria (range
<2-4,5 Log;CFU/g) and sporeformers (range 3-4,5 Log;,CFU/g).
After 20 days storage at 4°C the TPC and lactid acid bacteria counts
of the cooked sausages, increased by <1 Log. We also examined 16
surface and center samples of cooked sausages and meat products
without casings, consisting of big meat pieces (bacon, smoked ham,
etc). Surface TPC ranged between 5-5,3 Log;(CFU/g and from the
center of the meats they ranged between 2-3,5 Log;,CFU/g.
Coliforms, E. coli, L. monocytogenes and Salmonella spp were not
detected. Lactic acid bacteria were the main flora. Furthermore we
examined surface samples of cooked meat products, without casings,
during several stages following thermal treatment and up to storage
for 24 h at 4°C, without any protective package. TPC immediately
after thermal treatment were <2 Log;,CFU/g, after cooling with
water increased they increased at 3 Log;(CFU/g and remained the
same during the following 24 h storage at 4°C. Coliforms were
detected in the stored products. Their populations exceeded 2.400
MPN/g on the surface of the samples after storage for a few days at
4°C. Itis assumed that the flora on the surface of these products
originated from the environment and the cooling water. Finally we
examined 69 samples from surfaces of the slicing and packaging
equipment of cooked meat products in 3 meat factories and 28
samples from 12 super markets. L. monocytogenes was detected in 6
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&n pe vepd fivav 3 Log(CFU/g ka1 petd 24 dpeg ouvipnong dvav
3 Log;,CFU/g. Zta Seiypata twv adavukdy perd m ouvuipnon
toug enii 24 dpeg SramotdOnke ka1 n napovoia kodoPaktnpioer-
Sdv. Xe Sefypara pdhiota addavukdv opiopévav npepdv o mhn-
Ouopég v kodoPaxtnproerbdv Atav >2.400 MPN/g. E§etdoln-
kav eniong 69 Sefypata and ug em@dveieg tou e§omhiopod epay-
opoU ka1 ouokevaoiag fpactdv addavukdv tpidv addavroPiopn-
xaviov kai 28 Sefypata ané tov avtiotoryo e§omiopé 12 katactn-
pérov Mavikig ndAnong tpoipwv. L. monocytogenes anopovd-
Onke o€ noocootd 6 ka1 14,2% v Serypdrwy mou npoepydrav and
10 payaipia v pnyavay tepayiopoy v allaviofiopnyavidv kat
v Kataotpdrov Alavikig noAnong avuotoiywg. Ta anotedé-
opata autd Sefyvouv t onpacia epappoyiig twv kavévey opOig
uyterviiq npakuxiic, 161aftepa perd w Oeppuka eneepyaoia, oy
napaywyh kat 51dfeon twv adavukodv Oeppuxig enefepyaoiag, yia
v ano@uyn g péAuvong ané nafoydva Pakipia kar v avén-
on WV oanpo@UUK®V mou nepiopiouv to xpévo {wiig toug,.

Aé€e1g supempiaong: ANavikd Beppuxiig enefepyaoiag, pxkpopio-
Doyixof kivbuvor .

EIXATQI'H

H ouveynic emompoviry] rat texvohoywy medodoc
oToV TOPEX TV TROPIUM™Y EYeL OVUPALEL oNuUavVTLXG OTY
Beltimon TS VYLELVAG RO YEVIROTEQX. THE TOLOTNTAS TV
Toopipmv. ITag’ Sha avtd, oL aoBéveles mov ogpethovion og
HOAIOUEVE TOGPUULOL RO TTOTE GUYRATOAEYOVTAL, ArGUN KoL
o1jueQa, HETOED TV ®UQLOTEQMYV ALTIMV YOONQASTNTAS O
OLAPOQRES YDOES KalL, VTG 0QLOUEVES OVVOREG, EXOUV GO-
Baoéc emumudoelg oy VYED TV ROTOVOADTHV ROL TNV €-
Ovien owovouta (Mead et al 1999, Notermans and Borg-
dorf 1997).

Ewdwdtepa, dudgopa £idn npeatooxrevaoudtav, 6rme
Aourdvira Tomrov PEOVREOTETIG, NTTUTOTOOTA HATT., £XOVV
evoyomotn el eTave LA UUEVA YLOL TV TTOORANON TQOPLUO-
vevav howwdEemv 1 dMinmoerdoewv xatd ta televtaio
xoovia (Schmidt 1996, Tirado and Schmidt 2000). €2¢ weo-
opato mapdderyna wwoeel vo avapeBel N exdrhoon
T0oAOUMENS oV Lomovia amd ratavdhmwon HoAouE-
vawv pe E. coli O157:H7 alhovirdv (Anonymous 2001),
®ratd mv omoia acBévnoay 150 nabntéc and 4 oxohelo.

IMoM\ot givar ov mopdyovieg mov cuufdihovy oy
TEERANON TOV AOOEVELHV QUTAV, OL TAEOV ®owvol elvar: 1)
1 ETUUSAVVON TV ETOLUMV VL0 ®ATAVALWON TROPI®V, 2)
avemauiic YoEn 1 Bepuonpaocio ouvtionong (ovumeQL-
Aapfavougévng rat TS ToeauoviS Toug o€ Hepuoroacio
douatiov yio pueydho xeovirnd didomua), 3) wohvouéva
VOTTA TEOQLUEL 1] CLOTOTRA ROL 4) ROXY TQOOMITLAY VYLELVY|
TOV ATOUMV TT0V XELitovton Ta Tedpuua(Schmidt 1996).

H vroypewtiny epapopoyr] tmv apydv tov HACCP a-
76 ™ Propnyavic toogipwy (Odnyia 93/43/E.K., NACMCF
1998, Tompkin 1990, Y. Amogp. 487/2000) astoorostel otnv
€AAYLOTOTTOMON TV %VIVVMV TS VYELS TOV RATAVOAWT
0TS TNV ROTOVAADON TOQOPIUMYV, UE THY EQAQUOYY ELEYY WV
og LdQoQa OTAdL TS TTORAYWYNS RO OXL LWOVO 0T TEM-

and 14,2% of the samples that originated from the slicing blades in
the factories and super markets respectively. The results of this study
underline the importance of GMP for the prevention of
contamination of cooked sausages with pathogens and the control
of the growth of the spoilage bacteria population which minimize
the self life of these products. This is especially true after thermal
treatment during peeling and slicing.

Key words: Cooked sausages, microbiological hazards.

INTRODUCTION

Recent scientific and technological progress in the food
sector has improved the safety and the overall quality of
foods. Nevertheless foodborne diseases due to conta-
minated foods and beverages are still among the main
causes of morbidity in many countries and under certain
circumstances have serious consequences for consumer
health and the national economy(Mead et al. 1999,
Notermans and Borgdorff 1997).

Specifically, some types of meat products such as
frankfurters, liver paté, etc., have been incriminated
repeatedly as vehicles for foodborne diseases in recent years
(Schmidt 1996, Tirado and Schmidt 2000). This year an
outbreak has been reported from Spain, where 150
schoolchildren from 4 schools became sick as a result of
eating sausages contaminated with E. coli O158:H7
(Anonymous 2001).

Though there are many factors which contribute to
foodborne disease, the most common factors are: 1)
contamination of ready to eat foods, 2) temperature abuse:
inadequate cooling, or inappropriate storage temperatures
(including leaving foods at room temperature for too long),
3) contaminated raw foods or contaminated ingredients,
and 4) lack of personal hygiene among food handlers
(Schmidt 1996).

The obligatory application of Hazard Analysis Critical
Control Point system (HACCP) principles (E.C. Directive
93/43, NACMCEF 1998, Tompkin 1990, Y.A. 487/2000)
aims at minimizing health risks from food consumption by
applying controlling procedures at several stages in the
food production process, not just at the final stage when
the product goes out of the plant or is to be served or sold
to the consumer. Production, storage and distribution of
cooked meat products include several stages, some of
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%A TEOIOVTAL.

H nagaywyn, ouvrijonon rou udBeon omy ratavd-
Aoon Tmv Bepuirdg emeEEQYAOUEVOV AAMAVTIRMDV TTEQL-
happaver dudgopa otddia. OpLopéva amtd to otddia av-
T4, obppva pe 1g apyés tov HACCP, arotehovv Kotot-
no Znueio EAéyyov (KEE) avaidywme pe to av oto onueio
auTtd VITdEyeL 1 SuvaTdmTa va TeQLoELoovv 1 va eEaket-
Bovv TAome ®uElmg ot frohoywol xivduvol (raboydvol
mrpoogyoviopot) (NACMCEF 1998).

Q¢ nvowotepo KXE oty moparymyn xat ovviienon
TV Beouunis eneEeyaouévmv alhaviinayv, Goov agpoQd
™V eEdhenym TV ®uvdTVOV atd un omooysva faxtiola,
Oewoeitonm Oeopnn emeEepyaoia (Genigeorgis 1996).

KXE emiong wropet va BewpnBotv n dradwwacio -
ENG twv un evOnrevuEvoy aAhovTrav (TT.y. XOLLvY UItoL-
TOMa mow WITELROV), 1) ATTOPLOTMOT TWV AOURAVIRMY TUITOV
DEAVRPOTVOTG, O TERAYLOUGS COMV AAAAVTLRMV TEOOQI-
Covran Yo TOAMON WS PETES, CUOREVATUEVES O AOLOTTE-
000TES 08 0EUYOVO 2o VOQUTUOUS HeUPEAVES 1] GyL nou M)
OUVTIENOT TOUE VITS YUEM.

EmmAéov tmv mpoavape pBéviwmv KEE vrdoyouvv xnat
AMheg PATELS OTHV TAQOAY WYY TOV AANAVTLRGY OTLS OTTO(-
€¢ elval dSuvaTS VoL TTEQLOPLOTEL 1] VOL ATTOTQAITED 1) AUEN oM
TOU XEOPLOXOT POQTIOV TWV RQEATOTAOTMV.

Emruync €heyyog ota onueio avtd vaBLotd amoteie-
opotrdteen ™ Bepuunn emeEepyaoio xaw ovupdrier oty
avENON TOV YE6VoU Lo Twv alhavTirdy, dedopuévou Gt
1 Ogouunt] emeEeyaoia, extdg amd ™ draopdion g v-
YLEWNC, OTOYEVEL ®RalL OTY| UEIMON TWV CATQOPUTLRMV Pai-
%©TNEIWVY TOV £7TNEEACOVV T CUVTNENOLWOTNTO TWV TEOWI-
UV QUTMV.

Qc tétolec pdoels wropel va BemoenBovv 1 mteoabixn
ROAAYGVOU (SEQUATOC) OTHV RQEATSTTOOTO. OQLOUEVAV EL-
SOV AAAAVTIXADY %OL 1] TTOQAUOVY] TMV ROEATOTATTAV EMS
™v emopévn nuéa yro Beopuxn eneEepyaoia.

O evépyetec emPepaimong, oL omoleg EAEYYOUY TV &-
TAQ®ELL TNG EPUEUOYYIC Tov ovotijuatoc HACCP, amote-
Aovv emiong HEQOS VOGS ATOTEAEOUATIXOU CUOTHUATOC
HACCP. O jurpofroroyurég eEetdoeis, mg mopdderyua,
amoTEAOUV onuovTLRG néoo emalBevong g amotele-
ouatndmrag tov oxediov HACCP yia mv eEdhe i 1 te-
QLOQLOUS TV wrEoPLoroywmadv wvdivov (NACMCF
1998).

H mapovoa egyaoia mooypatomounidnre pe oxoms va
YIVOUV TTEQUOTGTEQO KATAVONTES 1) UYLELVY] RO 1] ALOAAELQL,
a7t6 BLoroyiroic ®vdivoue, Te ooy myNg Tmwv olavTt-
v Oeouwnric emeEepyaoiac. H pehém éhafe yooa oe oh-
AOVTOBLOuNaviES RO RATAOTHUOTO TOANONS TEOPIUMY
¢ B. EAMGdac. Twa v emovyio twv otdywv g diepev-
viBnrav, pe oxeTrés derypatodmypies, oL andéhovbeg ma-
QAueTEOL:

® H oluwxi] pead@uin yAwoida, o minBuopds twv ogvu-
YAAAKRTIRDV PARTNOI®V, TOV ROAOPARTNOLOELDDVY ROl TNE
E. coli, n00dg »oum mapovoia g Listeria monocytogenes

these stages, according to HACCP principles, are
considered Critical Control Points (CCPs) where
biological hazards (pathogenic microorganisms) can be
controlled (NACMCEF 1998).

When considering the production and packaging of
cooked sausage, researchers conclude that thermal treat-
ment aimed at the elimination of non-sporeforming
pathogenic bacteria is the most important CCP (Geni-
georgis 1996).

Other CCPs in a processing plant would include, for
instance, the cooling stage after thermal treatment of
sausages made without casings such as bacon, smoked
ham, etc., the peeling of frankfurters, the slicing of meat
products that are to be packed in packages other than
impermeable-to-oxygen and vapor and the cold storage of
meat products.

In addition to the above mentioned CCPs, there are also
phases in sausage production where growth of raw sausage
paste microflora may be restricted; or without controls,
contamination of raw sausages may take place. Successful
control at these phases renders thermal treatment more
effective and contributes to the prolongation of sausage
shelf life. This is due to the fact that thermal treatment, in
addition to ensuring safety, aims also at the reduction of
spoilage bacteria which affect the shelf life of these
products. Such CPs include the addition of collagen (pork
skin) in the pastes of certain sausage types and keeping
pastes overnight before thermal treatment.

Verification procedures which check the efficacy of the
HACCP application are a part of an effective HACCP
system as well. Microbiological analysis, for instance, is an
important verification procedure to demonstrate that
microbial hazards have indeed been reduced or eliminated
(NACMCEF 1998).

The study described here was undertaken in order to
understand better the current cooked sausage production
hygiene and safety from biological hazards. The study was
undertaken both in meat processing plants and in
supermarkets in northern Greece. To fulfill the objectives
of the study the following parameters were investigated:

® Total plate counts, counts of lactic acid bacteria,
coliforms and E. coli, as well as the presence of L. mono-
cytogenes and Salmonella spp, in raw sausage pastes,
finished cooked sausages, cooked sausages after their
storage, in vacuum package, at 4°C for 20 days, in collagen
and cooling water, and finally on the surfaces of sausages
without casings after the cooling stage and after storage for
24h.

® The presence of L. monocytogenes, on the surfaces of
peeling machines for frankfurters, of storage containers,
and the slicing and packaging machines in the meat plants
and supermarkets was used as an indicator of good hygiene,
because of its well known ability to survive under
inhospitable conditions.
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now Twv Salmonella spp ota fRaotd ahhovtind, OTLS RQEN-
TOTAOTES TOVS, 0T, (OLa ahhovTind HeTd T oVVTRENOY|
TOUG, 08 CUOXEVAOTO ®EVOD, ot Bepuoxrpacio 4°C eni 20 1-
UEQEC, OTO ROAMAAYOVO, OTO VEQGS TMV RATALOVITIHOMY Y-
Eng tv oMovTLHGY, OTLS ETLPAVELES TOV W) EVONREVUE-
VoV GAMOVTIRAOV AUECWS ETA THY YIEY TOVS na UETE TV
TOQAUOVY] TOUS 0TI OUVTHONOM Yia 24 teg.

® H napovoia g L. monocytogenes, wg it vyLeL-
VNG, AGY® ™E YVOOTHS avOERTIRGTNTAS TS, OTLS ETTLPAVEL-
€C NG ATTOPAOLMTLXYS UNYOVIS TV AOVRAVIXMY THTTOU
DaVRPOVETNG, TOV TEAIQMY CUVTIONONGS TV ATTOPAOL®-
UEVV AOURAVIRMV, TOV UNYOVEY CUOREVAOTOG KA TEUOL-
KLOUOU TV GAAAVTOBLOUNYOVLAY ROL TWV RATAOTHUATWV
Mowviric TAnong Teogiumy.

YAIKA KAI MEGOAOI

Meérgnon g Ohxijs Meoogiing XAoeidag (OMX)
Aéna g npeatémaotag xvou ahhavirot 1 10 ml vepod,

happdvovrov pe oo Te8mo ®a torrodetovviay og od-

%o stomacher. [TpooO€tovtav 90 ml peptone water 1%, to

omoto mepielye 0,1% Tween 80, Yo v xahiteen dudhvon
Tov Amovc.

To delypa pe 10 apaLwTd vyEo vtofalldtav ot o-
uotoyevomoinon oe ovoxevy Stomacher (MX1, AES
Laboratoire, Coburg, France), ext{ 2 min. AxokovBovoov
duadoyréc apaoelg wat toodtres 0,1 ml eEamhdvovioy
empavelond og duthy oelpd touPhiwv pe Plate Count
Agar (OXOID). Ta toupAia, agot TEdTA OTEYVOVAV OTO
sepupdrrov, emwdlovray og Bepuorgaocio 37°C emi 24-48
MDOEC RO HOTOTULY YLVOTOV 1] UETONON TMV ATTOLHLDV.

To ) pétonon Twv omooyovmy Banteimy, oL GwAY-
VEC TV OLALOOYIRDV AQADOEMV TOTOBETOVVTAY 08 VOUTS-
Movtpo (Tempette junior TE-85, Techne Ltd. Duxford,
Cambridge, England) Oepuoxrpaoctiog 80°C el 20 min xa
RATOTLY YUyovTay oe Taydhouteo. AxohovBotoe emigpa-
vewort] omoed og PCA xou emmdaon og Ogpuorpaoio 37°C
el 24 doeg.

Mérgnon oEvyahaxtindv faxtngiov

A6 TOVG COMVES TTOV QN OLUOTTOLOUVTAY YLOL T UE-
tonon mg OMX, 0,1ml eEamhwvdtav o Outhy ogLpd TeU-
BAtwv ta omota weprelyav APT dyap (OXOID). Ta tou-
BAlaL, agot otéyvavay, ertmwdloviay og Bepuonpaoia 37°C
emi 24-48 peg. ‘Ooeg amories Nrav apvnTvég ot doxt-
u ratahdong xan Betnég ot yewon Gram roToUeTEOv-
VI 05 05UYoharTiRd PaxTioLoL.

Meéronon xorofaxtnoroedov xor E.coli

Tt pétenon v xoAoPartELOEWHV arolovBos-
viav 1 péfodog tmv mohamhdv coijvav (MPN).

A7t T1g 0eRAOHES QOUDOELS TTOU ELYOLV TTQOETOLUOLOTED
v uétenom mg OMX, toodtnta 1 ml petagpepdtay oe
%40 cwMjva TOUTAMS OELRAE CMAVMV TTOU TTEQLE YOV Cw-
ué McConkey (OXOID). O omwMjveg mtov poogitovray
v TV eEET0oN TV OgLydTmV Tou veQoU meQLeiyay Loud

MATERIALS AND METHODS

Total Plate Count (TPC)

Ten g of sausage paste or 10 ml of water were aseptically
sampled and then placed into stomacher bags. Volumes of
90 ml of 1% peptone water with 0.1%, Tween 80, for fat
emulsification were added to the stomacher bags. The
mixtures were next homogenized in the stomacher
apparatus (MX1, AES Laboratoire, Coburg, France), for 2
min. The homogenates were ten-fold diluted and volumes
of 0.1 ml were plated onto plate count agar (PCA, OXOID).
The agar plates were incubated at 37°C for 24-48 h., and
then the colonies were counted and recorded.

For sporeforming bacteria counting, the tubes
containing the ten-fold dilutions of the samples were placed
in a water bath (Tempete Junior, TE-85, Techne Ltd.
Duxford, Cambridge, England) at 80°C for 20 min and then
they were cooled in ice water. Volumes of 0.1 ml from each
tube were spread on PCA, which were next incubated at
37°Cfor 24 h.

Lactic Acid Bacteria (LAB) count

From the tubes used for TPC count, 0.1 ml was spread
in duplicate onto APT agar (OXOID) plates. After drying,
the plates were incubated at 37°C for 24-48 h. Colonies
which were catalase negative and Gram positive were
counted as LAB.

Coliform and E.coli count

For coliform counts the Most Probable Number (MPN)
method was used. From the decimal dilutions, that had been
prepared for the TPC counts, 1 ml was transferred in a
series of tubes containing McConkey broth (OXOID) in
triplicate. Tubes used for the examination of water samples
contained double strength McConkey broth. The tubes
were incubated at 37°C for 24-48 h. The tubes were
considered as positive when there was indication of growth,
color change and gas production in the Durham tubes
(preliminary test). For verification, from each positive tube
avolume 1ml was inoculated in tubes containing Brilliant
Green Lactose Bile broth (BGLB, BBL) which were next
incubated at 35°C for 24-48 h. From the number of
positives, the MPN/g of coliforms was estimated with the
use of McCrady’s tables.

For the detection and counting of E. coli volumes 1 ml
were taken from each of the positive tubes of the pre-
liminary test, and inoculated into tubes containing E.C.
broth (OXOID) and Tryptone Water (OXOID). The last
two tubes were incubated in a water bath with a tempe-
rature of 44.5°C for 24-48 h. An E.C. broth was considered
positive for E. coli when there was growth and gas
production and the Tryptone Water was considered positive
when it showed growth and a positive indole test. Positivity
to indole test and growth in E.C. broth simultaneously was
considered as positivity to E. coli of the corresponding
positive to coliforms tube. Based on Mc Crady’s tables the
final count was expressed as E. coli MPN/g.
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duthig duvapewe.

O owMjveg emwdlovrav oe Bepuorpaoio 37°C et 24-
48 dpec. OeTnol BewEOUVTOY 0L CWAVES TTOV TALEOVOTa-
Cav avdmTugn, odhayn xodpatog ®ol cuhhoyy aepiov oto
owhnvdxrt Durham (stpoxatapxtirig doxwur}). Tua emiPe-
Baiwon, amtd vdhe BeTrd CAVO TG TEORATAQHTLRNG dO-
nne, evogBoluitovrav cmwhjvee ue Coud Brilliant Green
Lactose Bile (BGLB, BBL) zau enmdCoviav og Beppo-
npaoia 35°C yua 24-48 dpec (emPeforwmxy doxyw). Me-
TA TV ETAAOY, CNUELHVOVTAY OL DETIROT COMIVES RO V-
mohoylldtay o apBudc MPN/g nolofarmoioelday e pd-
on tovg mivareg McCrady.

T mv aviyvevon row uétonon mg E. coli até v nah-
MEpyeLa nd0e BeTLrol COMVA TG TEOXRATAOXTLHTC dOXL-
uic evogpBoluitovray cwiijveg mov mepielyov Loud E.C.
(OXOID) »ow Tryptone Water (OXOID). Ov owhjveg &-
mwdCovray og vdaTtAovTEo Bepuonrpaciog 44,5°C el 24-
48 dhpeg. Ovowifves e 1o Loud E.C. ehéyyovrav yia avd-
TTVEN %O TOQOYOYT] 0EQIOV, EVE OTOVUS OWAYVEC UE
Tryptone water stov agovoialav avdmtugn ywvdtav n do-
wr] ™S WwOOMC. OgtirdTTa o doruun] OGNS o ovd-
mtevEn oo Loud E.C., Bempotviav wg Osundmra ya E. coli
TOV OVTIOTOLY OV CWA{VO TS SOXLUNG ROAOBAXTNOLOELDGV.

Aviyvevon tng L. monocytogenes

Aéna g delypatog neeatdmaotag 1| ahavTroy avai-
yvudtay pe 90ml epmhovnonzot yia Aotépua Copot FDA
(LEB, OXOID), oe mhaotxoig odrovg stomacher, opot-
oyevomolovvtay og cuoxrev] Stomacher et 2 min xow a-
rohovbovoe enwaon og Bepuorpacia 30°C eni 24 wpeg
(TrowTaE)rOg euthovTonds). Metd my endaon 0,1 ml,
a7t6 TO TEQLEYOUEVO %AOE OANOV, LETUPEQOTAY O OWAY-
veg mov meptelyav 9 ml LEB wow Coud Fraser (Fraser and
Sperber 1988). O cwhijveg avtol exwdloviav oe Oepuo-
xpaoto 30°C el 24 dpeg (devteQOg PTAOVTIONSS). ATt
%d40e vohMEQyera Copot eumthovTlopoy, Tov Tagovaiale
avaTTTuEN, yvatay emgpavelaxy eEdmhwon, ue ™ oridso
Baxrmeroroyrot xpirov, oe TuPpAla ue LPM dyop (BBL)
xnat MOX dyap (BBL) (McLain and Lee 1989). Ta tov-
BAla erwdCovrav og Oepuorpacia 37°C ent 24-48 kpec.
Toelg OTOLRIES, UE TN YOQUKTNQOLOTLY] LOQMY] OTTOLALAIV TG
MOTEQLAG, STTWE EUPAVICETOL OTO OTEQEOTHOTLO GTAV P~
tiCovtan pe avaxhapevn déoun otéc vTts yovia 45°, ue-
tagpépovray o toupiia ue BHI dyap (OXOID) yia xa-
Bapomoinon. H tavtomoinon tmv ®a8aodv vaAheQyewdv
L. monocytogenes ywotav pe paon g Sorués: xodon
Gram, 7oy ®OToAAoNS, XVITLRGTTA, LROVGTITTOL CO-
WO THE EOROVMVIG, QOUVOLNE, LovVITEANGS, EVAGTNE %o
a-pe BuA-d-pavomupavootdng, mapaywyr B-atpolvoivig
0€ aLpoTovyo dryo teofdrtov zow Camp-test (Seelinger et
al. 1984).

T Ty aviyvevon ™mg TaQovoias ToU UXQOOQYOVL-
OUOU OTLS ETLPAVELES TWV OVOREVMV TEUOYLOUOU ROl OV-
oneEVAOLAG, YoTav amtopatn empdvetag euadov mei-
7ov 100 em’, pue amootelpwpuévo Tohiro pauparog, o o-
TOL0 TEONYOVUEVMS e VYQOVOEL L ATOOTELQMUEVO U-

Detection of Listeria monocytogenes

Ten g samples of sausage pastes were mixed with 90 ml
of FDA Listeria enrichment broth (LEB, OXOID), in
stomacher bags. The mixtures were homogenized in a
stomacher apparatus for 2 min and then incubated at 30°C
for 24 h (primary enrichment). After incubation 0.1 ml from
the content of each stomacher bag was transferred into
tubes containing 9 ml LEB and Fraser broth (Fraser 1988)
which were next incubated at 30°C for 24 h (second
enrichment).

From each enrichment broth showing growth, a loopful
was streaked onto LPM agar (BBL) and MOX agars (BBL)
which were next incubated at 37° C for 24-48 h (McLain and
Lee 1989). Three colonies with the characteristic
appearance of Listeria spp., examined with a dissecting
microscope under 45° reflecting illumination, were streaked
onto BHI agar (OXOID) for purification. Identification of
the pure cultures as L. monocytogenes was based on the
following tests: Gram staining; catalase production; motility;
utilization of esculin, ramnose, xylose, a-methyl-d-
mannopyranoside; production of b-hemolysin on sheep
blood agar, and CAMP test (Seelinger et al. 1984).

For the detection of microorganism on the surfaces of
the slicing and packaging machines, an area of 100 cm’ was
swabbed with a sterile cotton swab which had been
moistened in saline. The swabs were then placed in tubes
containing 10 ml of LEB enrichment broth. The tubes were
incubated at 30°C for 24 h (primary enrichment). After the
primary enrichment, the procedure used for the sausages
was followed.

Detection of Salmonella spp.

Twenty-five g of raw sausage meat paste or cooked
sausage were mixed with 225 ml Buffered Peptone Water
(BBL) in a stomacher bag. The mixture was homogenized
for 2 min and then incubated at 37°C for 24 h (pre-
enrichment phase). After incubation 1 ml of each sample
was transferred into each of two tubes containing 10 ml of
selective enrichment broths Selenite Cystine (OXOID) and
Tetrathionate broth (BBL). The tubes were incubated at
37° and 42°C, respectively, for 24 h (enrichment phases).
After enrichment, the cultures were streaked onto XLD
agar (BBL) and SS agar (OXOID) (Andrews 1985, ISO
1981) which were next incubated at 37°C for 24 h. Of the
suspected colonies, two or three were purified on BHI agar
(OXOID) and then tested for their biochemical
characteristics on TSI agar (OXOID) and LI agar
(OXOID) after incubation at 35°C for 24 h. Cultures
suspected as being Salmonella spp., were inoculated in
Christensen Urea agar (OXOID) and tested also for
oxidase production.

RESULTS

Analysis of sausage pastes which originated from two
meat plants (Table 1) indicated that 20 and 16.6% of them
were contaminated with E. coli, 56 and 38.4% with L. mono-
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oLoA0YLxG 006. Ta Tolima ToroOeTovvTay oe QLahido To-
mov Universal, to omoto epieiye Coud LEB »ou axolov-
Botoe eniaon og Oepuonpaoia 30°C ent 24 doec (Tow-
OGS EUTAOVTIONSGS). METd ToV TomTaQ) 6 EUTTAOUTL-
oud axorovBovoe 1 (dia duadiracia mov epapudtoviay
YLOL TNV Qv VeVon TG L. monocytogenes OTLC %QEATOTOOTES
RO TOL OAAOVTLRAL.

Aviyvevon tov Salmonella spp

Ewoowmévte g vpeatdmaotag 1 arlavurot avaut-
yviovrtav ue 225 ml Buffered Peptone Water (BBL) o¢ 0d-
%0 stomacher, opoloyevosotovvtay el 2 min xou eTmd-
Covtav og Bepuorpacia 37°C ent 24 hpec (pdon meoe-
urhovtiopov). Metd tov mpogumiovtioud, 1 ml e xak-
MEQYELOg HETaPEQGTOV 08 COAVES TTOU meQLelyoav 10 ml
exhextnayv eumhovtionxdv Cowdv Selenite Cystine
(OXOID) »ou Tetrathionate (BBL). Ov owMjveg enmdlo-
vtav og Bgpporpacio 37°C xow 42° C avrioroiywg et 24
EES (pdon eumhovtopot). Metd tov euTAovTopnd axo-
MovBovoe emupavelaxry] omoed, pe ™ Poribeia rpirnov, ot
TouPAio wov meprelyav XLD dyap (BBL) ot SS dyap
(OXOID) (Andrews 1985, ISO 1981). Ta toupAic emwd-
Covtav otovg 37° C enl 24 dpec. ATté g astoLrieg oL omoieg
Bewpovvrayv vromteg dvo — TEELS ®0BAEOTOLOUVTAY O
BHI dyop (OXOID) »ow rotémy vropdihoviay og fro-
murég eEetdoelg pe evogBaipopotc oe TSI dyog
(OXOID) zaw LI gyap (OXOID) ta omtoia enmdlovray
oe Bepuorpaocio 35°C ent 24 wpeg. Ta otehéym mov Bew-
potvtov mbovéc oaipovélres, evogBaiuiloviav oe
Christensen Urea dyao (OXOID) xaw viopdiioviay oe
donur] oEelddong.

AIIOTEAEEIMATA

H wxpoproroyunii avdluon tmv ®Qeatoraotdy 8o
alavtofrounyaviady (TTivaxag 1) €de1Ee mocootd pdAvv-
ong v devypudrtov pe E. coli 20 naw 16,6%, pe L. mono-
cytogenes 56 vou 38,4% wow pe Salmonella spp 12 von 16,6%
avtotolyms o€ ndbe pio.

H purpofrohoywnr avdlvon tov €towpumy alhavirdy
Oeouunic emteEepyaoiog (ITivaxrag 2) €de1Ee Gt n Beouuny
emeEeQyaoio TOV VITETTNOAY Ay aToTELECUATLXY OE 6,TL
APOQEA TOV ELEYYO TV UKQOBLOAOYIRADY HVOUVOV amtd un
omooyova maboyova faxtiola. Ta aroteAéonarta emi-
ong €delEav 0L ETTUYYAVETOL LRAVOTIOUNTLROS FaOude me-
QLOQLOUOT TOV COTQOPUTLRMV ULXQOOQYAVIOUWV, LETO
ota mhaiow ov 0piler 1 wydovoa vopobeoio (TLA.
9/1989), o omoiog eEaopaiilel wavomoutins xdvo Lang
yio T dLdfeon Toug oV RoTavdAmon.

Amé toug Iivaneg 1, 2 now 4 ouvayeTon 1o CUUTEQUOUO.
WS TO UEYOAITEQO T0000TO ™S OMX TV BeQundg eme-
Eepyaouévav alhaviirdy amoteleltal amnd omoQoysva
now oEuyahaxtind Baxtioa. H otadiaxy avdatugn tov
Barmoiwv avtdv elvar vetBuvn yLo TV gupdvion ok-
AOLDOEMY OTOL TEOPLUAL CUTA RO TOV TTEQLOQLOUS TOV Y00-
vou Conjg Tovg.

H wzofroroyuxn avdluon tov olhavirdv petd m

cytogenes, 12 and 16.6% with Salmonella spp. respectively.
Microbiological analysis of the finished cooked sausages
(Table 2) indicated that the thermal treatment was effective
in eliminating microbiological hazards from non-
sporeforming pathogens. The results also showed that the
thermal processing achieved an adequate level of reduction
of spoilage bacteria counts which were within the legal limits
that ensure a sufficient shelf life for distribution and
marketing (IT.A. 9/1989).

As Tables 1, 2 and 4 indicate the majority of TPC
bacteria of cooked sausages consisted of sporeforming and
LAB. Gradual growth of these bacteria was responsible for
the limitation of shelf life and final product spoilage.

Microbiological analysis of cooked sausages after
storage, in vacuum package, at 4°C for 20 days showed a
limited microbial growth which did not exceed 1 Log;,. The
fact that no recovery of any injured cells of pathogens,
including the thermotolerant and psychrotrophic L.
monocytogenes (Jones et al. 1997), was observed during
storage is very reassuring for the safety of these products.

Three (3) meat plants and twelve (12) super markets
(Table 5) were investigated for the presence of L.
monocytogenes on the surfaces of equipment which were in
contact with ready cooked sausages. The pathogen was
present at levels of 6% on the surfaces of the saws of slicing
machines of the plants and 14.4% of the super markets.

Microbiological analysis of samples from the surface
and the cores of sausages without casings revealed the
absence of any pathogen (Table 6). No recovery of any
pathogen was observed either from the surface of bacon
during the phases following thermal treatment, or from the
samples of cooling water (Table 7). Table 8 shows the
microbiological profile of collagen and raw sausage meet
pastes into which it was incorporated. The TPC of collagen
were 1 Log;, higher than that of the paste. Coliform counts
were >2,400 MPN/g in both the collagen and the pastes. E.
coli was detected in all samples.

DISCUSSION

The presence of L. monocytogenes, E. coli and Salmo-
nella spp. in sausage pastes (Table 1), is the result of the
frequent presence of these microorganisms in raw meat
(Bell and Kyriakidis 1998, Chart et al. 2000, Dufty et al.
2001, Genigeorgis 1987, Limpitakis et al. 1999, Sofos et al.
1999). The presence of many other foodborne pathogens,
including Cambylobacter spp (Duffy et al. 2001), and
Yersinia enterocolytica (Bottone 1997, Duffy et al. 2001) has
been reported also. This fact practically makes us consider
all pastes as positive for foodborne pathogens and therefore
they must be handled properly in order to prevent any
potential contamination of cooked sausages as well as the
areas where they are stored, sliced and packaged. The
presence of L. monocytogenes in the environment of meat
plants has been reported and is the result of contamination
from pastes, if sanitation of equipment is not effective
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IMivaxag 1. Anoteléoparta wxpofloroyinng eEEtaong detypudTwy ®QeaTomaoTdv ahhaviinav Beouxng eneEepyaoias.

APIOMOX OMX OZEYI'AAAKTIKA KOAOBAKTHPIOEIAH E.coli L.monocytogenes  Salmonella spp

EIAOX AAAANTIKOY AEITMATQN Log,;, CFU/g Log;, CFU/g MPN/g (Ag. Oet. (Ag. Ber. (Ag. Ber.
M.O (Awxdpaven)  M.O (Avaxdpavon) Awrvpavon dewypdrav)  deypdrav) derypdrov)

BIOMHXANIA A
Aovxaviro timov 6 6 (5,8-6,2) 5(4,9-5.5) 240 - >2.400 2 4 -
Doavrpovpg
Towahve 3 5,9 (5,7-6) 5,8(5,2-6,3) 150 - 1.100 1 1 2
Dhdig Pev 3 6,3 (6-6,4) 6,3(5,9-6,5) 93 - 2 -
Mogradéra 6 5,5(5,4-5.8) 5.5(5,3-5.8) 93-1.100 - 4 1
Tdota 3 5,6 (5,4-5,8) 5,9(5,7-6,2) 93-150 - - -
Biévvng 4 5,3(5-5,5) 6(5,9-6,3) 150 - 240 2 2 -
ZYNOAO AEITMATQN 25 5 13 3
I[TOZ0ZTO MOAYNZHE ME E. coli, 20% 56% 12%
L. monocytogenes KAl Salmonella spp
BIOMHXANIA B
Aovrdvizo Timou 4 6,3 (5,9-6,8) 5,7 (5,5-5,95) 1.000 - >2.400 2 2 1
DoavrpovTg
Temepov 4 5,8 (5,5-6) 5,8(5,4-6) 240 -1.100 1 2 1
Zaumov 2 5,5 (5,4-5,6) 5.5 (5,4-5,6) 1.100 - >2.400 - - 1
Mripag 4 5,9 (5,4-6,2) 5,7(5,5-5,9) 93-1.100 - 2 -
Maota 2 6(5,9-6,15) 5,6 (5,4-5.8) 93 1 -
Mogradéra 4 5(4,8-5,2) 5,7(5,4-5,9) 240 -1.100 - 2 -
Zr00ddT0 4 6(5,85-6,15) 5,6 (5,3-5,8) 93-1.100 1 1 -
Téot Xau 2 5,3 (5,15-5,4) 5(4,8-5,2) >2.400 - - 1
ZYNOAO AEITMATQN 26 4 10 4
IMOZOZTO MOAYNZHE ME E. coli, 16,6% 38,4% 16,6%

L. monocytogenes KAl Salmonella spp

Iivaxag 2. Anoteléoparta wxpofloroyinng eE€raong derypdrov ahhavuxay Beounng eneEepyaoias.

EIAOX AAAANTIKOY APIGMOX OMX OZEYI'AAAKTIKA
AEI'MATQN Log;, CFU/g Log;( CFU/g
M.O (Avoxvpovon) M.O (Avoxbpavon)
BIOMHXANIA A
Aovndviro timov Poavrgoigmg 6 3,85(3,34) 3,5(3-3.85)
Towahive 3 4(3,8-4,2) 4(3,8-4,2)
PAdis Pev 3 3,8 (3,7-4) 3,2(3-3,4)
Mogptadéha 6 3(3) <2
Iaoita 3 3(2,9-3,1) <2
Buévvng 4 3,5(3,3-3,7) 3,3(3-3,6)
2YNOAO AEI'MATQN 25
BIOMHXANIA B
Aovrdvixo timov ®oavrpovTng 4 4,7 (4,3-4,9) 4,5(4,3-4,9)
ITemepove 4 43 (4-4,7) 4,3 (4-4,7)
Zopmdv 2 3,3(3,1-3,45) 3,5(3,3-3,7)
Mripag 4 3,7(3,3-3,95) 3,3(3,15-3,7)
TIdoila 2 3,7 (3,6-3,8) 3(3)
Mogtadéha 4 3(2,9-3,2) 3(2,9-3,15)
Z%00ddT0 4 3,3(3-3,5) 3(2,9-3,3)
Téot Xauw 2 3,5(3.5) 3,5@.5)
2ZYNOAO AEI'MATQN 26

Ta amoteAéopora thg eE€taons tmv devyudtov ywa E. coli, L. monocytogenes won Salmonella spp fitav aovitird.
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Table 1. Results of microbiological examination of samples from raw sausage pastes.

NUMBER TPC LAB COLIFORMS E. coli L. monocytogenes  Salmonella spp
TYPE OF SAUSAGE OF Log,, CFU/g Log,;, CFU/g MPN/g (Number (Number (Number
SAMPLES MYV(Range) MYV (Range) Range of positive of positive of positive)
samples) samples) samples)

Industry A
Frankfurters 6 6 (5,8-6,2) 5(4,9-5,5) 240 - >2.400 2 4 -
Trikalino 3 5,9(5,7-6) 5,8(5,2-6,3) 150 - 1.100 1 1 2
Fleisch Ren 3 6,3 (6-6,4) 6,3 (5,9-6,5) 93 - 2 -
Mortadella 6 5,5(5,4-5,8) 5,5(5,3-5,8) 93-1.100 - 4 1
Pariza 3 5,6 (5,4-5,8) 5,9 (5,7-6,2) 93-150 - - -
Wicner 4 53(5-5,5) 6(5,9-6,3) 150 - 240 2 2 -
TOTAL OF SAMPLES 25 5 13 3
PERCENTAGE OF CONTAMINATED SAMPLES WITH 20% 56% 12%
E. coli, L. monocytogenes AND Salmonella spp
Industry B
Frankfurters 4 6,3 (5,9-6,8) 5,7(5,5-5,95) 1.000 - >2.400 2 2 1
Pepperoni 4 5,8(5,5-6) 5,8 (5,4-6) 240-1.100 1 2 1
Zambon 2 5,5(5,4-5,6) 5,5 (5,4-5,6) 1.100 - >2.400 - - 1
Wiener 4 5,9 (5,4-6,2) 5,7(5,5-5,9) 93-1.100 - 2 -
Pariza 2 6(5,9-6,15) 5,6 (5,4-5,8) 93 1 -
Moertadella 4 5(4,8-5,2) 5,7(5,4-5,9) 240-1.100 - 2 -
Scordato 4 6(5,85-6,15) 5,6 (5,3-5,8) 93-1.100 1 1 -
Toast Ham 2 5,3(5,15-5,4) 5(4,8-5,2) >2.400 - - 1
TOTAL OF SAMPLES 26 4 10 4
PERCENTAGE OF CONTAMINATED SAMPLES WITH 16,6% 38,4% 16,6%
E. coli, L. monocytogenes AND Salmonella spp
Table 2. Results of microbiological examination of samples from cooked sausages.
TYPE OF SAUSAGE NUMBER TPC LAB

OF SAMPLES Log;( CFU/g Log;( CFU/g

MYV (Range) MYV (Range)

Industry A
Frankfurters 6 3,85(3,3-4) 3,5(3-3.85)
Trikalino 3 4(3,8-42) 4(3,8-4,2)
Fleisch Ren 3 3,8(3,7-4) 3,2(3-3,4)
Mortadella 6 3(3) <2
Pariza 3 3(2,9-3,1) <2
Wiener 4 3,5(3,3-3,7) 3,3(3-3,6)
TOTAL OF SAMPLES 25
Industry B
Frankfurters 4 477 (4,3-4,9) 4,5(4,3-4,9)
Pepperoni 4 4,3 (4-4,7) 4,3 (4-4,7)
Zambon 2 3,3(3,1-3,45) 3,5(3,3-3,7)
Wiener 4 3,7(3,3-3,95) 3,3(3,15-3,7)
Pariza 2 3,7(3,6-3,8) 3(3)
Mortadella 4 3(2,9-3,2) 3(2,9-3,15)
Scordato 4 3,3(3-3,5) 3(2,9-3,3)
Toast Ham 2 3,5(3.5) 3,5(3.5)
TOTAL OF SAMPLES 26

The results of the examination of the samples for E. coli, L. monocytogenes and Salmonella spp were negative.
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Mivaxag 3. AmoteAéopata xofloroymrs eEétaong derypdrwy ahhavirdy Begunts eneEepyaoiog
HeTd ™) ouvtion oy Tovg emti 20 nuépeg oe Bepuoxpaoio 4°C.

EIAOX AAAANTIKOY APIOMOX OMX OZEYTI'AAAKTIKA
M.O (Avarvpavon) M.O (Avoxvpavon)
BIOMHXANIA A
Aovndvino timov Pooavrgoiemg 6 4,3 (4,1-4,8) 4(3,8-4,6)
Towahvo 3 4(3,9-4,1) 4(3,8-4,2)
ddic Pev 3 4(4) 4(4)
Mogtadéra 6 3,6(3,5-3,7) 3,7(3,5-3,8)
Iaoo 3 3,7(3,5-3,9) 3,7(3,6-3,8)
Biévvng 4 3,8(3,3-4) 3,85(3,6-4)
ZYNOAO AEITMATQN 25
BIOMHXANIA B
Aovrdvino Timov Poovrpovemg 4 5(4,8-5,3) 5(4,8-5,3)
[Memedvi 4 4.8 (4,5-4,95) 5(4,8-5,2)
Zopnév 2 3,7(3,5-3,9) 3,7(3,6-3,8)
Mmnipog 4 3,7(3,5-3,95) 3,7(3,5-3,9)
Idpla 2 4(3,95-4,15) 43 (4,15-4,5)
Mooptadéha 4 3,3(3,2-3,4) 3,7(3,4-3,9)
Znopddrto 4 3,7(3,5-3,9) 3,6 (3,3-3,8)
Téot Xap 2 3,7(3,6-3,8) 4(3,85-4,15)
ZYNOAO AEITMATQN 26

Ta amotehé opora thg eE€taons tmv devyudtov Y E. coli, L. monocytogenes won Salmonella spp fitav aovitird.

Table 3. Results of microbiological examination of samples from cooked sausages after their storage at 4°C for 20 days.

TYPE OF SAUSAGE NUMBER TPC LAB
MYV (Range) MYV (Range)
Industry A
Frankfurters 6 43 (4,1-4,8) 4(3,8-4,6)
Trikalino 3 4(3,9-4,1) 4(3,8-4,2)
Fleisch Ren 3 4(4) 4(4)
Mortadella 6 3,6(3,5-3,7) 3,7(3,5-3,8)
Pariza 3 3,7(3,5-3,9) 3,7 (3,6-3,8)
Wiener 4 3,8(3,3-4) 3,85 (3,6-4)
TOTAL OF SAMPLES 25
Industry B
Frankfurters 4 5(4,8-5,3) 5(4,8-5,3)
Pepperoni 4 4.8 (4,5-4,95) 5(4,8-5,2)
Zambon 2 3,7(3,5-3,9) 3,7 (3,6-3,8)
Wiener 4 3,7(3,5-3,95) 3,7(3,5-3,9)
Pariza 2 4(3,95-4,15) 43 (4,15-4,5)
Moertadella 4 3,3(3,2-3,4) 3,7 (3,4-3,9)
Scordato 4 3,7(3,5-3,9) 3,6 (3,3-3,8)
Toast Ham 2 3,7(3,6-3,8) 4(3,85-4,15)
TOTAL OF SAMPLES 26

The results of the examination of the samples for E. coli, L. monocytogenes and Salmonella spp were negative.
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Iivoxag 4. Anoteléopara eE€raong mg wxrofraniis yhweidag Twv arhavurdy Ogpuinig eneEepyaoiog

EIAOX AAAANTIKOY APIOMOX OMX OEYI'AAAKTIKA XIIOPOI'ONA  KOAOBAKTHPIOEIAH
AEITMATQN  Log;, CFU/g Log,, CFU/g Log,, CFU/g MPN/g
(Avoxdpovon) M.O (Avexvpoven) M.O (Avexvpoven) Awaxvpavon
Aovndvixno tirov Poavrpoiemg 2 43(4,3) 4(4) 4,3(3,9-4,5) <3
éota 2 4,6 (4,5-4,7) 3(3) 3,3(3-3,6) <3

Table 4. Results of examination of cooked sausage microflora.

TYPE OF SAUSAGE NUMBER TPC LAB SPOREFORMERS COLIFFORMS
SAMPLES  (Awxdpavon) M.O (Avexvpoven) M.O (Avaxdpoven) Awaxvpavon

Frankfurters 2 4,3 (4,3) 4(4) 4,3 (3,9-4,5) <3

Pariza 2 4,6 (4,5-4,7) 3(3) 3,3(3-3,6) <3

Iivaxag 5. Amoudvwon g Listeria monocytogenes omd delyLotal TQOEQYOUEVA QTTO OLAPOQES EMLPAVELES TOV £EO0TAMOUOY ahhatvTO-
Brounyavicv #o ROTaoTRATWV AMAVIXiG TWOANONG TEOPILMY TTOV EQ0YOVTOL 08 ETTaY Ue ahhavTind Beguuniig emeEepyaoiog

ITPOEAEYXH AEI'MATOX APIGMOX L.monocytogenes

EEETAXOENTQN Ag. BeTizdv devypndrov
AEI'MATQN (ITooooTo BeTLROTNTOG)

A. AIIO TIZ AAAANTOBIOMHXANIEZ

1. Mnyavég tepariopoy (poyoloLa) 33 2(6%)

2. Toaméta tepayonot 8 -

3. ATOQAOLOTIRES UMY AVES MOURAVIRWY THTTOU POOVRPOVOTNG 12 -

4. Tehdpo amobnrevong hovrdvirwy timov Poovrpoiomg 16 -

B. AIIO TA KATAXTHMATA ATANIKHZ [TIQAHXHE TPOPIMOQN

1.Mnyavég tepopopnot (poyoioua) 14 2(14,2%)
2. Toometia TepayLopon 14 ¢

Table 5. Isolation of Listeria monocytogenes from samples of several surfaces of the equipment of meat industries and
retail shops that are in contact with cooked sausages.

SAMPLE ORIGIN NUMBER L. monocytogenes

OF EXAMINED Number of positive samples
SAMPLES (Percentage of positive)

A.FROM MEAT INDUSTRIES

1. Slicing machines (saws) 33 2 (6%)

2.Slicing tables 8 -

3.Peeling machines for frankfurters 12 -

4.Container for frankfurter storage 16 -

B. FROM RETAIL SHOPS

1.Sliceing machines (saws) 14 2(14,2%)

2.Slicing tables 14 -
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ovvtijenon tovg et 20 nuépeg og Bepuorpaocio 4°C, oe
ovorevaoia vevou (Ilivanag 3), €deiEe wrpn atEnon tov
wrEopLaxol Tovg poeTiov, n omota dev viteEEPn Tov 1
Log;,. [dwaiteon onpaoia yio my aopdreld toug €xeL To
veyovdg 6t dev maamenxe, oto didomua autd, avd-
VNYT] TUYGV TEOVUATIOUE VDV TTafoySvarv Baxtnolmv, 0v-
TE OO %L AUTHS TS OgpuoavOerTIRNS ROl YuyEOTEO-
one L .monocytogenes (Jones et al. 1997).

Toeig (3) adhavtoprounyavies wow dihdexa (12) nato-
omjuata Mavirig tdinong teoginwy (Ilivarag 5) ehéy-
xOnrav yia v magovoio g L. monocytogenes otig emL-
PAveLeC TOV E0TTMOUOT TOVS, TTOV EQYETAL OF ETTAPY UE €-
Topa Beouunag emeEepyaouéva arhaviird. To maBoydvo
Baxtijoro vitav Taedv og T0000Td 6% non 14,4% tayv devy-
ATV 0TT6 TOL PO ALERLOL TV CAAAVTOBLOUNXOVLADV AL TV
ROTAOTUWATOV AVTLOTO(MS.

A6 ™) urgoProroyurr| avdivom tov deryudtmv amd
TG ETULPAVELES KO TO REVTOO TV U1 EVONREVUEVOV AN~
vy, Ogv dammotabnxre m topovoio TaBoydvou Poxtn-
plov (ITivaxag 6). Exiong, 6tmg patveton otov Iivaxa 7,
ravéva taboydvo dev avévnye 1600 amnd ta delyuata o-
76 TV ETULPAVEL UWTELROV QOAOY, RaTd TS dLAPOQES (Pd-
oelc apéome uetd ) Bepuux emeEepyaoia, 600 xal and
TO VEQS TWV RATAULOVNTHOMV YUENC.

Zrov Hivaxra 8 gaivovion o aroTeAE CUOTO TS UKQO-
Broroywiic eE€taong tov deryudtav Tov oAMayGvoU ®o
™G %EEATOTAOTAS 0TV omtola avaulyOnre. H OMX tov
roAayGvou Begnue vymidteon ratd 1 Log;, omé 6,1 g
%eaTémaotog. O mAnOVOUGE TV ROAOPORTNOLOELODV 1)-
Tav >2.400 MPN/g 1600 070 0AMayGVO GO0 %O 0TS HQE-
ATOTAOTES, EVH damotdinxe xow 1 Taovoio e E. coli
og 6ha o OelypoTo.

YYZHTHXH

H ntapovoia twv L. monocytogenes, E. coli vou Salmo-
nella spp otug npeaténaoteg ([ivarag 1) elvon amotéle-
OUOL TS VYPNAS Uy vETTaS UGAIVOTS TOU RQEATOS UE TOUS
mrooeyoviopots avtovg (Bell and Kyriakidis 1998,
Chart et al. 2000, Duffy et al. 2001, Genigeorgis et al. 1989,
Limpitakis et al. 1999, Sofos et al. 1999, Letellier et al.
1999).

“Exeu emiong avage el 1 magovoio xaw GAwv elddv
onwg Campylobacter spp (Duffy et al. 2001), Yersinia
enterocolitica (Bottone 1997, Duffy et al. 2001, Letellier et
al. 1999), 1a omoia amwotehotv emiong altia TESrAnong
TQOPLUOYEVAY AOLUDEEWV.

To yeyovig avtd #abLoTd TEARTLRMS HOMICUEVO TO 0U-
VOAO TV RQEATOTAOTAV, OL OTTOLES, ®ATd CUVETELQ, O
TEETEL VO VPIOTAVTOL TOVUS AVANOYOUS Y ELQLOUOUS, DOTE
VO OTTOTEETETOL 1) WGAUVOT) TV ETOLUWY OANAVTLRGY ROL-
B¢ ®ou TV XDEWV GOV AUTE CUVTNEOUVTAL, TEN)CO-
VTOL %O CUOREVATOVTOL.

H sapovoia mg L. monocytogenes oto me@3dAov twv
Bropnyavidv emeEepyaciog »péatog €xel avapepel
(Salvat et al. 1995, Zeoyxreridng 1999) now elvar amotéhe-

(Salvat et al. 1995, Zeoyxehidng 1999).

Microbiological analysis of samples from cooked
sausages (Table 2), which originated from the previously
mentioned pastes, showed that none of the tested pathogens
survived thermal treatment. TPC was found to be within the
range of legal standards (IT.A. 9/1989) and consisted mainly
of lactic acid and sporeforming bacteria (Table 4). The
results indicated that the thermal treatment programs that
are applied for cooked sausages by the investigated plants,
are effective in assuring their safety with respect to non-
sporeforming pathogens. Core temperature, corresponding
to thernal treatment that was applied for of the examined
cooked sausages, was 71.1° — 88,8°C and FP value ranged
23-373 min (Zeyrehidng 1999). It has been reported that 7
decimal reductions of the initial population of the most
resistant S. senftenberg in frankfurter and pariza sausages,
can be accomplished with a thermal treatment of FP;,-value
=2.8 min. During commercial thermal processing of
sausages FP,-values far higher than this have been
observed (Zepyreitdng 1999). An FP;-value of >40 min is
suggested for obtaining an adequate shelf life for sausages
(Bogh Sorensen 1994).

In order to secure the safety of the sausages overall, the
equipment used for thermal processing must have suitable
dimensions, and have a uniform distribution of heat within
the chamber with minimal temperature fluctuation. The
initial temperature of pastes, and especially the big pieces
of meat, must be uniform. Inadequate defrosting may also
result in inadequate thermal treatment. Although thermal
treatment is the most important CCP in the production of
safe cooked sausages that have a sufficient shelf life, some
other practices are also important. Some of them follow
thermal treatment and include slicing, packaging and
storage conditions (Tompkin 1990).

To assess the presence of potential risks at these
production and storage stages, we investigated the presence
of L. monocytogenes on the surfaces of the slicing and
packaging equipment for cooked sausages, the micro-
biological quality of the cooling water for cooked sausages
without casings, the microbiological quality of collagen
which is added to the pastes before cooking and the changes
of sausage microflora during their cold storage

The degree of contamination with L. monocytogenes of
the surfaces of slicing machines in processing plants and
supermarkets, constitutes an important risk factor and
should be controlled. If control is lost because of lack of
Good Manufacturing Practices (GMP), product
contamination might be broad with all the consequences.
Special attention must be paid in this area and the
packaging equipment must be cleaned regularly and
carefully. They must remain free of sausage remnants and
be sanitized and kept dry (Price 1995). Microorganisms,
such as L. monocytogenes, in the presence of food remnants,
quickly form biofilms which are resistant to cleaners and
sanitizers, and can become a major source of further cross
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IMivoxag 6. Anoteléopara puxpofloroyinng eE€raong detypdrav pn evinrevpévay arhovuxrav Beouinng eneEepyaoiag

EIAOX AAAANTIKOY IIPOEAEYXH APIOMOX OMX OZEYI'AAAKTIKA KOAOBAKTHPIOEIAH
AEITMATOYX EEETAXOENTQN Log,(CFU/g Log;, CFU/g MPN/g
AEI'MATQN M.O (Avaxvpevon) M.O (Awxrdpavon) Avaxvpavon

Emupdveia 4 5(4,9-5,3) 5(4,9-5,3) 240->2.400
KATINIZTH ZIIAAA

Eowtepnd 2(2) - <3

Empdveia 5,3 (5-5,6) 5(4,9-5,3) 1.100->2.400
MITPIZOAA XOIPINH

Eowtepo 4 2(2) - <3

Emgpdveia 5,3(5,15-55) 5(5) 1.100->2400
MIIEIKON POAO

Eowtepwo 2 3,5(3,3-3,7) 4(3,7-4,3) <3

Emupdvera 5(5) 5,6 (5,4-5,7) 240->2.400
MIIEIKON [TAAKA

Eowtepo 3,7(3,6-3,8) 4(4) <3

Emupdveia 5,3(5.3) 5(4,9-5,1) 1.100->2.400
MITIOYTI XOIPINO

Eowtepund 2 2(2) 2(2) <3

E. coli, L. monocytogenes woun Salmonella spp dev aviyvetOnxav ota eEetaodévra detypara.

oua LGAUVONG aTtd TLG REEATOTIAOTEC, 1] OTTOT0L GUME UITO-
el vaL AELTOUQYTOEL RO AVTLOTESPME Gty OEV Elval 0ITo-
teheopanirt M eEuylavon tov eEomhopod.

H pzpofroroyuxn eE€taon tmv derypdtov and to é-
Towa ahhavrd Oeppnnig eeEepyaotiog (Ilivarag 2), wov
TEOEQYOVTAY ATtd TLS TRoavapeQbeloes ®peaTOTAOTEG,
delyveL 6T navéva, amé to Taboyova fartiola tov eAEy-
xOnxav, dev emétnoe. H wnpofroxti yhmoida mov asta-
oBunxre ota ahhavtirnd ovtd BeEOnxre va wAnol Tig
modiaypagés g vouobeotag (IT.A. 9/1989) o amote-
Aelton ®vplmg antd oEuyahartind rat 0moQoysva faxt-
ow (IMivaxag 4).

Ta amoteléopora autd delyvouv GTL ToL TEOYQAUUOTA
Oeouurric emeEeQYOTag TV CAAAVTIRGY TTOV EQAOUGTOVY
oL fropnyavieg wov eEeTdadnuay, emttuyydvouy TV o-
OPALELD TOVE OYETHA UE TOVS YN OTTOQOYOVOUS TaBoys-
VOUG URQOOQYOVIOUOUS. AVOAGYMS UE TO TOGYQOUUM, TTOU
epappoldtay yio ndbe elidog odlhavuxrov, n Bepuorgaocio
oto %Evipo BEpuavoric Tovg Epbave toug 74,1° €wg 88,8°C
now 1 i} FPo vopouvétoav amd 23 éwg 373 hemtd (Zeo-
vyrehidng 1999). “Eyxet avagpeel Gt yia 7 devadineés pet-
HoeLg Tov TABVoRoT g TAEov avBexrtinic S. senftenberg,
og Aovrdvira Timov Peavr@oveTng ®oL TAoWld, ElvoL 0Q-
net wlo Oeouunr| emteEegyaoia pe Ty FPyo=2,8min, dn-
had1) Beppavon wodtvaun e 2,8 min otovg 70° C. Katd
™ Prounyovixy Beomuny| enteEepyaoia Twv aAAVTLRAY €-
youv duamiotwOel Tinég FPynotd woht peyoritepeg g
avotéom (Zegyrehidng 1999). Ahhmote Yo v eEaogpd-
Mon wavortounTrtic dudererag Conjg Twv alavTrdy ov-
viotdron i FP5, =40 min (Bogh Sorensen 1994).

To ™ draopdion Spme g VyLewvis Tov GuvGhovu Tmv

contamination (Blackman and Frank 1996, Genigeorgis
1995). The importance of monitoring and controlling in this
particular CCP has been shown dramatically by the second
largest outbreak of listeriosis in USA, due to the con-
sumption of frankfurters. From late 1998 to early 1999, 101
confirmed cases of listeriosis with 25 deaths were recorded
(Ryser 1999). In this outbreak contamination of sausages
occurred in the packaging area from the ventilation system,
which was located close to the packaging line. The discovery
of the source of these listeriosis cases resulted in the publica-
tion of a directive from the US Food Safety and Inspection
Service (FSIS) for the review of the HACCP plans of all
plants in order to review all CCPs and to consider new and
previously unexamined CCPs (FSIS 1999).

Although modern techniques of slicing and packaging
are, to a high degree, automated, yet to a certain degree
handling by workers may be introduced. If flexible gloves
are not worn, contamination of sausage pieces with
microorganisms such as Staphylococcus aureus by carrier
workers is possible (Mosel et al. 1995). During slicing and
packaging, in addition to contamination risk with patho-
gens, dispersion of spoilage bacteria on the packaged slices
and pieces of sausages is possible. Such spoilage bacteria
are LAB which make up a major part of microbiological
flora in the environment of meat plants (Quintavalla et al.
1998). Dispersion of LAB may occur from the slicing and
packaging machines whenever fermented dry sausages have
been sliced or packaged there before (Makela 1992).

Our findings from the examination of samples from
sausages without casings during several phases following
thermal treatment showed that their microbial load
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Table 6. Results of microbiological examination of samples from cooked sausages without casings

TYPE OF SAMPLE NUMBER TPC LAB COLIFORMS
SAUSAGE ORIGIN OF EXAMINED Log,, CFU/g Log,, CFU/g MPN/g
SAMPLES MV(Range) MV(Range) Range
Surface 4 5(4,9-5,3) 5(4,9-5,3) 240->2.400
SMOKED PORK SHOULDER
Inside 2(2) - <3
Surface 5,3(5-5,6) 5(4,9-5,3) 1.100->2.400
SMOKED PORK STEAK
Inside 4 2(2) - <3
Surface 5,3 (5,15-5,5) 5(5) 1.100->2400
ROLLED BACON
Inside 2 3,5(3,3-3,7) 4(3,7-4,3) <3
Surface 5(5) 5,6 (5,4-5,7) 240->2.400
FLAT BACON
Inside 3,7 (3,6-3,8) 4(4) <3
Surface 2 5,3(5,3) 5(4,9-5,1) 1.100->2.400
HAM
Inside 2 2(2) 2(2) <3

E. coli, L. monocytogenes and Salmonella spp were not detected in the examined samples.

alavtrdv 0o TEETEL 0 EE0TALOUGS TTOV ONOLUOTTOLE(TOL
v T Bepuuxy emeEepyaoio va €yl Tig ®otdhnies dia-
OTAOELS, VO ETUTVYXAVEL OROLSHOQYY dravour] OepudTTag
o€ GAQL TOL ONUETDL TOV %Al VO, TEQLORILEL G00 TO dUVOTS TLg
duanvpdvoeig e Oepponpaciog. H apywri Oeouorpocio
TV RQEATOTOOTAY XL LOLALITEQX AVTMV TTOV ATTOTEAOUVTOL
QITo PEYAAOL 1] CVTOUOLOL TEUAYLOL RQEATOG, TTETEL VAL ELVOL
OUOLEHOQEEN, YLOLTE ALK, QUTA TV OTTOLMV TO REVTEO OEV
€xeL amovyOel, videyeL ®IvOuvog va VITOOTOUV AVETAQ-
%1} Bepunn eeEepyaoia.

IMopd to yeyovag 6t m Bepuunn eeEepyooio amotehel
10 ®VELGTEQO KZE natd mv magaywyn Twv aAaviirdy
Bepunric emeEepyaoiog, n vy, n dudoxrela Long row ev
vével 1 woldmtd Toug Pacitetol nan oe dAhovg Tapdyo-
VTES, WEQLROT OITO TOVG 0TTOTOVS EOVTOL TG OeQUInNC ete-
Eepyaoiag. MetaEl Tmv TapaySvimy autdy CUIITEQLAQ-
Bdavovral oL ouvOrES CUVTHENONG, TEUAYLOUOU KOl OU-
oxevootag (Tompkin 1990).

Ty extipnon mg emuvduveTTog ota otddia ov-
T4 g Tapaywyns, depeuviidnray N tagovoio e L.
monocytogenes 0TS ETLPAVELES TOV eEOTAOUOY TEUaL)L-
OUoYU RO CUOKREVAOLAS TOV fEOACTHOV QAAAVTLRAIV, 1] UL~
%EOPLoAOY Y RATAOTAON TOV VEQOU YIENGS Twv un evOn-
HEVUEVDV AAAOVTLRGIV, TOV ROAAAYGVOU TTOV TTROOTIBETOL
OTLG #QEATOTAOTES RO 1) UETAPOAT] TG WrQOPBLOAOYLRYG
YAwd0S TV OAMAVTIRAOV RATA TN CUVTIENOY TOUC.

O Babudc ushvvong pe L. monocytogenes tav o~
VELDV TV UNYAVAVY TERAYLOUOD TMV OAAVTLRDV, TG00 0TS
AMOVTOBLOUNYOVIES GO0 UL OTO ROTOUOTHUOTO AAVIRNG
TOMNONG, aroTtehel LOLITEQA ONUOVTIRG TTORAYOVTA. ETTL-
RVOUVOTNTOC %O TOVICEL THV RQLOLUGTNTA TOV ELEYYOV OTO

originated mainly from the cooling water and the
environment. Thus before the meats were cooled both their
surfaces and cores had the same TPC (<100CFU/g), while
immediately after their exit from the cooling showers the
TPC of the surfaces increased to 1X10° CFU/g. Counts of
LAB remained <100 CFU/g. After the storage of meats
without any protective packaging for 24 h, an increase of
LAB was observed. Also coliforms, which were not detected
before on the surfaces of the sausages and the cooling water,
were now detected.

In sausages without casings, which were examined a few
days later, TPC and LAB on the surfaces had reached 1-
2X10°CFU/g and coliforms, in some cases, exceeded 2.400
MPN/g (Table 6). In the core samples no change in the
bacterial counts was observed, they remained the same as
that of the first day.

The results of our study show that the presence of
coliforms as well as the significant increase of LAB are both
due to contamination from the processing environment.
This finding demonstrates, as we have mentioned before,
that an effective GMP is of the utmost importance. The
contamination of the cooked sausages with spoilage and
pathogenic bacteria is significantly increased when, in
addition to contaminated cooling water, the cleaning and
sanitizing programs are inefficient and the clean areas of
the plant are not well defined.

The small increase (<1 Log;) of microbial counts of
cooked sausages in casings which were observed after their
storage at 4°C for 20 days shows the protective role of
casings and also the importance of proper storage
temperature in restricting microbial growth (Genigeorgis
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IMivaxag 7. Anoteléopata uxpoBloroyinng eEETaong deryudTmv artd TV EMLOAVELD WIELROV QOAOU, ®aTd TIG dLAPOQES PATELS

netd m Bepuint) emeEepyaaia, xaL TV vEQOU YUHENS.

IMPOEAEYXH APIGMOX OMX OEYI'AAAKTIKA KOAOBAKTHPIOEIAH

AEI'MATOX EEETAXOENTON Log;, CFU/g Log;, CFU/g MPN/g
AEII'MATQN M.O (Awarvpavon) M.O (Avoxvpavon) Awxdpavon

Emupaveia auéong petd 4 <2(>2) <2(>2) <3

™ Beouny emeEegyaoio

Empdveia apéomg 4 3(2,9-3,3) <2(>2) <3

UETA TNV YUEN

Empdvela petd amd 4 3(2,9-3,3) 3(2.85-3,15) <17

ovvtionom 24 mewv

NeQ0 ratalovnTiemy Yikng 4 <100 - <3

E. coli, L. monocytogenes o Salmonella spp dgv avixvetOnxav ota eEetao0évro detypora.

onueio owtd. Av xadei o Eheyyog, eEouTiog vaxig EQAQUO-
YIS TV ®avEvVmy 0BG LYLEWI|C TTRaXTLRGS, £lvan duvati 1
ALooTTOEd TS UGAUVONGS Ue G,TL o] ouventdyetol. Oa mé-
el va dldeToL OLATEQN TTEOOOYT] DOTE O YWHEOE e 0 £EO-
TMOUSE ovoreVOoTog v ®xaBaIlovToL TarTHd %ol OY0-
AooTrd até O VITOLETUUOTO TOV AAAAVTLREV, VO, OTTOAY-
paiveton xaw vo drotneeiton oteyvag (Price 1995). Murgo-
00YaVLOUOL, 6rtme AGyov xdow m L. monocytogenes, Gtov
VIEAQYOVY VITOAE (UUATO TOOPIUMY O VYQES ETLPAVELEC,
oynuatiCouv yoryopa frohoywrd vuévia ta omoia avoi-
OTAVTOL OTOL ATTOQQUITAVTLRG, KOl ATTOAIUOVTLRA RO UTTO-
&l vaL roTtaototv onuavtrés yés uoivvong (Blackman
and Frank 1996, Genigeorgis 1995).

Tn cofapdmta Tov gL N TORArOAOVONON ROt O €-
Aeyyog 0" owtd to KEE natadewmviet, ue dpopuatznd 1o6-
7o, 1) OevteQn o8 uéyefog emdnuio AoTeQiwong mTov ex-
haidtnue otg HITA, ot zotavdhwon Aovrdvirmy Timov
Doavrpoipme, ota TEAN Tov 1998 non uéyol 1 ayés Tov
1999, pe PeParmuéva 101 meprotatind amts ta omoia 25 xa-
w€nEav (Ryser 1999). Zmv steplmmrmon avty BempriBnxre
VIEEVOUVH 1] LGAVVON TV AAAOVTIRDY QUTADV OTO XDEO V-
OREVOOTAS TOUES %O PAALOTO AGY ™ %axng ToTofEToNg Tov
ovotijuatog eEaeQLOUOT ROVTA 0T YOI CUOREVAOTOC.
To yeyovig atd elye wg ovvémela ™y Exdoor odnylog g
Yanpeotag Food Safety Inspection Service (FSIS) tou
Yrovpyeiov I'empyiag twv HITA (USDA) yuo avafedon-
on tav oyedimv HACCP Ghwv tov Blopnyovidv, de oxo-
76 Tov gvromopd mbavav véwv KZE (FSIS 1999).

Mo’ 6Lo OV OL GUYYQOVES TEYVIRES TEUAYLOUOU KOl
ovorevaolag elval, og peydho Pabud, cuTopaToTomuEVeS,
EVTOUTOLS 08 RATTOL0 ONUELD TTAEUSAMAOVTOL RO TOL YEQLAL
TV eQyalopévav. Av o epyaldpevog dev god eMaoTIRG
vYavTLo og xeMong eivar duvati N emUGAVOVY TV TEUOL-
¥lwv ue wreooeyaviouovs, dmwg o Staphylococcus aureus,
TV omolwv opéag eivar o epyatduevog (Mosel et al.
1995).

Kard tov tepayoud xou tn ouoxevaoia, eXtog amd Tov
%ivOUVO PSAUVOTNS e TaBOYGVOUS IURQOOQYOVIOUOUGS, E(-
vou Suvat 1 SlaoTtoEd CATEOPUTLGV farTnolwy OTIg @E-

and Sofos 1999). Rapid microbial growth on the surface of
sausages without casings shortens their shelf life
significantly. Unpleasant odors are noticed when microbial
counts reach 10'CFU/cm’; and slimy surfaces are noticed
when microbial counts reach 10°CFU/cm’ (Varnam and
Sutherland 1995).

Low storage temperature constitutes one of the most
important hurdles for the growth of sporeforming or non-
sporeforming, spoilage or pathogenic microorganisms. To
be effective it must be <4°C (Genigeorgis and Sofos 1999).
In cases where it is higher, there is a high possibility for
growth of these microorganisms and consequently the
appearance of spoilage symptoms like green color and slimy
surface, is accelerated, rendering the sausages unsuitable
for consumption. For these reasons storage temperature of
cooked sausages is a CCP and must be monitored and
controlled. In a recent survey in Greece, 55% of home and
32% of retail shop refrigerators had temperatures =9°C
(Sergelidis et al. 1997). Temperatures of meat plant
refrigerators ranged from 0-2°C. In a similar survey in
Holland 50% of the home refrigerators had temperatures
=100C (Willocx et al. 1993). These findings are very
disturbing because at such temperatures, psychrotrophic
spoilage and pathogenic bacteria can grow significantly with
hazardous consequences for consumer health (Genigeorgis
and Sofos 1999).

Paste contamination is a CCP in the processing of
sausage. It was thought that one source of contamination
would be the collagen emulsion from pork skin itself. Our
examination of collagen emulsion samples showed that their
microbial count was 1Log,, higher than that of the paste to
which they were added (Table 8). Collagen seemed to be a
significant contributor to the increase in microbial counts
of meat pastes. TPC of pastes can be minimized significantly
if low TPC collagen is used or if the collagen undergoes a
process for decreasing its microbial count before it is mixed
in the pastes. Another potential source of paste
contamination is spices and seasonings, which are among
the sausage ingredients. It has been reported that spices and
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Table 7. Results of microbiological examination of samples from the surface of bacon, during several phases following thermal

treatment and from cooling water.

SAMPLE NUMBER LAB COLIFORMS

ORIGIN OF EXAMINED Log;, CFU/g Log;( CFU/g MPN/g
SAMPLES MYV (Range) MYV (Range) Range

Surface after thermal 4 <2(>2) <2(>2) <3

treatment

Surface after cooling 4 3(2,9-3,3) <2(>2) <3

Surface after 24 hour 4 3(2,9-3,3) 3(2,85-3,15) <17

storage

Water from cooling showers 4 - <3

E. coli, L. monocytogenes and Salmonella spp were not detected in the examined samples.

TeS Y 10 TEUd) L0 TV adhavtirvdv. Tétowa fartiowo eivor
T OELYUAORTING, TOL OTTOT0L ATTOTELOUV TO UEYAATVTEQO UE-
00¢ T™E MXEOBLOAOYXTIC XA TTOV OTTavTd OTO TEQL-
Barrov tov allavtofrounyovidv (Quintavalla et al. 1998).
Awomopd oBuyohaxtinav faxrmeionv, oto ahhavuxd Be-
e emeEepyaoiog, uEom Tmv unyavnudtmy TeULoUow
%O OVOREVAOTOC, UTOEEl va cuufel Gtav otov (dLo eEo-
TMOUO €xeL meonynOel xaw 1 cvoxrevaoio CAAVTLROV O€-
oog (Mikela 1992).

Ta amoteAéoparta g eEETAONS TV deLyUdTmV Omd un
evOnuevpuéva alhovird rabdg roL amd TG ETPAVELES
TOVE, RATA TIC dLAPOOES PAOELS UETA T BEQURY TOVG ETte-
Eepyaota (ITivaxeg 6 naw 7), £delEav mmg 10 puneofroxd
TOVG (POQTIO TEOEQRYATAV ®VEIWES ATtd TO VEES TS YIENC
TOVC %O TO TTEQUPAILOV cuvTriENnoTS Tovs. "ETot, eV mowy
anépn VTooTovY YUEN, T6o0 ta delyuata amd my eEwte-
QK] TOVE ETULPAVELX GO0 %O 0TI TO REVTEO TG NALaS Toug
elyav Ol OMX (<100 CFU/g), auéomg uetd mv €006
TOVE ATt TOUS RATALOVTHOES YOENS 1 OMX g eEwtepL-
#hic emupdverag fitav 10n 1x10° CFU/g. O thnuoude v
oBuyoahaxtrdv pornmeinv magéueve <100 CFU/g. Me-
Td. T OVVTIIENON TOUS €T 24 DES, WL #ATOLA TQOOTO-
TEVTLXY] CVOREVOOTA, TAEATHET ONK®E AUENON %o TV 0Ev-
YOAORTIROV ParTnoiny waddg nat eupdvion rohofaxtn-
QLOELIAV, Ta oTola amovotalay od Ta delypaTa TV EmL-
PAVELDOV TV CGAAOVTLROV QUTAOV OTLS TTQONYOVUEVES (pd-
0ELS OIS %O TOV VEQOU YUENG. Ze un evOnrevuéva alha-
vird, To. omola EeTAON®OY HEQURES NUEQES UETA TNV TTOL-
eaywyt Tovg, 1 OMX xaw o tinBuopds tov oEuyakanti-
2OV Bantnoiov, Tov derypudtov and v eEmteouny empd-
vewa, elye pdoel ong 1-2x10° CFU/g now ta vohoPaxtn-
ooeldy], 0 neQLrEg meQLIToELS, Eemépaoay tig 2.400
MPN/g (ITtvorag 6). Zto TeogQYOUEVO OITO TO REVTQO THG
naog delynora dev mopatnoOnre wauio petafoln Tov
mAnBuouod Twv fpaxteiny avtayv, o ooiog Tav o idlog
UE CUTOV TN TOWTNC NUEQAG.

Ta amoteAéopota g puehég Oelyvouv Twg 1 TaQov-
olo TV %OAOBarTNELOEDDV RABHE KL N ONUAVTIXY Qv-
Enon meg OMX xaun tav oEvyahartzndv paxrmoimv, ogel-
AeTa TEOpaVAS 08 UGAUVON ot To TEQLPAANOV TaEAYW-

seasonings often contain several pathogenic micro-
organisms such as Bacillus cereus, Salmonella spp, E. coli,
Clostridium perfringens, Aspergillus, etc.(Kneifel and Berger
1993). In the case of collagen emulsion, as well as in the case
of spices and other ingredients added to the sausage,
especially meat ingredients, selection of certified suppliers,
and rigorous criteria for ingredients with low TPC
(including the absence, where it is possible, of pathogens),
could greatly contribute to the hygienic quality and safety
of the product. With diligence in this area of HACCP, entry
of pathogens into the plant’s environment can be prevented
and a lower TPC of meat pastes can be assured (Severini
and Trevisani 1996).

Of course, once the pastes are prepared there are other
CCPs to be considered in the production of the meat
sausages. Uncontrolled movement of personnel, tools and
materials, from the preparation of raw paste area to areas
where ready-cooked sausages are stored or packaged (and
vice versa) constitutes a serious risk of final product
contamination. The consideration of this movement and the
designation of zones which restrict such movement is a CP.
It is necessary that clean zones be clearly separated from
contaminated zones and that they be properly delineated.
Furthermore strict application of cleaning and sanitizing
programs as well as elimination of rodents and insects and
other aliens to the work place, is required and enforced.
Overall GMP application is of crucial importance for the
achievement of hygienic and safe sausages. Furthermore
continuous training of personnel is also of paramount
importance in the effective application of the HACCP.
Surveys in several countries have shown that neither
employees in the food industry, nor consumers, know much
about microbial hazards from foods. The respondents in
those surveys lacked knowledge of how to apply food
hygiene principles during production of food and during
general handling of foods (Altekruse et al. 1996, Angelillo
et al. 2000). Ignorance of risks to food safety is indicated,
also, in the surveys concerning inadequate refrigeration
temperatures (Sergelidis et al. 1997, Willocx et al. 1993).
Obviously, therefore, continuous training and updates on
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IMivoxag 8. Anoteléopata uxpoBLoroyinng eEETaong SeLyudTmV YOAORTOUATOS XOMAYSVO KOl KOEATOTAOTAS UE KOAAOLYGVO

IIPOEAEYZH APIGMOX OMX OZEYI'AAAKTIKA  KOAOBAKTHPIOEIAH E. coli
AEII'MATOX EEETALOENTQN Log,, CFU/g Log,( CFU/g MPN/g MPN/g
AEI'MATQN M.O (Avaxdpoven) M.O (Avaxvpavon) Avaxvpavon Awaxvpavon
KoMaydvo 7(6,9-7,2) 5,3(5-5,7) >2.400 <44
Koearomaota 4 6,3 (6,2-6,4) 5,7 (5,5-5,9) >2.400 <23
Table 8. Results of microbiological examination of samples from collagen and paste with collagen.
SAMPLE NUMBER TPC LAB COLIFORMS E. coli
ORIGIN OF EXAMINED Log,, CFU/g Log,, CFU/g MPN/g MPN/g
SAMPLES MYV (Range) MV(Range) Range Range
Collagen 4 7(6,9-7,2) 5,3 (5-5,7) >2.400 <44
Paste 4 6,3 (6,2-6,4) 5,7 (5,5-5,9) >2.400 <23

g. To yeyovdg autd rotademviet, Srme Teoavopéotnxe,
™ oNUAoTOL EPAQUOYNS HOVOVMVY 00ONG VYLELVIG TTQOXTL-
®1ic. Ze meQImTman Tov To VEQS YHENC elvor pohuougvo, 1
EPOQUOYT TEOYQAUUTOS RAOOQLOUOU Katl ATTOMUAVOE-
WV TANUREM|S xaL 0 daxwELouds robapdv Covdv ave-
oErE, avEdveTtar onuavind o xivduvog pdhuvong tmv
Boaotdv cAhavarav pe 0omEoQUTLROUE ®oL TABOYEVOUS
UHQO0QYOVIOUOUG.

H wxon avEnon (=1Log; ) Tov purgofraxot whnbu-
ouoU TV evONreVUEVOVY aAAavVTLREV, HETA T OUVTHENOY
tovg og Beppoxpaocia 4°C ent 20 nuépeg, delyvel ag’ evig
UEV TOV TTQOOTATEVTIXG QOAO TV BNV TV dAAavVTLRGV,
o’ eTéou de T onuacia ™g owotic Bepuorpaaiag ov-
VINENONGS OTOV TTEQLOQLOUS TNE AVATTUENS TWV PLRQOOQ-
yavioudv (Genigeorgis and Sofos 1999).

H yoiyoon avEnon tov uroPraxot inuouot ota g-
TUPAVELORG OTOMUATA TV (1) EVONREVUEV@Y OAAavTLRGY
TEQLOQITEL oNpovTLrnd ) dudprera Lomg Tmv Teopiumy av-
TOV. AVOAEETTES OOUES Epgavitovral Gtav o TAnbuoude
™e mreofraxnc ydweidag pbdoet tig 107 CFU/cm’, evd
yhouddeig ovoieg dtav gbdoer i 10° CFU/em® (Varnam
and Sutherland 1995).

H yaunin Bepuoxpacio ouvimenong, arotelel éva o-
716 T ONUAVTLRGTEQO EUTGILOL AVATTUENS TV OTTOQOYS-
VOV XOL 1), OATEOQPUTLRMV 1] TABOYSVOV (UKQOOQYOVL-
OWHV %L YLaL VoL glvon artoteheoportiny] Ba témtel va elvat
<4°C (Genigeorgis and Sofos 1999). Z¢ seplmrmon mov &i-
vou VPnASTEQEN, VITdE)EL HeYAAN mhavmTa avdmTuEng
TV URQOOQYOVIOUDV QUTAV UE CUVETTELD VO ETTLTAVVOEL
1 eppdvion dtapdemwv alroldoewy (fT.). TEAoLY YOLd,
YAOLHONG ETUPAVELD) HAL VO RATAOTOUV TAL OAAOVTLRA. 0L
ratdMnia yia ratavdioon. T tovg Adyovg avtotc i
Bepuonpaoio cUVTHENONS TV PEACTOV ATTOTELEL YEVIRMC
KZE »ou 0o mpémen va maponorovde ftal won vo eLEyyetal
avaAGyoe.

food hygiene and safety for food industry employees is of
great significance. Food industry employees must come to
understand their essential role in the production of safe
food. Food industry employees must feel that they are active
participants in the application of the HACCP principles and
are insuring safe food for us all. a
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"Eggvva, mov agpopotoe ) dariotmon twv 0gouo-
AQOOLWYV TTOV ETURQATOVY OTO, OLXLORA KOl OTOL YUYELQL KAt
TAOTNUATOV Movirt|g ToAnong toogpipwy ot B. EAMAdo
£de1&e 61110 55% TV oLrLoR@V Yuyelnv xat 32% tmv Yu-
VeV TV ROTAOTNUATOV TOAONS TEOPIUMmY Elyay BeQ-
woxpaoia =9°C*. O emurparotoec Bepuorpaoieg ota
Yuyeia tov ahhaviofropnyovidv ov eAEyytnxray fitay 0-
2°C. Ze mapdpoia £pgvva oty OMovdio ovagpéebnxe 6-
T 10 50% twv owrtardv Yuyelov elyov Oepuorpacio
=10°C (Willocx et al. 1993). Ta gvprjuata avtd etvon wohd
avnouynurd, SudtL o€ TEToleg BEQUORQAOTES UITOQOUV VO
avarrTuy0oUv YuydTEOmoL CaTQOPUTLROL ®at Tafoydvol
WAQOOQYOVLOUOT UE ETURIVOUVES CUVETTELES YL TV VYELQL
Tov xatavaioti (Genigeorgis and Sofos 1999).

H ntpoetopaoia mg rpeaténmaotag eivar KEE oty
sagarywy] ahhavardv. lbavi myn uéhuvong, oto otddio
aUTd, UTOEEL vaL glval ®aw T0 YohAxTOUa XoAayGvou arnd
70 YoLow6 dépua. H eE€taon tmv derypdtmy yohoxtduo-
TG ®oMaySvov €delEe Tmg To rEoPLard poeTio Tov 1j-
Tov peyaiteo ratd 1 Logy amd to aviiotoryo ™mg ®e-
aténaotag oy omoto avtd elye avouuydel (Ilivarag 8).
Avto delyver mng 10 nohhaydvo ovupfdhher onuoviied
OV A¥ENOT TOV HEOPBLAKOU POQOTIOV TWV RQEATOTA-
otv. H OMX 10V ®Qeatonaotdyv WtoQel vo eQlooLotel
onuovtrd av Angdel todvola teopnBelag RoAhayGvou ue
mrdteEn OMX M av ovTd VPIoTATOL RATTOLOL TTROEQYOLOTOL
UELOONS TOU PLXQOPBLAROV TOV (POQTIOV TTOLV At TNV TTQO-
o0vjxn Tov.

Mua dAAY Bovn TNy UGAMIVONG TV RQEATOTAOTMOV
elvou ®ow ToL PITeL aRrd, ToL 0TT0L0 CUUITEQLAAUBAVOVTOL LE-
TaEY Twv ovoTaTrGY Twv allavidy. Exer avogepBet
WS VT TEQLEYOVY VY VA dLdpoeovg Tadoydvous wi-
%QOOQYOVLOUOVS, OTtwe Bacillus cereus, Salmonella spp, E.
coli, Clostridium perfringens, Aspergillus,»hn (Kneifel and
Berger 1993).

‘Orng ®ow UE TV TEQITTMOT TOV ROAAAYGVOU €TOL RO
UE TNV TEQUTTWOY TS TEOUHOELAS UITO( ORIV %o GAAwV
oUOTATIRAY, KoL LOLOITEQX TOV RQEATOS, O EAEYYOS TMV
TEOUNBEVTAV %At 1] OTTA{TNON TAQAAXPNS VADY e xoun-
M OMX zau amovoia, 6o givar duvatd, TaBoyévmv p-
%OO0QYAVIOWGV, B ouVEPaihe onuavtind oty 6y TEo-
ondfeLo TAEAYMYNS VYLEWVADV aAAOVTLR@V. ME Tov To4mo
aTo TEQLoQiteTal 1 eloodog taboydvmv oto eQLpdilov
TV aAhavTofropnxaviadv wou elivan duvari 1 eEaopdhon
younhdteong OMX tov xnpeatomaotdv (Severini and
Trevisani 1996).

Duownd, LETA TV TTQOETOLUAOIC TWV HQEATOTTOOTAV, V-
mdEyovv diha KZE mov mpénel va AngBovv vadym omy
moeoymyn Tov olavuxdy. H aveEéheyntn petanivion
TQEOTWIROT, THEVADV RO VMDY 0TS TO YHQO TTOQUYWYS
QEATOTAOTHV 0€ XDEOVS GTTOV CUVTHEOUVTAL Y] CUOKEV-
Glovron T, ETouua fEaotd alMavTird 1 #ow OVTLOTEOQOC, €-
YRUUOVEL 0OPaEOUS nvOTVOUE HOAVONG TV TEMRDV
TEOLGVTMV.
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%O O GO SLOYMELOUGS TOUS atd TS WOAVOUEVES Cahveg
otg alavrofropnyavies. Emmléov amartovviol avomoen
EPOOUOYT] TTEOYOOUUATMV RABAOLOUOT oL ATTOAMIUAVONG,
ROODG RO ROTOTOLEUNONG TOWHTURMV RO EVIOUDV ROL G-
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H epapuoyn ®ovévmv 0pbrig vytewvig moanmxng elva
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VYLEWVAY AANOVTLRAV.
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om fropnyavio tpopinwv. Mévo e tov 1eémo autd Oa ov-
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