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MikpopPiodoyikoi kivbuvor o€ d14-
@opa otdd1a g napaywyng kai d1d-
Ocong otnv katavddwon twv AXha-
vukav Oeppukig Eneepyaociag.

A. Zepykedibng', A. Apiv’, A. Xapripfen’,
K. I'evayiopyng’

INEPIAHWH. ESetdobnkav 51 Sefypata kpeatonactdv S1apé-
pov e16dv addavukdv Oeppikiig enefepyaoiag ané §vo adhavro-
Propnyavieg tng B. EAMaSag. H ohiki pecdeidn yrapida (OMX)
TV KPEATONAOTAV autdV Kuparvétav 5,3-6,3 Log;CFU/g. Xa i-
61a Sefypata napatnpiBnke otabepr n napousia onpavukoy a-
p19pot kodoPaknpioeidav (93->2.400MPN/g) ka1 o§uyadaku-
kov Bakmpiov (5-6,3 Log;(CFU/g). H L. monocytogenes avi-
xveuOnke oe nocootd 56 ka1 38,4% twv Serypdrwv and ke adda-
vwoPiopnyavia avuotofyws. H E. coli avixvetOnke oe mocoots 20
ka1 16,6% ka1 n Salmonella spp oe 12 ka1 16,6% avuotoiywg. Me-
14w Oeppixi ene§epyacia wwv kpeatronaotdv yia my napaywyn
v aAdavukdv, oe kavéva Sefypa Sev SramotdOnke n mapoveia
wv npoavagepféviwv naboyévev faktnpiov ovte kat n emPio-
on koloPakmproeiddv. Aev napampiBnke, emiong, avavnyn wydv
TpavpauopéveV KUTidpwy Toug petd m ouviipnon v ibiwv ai-
Aavuxdv oe Oepporpacia 4°C eni 20 npépeg. H OMX wwv adda-
VUk®v, apéowg petd tn Oeppixi eneepyacia, kupdvOnke 3-4,7
Log;(CFU/g ka1 anotedotviav kupiog ané oSuyarakukd (<2-4,5
Log,;(CFU/g) ka1 onopoyéva (3-4,5 Log;(CFU/g). Metd m ouvtd-
pnon v aAdavukdv autadv otoug 4°C eni 20 npépeg o€ kevd, na-
pampiifnke ai§non tng OMX kat wv o§uyakakukadv, n onoia oe
kapud nepimwon dev Eenépace ov 1Log; . E§etdodnkav eniong a-
6 16 Sefypata and my em@dvela kai 10 e0wtepikd pn evinkeupé-
vov adavukdv Oeppikig enefepyaoiag, ta onoia anotedovviar a-
6 peydda i avtotedd tepdyia kpéatog. AtamotdOnke 6un OMX
wv Seypdtov autdv and ug em@dveieg Kupavétav 5-5,3
Log;(CFU/g, evd ta Sefypata ané 1o eowtepixé 2-3,5 Log;(CFU/g.
KoloBaxwmpioeidn, E. coli, L. monocytogenes, kar Salmonella spp
Sev aviyvedOnkav. Kupiapyn yAwpiba fitav ta o§uyadaxukd fa-
kuipia. ESetdoOnkav eniong Sefypata ané ug empdvereg pn evin-
keupévaov addavukdv, katd ug S1dgopeg pdoelg, and w Oeppikn
ene€epyaoia éwg t ouvuipnon toug und wién eni 24 dpec, ywpi
npootatevuki ovokevaoia. H e§étaon £6e1§e 6u n OMX ownv &
m@davela v allavukdv autdv npoépyetal Kuping and 1o nept-
Pardov ka1 10 vepd twv katarovntipwy pi&ng. H OMX, apéong
petd m Oeppuxi enefepyaoia, Aitav <2 Log, (CFU/g, petd v -
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Microbiological hazards at several
stages of production and
distribution of cooked sausages.

Sergelidis D', Abrahim A’, Sarimvei A’
Genigeorgis C’.

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
0f 93->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. coli was 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;oCFU/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. It is 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 fitav 3 Log; (CFU/g ka1 petd 24 dpeg ouvuipnong fitav
3 Log;(CFU/g. Z1a Seiypata twv ahdavikodv perd m ouvuipnon
toug enii 24 dpeg SramotdOnke ka1 n napovosia kodoPaktnpioer-
Swv. Xe Sefypara pdhiota adlhavikadv opiopévav npepdv o mhn-
Ouopég twv kodoPaxtnproeidov fitav >2.400 MPN/g. E§etdoOn-
kav enfong 69 Seiypata and ug em@dveieg tou e§omhiopoy tepayr-
OpoY ka1 ouokevaoiag Ppactdv aldavukdv Tpidv arlavroPiopn-
xaviov kai 28 Sefypata ané tov avtiotoryo eomhiopé 12 katactn-
pérwv Mavikig noAnong tpogipwv. L. monocytogenes anopové-
Onke o€ mooootd 6 kar 14,2% v Serypdrwv nou npoepydrav and
1a payaipia v pnyavav tepayiopol twv adiaviofiopnyavidv kat
1wV Katactnpdtev Alavikig noinong avuotoiywg. Ta anotedé-
opata autd Seixvouv  onpacia epappoyig v kavévev opOiig
uylerviig mpakuxkigc, 181aftepa petd  Oeppikn eneSepyaoia, oy
napaywyh kat $1d8eon 1wv addavukdv Oeppikig eneSepyaociag, yia
v ano@uyn g péluvong and naboyéva Paxtipia kar tv avén-
0N TWV GANPOQUUKAY 1ou ep1opifouv 1o xpévo (wiig toug.

Aé€e1g evpempiaong: AMavukd Beppuxiig ene€epyaoiac, puxpopio-
Joyixof kivbuvor .

EIZATQI'H

H ouveyric emomuovini] ot texvohoyxt] 1pdodog
OTOV TOUEX TMV TROPIUMV €XEL OVUPALEL ONUavVTLXA OTY
Beltimon TG VYLELVNG %aL YEVIXOTEQO TNG TTOLGTNTAS TV
TRoPipwv. ITag’ Gha autd, oL aoBEveleg mov opeilovian og
UOAVOUEVE TOOPUUEL RO TTOTA OUYHOTOAEYOVTOL, AHOUT] KO
o1jueQa, LETAED TMV KVOLOTEQMV ALTIWV VOO QOTNTOS O
OLAPOQES YMOES %OLL, VTG OQLOUEVES CUVONRES, EXOUV GO-
Boo€g EMUTTOOELS OTNV VYEID TV RATAVAADTWV KOL TV €-
Bvuxn owrovouio (Mead et al 1999, Notermans and Borg-
dorf 1997).

Ewdndtepa, OLdpoa eidn ®QeATOOREVATUATMV, OTTMS
hovrdvina THmrov PRovrEOUETIG, NTOTOTOOTA HAT., £XOUV
evoyomotn0el eTAVELANUUEVL YLOL TNV TTQOKAT O TQOPLUO-
YEVOV AopudEemwv 1 dnintmordoewv xatd ta televtaio
xoovia (Schmidt 1996, Tirado and Schmidt 2000). ¢ wpd-
OQOTO TOAdELYUO WToQel va avapepBel  exdrilmon
TooAoiumENS omv Iomavia and ratavdlwon polvoué-
vwv ue E. coli O157:H7 alavuinwdv (Anonymous 2001),
ratd v omoia aoBévnoav 150 nabnrtég and 4 oxohelio.

ITolhol gival ov mopdyovieg mov ocuufdihovy oty
TEOXRANON TV ACOEVELDV QUTHOV, OL TAEOV RoLvol efvan: 1)
1 ETMUSAVVON TMV ETOLUMY YLOL XATAVAANDOY TQOQIRM®YV, 2)
avemoEric YPUEN 1 Bepuoxrpaoio ovvejonong (ocuumegL-
Aoupavougévng rot TG TapARovHS Tovg o€ Bepuoxpacio
dwpatiov yua peydro xeovird dudotnua), 3) polvopéva
VOTTA TOOPLULOL 1] CUOTOTLRA RO 4) HOUY TTQOOMITLKY VYLELVY]
TOV ATOUOV TOV YELpitovtal ta todpiua(Schmidt 1996).

H vroypewtinj epapouoyr] tov aoywv tov HACCP a-
76 ™ Propnyavic teopinwy (Odnyia 93/43/E.K., NACMCF
1998, Tompkin 1990, Y. Anog. 487/2000) astooromtel otnv
EAAYLOTOTTOMON TV RIVOUVWV TNE VYELOS TOU RATAVOAWTY
OTTO TNV ROTAVAADOT) TQOPIUMV, UE TNV EPOQUOYT EAEYY WV
o€ dLdpoEa oTAdL THG TOEAYWYNS ®OL OYL UOVO OTOL 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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%nd EOidvTa.

H mopoymyrj, ovveijonon xou dtdbeon oty »otavd-
Anon TV BEQUIRMG ETEEEQYAOUEVOV QAAAVTIRDV TTEQL-
haupdver dudapopa otddia. OpLouéva amé Tt oTddia ov-
td, oppwva pe tig apyés tov HACCP, arotehovv Koiot-
no Znueto EAéyyov (KXE) avaidywgs ue To ov oto onueio
T VITdEYEL N duvaTdTTa Vo TEQLOELoB0UY 1] vor eEaheL-
pBovv Tpwg ®uEimg ot floroyrol xivduvol (raboydvol
unpoogyoviowot) (NACMCEF 1998).

Q¢ nvowotepo KXE omv mapaymyn »at ovviienon
TV Oeourag eneEeQyaoUE VMV olavTnav, Go0V apoed
™V eEAAEVPN TV NVOUVOV At un otoQoydva. PaxtioLa,
Bewpeiton m Oeounii emeEepyaoia (Genigeorgis 1996).

KZE emiong wropei va BemwpnBovv n dradiwacio -
ENg Toov un evONuevuEVOV OAAVTIRMOV (). XOLOLVY UTQL-
COMOL %Ol UTELROV), ) ATTOPAOTIMON TWV LOVRAVIXMV THTOU
DoavrpovETNG, 0 TELOYLOUGS GOMV AAMAVTLRDV TEOOQI-
Covtal yia TOAN 0N 0¢ QPETES, OUOREVOOUEVES OE OLOLOITTE -
QUOTES 08 OEVYGVO ®ow VOEATUOUE UEUPOAVES 1] OYL RO 1)
OLVTHONOT| TOUGS V7Td YUEN.

Emumhéov tov mpoavapepbévimv KEE vdoyovv xou
GM\eg PAoELS 0TV TAROY WYY TWV AAMOVTLXAV OTLS OTTOL-
g elvou duvato va TeELoELOTED 1] VoL aTtoTEOTtel 1) UENO
TOV WXQEOPLOXOT POQTIOU TMV KOEATOTAOTHOV.

Emtuyns €heyyog ota onueio ovtd ®00Lotd amotele-
ouoTirdteQn ™) Beouny eneEepyaoia xow cupPdiler oTnv
avENON TV YEGVoL Lo TV alhavtinayv, dedouévou Gt
1 Beppxn emeEepyaoia, extdg amd T dtaopdilon TG v-
YLELVNIG, OTOYEVEL ROLL OTN UEIWOT TWV COTQOPUTLRWYV oi-
©TNEIOV TOV £7TNEEATOVV T CUVTNENOLUOTNTO TWV TQOWI-
UV OUTAV.

Q¢ tétoLec pdoelg wroeel va BemoenBovv 1 Tpoobixn
ROAMOYGVOU (€QUOTOG) 0TIV REENTGTAOTA OQLOUEVOV EL-
OOV AAAOVTLRADV ROL 1] TTOQAUOVY] TWV ROEATOTATTHV EMG
™V emouévn nuépa yro Beouny eneEgpyaoia.

O evépyeleg emiPePaimong, oL omoieg eAEYOUY TV €-
aereLa TG £papuoyrs tov cvorjuorog HACCP, artote-
hovUv emiong uEEOg VOGS ATOTEAEOUOTIROU OVOTHUATOS
HACCP. Ot juxpofroloyuég eEgtdoers, g moodderyua,
omoteloUV onuavTrd HEoo emaljfevong g amotele-
ouomxomrag tov oxediov HACCP yuo v eEdhenym 1 e-
oLooLoUo TV wxeofLloroyndv xvdivemv (NACMCF
1998).

H mopovoa epyacia moaypatomotidnre e onomsd va
YIVOUV TTEQLOOGTEQO ROTOVONTES 1] UYLELVY ROLL 1] LOQPAAELQ,
076 PLohoyirovs uvAUVOUS, TS TOQAYWYNG TWV CAAAVTL-
%oV Bepunric emeEepyaoiac. H uehétn éhafe ywoa o oh-
AOVTOBLOUNYOVIES ROLL KUTAOTIUOTA TTOAONG TEOPIUMV
™ B. EMddas. Tio v emmtuyio twv otdywv g diegev-
viiOnro, pe oxeTvég derypatoAmpies, oL androvBeg o~
QdueTOOL:

® H olwni} pead@iln yAwoida, o mAnBuopds twv ogvu-
YOAOKRTIROV BarTnOlmV, TV ROAOPARTNOLOELOMY RO TNG
E. coli, naBig nouw m tapovoia 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
HACCEP 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
24 h.

® 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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row TV Salmonella spp oto. foaotd oAlhavtind, OTig ®QEM-
TOTAOTES TOVG, OTa (Lol aAAVTLIRG NETA TN OUVTENOY
TOVG, O€ oUOKEVAOia ®eVoU, oe Beppuonpaoio 4°C ent 20 1-
UEQES, OTO KOMMALYOVO, OTO VEQS TMV RATULOVYTHOMY YPU-
ENG TV aMOVTLRGY, OTIG ETLPAVELES TOV U1} EVONXEVUE-
VOV CAOVTIXAOV AUECHS UETA THV YIEN TOVS KoL UETE TNV
TTOLQOUOVT] TOVS 0T OUVTIEN 0N Yo 24 ddEG.

® H napovoia g L. monocytogenes, g deixtn vyLEL-
VIS, AOY® TNG YVWOTNG 0VOERTIXGTNTAS TNG, OTLS EMLPAVEL-
€G TNG QTOPAOLOTIXIG UNYAVIS TOV AOURAVIXOV THTTOV
DoavrpovETNE, TWV TEAGOMV CUVTIHENONG TMV OITTOPAOLM-
UEVDV AOURAVIXWYV, TOV WYOVEIV CUOKREVAOTOS RO TEUOL-
KLOUOU TV AAAOVTOBLOUNYOVLADY ROL TWV RATUOTUATWV
MoV g TwAnong Toogpipwy.

YAIKA KAI ME®OAOI

M¢érgnon g Oluxiis Meaodgiing Ximpidag (OMX)
Aéna g npeatémaortag xol adhavtvot | 10 ml vepov,

Aoppavovtov pe dontto TeAmo %o ToTodETOVVIOY 0€ Od-

»o stomacher. ITpooB€tovrav 90 ml peptone water 1%, to

omoio mepieiye 0,1% Tween 80, yio TV nakvteen didivon
TOU MIovg.

To deilyua pe 10 apamTnd vyYEs vtofarldtay ot o-
potoyevomoinon oe ovoxevr] Stomacher (MX1, AES
Laboratoire, Coburg, France), ex{ 2 min. AxohovBovoov
dradoyrég apaumoelg xat toodtyteg 0,1 ml eEamAdvoviov
empovelond oe duthy oelpd toupAimv pe Plate Count
Agar (OXOID). Ta toufAia, apot Tt OTEYVWVaY 0To
meoLparhov, enmdlovrav oe Bepuoxrpacia 37°C enl 24-48
(MDOES RO HOTOTTLY YLVOTOV 1] LETONON TWV CLTTOLULAIV.

Tt pétenom tmv omoEoySvwv faxrtniwy, oL Gwhn-
VEC TMV OLAOOY LDV AQOUMOEMY TOTOOETOVVTAY O VOUTS-
Movtpo (Tempette junior TE-85, Techne Ltd. Duxford,
Cambridge, England) Beppoxpaciog 80° C ex{ 20 min »ow
RATOTLY YPUyovTay o€ TayOhouTo. AxolovBovoe empa-
velont] oropd o PCA xau emwaon o Bgppoxrpaocia 37°C
emi 24 doeg.

Mérgnon oEvyaraxntirdv partnoiov

A6 TOUG CWAYVEG TTOV Q1 CLUOTTOLOUVTOLY YLOL TH UE-
tonon g OMX, 0,1ml eEamhwvitav o€ duthy ogLed TEL-
BAtwv to omota mepieiyav APT dyap (OXOID). Ta tou-
BAia, apov otéyvmvay, erndloviay og Bepuoxpaocio 37°C
emi 24-48 wpec. ‘Ooeg amowisg NTav apvNTvég ot doxL-
un xorahdong xou Betréc ot yodon Gram ®ATAUETOOU-
viav g oEuyohaxtird faxtiola.

Méronon xorofaxtnoroeddv xan E.coli

T'a ™ uétenom twv ®oAoPaxrtnELoeLdwvV axohovBou-
viav 1 uEB0dog Tmwv morhamhav cwijvav (MPN).

A6 TG OERAOIMES AOOULMDOELS TTOV ELY AV TQOETOLUALOTEL
yio ) u€tgnon s OMX, moodmra 1 ml petagpepdtay o
%®A0e owAva TOLITAS 0eLRdS CwAVMV TToV TTeQLelyav Cw-
ué McConkey (OXOID). Ot cwljveg wov mpoopitoviay
vy TV €EETOON TV OELYUATMY TOV VEQOU TTEQLELY ALY LU

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°Cfor24 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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duthng duvapews.

O owMjveg emwdloviav oe Bepporpaoio 37° C emi 24-
48 wpeg. OeTirol BewEovvVTaY 0L CWANVES TOU TOQOVOTTa-
Cav avamtugn, ahhoryn XoWUATOS ®oL CUALOYY aepliov 0to
owAnvdxt Durham (wpoxatapntixny doxwury). I'o emmiPe-
Batmon, até ®a0e BeTnG COMVO TS TOORATAQXTIIS dO-
g, evopBoluiCovray owhijveg ue Cwud Brilliant Green
Lactose Bile (BGLB, BBL) »naw enwdlovtav o Bepuo-
npaoia 35°C yua 24-48 dpeg (emPefonwnxn doxuyni). Me-
TA TNV EXADAOY, ONUELWMVOVTOV OL OETLROL CWAYVES RO V-
moroyZstay o apBuds MPN/g xohoBoxtmoloetdav e Bd-
on tovg mivoreg McCrady.

T v aviyvevon xow uétonon g E. coli amd mv xoh-
MEpyeLo ®dBe BeTL0UV COANVA TNG TEORATAQRTINIG dOXL-
g evopBoluiCoviay cwinveg mov meptelyov toud E.C.
(OXOID) naw Tryptone Water (OXOID). Ov owMjveg €-
awdCovray ot vdatdrovTEo Bepuoxpaciog 44,5° C emi 24-
48 dpec. Ovomiiveg ue to Copud E.C. ehéyyovray yia avd-
TTVEN 1O TOQOYWYY] OEQIOV, EVH) OTOUG OWANVES UE
Tryptone water mov tapovoiafav avdmtuEn ywvdtay 1 do-
wun ™e WdOANC. OgTindtnta oty doXLUn LYOOANS xaw ovd-
7vEn oo Loud E.C., Bewpotvtav wg Betindmo yio E. coli
TOU OVT{OTOLY OV CWMVEL TNG dOULUNG ROAOPOXTNOLOELDGIV.

Aviyvevon tng L. monocytogenes

Aéna g delynotog #QeaTOTOOTAS 1) AAOVTIROU OVOLUL-
yvudtay e 90ml epmhovtiotinot yia Aotépa Copot FDA
(LEB, OXOID), og mhaotnoig odrovg stomacher, opot-
oyevomolovviay o€ cuoxevy] Stomacher e 2 min o o-
rohovBovoe enwaomn oe Bepuonpaaio 30°C eni 24 weg
(TowToEyHOg EuThovTIoNds). Metd v enddaon 0,1 ml,
07T0 TO TEQLEYOUEVO RA.OE GAXOV, UETAPEQOTAY OE OWAY]-
veg wov meptelyav 9 ml LEB o Cwud Fraser (Fraser and
Sperber 1988). O cwhijveg avtol enmdloviav og Bepuo-
noaoto 30°C enl 24 dpeg (devteQOg EUTAOVTIONSS). ATt
%d0e nohMEQyerla Copot eumhovtionoy, Tov tagovaiale
OVATTTVE, Yoty emupovelaxt] eEGmimon, ne ) forfeia
Boxtnotohoywrov xpirov, ot touPiia ue LPM dyap (BBL)
®nalr MOX dyop (BBL) (McLain and Lee 1989). Ta tov-
BAla erwdtovrav oe Oepuoxrpacia 37°C emntl 24-48 dpec.
Toelg OTOKIES, PE TN YOQUKTNOLOTLXY] LOQEY] OTTOLXLIIV TNG
MOTEQLALG, GTTMS EUPAVITETAL OTO OTEQEOTRATLO GTAY PO~
tiCovton pue avoxrhduevn d€oun Qtoc v yovia 45°, ue-
tagpégovrav o toufiia ue BHI dyap (OXOID) ywa xo-
Bapomoinon. H tavtomoinon tov ®a8aowv xalhieQyeLdv
L. monocytogenes ywotav pe pdon tig SoxRUES: Xowon
Gram, oYWy ®oToAdong, ®vitrdTyTa, teovotnto {o-
HOONG TS ECROVAIVNG, QOUVOTNG, LOVVITOMGS, EUAGTNG oL
0-ueBVA-O-pavortupavooiong, magaywyr f-atuworvoivig
o€ auuatovyo dyap mpofdrov xow Camp-test (Seelinger et
al. 1984).

T v aviyxvevon g ToQovolag ToU UXQOOQYOVL-
OUOU OTIC ETMUPAVELES TWV CUOKREVMV TEUAYLOUOU ROl OU-
oxreVAOlas, Yvotay amdpakn empdvelag epfadov mepi-
mov 100 cm’, ue aootelpUEVo ToAimo faupoxrog, o o-
1t0{0 TEONYOUUEVMGS ElyE VYQOVOEL UE OITOOTELQWUEVO QU-

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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o10hoYI6 006. Ta tolimo ToroBeToUvTa o€ QLaAidLo TU-
mov Universal, to omoto wepieiye Coud LEB »au axolov-
Bovoe enwaon oe Oepporpaoia 30°C ent 24 kdoeg (Tow-
TOQYRAG EUTAOVUTIOUSG). META TOV TOWTOQYLKO EUTAOUTL-
oud axorovBovoe M (O draduraoio Tov epaoudlovroy
YLOL TNV aViXVEVOT TG L. monocytogenes OTIC XOENTOTOOTES
%O TOL CAAOLVTLRAL.

Aviyvevon tov Salmonella spp

Ewooutévte g npeatdmaotag 1 0AAAVILROD avoul-
yviovtav ue 225 ml Buffered Peptone Water (BBL) og od-
%0 stomacher, opoloyevomotovvtay el 2 min ®ou £Twd-
Covtav og Bepuoxrpacio 37° C eni 24 dpeg (pdon moe-
urthovtiopov). Metd tov mpogumiovtiond, 1 ml g xok-
MEpyelag petapepdtav o ominveg mov eptelyav 10 ml
exhexTivv eumhovtionir®y Ctouwv Selenite Cystine
(OXOID) nou Tetrathionate (BBL). O cwinveg enwdto-
viav og Bepuorpaoio 37°C xouw 42° C avriotoiywg ent 24
weg (pdon euhovtionov). Metd tov euthovTLoUS axo-
AovBovoe emupavelaxy omood, ue T fondeia xpixov, o
TovPAia wov meuelyav XLD dyap (BBL) xnou SS dyap
(OXOID) (Andrews 1985, ISO 1981). Ta toupiia exwd-
Covrav otovg 37° C enl 24 13peg. ATtS TG AmoLries oL 0Toieg
Bewpouvtay vromteg dvo — TEELS RABAEOTOLOVVTOY O
BHI dyop (OXOID) now xatdmy viropdiloviay og Pro-
muxés eEetdoelg pe evopbalpuonoig oe TSI dyoo
(OXOID) nat LI dyap (OXOID) ta ool enwdloviay
oe Bepuoxrpaoio 35°C ext 24 wpeg. Ta otehéyn mov Bem-
povvtav mBavég caluovérhes, evopBaluifoviav oe
Christensen Urea dyop (OXOID) xat vrofdrioviav og
donun oEerddong.

AIIOTEAEXMATA

H wxgofroroyxny availvon twv ®eatomaotdv dUo
alavtofrounyaviodv (TTivaxrag 1) €deiEe mocootd poAvv-
ong tov deryudrwv ue E. coli 20 vow 16,6%, ue L. mono-
cytogenes 56 now 38,4% now ue Salmonella spp 12 wow 16,6%
avtLotolyms o€ ®AOe pio.

H wrpofroroyiri] avdivon towv ETolumy oAOVTLROV
Bepwniic emeEepyaoiog (TTivarag 2) €0e1&e Gt n Bepuunn
eneEeQYO(0 TOV VITETTNOOV NTOV OITTOTELEOUATLXY| OE G,TL
0POQG TOV ELEYYO TV UHQOPBLOAOYIRAV XVOUVWV 0TS un
omogoYyova taboydva faxtiioia. Ta arotehéopata emi-
ong €delEav OTL EMTUYYAVETOL LXOVOTTONTIROS aBuds me-
QLOQLOUOU TWV CATQOPUTLXMV ULKHQOOQYAVIOUWY, LECA
oto. mhaiowa wov 0pilel N woyvovoa vouobeoia (IT.A.
9/1989), o omoiog eEaopaAilet ravomomnTind xovo Twrig
yia T SLdBECT| TOUS 0TV ROTOVAAMON).

Amné toug ITivareg 1, 2 now 4 ouvayetal 10 CUUTEQAOUOL
WG TO UeYaMiTEQO T0000TS TS OMX TV BeQuinag eme-
EeQYAOUEVDV OMOVTIRMDY QTTOTEAETAL AT OTTOQOYAVAL
®xat oguyahontind faxtiota. H otadioxn avdmtuén twv
Baxmoiwv avtdv elvar vtetBuvn YLo TV EUPAVLOT Oh-
AOLWICEWV OTOL TOOPLLOL CLUTA RO TOV TTEQLOQLOUS TOU YQ0-
vou Cwng Tovg.

H pinpofrohoyirnt] avdivon Tmv ahAavIik@y PHETA T

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, Duffy 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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Iivaxag 1. Amotehéopoto iroBLohoyris eEETAONS deLyUdTmV ®QEATOTOOTHY alhavTirdv Beguirts eneEepyaoiag.

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

EIAOZ AAAANTIKOY AEITMATON Log;, CFU/g Log;, CFU/g MPN/g (Ag. Bet. (Ag. Oet. (Ag. Bet.
M.O (Awxvpaven) M.O (Awxdpavon) Awexvpavon derypdrav)  derypdrov) devypdrov)

BIOMHXANIA A
Aovrdviro Timov 6 6 (5,8-6,2) 5(4,9-5,5) 240 - >2.400 2 4 -
Doavrgotomg
Towoalvo 3 5,9(5,7-6) 5,8(5,2-6,3) 150-1.100 1 1 2
DLdis Pev 3 6,3 (6-6,4) 6,3 (5,9-6,5) 93 - 2 -
Mogtadéha 6 5,5(5,4-5,8) 5,5(5,3-5.8) 93-1.100 - 4 1
Tdola 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 -
SYNOAO AEITMATQN 25 5 13 3
TIOZOXTO MOAYNZHZE ME E. coli, 20% 56% 12%
L. monocytogenes KAl Salmonella spp
BIOMHXANIA B
Aovrdviro Timov 4 6,3 (5,9-6,8) 5,7(5,5-5,95) 1.000 - >2.400 2 2 1
Doavrgoiomg
Temedvt 4 5,8(5,5-6) 5,8(5,4-6) 240 -1.100 1 2 1
Zopmév 2 5,5 (5,4-5,6) 5,5 (5,4-5,6) 1.100 - >2.400 - - 1
Mrmipog 4 5,9 (5,4-6,2) 5,7(5,5-5,9) 93-1.100 - 2 -
Tdoita 2 6(5,9-6,15) 5,6 (5,4-5,8) 93 1 -
Mogtadéra 4 5(4,8-5,2) 5,7(5,4-5,9) 240 -1.100 - 2 -
2r00ddT0 4 6(5,85-6,15) 5,6 (5,3-5,8) 93-1.100 1 1 -
Téot Xdau 2 5,3(5,15-5,4) 5(4,8-5,2) >2.400 - - 1
ZYNOAO AEITMATQN 26 4 10 4
TTIOZOXTO MOAYNZHZ ME E. coli, 16,6% 38,4% 16,6%

L. monocytogenes KAl Salmonella spp

Iivaxrag 2. Amote éopata rgoProroywriic eE€taons derypudtwv adhaviindy Oeguntic eneEepyaoiog.

EIAOX AAAANTIKOY APIOMOX OMX OZYT'AAAKTIKA
AEITMATQN Log,, CFU/g Log;o CFU/g
M.O (Awaxvpoven) M.O (Avaxdpaven)
BIOMHXANIA A
Aovndvino tomov PoovrpovTng 6 3,85(3,3-4) 3,5(3-3.85)
TowaMvo 3 4(3,8-4,2) 4(3,8-4,2)
DAdic Pev 3 3,8(3,7-4) 3,2(3-3,4)
Mogrtadéha 6 303 <2
Mdola 3 3(2,9-3,1) <2
Biévvng 4 3,5(3,3-3,7) 3,3(3-3,6)
ZYNOAO AEITMATQN 25
BIOMHXANIA B
Aovrdvixo timov PooavrpovTg 4 4,7 (4,3-4,9) 4,5(4,3-4,9)
TlemtepovL 4 4,3 (4-4,7) 4,3 (4-4,7)
Zopmdv 2 3,3(3,1-3,45) 3,5(3,3-3,7)
Mmipog 4 3,7(3,3-3,95) 3,3(3,15-3,7)
TG 2 3,7(3,6-3,8) 3(3)
Mogtadéha 4 3(2,9-3,2) 3(2,9-3,15)
Zropddto 4 3,3(3-3,5) 3(2,9-3,3)
Téot Xapw 2 3,5@.5) 35@3.5)
ZYNOAO AEITMATQN 26

Ta amotehé oporta g eE€Taons tmv devyudtmv yia E. coli, L. monocytogenes won Salmonella spp fitav aovitird.

TTEPIOAIKO THE EAAHNIKHX KTHNIATPIKHE ETAIPEIAX 2002, 53(3)
JOURNAL OF THE HELLENIC VETERINARY MEDICAL SOCIETY 2002, 53(3)



208 A . SEPTKEAIAHS, A. AMIN, A. SAPHMBEH, K. TENHTIQPTHE

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 MV (Range) MV (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 - - -
Wiener 4 5,3(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(3,8-4,2) 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 4,7 (4,3-4,9) 4,5(4,3-4,9)
Pepperoni 4 4,3 (4-4,7) 43 (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(3-3,9) 3(2,9-3,3)
Toast Ham 2 3,5(3.9) 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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IMivaxag 3. Amotehéopoto wrofLoroywrs eE€taong derypdrwy allavitray Bepunig eneEepyaoiog
ueTd ™ ovvtionoy toug emt 20 nuépeg oe Bepuoxpacio4°C.

EIAOX AAAANTIKOY APIOMOX OMX OZEYI'AAAKTIKA
AEI'MATQN Log;, CFU/g Log;o CFU/g
M.O (Awaxdpavon) M.O (Avaxdpavon)
BIOMHXANIA A
Aovrdvixo timov Pooavrpovg 6 4,3 (4,1-4,8) 4(3,8-4,6)
Towoalve 3 4(3,9-4,1) 4(3,8-4,2)
PAdig Pev 3 4(4) 4(4)
Mogrtadého 6 3,6(3,5-3,7) 3,7(3,5-3,8)
TIaoita 3 3,7(3,5-3,9) 3,7(3,6-3,8)
Buévvng 4 3,8(3,3-4) 3,85(3,6-4)
SYNOAO AEITMATQN 25
BIOMHXANIA B
Aovndvino tomov PoavrpoveTng 4 5(4,8-5,3) 5(4,8-5,3)
TTemeovt 4 4,8 (4,5-4,95) 5(4,8-5,2)
Zopsov 2 3,7(3,5-3,9) 3,7(3,6-3,8)
Mutipag 4 3,7(3,5-3,95) 3,7(3,5-3,9)
Maoita 2 4(3,95-4,15) 43 (4,15-4.5)
Mogrtadéha 4 3,3(3,2-3,4) 3,7(3,4-3,9)
Zx00ddto 4 3,7(3,5-3,9) 3,6 (3,3-3,8)
Téot Xau 2 3,7(3,6-3,8) 4(3,85-4,15)
SYNOAO AEITMATQN 26

Ta amoteLé oporta g eE€Taons tmv devyudtmv yia 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
OF SAMPLES Log,;, CFU/g Log;o CFU/g
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) 4,3 (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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Iivaxag 4. Arotehéopota eEETAONS TS WrQoLamiic yhweidags Tmv adhavtndy Beouxiic eneEegyaoiog

EIAOX AAAANTIKOY APIOMOX OMX OZ=EYI'AAAKTIKA XIIOPOT'ONA KOAOBAKTHPIOEIAH
(Avaxvpavon) M.O (Avaxvpaven) M.O (Awaxvpovon) Awxvpovon

Aovrdvino timov Poavrgovpms 2 43 (4,3) 44 43(3,9-4,5) <3

TIgola 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
OF Log;, CFU/g Log,;, CFU/g Log,;, CFU/g MPN/g
SAMPLES  (Awxvpovon) M.O (Avaxvpaven) M.O (Awaxvpoven) Awxvpovon
Frankfurters 2 43(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

IMivaxrag 5. Amoudvwon g Listeria monocytogenes omd delypoto mpoeQyoueva oo dLdpopeg empdveLes Tov Eomlouoy allavto-
Brounyoavidv xoL oTooTRATWV AMavIRig TOANONS TEOPILMY TTOV EQ0YOVTOL 08 eapy Le aAhaviind Bepuinic eneEepyaoiog

ITPOEAEYXH AEII'MATOX APIGMOX L.monocytogenes
EEETAXOENTOQN Ag. Betizdv derypdrov
AEI'MATQN (ITooooTo OeTIROTNTOS)

A. ATIO TIZ AAAANTOBIOMHXANIEZ

1. Mnyovég tepoytonoy (noroioLo) 33 2 (6%)
2. Toamélia tepayonoy 8 -
3. Ato@LotwTrEg unyavES Aovrdvirmy timov PoovreovQTg 12 -
4. Tehdpa amobijrevong Aovrdvinmy timov Peavrpovotng 16 -

B. AIIO TA KATASXTHMATA AIANIKHZ [TIQAHXHE TPOPIMOQN

1.Mnyavég tepoiopov (noyolioLa) 14 2(14,2%)
2. TooméTLa T o Lopov 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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ovvtijonon tovug emi 20 nuépeg oe Bepuonpacia 4°C, ot
ovoxevooia xevov (Tlivaxag 3), €de1Ee wnon avEnomn tov
urEofLaxoy Tovg poEtiov, 1 omoia dev viteQEPn tov 1
Log,,. [dtaiteon onpaoic yio v aopdreld Tovg €xeL TO
YeYOvAg 6t Oev mapatnenOnxe, 0To dLdoTnua otd, avd-
VPN TUYOV TEOVUATIOUEVWY TOB0YSVmY Boaxtneimv, ov-
TE OO %ol AUTHG TS BgpuoavBexrTing xow Yuyedteo-
ons L .monocytogenes (Jones et al. 1997).

Toeig (3) alhavroprounyavieg o dwdexa (12) rato-
onjuato Aavirig tdinong tpopinmv (Iivaxog 5) ehéy-
xOnrav yio v magovaoia g L. monocytogenes OTig €L~
PAVELES TOV EEOTMOUOY TOUG, TTOU EQYETOL OF ETTOLPT| UE €-
tolpo Bepuunadg emeEegyaouéva arhaviird. To maboydvo
Boxtioo ftay ooV og tooootd 6% xon 14,4% tov devy-
UATOV ATtO TO WO OLEQLOL TV AAACVTOBLOUNYTVLEIV KO TWV
NOTOOTNUATOV AVTLOTOL WG,

A7 ™) prpofrohoynii avdivon tov deryudtmv and
TLG ETULPAVELES RO TO REVTOO TV U1) EVONREVUEVDV OANOL-
VIV, 0gv SLamlotwBnxe m opovaio TaBoydvou Poaxty-
otov (TTivaxag 6). Exiong, 6twg paivetor otov [ivaxa 7,
navéva taboyovo dev avévmpe 1600 oo ta delypota a-
76 TNV EMUPAVELDL UWTELROV QOAOY, RATA TS OLAPOQES Pd-
oglg auéowg netd t Bepuiny emeEepyacia, 600 noL ard
TO VEQO TWV KATOLOVITHOWV YPUENG.

Ztov Iivaxra 8 paivoviol To. atoTeAEoUOTO TG WXQO-
Broroywmiic eE€taong tmv deryudtmv Tov roAAaySGvou ra
™G ®EEATOTAOTAS OTNV orola avaulyOnre. H OMX tov
nolarydvou BeéBnure vynidteon xatd 1 Log;, amd 6,t g
®npeatonaotas. O mAnfuouds Tmv rolofartnoLoeLdwy 1-
tav >2.400 MPN/g 1600 010 0AAOYGVO GO0 %O OTLS HQOE-
OTOTOOTEG, EVA) OLaTTLoTION®E oL N Tapovoia g E. coli
o€ 6ho. To. OelypoTo.

XYZHTHXH

H napovoia tmv L. monocytogenes, E. coli now Salmo-
nella spp otg npearonaoteg ([Iivarag 1) eivon amotéle-
oUa ™S VYNNG ouxveTNTOS LOAUVONS TOU RQENTOS UE TOUG
urpooyaviopols 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).

“Exe\ emlong avagpebel n mapovaoio vow AoV eLdmv
onwg Campylobacter spp (Duffy et al. 2001), Yersinia
enterocolitica (Bottone 1997, Duffy et al. 2001, Letellier et
al. 1999), ta omoia awotehotv eniong altio TEERANONG
TQOPLUOYEVAV AOLUDEEWV.

To yeyovig autd »aBLOTA TQOURTIRMS LWOMIOUEVO TO OU-
VOAO TV RQEATOTAOTMV, Ol OTOLES, HATA CUVETELQ, Oal
TEETEL VOL VPIOTUVTOL TOUG AVAAOYOUS YELQLOUOVS, DOTE
VO, QTOTQETETAL 1] WGAUVON TOV ETOLUMY OAMOVTLRAV KO-
Bdg %ol TV XDOMVY OOV VT CUVTNEOUVTAL, TENA)CO-
VTOUL XOIL CUOREVALOVTAL.

H napovoia g L. monocytogenes oto meQLpaAOV Tmv
Bropnyaviwv emeEepyaciog npgatog €xel ovapepel
(Salvat et al. 1995, Zeoyrehidng 1999) naun elvon amotéhe-

(Salvat et al. 1995, Zepynehidng 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 (Zepyxehidng 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,y-values far higher than this have been
observed (Zepynehidng 1999). An FP,4-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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Iivaxrag 6. Amoteléopata rofloloywris eE€taong derypdtwy un evOnrevuévav arhavindy Oepunig eneEepyaoiog

EIAOX AAAANTIKOY IIPOEAEYXH APIOGMOX OMX OEYI'AAAKTIKA KOAOBAKTHPIOEIAH
AEITMATOEX EEETALOENTON Log,,CFU/g Log,, CFU/g MPN/g
AEITMATQN M.O (Avaxvpaven) M.O (Awxdpavon) Awrdpavon

Emgpdveia 4 5(4,9-5,3) 5(4,9-5,3) 240->2.400
KATINIZTH ZITAAA

Eowtepund 2(2) - <3

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

Eowteund 4 2(2) - <3

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

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

Emgdveia 2 5(5) 5,6 (5,4-5,7) 240->2.400
MIIEIKON ITAAKA

Eowtepind 2 3,7(3,6-3,8) 4(4) <3

Emgdveia 2 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 o Salmonella spp dev aviyvetOnxrav ota eEetacbévio delypora.

OUa UOAVVONG OIS TLS RQEATOTTOOTEGS, 1) OTTOL0L OUMG UITO-
el VoL AELTOUQYNOEL RO OVTLOTOO(PMS GTOV OEV E(VOL 0ITO-
teheopotirn 1 eEvylovon tov eEomtMonon.

H uuxpofroroyinrj eE€taom twv detyudtmv amd to €-
Topo odhavtind Bepuuntis emeEepyaoiag (ITivarag 2), mov
TEOEQPYOVTAY OO TS TEOAVOPEQDElOES HOEATOTAOTEG,
delyveL ot ravéva, amtd to Tafoydva faxtnola Tov eAEY-
xOnnav, dev emélnoe. H wxpofroxy yhmoida mov ama-
oW Onne ota alhavrind avtd PeEnre va Tineol Tig
eodiaypagés g vopobeotog (IT.A. 9/1989) o amote-
Lelton ®vplmg amtd 0EuyahaxTird ®o OTOQOYSVO BoxT-
ota (ITivanog 4).

To amotehéopoto avtd delyvouy GTL o TEoyQdupuaTo
Bepunrig emeEeQyaoiog TV AAAAVTIXAOVY TOV EQPUEUGTOVY
oL frounyavies wov eEeTdodnHaY, ETLTUYYAVOUV TV Q-
OpAAELA TOUG OYETIXA UE TOUS W) OTLOQOYOVOUS TafoYO-
VOUS UXQOO0QYAVIOUOUS. AVAAGYMGS UE TO TTOOYQOUUA TTOU
epapuototay yio ®dbe eidog allaviinov, ) Oepuonpacio
070 %€vTEo BEpuavorig Toug Epbave tovg 74,1° €mwg 88,8°C
rnow 1 o FP4 vvpowvétov and 23 €mg 373 hemtd (Zep-
yreMong 1999). “Exet avagpepBel 6t yia 7 denadinég pet-
WoeLs Tov ThnBuopov g Théov avlexrtinng S. senftenberg,
o€ Aovravixo Timov PEavrpovQTng o TdLla, elvan 0-
xet wio Beounn emeEepyaotia pe wun FP7,=2,8min, dn-
Lad1) Bepuavon wwodvvaun we 2,8 min otovg 70° C. Katd
™ Prounyavixy] Beopuny| eneEeQyaoio Twv aAOVILRAOV €-
youv dramiotwBel Tipég FPoynotd moht peyoritepeg g
avotéom (ZeQyrehidng 1999). AAhwote yio TV eE00pd-
Mom iavoromtrng dudoxelag Cong Tmv oAMMaVTLHGY Ov-
viotdron T FP4, =40 min (Bogh Sorensen 1994).

It SLooPAALON GUMS TG VYLELVIIS TOU CUVOAOU TV

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;o CFU/g Log;o 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 4 5,3 (5-5,6) 5(4,9-5,3) 1.100->2.400
SMOKED PORK STEAK
Inside 4 2(2) - <3
Surface 2 5,3 (5,15-5,5) 50 1.100->2400
ROLLED BACON
Inside 2 3,5(3,3-3,7) 4(3,7-4,3) <3
Surface 2 5(5) 5,6 (5,4-5,7) 240->2.400
FLAT BACON
Inside 2 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.

oMavuradv Bo TeEmel o eE0TMOUGS TOV XONOLUOTOLE (TaL
yuo T Beouuxn emeEepyaoio va €yl Tig ratdhnheg dia-
OTAOELG, VO ETUTUYYAVEL OLOLOUOQEPT dravoun Bepudtntog
o€ GAhOL TOL ONUETD, TOV %O VOL TTEQLORILEL GO0 TO dVVATO TIG
dranvpdvoeig g Bepuorpacias. H apywwr] Beppoxpaocio
TOV RQEATOTAOTMV XAl LOLOUTEQN AUTAV TTOV OTOTEAOUVTOL
o7t peydio 1j autovoLo TEUAKLOL XOENTOS, TTRETEL VAL ElvalL
OUOLOUOQYN, YLOTE AAALDG, AUTA TWV OTTOIWV TO REVTQO OEV
€xetL amouyBel, vrtdoyeL ®ivouvog va VITooTOUV aveETa-
%1} Oeouunt] eme€epyaoio.

ITopd to yeyovdg ot ) Bepuny eneEepyaoia amotehel
10 ®VELoTEQO KXE natd Ty mogorywy TV GAAOVTLRMVY
Bepunnic emeEepyaoiog, n vy,  dudoxera Cong vou ev
véveL 1 woldtntd Toug Paciteton xan oe dAhovg mapdyo-
VTES, LEQLROT 0IT6 TOUGS 0TTOloVS EmovTon TG OEQUIrG ete-
Egpyaoiag. Metal Tmv mTapayGvImy autev CUUITEQLA-
Bdavovtot oL ouvOrES CUVTHENONG, TEUALOUOU Ol OV-
oxgvooiog (Tompkin 1990).

T v extiunon g emxvOuveTToS ot oTtddLo -
TA TG TOQOYWYTS, OtegeuviOnray 1 mapovoia g L.
monocytogenes 0TS ETLPAVELES TOV EEOTALOUOU TENOLYL-
OopoU %l OVOREVOOTUS TOV PEAOTAOV AAMAVTLRMV, 1 UL-
%©EOPLOAOY Y] OTAOTOON TOV VEQOU YUENS TV wn evOn-
AEVUEVDV AAAAVTLROIV, TOV ROAAOLYGVOUL OV TTROOoTIBETOL
OTLG RQEOTOTAOTES ROL 1] LETOLOA TG WKEOPLOAOYLKTS
¥AwE{d0g TV aAAAVTIROY ROTA TN CUVTHENOY TOVS.

O BaBbudg uéhuvong ue L. monocytogenes TV Lo~
VELDV TOV UNYAVOV TEUOYLOUOU TV OAAAVTIRMV, TG00 OTLG
oMovToLounyaviec 600 RO OTO KOTAOTHUOTO AOVIRYG
TOANONG, 0TOTELET LOLAITEQO ONUOVTIXG TOQAYOVTAL ETTL-
1VOUVOTITOG How TOVITEL TNV ROLOLUGTNTA 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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IMivaxrag 7. Amoteléopata wrofLoloyrris eE€taong derypudtwv amd Ty emLpAveLo WTELROV QOAOU, ®aTd TG dLAPOQES PAOELS

uetd m Oepunn eneEepyaoia, zoL TV vEQOU YHENG.

ITPOEAEYZH APIOMOZX OZYTI'AAAKTIKA KOAOBAKTHPIOEIAH

AEITMATOX EZETAXOENTQN Log,( CFU/g Log;, CFU/g MPN/g
AEI'MATQN M.O (Awexvpavon) M.O (Awaxdpovon) Avaxdpaven

Emgpdveia apéomg petd 4 <2(>2) <2(>2) <3

™ Bepuunn emeEepyaoio

Emupdveia apéomng 4 3(2,9-3,3) <2(>2) <3

ueTd v YPokn

Emgdveia petd and 4 3(2,9-3,3) 3(2,85-3,15) <17

ouvtionon 24 mewv

Ne 6 rataovnmiomy Yi&ng 4 - <3

E. coli, L. monocytogenes vou Salmonella spp dgv aviyvetOnxav ota eEetacbévro delypora.

onueto avtd. Av yaBei o €heyyog, eEartiog varng EoQUO-
YIS TV RAVEVMV 00ONG VYLEWTS TTRaxTIXYS, €lvan duvarii 1
dL0omoEd TG UGAUVONG e 6,TL ot ouvertdyeTon. Oa Ttoé-
el va. SIOETOL LOLLITEQT TTEOCOYT] DOTE O YWEOG KoL O EEO-
TMOUOS OVOREVAOTOC VO ®OBOQITOVTOL TAXTIRA ROl OYO-
AooTIrd otd T VITOLEUUOTO TV AANOVTLRGIV, VO ALTTOAY-
poivetow xo va drotnpeitan oteyvog (Price 1995). Muxgo-
0QYavLoWoL, 6mmwg Adyou xdowv n L. monocytogenes, Gtov
VILAQYOVV VITOAE(UIATO TQOPIRWV 08 VYQES EMLPAVELEC,
oynuatiCouv yonyoga froroywd vuévia ta omoio avoi-
OTOVTOL OTOL ATTOQQUITALVTLAAL HOLL OTTOAVULOVTLRG, RO LTTO-
el va ®otaotovv onuovairég nyEg uéluvong (Blackman
and Frank 1996, Genigeorgis 1995).

Tn cofapdtnta mov €L 1 ToQoxohovONON ®OL O €-
Leyyog 0" awtd to KEE ratadenviel, ue dpapatird 100-
7o, 1 devteEn o€ uéyebog emdnuia MoTeQimong wov ex-
MAaBnre otig HITA, antd »atavdimon Aourdvirmy THmou
DavrpoUETNS, 0T TEA TOU 1998 %o uéyoL Tic apyEg Tou
1999, ue BePanmuéva 101 meprotatind omd ta omota 25 1o
téwnEav (Ryser 1999). Sty nepintowon ovty BewpiOnxre
VIteVOUVH 1] LGAVVON TOV AAAOVTLXDV QUTHY OTO OO CU-
OUEVAOTOS TOUS RO UAMOTA AGYM ROXTS TOTOOETNONG TOV
OUOTHUOTOS EEQEQLOUOT ROVTA OTH YQOLUUY] CUOKEVOOTOLG.
To yeyovdg owto elye wg ouvémela v €éxdoor odnylog thg
Ymanpeotag Food Safety Inspection Service (FSIS) tou
Yrovpyeiov I'ewpylog twv HITA (USDA) yio avoBewon-
on tov oyediwv HACCP Ghwv tov founyovidy, ue oxo-
76 Tov gvromiopnd mbavav véwv KZE (FSIS 1999).

[T’ GAo TTOV OL CUYYQOVEG TEYXVIRES TEUAYLOUOD RO
ovoxevaoiag eival, o€ HeYAAo BoBud, auTopaToTOMUEVEG,
€VTOUTOLS O€ RATTOLO ONUE(O TTapeUPBAAAOVTOL KO TOL Y EQLAL
TV £QYUCOUEVWV. AV 0 QYalOouevog dev pod ehaoTind
yavtio pog xenong eivar duvati 1 ETUGAVOV TwV TEUA-
XlOV 1E rEooEYavIonovUs, dntwg o Staphylococcus aureus,
TV omolwv goéag eivar o egyalduevoc (Mosel et al.
1995).

Kard tov tepayioud xau m cvoxrevaoiol, extog amd Tov
%xivduvo uéluvong pe mofoyovoug prpooQyaviououg, ei-
vou dSuvorn 1 SLoTT0Qd COTQOPUTLRMV PAXTNOIMV OTIC (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 1L.og;, 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 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.

TS 1) T TEUAY L TV adhovTivav. Tétola faxtiola eiva
T, OEVYOMOKTIXAL, T OTTO0L ATTOTENOUV TO UEYAAUTEQO UE-
00G TG WXEOBLoAOY IS XAmEIdMS TOV amavTd 0To TEQL-
Bdihov v adravtofrounyavidv (Quintavalla et al. 1998).
A0omoQd. oEuyohaxtirav faxtneinv, oto chhavuxd Og-
unns eneEeQyaoiog, HECM TOV UNYAvNUETOVY TEUAKLOUOT
%Ol CUOREVAOTOC, UToQel vo cuufel dtav otov ido eEo-
TMOUO €xEL TEONYNOEL naL | GVuoHREVOOTO CAAAVTLREOV OE-
oo (Mékela 1992).

Ta amoteré oporo g eEETOONS T™V dELYUATMV OTTd U
evOnrevuéva alhavind rabmg naoL Ao TG EMPAVELES
TOVG, ROTA TIC ALAPOQES PATELS UETA TV BEQUIRY TOVE ETTe-
Eepyaoto (ITivaxeg 6 naw 7), £delEav mmg 1o rgofLand
TOUG (OQTIO TEOEQYATAV RUQIMG aTTS TO VEQO ™S YPUENS
TOVG %Ol TO TTEQLRAAAOV ouvtiionong tovs. "Etot, evd mowv
oxéun VITooTovV YUEN, 1600 Tar delyuata oo v eEwte-
oW1} TOVG ETLPAVELX GO0 How 0Tt TO REVTEO TG NALag Toug
elyav idlo OMX (<100 CFU/g), auéowg petd v €50d6
TOUG 0Tt TOUS ROTOLOVITHOES YUENS 1 OMX ¢ eEwteQl-
s empdverag fitav 1on 1x10° CFU/g. O mthnBuopds tomv
oEuyolantinav faxtotov mapéueve <100 CFU/g. Me-
TA T oVVTIENON TOUG €T 24 DOES, XWEIG HATOLA TEOOTO-
TEVTLXY] OVOREVOOLO, TTOEATNET ON®E AVENON %ot TV OEV-
YOAOXRTIROV BorTEIOV RaODS ®aw Eupavion xohofoxty-
oLoeLddV, Ta omoio amovotalov omd To delypoTa TV EmL-
QPAVELDV TOV CALAVTIRDV QUTMOV OTIC TEOTYOUUEVES di-
OELG OIS ROl TOU VEQOU YUENC. Ze un evBnrevuéva olho-
vrd, ta omoia eEeTdotnuay HeQIREC NUEQES UETA TNV TT0L-
paywyn Tovg, 1 OMX xai o AnBuoude Twv oEuyaiaxti-
1OV faxtnoinv, Twv deryudtmy omd v eEwtepnt] emupd-
vewa, eiye pBdoel ong 1-2x10° CFU/g xau ta wohopaxtn-
oL0eLd, o€ neprEc mepuTTdIoELs, Eemépacay tig 2.400
MPN/g (ITivarag 6). Zto TogQYOUEVO OTTO TO REVTQO TG
nacog detynoro dev mogatnonOnxre rouio petaf ol tov
aAnBuouoy Twv foaxteiny avtayv, o otoiog fTav o idlog
UE QUTOV TNG TOWDTNS NUEQUG.

To ooteAéopoTo TG UEAETNS JEIVOUV MG 1) TTALQOV-
olo Tmv ®ohoPoxtnELoedwv ®oBdg oL 1 onuavTky ov-
Enon g OMX %o tov oEuyahaxtin®dy faxtoimy, ogei-
AETOL TTROPOAVMG 08 USAUVON amtd TO TEQLRAAOY Ty w-

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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Ilivaxrag 8. Amoteléopata rofLoloyirrig eEETaong detyudTwy YaAIRTOUOTOS ROMAYGVOU RO RQEATOTAOTOS UE XOMAYGVO

IIPOEAEYXZH APIGMOX OMX OZEYI'AAAKTIKA  KOAOBAKTHPIOEIAH E. coli
AEITMATOX EZETALOENTQN Log;, CFU/g Log;o CFU/g MPN/g MPN/g
AEITMATQN M.O (Avaxvpaven) M.O (Avaxvpaven) Awrpavon Awxdpavon
Kolayévo 4 7(6,9-7,2) 53(5-5,7) >2.400 <44
Koeaténaota 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 MV(Range) MYV (Range) Range Range
Collagen 7(6,9-7,2) 53(5-5,7) >2.400 <44
Paste 4 6,3 (6,2-6,4) 5,7(5,5-5,9) >2.400 <23

NS. To yeyovag autd rorademvieL, Grws TeoavopEmxe,
TN ONHoolo EPOQUOYNG KAVOVMY 0QBC UYLELVIG TTOOXTL-
®1ig. Ze mEQImTWON 7OV TO VEQS YPUENG elvol poluougvo, 1)
€QAOUOYY TEOYQAUUATOS HAOAQLOUOU ROl ATOANVUAVOE-
WV TANUUEMIS xaL 0 dLawELoUSS ®aBadv Cwvav ave-
ToEre, avEdveTal onuavitnd o ®ivouvog uéhuvong tmv
Boaotdv aAhavTrdv ue CoTEOPUTIROUE 1O TABOYOVOUS
UWHQOOQYOVLOUOUG.

H wxon avEnon (= 1Log;,) Tov wrofoxov thnbv-
OUoU TV EVONREVUEVOV OANOVTLRMV, LETA TN OUVTHONOY
tovug o Bepporpacio 4° C exl 20 nuépeg, delyvel ap’ evag
UEV TOV TQOOTATEVTIXG QOAO TMV BNV TV AAAAVTLRGIV,
a@’ eTépov de T onuacia g owoTyg BepuorQaoiag ov-
VTENONG OTOV TEQLOQLOUG TS AVAITTTUENS TWV UUXQO0Q-
yavioudv (Genigeorgis and Sofos 1999).

H yoriyoon aiEnon tov purgofoxot tinfuouot ot e-
TLPOVELOKC OTQOUATA TWV U1 EVONREVUEVWY OAMOVTLRDV
TEQLOQITEL oNpovTind T drdorera Lwng Twv Toopinwy av-
TV. AvodpeoTes 00UES eugpavitovral dtav o TAnBuouds
™G wreofraniic yhweidag pbdoet tig 107 CFU/cm’, evd
yhouddeig ovoieg Grav phdoet g 10° CFU/cm’ (Varnam
and Sutherland 1995).

H younhi Bepuorgaoio ovvtijonong, amotehel Eva o-
716 TO ONUAVTIROTEQO EUTAOLOL AVATTTUENS TWV OTTOQOYS-
VOV %Al (1], COTOOQPUTLRAV 1) TABO0YOVWV ULrQO0QYAVL-
OV ROLL YLOL VAL EIVOL TOTEAEOUOTLXY] Bl TTRETTEL VL Elvai
<4°C (Genigeorgis and Sofos 1999). ¢ mepimtmon mov &i-
vou vYNAGTEQEY, VLAY EL UEYAA TOAVOTITA OVATTTUENS
TOV (LXQOOQYUVIOUNDY CUTHV UE CUVETELOL VOL ETLTOVVOEL
1N EUPAVLON OLaPSEMV AAAOLWOEMV (TT.X. TOAOLVY QOLd,
YAOLAING EMPAVELQ) AL VO RATAOTOVY TOL OAAOVTLRGL O
ratdAMnia yio xatavdioon. T tovg Adyovg avtotg 1)
Bepuonpaoio CuVTHENONG TV POUCTHV ATOTEAEL YEVIRMG
KXE xou 6o mpémel va mapanohovBeital v vo eLEyyeToL
aVOASYWG.

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. g
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"Epguva, mov agopovoe ) diamiotwon twv Beguo-
LQUOLDV TTOV ETMRQATOVY OTA OLHLOKA ROLL OTAL YUY EDL ROL-
TAOTNUATOV Movirtc TaAnong teogpinwy ot B. EALdda
€de1Ee 6t to 55% Tty ovnomdv Yuyelmv row 32% twv Yo-
YelV TV ROTAOTHUATOV THOAONGS TEOPIUMV Eiyay BeQ-
nwoxpaoia =9°C*, O emxrparovoeg Bepuorpaoicg ota
Yuyelo twv odhavrofrounyovidy ov eAEyxOnxrav 1oy 0-
2°C. e mapdpoia €pgvva oty OMavdio avogpéebnxe 6-
Tt 10 50% TV ovnandv Ypuyelnv elyov Bepuorpacio
=10°C (Willocx et al. 1993). Ta gvprjpoto cutd eivor ol
avnovyntrd, OLoTL o€ TETOLEC BEQUORQOOTES UWTOQOVY VO
avamruyBoUv YuyedTEOPOoL COTQOPUTLROL ®al TOBoYSVoL
UWXQOO0QYOVLOUOL UE ETURIVOUVES CUVETELES YLOL THV VYEIL
tou rorovaimty (Genigeorgis and Sofos 1999).

H mpoetowpacia g rpeardmaotag sivor KEE oty
moarymyn cdhavarav. IIBavy | udivvong, oto otddio
oTO, WTOQEL vaL (VoL ®OL TO YOAAXRTWUA ROAOYGVOU Ot
10 Y016 dépua. H eE€taon tmv derypdtwy yohoxtduo-
TOg ROMAYSVOU €0¢eLEe g TO WrEOBLaKd POETIO TOL 1i-
tav peyohitego ratd 1 Log;, omd to avtiotoryo g ®oe-
0ToTa0TOS 0TV omoio awtd elye avauyBel (Iivarag 8).
Avutd deiyvel mwg To ®oMaydvo ovufdiiel onuovtird
oty avENon Tou WxEoPLaxol POPTIOY TWV ROEATOTO-
otayv. H OMX twv ®QeATOTA0TMV WIOQEL VOL TTEQLOQLOTEL
onpovtird ov Agoet tedvola TpounBeLas *OAOYOVOU e
wxEoteen OMX 1 av auTd vEioTaTon *ATOLO TTEOEQYOLOT0L
nelmong Tov wrEoPLaxrov Tov oETIoV TOLV AITd TV TQO-
001jxn Tov.

Mt dAAn mBavi Ty WOAVVONG TV ROEATOTAOTHV
€(vouL now ToL UITaaLd, TOL OTTO0 CUUTTEQLACUPAVOVTOL UE-
TaEU TV ovoTATIXOV TOV adlovtirdv. Exel avagpepbel
TG QVTA TEQLEYOVV OVYVA dLApoQouS TaBoyGvVous UL-
%Q00QYOVLOWOUS, 6rtwg Bacillus cereus, Salmonella spp, E.
coli, Clostridium perfringens, Aspergillus,xAr (Kneifel and
Berger 1993).

‘Ontmg ®oL [LE TNV TEQITTWOT TOV ROALOYGVOU €TOL ROl
UE TNV TEQITTWON TNG TOOWHOELOLS UITOL{OQLRAV KO AWV
CUOTOTLRMV, ROl LOLOITEQQ TOV RQENTOC, O ELEYYOS TOV
TEOUNBEVTAIV %Al 1] OTTa{TNON TAQAAUPNG VADY ue xaun-
M OMX xau amovaia, 6ov givar duvatd, TaBoyovmy -
%1Q00QYAVIOU®V, B0 ouVERalhe oNuavTLRA 0TV OAN TTEO-
OTafEeLa TOQOYWYNGS VYLELVAV OAAavTLRGIV. ME TOV TGO
0T TeLopitetan 1 €{00d0g TaBoyYGVMVY 0TO TEQLPAAAOV
TV ahhavtofropunyavidv xot ivan duvati 1 eEacpdhion
younioteong OMX twv rpeatomaot®dv (Severini and
Trevisani 1996).

Duoird, PETA TNV TTQOETOLUAOLOL TV RQEATOTATTHOV, V-
mdeyovv Ao KEE mov mpémel va AngBovv vdym oty
moeoywyr] Tov olaviwayv. H aveE€éheyntn petanivion
TEOOMITLROV, TREVEHV RO VARMV 0TI TO X DO TOQAYWMYNS
RQEATOTAOTOV 0€ XDEOUS GITOV OUVTHOOUVTAL Y] CUOKEV-
dCovton ta ETotpa Feaotd alavTid 1) KoL OVTLOTEOMOS, -
yrvuovel 0ofaois nvdUvVoug HOAVONG TV TEMRMOV
TEOIGVIMV.
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%O O OOPT|S dLOYWELOUAS TOUS AItS TG WOAVOUEVES LVES
otg ahhavtofrounyovies. Emmléov amortouviol avomen
€POOUOYT TOOYQOUUATWV ROBAOLOUOT RO OTTOMIUAVONG,
2OODS RO ROTOTOLE OGS TOWHTLRAIV RO EVIOUWY ROL G-
AV oveTLOUUNTWY ETORETTAOV OTO XWDOO TAQULYWYNS.

H epapuoyn ravovmv 0pBMg vyLewviig TooxTivig elva
REPAAAUDIOVS ONUACTOS YLOL THV ETLTUY (O TG TTOQOYWYNG
VYLELVAV AAAAVTLRDV.

H ovveyng exmaldevor tov mpoomminot amotelel ®o-
oupaiag onuaoiog diadirwaoio ota Thaliole EQPOQUOYIS TOU
npoypdupatos HACCP. “Epgvveg o omoieg agpogovoov
™v eEaxpifwon xatd TG00V oL eQYaLOUEVOL GTOV TOUE
TOOPIUMY RO OL RATAVOAWTES, O dLAPOQES YWOES, EXOUV
ETTOLOUT] YVOOT] TOV UHQOPLAKRDY HVIUVDV 0TS TOL TQOPL-
0L XOUL EQPOOUOTOUV ROVOVES UYLELVIG OTNV TTAQOLYYT] KOLL
YEVLXA TO YELOLOUS TV TEOPIMV, €dELEAY VO VITAQYEL ON-
povien avemdoxrela (Altekruse et al. 1996, Angelillo et al.
2000). Ayvolo Twv %vOUVOV YL TV 0OPALELDL TWV TOOQL-
UMV QAVEQWVOUY RO TOL ATTOTELE CULOLTOL TMV EQEVVAIV O)(E-
Tnd Ue TG emmpartovoeg Bepuoxpacies ota Yuyelo
(Sergelidis et al. 1997, Willocx et al. 1993).

T to Adyo autd eivar avayxoio n dtourng exmolidev-
o1 %O EVNUEQWON, O BENOTA VYLELVIGS, TWV EQYOTOUEVMDV
ot fropnyavio tpopinmv. Mévo pe tov toémo autd Oa ov-
VELONTOTOLOOVV TOV OUOLAOTLRG QGAO TTOV €YOUVV OTNV TTat-
QayWYN VYLEWVAV TROpinmYV, Ba avcBavBoiv ouppétoyol
omv epaguoyn tov ay®dv tov HACCP zou 0a eEaogahil-
OOUV VYLELVA TOOPLUAL YLOL GAOUG [LOG. g
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