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Empiwon wng Escherichia coli
0157:H7 o€ wpi @éta katd m
d1dpkeia ng ouviipnong e,

A.T'k6Bapng’, IT. Koidng’, K. [TanaBeodmdpou’

IEPIAHWH. H emBiwon wng Escherichia coli O157:H7 oe wpi
@éta ka1 oty Gpn tng pedetifnke otn Sidpkela tng suvuipnong
otoug 4°C ka1 12°C. H empbruvon tou wpiov éyive pe tv mpo-
001xn 5.3 log;yCFU/ml tng E. coli O157:H7 owv &pn. H E. coli
0157:H7 fitav avixvedoipn otnv Gpn pe evopadpiops oto und-
otpopa SMAC péypr tv 40n ka1 32n pépa kard tm ouvuipnon g
otoug 4°C xar 12°C avtictoiya, evd émerta ano epmovtiopd kat
o ouvéyeta onopd oo vnéotpopa SMAC péypr tnv 44n ka1 36n
pépa oroug 4°C ka1 12°C aviiororya. H E. coli 0157:H7 ot éta
fitav aviyvevoipn oto undotpopa SMAC pégpr tnv 44n kat 38n pé-
pa kata t ouvidpnon otoug 4°C ka1 12°C, eve énerta ano e-
pmoutopé kat otn ouvéyela onopd oto undotpwpa SMAC péypt
v 50n ka1 42n pépa oroug 4°C kat 12°C aviiororga. Ta anoteré-
opara é5e1€av 6u n E. coli O157:H7 ené(noe yia peyaritepo S1d-
owmpa o @éta and 6,u otnv dpn kat y1a ug Svo Geppokpaoieq
ouvtipnong av kat n S1apopd avtd Arav puxps. H emPioon tng E.
coli O157:H7 1600 o péta 600 kat otnv dipn ftav peyaiitepn
otoug 4°C napd oroug 12°C.

Aé€eig supempiaong: Péta, dpn, E. coli O157:H7, ouvuipnon

EIXATQI'H

H Escherichia coli O157:H7 elvou éva maboyovo Pa-
XTHOLO TTOV PTTOQET va Teoxaléoel cofad mpofiiuarta
oV VYl TOU avBQMTOV o VL 09 YNOEL axGuN %ol OTO
Bavato. O maoySvog AUTiS REOOQYOVIOUSS TTEOXAAET
alpoeaywt dtdpota xal MuLovEYel emLThoxrég, Grtme
QUUOAMTIRG GTVOQOUO ®VEIME Ot Ve dTopa ®aw Boou-
Botnn apogoayiry Toe@UEa ®VEImS ot evijlra dto-
ua'?. To cuprolutxnd avvdgouo umogel va odnyrjoet oe ve-
POLRY AVETTAQXELML, 1) OTTOT0L EXTIUATOL GTL ATTOAMYEL OF B4~
VOTO 0€ T0000T6 5-8% Twv acBe vV,

HE. coli O157:H7 avayvweiotnre d¢ Eva onuavtid

IWpeuvnvikn

Original Paper

Survival of Escherichia coli
0157:H7 in Feta cheese during
storage.

Govaris A.', Koidis P, Papatheodorou K.?

ABSTRACT. The survival of E. coli O157:H7 in Feta cheese and
the brine used after 2 months ripening of cheese, was studied during
storage at 4°C and 12°C. An inoculum of 5.3 log;(CFU/ml of E.
coli O157:H7 was added in brine, for the contamination with the
pathogen of Feta cheese. E. coli O157:H7 was detectable in brine
by direct plating on SMAC up to 40th day and 32th day during its
storage at 4°C and 12°C respectively, while by enrichment and
following plating on SMAC up to 44th day (4°C) and 36th day
(12°C). The E. coli O157:H7 was detectable in Feta by direct plating
on SMAC up to 44th day (4°C) and 38th day (12°C), while by
enrichment and following plating on SMAC up to 50th day (4°C)
and 42th day (12°C). The results showed that E. coli O157:H7
survived longer in Feta than in its brine, for both storage
temperatures but the difference was very low. The survival of E. coli
0157:H7 in feta and brine was longer during the storage at 4°C
thanat 12°C.

Key words: Feta, E. coli O157:H7, storage

INTRODUCTION

Escherichia coli O157:H7 is a pathogen which can cause
serious problems in humans health and lead to death. This
pathogenic microorganism causes haemorrhagic colitis with
complications, such as hemolytic uremic syndrome mainly to
young people and thrombocytopenic purpura mainly to
adults'”. The hemolytic uremic syndrome can lead to renal
deficiency that can cause death to 5-8% of patients’.

E. coli O157:H7 was recognized as an important food -
borne pathogen in 1982 in U.S.A., during certain cases of
food - borne outbreaks that were observed in a chain of fast
food restaurants, from the consumption of undercooked
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TR0OYEVES TaBoySvo Paxrtioto To 1982 otic HITA, »atd
™MV eXIMADMON RQOVOUATMV TEOPOAOLUDEEWY TTOV TTAQATY -
offnxav oe wa alvoida eotatogimy, Tov diédetav -
Qrénia PEELov ®EEaTog, T omoia Oev elyov Yynbel emap-
nig'. Bxtote, cofapéc toopohoudEeis amd vt to mabo-
YOvo Paxtioo xovy avapepdel og dudpoes TeQLOYES O
sayrdomae khipoma (Ayyiia, Falio, Iomwvio ®h.), and-
un #ou pe Bovatnpdpa artotehéopota’. TIoMES amd autég
TROEQEYOVTOL ATt TTEOTGVTAL, GG PEEL0 nEEaS’ vaw Yoha-
RTOROWUKA TTROIGVTOL e BAom To oryehadvs yaha, ohhd ron
amé GAha TEéPLUa STtmg poyloveCa®’ xaw yuuds wikov' ™'
dAha GEwva tedpLua 6rtmg coldun” no yiaovgt”. Exeldn
oL tpdTeS TEooomEELS arto v E.coli O157:H7 mpogp-
YOVTAY OTTO ATTAOTEQIMTO AyeMadOLVS YAAO %Al ROEATO-
oxrevdopato oo PéeLo rpéag, To fooeld] Oempertnray du
1ty 1 0L TN YT TOU WrQooQYaviopov. Mehéteg €delEav
OTL OL YOAORTOTTUQOY WYWHES aryehddEC nan LdLaTeQO TOL VE-
0pd Cha frav poelc Tov TaBoYGVoU CUTOT IrEO0QYAVL-
ouot’. 2t ouvéyela dMec uehétec €de1Eav GtL nan dAha
CLida, GITag oL YoTEOL, TOL KOTETOUAA, T TEOBOTOL KAt OL Ll
vec"** frav Qoeic avtot Tov rEOoEYAVIOUOU.

HE. coli O157:H7 peletifnxre o€ ammooteQioto ®ow o~
OTEQLOUEVO YOAX ' %0BC ®aw 08 dLAPORa YOAUHTOROWHA,
TROLGVTA Gmwe GELvN ®EEua, foutuedyaha xat YLaovBoTL,
®nafdg vaw TvLd cottage won cheddar™®"”. O mepuoodte-
QEC OUmE UELETES EYLVAY OF YOUAARTOROUKA TQOIOVTOL O
76 ayehadve ydha.

H napotoa epyaoio §xeL dg oxoms T UeAET T™C EmL-
Blwong me E. coli O157:H7 o€ twol @éta naw oty dhun ow-
¢ ®aTd T SLAQKEL THE CUVTHENONS THS.

YAIKA KAIME®OAOI

KoAhégysieg

Ta otehéyn EDL-932 now EDL-933 ™ E. coli O157:H7
OV XONOWOTOW ONRAY 0TV TOQOVOo €QEVVAL, TOQUY M-
ennxrav amé tov xafnynm K. Tevnywdoyn. To ndbe oté-
Aexog avamtiynre ywoerotd og 50 ml Lopot aéyiac TSB
(Trypticase soy broth, Oxoid, Basingstoke, England) otoug
37°Cywa 24 h, pe 80 dradoynéc uetagopéc. Ta nitrapa
oL foartmeiov ouyxevtpwbnray ue puyorévronon (2.500
£/20 min), TAOOMROV Yo wlo poed og 10 ml amd 0.1
Phosphate Buffered Saline (PBS) (Oxoid) zow apoudtnrov
og 1.0x 10° CFU/ml og PBS. Ta 860 oteléyn evdbnray oe
mtepimov (oeg ovyrevtpoels. O TEOTILOPLOUGS TOU TTAY-
Buopot Twv forTELardy ®UTTAEMV EYLVE ne dLadoyIRES
OenadHES aQALDOELS ®ow axdrovtn aptBunon oe Tryptone
Soy Agar (Oxoid). H rahéoyera g E. coli O157:H7 mov
TOQAOKREVATONHE UE TOV TOOTO QTS XONOLOTTON] ONRE Yo
TNV TELQOUATLRY] HOAUVOT] TS PETOC.

Déto van emyuorvvon g ne E. coli 0157:H7

XonowomomOnxre dOLUN QETA TOV TARAOREVATON®E
amo aryomedfero yaha (80% mpdpero row 20% atyelo yd-
M) 2 pnveg armo v tapaoxevy] Te. Ta tepdyia e pEtag
frav oyfiuatog ogboywviov magaiiniemmédov (7x11x8
cm) xow elyav faog 0.65 Kg mepimov. Xonowwomouw|onxrov

beef burgers'. Since then, serious food -borne outbreaks
from this pathogen have been reported in several countries
throughout the universe (England, France, Japan etc.) and
several deaths’ have been also reported. Most of these
outbreaks were caused from products, such as beef meat’
and dairy products of cows milk origin’, as well as from
other foods such as mayonnaise™, apple cider™"" and other
acid foods such as salami'” and yogurt"”. Since first food-
borne outbreaks were derived from products of cows origin
(meat products and raw milk), the cattle were considered to
be the main reservoir of the pathogen. Studies showed that
dairy cattle and in particular young calves were the carriers
of this microorganism’. Later on, other studies also showed
that other animals like pigs, chicken, sheep and goats™'*"
were carriers of this microorganism.

E. coli O157:H7 was studied in pasteurized and
unpasteurized milk™", as well as in various dairy products
such as sour cream, butter milk and yogurt, cottage and
cheddar cheese*". Most of these works was made for dairy
products of cows origin.

The present work is aimed to study the survival of E. coli
O157:H7 in Feta cheese and its brine during storage.

MATERIALS AND METHODS

Cultures

The cultures of E. coli O157:H7 used in the present
study were obtained from Professor Genigiorgis (strains
EDL-932 and EDL-933). Each strain was grown separately
in 50 ml of TSB (Trypticase soy broth, Oxoid, Basingstoke,
England) for 24 h at 37°C, with two consecutive transfers.
The bacterial cells pelleted by centrifugation at 2,500xg for
20 min, washed once in 10 ml of 0.1 Phosphate Buffered
Saline (PBS) (Oxoid), and diluted to 1,0 x10° CFU/ml in
PBS. The two strains were combined at about equal
concentrations. Cell counts were determined by serial
dilution and subsequent enumeration on Tryptone Soy
Agar (Oxoid). The inoculum of E. coli O157:H7 was used
to contaminate the Feta cheese.

Contamination of Feta cheese with E. coli 0157:H7

Ripen Feta was used after two months of preparation.
Feta cheese was made from ewe’s milk (80%) and goat’s
milk (20%). The cheese blocks were of rectangular shape
(7x11x8 cm) with a weight of 0.65 Kg. Three tin containers
(23x23x35 cm) were used for each test. Each container had
three layers of cheese, and each layer had 6 blocks of cheese.
Each container had about 2.5 Kg of salt brine.The inoculum
of E. coli O157:H7 was mixed with the brine, placed in a
sterile container, and then under sterile conditions the brine
was equally distributed in Feta containers. After
contamination, the population of the pathogen was ca 5.3
log;o CFU/ml in the brine. Then, the cheese was stored at
4°Cand 12°C.

Enumeration of E. coli 0157:H7
At each designated sampling period, samples of cheese
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3 uetodhnd doyelo yio vd0e weipoua (23 cm x 23 cm x 35
cm), Tov T0 ®oB€va elye 3 0ELRES Ao 6 xoUUATLO TG PETOG
oe ndBe oelpd. To ndBe doyelo mepLelye meplmov 2.5 Kg
ahunc. H empdluvon me gétag €yive ue mpoobijxn g
rahMégyerag e E. coli O157:H7 oty diun mov giye ov-
YreVIQWOET 07 €vaL ROLWVO ATTOOTELQMUEVO UETOAMRGS doyEelo
AL OTY] CUVEYELD Ue donTtteg ouvOnreg, £yive LOGTOOM %al-
tavoun] g ota doyeia. O TAnBuouds tov faxtneiov mov
TEOOTEOMKE VITOMOYIOONRE ETOL DOTE N AAUN VO TEQLEYEL
meptmov 5.3 log; o CFU/ml »ittapa. Esterta to Tt ovvy-
Mnre oe Bepuonpaoieg4°Cran 12°C.

AgiBunon s E. coli O157:H7

Ze ®d0e mooyoapuatiopévny derypatodmypia, ta dely-
LOTa TUOLAYV TTOLEVOVTAV donmta, e ®d0eTn Touy artd to
uéoo tov eEgTalduevou tepayiov g pétag twv 0.65 Kg.
Arohot0mg duthd delyparta asto 50 g upi 1) 10 ml astd my
ahun, UETAPEQOVIOV OF ATOOTELQMUEVES OORKOVAES
stomacher xou apardvoviav 1:10 oe Copd tryptose broth
ue 2% sodium citrate. H oyt agaimon yuo ta delyuarto
™E PETAS YLVOTAY e apoumTird Oepuorgaaiog epimov
40°C. Metd v 10" apaiwon, ol endueves dradoywmés de-
radwég apardoels yivovrav oe 0.1% phosphate buffer
saline (PBS, Oxoid) now axoAov0wg yivétay evophoiut-
oudg emupaveraxrd pe 0.2 ml oe Sorbitol-McConkey Agar
(SMAC, Oxoid). 2t ovvéyeila ta tovPhia emwdloviay
otoug 37°C yia 24-48 h. Otav n E. coli O157:H7 dev rvjtav
aviyveioun oto vtéotomua SMAC, yio vy avatymmon
TOV ETLDVTIOV 1] AdQAVOTONUEVWY RUTTAQMYV, EQPAQUO-
Ctav 1 uéBodog tov epmhovtionot’. Avtin uébodog yi-
votav pe m xoron Louot (E. coli, CM 990, Oxoid) mtov mte-
otelye novobiocin (SR 181, Oxoid). H wapovoia g E. coli
0157:H7 otov gpmhovtionxs avté Loud, emPepfarwvitay
ue amevhelog empavelard evogpdoluopus (0.1 ml) oe
Sorbitol-McConkey Agar (SMAC, Oxoid). Ze mepuntdoelg
aupiPOANE Aoy vVIHELONG TWV ULQOXTOLOTIXMV OITTOLULAIV,
avtég vtopdiroviav oe Eheyyo e API teot now ovyroi-
Anon ue avtoed 0:157 (E. coli 0157 Latex test, Oxoid).
Puowoynuxt eE€raon

To Airog el ENEoY %o 1 UYQaota THE PETOS RABMS RO
TO YAELOVYO VATOLO TS PETOS ®AL TNG AAUNG TEOOdL0QI-
ofnrav obpuguva pe toug Bradley xaw ouvv. *. To pH tov
derypudtmv gétag vat dAung 1eoodLoQiodnxe e mTeydue-
100 (WTW, type 525, Wissennchaftlich-Technische
Werkstatten, GmbH, D 82362 Weilheim, Germany).

Trationixn avdivon

OL uinofLroroyrés avalioeig moaryuatomoumitnray
oe duThd delyparta vow oL TELRApaTO ETTavaAigpinray 000
©oEg. O otatotrég dapoéc aStohoyrtnxray ue to t-
test, uetd amd oavalvon Tmv SLIHVUAVOEMY.

AIIOTEAELMATA - XYZHTHXIH

H emmpudhuvon mg @étag, petd my €£0d6 mg amtd 1o w-
owavtioro pe E. coli O157:H7, Ba pmootoe va yivel pue
™V 1RO0HNHN GAung pohvougvng ue Tov Taboydvo autéy

were taken under sterile conditions, by cutting the cheese
block of 0.65 Kg at the middle. Duplicate samples of 50 g
and 10 g of brine were transferred to sterile Stomacher bags
and diluted in 1:10 in Tryptose broth with 2% of sodium
citrate. The initial dilution for the Feta samples were made
with a diluent at a temperature of 40°C. After the 10"
dilution, next serial decimal dilutions were made in 0.1%
phosphate buffer saline (PBS,Oxoid) and subsequent
striking with 0.2 ml of the dilution on the surface of Sorbitol-
McConkey Agar (SMAC, Oxoid). The inoculated plates
were incubated at 37°C for 48 h. When E. coli O157:H7 was
not detectable on SMAC plates, for the enumeration of
injured or stressed cells, the enrichment method was
applied™. This method uses the E. coli broth (E. coli, CM
990, Oxoid) supplemented with novobiocin (SR181, Oxoid).
The presence of E. coli O157:H7 in the enrichment broth,
was verified with direct striking of 0.1 ml on Sorbitol-
McConkey Agar (SMAC, Oxoid). In cases of non
characteristic colonies of E. coli O157:H7, confirmation was
made using the API test with antiserum of O157 (L. coli
0157 Latex test, Oxoid).

Physicochemical analysis

The fat in dry matter, water and sodium chloride content
of Feta and brine were determined according to Bradley et
al.”’ . The pH of Feta and brine samples was determined
with a pH meter (WTW, type 525, Wissennchaftlich-
Technische Werkstatten, GmbH, D 82362 Weilheim,
Germany).

Statistical analysis

All microbiological assays were performed in duplicate
and the entire study was duplicated. Statistical differences
were determined using the Students t-test after analysis of
variance.

RESULTS AND DISCUSSION

After ripening, Feta could be contaminated with E. coli
O157:H7 with addition of brine having this pathogen (e.g.
unpasteurized brine), during handling of Feta with an
infected handler and during contact of Feta with dirty-
infected surfaces in plastic containers with or without brine.
Before the experimental contamination, E. coli O157:H7
was not detected in Feta cheese and brine.

Composition of Feta used in present tests is shown in
Table 1 and is in accordance with the Greek State
Regulations of Foods and Beverages™'. The sodium chloride
found in brine was 5.5%.

The changes in populations of E. coli O157:H7 and pH in
Feta cheese and brine during storage at 4°C, are shown in
Figure 1. The initial population of E. coli O157:H7 (5.4 log;,
CFU/ml) in brine, showed a decrease throughout the
storage at 4°C. The pathogen was detectable on SMAC
plates until the 40th day. After enrichment and subsequent
striking on SMAC, E. coli O157:H7 was detectable until the
44th day. The population of E. coli O157:H7, due to
movement in inner parts of Feta cheese blocks, increased
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Mivaxag 1. Z6otaon g QETOS TOV Yonopomomnre ota melpduota empdivuvong pe E. coli O157:H7.
Table 1. Composition of Feta cheese used in contamination tests with E. coli O157:H7.

Xgpovog Aimog exi EnQov%* Yyoaoia%* XAogrovyo Natouo%*
Time Fat in dry matter%* Moisture%* Sodium chloride%*
AQy1 ouvtienong 433+ 0.4 53.8 £ 0.4 22+0.11*
Start of storage

Téhog ovvnionong otovg 4°C 431 £0.3% 539 +0.1¢ 23+0.09¢

End of storage at4°C

Téhog ovvriionong otovg 12°C 454 +0.2° 50.1 +0.3" 2.5+0.15°

End of storage at 12°C

* ME00g Gp0g * TUTILAY] UTTGRALOT.
* Mean = standard deviation.

Ex0éteg otnv iduo ol we dragopetird ex0€t dragpépovy onuavuxd (P<0.05).
Values in the same column with different superscript letters are significantly ditferent (P<0.05).

E. coli 0157:H7 log CFU/mi
w

r 4,6

4,5

44

1 4.3

4,2

pH

41

3.9

138

0 4 8 12 16 20 24
Xpovog (pépeg)

+—8—b—o—e— 37

28 32 36 40 44 48
Time (days)

WRQOOQEYAVLOUS (T ATaOTEQIMTN dAuY), ROTA TO XELOL-
OGS TG PETOS ATtd LOAIOUEVOUS YELQLOTES ROBMDS KoL ROTA
™V ET0PY ™S PETOC UE LOAVOUEVES ETTLPAVELES OF TLla-
V1] avaoVorReVAOTO TS 08 TAOOTLRES BTjeC ue 1] xwolg dA-
un. Iow amd mv mewpapanxry empsivuvon, 1 E. coli
O157:H7 dev aviyvetinre ot @éta nat ™y dhun me.

H ovotaon g gpétag mov xonouorottnre otoug et
papatiopovs onueumvetol otov [ivaxa 1 now folonetal oe
avuotowyio pe outd ov 0piler 0 EMnvindg Kaduag Too-
@inmv wow Hotdv?'. To mocoots tov NaCl wov Pogbnxe
omv dhun fro 5.5%.

O petafohréc tov TinBuvopod mg E. coli O157:H7 nau
tov pH oth p€Ta vow otV dApN TS ROTA TH OUVTHENOT] TS
orovg 4°C, gaivovion oty Ewdva 1. O apyrdc mhnBuoude

Ewova 1. Metapolés tov mAnbvouov s E. coli O157:H7 xai tov
PH oty 9éra xar oty dAun s xatd n didoxela TG ouvTIionoNg
otovs 4°C.

E. coli O157:H7 otnv dAun (M); E. coli O157:H7 oty péta (®);
pH (A).

Figure 1. Changes in population of E. coli O157:H7 and pH in feta
cheese and its brine during storage at 4°C.

E. coli O157:H7 in brine (M); E. coli O157:H7 in feta (®); pH (A).

from 3.4 log,,CFU/g to 4.22 log,(CFU/g on the 6th day, and
a decrease was observed later on. E. coli O157:H7 was
detectable on SMAC plates until the 44th day and after
enrichment and subsequent striking on SMAC until the
50th day. The populations of E. coli O157:H7 in brine,
compared with those in Feta cheese during the same
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E.coli O167:H7 log CFU/mI

4.6

L 45

44

43

4,2

pH

41

1 3.9

38

0 4 8 12 16

Xpdvog (HEpeg)

37
24 28 32 36 40

Time (days)

e E. coli O157:H7 (5.4 1og; CFU/ml) omv diun, tapov-
otlaoe pelmon 0’6k ™ didorera ovvrijonong otovg 4°C. O
T000YGVOG OUTAS UKQOOQYAVIOUGS HTOV VLY VEVOLILOS OTO
vréotoopa SMAC péyor v 40n uépa. Metd amo &-
UAovTLoUS ®ow arGhovBo evopBaluous oe vITéoTEmUaL
SMAC njtav aviyvetouog uéxot xow v 44n uépa. O -
Buoude me E. coli O157:H7 om) gpéta magovoiaoe dieiodv-
on omo 3.4 log,, CFU/g o 4.22 log;, CFU/g mv 6m uéoa, &-
v 0T ovvEyela tapovotaoe ueiwon. H E. coli O157:H7
Mray aviyvevouun oté vtdotpmua SMAC uéyol v 441 ué-
Q0 %O UETA ATto EUTAOVTLOUS R arShovBo evogpBalu-
oué og vrdotpmpo SMAC péyol xow v S0m ugoa. Ovtin-
Buopoi g E. coli O157:H7 g dhung, OuyrQLvGUEVOL Ue
ToVg avtioTtoryovg ThnBuopoic e E. coli O157:H7 o gé-
o ot (010 yeovird draotruata eAEyyov, BeEtnxray otL1-
Ty onuavtrd ueyokitepor (P<0.05) uéyor my 20m uéoa,
¥woic onuavuxy duagoed (P>0.05) neta&d 22nc uépoag non
26mc népag ran HETEmELTO onpovTird, ixpdtepol (P<0.05)
UEYXOL TO TENOG TV TTELQOUATIOUMY GuvTHonons otouvg 4° C.
2710 (910 YEOVIKG dLdoTnua, UETAED Twv petprioewy tov pH
™C PETAC %o TG dAUNG, O€V TaRTNENONXAY ONUOVTLRES
duapopéc (P>0.05). H rradon tov pH g gétog o g di-
ung oto Téhog Tov Yedvou cuvtionong otovg 4° C (50m ug-
00 Tty rEdteEn tv 0.07 povdadwmv.

O petaforéc tov minbuouot e E. coli O157:H7 non
tov pH ot géta xaw oty dhun xatd T ovvtienot Tovg
otovg 12°C amewoviCoviow omv Ewdva 2. O aoyrds -
Buoudg g E. coli O157:H7 (5.29 log;; CFU/ml) omv dAun
TaEOVOTaoE pelwon ®ad’6An T dudorela CuVTHENONS TS
@étag otovg 12°C. HE. coli O157:H7 otnv ) fito ovi-
xvevoun uéxot mv 32n uéoa oto vrréotpowua SMAC xau

Ewdva 2. Metaforés tov mdnbvouod e E. coli O157:H7 xat tov
PpH oty @éra xar otny dAun s xatd Ty didoxeia ovvTrionors
otovs 12°C.

E. coli O157:H7 oty dAun (M), E. coli O157:H7 oty péta (®);
pH (A).

Figure 2. Changes in population of E. coli O157:H7 and pH in feta
cheese and its brine during storage at 12°C.

E. coli O157:H7 in brine (M); E. coli O157:H7 in feta (®); pH (A).

sampling times, were found to be significantly higher
(P<0.05) until the 20th day, without significant difference
(P<0.05) between the 22nd and the 26th day and afterwards
significantly different (P<0.05) until the end of storage at
4°C. During the same time, there was no significant
difference (P>0.05) between measurements in pH of Feta
cheese and brine. The decrease in pH of Feta and brine by
the end of storage at 4°C (50th day) was less than 0.07.

The changes in population of E. coli O157:H7 and pH
in Feta and brine during storage at 12°C are shown in
Figure 2. The initial population of E. coli O157:H7 (5.29
log;CFU/ml) in brine showed a decrease throughout the
storage of Feta at 12°C. E. coli O157:H7 in brine was
detectable until the 32nd day on SMAC plates and until the
36th day after enrichment and subsequent striking on
SMAC plates. The population of E. coli O157:H7, due to
movement in inner parts of Feta cheese blocks, increased
from 2.90 log,,CFU/g on the 1st day to 4.05 log;(CFU/g on
the 4th day of storage at 12°C. Then, the population of E.
coli O157:H7 showed a decrease until the end of storage at
12°C. E. coli O157:H7 was detectable on SMAC until the
38th day and after enrichment and subsequent striking on
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uEyoL Vv 36M HEEa PETA 0ITo EUTAOVTLOUS %o arGhovBo
evopBahuous oto vrdotpopa SMAC. O infuoude e
E. coli O157:H7 om géra tagovaiooe dieiodvon amo 2.90
log;o CFU/g mv 1n uépoa ot 4.05 log;, CFU/g mv 4n uépa
ovvrjonong otovg 12° C. Arorovbwg, o thnBuoude mg E.
coli O157:H7 mopovoiaoe welmwon uéyoL 1o T€hog xo6vou
ovvtijonong otovg 12°C. H E. coli O157:H7 vjtov oviyven-
owun oto véotpmua SMAC péyot v 38n népa oL LeTd
aTt0 EUTTAOVTLOUS ROl ArGAoVBO EVOPBAlMILOUS 0TO VIT6-
otpwpa SMAC mv 42 pépa. Ou minbBuouot mg E. coli
O157:H7 g dhung, ouyrQLYGIEVOL UE TOUS AVTIOTOLYOVS
tAnBuopois g E. coli O157:H7 om @éta, ota (O xeovird
duaotiparta eAEyxou, BOEOMKraY OTLTTOY ONUAVTLHA LEYOL-
Aitegol (P<0.05) uéyot ) 14n uéoa, ol onuaviiny duo-
pood. (P>0.05) uetakd 16mg uéoag »ouw 18ng pépag »ow ue-
témerta onpovtrd uredtegol (P<0.05) uéyol to t€hog tou
melpduatog ouvtonong otovg 12°C. To agywrd pH mg gé-
TOC ®oL TS dAUNG peudBnxe amo 4.51 o €pBaoe oto 4.0 ue
T0 Téh0g ouvTiiENnong otovg 12°C (42n uéoa).

Ta amote éopara €deiEav ot E. coli O157:H7 umopsl
va emutnoet oto GEvo mteolBAov TS QETag o ™S Ahang
®aw o pH unpdteo tov 4.5, Yo peydho xoovirnd dudot-
pa. Ioonyovuevec peréteg €del&av ot E. coli O157:H7
elvan avOexrtnti og GEWa TESPLU GTTmg 0 KUUSS wjhov'™?,
1 waryroveLa™ >, 1o yiaoton”, ta alhavird aépog™” nou
St wropel vo. emlel oe autd, Yuo peYAAo xoovird OdoTh-
po. Ta amotehéopata mg tapotoag §pevvag detEav 6t
UETA ATl eUTAOUTLOUG ®ow ArGAOVOO EVODPAMUOUS OTO V-
néotpopue SMAC o yodvog empimong mg E. coli O157:H7
dmoneoe 50 uépeg nou 44 uEQeg YL T PETOL TOU CUVTNON-
e otovg 4° C ran 12° C avtiotowya, yuo e v dhun 44 non
36 pépeg otoug 4° C raw otovg 12° C avtiotouya. Ta amote-
Méouata €deEav dun E. coli O157:H7 enélnoe yuo ueya-
Mitego ddomua ot QETo 'S, T otV dhun, Toed TO Ye-
YOvAg 6L 0 TaB0YGVOS LURQOOQYOVIOUAS TTEOOTEON1e 0.0-
Kwd oty dhur. Av o 1 dlagpoed Tov xedvou emfimong
mg E. coli O157:H7 ot ¢péta oo v dhun tay wre, o-
70Ol ONre ST TO TV TTOEOVOLATEL ROATTEQES CUVOTHES €-
TPlmong yo Tov TafoyGvo aQUTo IWRQOOQYAVIOUS OIT’d,TLT|
ahum. To yeyovig awté g ueyoahitepng empimons me E.
coli O157:H7 o @éto. oo v dhun, aoovotdodnue uetd
™mv 26m uépa otoug 4°C nan puetd m 18n uépa otovg 12°C.
Ovonuavtird peyariteeg duapopéc (P<0.05) tmv mthnOv-
oudv e E. coli O157:H7 oty dhun ast’ 6,tL ot QgTo oTo,
QYA xeovird drootiuata Ba utoeovoe va ogethetal ot
dieloduom Tov TaBoYGVoU cUTOT WKREOOQYAVIOUOU OITO THV
dhun om @éTa.

To yeyovig me dieiodvong-eELooodmong twv Tin-
Buoudv me E. coli O157:H7 amo v dhun ot @€to gal-
VETOL 01O TNV aR{OUNoN TV peyaAutépwv TABuoudy g
E. coli O157:H7 om gpéta v 6m pépa otovg 4°C rar v
4 puépa otouvg 12°C, evd avrtiotoryo oty dAun epgdvile
dLoprn] TTom oto 0L YEovIrRS didotua.

O Hudson »ow ouv.” Borjnav dun E. coli O157:H7 oto
Tl pewbnre xatd 3 log og oxéon pe Toug aEyLrovg TTAN-
Buopoic Tov TEooTédnray oto Ydha, érerta and 27, 30 xou

SMAC until the 42nd day. The populations of E. coli
0O157:H7 in brine, compared with those in Feta cheese
during the same sampling times, were found to be
significantly higher (P<0.05) until the 14th day, without
significant difference (P<0.05) between 16th and 18th day
and afterwards significantly different (P<0.05) until the end
of storage at 12°C. The initial pH of Feta and brine
decreased from 4.51 to 4.0 by the end of storage at 12°C.

Results showed that E. coli O157:H7 can survive in the
acid environment of Feta and brine and in a pH lower than
4.5, for a long time. Previous studies showed that E. coli
O157:H7 can survive in acid foods such as apple cider'?,
mayonnaise®****, yogurt", sausages' for a long time. The
results of the present study showed that after enrichment
and subsequent striking on SMAC, the survival of E. coli
0O157:H7 was 50 days and 44 days for the Feta and 44 and
36 days for the brine stored at 4°C and 12°C, respectively.
Results showed that E. coli O157:H7 survived longer in Feta
than in brine, although the pathogen was initially mixed with
the brine. Although the difference in survival time was
small, the Feta cheese showed that offers better survival
conditions than the brine. The fact of better performance
of E. coli O157:H7 in Feta than in brine, was observed after
the 26th day at 4°C and after the 18th day at 12°C. The
significant differences (P<0.05) between the populations
of E. coli O157:H7 in brine than in those in Feta during the
initial stages of the test, may be due to the penetration of
the pathogen towards the centre of cheese blocks.

The fact of penetration and balance of populations of E.
coli O157:H7 between Feta and brine, is shown from the
higher populations of E. coli O157:H7 up to the 6th day at
4°C and up to the 4th at 12°C, while at the same time a
continuous decrease in the population of the pathogen was
observed in brine.

Hudson et al.” found that E. coli O157:H7 decreased
about 3 log from the initial populations added in milk, after
27,30 and 27 days for white cheese in brine, Romano and
Colby cheese, respectively. The white cheese in brine at the
end of storage at 12°C has a pH of 4.8 and a brine with a salt
content of 7%. Reitsma and Henning" observed that E. coli
0157:H7 survived in Cheddar cheese during preparation
and storage at 4°C, either with a high inoculum (10’ log,
CFU/ml) or a low inoculum (1 log;; CFU/ml). Dineen et
al.” reported that E. coli O157:H7 survived for 12 days in
yogurt (pH 4.0), 28 days in sour cream (pH 4.3) and was
found to have >10°log;, CFU/ml cells on the 35th day in
butter milk (pH 4.1), when these products were
contaminated with 10’ log;; CFU/ml of the pathogen.
Chang et al.” found that in fermented sour milk (pH 3.5),
the E. coli O157:H7 survived for 1 day at 7°C, while
addition of sugar in various percentage in the same product,
the pathogen survived for 6-10days. Kasradeh and
Genigeorgis™ studied the survival of E. coli O157:H7 in
Spanish soft cheese (Queso Fresco) with a pH 6.6 and
found that the pathogen could grow at a temperature of
10°C, while did not grow at 8°C.
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27 népeg yua 1o Aevxd Tt diung, Tvet Romano naw Tl
Colby, avtiotouya. To hevro Tl dhung oto TEAOS TS Ov-
vionong otoug 12° C elye pH 4.8 o m dhun mov yonowuo-
TomOnxe epLelye YAmELOUYO VATOLO 0 T0000TS 7%. OL
Reitsma xow Henning” tagonjonoay éun E. coli O157:H7
enétnoe oe el Cheddar ot SLdExrELX TN TTORO.OREVTC
%aL TG oVVTHEN oY Tov otoug 4° C elte xonowwomowionxre
ueyarog apuBudg (10° log;, CFU/ml) eite munpds aoudpdg
(11log;; CFU/ml). O Dineen xow ovv.” avagégovy ot E.
coli O157:H7 emPiwoe yia 12 pépeg oe yaotot (pH 4.0),
28 uépeg oe 6Ewvn neépa (pH 4.3) nouw folondtav va €xel
>10log;, CFU/ml v 351 uépa o povtvpdyahra (pH4.1),
Stav T TEOIGVTA avTd elyov empoluvOel apyd ue 10°
log;, CFU/ml wittapa tou faxmoeiov. O Chang xow ovv.
Bovirav 6t oe Tvpovupevo oEbyaha (pH 3.5) n E. coli
O157:H7 enétnoe ywo 1 pépa otovg 7°C, evad pe v mto-
oBMun Tayaong oe dudgpopeg avaroyieg ato (010 TEOIGY, 0
TaB0YGVOg 0TS rQOOQYOVIOWOS entéCnoe 6-10 uépsec.
O Kasradeh »ou Genigeorgis™ pelémoav mv empimon mg
E. coli O157:H7 og womaviné pohond 1l (Queso Fresco)
ue pH 6.6 zow Borray 61 1o Taboyovo oo OTEAEYOS Ra-
Tdee va avamtuyBel oty ehdyLotn Oepuorgaoia Tov
10°C, evd dev avamtiynxre otovg 8°C.

Ot Ingham xaw ovv. ” pehémoay my emPiwon mg E. coli
0157:H7 ot mpdtumeg GAUES te 1 XwEIg TV 1eootixn ma-
OTEQUOUEVOU TUQOYAAURTOS 2% %O TOV YAMELOTVYOV VOITQ(-
ov 0g 10000T6 23% pe pH 5.7 #aBkg non o€ epumoQurés G-
UEGS TTOV YONOWOTOLOVVTOY YLt TNV EUSATTTLON ORANQGV TU-
QLAY UE TTOTOO0TS YAWELOTYOV VATOIOU KUROULVOUEVO ATt
22.1% uéyot 29.3% now pH nvpawvéuevo oo 5.3 uéyou 5.7.
HE. coli O157:H7 enefimoe oe 6heg T1g dhueg og Bepuo-
®npaoto 4°C nan ong 35 pépeg mov dujoreoe to melpaud
TOUC, TAQOVOLOOE TTTAON ®uucvouevn amo 1 uéyol 3 log;o
CFU/ml. Zmv magovoa €pgvva, o ueyolitepog ouiude Ba-
vartov mg E. coli O157:H7 mov mapotnondnxe oty dhun
%Td ™) cVVTRENON TS YéTag otovg 4°C og oyéon pe T a-
VIIOTOLY Ol ATTOTEAEOUOLTOL THE EQEVVULS TTOV TTEOAVAPEQONKE,
Ba uopotoe va ogelhetal oto yaunhdtepo pH (<4.5) mg
ahg og oyéon ue 1o pH (>5.3) twv odudv wov eE§taoay
0L AVOTEQM EQEVYNTEGS. AVTO POIORETAUL OE CUUPMVINL KoL UE
TOL CUUTTEQUOUATA TOVS, GTL TO XounAS pH v dhpewv elye
ueydin enttdpaon oto QuOus Bavdrov tov Taboysvou ow-
10U Parmeiov. Astd mEonyoUueves HeAETES pailveTol GTLT
E. coli O157:H7 mapovotdler peyohiteon avioyn oe ueyd-
AEC CUYREVTOMOELS YAMELOTYOV VaTEIOV OF OYXE0T Ue GANOL
oteléyn me E. coli*™'. O Glass raw ouv.” €delEav 6t o -
%QO0QYAVIOUSS cTds prtoeotoe va avamtuyfel oe Loud
(TSB) pe mepientndmro oe NaCl < 6.5%. O Ryu xau ovv.™
€delEav ouum E. coli O157:H7 Nrav aviyvedvoun pe tnbu-
ouovg >2.0log;, CFU/g oe ondvn fodivoit npéatog ue yhw-
oLovy0 vatoLo (0.5 - 20%) now pH amto 4.6 uéyot 9 ue yoho-
%S 08U yia dudotnua peyaritepo twv 3 efdouddov. Ta
amoteAéopara g Tapovoag Epevvag £delEav Gt emi-
Blwon mg E. coli O157:H7 vjrov peyahiten ot ggta no
oV dhun ®atd T CUVTHENOY TS PETOC OF Bepuonpaoio
4°C mapd otovg 12°C. To gpawvEuevo e voATeQNg emL-

Ingham et al.” studied the survival of E. coli 0157:H7 in
test brines with or without addition of pasteurized whey 2%
and sodium chloride at 23% with a pH 5.7, as well as in
commercial brines used for immersion of hard cheeses with
a salt content from 22.1% to 29.3% and a pH ranged from
5.3 to 5.7. E. coli O157:H7 survived in all brines at a
temperature of 4°C, and the pathogen showed a decrease
ranged from 1 to 3 log;, CFU/ml during the 35 days of their
tests. In the present study the higher death rate of E. coli
O157:H7 in brine during storage at 4°C than these of their
work, may be due to lower pH (<4.5) in brine compared to
pH (>5.3) in their brines. This is in accordance with their
conclusions, that the low pH in brines affected the decrease
rate of the pathogen. Previous studies showed that E. coli
O157:H7 is more resistant in high concentration of sodium
chloride than other serotypes of E. coli**'. Glass et al.”
showed that this pathogen can grow in TSB broth with a salt
content <6.5%. Ryuetal.” showed that E. coli O157:H7,
was detectable with populations >2.0 log;, CFU/g in beef
meat powder with sodium chloride (0.5 - 20%) and pH from
4.6 to 9 with lactic acid for more than 3 weeks. Results of
present study showed that survival of E. coli O157:H7 was
greater in Feta and brine at a storage temperature of 4°C
than of 12°C. The phenomenon of better performance of
E. coli O157:H7 at refrigerated temperatures (0-4°C), than
at higher temperatures, was observed by other workers in
various products such as mayonnaise™*, apple cider®, soya
sauce™ and cheese brines”, as well as in other pathogens e.g.
Listeria monocytogenes®.

The pH (4.0) in Feta and brine by the end of storage at
12°Cwas lower than the pH in Feta and brine (4.44) by the
end of storage at 4°C. The higher decrease in pH of Feta
cheese and brine at 12°C, than this at 4°C, might be due to
residual activity of lactic acid bacteria. The lower pH in Feta
and brine during storage at 12°C than this at 4°C, may
explain the higher decrease in numbers of E. coli O157:H7
by the end of storage at 12°C than this at 4°C. However, it
was observed that products with stable low pH, such as
mayonnaise™* show higher survival at refrigerated
temperatures than at ambient temperatures. Duffy et al.*
concluded that the effect of pH in decrease of E. coli
O157:H7 depends on the temperature with a higher effect
during storage at higher temperatures.

The results showed that E. coli O157:H7 survived for
almost 50 days in Feta cheese with a pH lower than 4.6 and
this pH value may be inhibitory for growth and survival of
certain pathogens™*. It is important to note that the
infective dose of E. coli O157:H7 is very low with 10-40
CFU/ml and this infective dose of the pathogen may be
dangerous for the consumer™.

Therefore, the manufacturers and handlers (sellers,
packagers etc.) of Feta must be careful and avoid infection
of this traditional Greek cheese with E. coli O157:H7. The
environment in a dairy industry should not be considered
as free from the presence of this pathogen, since E. coli
0157:H7 can be traced in the incoming milk”. Certain cases
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Btowong mg E. coli O157:H7 oe Bepuorpaoies Ypougng (0-
4°C), oe oxéon ue dhhec vymAdTepes BepuorEUOTES, ExEL
ToaTNENOEL RO 0TT0 GAAOVG EQEVVITES Ot dAAa TTROTG VT,
Smmg ot poylovéLa™*, to yuud uhov”, ™ oditoo 06-
yiog P ron tig dhueg ondnedv TopLdv”, Srwg wouw og G o
Boyéva Bantriowa, w.y. Listeria monocytogenes.”

To pH (4.0) g pétag o ™mg dhung oto TEAOG TG OV-
veenong otovg 12° C vjrav uredtepo amd To avtiotoLyo
pH (4.44) o7o té€hog Tg cuvtionong otoug 4° C. H peyohd-
TeEN TTtdor Tov pH e pétac nan ™mg dhung ot cuvtionon
otoug 12°C, og oygon pe gxelvn ™S OUVTIHENONS OTOVS
4°C, 0o uroovoe Vo, 0PeLETL OTNY VTOMELUUATURN-TTE -
patépm dpdon (residual activity) Twv oEuyahartrdy Pa-
xnoilwv. To yaunrdtepo pH g @étag xan g dhung ot
ouvvtijonon otovg 12°C oe oygon pe tovg 4°C, Ba umoov-
oe va. eEnynoeL ) ueyohiteon peiwon tov albuoi me E.
coli O157:H7 oro téhog g ovvtjonong otovg 12°C og
oyéon pe exeivn otovg 4°C, ahhd €xel Boebel ot mpoidva
ue 010.0eQ6 xaunis pH, émwg 1 payrovéLa™* magovold-
Covv nahitepn emPimon oe Bepuoraoies Yi&ng mapd oe
Bepuonpaotieg mepidihovrog. O Duffy xaw ouv.™ watéhn-
Eav 6w n dpdon tov pH om pelwon me E. coli O157:H7 ¢-
Eaptdro onuovtird oo ) 0eeuoreaaio ®ou OTL TAEOTY-
peltat avEnom g 0pdoNE AUTHE UE T OUVTHONOY 08 VY-
Aéc Bepuonpaotec.

To amoteléopara €delEav Gt o pH g pétas ne tun
RATHOTEQN TOV 4.6 (TLut] ATTayOQEVTLXT] YO TNV AvATTUEN
now eTBlwon ToMbV taboydvev farteimv)™ ¥, n E. coli
0157:H7 enétnoe o @éta uéyotL »ow 50 uéoes. Elvan on-
povTird va tovioBel ot 1 portivovoo dGom tov taboydvou
QUTOU URQOOQYAVIOUOT ElvarL TOMT wren ®ow ™e TaEng
tov 10-40 CFU/ml »oauv 6t ue ) déom avti n E. coli
O157:H7 wtoet vaL »ataotel enivouvn yio vy vyeio tov
roTavohwt]®.

Emouévag, oL TaQaoreVOOTES KAl OL (ELOLOTES (UETO-
TOMTEG, TOANTES »ATT) T™E PETAS Ot TEETEL VAL TQOOEYOVV
(MHOTE VO U1 LOMIVETOLL TO TTAADOOLARS HOS TVEL 0TS TOV L-
oxvEG ot poAvopomxs maedyovra. To meupdhhov evog
€QYOO0TUOTOV YUAAKTOROUKEV TQOIGVIWYV OEV UTOQEL VL
BemonBel ot elvan amarhayuévo amd my E. coli O157:H7
emeLON 0 TABOYGVOS CUTAS UKEOOQYAVIOUGS UTTOQEL VOL O
vevpebel oto mpooromiduevo yara'. “Exovv avagpebsl
TEQUTTAOELS  dLaotavQovuevns empudivvong (Cross-
contamination) Ta0TEQLOUEVOV YAAAKTOS ATTO ATTALOTE-
olwTo Ydho Tov duotpynoay copaed teopiipata vyei-
ag o Bavdrovg og votavalwtés’. Métpa 0pbric mapoyw-
vy duadwraciog (Good Manufacturing Practice) wouw
TEOYQAUUATA AVAMNONG %ot ELEYYOU RQIOLUMY ONUElwY
(HACCP) mp€meL va eqpoouélovtol og Tugoroueia, ov-
OREVAOTHOLA, YUYElo ®AT Yo vaL amtopevyBel 1) empudAuvon
™ pétag pe myv E. coli O157:H7.

of cross contamination of pasteurized with unpasteurized
milk have been reported, which resulted in serious health
problems and deaths of consumers’. In order to eliminate
contamination of Feta cheese with E. coli O157:H7, good
manufacturing practice (GMP) and programs of hazard
analysis critical control points (HACCP) must be applied
to dairies, packaging companies, commercial refrigerators
etc. 4
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