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EmBiwon wng Escherichia coli
0157:H7 oe Botwupo Proroyikiig
wpipavong katd m di1dpkela g
ouvipnong touv.

A. Tk6Bapng’, A.K. INanayew pyiou’,
K. ITanaBeodopov’

IMEPIAHWH. MeletiOnke n emPiwon tng Escherichia coli
0157:H7 o€ 3 winoug Boutipou: a) ywpig akdu, B) pe addu 0,46%
ka1 y) pe addu 0,93%, nou evogpOadpiodnkav pe puxpo (ca. 3,14 log
CFU/g) fi peyddo (ca. 4,80 log CFU/g) Bakmpraxé minBuopé kat
ouvinpriOnkav oe Oeppoxpaoieg 4°C xar 12°C. H ouvuipnon Suip-
keoe 2 priveg otoug 4°C ka1 péyp1 v eppdvion addoiwong (20-26
npépec) otoug 12°C. Lroug nelpapatiopolg pe peydro minGuopd
g E. coli O157:H7 n peiwon wv mnBuopdv oto édog g ou-
vuipnong otoug 4°C ftav 2,26 log CFU/g y1a toug tinoug ywpig
ardu ka1 pe akdu 0,46% xai 2,74 log CFU/g y1a tov t6no pe addu
0,93%. Xtoug neipapaucpoiq pe pikpd minQuopéd ng E. coli
0157:H7 n peiwon wwv minfuopov frav 1,81 log CFU/g yia tov
o wou Poutipou ywpig addu, evd yia woug drdoug dto tinoug
Boutipou n E. coli 0157:H7 firav avigvedoipn pévo petd and e-
prmoutopd. toug nelpapaucpols mou éyivav otoug 12°C pe pe-
yédo minBuopé g E. coli 0157:H7 n peioon wv mnbuopdv drav
2,71 xa1 3,17 log CFU/g y1a toug tinoug tou foutipou ywpig a-
Adu ka1 pe addu 0,46%, oug 20 kai 22 npépeg avtiotorya kai n E.
coli O157:H7 fitav aviyvedoipn pévo perd and epmdoutiopd yia tov
o pe addu 0,93% oug 26 npépeg. Xtoug nerpapatiopol pe -
kp6 minOuopé g E. coli O157:H7 n peiwon v minOuopdv f-
av 1,88 log CFU/g yia tov wimo ywpig addu oug 20 npépeg kai n E.
coli 0157:H7 fivav aviyvetoipn pévo petd and epmdovuops yia
toug timoug pe adu 0,46% kar 0,93% oug 22 ka1 24 npépeg, a-
viiotoiya. To pH ané pa apyixd ups 5,18+0,01 oe 6)a ta efeta-
o0évia Sefypara peidOnke ané 0,06 éwg 0,10 oto dog tng cuvtd-
pnong otoug 4°C ka1 an6 0,48 éwg 0,54 o0 éhog g ouvuipnong
otoug 12°C.

Aé€eig supempiaong: E. coli O157:H7, Botwupo

Epeuynitikn

Original Paper

Survival of Escherichia coli
0157:H7 in cultured butter during
storage.

Govaris A', Papageorgiou DK, Papatheodorou K’

ABSTRACT. The survival of E. coli O157:H7 was examined in 3
types of butter: unsalted, salted with 0.46% and 0.93% salt. The
butter samples were inoculated with a low (c.a. 3.14 log CFU/g) or
high concentration (c.a. 4.80 log CFU/g) inoculum of the pathogen
and were stored at 4°C and 12°C. The contaminated butter samples
were stored for 2 months at 4°C and up to visible spoilage (20-26
days) at 12°C. By the end of the storage at 4°C, the tests with the
high inoculum of the pathogen revealed that populations of E. coli
0157:H7 were decreased by 2.26 log CFU/g in the unsalted and in
0.46% salted types of butter, and by 2.74 log CFU/g in the 0.93%
salted type of butter, while the tests with the low inoculum of the
pathogen revealed that populations of E. coli 0157:H7 decreased
by 1.81 log CFU/g in the unsalted type of butter and were detectable
in the other types of butter only after enrichment. By the end of the
storage at 12°C, the tests with the high inoculum of the pathogen
revealed that populations ofE. coli O157:H7 decreased by 2.71 and
3.17 log CFU/g in the unsalted and 0.46% salted types of butter,
after 20 and 22 days, respectively and were detectable, in the 0.93%
salted type of butter after 26 days, only after enrichment, while the
tests with the low inoculum of the pathogen revealed that
populations of E. coli O157:H7 were decreased by 1.88 log CFU/g
in the unsalted type of butter after 20 days, and were detectable, in
the 0.46% and 0.93% salted types of butter after 22 and 24 days,
respectively, only after enrichment. The initial pH of all butter
samples (5.18+0.01) decreased slightly (0.06 - 0.10) during storage
at4°C, and more (0.48 - 0.54) during storage at 12°C.

Key words: E. coli O157:H7, butter

' Eoyaotijoto Yyiewrjc Toogiuwv Zwwjs Iooélevon,

Tuwijua Kenviarowajs, Havemorijuo Oeooalias, Kapditoa.

* Tougéag Yyiewnjs xau Teyvoloyiag Toogiuwv Zawijs [ooélevong,
Eoyaorijoto Yyiewijc nai Texyvoloyias tov I'dAaxtos, Tunjua
Krnpviarouxijs, Aotororédeio Ilavemoriuio Ocooatovixns. T.K. 540 06.
*Eoyootdoto I'dAaxtog "OAYMITOS",

"Evwon Ayootixay Zvvetaiotouay Adotoag, Adotoa.

Huepounvia vrroforis: 04.02.2002
Hugoounvia eyxoioews: 25.04.2002

' Laboratory of Foods Hygiene of Animal Origin, Faculty of Veterinary
Medicine, University of Thessaly, Karditsa, Greece

* Department of Food Hygiene and Technology, Laboratory of Milk
Hygiene and Technology, School of Veterinary Medicine,

Aristotle University of Thessaloniki, Thessaloniki 54006, Greece

* Dairy "OLYMPUS", Agricultural Union of Larisa, Larisa, Greece

Submission date: 04.02.2002
Approval date: 25.04.2002



148

A.TKOBAPHZ, A K. ITATTATEQPTIOY, K. [TATIAGEOAQPOY

EIZATQIH

H modm onuaviwn teogoyeviic AolumEn omd
Escherichia coli O157:H7 avayvmpiofnre to 1982 ot
HITA, petd o ®atavdAmon umgtextdv foeiov xpéatog
sov dev elyav ymOei emapras (Karmali 1989, Taylor 1990).
“Extote, ) E. coli O157:H7 €ygL dnuoveynoet 0ofaoég
TEOQOYEVELS hoLuEelg o maryrdoma rhipara ue Bova-
meopa npovouatae (Kuntz and Kuntz 1999), evd v te-
Aevtaia dexraetia mopotneeital alENon e ovyvoeTToag
EUPAVIONS Twv AotumdEewy avtdv (Betts 2000).

HE. coli O157:H7 aorel maboyovo dpdon péom mg
TOQAYWYHS ®UTTAQOTOELRWV ToEVaV Timtov Shiga (I naw
IT) now cuporvoivig raBdg row LESM TS LRAVETNTAS TS VO
RooroMdToL 0T BAEVVOYGVO TOL eviégou (Betts 2000).
ITpoxralel aLpnoEEay L] *OATOM, ALHOMTLRG OVEALULRS
OUVOQOUO RO LUOQEAY XY TOEQUQO UE OTTOTEAEOUATA &-
viote Bavamedpa (Doyle and Schoeni 1987). Ta veapd
%O TO NMRLOUEVE dtopa elvan Théov evmadn oty exdn-
MO OVEALUKOU TUVOQGUOU KAl CLLUOQQOLYIXNG TIOQPUQAS
(Kuntz and Kuntz 1999, Betts 2000).

Stpgava pe Tt dedvi) PLiloyoapic, oL TEQLOCGTEQES
a7t6 TG MOWWEELS 1] TOELWV(OELS €€ autiog TS ®aTtovdAmwong
Bovtigov, ogeihovtav ae Staplylococcus aureus ( CDC
1970, CDC 1977). Zopapég howwmEelg pe Bavdrtovg €xouv
avoge0el ot Dvhadio amd mv xatavdhmon foutipou
poAvouévov e Listeria monocytogenes ( Lytikainen et al.
2000). IMeprotatind AoumEemv amd xatavdlmaon foutd-
ov pohvouévou pue E. coli O157:H7 dev €xovv avapepbel
U€y oL onueQa, ahhd ToL TEQLOOGTEQO TTEQLOTATIXA AT V-
76 10 TABOYOVO OTELEYOS OPEAOVTOL O RATAVAAMON YO-
AARTOROUAADY TTROTOVTWV ATt aryeAAILYS YAAO Ha RQEOL-
Toorevaoudtmy ond féeto rpéag (Kuntz and Kuntz 1999).
[Mepotatnd coPagic AolumENg artd Taote QLWUEVO Yala
7tov emmuohivOnre ue E. coli O157:H7 €xeL avagpepBel ot
Zrotia (Upton and Coia 1994), Grmg €xouvv avagepOel e-
TUUOATVOELS RO GAADV YOAAKRTOROULRGY TEOTOVTIMV (TV-
QLd, Y10t artd To oTtéheyog auté (Morgan ef al. 1993).

H avdmmvgn o n emPiowon mg E. coli O157:H7 €yl
uekemBel oe amaoTeQlWTO RO TOOTEQLWUEVO Ydla (Wang
etal. 1997, Farrag et al. 1992), oe 6Ewvn »péua, fovtuodya-
Ao ®ou yLoovTL ®abmg rou oe dudgopa TuLd GTtmg
Cottage, Cheddar, ®éta now Tvoud twpoydhaxtog (Hudson
etal. 1997, Govaris et al. 2002, Govaris et al. 2001, Reitsma
and Heining 1996, Kasrazadeh and Genigeorgis 1995). H
TOQOVO0 £QYAOTA EYEL S OXOTG TN UEAETN TNG ETLPIMONG
™m¢ E. coli O157:H7 og fovtueo »otd ) didorela e ov-
VTNENONS TOL.

YAIKA KAIME®OAOI

KaAhégyereg

Ta otehéyn EDL-932 now EDL-933 mg E. coli O157:H7
TTOV XONOLUOTTOWONKAV 0TV EQEVVA CUTY], TTOQUY MY ON-
®av and tov zadnynm K. Feviyudoyn. Kdabe otéheyog a-
vosttiyOnxre yweotd o 50 ml arootelpmuévon Lopot 06-
viag TSB (Trypticase soy broth, Oxoid, Basingstoke,

INTRODUCTION

The first important foodborne outbreak caused by
Escherichia coli O157:H7 was recognized in 1982 in USA,
after consumption of undercooked beef burgers (Karmali
1989, Taylor 1990). Since 1982, E. coli O157:H7 has caused
severe foodborne outbreaks, sometimes causing deaths
(Kuntz and Kuntz 1999), and during the last decade an
increase of E. coli O157:H7 outbreaks has been observed
(Betts 2000).

The virulence of E. coli O157:H7 is attributed to the
production of the cytotoxic Shiga-like toxins (I and II)
hemolysin synthesis and the ability to adhere and colonize
intestinal surfaces(Betts 2000). E. coli O157:H7 can cause
hemorrhagic colitis, hemolytic uremic syndrome,
thrombocytopenic purpura and occasionally may lead to
death (Doyle and Schoeni 1987). Young children and the
elderly are most vulnerable to hemolytic uremic syndrome
and thrombocytopenic purpura (Kuntz and Kuntz 1999,
Betts 2000).

Most of the outbreaks or intoxications due to con-
sumption of contaminated butter, reported worldwide have
been caused by Staphylococcus aureus (CDC 1970, CDC
1977). Outbreaks with consumer deaths have been also
reported in Finland after consumption of butter con-
taminated with Listeria monocytogenes (Lytikainen et al.
2000). Outbreaks from butter contaminated with E. coli
0O157:H7 have not been reported so far. The majority of E.
coli O157:H7 outbreaks were due to consumption of conta-
minated dairy products produced from cow’s milk and beef
meat products (Kuntz and Kuntz 1999). A severe outbreak
from pasteurized milk contaminated with E. coli O157:H7
was reported in Scotland (Upton and Coia 1994), and there
are reports of other dairy products (cheese, yogurt)
contaminated with this pathogen (Morgan et al. 1993).

The growth and survival of E. coli O157:H7 has been
studied in pasteurized and unpasteurized milk (Wang et al.
1997, Farrag et al.1992) in various dairy products such as
sour cream, buttermilk and yogurt in cheese such as
Cottage, Cheddar, Feta and whey cheese (Hudson et al.
1997, Govaris et al. 2002, Govaris et al. 2001, Reitsma and
Heining 1996, Kasrazadeh and Genigeorgis 1995). The
purpose of the present work was to study the survival of E.
coli O157:H7 in butter during storage.

MATERIALS AND METHODS

Bacterial strains

The two E. coli O157:H7 strains EDL-932 and EDL-
933 used in this study were kindly provided by Prof.
Genigeorgis. Each strain was grown separately in 50 ml
sterile trypticase soy broth (TSB of Oxoid, Basingstoke,
England) for 24 h at 37°C, with two consecutive transfers.
The inoculum of E. coli O157:H7 was prepared according to
Govaris et al. (2001) and was used for the contamination
tests of butter. The bacterial cells were pelleted by
centrifugation at 2,500x g for 20 min, washed once in 10 ml
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England) otoug 37° C yua 24h, pue $0 duadoyréc avorah-
Méoyerec. Hraluéoyera g E. coli O157:H7, mopaoxev-
GoBnre omwg mepLypdeetal and tovg Govaris xat ouv.
(2001) %o xENOWOTONONARE VL0 TNV TELQAUATIRY WOAVV-
omn tov Poutigov. Ta xitraga Tov xgofiov ovyrevIQm-
Onrav pe puyorévipnon (2.500 g/20 min), tAOnnay yio
utar poed og 10 ml amo 0.1 Phosphate Buffered Saline
(PBS) (Oxo0id) »aw apoudbnxrav og 1.0x10°cfu/ml oe PBS.
Ta 800 otehéyn evadnray og meQimov (0eg OVYREVIQM-
oeig. H péronon tav xuttdomy tov puxeopiov €yve pe da-
doynég apalmoelg rar oxndrlovdn uétonon oe Tryptone
Soy Agar (Oxoid). H mapayBeioo nariiégyeia mg E. coli
0157:H7 (sepimov 10° log CFU/ml) yonowomorjonxe yuo
™V TELQaUaTLRY LOAVVOT Tov fouTigovu.

H oBuyahoxtixn »alALEQYELO TOV Y ONOWOTOL|ON)E
YLOL TNV WQLUAVOT TNG ROEUAS TTAV £VOL UIYUX ATt EUITOQL-
%A oTeAEYN PETSPLAMMV OEVYahaxrTIRdY Partnolmy Lacto-
coccus lactis susp. lactis, Lactococcus lactis susp. cremoris,
Lactococcus lactis susp. diacetilactis won Leuconostoc
mesenteroides susp. cremoris 1:1:1:1, CH-N-22 (Chr.
Hansen A/S, Horlom, Denmark) oe avaioyto 10 g/200 Kg
roéuac. H o§uyahantinn rnalhégyeia evogahuiotnne o
250 ml amootelpmuévou ydhartog rot etmdodnxre yia 30
min otovg 28°C LV astd TV TROooB#Y TS 0TV REEUAL.

ogayoyn povrvgov zm empcrvven Ttov ue E. coli
O157:H7

H moparymyr] tov Boutigov €ywve 0 eyraATOOTAOELS
yahaxtoPropmyavicg ®aTw ammé avoTnEEg ouVONKES LYLEL-
viig, Otwg mepLyedgeTal amo toug Ryser xau ovv. (1985).
Tt Y Tapaorevy] 1oV foVTiEou XeNoLoTow e ma-
oteQLOUEVN ®EEN (48% Mtapd) amd ayehadwvé ydla. H
roéua (200 Kg) evopOaiuiodnxre ue mv oEuyaiontiny
nalMépyela, emmdobnre otovg 18°C yia 24 hpec, ovvé-
yeLa Yoxnure otovg 16°C yia 15 dpeg non axolotdnoe 1
Bovtupomoino| tg.

H mtaparymyn tov foutipouv €yive o€ meQLOTOEPSUEWN
roMvdort Bovtvooxrddn ZP 500, (Petribiaci, Marano,
Italy). Metd ) Bovtuomoinon g »eépag ywo 40 min, €-
YIVE ATTOUAXRQUVON TOV BOUTUQOYAAAKTOC KoL TTROOTEONKE
ATOOTELRMUEVO VEQGS Bepuorpaoiog 4°C, Yo Ty §xmlvon
ToV PovTtipov. Metd ) fovtvgormoinon dtayweiotxe mo-
odtra fouvtigov 2 Kg g1 Touthoiv »ou tagaorudodnray
ot Erjg 3 timot fovtipou: Bovtupo yweic ald, fottugo
ue wreo 10000té ahattot 0,5% o fovtugo ue peydho
710000716 ahatoy 1,0%. H pdhaén tov fovtigov otoug 14-
15°Cyia eplmov 15 min o 1 wpoodNxn Tov ahaton €yi-
ve e 10 €L og avoEelidmwro TeamélL wov elye eEuylavOel
ue atud. Zto téhog g dadiraoiog pdhagng, €ywe éhey-
%OG TNG TEQLEXTLROTN TS O€ YAWOELOUYO VATOLO.

2t ouvExela €yive 0 evopBaluouds tov foutigov e
™mv rarhEgyela mg E. coli O157:H7. Kabe timog fouti-
0V (XwElg ahdTL, e wxrES 1j ueydho Tooootd ahatiov)
xwotobnre oe 2 péon (tov 1 Kg) zai to ndbe nuépog evo-
@Oaluiodnre pe wxed 1 ueydho mtinbuvoud mg E. coli

of 0.1 Phosphate Buffered Saline (PBS), pH 7.0, 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 (ca 1,0 x10° cfu/ml) was used to contaminate
butter samples.

The starter culture used for biological ripening of
cream was a mixture of commercial dehydrated mesophilic
strains of lactic acid bacteria Lactococcus lactis susp. lactis,
Lactococcus lactis susp. cremoris, Lactococcus lactis susp.
diacetilactis vou Leuconostoc mesenteroides susp. cremoris
1:1:1:1, CH-N-22 (Chr. Hansen A/S, Horlom, Denmark)
in a dose of 10 g/200 Kg cream. The dehydrated culture
was first regenerated in 250 ml of sterile milk for 30 min at
28°Cbefore its addition to cream.

Butter production and contamination with E. coli
O157:H7 tests

The butter was manufactured in a commercial milk
plant facility under strict hygienic control according to
Ryser et al. (1985). Pasteurized cow’s milk cream (48% fat)
was used for production of butter. The cream (200 Kg) was
mixed with the starter culture and then incubated at 18°C
for 24 h. Then it was cooled at 16°C for 15 h before
churning. Churning was made in a rotated cylindrical churn
ZP 500, (Petribiaci, Marano, Italy) for 40 min. After
churning the buttermilk was removed and sterile cold water
(4°C) was added, for butter washing. Three portions of
butter of 2 Kg each were used for the preparation of the
three butter types: a) unsalted, b) salted with low dosage of
salt (0.5%) and c) salted with high dosage of salt (1.0%).
Working of butter was made at 14-15°C for 15 min and
mixing of salt was made manually at a steam sanitized
stainless table. After working of butter, the salt content of
butter samples was measured.

Afterwards, the butter was mixed with the inoculum of
E. coli O157:H7. Each butter type was split and each
portion of 1 Kg was inoculated with the low or the high
population of E. coli O157:H7. To ensure adequate
distribution of E. coli O157:H7, the inoculated butter was
mixed thoroughly for about 15 min manually at a steam
sanitized stainless table. Each type of butter was inoculated
with E. coli O157:H7 to contain c.a. 3.14 log CFU/g or c.a.
4.80 log CFU/g of butter for the tests with the low or high
inoculum, respectively. Each type of butter with the low or
high inoculum of E. coli O157:H7, was divided in four
portions of 250 g, which were placed in sterile plastic cups
and cooled with cold water (2°C) for 30 min. The samples
of butter were stored at 4°C and 12°C for resembling
proper and improper storage conditions, respectively.

Enumeration of E. coli O157:H7

Sampling of butter was made according to the IDF
procedures (IDF Standard 50C: 1955), at the following
time intervals: every 4 days for samples stored at 4°C and
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O157:H7. H ovyréviomon Tov iuxoy evopdaluionatog
Moy ca. 3,14 log CFU/g »ow tov peydiov evogpboluiopatog
fitav ca. 4,80 log CFU/g. H pdha&n tov fovtigov cuveyi-
oOnxe yua weimov 15min yua va emmitevy el n »ahvteon
duvaty avduelEn tov pe v E. coli O157:H7. 2t ouvé-
XELQ, 0 ®ABE THITOC TOV BOVTHEOV pE xS 1 ueydio sthn-
Buoud me E. coli O157:H7, ywplonxe o€ 4 uéon twv 250
g mepimov, ta omola tortoBeTOnrav og otelpa Thaotrd
®voTrela wow YoyxBnrav oe vepd Bepporpaoiog 2°Cyia 30
min. Ta delypata tov fovtipov mapéuetvav o Beppo-
®paoieg ovvinonons 4° C xan 12°C, yio v mpocouoinon
RAVOVLHNG KOL U] XAVOVIXNG OUVTHENONS, AvT{oTOLX .

ApiOunon tng E. coli O157:H7

H devypatoinpio tov fouvtigov yvdtay ovpgova pe
g odnyies g IDF (IDF Standard S0C, 1995) »ow petd v
gmuéiuvon tov fouvtipov ue mv E. coli O157:H7 ota a-
nShovba yoovird dwaotiuata: Kabe 4 nuépec ota dely-
HotoL Tov ouvTnEY Onray otovg 4° C rou xdbe 2 nuépeg ota
delypato mov ovvinednxay otovg 12°C.

Ze nd0e mooypauuaTionévn derypatoinyic, OuTAd
delyuata atd 10 g foutiQov HETAPEQOVTOY OE QTOOTEL-
pwuéveg oaxovAeg stomacher xau apoudvovtay 1:10 og a-
TOOTELRMUEVO tryptose broth pe 2% sodium citrate Oep-
uoxpaotac 40+1°C. Metd ) 10" apaimon, oL eméueveg
duadoyméc denadinéc apaudoeLs yivoviay oe oteipo 0,1%
phosphate buffer saline (PBS, Oxoid) Oeppoxrgaciog
40+1°C naw axohrovfovoe evopbatuoude (0,1 ml) omv
emupdvela tov Sorbitol-McConkey Agar (SMAC, Oxoid).
Zm ouvéyxera o TeUPMa emtmwdloviav otovg 37°C yia 48
h. Otavn E. coli O157:H7 dev fitav aviyveioun oto vis-
otpouc SMAC, yio v avaliton twv etl@vioy 1 Teo-
UOTLOUE VMV RUTTAQMV RATM oItd TO G010 0iBunong, ywvo-
AV EUTAOVTLONGS O TROTOTTOMUEVO Coud E. coli (CM
990, Oxoid) mov mepLeiye novobiocin (SR 181, Oxoid)
(Wang et al. 1997). Ta gpmhovtiouéva delyparta enmdlo-
viav atovg 37°C yua 16 — 18 h o emwaotioa pe unyave-
oud avaxivnong (150 rpm). H mwagovoio 1 oy g E. coli
0O157:H7 otov gpmhovtonxd Loud, emfepormvitay pe a-
mevBeiog empovelond evopboiuoud (0.1 ml) oe Sorbitol-
McConkey Agar (SMAC, Oxoid). Ta touBhia enwdlovioy
otovug 37°C yua 48 h. e megurtdoeis apugioing avayvo-
QLOTG TWV XAQOKTNOLOTLRMY ATTOLKLGV, QUTES VTTOPAALO-
viav oe €Leyyo ue API tests not ovynoAAnom ue avioed
0:157 (E. coli O157 Latex test, Oxoid).

Duooynrt) eE€raon

O devyparoMPpies Yo T puatroynuxy eE€Toom Tov
Boutigov yivovray ota idua dtaomipata Tov yivovray devy-
patodies ywo v apibunon me E. coli O157:H7. To M-
7OG, N VYEAOTA, ®AOMS AL TO YAMELOVYO VATOLO TOV ov-
TPV TTROodLEIoN®AY olppmva ue Toug Bradley now ouv.
(1992). To pH twv derypdtov tov Boutigov teoodoolls-
Tav ue mexdueteo timov 525, WTW (Wissennchaftlich-
Technische Werkstatten, GmbH, D 82362 Weilheim,
Germany).

every 2 days for samples stored at 12°C.

At each designated sampling period, duplicate samples
of 10g of butter were placed in sterile stomacher bags and
were diluted 1:10 in warm (40=1°C) sterile tryptose broth
with 2% sodium citrate. After the 10-1 dilution, the rest
serial decimal dilutions were made into a warm (40+1°C)
sterile 0.1% phosphate buffer saline (PBS, Oxoid),
followed by direct plating of 0.1 ml of appropriate dilutions
on sorbitol-McConkey agar (SMAC; Oxoid). Plates were
incubated at 37°C for 48 h. Whenever E. coli O157:H7 was
not detected by direct plating on to SMAC and surviving
or stressed cells of the pathogen below the lower counting
limit were detected by enrichment into modified E. coli
broth (CM 990, Oxoid) supplemented with novobiocin (SR
181, Oxoid) (Wang et al. 1997). Enriched samples were
incubated at 37° Cfor 16 — 18 h, in a shaker incubator (150
rpm). The presence or absence, of E. coli O157:H7 in the
enrichment broth, was confirmed by direct plating (0.1 ml)
on Sorbitol-McConkey Agar (SMAC, Oxoid). Plates were
incubated at 37°C for 48 h. In cases of non-characteristic
colonies of E. coli O157:H7, confirmation was made using
the API test and O157 antiserum (E. coli O157 Latex test,
Oxoid).

Physicochemical analysis

Sampling for physicochemical analysis of butter was
made at the same sampling time intervals for enumeration
of E. coli O157:H7. Moisture, sodium chloride and fat
content of butter samples were estimated according to
procedures described by Bradley et al (1992), while the pH
was measured with a type 525 WTW pH meter,
(Wissennchaftlich — Technische Werkstatten, GmbH, D
82362 Weilheim, Germany).

Statistical analysis

All the experiments were performed in duplicate and
the entire study comprised of 24 trials (three butter types
X two inoculum X two storage temperature, all in
duplicate: 3 x 2x 2 x 2 = 24). All microbiological assays
were performed in duplicate. Statistical differences were
determined using the Students t-test, after analysis of
variance.

RESULTS AND DISCUSSION

The possibility of pre-existing contamination of the
butter with E. coli during butter preparation and handling
was checked by examining it for E. coli presence before
inoculation with the test strain. The absence of E. coli
0157:H7 in the produced butter types was verified by the
enrichment culture and subsequent plating on SMAC,
before they were inoculated with the pathogen.

The composition of butter used in the tests was in
accordance with the Greek State Regulations of Foods and
Beverages (1994) (Table 1). The analysis of butter samples
showed that the sodium chloride content was 0.46+0.05%
and 0.93+0.04%, which is almost identical to aimed salt
content of 0.5% and 1.0%, for the butter types with low and
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Lrotiotier] avaiven

‘OLoL OL TELEOAUATIONOL EYLVaY €L OLTTAOVY %o 1) QY-
ota eprehdupave 24 donpés (toerg Timot foutigov x dto
evopbaluiopata x dvo Bepuonpaoies emmaons, Sha eig
Smhotv: 3x 2x2x2 = 24). O uxQofLohoyréc avaiioeig
mpayuatorotnxrav og duthd delypata. O otaTioTinég
duapoéc aEoloyninxrav pe to t-test, uetd omd avdivon
TOV OLALKVUAVOEMV.

AIIOTEAEXMATA - XYYZHTHXH

H mboavstnra emudivvong tov fouvtigov ue E. coli
0O157:H7, notd TV TAQAOREVT TOV ROL XOTA TOVS YELQL-
ouovg Tov axolovBnoay ehéyytnre ue mv eE€Taom Tov Yo
mapovota g E. coli O157:H7 mowv 0mtd tov evogBaiopd
Tov fovtiov ue 1o oBoysvo. H E. coli O157:H7 dev avi-
yvettnxre pe ™ uéB0do Tou euTAOVTIONOY o axdAovbo &-
vogpBaiuous ot vréotpouo SMAC oto fovtueo mov ma-
QUOREVATONKE, TOLY AITG TNV TELQAUATIXT] UGAVVOT] TOV.

H ovotaon tov foutipov mov xonotposoufnxe otovg
TELQOUATLONOUE TTANEOVOE TLS TEOIOYQAPES TTOV 0QILEL O
EMnvinég Kardwag Toogpipmv xow Hotav (1994) (Iiva-
»ag 1). H avdhvon tov derypdtmv fovtipou €deike du to
yhoorovyxo vdrtolo mov Pegdnxe 0,46+0,05% non
0,93+0,04% vjtov oxedGV TOVTGoNUO UE TO OTEYO TG TTE-
otextrdmrag ue 0,5% row 1,0% oahdti, 0toug TOmOUS TV
Boutigov pe ured xor peydio 10000t aAaTLoN, avTi-
otoya. Toeg dadoyréc puowmoynuxés avarlioels o° G-
AN ™ SLdpreL TV TELRAUTLIOWDY (0Y1], LEON %ol TEAOG
TOU YedVoL ouvtiENomg) €detEav Gt To Almog, 1 vypaoia
AL TO YAWELOTYO VATOLO TOV foutipou dev petafAonroy
onpovard (P<0,05) uéyol 1o téhog Tg ouvTHENOoMS 0TOUS
4°C non 12°C (ITivaxog 1). To pH amd po coyuxn T
5,18+0,01 oe 6ha ta eEgT0.00€ VIO delypata puetbnxre a-
716 0,06 £mg 0,10 oTo TéAOC ™S CVVTHENONC oTovS 4°C RO
a6 0,48 €mg 0,54 oto téhoc ™mg ouvienong otovg 12°C.
Tuvrijenon tov Bovtigov otovg 4°C

H ovumepupopd mg E. coli O157:H7 ota delypota fov-
TOEOV pe peydro minbuopd (4,88=0,15 log CFU/g) %o ov-
vienovc toug oe Bepuorpaocia 4°C yua 2 ufvee, paiveton
oto Exynfjua 1. Ta amoteléopata £delEav 6t oL aQyLrol
ainBvopol mg E. coli O157:H7, and (4,88x0,15 log
CFU/g) o¢ 6ha ta eEgtaoBévta delyparta tov foutipov,
neldtnray xord pécov 6o 2,26 log CFU/g yia ta delyua-
Tt TOV POVTUEOV YmEIC aldTL ®OL pe aAdTL 08 TOOOOTO
0,46% na notd pécov 6o 2,74 log CFU/g v ta delyuata
TOV PouTtipou pe ahdt og Toc0oT6 0,93%. ‘Onwg gaive-
TaL o 0to Zyfua 1 1 pelwon twv tinbuoudy e E. coli
O157:H7 Ytav peyohiten oty aoyrr] didoxreLa mg ov-
viienong otovg 4°C xow uéyol ™ 16m nuéoa yua Shovg
Tovg £EeTa0B€vTEC TVTOVE TOV fOUTVQOV, EVM UETETELTA
%At UEXOL TO TENOS TNE CUVTHENOMGS 0 EUOUGE TG TTTHONE -
TAV URQOTEQOC O€ OYETN UE EREIVN TNG ALOYLHNG CUVTHOTN-
ong. £’ 6An ) dudprera g ouvtrjonong otovg 4°C ol thy-
Buopol e E. coli O157:H7 oto foitueo pe mocootd aha-
oV 0,93% Mrav onuoavted wrpdtepot (P<0,01) tov o-

Hivaxag 1. DuowroynrES TAQAUETOOL TOV POVTUOOV TOV
XONOLROTTON|ONRE OTOVG TELQAUATIOUOVG.

Tomog Aimog Yyoaoia
Bovtigov (%)* (%o)*

XAwQLovyo vaTeLo
(oG dL0QLONEVO) (%) *

Bovttvpo 83.2+0.09 15.4%0.10 -
X0l ahdt
83.3x0.05 15.2+0.08

Bottvpo 0.46x0.05

e WO
TO000TO
ahatol

Bovtvpo 83.5+0.02 14.7%+0.08 0.93+0.04
ue ueydro
TO0000TH

ohotot

* ME00g 6QOGETUTLRY ATTORMON).

Table 1. Physicochemical composition of butter used in
contamination tests.

Butter type Fat Moisture Sodium Chloride
(%) * (%0)* (measured) (%)*

Unsalted butter 83.2+0.09  15.4+0.10 -

Butter withlow  83.3+0.05  15.2+0.08 0.46=0.05

content of salt

Butter with high  83.5+£0.02  14.7+0.08 0.93+0.04

content of salt

* Mean value £standard deviation.

high salt content, respectively. Three subsequent
physicochemical analyses during the tests (beginning,
middle and end of storage period) showed that the fat,
moisture and the sodium chloride contend of butter were
not changed significantly (P <0.05) up to the end of storage
period at 4°C and 12°C (Tablel). The pH from an initial
value of 5.18=0.01 reduced slightly (0.06 to 0.10) in all
examined butter samples during storage at 4°C and
significantly (0.48 to 0.54) during storage at 12°C.

Storage of butter at 4°C

The behavior of E. coli O157:H7 in samples of butter
with the high inoculum (4.88+0.15 log CFU/g) and storage
at 4°C for two months is shown in Figure 1. The results
showed that E. coli O157:H7, from an initial populations
of 4.88=0.15 log CFU/g were decreased by an average of
2.26 log CFU/g in the unsalted and in 0.46% salted types of
butter and by an average of 2.74 log CFU/g in the 0.93%
salted type of butter. The decrease was higher at the
beginning of the storage at 4°C and up to the 16th day for
all examined butter types, while afterwards and up to the
end of storage the decrease ration was lower than that of
the initial period (Figure 1). Throughout the storage at 4°C
all E. coli O157:H7 populations in the 0.93% salted butter
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Zynjua 1. Merafoléc tov iAnbvouod s E. coli O157:H7 M A @ xaitov pH [ /. O xazd t didoxeia tne ovvrijonons otovs 4°C tov
Povtipov: a) MO ywoeis aldri, f) A A ue addr 0,42% xary) @ O ue ardr 0,93%. Hetpauationol ue ueydio apyixd minbvoud tov

swaboyovov (4,88=0,15 log CFU/g).

Figure 1. Changes in populations of E. coli O157:H7 B A @ and pH [0 /\ O during storage of butter at 4°C: a) B O unsalted, b) A /
with 0.42% salt and c) @ O with 0.93% salt. Tests with high inoculum of the pathogen (4.88%0.15 log CFU/g).

viiotolywv TAnBuoudv twv Aoy eEetaoBéviny Tinmv
oL fovtiov, yweic aldt row e ahdm 0,46%. O tinBu-
owol g E. coli O157:H7 oo pottugo e mooootd ahatt-
00 0,46% o€ oyéon pe Tovg aviioToLyove TANBVoUovS TOv
Boutipgov ywelc aldtt fjtav onuavied wxrEGTEQOL
(P<0,01) otic ardhovBes NUEQES TV OELYUATOAPYLAV: aQ-
xwd otg 4 wow 8 NUEeg ®abMe raw arrd v 28n uéyoL v
36n uéQa, eV 0TS VITGAOLTES NUEQES TV OELYUATOMN-
Yudv xa UEYEL 0 TEAOC ™ ovvtrionong otoug 4°C dev v-
noxe onuavtry dwagoed (P>0,01) ueta&t tove. To pH
Shov tv eEetaoBévtav Timmv PouTioou amtd Ty aQyr
©wun 5,19 peudnxre ehdyiota (0,06) oto téhog e ovvei-
onong otovg 4° C (Zyniua 1). Ta amotedéoparta €del&av 6-
T 10 pH tov derypdtwy towv eEetacdéviav tinmv fouti-
pov glyav oxeddv mv (dra wre Trwon.

H ovumepupopd mg E. coli O157:H7 o¢ deiypata fov-
0oV pe wred Tnbuoud (3,13+0,14 log CFU/g) natd
ouvtenon tovg oe Beppoxpaoio 4°C yo 2 pnves, paivetan
oto Zyrjua 2. Twa ta delypata tov fouvtipov xmeic aldt
%o pe ahdr og T0000T6 0,46%, to amoteléopata €0elEov
6w oL TAnBuopot g E. coli O157:H7 peudOnrov xatd pé-
oov 6p0 1,81 log CFU/g oto TéA0g TNng OUVTNENONG 0TOVS
4°C. T 1o delypara Tov foutigov ue aAdtt 0 T0C00TS
0,93%, oL tinBuopot g E. coli O157:H7 apuduotvrav oe
vrdotpoua SMAC pe amevBeiag evopbaiousd péyoL myv
52N Muépa, eva 0TS ETTOUEVES DELYUOTOMIES TNV S6M %ot
60M Nuéoa frav aviyvevoLuol uGvo UETd amtd eUTAOUTIONS
og tpomomotuévo Loud E. coli (CM 990 Oxoid) nai evo-
@Oahmops og vrdotowpe SMAC. Ta amoteléopata €-

were significantly lower (P<0.01) than those of the other
tested types of butter (the unsalted and 0.46% salted types).
Moreover the populations of E. coli O157:H7 in the 0.46%
salted type of butter were significantly lower (P<0.01) than
those counted in the unsalted butter at the following
sampling days: initially in 4th and 8th days and from the
28th up to the 36th day. However during the remaining
sampling days, and up to the end of storage at 4°C there
was no significant difference (P>0.01) between them. The
pH of all examined samples of butter decreased slightly
(0.06) from an initial value of 5.19 by the end of storage at
4°C (Figure 1).

The behavior of E. coli O157:H7 in samples of butter
with the low inoculum (3.13=0.14 log CFU/g) during
storage at 4°C for two months, is shown in Figure 2. For the
unsalted and the 0.46% salted samples of butter, the results
showed that the populations of E. coli O157:H7 decreased
by an average of 1.81 log CFU/g by the end of storage at
4°C. For the 0.93% salted samples of butter, the
populations of E. coli O157:H7 were counted by direct
plating on SMAC up to the 52nd day. After that day
detection at 56th up to 60th days was done only after
enrichment in E. coli modified broth (CM 990, Oxoid) and
following plating on SMAC. The results showed that the
decrease of the populations of E. coli O157:H7 in tests with
the low inoculum was similar to that of high inoculum in all
examined types of butter during storage at 4°C. Figure 2
shows that the decrease of populations of E. coli O157:H7
was higher at the beginning of storage at 4°C and up to
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Zynjua 2. Metafoléc tov mAnbvouot s E. coli O157:H7 M A @ xaitov pH OO A O xazd n didoxeia tne ovvrijonons otovs 4°C tov
Povtipov: a) MO yweis aldr, f) A 1 ue akdrr 0,42% xary) @ O ue aldrt 0,93%. Hetpauationol pe pixod apyixd tAnbvoud tov
swaboyovov (3,130, 14 log CFU[g). Tiués wuxodreges tov 1 log CFU/g xatayodenxav ue tn ué0odo tov eumlovtionot xat oqueidvovral

wg Oetixés.

Figure 2. Changes in populations of E. coli O157:H7 M A @ and pH O /. O during storage of butterat 4°C : a) B O unsalted, b) A /.
with 0.42% salt and c) @ O with 0.93% salt. Tests with low inoculum of the pathogen (3.13£0. 14 log CFU/g). Values lower than 1 log CFU/g

were recorded by using the enrichment method and marked as positive.

delEav 6t M petmon twv tinBuoudv g E. coli O157:H7
OTOVE TTELQAUATIOUOVS e PrES TANBuouS fitay TaQduow
UE EXEIVN TOV TELQOUATIOUDV UE TO UEYAAO TANOLOUS
otovg eEetao0gvTe Timovg Poutigou ot dudoreLd ™S ov-
veiienong otovg 4°C. Zto Zyrjua 2 paiveton 6T 1 pelmon
TV TAnBuoudv ™mg E. coli O157:H7 vjtov peyaiiteon oty
agywn Oudoxrela Tg ouvtjonong otoug 4° C uéyol t 16m
NUEEA YLOL TOVG THTTOVS TOU POVTIQOU Y mEIC AhdTL ROL UE
71000076 ahatot 0,46% naw puéyot mv 20m nuéoa yia Tov
T07T0 TOV BOVTHEOV e T0000TS ahatlov 0,93%, evd peté-
TELTOL %O PEYOL TO TEAOC THE CUVTIENONG 0 QUOUGE TG TTTh-
OoNg NTav rEOTEQOS Ot OXEoN UE EXEIVN TNC aQYLHC OV-
VIRONONG YLt GAOVE TOUG THTTOVE BouTiQov. 2T ouvTion-
on otoug 4° C tov Timmv foutdoov pe wxed thnbuoud mg
E. coli O157:H7, oL tinBuouoi tov maboyévov oto fottugo
ue 10000t6 ahatot 0,93% rjtav onuavtird wrEGTEQOL
(P<0,01) tov aviiotorywv tAnBuoudy tmwv dhhov egeta-
00€vTov THmmV Tov BouTigov XwElg aldTL ®aL ue aAdTL
0,46% 0" 6\ T SLAEYELD TV 2 UNVAV TN CUVTHENONG, €-
%TOC ™E deryparoApiag oty 4n nuépa dmov dev vt ke
onuavtry diagoed (P>0,01) petakd twv mnbuoudy mg
E. coli O157:H7 twv detyudtov Tomv Timmy Tov foutigov
ue ooootd aratov 0,46% xon 0,93%. O thnBvouot e
E. coli O157:H7 ot0 oitueo ue tocooté aratot 0,46%

16th day, in the unsalted and in 0.46% salted types of butter
and up to 20th day in the 0.93% salted type of butter, while
later on, the rate of decrease was lower than this of the
beginning of storage for all butter types. For the butter
types with the low inoculum of E. coli O157:H7 during
storage at 4°C, the populations of the pathogen in the
0.93% salted type of butter were significantly lower
(P<0.01) than those of the other examined butter types
(the unsalted and 0.46% salted types) during the two
months of storage, except from that in the 4th day of
sampling, since then there was no significant difference
(P>0.01) between the populations of E. coli O157:H7 in
the 0.46% and 0.93% salted butter types. The populations
of E. coli O157:H7 in the 0.46% salted type of butter were
significantly lower (P<0.01) than those counted in the
unsalted butter at the following sampling days: initially
from the 4th up to the 12th day and in 40th and 48th day,
while during the remaining sampling days, and up to the
end of storage at 4°C, there was no significant difference
(P>0.01) between them. The pH of all examined samples
of butter decreased slightly (0.10) from an initial value of
5.20 by the end of storage at 4° C (Figure 2).

During the two months storage period at 4°C, all types
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O€ OYE01 PE TOVS AVTIoTOLYOUS TANBVOUOTE TV BouTipgou
Xwlc ahdm Nrav onpoavurd wxpdtepol (P<0,01) ong a-
®xGhovbeg NuEpeg Tmwv derypatodmpLadv: ayund netaEv e
4ng won 12ng nuépag roBag emiong v 40m naw v 48n 1-
UEQM, EVA 0TS VITGAOLTTES NUEQES TV DELYUOTOAPLAV HOLL
uéyoL 1o A0S g cvvtijenomng otovg 4° C dev vmnoye on-
povaxrn duapopd (P>0,01) peta&d tovg. To pH Shav tov
eEetaoBEvImv tinwv foutipov amd v oy Ty 5,20
pewdtnue ehdyota (0,10) oto T€hOg T oUVTENONG OTOUG
4°C (Zynqua 2). 'Ommg »ow 0TOVE TELRAUATIOUOUS Ue Ueyd-
Lo tinBvops g E. coli O157:H7 ot ouvtijpnon otovg
4°C, 10 amoteAéopota €0gEav 6L to pH twv deryudtov
TV eEeTaoBEVTWV THIWV fouTtigov giyav oxeddv mv (Do
ULKQY] TTTAOON).

2’ 6 ) ddoreLD T™V 2 UNVEV TS CUVTHENONS OTOVS
4°C, novéva and 1o eEetaobévra delypata GAwv Twv -
swv Tov foutipou dev €de1ke onueia alholwong, elte evo-
gBalpiomray ueydiol elte wrot minBuopol me E. coli
O157:H7. AMor ggevvntéc emtiong porjrav 6t to maboyo-
VO aT6 dev dnuoveyel epupavi| onueia adlolwong oe ma-
OTEQLOUEVO YAAO ROTA T OLAQKELDL TS CUVTHONONS TOV O€
Beoponpacia 5°C (Wang et al. 1997) now oe Muli0pa,
AvOSTU00 ®ow Mavotol ot SLAERELDL THE OUVTHENOYS TOUS
otoug 4°C (Govaris et al. 2001).

H peimon tov apyixot tinbuouot tov taboydvou o-
pelthetar e dLAPoEOVS TARAYOVTES, TG, TO YaUnAS pH,
1 YrapEn NaCl, 1j 1o o§uychaxntind faxrtnoLo »o to peta-
Bolxd mpoidvta wov Taedyouv, ®abag xaw oty ahhnie-
TOQOON TV TAEAYOVTWY autdv otV E. coli O157:H7. Ou
Reitsma zow Henning (1996) fonrayv étun E. coli O157:H7
enétnoe yua 158 pnépeg oe wot Cheddar pue pH 4,95-5,2,
ot dLdErELA TN WEIRAVONS ®OL CVUVTHENONS O¢ Beppo-
rpaota 2°C. O Hudson xau ovv. (1997) mapationoay 6-
wn E. coli O157:H7 vitav aviyvevowun oe tupl Cottage ue
pH 4,8 uetd mv maoaoxreu Tou 1oL TV TTOQOUOVY] TOU O
Bepuonrpacia 4°C yuo 26 p€eg. 2t OUVTIENON TVELDV TU-
poydhraxtog (Mutrifpa, AvBdtugo xaw Mavotol) oe Oep-
poxrpaoio 2°Cyua 30 uépeg, n E. coli O157:H7, ané tovg
aQywmotc TAnBuopoicg (c.a. 6,25 log CFU/g) wov evogphai-
utomray, pewndnure tepimov xotd 2,5 log CFU/g (Govaris
et al. 2001).. Ze mooTEQUOUEVO YA TTOV CUVTNETONXE
otovg 2° Cywa 28 uépec, n E. coli O157:HT puewdbnre notd
1,6-2,0 log CFU/g (Wang et al. 1997). Avapoetinn fitov 1
ovptepupoed ¢ L. monocytogenes o€ foitugo Tov ou-
vt Onre oe Bepuorpaoia 4°C, dmwg TogaTionoay ot
Olsen xat ovv. (1988) mwov forjray 6t 10 TaBoydvo avtd
avomtiyOnure and €va agyrd minbuoud 3,5 ot 6,0 log
CFU/g €nerta and 6-8 efdouddeg ouvtionong om Oeppo-
roaota avt). Elval duwg yvwotd étun L. monocytogenes
uroeel ®ar avamticoeton oe Bgpuoxrpaociec Yitewg
(Rosenow and Marth 1987, Papageorgiou and Marth 1989,
Papageorgiou et al. 1996).

Avagopenréc Twég pH €xovv avape el yio v ava-
otoMj avdmtuEng me E. coli O157:H7. e pH puxpdtepo
Tov 5,5, ) avdntuEn me E. coli O157:H7 og nolMéQyeteg
(Buchanan and Klawitter 1992, Conner and Controla 1995)

of the examined butter showed no sign of spoilage,
independently of the populations of E. coli O157:H7
inoculated. Other researchers also found that this pathogen
does not cause any visible signs of spoilage in pasteurized
milk during storage at 5°C (Wang et al. 1997) and in whey
cheeses Myzithra, Anthotyros and Manouri during storage
at4°C (Govaris et al. 2001).

The decrease in populations of the pathogen may be
due to factors such as the low pH, the presence of NaCl, or
the antagonism of lactic acid bacteria and their metabolic
products, as well as to the effect of all these factors on E.
coli O157:H7. Reitsma and Henning (1996) found that E.
coli O157:H7 survived for 158 days in Cheddar cheese with
pH 4.95-5.2, during ripening and storage at 2°C. Hudson
et al (1997) observed that E. coli O157:H7 was detectable
in Cottage cheese with a pH 4.8 during manufacture and
storage at 4° C for 26 days. During storage of whey cheeses
Myzithra, Anthotyros and Manouri at a temperature of
2°C for 30 days, populations of E. coli O157:H7 from initial
numbers of c.a. 6.25 log CFU/g were decreased by an
average of 2.5 log CFU/g (Govaris et al. 2001). In
pasteurized milk stored at 2°C for 28 days, E. coli O157:H7
decreased c.a. 1.6-2.0 log CFU/g (Wang et al. 1997). L.
monocytogenes showed a different behavior in butter during
storage at 4°C, as Olsen et al. (1988) found that this
pathogen increased from an initial population of 3.5 to 6.0
log CFU/g, after 6-8 weeks storage at this temperature.
However, it is known that L. monocytogenes can grow at
refrigeration temperatures (Rosenow and Marth 1987,
Papageorgiou and Marth 1989, Papageorgiou et al. 1996).

Different pH values were reported for the inhibition of
growth of E. coli O157:H7. At pH values less than 5.5, no
growth of E. coli O157:H7 in synthetic culture media
(Buchanan and Klawitter 1992, Conner and Controla 1995)
or skim milk (Guraya et al. 1998) was observed. Hudson et
al. (1997) found that in White brined cheese, Romano, and
Colby cheeses with pH values less than 5.2, E. coli O157:H7
was decreased by c.a. 3.0 log after 27, 30 and 27 days in the
three cheeses, respectively. According to our results, the
pH of all examined types of butter was lower than 5.2 with a
low decrease (from 0.06 to 0.10) by the end of storage at
4°C. It is known that E. coli O157:H7 can survive for a long
time in acidic environments at refrigeration temperatures,
as shown by studies in foods with low pH, such as apple
cider (Miller and Kaspar 1994, Tortorello et al. 1998),
mayonnaise (Weagant et al. 1994, Erickson et al. 1995),
yogurt (Massa et al. 1994, Dinneen ef al. 1998), sour milk
(Chang et al. 2000) and sausages (Clavero and Buchat 1996,
Calicioglou et al. 1997).

It is known that during production of butter, milk
components found in water phase, as well as micro-
organisms can be entrapped in the water phase, which is
kept and distributed in the fat phase of butter (Olsen et al.
1988). The sodium chloride is also dissolved in the water
phase resulting in the increase of its final concentration that
is faced by bacteria. Thus, in the present study the salt
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1 dmaxo yaha (Guraya et al. 1998) otoudmoe. Ov Hudson
%o ovv. (1997) mapanijonoay dun E. coli O157:H7 oe pH
%ATm tov 5,2 pelddnue xord 3,0 log, oe oyéon ue toug 0o-
KLroVg TN OVOUOTS TTOV TEOOTEOMRAY 0TO YAha, EmeLta a-
76 27, 30 now 27 pépec yio Aevrd Tl diung, tvpl Romano
»aw et Colby, aviiotouya. ‘Onwg €deEav Ta amoTtelé-
opatd pog, to pH Shav tov eEgtaoBéviay timmv tov fou-
TOEOV NTaY UKEAGTEQO TOL 5,2 pe rradon amtd 0,06 uéyor 0,1
0710 Téhog ™S ouvTiienong otovg 4° C. ‘Oumeg, elval yvmotd
ot E. coli O157:H7 pmoel now emfradver yuo pueydio
¥00VIrG dudotua g G6EWo TteQLBdllov ®at og Bepuonga-
otleg YUENC, ®abug avtd €delEav uehétec oe TPOPLUOL LE
younhé pH, mag o yupds wihov (Miller and Kaspar 1994,
Tortorello et al. 1998), n poryrovéto (Weagant et al. 1994,
Erickson et al. 1995), to ywaotpt (Massa et al. 1994,
Dinneen et al. 1998), to tuvpovpevo oEvyara (Chang et al.
2000) naw to. ahhoviird agpog (Clavero and Buchat 1996,
Calicioglou et al. 1997).

Elvat yvooté 6t ot SLdxrEL TS TTOQOOREVTIS TOU
Bovtipov, ovotatind Tov YAAKRTOG TTOV PRIOROVTOL 0TV
vdGTIVN PAOoN, ABMOEC ROl PLHEOOQYOVIOUOT UTTOQEL VL TTE-
ouxhelovron oY VOATIVY PAON TTOV TTOLQAUEVEL KOLL ROTOL-
vépetal om Mrtat] pdon tov Bouvtigov (Olsen er al. 1988).
To yAwoLovyo vaToLo exiong dtahietor oty vOdTLvY pd-
o1 UE TOTEAETUAL VO CUEAVETOL 1] TTQAYUOLTIXT] OUYHE-
VIQMOT] TTOV AVTLUETWTCOVV Ta faxtiota. "Etol oty ma-
0U00 UELETH OL CUYREVTOWOELS TOV ahaTLOT 0TV VTV
pdon vrohoyiotnxre dturjtay 3,02% nau 6,32% yio. tovg T-
JTOUGS TOV POVTipov pe m0o0otd ahatov 0,46% »aw 0,93%
aviiotowya. Elval Spmg yvootd amd mponyotueves nelé-
tec 6t E. coli O157:H7 nagovoldler peydin avroyn oe
VYNAES OUYREVTQMDOELS YAmELOTY oV vatpiov (Glass ef al.
1992, Ryu et al. 1999, Ingham et al. 2000). O Glass xaw ouv.
(1992) Borrav 6T 10 TABOYGVO OUTS UTOEOVTE VaL OLVOL-
vy el oe Copd (TSB) pe mepentndmra o NaCl <
6,5%. H ouyr€vigmon tou YAmLovyou vateiov oty vdd-
TN @don 6,32% tov THTtov Tov fovtigov pe ardt 0,93%
elval ®OVTd OTNY OITOTEETTLXY CvT TLWY TOU ahato®
(6,5%). Emtouévmng, to yeyovig auté 0o uropovoe va eEn-
yiioer nar ™ dwoogetryy ovumeQupoed ™c E. coli
0157:H7 otov 1910 Tov foutipou ue toc00td ahatot
0,93% mov mapovoiace oNUAVTLRA PLrEoTeQOVS TTAYOu-
ouovg (P<0,01) og oyéon ue Tovg dhhovg Timovg fovtigov
®aBdg emiong Ot dev VROV ONUAVTIXES SLAPOQRES
(P>0,01) peta&y povtigov xweis aidt nat Fovtioou pe
71000076 ahatiov 0,46% oto peyahiteQo Xovivs didot-
e, %o oL Tovg 000 tinfuopots emuSAuvons de Wreo ®o
ueydio evopddhuopo ot dipnvn cuvrijonon otovg 4°C.

Ta oEuyahaxrtind faxtiiola Tov deouedTnray oy v-
ddtv pdom tov Boutipov Ba puroovoay va elyay aovh-
Ty entdoaon oty emPiwon me E. coli O157:H7, ahhd
Teonyovueves pueréteg €0etEav Gt 1 aviorywviotiky dpdon
(opyavind oE€a, PantnoLooiveg %.4.) TV 0EUYOAOR TRV
Baxmoetov oto taboydvo autd eivar uron (Farrag ef al.
1992, Clavero and Beuchat 1996, Duffy et al. 1999). Av-
ouevij extdpaon oty empPiwon mg E. coli O157:H7 Ba

content in the water phase was estimated to be 3.02% and
6.32% for the 0.46% and 0.93% salted types of butter,
respectively. It is also known from previous studies that E.
coli O157:H7 shows resistance in high concentrations of
sodium chloride (Glass et al. 1992, Ryu et al. 1999, Ingham
et al. 2000). Glass et al. (1992) found that this pathogen
could grow in broth (TSB) with a content of NaCl < 6.5%.
Thus in the type of butter with 0.93% (6.32% in water
phase) NaCl, the concentration could be considered
inhibitory for the growth of E. coli. This could explain the
different behavior of E. coli O157:H7 in the butter type
with 0.93% salt, which showed significantly lower
populations (P<0.01) than those counted in the other types
of butter. There were also significant differences (P<0.01)
between unsalted butter and butter with 0.46% salt during
most of the storage time, for both low and high inoculum
of the pathogen during the two months storage at 4°C.

The lactic acid bacteria which were entrapped in the
water phase of butter could act against survival of E. coli
O157:H7, but previous studies showed that the antagonistic
action (organic acids, bacteriocins etc) of lactic acid
bacteria to the pathogen is low (Farrag et al. 1992, Clavero
and Beuchat 1996, Dufty et al. 1999). A negative affect in
the survival of E. coli O157:H7 could have the diacetyl
(Davidson and Hoover 1993, Kang and Fung 1999), which
is produced in fermented butter from Lactococcus lactis
susp diacetilactis (like the one used in the present test)
(Mantis 2000).

The results of this work showed that E. coli O157:H7
survived during the two months of storage at 4°C in
unsalted and in salted (0.46% or 0.93%) butter, for both
contamination tests with low or high inoculum of the
pathogen.

Storage of butter at 12°C

The behavior of E. coli O157:H7 in tests with the high
inoculum (4.67=0.10 log CFU/g) of the pathogen in butter,
during storage at 12°C, is shown in Figure 3. The tests
lasted up to the appearance of signs of spoilage (change of
color to brown yellow, rancid smell etc) which happened at
the 20th, 22nd and 26th day for the unsalted, the 0.46% and
the 0.93% salted butter, respectively. During storage times,
the populations of E. coli O157:H7 ware decreased by an
average of 2.71 and 3.17 log CFU/g for the unsalted and the
0.46% salted type of butter, respectively. For the 0.93%
salted type of butter, the populations of E. coli O157:H7
were counted by direct plating on SMAC up to the 24th
day, while afterwards they were detected only after
enrichment in broth and plating on SMAC up to the 26th
day. The data of figure 3 show that the decrease in
populations of E. coli O157:H7 was higher at the beginning
of storage at 12°C and up to the 12-14 days for all the
butter types, while later on and up to the end of storage the
rate of decrease was lower than this of the beginning of
storage. Throughout the storage at 12°C, all E. coli
O157:H7 populations in the 0.93% salted type of butter
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Xymna 3. Metaporés tov mAnbvouod g E. coli O157:H7 M A @ xaitov pH O A\ O xatd ) didoxeta tys ovvtijonons otovs 12°C tov
Povtvgov: a) MO ywoeis aldr, f) A L pe aldr 0,42% xaiy) @ O ue ardre 0,93%. Herpauatiopol we peydio agyixd xinbvoud tov
waboyovov (4,67+0,10log CFU/g). Tiués wixodtegpes tov 1 log CFU/g xatayodgnxay e Ty ué6000 Tov eUmAovTionot xat oqueidvovtal

wg OeTixés.

Figure 3. Changes in populations of E. coli O157:H7 B A @ and pH [0 /\ O during storage of butter at 12°C: a) B O unsalted, b) A /\
with 0.42% salt and c) @ O with 0.93% salt. Tests with high inoculum of the pathogen (4.67%0.10 log CFU/g). Values lower than 1 log
CFUJg were recorded by using the enrichment method and marked as positive.

urogovoe va €xel xou to draxetiio (Davidson and
Hoover 1993, Kang and Fung 1999) mov mapdyetol oto
Bovtveo froloyiric moiuaong aré to Lactococcus lactis
susp. diacetilactis (6mmg ovTd TOV YENOLUOTOW ONRE OTO
nelpapa) (Mantis 2000).

Ta aroteléopata €delEav 6t n E. coli O157:H7 emi-
Biwoe 0 Ay ™ dudorera ™ SiuNVHg CUVTHENONS OTOVS
4°C, oto Pottugo, el ahdtt xaw pue 0,46% 1 0,93% mo-
000T6 0AOTLOU, 08 GAOVE TOUS TELQAUOTIOUOUS KOL UE L
%0 1 ueydio evopddiuoua tov tadoysvov.

Xuvrijenon tov povrigov otovg 12°C

H ovumepupopd mg E. coli O157:H7 og deitypoto fov-
o0V ue peydro tnBvoud (4,67=0,10 log CFU/g) natd
™ dudoreLa ™ TaEAUOVHS Tovg otoug 12°C, gpaivetal 0to
Syrua 3. O TELROUATLOROT SIHORETAY UEYOL TV EUPAVL-
on onuelwv ahotwong (ahhoyn xodUaTog cuvHBme TEOS
T0 0OUQO R{TELVO, OouN TAyYLoNg »AT) naw EpHacay Tig
20, 22 nou 26 MUEQES YLOL TOVE THITOVES TOV OUTIQOV YWEIS
aldri, pue too0otd ahatov 0,46% »au 0,93 %, aviiotouya.
210 aVOTEQW AVTIOTOLYM YOVIXA OLOLOTHULOLTOL TMV TTELQOL-
UOTLOUGY, 1 uelmon Tmv TAinbvoudy me E. coli O157:H7
oy xord uéoov 6po 2,71 now 3,17 log CFU/g yua toug to-
TTOVE TOU POVTIQOV XWEIS AAATL XAl YE TOTOOTS AhaTLoN

were significantly lower (P<0.01) than those counted in the
0.46% salted type of butter. Also the populations of the
pathogen in the 0.46% salted type of butter were
significantly lower (P<0.01) than those counted in the
unsalted butter, except for the 2nd day, where there was no
significant difference (P>0.01) between them. The pH of
all examined butter types decreased throughout the storage
at 12°C, from an initial value of 5.16 to final values of 4.55,
4.64, and 4.60 in the unsalted butter, the butter with 0.46%
and 0.93% salt, respectively.

The behavior of E. coli O157:H7 in tests with the low
inoculum (3.11+0.11 log CFU/g) of the pathogen in butter,
during storage at 12°C, is shown in Figure 4. As in tests
with the high inoculum of E. coli O157:H7, the tests lasted
up to the appearance of signs of spoilage and reached the
20th, 22nd and 24th days for butter types of unsalted and
with 0.46% and 0.93% salt, respectively. The populations
of E. coli O157:H7 were decreased by an average of 1.88
log CFU/g for the unsalted butter type up to the end of
storage at 12°C (20th day). For the 0.46% salted type of
butter, the populations of E. coli O157:H7 were counted by
direct plating on SMAC up to the 18th day. After that day
and up to the 22nd day, identification was done after
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Figure 4. Changes in populations of E. coli O157:H7 B A @ and pH O /\ O during storage of butter at 12°C : a) B O unsalted, b) A /\
with 0,42% salt and ¢) @ O with 0.93% salt. Tests with low inoculum of the pathogen (3.11£0.11 log CFU/g). Values lower than 1 log CFU/g

were recorded by using the enrichment method and marked as positive.

0,46%, avtiotouyo. ['ia tov Timo tov foutigov pe mocooTd
ahatot 0,93%, o tinBuopol g E. coli O157:H7 ap10-
uotvroy pe amevdeiag evoplaluond uéyxor Ty 24n nué-
Q0 RO TOV OVLYVEVOLUOL UGVO UETA OITO EUTAOVTLONS OF
teomormomuévo Lwud E. coli (CM 990 Oxoid) zaw axdhov-
80 evopBaiuous og vrtéotomua SMAC uéyor mv 26m -
uéoa. Eto Zyrjua 3 gaivetol Gt N TTHom TV TAnBuoudy
ms E. coli O157:H7 Yitav peyoariteen oty ayrri dudo-
%eLo e ovvrionong otovg 12°C uéyor g 12-14 nuépeg
v GAOVE TOVE TUITOUE TOU POVTUQOU, EVE LETETELTA RO
UExoL 10 TEAOG TS OUVTHENONS 0 QUBUGS TS TTTDONS Ty
WHQOTEQOC O TYEDT UE EXEIVY] TNG OLQYLUIC OUVTIONONC.
2’ 6\ ™) dudorera g ovvrijenong otovg 12°C, ta amote-
Mopara €delEav 6t oL tinBuopoi e E. coli O157:H7 oto
Bovtueo ne moo00ts akatiov 0,93% frav onuavird -
rpotepot (P<0,01) twv aviiotorywv tinfuoudy mov pe-
TN ONRaY oTOoVS TUITOUE BOVTUEOU YWEIC OAdTL oL UE O-
Mt 0,46%. O tinBuopot g E. coli O157:H7 oto fottugo
ue 0000To ahatiov 0,46% ot oyéon ue Tovg ThnBuouoic
7OV UETENOMHRAV 0TO POUTLEO YWEE ahdT NTay onuavTe-
%d urodtegot (P<0,01), extde amd ™ 2n nuépa mov dev
Tagamennrav onuavtrés dragopés (P>0,01) uetaky
tovg. To pH tov tinov fovtigov mov eEetdodnray ma-

enrichment in E. coli modified broth (CM 990, Oxoid) and
plating on SMAC. For the 0.93% salted type of butter,
counting of E. coli O157:H7 was posible by direct plating
on SMAC up to the 16th day. After that day detection was
possible only after enrichment and following plating on
SMAC up to the 24th day. The data of figure 4 show that
the rate of decrease of the populations of E. coli O157:H7
was higher at the beginning of storage at 12°C and up to
the 6-8 day for all types of butter, while later on and up to
the end of storage period the rate of decrease was lower
than that of the beginning of storage. Throughout the
storage at 12°C, all E. coli O157:H7 populations in the
0.93% salted type of butter were significantly lower
(P<0.01) than those counted in the 0.46% salted type of
butter. Also the populations of E. coli O157:H7 in the
0.46% salted type of butter were significantly lower
(P<0.01) than those counted in the unsalted butter, except
for the 2nd and 4th days where there was no significant
difference (P>0.01) between them. The pH of all
examined butter types decreased throughout the storage at
12°C, from an initial value of 5.18 to final values of 4.66,
4.68, and 4.72 in the unsalted butter, the butter with 0.46%
and 0.93% salt, respectively.

ITEPIOAIKO THE EAAHNIKHE KTHNIATPIKHE ETAIPEIAZ 2002, 53(2)
JOURNAL OF THE HELLENIC VETERINARY MEDICAL SOCIETY 2002, 53(2)



158

A.TKOBAPHZ, A K. ITATTATEQPTIOY, K. [TATIAGEOAQPOY

povolole o 6° GAn ™) dudEHELD TS CUVTIENONS OTOVS
12° C zaw 0710 TEMOC T™V XQOVIXGV LAoTUATOV TTOV TTOO-
avagépnray 6Tl SjErRECAY OL TTELQOUATIOUOT UELDBN®E
artd pio ayry tuy 5,16, otg twwéc 4,55, 4,64 »aw 4,60 oto
Bottupo ywoic akdt, xaw 0To fovTueo ue ahdt og TOCO-
0716 0,46% o 0,93%, avtiotoya.

H ovpmtepupopd e E. coli O157:H7 ota delypara fov-
TR0V pe wrEo minbuvoud (3,11+0,11 log CFU/g) »atd ™
dudprela ™me ovvrjenog tovg otovg 12°C, gaivetol oto
Zxfua 4. “Omme ®o OTOUS TELQAUATIOUOUS Ue HeYAho TTAN-
Buoud me E. coli O157:H7, oL etpopatiopol pe purod -
Buoud tov Taboydvou dijoreoay UEYXQL THY EUQPAVLOT O1-
pelov adhoiwong raw pbacay tg 20, 22 now 24 nuées Yo
TOVE TOTTOUE TOU BOUTIEOU XMEIG AT, UE TOGOOTS OhALTL-
00 0,46% »ou 0,93%, avtiotoua. H uelwon tov tinbuopdv
me E. coli O157:H7 fitav ratd uéoov 6po 1,88 log CFU/g
yLoL Tov TUo Tov BoVTHoov XmElg aldTL 0To TEAOS TS OV-
vajonong otovg 12°C, myv 20n nuépa. Twa tov Timo tov fov-
TOEOV e 0000T6 ahatov 0,46%, ov tinBuopuoi e E. coli
O157:H7 apbuovvioy pe amevbeiog evoplahuoud uéyot
™ 181 nuépa ratL Hrav aviyvevoLol uévo petd amd &-
UTAOVTLOUGS %ot 0xGAoUB0 EVOEBAMUOUS 08 VITGOTOWUA
SMAC v 20m »ou 220 nuéea. T tov timo tov fovtipou
pe mo000té alatov 0,93%, o tmBuouol e E. coli
O157:H7 apbuovvioy pe amevbeiog evoplahuoud uéyot
™ 16m nuéga raL HTav aviyvevoLol UGvo petd amd €-
pwrhovtlopd og teomomomuévo Coud E. coli (CM 990
Oxo0id) »ar axdhovBo evogpBahuond o VITGOTEOU
SMAC a6 ) 18n uéyor zow v 24n nuépa. Xto Zyfqua 4
paiveton 6t pelmon twv thnbuoudv e E. coli O157:H7
ftav peyahiteen oty aQyny OLdExeLd TS CUVTHENONG
otovg 12°C uéyor tig 6-8 NUEEES YLar GAOVG TOUE THITOUE TOU
Bouvtigov, evd peTEmerta 1oL PEXOL TO TELOS TS CUVTHON-
ong 0 QUOUSE NG TTOONG NTOV UKEGTEQOS OF OYEDN UE €-
®EIVY TG aYWTiC ovvTionong. X’ 6y T didorela g ov-
vienong otovg 12°C, ta amoteLéopara EdelEav G oL TAn-
Buopolmge E. coli O157:H7 oto foitugo pe mocootd aha-
100 0,93% titay onuavuxd wxredtepol (P<0,01) twv avii-
OTOLY WV TANBUOUGY TTOV PeTEONraY 0To fovTUEO XWEIS
ohdte vou pe addm 0,46%. Ou wmBuopol e E. coli
O157:H7 oto fottugo pe mooootd arato 0,46% o oyéon
ue Toug TAnBuopovg wov petendnray oto foitueo xmelc
oAdTLrray onuavird uredtegol (P<0,01), extés ond myv
2n now ™V 4N Muépa Tou dev TaQATNENONXAY ONUAVTIKES
duapopéc (P>0,01) peta&yd tovs. To pH tav timwv fouti-
00V Ttov eEetdoTnroy aovoiale Twon ¢ Shn v dudo-
AELOL TNG OVVTHENONS 0Tovg 12° C %a 0T0 TELOC TV XOOVL-
ROV SLLOTNUATOVY TTOV TEOAVOPEQON®E GTL ALjERETAV OL
TELQAUOTIONOL, LEtdOnxre artd plo oy Ty 5,18, otg t-
uéc 4,66, 4,68 »ai 4,72 oto foitueo KW aAdTL, %L OTO
Bovtugo pe ardr og T0000T6 0,46% von 0,93%, aviiotouya.

Ta arotehéouara €detEav St M pelmwon Twv TAnbv-
owdv g E. coli O157:H7 otovg 1imovg Tov foutigov mov
eEetdobnray, eite pe ueydho (4,67+0,10 - 4,88=0,15 log
CFU/g) eite pe wurd (3,11+0,11 - 3,13+0,14 log CFU/g)
aQywé TAnBuous Tov aboydvou, fitav ueyoriteon ratd

The results showed that the decrease in the populations
of E. coli O157:H7 in all examined butter types, either with
high (4.67x0.10 — 4.88%0.15 log CFU/g) or with low
(3.11+0.11 - 3.13+0.14 log CFU/g) initial inoculum, was
higher during storage at 12° C than that during storage at
4°C. This may be due to the lower pH value in all butter
types as a result of the higher storage temperature. As it
was mentioned the pH of all examined butter types by the
end of storage at12°C ranged between 4.55 and 4.72, while
by the end of storage at 4°C the pH values in all butter
types ranged between 5.06 and 5.14. Mantis (1967) also
found that the acidity of butter increased, when the butter
was not stored at refrigeration temperatures. Higher than
refrigeration temperatures combined with low pH, have an
inhibitory effect on survival of E. coli O157:H7, as was
observed by other investigators in various products, such
as mayonnaise (Weagant et al. 1994, Erickson et al. 1995),
apple cider (Miller and Kaspar 1994), soya sauce(Masuda et
al. 1998), cheese brines (Ingham et al. 2000), and Feta
cheese (Govaris et al. 2002). The same effect was recorded
for Listeria monocytogenes in salted whey and salted skim
milk (Papageorgiou and Marth 1989).

The results showed that the decrease in all E. coli
O157:H7 populations was higher in butter with 0.93% salt
than in the 0.46% salted type of butter, independently of
either low or high populations were inoculated. Also the
decrease in all E. coli O157:H7 populations was higher in
butter with 0.46% salt than in the unsalted butter. The salt
content in the water phase, as was previously mentioned,
was 3.02% and 6.32% for the 0.46% and 0.93% salted types
of butter, respectively. The effect of salt content in water
phase was important for the survival of the pathogen during
storage at 4°C and 12°C. However, the differences in
decrease in populations of E. coli O157:H7 were higher at
12°C than this at 4°C and proportional with the salt
content. These differences in decrease in populations of E.
coli O157:H7 may be due to the fact that ionization of
sodium chloride increases with increase of temperature and
thus the salt harmful action to the pathogen is increased
(Glass et al. 1992, Ryu et al. 1999). O’ Toole (1978)
reported that the decrease in total mesophilic count, in 1.6-
1.8% salted butter was greater at 100C than at 4°C. A
higher decrease in populations of L. monocytogenes was
also observed in salted whey and salted skim milk with 12%
NaCl at 22°C than that at 4° C (Papageorgiou and Marth
1989). In the present study the inhibitory effect of salt in
the growth of bacteria is also revealed from the fact that the
spoilage was appeared later in butter types with the higher
salt content than those with the lower salt content and the
unsalted butter.

The decrease in populations of E. coli O157:H7 in the
examined butter types during storage at 4°C for 2 months or
at 12°C, was similar in both contamination tests with high or
low population of the pathogen. These findings are
consistent with reports of other investigators who found
that the behavior of E. coli O157:H7 was the same with
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™ ovvtrjonon otovg 12°C amtd ) pelwon twv Thnvoudy
OTOVG AVTIOTOLYOUS TUTTOUS TOV BOVTUQOU ROTA T CUVTH-
onom otoug 4°C. To yeyovig ot Bo prropotos vo. eEnyn-
Bt asté v vymAGTeEY Bepuorpacia cuvtionong (12°C)
%o TS X aUnhoteQes ég pH Shmv twv Tinmv tov foutd-
Qov ot oo pe g Tég Tov pH mmov natarypdgmuoy vord
™ ovvtionon otovg 4°C. To pH Shov twv derypudtmv tov
eEeta00€vtov Timmv BouTiQov 0To TENOS TMV TTELQAUATL
ouv otovg 12° C rupdvOnre ueta&o 4,55 nou 4,72, evad 0t0
TELOG TV TTeLopoTopdy otovg 4° C to pH roudvOnxe pe-
10EU 5,06 now 5,14. O Mdvmg (1967) eniong forre dtun o-
Evmra tov foutipov avEidnxre, dtav to fottugo dev ov-
vineouviav ot Oepuorpaoies Yigng. Elval yvwots and
TEONYOVUEVES UEAETES GTL OL VYNAGTEQES BEQUORQAOTES
oe oyéon ue g Bepuorpaoies YiEng oe ouvdvaous pe xa-
unAéc e pH, €xovv Prastiny] enidpaon omy emPioon
™mg E. coli O157:H7 émwg el mapatnondel amé dhhovg
eQEVVNTES O dLdoQa TEOLGVTA, OTTMS 0T HoyLovELa
(Weagant et al. 1994, Erickson et al. 1995), to xvud wijhov
(Miller and Kaspar 1994), ) oditoa o6ywag (Masuda et al.
1998) g dhpueg oninedv v (Ingham ez al. 2000) zou
™ péta (Govaris et al. 2002), yeyovig mov moatnefnxre
%ot oty empPiwon g L. monocytogenes o dhATIOUEVO TU-
edyaha  nar  ohotopgvo  amofovtvpmuévo  ydla
(Papageorgiou and Marth 1989).

To amoteléoparta £delEav dtu 1 pelworn Tov TAnOv-
owdv g E. coli O157:H7 otovg eEgtaobéveg tomoug fov-
TOEOV, elte Ue ueydho eite pe ured ayws minfuoud tov
TafoyGvou, tav peyaliteon oTtov THITo Tov BoVTHQOY U
71000076 ahortLov 0,93%, €merta oTov TOTO UE TO000TO d-
Motot 0,46% wan tehevtaio 0Tov THITO TOU fouTioou Ym-
(g aldrti. O GUYREVTQHOELS TOV OATLOU 0TV VOGTLYY Pd-
o, 6rws 1o avagpéednxe, itav 3,02% xou 6,32% yio Toug
TOTOVg Tov PouTigov pe 0000Té ahatiot 0,46% won
0,93%, avtiotovya. H enidoaon mg ouyrévipmong tou a-
MTtot oy vdGTIVY Ao Htay onuovTivg oty emPimon
Tov TaHOYGVOU RATA TN CUVTIENON TOV BOVTUQOV OTOUS
4°C uon otovg 12° C. Ot dagpopéc Spmg ot peimon tmwv
i Bvouwv mc E. coli O157:H7 vjtav peyalitepec om
ovvtiionon otovg 12°C gg oyéomn ue ) ouvTiipnom otovg
4° C now avdloyeg pe ) ouyrEéviomon tov ahomoy. O dia-
@opéc avtéc ot pelwon Tov TAnbvopdv e E. coli
O157:H7 8a. urtopovoay vo eEnynody pe to yeyovig 6t
1 SLdoTaoN TV LGVIWV TOV YAMELOUY0U vaTteiov avEdvel
ue TV AOENOT ™ BEQUOXEACTOS %Al ETTOUEVIEC OVEAVE-
Tou rew 1 Prostrny dpdom oto maboydvo Boaxnijoro (Glass et
al. 1992, Ryu et al. 1999). O O’ Toole (1978) avépepe 61im
oM HeaSpAN yhweida og ahotopévo Poutugo e aidtt
1,6-1,8%, ueuwvétov mepLoodtepo oe Beppoxpaota 10°C
na AyStepo og Beppoxpaoia 4° C. Eniong onpovtird pe-
yahvteon peliwon tmv tinduoudv g L. monocytogenes
0€ QAATLOUEVO TUQOYOAA ®aL AAQTIOUEVO ATTOBOUTUQMUE-
vo ydha pe 12% NaCl, magamoentnre otovg 22°C og oy€-
on pe mv emPimon tov Taboydvou ota idlo ahaTiopgva
mpoidvta otoug 4° C (Papageorgiou and Marth 1989). Zwv
mootoo uehétn n avaotaltiry entdoaon tov aAatiol

either low or high initial population of the pathogen for
foods such as mayonnaise with inoculum of 10° or 10*
CFU/ml (Raghubeer et al. 1995) and Cheddar cheese
stored at 4° C with inoculum of 10° or 1 CFU/ml of milk,
and for milk (Reitsma and Henning 1996) with inoculum
of 10° or 10° CFU/ml during storage at 5, 8, 15 now 22°C
(Wanget al. 1997).

Visible signs of spoilage were not observed in both
storage temperatures, whether high or low inoculum of E.
coli O157:H7 were used. By the end of storage period at
12°C, the populations of E. coli O157:H7 were low, (less
than 10 CFU/g) particularly for the salted types of butter.
Detection of the pathogen was possible only after
enrichment, but this does not reduce the health risk for the
consumers. It has been reported that the infection dose of
E. coli O157:H7 is very low ranging between 5-50 CFU/g
(Kuntz and Kuntz 1999). This means that the salted butter
types by the end of the storage period at 12°C even when
low numbers of E. coli O157:H7 were detected were a
possible health hazard.

In order to avoid contamination of butter with E. coli
O157:H7 the dairy industry should apply Good
Manufacturing Practices (GMP) and Hazard Analysis
Critical Control Point (HACCP) programs.
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OV AVATTTVEN TOV WXQOPIMY palvETOL ROL 0TS TO YEYO-
vig 6t odlhoimon epgaviotnxe apydTeQa 0TOVE THITOVS
TOU BOVTHQOU e TEQLOOGTEQO AAATL QTG EXEIVOUS UE TO M-
YGT1EQ0 adTL O XWEIC AAdTL.

H peiwon tmv tinbvoudv g E. coli O157:H7 otovg &-
EetaoBévteg Timovg Boutipov T6oo ot Bepuorpacia Yo-
Enc otoug 4°C yia 2 uiveg, 600 %o OTHV TTOQAUOVY] OTOVC
12° C fitav TaeGpoLe, 6Toug TELQAUATIOUOUS UE UXQOG ROL
ueydhro evopOdluiopa. Ot ToQATNENOELS AVTES OVUPE-
VOUV Ue eXEIVEC AALWV EQEVYITAV TTOV TORATHONOAV TNV
O ovpste pLpopd ™ E. coli O157:H7 pe ueydho now p-
%00 evopOdMuouo og GAA TGP TTOU GUVTNEOVVTAY OE
Beouoxpaoia 4°C drwg poryrovéLa pe evopddiuona 10°1
10* CFU/ml (Raghubeer et al. 1995), tvot Cheddar e evo-
@Bdhuopa 10° 4 1 CFU/ml ydhaxtog (Reitsma and
Henning 1996) »ouw ydha oe Beguoxpaoies 5, 8, 15 nan 22°C
now evogBdhuopa 10° v 10° CFU/ml (Wang et al. 1997).

‘Onwg %o ot ouvtjenon otovg 4°C, ravéva, amd to e-
EetaoBévta delypota Ghwv Tov THmwy Tov foutigou dev é-
Oe1Ee eppavii onueio alholmong ®otd T SLdErELR TG TTaL-
papovig Toug otovg 12°C, elte elyav evopBaluotet ueyd-
Mot glte rpot minBuopol e E. coli O157:H7. TIgog to é-
hog g cuvtionong otovg 12°C o minBvopoi e E. coli
0157:H7 pmoei vo. fitay wxot (10 CFU/g), Wuaitepa yia
TOVG AAUTIOUEVOUGS THTTOVGS TOV OUTHov ¢’ GO0V avi-
yvevoviav 1 1taeEn Tov TafoySvou netd ot euThouTL-
oud, ahld ot dev onualvel pelmon Tov ®vdBvou yua Tov
ratavalot]. "Exel avagpe el 6t pordvovoo d6om g
E. coli O157:H7 elvan wohd wurv] now »opaiveton peto&d
5-50 CFU/g (Kuntz and Kuntz 1999), yeyovdg mov onuaivet
ST %Al OL CAOTLOUEVOL TUTTOL TOV BOVTHEOU TTEOE TO TEAOS
™™g TaEOAUOVIE Toug 0tovg 12°C rot woed Tovg ot
sinBuonoic e E. coli O157:H7 wov avixvedoviay, wro-
pel vaftay emriviuvol yLo mv vye o Tov ROTUVAADTY.

TN va aogevy el n empudAuvon tov foutigou ue v
E. coli O157:H7 mpémeL va eaouéloviot oTg Yyoharto-
Brounyaviec uérpa opBric mapaywywis diadiracioc
(Good Manufacturing Practice) xou tooyodupora avalv-
ong ®wvdivev ota xelowo onueia eAéyyov (HACCP).
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