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Xphion peocdé@irev 0Suyarakukav

Bakmpiwv otnv napackevn v -
Vd /

p1oU Péra

X.B. Kapayedpyng', A.K. Ilanayew pyiov?,
AL Méving’, X.A. T'ewpydkng’

IEPIAHWH. MedetiOnke n xprion pecdprrav o§uyadakukdv
Paxtnpiov omv napackeun wpiod Péta. Iévee emdeypéva ote-
Mxn peod@riov o§uyadakukav fakmpiov, nou anopovardnkav
ané @pipa wpid dpng Pévag kar Tedepé (2 otedéyn Lactobacillus
plantarum, éva otéhexog Lb. paracasei subsp. paracasei, éva otéhe-
X0 Lb. brevis ka1 éva otédeyog Lactococcus lactis subsp. lactis), xpn-
oponoiifnkav oe 7 Siagopeukotg ouvbuaocpots yia tv napa-
okeuti wpiov Déta. I'a kabévav and toug ouvbuacpoig éyvav 4
wpokoproeig kat pedetifnke n eniSpaon twv pecdprov autdy
oSuyadakukdv karhiepyeidv ota pikpoPiodoyikd, ynpukd ka1 op-
yavoAnmrukd yapaktnpioukd g Pérag nov napackeudotnke. O1
JaktoBdxirdor ka 01 AaktékokKo! eppdvicay modd uypnlrovg min-
Ouopovg (péon doyap1Bpuxs upd >7,00 log, (cfu/g) oe 6in wn Sidp-
KEla Tou netpapaucpoy, oe 62oug toug cuvbuaopoig, mnv tou
ouvbuaopou pdprpa F8 (Lb. delbrueckii subsp. bulgaricus / Str.
thermophilus) otov onoio n péon doyapiBpukh upri tou mAnBuopoy
fitav nepinou 6,00 log, cfu/g. YXug unélomeg pikpoPraxég opddeg
nou pereuilnkav (koloPaxinpioeids, cragpuidkokkol, Yhwpiba
empéAuvong, (Upeg ka1 poknteg, mpwteoluukd ka1 MmoAutkd
Baxuipia) SramotdOnke oradiaxh peiwon tou mAnBuopoy toug pe
v npéobo g wpipaong, mnv wv (updv o1 onofeg auéhfnkav.
To pH wv wpidv peiddnke obviopa nepinou oto 4,5 evidg 3 éwg
4 npepav. O1 domég ynpuxég napdperpor (vypaocia, Ainog, NaCl)
otafeponoiiOnkav perady 15ng ka1 30ng npépag wpipaong. To
S1aduté oe 12% TCA dlwro ka1 o PabBpég hindruong (ADV) au-
Eavovtay fabpaia pe v npdodo g wpipaong. Qg npog ta op-
yavolnirukd yapakmpiouxd, n opdSa Soxipactav, nou afiods-
ynoe ta wpid mv 60n npépa wpipaone, é5woe v vpndtepn
Babpodoyia oto wpi nov nmapackeudonke pe to cuvduaopsd Lb.
plantarum / Lc. lactis subsp. lactis ka1 tn yapndétepn faBpodoyia
oo wpi tou ouvbuaopot Lb. delbrueckii subsp. bulgaricus / Str.
thermophilus. TTot kad faBpodoyia édaPav kat ta wp1d pe toug
ouvduaopoig pecdpriwv Paxtnpiov Lb. brevis / Le. lactis subsp.
lactis i Lb. paracasei subsp. paracasei / Lc. lactis subsp. lactis xa1 ta
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Use of mesophilic Lactic Acid
Bacteria in the manufacture of Feta
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ABSTRACT. The use of mesophilic lactic acid bacteria (LAB) in
the manufacture of Feta cheese was studied. Five selected mesophilic
strains, confirmed as Lactobacillus plantarum (2 strains), Lb. para-
casei subsp. paracasei, Lb. brevis and Lactococcus lactis subsp.
lactis, isolated from ripened Feta and Teleme cheeses, were used in
7 different combinations, alone or in combination with Lb.
delbrueckii subsp. bulgaricus and Streptococcus thermophilus (the
control combination) for the manufacture of Feta cheese. Each
combination of strains was used to prepare four different batches
of Feta cheese, keeping all the other production parameters
according to the traditional technology. The cheese batches were
analyzed for bacteriological, chemical and sensory characteristics.
The results showed that the populations of lactobacilli and lactococci
increased from the beginning of the cheese manufacture reaching
a population of more than 7.0 log; ,cfu/g. This level was maintained
during the whole ripening period (60 days) and during the
subsequent 60-day storage period. Only in batches prepared with
the control combination F8 (Str. thermophilus / Lb. delbrueckii
subsp. bulgaricus), did the population of LAB decline to 6.0
log, (cfu/g at the end of the ripening period. Also, except for the yeast
population which increased, in all other bacterial groups tested
(coliforms, staphylococci, total contaminating bacteria, psychro-
trophic bacteria, proteolytic and lipolytic bacteria) populations
gradually decreased during the ripening period. Results of the
chemical analysis showed a sharp increase in acidity (the cheese pH
dropped to ca. 4.5 within 3-4 d) and, whereas the values of other
chemical indices (moisture content, fat content and NaCl) were
stabilized between the 15" and 30" day of ripening, proteolysis
(nitrogen soluble in 12% TCA) and lipolysis (ADV) progressed
throughout ripening. The assessment of the overall acceptance by
the sensory panel was between "very good" and "excellent" for all
cheeses. This suggests that the selected mesophilic starter cultures
can be used alone or in combination with the traditional culture (Lb.
delbrueckii subsp. bulgaricus / Str. thermophilus) in the production
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wpid mou mapackeudotnkav pe ouvduaopolg Oeppdprov kat
pecdpiwv otedexdv.

Aé€erg eupemnpiaong: Meodgpida ofuyaraxtkd Paktipia, tupi
Déra.

A. EIXATQI'H

Ztupmva pe tov eMnvind Kddwa Tooginmy nou
Hotov (K.T.IL. 1998), to tvpi Péta opiletal wg "to
Aguro TEl dAung Tov TaEAYETAL TOQAdOOLAKRE OTNV
EAMGda nan ouyrerQuuéva otig egLoyég s Maxedo-
viag, Opdxng, Hrelpov, Oeooahiag, Stepedc EALG-
dag, [Tehomovvijoou nar AEopov, and yala medfeto 1
ulypo owtov pe yidwvo uéyor 30%". To Tt OEta, ue Pa-
on tov Kavovioud 1829/2002 g Evponaixis “Evw-
onc (E.E.), avayvmpitetan wg mpoidv IMpootarevdue-
vng Ovouaoiog Iooéhevong (IT.O.IT.).

I v Tapaorewvy] Tov TveLov PEta, To ydha To-
otepudvetar (72°C/15 sec), Yiyetor og Bepuonpaoio
32-34°C, mpootifetor oEvyalantiry railégyera
(starter) »now CeTon pe TUTLd, TOU TROEQYETOL ATTG TO
otopdyl PrEdv pneuraotirdyv. To tvedmnyua Ovot-
peltau, oteayylLel ue Quowri| oTedyyLom, LOQYOTOLETaL
oe opBoydvio tepdyto (péteg), alatiCetan apynd ne
Enon ahdtion xow wouudlet, agyxd otV dAUT TOV TQO-
womreL ard ™) OLdAvon tov alotod ota vyed Tou
otpayyitouv ot 1o twel, yia 7-10 nuépeg otovg 15-
18°C. ) ovvéyeia, otav to pH tou €xel pewmBel oto
4,6-4,7, tomwoBeteitar oto Yuyeio (3-4°C), dmov maga-
WEVEL VTOYEEMTIRA YLt 2 TOVAAYLOTOV UNVEC
(Anifantakis 1991a, Anifantakis 1991b, K.T.I1. 1998,
Mdvng 2000, Mamayeweyiov 2004).

H oBuyohoxtint] »oAAEQyeLo Tov XoNOoLoToLelTaL
mogadoolond omoteheitar and to faxtioia Lacto-
bacillus delbrueckii subsp. bulgaricus »ouw Streptococcus
thermophilus, ta. omolo. aviroUV 0TV ROTNYOQEIO TWV
Beoudprrmv (doloty Bepuonpaoio avdmtuEng 40-42°C).
‘Oumg, TO TEOG TAOTEQLMON TEAPELO YAAM TEQLEYEL TTAL-
vTote WrEO 1 ueyahitego wAnbuoud pecdghov ogu-
YOAORTIRAV PARTNOIOV, TOL OTTOLCL RO ETULFLOVOUV OF UL~
%006 TT0000TS THE TOOTEQIMONS 1] ETLUOAGIVOUV TO YAl
AL TO TVQOT YU %KATA TOL TEATA OTAdLA TS TVQOXRO-
unong (Law et al. 1976, Peterson and Marshall 1990). Ta
Poaxtiola avtd (doroty Bepuorpacio avdmtuEng 22-
25°C), »owd TV moQEela TS WEILAONS TOV TVELOY, TTOA-

of Feta cheese, as the results of this work indicate that the wild
(autochthonous) strains of Lb. plantarum and Lc. Jactis subsp. lactis
are well adapted to the environmental conditions that prevail in Feta
cheese. Batches prepared using these mesophilic starters received the
highest score in the assessment of organoleptic quality of Feta
cheese. Very good results were also obtained using the combination
of the mesophilic starters Lb. brevis and Lc. lactis subsp. lactis or Lb.
paracasei subsp. paracasei and Lc. lactis subsp. lactis alone or in
combination with Lb. delbrueckii subsp. bulgaricus and Str.
thermophilus.

Key words: Mesophilic lactic acid bacteria, Feta cheese

A. INTRODUCTION

According to the Greek Food and Beverages Code
(F.B.C. 1998), Feta cheese is defined as "... the white
brined cheese produced traditionally in Greece and
only in the districts of Macedonia, Thrace, Epirus,
Thessaly, Central Greece, Peloponnesos and Lesvos,
from ewe’s milk or from a mixture of ewe’s milk with up
to 30% of goat’s milk". Feta cheese, according to the
European Union (EU) regulation 1829/2002, is
recognized as a cheese with Protected Designation of
Origin (PDO).

Ewe’s milk for Feta cheese production is pasteurized
at 72°C/15 sec, cooled at 32-34°C, inoculated with a
starter culture (usually a yogurt starter culture) and
coagulated with rennet. When coagulation is completed,
the curd is cut into cubes and transferred to moulds to
continue to drain and to obtain rectangular shape.
Initial salting is performed using granular salt. The
cheese is then ripened for 7-10 d at 15-18°Cin brine that
results from the salt that dissolves in the liquids that
drain from the cheese. When the pH drops to 4.6-4.7,
the cheese is refrigerated (3-4°C) and remains under
refrigeration for at least two months (Anifantakis 1991a,
Anifantakis 1991b, Greek Food and Beverages Code
1998, Mantis 2000, Papageorgiou 2004).

The starter culture traditionally used in the
production of Feta cheese is the same one used for
yogurt production (i.e., the thermophiles Lactobacillus
delbrueckii subsp. bulgaricus and Streptococcus
thermophilus having an optimum growth temperature of
40-42°C). However, raw ewe’s milk contains various
levels of mesophilic lactic acid bacteria (LAB), mainly
lactobacilli and lactococci, a small fraction of which
may survive the pasteurization process. In addition,
these microorganisms can enter the cheese-production
chain after milk pasteurization, through handling and
equipment (Law et al. 1976, Peterson and Marshall
1990). These mesophilic LAB strains, favored by the
temperature during cheese ripening (15-18°C), multiply
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hamhaotdlovion xoL yivovtar o ®veiapyog tAnbuondg
o&uyahontirng yAwoidag, cuuPdiloviog armopaolotird
ot JLIOUSEPWOT TWV OQYAVOMITTIRMY UQUKTHOLOTL-
21OV TOU dELov TVELo¥. Ta eldn ov €xovv amopuovwbel
omté dLdpoEoug eEVVHTES elval wvplwg o Lb. plantarum,
o Lc. lactis subsp. lactis, eidn Enterococcus, raBdg nan
otehéyn Lb. brevis nou Lb. casei (Tzanetakis and
Litopoulou-Tzanetaki 1988, Cogan et al. 1997,
Litopoulou-Tzanetaki and Tzanetakis 1992).

Eneud] amtd ta doupua TupLd dhung cstoiovavovTal
ueoo@LLo. oEuyahantind Boaxtioua ®ou emeld To Tu-
oLd awtd BemEOUVTOL WS EVVOIXRO VITOOTOMU YLOL TV
OVATTTUEN TV PaxrTnEiny autdy, 0TV EQYQOTO CUTH pe-
AeTOnre 1 xONON UECOPLAWV EWODY OTNV TAQAORELT]
Détag, elte wg povadmdv oEuychaxtirdy elte o ouv-
dvaoud pe ta Beoudplha oEuyahartind otehéyn Lb.
delbrueckii subsp. bulgaricus/Str. thermophilus, wov yon-
OLHOTTOLOVVTOL TTOQOIOCLOXd 1 OEVYAOXTIRY ROA-
MEpyela oty magaorevy] Détag. Edwdtega, uehety-
e 1 emidpaon Tov ouvovaorot oEuyahaxtirdy Bo-
TNOLWV OTAL WRQOPLOAOYLRA, YNWKA ROL OQYOVOAY-
KA OQOAXTNOLOTIXA TOV TVELOU PETA.

B. YAIKA KAI MEOOAOI

1. Aropdvoon xar emhoyr peco@rimv oEvyahanti-
®ov fartnoiov

Ta oteléyn TV pecSPLMmy 0EUYOAOKTIXOV BoxTh-
olwv, TOU XONOLUOTOLHONKOAVY YLOL TV TTELQAUATIRY TTOL-
paorevi] TvpLov Péta, Nrav autdyBova %ol OTOUOVE-
Orav and delyuaro TS oryoQds MOLUMY TVQLDY dAUNG
Détag now Tehepé, yio TV TAQAOREVT] TWV OTOlMV &l-
te dev yonowpomoinre oEuyahaxtixy xolEgyeLo ei-
e yonowomounitnxre yiaovgrn. H pebodoroyia amoud-
VOONG RO TOUTOTOMONS TOV OTELEY WV, xABMG RO TO
%OUTHOL ETAOYNG TV OEVYahaxTrdV Paxtnoinv [o)
1 péyom T ogiviong (Vy), B) o yeévos (Ty,) otov
omolo mapatnenze 1 Vo, v) 10 pH (pHs() oto omolo
oot Onxe N uéyrot Ty ogiviong (V,,), 0) to yoo-
v dwdotuo Tsy oto omolo maQoatnEovvVTaY TLWES
vYnAdtepeg artd V, /2 nou €) to evpog tov pH (pHyy)
070 07T0{0 TOEATHEOVVTAY TYES VYNASTEQES amtd V /2]
TEQLYQAPOVTOL AETTTOUEQEIS atd Toug Kaparyedoyn »ow
ovv. (2006). Ov TadueTEOL OWTES TEOOdLOEILOVY Q-
%«eTd Rohd T dEAOTNELOTNTA TWV OEUYOAOXTIXRWY Pa-
wtneilwv. Ou tpelg tehevtaiol Bewpotviol nou aveEdo-
mrot arté to uéyebog tov evopbaiuionartog (Spinnler
and Corrieu 1989).

Me pdon To »ortioLa Tov avopeeinray emhéyom-
2oV TEMRA TEVTE HeOOPLAA OEUYOAOXTIRA OTEAEY, 0Tt
ta. omolo téooepa Hrav haxtofdxihhou (Lb. plantarum
otehéyn Ly, now Lag, Lb. brevis otéheyog Lys vow Lb.
paracasei subsp. paracasei otéhex0og Lg) nau éva fjtay ha-

and usually become the predominant LAB flora,
contributing significantly to the final organoleptic
properties of the ripened cheese. Previous researchers
have isolated such mesophilic LAB bacteria and in
particularly Lb. plantarum, Lc. lactis subsp. lactis,
Enterococcus spp. and strains of Lb. brevis and Lb. casei
(Tzanetakis and Litopoulou—Tzanetaki 1988, Cogan et
al. 1997, Litopoulou-Tzanetaki and Tzanetakis 1992).

Because mesophilic LAB are isolated from ripened
white brined cheeses and seem to play an important
role in the fermentation (ripening) of Feta cheese,
which is considered a favorable environment for their
growth, we studied the use of selected mesophilic LAB
strains alone or in combination with the thermophiles
Lb. delbrueckii subsp. bulgaricus and Str. thermophilus in
the manufacture of Feta cheese. In particular, we
studied the effect of different combinations of LAB on
the microbiological, chemical and sensory characte-
ristics of Feta cheese.

B. MATERIALS AND METHODS

1. Isolation and selection of mesophilic LAB

The strains of mesophilic LAB used in the
experimental manufacture of Feta cheese were
indigenous strains that had been isolated from market
samples of ripened Feta and Teleme cheeses that had
been produced either without addition of starter culture
or using the yogurt starter culture. Details on the
methodology of strain isolation and identification as
well as the criteria used for selection of the strains [a)
the maximum value of acidification rate (V,,,), b) the
time at which V, was observed (T,,), ¢) the pH at which
V,, was observed (pH,,), d) the time interval in which
values higher than V /2 were observed (Tj,) and e) the
range of pH in which values higher than Vm/2 were
observed (pHs)] are described elsewhere (Karageorgis
et al. 2006). The above parameters satisfactorily
describe the activity of LAB strains and in particular
pHm, T, and pHs,, which are independent of inoculum
size (Spinnler and Corrieu 1989).

Using the fore-mentioned criteria, we selected five
of the most active LAB strains; two were Lb. plantarum
(L24, L28), one was Lb. brevis (L23), one was Lb.
paracasei subsp. paracasei (L9) and one was Lc. lactis
subsp. lactis (S1). These mesophilic LAB strains were
used alone or in combination with the thermophiles
Lb. delbrueckii subsp. bulgaricus and Str. thermophilus in
seven different starter culture combinations (F1-F7)
for the experimental manufacture of Feta cheese. Com-
bination F8 is the culture traditionally used in Feta
cheese production and served as a control (Table 1).
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IMivaxag 1. Zuvdvaopot oteheydv 0EVYAAURTIXDY BAXRTNOIMV TOV ¥ONOLWOTOLONHRAV YL TV TaaoxeV TupLol PETa.
Table 1. Combinations of LAB strains used for the manufacture of Feta cheese.

Xuvivaoudg Xrehéyn Avahoyia %
Combination Strains Ratio %

F1 Lactobacillus plantarum 1.24 50:50
Streptococcus thermophilus

F2 Lactobacillus brevis 1.23 50:50
Streptococcus thermophilus

F3 Lactobacillus plantarum 128 50:50
Lactococcus lactis subsp. lactis S1

F4 Lactobacillus brevis 1.23 50:50
Lactococcus lactis subsp. lactis S1

F5 Lactobacillus paracasei subsp. paracasei 19 50:50
Lactococcus lactis subsp. lactis S1

F6 Lactobacillus delbrueckii subsp. bulgaricus 35:35:15:15
Streptococcus thermophilus
Lactococcus lactis subsp. lactis S1
Lactobacillus plantarum 128

F7 Lactobacillus delbrueckii subsp. bulgaricus 35:35:15:15
Streptococcus thermophilus
Lactococcus lactis subsp. lactis S1
Lactobacillus brevis 1.23

F8 Lactobacillus delbrueckii subsp. bulgaricus 50:50

Streptococcus thermophilus

ntonorxog (L. lactis subsp. lactis otéheyog S;). Ta ote-
Aéym awtd, avd Cevyn ueta&o toug Y pue Beoudgiha ote-
AEyxm twv Lb. delbrueckii subsp. bulgaricus »ou Str.
thermophilus, yonowwomounibnrav oe 7 dapoeetirovc
ovvdvaopovs (F1-F7) yua thyv mepapotiny tagaoxeu
oot Péta. “Evac 6ydoog cuvdvaopnds (F8, udotu-
pag) amotelelto amd to dVo Bepudpiha oTeEYn TTOV
YONOLULOTTOLOUVTOL TTUQAOOTLAKA YLOL TNV TTOQAYWYT] TOU
oot Péta (Iivarag 1).
2. Iogaoxevti TvgLov Péta
2.1. llpdteg vAes

a. I'dia: XonowwomoriBnre mpdpelo taotepumwuévo
YAho TOV TEOEQYSTAY ATTO YOAARTOPLOUNY AV ICL, TVITO-
momuévo oe avaroyio AMmog / naleivy = 0,8. Auéomg
UETA T HETAPOQRT TOV VITO YIEN OTO €QYAOTIOLO, TO Y-
ha eEetaldtay wg eog T factxi ynuxi| Tov ovoTtaom
(Aimwog, mpwteives, haxtdln, ovvolxd oteQed) ue ™
Bonbewa ovorevijc Milko Scan 133B (Foss Electric,
Denmark), o8¢ zaL 0g moog T WxopLohoyiri Tov
mowdtnro. [OMny] Meoadgpuhn Xhwpida (OMX), xoho-
Baxmoroewdi, Yuyodtoopa raw doriu] Puopatdons].

2. Manufacture of Feta cheese

2.1. Starting materials

a. Milk. Pasteurized ewe’s milk standardized to a 0.8
fat / casein ratio was obtained from a dairy plant. Upon
arrival to the laboratory under refrigeration, the milk
was subjected to chemical analyses (fat, protein, lactose,
total solids) using the Milko Scan 133B analyzer (Foss
Electric, Denmark) and microbiological analyses (total
bacterial count, coliform count, psychrotrophic count
and determination of phosphatase activity).

b. Rennet. Rennet was obtained from Hansen.
c. Calcium chloride. CaCl,"2H,0O was obtained from
Merck.

d. Starter culture. The five LAB strains isolated from
ripened market samples of Feta and Teleme cheeses
were used in different combinations either alone or in
combination with laboratory strains of Lb. delbrueckii
subsp. bulgaricus and Str. thermophilus. Each strain was
regenerated separately in sterile skim milk.
Combinations of regenerated strains were added to the
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B. [vtid: Xonowpomoinre mutid tov oixov
Hansen.

y. Xiwoiovyo aoféorio: XonowwomouiOnxe
CaCl,2H,0 tov olzov Merck.

0. O&vyalaxtixnt) xaléoyeia: Xonowomowfnray
ToL TEVTE OTEAEYN AUTOYHOVMV LECSPLAMY OEVYAAUKTL-
ndv Paxtoinv Tou aronovadnxay xal doxipudoTy-
2nav, OMG AVAPEQETOL OTA TEONYOUUEVA, OF OLdpo-
0vg oUVOVAOUOTS UETOEY TOVg, A %aL ue BEQUAPL-
Lo atéheyog tov Lb. delbrueckii subsp. bulgaricus nouw tov
Str. thermophilus (otehéyn epyaotoiov). Ta faxtiola
ouTd avamTUYONROV YMELOTA 0€ ATTOOTELQMUEVO (IO~
Bovtupwuévo ydha row TEooTEBNHaY 0To YAAA TS TU-
poxdunons. Xenowpomowbnrav oxte (8) ovvdvaouol
otehey MV OEUyoloxTIRGY fantnoiwy, STmg avapéo-
vtow otov [Tivona 1 e ta yogoxtnolotind yoduuata F1
€wg F8, ue ta omoia yoparteiCoviar oty ouveyela
%o oL avtiotolyeg maetideg TupLov. [ xabe cuvdva-
oud oEuyahaxtirdy Partoinv €ywvay T€00eQELS TU-
QO%OUNOELS (ETAVOAPELS) KOl TAL ATTOTEAEGUOTO OTY
OUVEYELD OVOLPEQOVTOL OTO UEGO GQO TMV TECOAQWV
ETOVOMPPEWV.
2.2. Teyvoloyio metpouatixs mapaoxevis Tvotot Péta

TN v magaoxrevy] tov TvELot PEta axorovdnon-
%E 1) TAQOdOCLOT] TEYXVOAOYI TTOV TEQLYQAPETAL OITO
tov Anifantakis (1991b). To maotepuopévo ydha Beo-
uoxpaoiag 4°C Bepuonvdtay otovg 32°C oe avoEel-
dwn deEapevii TEeme ravdrinin yia xewpwoud 20 Kg
ydhaxtog, TeooBEtoviay yhweLovyo aopéotio, oe aval-
hoyia 0,02% now oEuyohaxtiny roléQyela, g avo-
rovyia 0,5%. Metd and sagapovy 30 min, TpooHéto-
viov utid o avaroyia 0,002% yua v TIngn tov yd-
hoxtog. Me v ohoxAjoman ¢ THENS TO TSI YU
tepaoTav o ®ifoug axpric 2 cm zow torofHeTelto o
mhaotrd vohovme diaotdoeny 22x11,5x12,5cm. H
oTOAYYLOT YwdTay Ywls doxnon mieong yia 12 tpeg o€
Bepuonpacio 20+2°C pe 800 evOLAUETES AVOOTQOPES
TOV ROAOVTLAY RO TOQAAANLO eTLpaveELand oldTiono
ue xovdpdroxxo aidrti. Metd v €Eodo and ta xa-
AoUmmLa, oL ETES UETAPEQOVTAY OF TAAOTIXG doyEln
%o ywatay ovurAnompatixt Eney ahdtion (cuvokirnd
mpooBétovtav 3% NaCl, vrtoloywouévo fdon touv Pd-
0vg ™G Tvpoudtas). Ta doyeila magépevay os Bepuo-
xnpaoio agyrd otoug 20+2° C, yio 2 g »ou LETA TO-
moBetovviav oe edwd Bdlapo Beguonpaociog
16,5+1°C (wowovtiioo), uéyotl to pH va pewwdel og ti-
uég 4,5+0,1. Ztn ouvéyela, ol PETES TVELOU RAPOovVTaY OE
tolo urEdtepa tepdyla, ®abéva and to omola ov-
oxegvalotav oe doyelo 11,5 x 11,5 x 7,0 cm, mpooBéro-
vra diun 7% (avahoyio tuplod og diun 4:1) now pe-
tagépovray ot Yuyeto (3x£1°C) uéyol ) ovpuriiomon,
Oyl LAVO TG VTOYXQEWMTIXIS WEIIAoNg TV 60 NUEQWV,

cheese-milk. For each starter combination four batches
(trials) of cheese were prepared and tested. The results
reported throughout this manuscript for each
combination are average values of the four trials. We
tested eight LAB combinations designated F1 through
F8 (Table 1).

2.2. Technology of experimental Feta cheese manufacture

The traditional technology was followed for the
manufacture of Feta cheese (Anifantakis 1991b). The
pasteurized and cooled (4°C) ewe’s milk was warmed to
32°Cin a stainless steel vessel capable of handling 20 Kg
of milk and calcium chloride (0.02%) and starter culture
(0.5%) were added. After 30 min, rennet was added
(0.002%). After the milk had been completely
coagulated, the coagulum was cut in 2-cm-edge cubes
and transferred into moulds, for it to drain and get a
rectangular shape (22x11.5x12.5 cm). Draining was
allowed for 12 h at 20=2°C without pressure. During
this time, granular salt was added on the surface and the
moulds were inverted twice. After the removal of
moulds, the cheese pieces were transferred to plastic
cans, salt was added (total salt added was 3% calculated
based on the weight of cheese), the cans were left for 2
h at 20=2°C and then transferred to a controlled
temperature incubator (16.5+1°C) for ripening until
the pH dropped to 4.5+0.1. Next, each piece of cheese
was divided in three equal pieces, packaged in cans
(11.5x11.5x7.0 cm) containing 7% brine (ratio of cheese
volume to brine 4:1) and transferred to a refrigerated
room (3+1°C) for a total of 120 d (until the end of the
experiment), i.e. for a period exceeding the 2-month
mandatory ripening period by 60 d.

2.3. Microbiological examinations

The following microbiological examinations were
conducted on the 1st, 15th, 30th, 60th, 90th and 120th
day after cheesemaking: LAB counts (lactobacilli and
lactococci), coliform counts, enterococcal, lipolytic and
proteolytic bacterial counts, psychrotrophic, conta-
minating bacterial, yeast, mould and staphylococcal
counts.

a. Decimal dilutions were performed by homo-
genizing 11 g of cheese with 99 ml of warm (42+1°C)
sterile 2% sodium citrate in a stomacher (1/10 dilution).
Subsequent dilutions were prepared by transferring 1 ml
of the previous dilution to 9 ml of diluent of the same
composition and temperature (IDF 1996).

b. Lactobacilli and lactococci were counted on MRS
and M17 agar (Oxoid), respectively, by pour-plating
one ml of the proper dilution of the cheese sample and
incubating at 37° C for 48 h anaerobically for lactobacilli
or aerobically for lactococci (IDF 1988). Suspected
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oAG péxoL To TEROG Tov Tepapatiopov (120 nuéeg).
2.3. Mixoofrodoyixés eEetdoeic

O profroloywréc eEetdoelg yivoviav xatd thv
17,157, 30", 60", 90" naw 120" nuéea LeTA TV TVEOXROUY-
o1 ®OL 0QOQOVoaY TNV 0RIBUNOT TV OELYAAARTIXDY
Boaxtnolwy, Twv 2olofoxtELoelddv, TwV EVIEQOROK-
1OV, TS YA0QEI0S ETLUGAVVONG, TV TEWTEOAVTIRMV,
MITOATLRMV ROl YUYEITEOPWY faxtnolwy, Twv Tupdy
ROL PURNTOV, ROODS ROL TWV OTAPUAOROARDV.

a. Ou dexadwméc apardoelg yivoviay pe ouoloye-
vomoinon 11 g twoto? pe 99 ml daAvporog #itoLrov
vatolov 2%, Beppoxrpaociog 42+x1°C, og carovra
Stomacher (1/10 apaimon). Ou megoutépm deradinég
ooudoeLg yivoviav pe uetagopd 1 ml omwd v weon-
youvuevn agaiwon oe 9 ml tov (drov agoumtrot (IDF
1996).

B. H apiBunon twv oEuyahaxtindv faxtnoiwv yi-
vétav ovpgovo pe ™ uébodo IDF (1988) ota vmo-
otodparo MRS agar xow M17 agar (Oxoid) pe v te-
XV TG EVOOUATMONG, VOTEQX OGS ETWAOYN OTOVG
37°C ywo 48 dpeg, avaepofimg Yo Tovg haxtopanih-
rhovg (vtdotpmpa MRS) nou agpofimg yio toug Aaxto-
nonrovg (vdotpmua M17). H emifeBaiwon ywdtay ue
™V emhoyi] aLBuol ooy TS peyaiiteong aoai-
wong (oov mEOS TV TETEAYWVIXY ICa Tov oVVEAOU
TOUG oL TV eEETAON TOUS Ue T SoXLUY THES RATAAAONG
2nOW TN Yewon xord Gram.

v. H apiBunon xohofaxtnoloetddv yvotav e
ué6odo MPN wau pe xorjon tov Lopov Brilliant Green
Lactose Bile 2% (Biocar) og touwA1} 0g1pd cwAivov,
endaon otovg 30° C yua 48 wpeg ®a extiunon Tov amo-
teléopartog, 6mmg meplypdgpetol amd v IDF (1998).

3. H aplBunon evtegordxxmv ywvdtav pe evomud-
twon 1 ml and tg ®atdAinles agauwoelg Tov delyua-
tog og vootpmpo M-Enterococcus Agar (BBL) nau
endaon otovg 30°C yua 48-72 dpeg (Mdving »au Ka-
paimdvvoyiov, 1999).

€. H apiBunon Mmohutirdv zow mowteoAvTingy fo-
©TNEIWV YWVOTAY YLO UEV TO. MTOMTIRG PaxrTolL Pe
evooudtwon 1 ml and g ratdhinieg apaudoels o
Tributyrin Agar (Oxoid), endaon otovg 30°C yia 72
WEES %ol AElBUNON TWV ATOWLBV TOV TEQLRAAOVTAY
omtd drowyry Tadvn Atéhuong (APHA 1992), yua dg ta
mpwteoluTvd Paxtiole og vrdotpmua Plate Count
Agar (PCA), oto omoio elye mpootedel 10% ydha mov
TOQOOXEVAOTYRE Ot yohaxtdoxrovy (APHA 1992)
%o endaon otovg 21 £1°Cyua 72 doec. Metd v end-
aom ta teuPAia PCA xatarhiCoviay pe didhvpo HCI
1% won aplBpovvtay ol amowrieg pe davyn Ldvn mew-
TedhVOoNC.

ot. H apiBunon Yuyodtoopuv Paxtmoimv yivétav

colonies from the highest dilution (in number equal to
the square root of the total number of counted colonies)
were confirmed with the catalase test and Gram
staining.

c. Coliform bacteria were counted with the MPN
method using 2% Brilliant Green Lactose Bile broth
(Biocar) as a selective medium. Three tubes were
inoculated per dilution and incubated for 48 h at 30°C
(IDF 1998).

d. Enterococci were counted on M-enterococcus
agar (BBL) by pour-plating 1 ml of the proper sample
dilution and incubation at 30°C for 48-72 h (Mantis
and Karaioannoglou 1999).

e. Lipolytic bacterial counts were obtained on
Tributyrin Agar (Oxoid) after incubation of plates at
30°C for 72 h. Only colonies with a clear zone of
lipolysis were counted (APHA 1992). The counting of
proteolytic bacteria was done on Plate Count Agar
(PCA) supplemented with 10% sterile reconstituted
milk powder. After incubation at 21+1°C for 72 h the
PCA plates were flooded with 1% HCI and colonies
surrounded by a clear zone of proteolysis were counted
(APHA 1992).

f. Psychrotrophic bacteria were counted on PCA,
supplemented with 1% sterile reconstituted milk
powder and incubated at 6.5°C for 10 d (IDF 1991a).
Contaminating bacteria were counted on Sugar-Free
Nutrient Agar (Biocar) after incubation at 30°C for 72
h (IDF 1991).

g. Yeasts and moulds were counted on Rose—Bengal
Chloramphenicol Agar (Biocar) after incubation at
25°Cfor 5 d (APHA 1992).

h. Coagulase positive staphylococci were first
isolated by surface spreading 0.2 ml of the proper
sample dilution on Baird-Parker Egg Yolk Agar
(Biocar), followed by confirmation of suspect colonies
by the coagulase test (IDF 1997).

2.4. Chemical examinations

Along with the microbiological analyses, all cheese
samples were also subjected to the following chemical
examinations: pH determination, calculation of the
percent moisture content, fat, protein, carbohydrates
(lactose) and NaCl content. Cheeses were also
examined for lipolysis [determination of the Acid
Degree Value (ADV)] and proteolysis [determination
of total nitrogen soluble in 12% trichloroacetic acid
(TCA)].

a. The pH measurement was done with a pH meter
using 10 g of cheese homogenized with an equal amount
of double distilled water.
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oe PCA, oo omolo elye mpootedel 1% amofovtvom-
uévo ydro (IDF 1991a), votepa amd emmdaon otoug
6,5°C yia 10 nuépeg, g de yAwoidag empudivvong oe
Sugar Free Nutrient Agar (Biocar) xou enddaon otovg
30°C ya 72 ddpeg (IDF 1991).

C. H apiBunon Topddv ror purijtwv yivotay ue em-
pavewoxy] eEdmlwon 0,2 ml oo T1g ®oTdAMNAES oo~
woelg Tov delynorog oe Rose-Bengal-Cloramphenicol
Agar (Biocar) »ou endaon otovg 25°C yua 5 nuépeg
(APHA 1992).

1. H apiBunon otagpuiorndxzrwy ywvdtav mooxra-
taprtrd oe Baird-Parker Egg-York Agar (Biocar) pe
empaveloxt] eEdmiwon 0,2 ml and xatdiinleg agat-
@oeig row emPepaiwon Twv Uromtwy amowmidy ue do-
wupuy inrrdong (IDF 1997).

2.4. Xnuixéc eEerdoeis

e ndbe delyuo now 0Tov TEOROO0QLOUEVO YOGVO
vy TS puxEofLohoyinég eEetdoels ywdTav ®ouL TQoo-
droptopds tov pH, g vypaoiag, TV TEMOTEIVGY, TOV
AMmovg, Twv vdaravBpdrmv (Aartding), Tou yhweLov-
%0V vatiov, ®afwe xat Touv fabuot réivong [Too-
droptopds oEvtntag tov Almovg (ADV)] ran mpwted-
Aong [reoodioolonds tov diaiutot alwtov oe 12%
TOLAWEOEWS 08V (TCA)].

a. O mpoodiopioude tov pH ywdtav pe ) foribeia
ovorevng u€rtpnong tov pH oe moodmta 10 g tuplod,
mov elye oporoyevoronBel ue ton woodtta dioorte-
OTOYUEVOU VEQOU.

B. O mwpoadLopLouds g vygaoiog ywotav pe Ef-
pavon woodtntag delypartog otovg 102°C uéyol ota-
Beov fdoovg, dnwe meQrypdpetal amd v APHA
(1992).

v. O meoadLogLonds Airtovg, TEMTEIVAV %ot vda-
tovBednmv (Aantétng) ywdtay og cvorevr] Milko-Scan
133B (N. Foss Electric, Denmark). Aelyuo tvpLot fd-
00UG 25 g (ToWuévo 1j Aesttoroppuévo) tuyltdtav o o-
™ot Léoewg 200 ml. IpooBétovray 125 g diahbuatog
NaOH 0,1N, Bepuoxpaciag 60°C, »or T0 Sho uiyuo
OlOYEVOTTOLOTOY 08 oVoxeVY ultraturrax. Xty ouveyela
pepotav og Bepuoxpaoia 40°C xal peToLdtay 0To
Milko-Scan.

3. O mpoodoproude tov NaCl ywdtav pe ™ poii-
B0 Twv Tauvidv ydetov Quantab (ETS Inc. Enkhart
U.S.A.) now expoaldtov wg ouvieleotig dhatog ue fd-

on ™ oyéon:
NaCl%

Zuvreleonic dhatoc% = x 100
NaCl% + Yypaoia%

e. O wpoodLoELouds Tov fabuot vdpdlvong tov Al-
sovug ywotav pe ™ uébodo g APHA (1992), npoo-
dropiCovrag Ty T o0& toag Aimovg expoaouévy mg
ADV (Acid Degree Value) pe v epaguoyn g oyé-

b. The estimation of moisture content was done by
drying a certain quantity of cheese at 102° C to constant
weight, according to the APHA (1992) methodology.

c. The measurement of fat, protein and
carbohydrates (lactose) was done on a Milko—Scan 133B
analyzer (N. Foss Electric, Denmark). A 25-g cheese
sample was weighted in a 200-ml beaker and
homogenized using an ultradurax homogenizer with
125 g of a 60°C 0.1 N NaOH solution. It was then cooled
to 40°C and measured in the Milko-Scan 133B
analyzer.

d. For the estimation of the NaCl content of the
cheese the QUANTAB chloride titration test strip
method was used (ETS Inc. Enkhart, USA). The final
result was expressed as salt in water phase (SWP) value
according to the equation:

SWP% = Dt x 100
NaCl% + Moisture%

e. Fat hydrolysis was determined by measuring the
ADYV using the APHA (1992) method and the equation:
V= (ml KOH of sample — ml KOH blank) x N x 100

fat weight

Where N: the normality of KOH

AD

f. The degree of proteolysis was estimated according
to the method of Vakaleris and Price (1959) by
measuring the absorbance of the 12% TCA cheese
extract.

2.5. Assessment of organoleptic quality

A 16-member panel evaluated the organoleptic
quality of the cheeses on the 60th day of cheese
ripening. The panel evaluated color, aroma, taste, body
and overall acceptance. A 0 to 5 scoring scale was used
to designate the lowest (0) and highest allowable score
(5) (Scott 1986, Papageorgiou et al. 1998) with 1
representing unsatisfactory quality and 5 signifying a
very good/excellent product. Each sample was coded
with a random three-digit number. Prior to their eva-
luation, the cheese samples were at room temperature
for 1 h. In a testing session, 6 samples were evaluated in
groups of 3 with an hourly interval in-between (Jellinek
1985, Issanchou et al. 1997).

2.6. Statistical evaluation

For parametric and non-parametric analyses the
SPSS 9.0 statistical software package was used. For
parametric analyses the Analysis Of Variance
(ANOVA) was used with or without data trans-
formation (Katos 1986, Giannakopoulos 1996). The
uniformity of variance was checked using Lavains’s test.
In cases of significant differences, Duncan’s test was
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ong:
ADV = (ml KOH deiyporoc—ml KOH pdgrtvpa) x N x 100

Bdoog Aioug
o6mov N = xavovirdmra tov dtahbpoarog KOH.

ot. O 1oadLoeLopds Tov PaBuol TemTeSAvong Yi-
votav ovpuponvo pe ™ pébodo Vakaleris and Price
(1959) »ow ™ pétpnomn g amoEEdENons Tou dunbrjpa-
TOC OV AAUPOVOTAY OITO THV ROTEQYOOTO TOU TUOLOU UE
dudivpa 12% toryhweo&Lrot oEéoc.
2.5. Extiunon tov oQyavoAnmtixdy Yaoaxtnoiotixoy

H a&loldynomn tmv tuplv €yive amd 16uein oudda
donpaotdv. H eEétaon ywdtav tyv 60n nuéoa g
weilpnaong Twv ewdv. H aEloAdynon agopotoe oto
domua, ™) YEVOH, TO XOWDWUCL, T CUVEXTIXOTNTO XOL THV
ohxt] amwodoyi. H Pabuoroyiny xhinaxa frav amd 0
€wg 5, ue to 1 va 0ploBetel TV amdpoupm Tov TEOIGVTog
%ol To 5 1o oMY ®ahd — doloto mEoidv (Scott 1986,
Papageorgiou et al. 1998). Kdfe delyua tuvolov »wdi-
ROTOLEITO Pe Evay TP Lo Tuyaio aoldud. Iow amd
v eE€taot Tovg Tta delypara magéuevay et pia doo
oe Bepuoxpaoia dwuatiov. Kdbe gopd eEetdlovray
€EL delypata ywplrouéva oe &0 opddes Tmv TOLWV deLy-
udtmv rou 1 eE€taon g vdbe opuddag yvdtav pe do-
pod uag eag amd Ty mponyovuevy (Jellinek 1985,
Issanchou et al. 1997).

2.6. Zratiotix emeEeoyaoia dedousvay

[0l TLg TOQAUETOURES, AAAL RO TLG U1 TTOQOUETQUXES
avorioelg yonowomouiOnxe to maxéro SPSS 9.0. H pe-
Bodoroyia g avdlvong twv diarvudvoswv (ANOVA)
ne N xwelg UETATYNUATIONS TV OTOLYEIWYV, XONOLUO-
mouiOnue yia magapetowés avorioels (Kdrog 1986,
Tavvaxémoviog 1996). H opotoyévera tmv duarvudy-
oewv eAfyyOnre ue ) dowywj Levain. Ztig meourtd-
OELS ONUOVTIXOTITOS XoNowoTolOnxe o €heyyog Tov
moAhatho¥ eGpovg Tov Duncan yio Tov eVTomopns g
oxopovg BEong TV oTaTLOTIXAY dLapoQ®V. Ze TeQL-
TTWOELS ETEQOYEVELAS TMV OLOKVUAVOEWY YONOLULOTTOL-
nONrav ov un wapauetowwot Eleyyol twv Kruskall-
Wallis ®ow Mann-Whitney (Kdtog 1986). ' Sheg tig
avoAUoELS 0 EAEYYOS YLOL ONUAVTLRES OLULPOQES EYLVE O
enimedo onuavirdtrog o = 5%.

I'. ATIOTEAEXMATA

1. EEEMEN Tov AnOBvopov tov oEvyalaxtinoy fa-
®TINELOV ®OTd TNV OELIACT XOL CUVTIQTOT] TOV TUOL-
0¥ Péra

H petafoin tov minBuouot tov oEuyokartirdv fa-
©TNEIWV ®OTd T SLdEXELN TS WEIUAONS %Ol CUVTYON-
onNg, 0TS onTM TaETidES TVELOY PETAL TOV TALROOREVA-
oAy ®ou xagaxmeiotrav wg ouvdvaouoi F1 éwc FS,

used. In cases of non-uniformity of variance the non-
parametric tests of Kruskal-Wallis and Mann-Whitney
(Katos 1986) were used. For all analyses the 5% level of
significance was used (a=0.05).

C. RESULTS

1. Changes in LAB populations during the ripening
and storage of Feta cheese

The changes in the populations of LAB, during the
ripening and storage of Feta in all eight batches of
cheese prepared with different combinations of starter
bacteria (characterized as F1 to F8, in order to designate
the type of culture used) are given in Figures 1 and 2.
The population of lactobacilli (Figure 1) was
satisfactorily high (7.44 — 8.18 log;,cfu/g) at the end of
the first day of cheesemaking and remained at this level
during the whole two-month mandatory ripening
period. A statistically significant (P<0.05) increase was
observed in the populations of lactobacilli in batches F5
and F7, while in batch F8 (yogurt culture) a decrease
was noted.

Multiplication of lactococci was fast in the beginning
(Figure 2) reaching high populations (7.56 - 8.51
log,,cfu/g) by the end of the first day. After day 1, in
general, most combinations of lactococci showed a
decline; after the 30th day, however, certain combi-
nations (F5 and F7) showed an increase reaching their
highest population at day 90. Significant differences in
populations were observed among combinations. In
particular, the populations of combination F8 were
always lower compared to those of all other combi-
nations.

2. Changes in the microbiological indices of cheese

2.1. Coliforms

At the end of the first day, the populations of
coliforms ranged between 4.62 and 5.12 log;(MPN/g.
Then, the coliform populations started to decline
gradually and by the 60th day of ripening it was less
than 1.77 log,;,MPN/g (Figure 3).

2.2. Enterococci

Within 24 h of cheesemaking, the populations of
enterococci ranged between 4.56 and 5.28 log;cfu/g
and remained relatively constant throughout the
remaining period of the experiment in 7 cheese batches.
In batches of LAB combination F6, the enterococcal
populations started to decline after day 60, reaching
3.72 and 3.13 log; ,cfu/g by day 90 and 120, respectively
(Figure 4).

2.3. Contaminating bacteria

In all cheese batches, numbers of contaminating
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Ewova 1. Metafolij tov minbvouov twv Aaxtofaxiliaov xatd
™Y WOLAON %al CVVTHENON TVELOY PETA TOV TAQATHEVATTY-
ne ue OLapooetinés obvyalantinés naltiégyetes (uéoor 6ot
TEOOAQWY ETAVAAPPEQY ).

Figure 1. Changes in the populations of lactobacilli during the
ripening and storage of Feta cheese prepared with different starter
cultures (mean values of four trials).

VTOONADVOVTAS TO CUVOVAOUS TWV OTEAEYDV TG 0Ev-
YOAORTRNG ROAMEQYELUS TTOV YN oLwomouiBnxe, diveton
otg Ewdveg 1 now 2. And tnv Ewdva 1 gaivetal 6t o
AnBuouds Twv AaxtofoxtAhmv ftov vYnAdg ad Ty
modtn nuéoa (7,44 — 8,18 log;,cfu/g) »ou mopépelve
VPNAGS YLoL GAO TO OLAOTNUOL THE VITOYQEWTIXTS wEINOL-
ong twv 60 nuepwyv. Xe oplopévoug ovvdvaouovs (FS
xnaw F7) mapovoldomre onuaviy avEnon (P<0,05),
evad oto ouvdvaoud F8 (nhaowxn rahiiégyeia yiaovp-
™G) TAQOVOLAOTN®E Uelwon Tov ThnBuopod.

H petafory tov tinBuouot tmv haxtordoxrrmv di-
vetaw ot v Ewdva 2, o Ty omota aivetan 6t o TAn-
Buopdg avtdg frav VPNASS v oot nuéoa (7,56-8,51
log;ocfu/g), evad ot ouvéyela yevind oot Onxe
wlo uetmomn otovg eELocdTEQOUS cVVdVaoUovS. Metd
Suwg otd v 30n nuépa, opLouévolr ouvdvaouol o~
povoiacav avgnon (m.y. ov FS xaw F7), pBdvovrtac tv
vpmAdTeen Ty ratd Ty 90 nuéa. Meta&v Twv ouv-
dvaopdv Tagutneifnray onuavtirés dLapoEs xat
waitepa oto ovvdvaoud F8, drov oe ayéon pue 6houvg
TOVG AMOUS aLBUOUVTOY oL PrQdTteQoL ThnBuouol Aa-
ntondnxrwv (Ewmdva 2).

2. Metafoin Tov mrgofLardv deixtdv Tov TUQLOY

2.1. KoloPaxtnoioeidr

O anBuouds Twv xorofoxtnoloelddv, o omolog
TNV TR NUEQA ®VUAVONRE 08 TWES TG TAEE Mg 4,62
-5,12 log;oMPN/g, doyLoe vo. Letddveton otodiond 1o
T ™ dLdEreLd TG WEINAONS ®at ®oTd TV 601 nuéoa
Hrav < 1,77 log;y MPN/g (Ewdva 3).

Ewova 2. Metafolij tov mdnbvouod twv axtoxdxxwv xatd
Y WOIHAON %al CVYTHENON TVELOY PETA TOV TAQAOKEVATT-
xe ue OLagoQeTinés osvyalantinés naltiégyeies (uéoot ogot
TEGOAQWY ETAVAAPPEQY).

Figure 2. Changes in the populations of lactococci during the
ripening and storage of Feta cheese prepared with different starter
cultures (mean values of four trials).

—0—F1 —A—F2 —W=F3 —¥—F4 —@—F5 —A—F6 —F7 —4—F8

log MPN/g

Hupipeg Days

Ewova 3. Metafolij tov winbvouod twv xolofaxtnoioeiddy
HATA THY WQIIAON %Al CVVTIENOT TVELOY PETA TOV TAQAOKED-
dotnxre pe OlapoQeTinés oEvyalantixés xatliégyeies (uéoot
Q0L TEOTAQWY ETAVAMPPEWY).

Figure 3. Changes in coliform populations during the ripening
and storage of Feta cheese prepared with different starter cultures
(mean values of four trials).

bacteria were high at day 1 (7.74-8.43 log,cfu/g), but
with the exception of batch F7, as ripening progressed,
their numbers declined by about 2 logs by day 90. The
greater decrease was noted in batches of LAB
combinations F6 and F8 (Figure 5).

2.4. Lipolytic and proteolytic bacteria

Lipolytic bacteria remained in high numbers in all
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Ewodva 4. Metafolij tov mAnbvouot twv evregoxdxxwv xatd
™Y WOIHAON %al CVYTIENON TVELOY PETA TOV TAQAOKEVATTY-
xe ue Ola@ooetinés osvyalantinés xnaltiégyeies (uéoot 6pot
TEGOAQWV ETAVAAPPEQY).

Figure 4. Changes in the populations of entrococci during the
ripening and storage of Feta cheese prepared with different starter
cultures (mean values of four trials).

2.2. Evreooxoxxol

O TANBUOUGS TWV EVIEQORORRWV, UE TV OCUUTA Q-
on 24 mewv artd v THEN, xuudvOnre oe Tipég 4,56 —
5,28 log;octu/g non apépewve ot eximeda avtd otig 7
TOQTIOEC TVELOU %ATA TH SLAQUELOL TOV TTELQOUOTIONOU.
1o ovvdvaoud F6 o minBuouds twv eviegoroxrmy
TOQOVOlaoE tetmon uetd v 60n nuéoa. “Etot, v 900
nat 120 nuépa frav 3,72 xou 3,13 log;ocfu/g, aviiotor-
xo (Ewova 4).

2.3. Xhwoida emudrvvans

H yhwpida emudhuvong mapovaiaoe vnhég Tuuég
1ATA THV TOATN NUEQX € GAOVE TOUC TTELQOUATIOUOVS,
(7,74 - 8,43 log ocfu/g), ahhd ot ouvéyeia o Thinbuouol
UELDONRAV onuovTKd ota TUELd TV 7 CUVOVAoU®OY
(ue eEaipeon to cvvdvaoud F7) éwg 2 hoydoibuoug
otig 90 nuépes. H peyahiteon pelwon maoatnononxe
ota ToLd Twv cuvdvaoudy F6 xaw F8 (Ewdva 5).

2.4. Auwodvtind xar mowteolvtixd faxtijoia

To Mrolvtird poaxtiola TaQéueway og VPnAovg
mAnBuopovg og Gha Ta TVELA, TTANY TWV TUQLMV TTOV TToL-
paoxevdoTrav pe Tovg ovvdvaopovg F2 nau F8, ota
omoia pewdnrav onuavuxd (Ewmdva 6). AvtiBeta, to
TOWTEOMTIRA PAXTOLOL UELWONHRAY ONUAVTIXA OE GAOUG
TOUG TTELQOROTIONOVS Emg xat 2 AoyapiBuovg (Ewdva 7).

2.5. Wuyootoopa faxtijota

O TAnBuoUds TV YuyEdTEOPWV PaXTNOIWV LELD-
Onne onuavTed »atd THY TOEELM THS WEINOONGS 08 GAML
T TVEL, UE EEQIQEDT TO TUQL TTOU TOQAOXEVAOTNLE UE
1o cuvduoous F8, otov omolo drotnoifnre oyxedov ota-
0ep0g petd v 30n nuéoa (Ewdva 8).

Ewova 5. Metafolij tov mAnBuouoi s yAwoeidas emypdlvvons
HATA THY WQIUAON %Al CVVTIONON TVELOY PETA TOV TAQAOKED-
dotnxe e O1a@oQETIHES o§vyalaxtinés xallégyeies (uéoot
0001 TEOOAQWY ETAVAMPPEQY).

Figure 5. Changes in the populations of contaminating bacteria
during the ripening and storage of Feta cheese prepared with
different starter cultures (mean values of four trials).
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Ewova 6. Metapolij tov mAnbvouot twv himolvtixdy Paxtny-
olwy xatd Ty weinacy xail cvvTijonon TveloY Péta wov maga-
oxevdotnxe 1e dlapoeTinés obvyalantinés naltiéoyeres (ué-
001 0QOL TEGOGQWY ETAVAMPPEQY).

Figure 6. Changes in the populations of lipolytic bacteria during
the ripening and storage of Feta cheese prepared with different
starter cultures (mean values of four trials).

cheese batches, except for batches of LAB combinations
F2 and F8 in which their populations decreased
significantly (Figure 6). On the contrary, proteolytic
bacteria decreased significantly in all batches of cheese
by at least 2 logs (Figure 7).

2.5. Psychrotrophic bacteria

The populations of psychrotrophic bacteria
decreased significantly during ripening in all batches of
cheese, except for batches of LAB combination F8
where they remained almost unchanged after the 30th
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2.6. Zvueg — Moxnreg

O sAnBuoude twv Topdv Nrav g tdEewg 3,15 —
4,17 log;,cfu/g natd To 1€hog TS WG NUEQAS Amtd
™V TVEORGUNOY, O Ghovg Toug ouvdvaouols. Xty ou-
VEYXELOL TTALQOVOIOOE ONUAVTLXY Uetwon wéyor ™ 15m
nuéoa (€mg nou 3 hoyoibuovg), ordte doyLoe ol .-
M va avEdvel zaw Ty 60n nuéga ouvtionong eiye mthy-
oLdogL Tovg TANBuopoUs Tov TEdTov 24dEov. T OU-
véyela 0 mAnBuouds twv Luuwv tapéueive otabepds
g v 120n nuépa (Ewmdva 9). Ou pinnteg pnetondm-
%nav ayuxrd oe enlrneda <50 cfu/g now wapéuevay Too-
wurd amdvieg #aB’ GANv ) SLdOKELD TOV TTELQOUATL-
opov o€ G0l TOL TUQLAL.

2.7. Zraguidxoxxor wnxrdon Oetixol

H avalimon otagpuhondrrov anrtdon Betirdv
HTov vty amd TV oy 0€ GAOUS TOUS TELQOLUOL-
twopovs. [Tpornaraprtind, Betnéc amowries mov ava-
aToyOnuay oto vtéotpmpa Baird-Parker édwoay thy-
Buounots g tdEemg 4,13 — 4,72 log;,cfu/g ue m ov-
uwrAnomon 12dpov petd v mign, addd oty cuvEyela
yier Shovg Toug ovvdvaouoUs o TANBVoUSS auToS UeL-
WVOVTOY OVVEYMS, oA fTav aviyvedowwog (2,13 —
2,85 log;,cfu/g) ®ord v 120m nuépa ouviionong tov
TUELOU.

3. Metaforn] ToV UGV TAQUUETQMY TOV TUQLOY

3.1. pH

To pH twv Tupudv magovolaoe OTaTLoTLIHGS ONUOL-
vt Ttdon AGyw g Topmong g Aaxtélng oe Ghovg
TOVE OUVOUAOUOUG %Al UE T OVUTAEWON Tg detteong
Nuépag amd v g elxe newwdel oe pég < 5,0. Tnv
3n »ow 4n nuépa ou Tpég pH vtav oto 4,5 — 4,6 now wa-
péuevav oe younhd enimedo puéyol mv 120m nuéoa,
omtdTE ®aL ®VPAVONROV 0e GAOVS TOVg CUVOVUOUOUG
xatd p€oo 6o and 4,13 €mwg 4,45 (Ewdva 10).

3.2. Yyoaoia

H vypaoia tov tupudv e GAovg Toug ouvOuaouois
uelddnue onuavtvd petd amd 15-30 nuéoes wolua-
ong oto 54 — 56% (ue eEatpeon g petprjoets ots 30
Nu€eg wovo yio toug ouvduaopwovg F2 vou F8, pe vyoa-
ola 52,3% wnon 57,3%, avtiotorya) ®aL 0Ty CUVEYELOL UE
wx€c avEouedoels otabegomonifnxe otig TES av-
TEC Y10 TOV VIGAOLTO YE6vo cuvtionong (ITivaxag 2).

3.3. Aimog xau deintne Mmolvong

H AutomeQlextirdTnTo Tou TUQOTTHY WOTOS UETA 0Tt
24 dpec roudvOnxe notd néoco 6o and 47,54 wg
50,17% el Enpov »ow pe ™ ovumhjpwon 60 nueedv
woluaong xuudvinxe omd 44,28 éwg 48,07%. EEdhhou
oe Ghovg Toug ouvdvaouovs oL tég ADV mapovaio-
oav oNuavTLKI] avENoN ratd Toug S0 TEMTOVS Uveg
™ weluaons. H avEnon ouveyiomxre o uetd my 60n

~O=F1 ~4—F2 ~@~F3 ~%~F4 ~@~F5 —~F6 ~—»—F7 —=F8

o 30 60 20 120

Ewova 7. Metafolij tov mAnbuouot twv mowteolvtixdy fa-
®TNOlWY xatd THY wEillaon xait ovvtionon TvLov Péta mov
TAQATHEVATTYHE UE OLAPOQETINES 0EVYalanTinés xalAéQyeies
(uéaot 6ot TE0GAQWY ETAVAAPPEWY).

Figure 7. Changes in the populations of proteolytic bacteria

during the ripening and storage of Feta cheese prepared with
different starter cultures (mean values of four trials).
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Ewova 8. Metafolij tov whnbuouod tav Yoyodtoopwy faxtny-
olwy xatd Tny woiuaon xal ovvrjonon twotod Péra wov maga-
oxevdoTnxe ue OlapoQeTixés ovyalaxtinéc xalliéoyeies (1é-
00L 601 TEGGAQWY ETAVAMFPE@Y).

Figure 8. Changes in the populations of psychrotrophic bacteria
during the ripening and storage of Feta cheese prepared with
different starter cultures (mean values of four trials).

day of ripening (Figure 8).
2.6. Yeasts and moulds

The yeast populations at the end of the 1st day
ranged between 3.15 and 4.17 logqcfu/g in all cheese
batches. After that, yeast numbers declined by up to 3
logs by the end of the 15th day. Their numbers started
to increase again after the 15th day, returning to 1st day
levels after the 60th day of ripening. From that point on,
their populations remained stable until the end of the
experiment (Figure 9). In all cheese batches mould
counts were always below 50 cfu/g.
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Nuéoa mpinaons, alrd pe poaditepo puiud (Iivarag
3). ‘Oha. Spwg to TvELd. elyav amodexTi] oLdThTo LEYOL
to Téhog Tov melpapatiopot (120n nuéoa).

3.4. llepiextindrnra o voardvBoares (Aaxtdln)

H megentindmra og vdardvOpanes (haxtoln) pet-
@ON®E ONUOVTLXA OTA TUQLA TTOV TTAQUOREVAOTNRAY UE
6hovg Tovg ouVOVAOUOUS oEuyoharTvay Baxtnolwy,
ot6 TWES 4,04 — 4,42% notd p€oo 60 TV TEMTN NUE-
oa og Tuég mepimov 1,80% petd and 60 nuépes wol-
noong row og Tuég 1,28 €wg 1,67% pe t ovpmhjowon
tov telpopatiopot (120 nuépeg). Aev mopatnononxay
onuavtrés dragpopés (P>0,05) oty meptentindtmra
oe AMantéln Petalsd Tmv TVELDV TTOU TAQOOREVACTIRAY
ue OLa@oEeTvols ouvduaouots oEuyalartivdy Pa-
xwnelmv.

3.5. llowrteives xou Pabuds mowtedlvons

H meglentindmra v Tuoldv o oMxEg TewTeliveg
aEinxe (extdg tov ouvduvaouot FS), ratd tg mowteg
15 nuépeg meplmov, »ord uia povdda (AGym g otody-
yuong) arld uerd ) 15 nuéoa onueimoe oe Ghat oL To-
oLd wxEn uelwon ue v 1eo0do g wEluaons. Zta
wELUa TVELA 60 NUEQGV ®UUAVONRE ROTA LECO GQO OTTO
14,07 éwg 15,81% o0& Ghovg TOVG TELQAUATLONOVS. ZTO
Told nAxriog 120 nueeav oL OMxES TOWTEIVES HUUAY-
Onnay natd péoo 6o oo 12,57 éwg 14,83% (Ilivarag
4). AvtiBeta, N tuy amoeedgnong tov ue 12% touyho-
00Eov 0E€og Aaufaviuevou dinBRUaTog TV TVELKY,
oV enEALeL TV TEWTESAVOT| Toug, awEiBnxe onua-
viwmd o€ Sha ta TuoLd uéyoL v 60M NUéga xal ot ov-
véyela mogéuelve oxedov otabeon (UrEéc avEoneLm-
O€Lg). Aev TaQoTnEHONraY ONUOVTLRES dLOOQEES We-
TAED TV TUQLMYV TTOV TUQAOKEVATTNUAY UE OLOPOQETL-
%©0U¢g ouVOUOOoUOUS OEUYOAUXTIRGV OTELEY DV LETA TNV
30m nuépa g weinaong (Ilivaxag 5).

3.6. llepiextinornras oe NaCl

H seglentindmra twv tuoudv og NaCl, exgoaopé-
V1 ©¢ ovvteheonic dhatog ratd ™ 151 nuéoa meina-
ong, eiye TWWES ®atd HEco 600 amd 5,1 €wg 6,4 nau ue -
%0€¢ draxvpudvoelg mapéueve oto enimeda autd o
Oheg Tig maQTideg Pérag ywelc onuavirkés danvudy-
OELG YL0L TOV UTGA0LTO (Vo ouvtionong (120 nuépeg).

4. AELoAGYNoN TOV 0QYAVOATTIRAV YUQUXTIOLOTL-
#AV TOU TVELOY

To 0QYOVOATTTIRA Y AQARTNOLOTIXA TMV TUQLKV TTOU
TOQAOREVAOTNRAV e TOVS 8 ouvduaowovs oEuyaka-
nTrdv rodhegyeldv exTtuyOnray rord v 60n nuéoa.
O atideg TupLv atd Tovg ovvdvaouovc F3, F4, F5,
F6 now F7 (evd 8 Oiépepay onuavtird petakl toug)
TNOOLY OTATLOTIRMS CHUOVTIRG VYPNASTEQN PaBuoroyia
YLOL TO AQWUC, %O T YEVON 08 0UYXOLON WE TO TUQL TOU
ouvdvaouoy F8, 10 omolo améomace ) younidteon

45 —0—F1 —&—F2 —BF3 —%— F4 —8—F5 ——F6 ——F7 ——F8

log cfulg

0 30 60 a0 120
Hpépeg Days

Ewova 9. Metafolij tov mAnbuouod twv Suudv xatd gy wgi-
Haon xat ovvrienon TweLol PETa IOV TAQACHEVAOTYHE UE
Olapoetinés oEvyalantinés xalriégyeies (uéoot éoot teood-
owv emavalijppewy).

Figure 9. Changes in the populations of yeasts during the ripening

and storage of Feta cheese prepared with different starter cultures
(mean values of four trials).

6,0
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Ewova 10. Metafolij tys tujc tov pH xatd tny woiuaon xat
ovvTIjonon TweLot PETa OV TAYATKEVATTXE e OIAPOQETIHES
obvyalaxtinéc xalliéoyetes (uéoot dpot Teoodowy emavalijpe-
).

Figure 10. Changes in pH during the ripening and storage of Feta
cheese prepared with different starter cultures (mean values of
four trials).

2.7. Coagulase-positive staphylococci

Coagulase-positive staphylococci were never
detected. Numbers of presumptive positive staphylo-
cocci or micrococci, capable of producing black colonies
on Baird-Parker agar, were monitored and their initial
numbers (4.13-4.72 log,,cfu/g) decreased in all cheese
batches during ripening, but were detectable (2.13-2.85
log;,cfu/g) even at 120 d.
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Iivoxag 2. Metafoly g mepLextirdmrag oe vypaoia (%) oe Tl PETa OV TAQUOREVACTNHE [LE DLAPOQETIRES OEVYUAURTIRES

HAAMEQYELES ROTA TN OLAQRELT TNG METLAONG KO OUVTHONONG.

Table 2. Changes in moisture content' (%) during the ripening and storage of Feta cheese prepared with different starter cultures.

Huéoa Xuvovaopdg o5vyalaxtindv — LAB combination

Day F1 F2 F3 F4 F5 F6 F7 F8
X SD. X SD. X SD. X SD. X SD. X SD. X SD. X SD.
1 59,55 2,58 60,25 2,17 5893 2,75 60,55 2,86 59,40 4,65 60,77 215 61,79 1,34 59,35 3,57
15 54,79 2,74 5519 238 5403 3,34 5383 386 57,00 343 5472 257 5442 205 5560 2,18
30 55,09 1,97 52,34" 3,53 54,67" 3,66 5422 256 5642¢ 371 54,82% 399 56,55 0,53 57,38* 3,16
60 5500 229 5432 212 5547 4,10 56,22 136 5532 297 56,74 2,64 56,14 330 5443 218
90 55,51 255 5558 3,07 5562 440 5545 134 56,57 385 5581 277 5599 374 5693 1,69
120 54,62 223 5516 4,11 5526 285 56,74 2,69 5680 421 5642 349 56,10 2,18 58,00 1,69

' MEoog 600G TE00AQMYV EXAVOMPEMV ! Mean value of four trials

a,p: Méaou 6pot g (dtag 0eLpdg e #ows yoduua otov ex0€t dev dtagpépovy otanotrd oe eninedo onuavuxdtrag 5%.
a,p: Mean values within a row with a superscript in common are not statistically different at the 5% level of significance.

Iivaxag 3. Metaforéc omy Tipn g oEbmrag Tov Aitovg (ADV)' og topil PETa oV TAQAOKEVAOTRE UE DLAPOQETIRES OEVYAAOXTL-

%EG HAMMEQYELEG RAUTA T OLAQRELA TNG WOETUAONG KO OUVTHONONG.

Table 3. Changes in the Acid Degree Value' (ADV) during the ripening and storage of Feta cheese prepared with different starter cultures.

Huéou Xuvovaopdg oEvyalaxtindv — LAB combination

Day F1 F2 F3 F4 F5 F6 F7 F8
X SD. X SD. X SD. X SD. X SD. X SD. X SD. X SD.
1 1,07 043 1,08 062 118 056 0,78 023 1,12 038 094 0,19 071 016 0,83 0,18
15 1,64 038 1,65 048 261 141 210 1,09 254 138 168 0,8 121 021 1,23 035
30 1,65 034 1,57 036 274 138 236 1,51 262 142 155 05 1,19 024 1,31 045
60 2,28% 0,28 2,19 027 3,62* 142 3,12* 157 345 1,01 235% 087 1577 041 1,65 0,62
90 2,86 1,26 2,19 0,37 3,82* 1,63 3,14* 1,48 3,50* 1,47 244 128 1,73* 0,51 1,80" 0,46
120 2,65*% 0,89 2,12 0,72 3,89*% 2,17 346* 189 423« 1,95 2,57 2,13 1,74¢ 0,70 1,90 0,46

' M€00g 600G TEGOAQMV ETAVAMPYEMY ! Mean value of four trials

a,B,y: Méool Gpou g (dtag 0eLdg e ®owad yoduua otov £x0€m dev dapépovy atatonxd og enimedo onuavurdtyrags 5%.
a,B,y: Mean values within a row with a superscript in common are not statistically different at the 5% level of significance.

Babuohroyia, evd To Tl Tov ovvdvaouov F3 v vyn-
AdteQn. Q¢ TEOG TN CUVEXTHATNTA, THY VYNASTEQN
Babuoroyia mjpav Ta TvoLd TV cuvdvaouwv F3 no
F5, evad ) wnpdteen to el tov ovvdvaouoy F7. Té-
AOG 1S TTQOS TO MU, TN WredTeEY Pabuoloyio -
Be to Tl tov cuvdvaouoy F8.

To el wov mapaorevdomre ue to cuvdvaoud F3
oElohoynOnxre wg 10 ®OAMITEQO, WS TTQOS TV OMKY] AITO-
doyn, ue onuavtiry duopoed omd To TUELA TV ouvoua-
ouayv F1, F2, F6 nou F8, 1o omtoiar Spmg yapomtnolothrov
g Mav ravomowtixd pe fdaon m fabuoroyio sov -
pav. To i tov cuvduaouot F3 dev diépepe onpavuxd
WS OGS THV OAY] 0todoyy amtd ta TVELd Twv ouvovaL-
oudv F4, F5 xou F7. To tupi tov ouvdvaouoy F8 mijoe ™)
wxredteEn Pabuoroyia, 1 omoia dLépege oNUAVTIRA WS
OGS THV oMY artodoyy astd Tovg GAAOUS CUVHVOOUOUCS,
ue eEaipeon to el tov cuvdvaouot F1 (Tlivoxag 6).

3. Changes in chemical characteristics
3.1. pH

Regardless of the culture used, the pH of the
prepared cheese decreased evenly from the beginning of
the process in all batches. Thus, by the end of the 2nd
day after curdling, the pH values dropped to <5.0 and
by the 3rd and 4th day they reached 4.5-4.6 and
remained around these values up to day 120, when the
values ranged from 4.13 to 4.45 (Figure 10).

3.2. Moisture content

The moisture content in all cheese batches
decreased significantly after 15-30 d of ripening reaching
54-56% and remained relatively constant for the
remaining storage period (Table 2). An exception was
the 30-day moisture content values of cheese batches F2
and F8§, which were 52.3 and 57.3%, respectively.
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Iivaxag 4. Metaf ol g meplextindtnrag o€ tpwteivh' (%) og ool PETa TOV TAQAOREVAOTNLE [LE OLAPOQETIRES OEVYUAARTIHEG
RAAMEQYELEG ROTA TN OLAQHELD TNG MOETUAONG KO OUVTHONONG.

Table 4. Changes in protein content' (%) during the ripening and storage of Feta cheese prepared with different starter cultures.

Xuvdvaouog ofvyalaxtindv — LAB combination

Hpéoa
Day F1 F2 F3 F4 F5 F6 F7 F8

X SD. X SD. X SD. X SD. X SD. X SD. X SD. X SbD.
1 1506 1,30 14,53 0,87 1532 2,01 14,18 1,34 1514 1,62 14,57 1,46 13,86 1,04 14,58 0,69
15 16,12 2,69 1556 1,73 1592 191 1578 224 1518 142 1599 1,16 1525 1,36 1561 1,07
30 1609 1,16 1651 1,22 1578 132 1631 0,70 1542 092 1572 025 1636 1,69 1509 1,80
60 1535% 1,14 1581 1,10 1520® 1,76 1535® 1,16 14,58% 1,31 1513% 1,62 1538% 142 14,07 0,65
90 14,69 1,38 1497 1,60 1428 157 1497 1,2 1383 123 1506 1,18 1526 183 1344 0,68
120 1481 1,82 1472 232 14,65 215 14,71 257 1387 299 1422 193 1483 1,74 1257 1,06

' Méoog 6pog tecodomv emavalijpemv ' Mean value of four trials
a,: Méoou 6pot g (dag oeLpds we #owd yoduua otov ex0€t dev diagpépovy otanonrd oe eninedo onuavuxrdrag 5%.
a,f3: Mean values within a row with a superscript in common are not statistically different at the 5% level of significance.

IMivaxag 5. Metaforq g turic amoeedenong' tov dmojuatog pe 12% TCA tvetot ®ETo o TUQUAOKEVAOTNHE UE OLUPOQETIHES
0EVYOAORTIHES HAAMEQYELES ROUTA TN OLAQHELD TG WOETLOLONG KoL CUVTHONONG.

Table 5. Changes in the absorbance value' of filtrate TCA 12% during the ripening and storage of Feta cheese prepared with different
starter cultures.

Xuvovaoudg oEvyalaxtirdv — LAB combination

Hpéoa
Day - F1 - F2 — F3 — F4 — F5 — F6 - K7 — F8

X S.D. X S.D. X S.D. X S.D. X S.D. X SD. X S.D. X S.D.
1 0,137° 0,014 0,156 0,034 0,156* 0,033 0,159 0,028 0,155 0,023 0,170¢ 0,021 0,174 0,032 0,146“ 0,023
15 0,204 0,038 0,203a 0,047 0,205 0,048 0,206 0,045 0,202¢ 0,031 0,230° 0,019 0,207 0,011 0,196° 0,003
30 0,242 0,026 0,233 0,039 0,221 0,044 0,244 0,038 0,248 0,052 0,240 0,034 0,217 0,037 0,231 0,030
60 0,251 0,031 0,250 0,034 0,243 0,064 0,259 0,068 0,256 0,056 0,255 0,031 0,243 0,020 0,225 0,021
90 0,250 0,035 0,241 0,049 0,225 0,038 0,251 0,048 0,263 0,066 0,246 0,017 0,244 0,017 0,232 0,042
120 0,255 0,061 0,259 0,091 0,241 0,028 0,273 0,053 0,227 0,093 0,218 0,050 0,231 0,044 0,180 0,046

! Méoog 600g TE00GmV emavalMipemv ! Mean value of four trials
o,f: M€oot 6ot g idLag oeLpds ne ®owvo yoduua otov ex0€tn dev dlapépovy otatotxd ot entimedo onpovardTnag 5%.
o,p3: Mean values within a row with a superscript in common are not statistically different at the 5% level of significance.

A. XYZHTHXH

1. EEEMEN Tov TANOvoN0V TOV 0EVYyalaxTIROV OTE-
Aeydv #aTd TNV 0QIRACT ROL GUVTI|O01) 0TO TUQL
Péra

Ze oha to TVoLd PETO TOU TOQOUOHEVAOTNRAY UE
TOUS OVVOVAOUOUE TMV OEUYOAUXTIHAY ROAMEQYELDY
tov ITivaxa 1, 1600 oL haxtoPdxihhor 600 »at ot Aa-
ATGROXKOL (Y] O OTQETTORORKOS OTNV TEQITTWO TOV GUV-
dvaouoy F8) apBuotviav og vymhrots mAinBuopots omd
™V TEOTH NUEQa Tueoxrdunons. Ou ueTaPorés Twv Aa-
RTOPONIMAWY ROL TOV AORTORORUWV ROTA TV WQIUOOY
o ovvtionon mg Pétag gpaivovion otig Ewndveg 1 zan
2, avtiotouyya. H vy} Bepuorpaocia (30 — 32°C) tov
TUQOTYUATOS HATA TLS TTOWMTES DOES EVVOEL TOV TOAAOL-
TAOOLAOUS TV o&Euyahaxtirdy foxtnoimv. “Etot, tv
AT NUEEa ota TVELd GAmv Twv ovvovaoudv (F1-F8)
uetonOnrav vypniol tinBuouol AaxtofoxiAhov zow Aa-
UTORORRWY YWOIC ONUAVTILES OLOPOQES UETAED TMV CUV-

3.3. Fat content and ADV

In all batches the fat content, in dry matter of the
cheese at the 1st day of preparation, ranged from 47.54
to 50.17% and after 60 d of ripening it ranged from
44.28 to 48.07%. The ADV increased slowly in all
batches during the two-month ripening period and
continued to rise, although slowly during further cheese
storage (Table 3). However, all cheeses were of
acceptable quality at the end of the experiment (120 d).

3.4. Carbohydrate (lactose) content

The carbohydrate (lactose) content of all cheese
batches decreased significantly from 1st day initial
values of 4.04-4.42% to ca. 1.80% after 60 d of ripening
and to 1.28-1.67% by the end of the storage period (120
d). No significant differences (P>0.05) in lactose
content were observed among cheese batches.

3.5. Protein content and degree of proteolysis

With the exception of batch F5, the total protein
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IMivaxag 6. BaOuohoyio aduatog/yeions, GuverTkGTNTaS, YOWUATOS ROl OMKYS arodoxis', o€ Tupl PETA TOV TAQAOREVAOTRE UE
dlapopetnég oEuyalanTnég nahMEQYELES HETA At winaon 60 nueQav.

Table 6. Asscssment of flavour, cohesiveness, colour and overall acceptance’, in Feta cheese prepared with different starter cultures

after 60 days of ripening.

Xuvovaopdg oEvyalaxtindv — LAB combination

F1 F2 F3 F4

F5 F6 F7 F8

X SD. X SD. X SDb X

SD. X SD. X SD. X SD.

X

S.D.

Agupa/
I'evon 3,77 0,94 3,77 0,78 4,12 0,78 3,92*
Flavor

0,76 3,96* 082 390*¢ 0,81 394¢ 0,73 3,58" 0,76

YUveERTL-
notnTa
Cohesive-
ness

422 0,66 426* 055 428 0,63 4,15%

0,63 429* 057 4,09° 0,66 4,05 0,66 4,12 0,69

Xoopa

430 0,63 4,45 052 432* 0,57 4,48
Color

0,57 4,38 0,67 429° 0,60 432* 060 411° 0,62

Ohuen
Amodoyn
Overall
acceptance

3,95 0,84 398 0,65 424 0,59 4,03

0,68 4,104 0,63 3,99 0,66 4,03¢ 062 379" 0,66

' MEoog 600G TE00GQMV EXAVOMPEDY "Mean value of four trials

a,B,y: Méool 6ot Tg idlag oeLdg e ®owa yoduua otov ex0€m dev dlapépovy atanonxd oe enimedo onuavrotyrag 5%.
a,B,y: Mean values within a row with a superscript in common are not statistically different at the 5% level of significance.

dvaoudv. Ou vymAidtegol minBuouol uetodnrav ota
oLl TV ovvovaoudv F3 (ueodpuha otehéyn) nan F8
(Beouopiha otehéym). ‘Otav, Suwg, n Bepuoxpaacic Tov
LU petwvétay otovg 16.5£1°C xar oty ouveyeLa
otovg 3=1°C (Bgpuorpaoio weinavongs - CuvTHENoNS),
0 TANBvouss Tmv BeQUiPLAmY OTEAEYHY TOV CUVIVOL-
ouo¥ F8 magovoiaoe pelwon (xvplwg ratd Tig medteg
30 nuépeg), evad oL TAnBuopot Twv Aaxtoforilov not
AORTORGHWV OTOVS AAOVS OUVIVAONOUS (UeTOPLAES
nohLEQyeLec) mapéuevay otabeoi 1 xow avEdvovioy o’
ovtiv ™ Bepuorgacia Ewg v 30n nuépa, divovtag
TAnBuvonove e tdEeme 10-10°cfu/g, evdd oL tinBuopol
tov ovvdvaopwot F8 mapéueway ratd éva hoydoibuo
wxrpdtepol (10107 cfu/g) (Ewdveg 1 nou 2).

Amé ™) otanonxy eneEepyaoio de dromotdOnxe
onuavtky dapoed avdueoa otovg TANBuouovg Tav
AOATORGHURWV ROL TOV AaxToforiAA®Y #atd TV eEEM-
En ™5 weipnaong tov tuolot. AAAOL EQEVVITES OVaQE-
Qovv TANBVOULOKY VTEQOYY TV AORTORGHRMV RATA
TLG TTQWTES NUEQES WEINAONG, EVH AQYOTEQX VITEQOYH
tov haxtopaxilov (Tzanetakis and Litopoulou-
Tzanetaki 1992). 2ta melwpdpoto g €QEVVOS OUTHG
dev drammotdOnre Tétola onuavtxy] dlagod, (omg
dLoTL Tar peaS@a OTEAEYN WOV XENOLOTOLON®aY Ei-
xov omwopovmbel and dolua Tuold, ota omola Htav o
1UElaEY0g TANBUVOUGE oL CUVETTMS €OV TEOCUQUO-
otel otig duopeveic YU owtd ovvorreg evEg dELUOV Tu-
oLov PEta.

content of the cheeses increased during the first 15 d of
ripening by ca 1%, but, from that point on, it slowly
decreased in all cheeses. In the 60-day-ripened cheeses
the total protein content ranged from 14.07 to 15.81%
and after 60 additional days of storage, the values
ranged between 12.57 and 14.83% (Table 4). On the
contrary, the absorbance values of filtrate, obtained
after its treatment with 12% TCA, increased signi-
ficantly during ripening in all batches until day 60 and
then remained relatively constant. No statistically
significant differences between batches were observed
after the 30th day of ripening (Table 5).

3.6. NaCl concentration

The concentration of NaCl expressed as SWP on
the 15th day of ripening ranged between 5.1 and 6.4%
and remained relatively constant for the rest of the
storage period (120 d).

4. Evaluation of organoleptic properties of cheese

The organoleptic properties of the cheeses, prepared
with the eight different mixtures of LAB bacteria, were
evaluated at the end of the obligatory ripening period
(60 d). No significant differences were noted among
batches of LAB combinations F3, F4, F5, F6 and F7 for
aroma and taste; however, cheeses from these combi-
nations received significantly higher average scores for
these attributes compared to cheese batches of
combination F8, which received the lowest score. F3
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2. Exidpaomn Tov ovvivaonov oEuyahartinedv val-
Megyeldv oto preofLodoyind 1oeaxTNELOTLXG TOV
TVOLOY

Ta ®nohofaxtnoloetdi], TOV TV TEOTN MUEQX UE-
ToNOnrav oe Thnbvouovg g tdEemg 4,62 — 5,12
log;(MPN/g, uewvoviay onuaviixd og tAnduoud xou
evtog 15 nuepdv Poilonovray ot enimeda amodentd amd
™ vopoBeoia ral pelddnrav mepoartépm oe < 1,77
log;(MPN/g e yodvo weipavons 60 nuepdv. O Tin-
Buopol #ohoPoxTNOLOELODV UELDVOVTOV OF U1 OVL-
yvevoua enimeda otig TaQtides evog amd Tovg 8 ouv-
dvaopotc otig 90 nuépeg naw oTig TaETdES 5 ouvdua-
ondv otig 120 uépeg (Ewmdva 3). [Magdupoia amotehé-
opaTo avagEEQovTaL xou amd dhhovg epguvntég (Yanai
et al. 1977). H onuavtxi] petmon tov tainbuouot twv
©xohofoaxtnoLoetdwv ogelletan OtV TayEl TTWOT TOU
pH o710 4,5-4,6 08 GAOVC TOUS TTELQAUATIOUOUS EVTOG 3-
4 uewv. Agv TaatneOnxay onUavirés OLapoeEég
WS 7TEOS TOV TANOUOUS TV ROAOPURTNOLOEODY avd-
UEDT. OTA TUELE CAWV TWV OUVOVAOUMY 0T SLAQXRELD
TV TELQAUATLOUMDV.

O evte@dnonrol amodelytnray avlertinol otLg
OUVON®ES TTOV EMHQATOVY KATA THY WEIUOAVOY TOV TV-
owov Péta (Ewndva 4). Autd dunaroroyel xow TV osto-
uévmot Tovg o€ ueydrovg TAnbuouovg amd deLua Tu-
oud dhung. Iapduota Tapationon éxavay %ol GAlot
eoevvntés (Litopoulou-Tzanetaki and Tzanetakis 1992,
Litopoulou-Tzanetaki et al. 1993). H yhwoida empo-
Mivoemg puelddnre onpavtird xotd ™ didoxela g
wElpaong ota TuoLd Twv 7 ouvAVaoU®dV. ZTo TUOLA TOV
ouvdvaopot F7 petorifnrav vymhol tinBuouol yhw-
oidag emudiuvong otig 60 row 120 nuépeg (Ewdva 5).
O 0@VNTL*OL 0TV TNUTACY] OTOPUAGHOXRROL RO UXQO-
NOUKOL TOQOVGTOoaV, emliong, onuaviiky uelmon ota
TUELA SAWV TOV CUVIVAOUWY.

Katd ™ dudoreia e moiiaong »oL ovvtiionong
TOV TVQLAV, T TOMTEOATIXRA PARTHOLO TTOQOVCTOTOV
onuaviry uelwon (Ewg naw 2 Aoyoibuovs) oe dhovg
TOUG OUVOVAOHOUE, EVE Ta MItoATIvd Paxrtiola TaQE-
uevav og vmrovg tinBuopoic, ue eEaipeom Tovg ouv-
dvaopots F2 »aw F8 otoug omolovg puewdvovray onua-
VId TROo¢ To TEAOS ToL Ttelpapatiopol (Ewmadveg 6 xat
7). O Babuds mpmwtedhvong o o deintng ADV (Autd-
Aon) oto tuold awEdvoviav otabed uéxor tv 60
NUEQA %O OTH OUVEYELQ TaREpevay oyeddv otabepol
ue wrés avkoperdoeilg (Mivaxrag 3 vou 5). Avahoyeg
TapaTnefoelg €ytvav xou axd tovg Mallatou et al.
(1994). Tayruydtoopa foxTtioLe ETNEEATTNRAY, ETT(-
ong, amd T0 oOVVOVUOUS OTEAEYDV TNG OEVYAAAKRTING
nadpyeLlag. e 6Aovg Toug CVVIVAOUOUS TOQUTHON-
Onxe petmon mg Yuyedtoopns xhmoeidag, ue eEalpeon
to cvvdvaoud F8 atov omoio petd v 30m nuépa wei-

cheese batches received the highest score for aroma
and taste. For body and texture (cohesiveness), batches
F3 and F5 ranked first, while batches F7 ranked last.
Finally, batches F8 ranked last in colour assessment.

F3 cheese batches received a significantly higher
overall acceptance value than batches F1, F2, F6 and F§,
which were deemed “quite satisfactory”, based on their
scores. Cheese batches of combination F3 did not differ
significantly from batches of LAB combinations F4, F5
and F7 with respect to overall acceptance; batches F8
received the lowest score, which was significantly lower
from all other batches except F1 (Table 6).

D. DISCUSSION

1. Changes in populations of LAB in Feta cheese
during ripening and storage

The changes in the populations of lactobacilli and
lactococci are shown in Figures 1 and 2. In all cheese
batches prepared with the eight different combinations
of LAB strains (Table 1), lactobacilli as well as
lactococci (Str. thermophilus in case of batch 8) reached
high populations from the first day of cheese
manufacture. This is probably due to the fact that the
initial temperature of the curd (30-32°C) is favorable for
the growth of LAB. Thus, in all cheeses (F1-F8) high
numbers of lactobacilli and lactococci were present,
with no significant differences between batches. The
highest populations were noted in batches F3
(mesophilic strains) and F8 (thermophilic strains).
When the cheese was placed at 16.5+1°C and later on
at 3x1°C for ripening, lower populations of LAB in
batches F8 were noted, while in batches of the other
seven LAB combinations (mesophilic cultures or in
combination with thermophilic), the populations of
LAB remained the same or increased until the 30th day
of ripening resulting in levels in the order of 107-10°cfu/g.
On the contrary, populations of batches F8 remained
always 1 log lower (10°-10°cfu/g) (Figures 1 and 2).

No statistically significant differences were noted
between numbers of lactococci and lactobacilli during
cheese ripening. Other researchers mention that in the
tirst days of ripening, lactococci are found in the cheese
in higher numbers than lactobacilli, the latter
predominating in later stages of ripening (Tzanetakis
and Litopoulou-Tzanetaki 1992). We were unable to
confirm these findings and this is probably due to the
fact that the mesophilic strains used in our study had
been isolated as the predominant species in the ripened
market white brined cheeses and therefore must had
been adapted to the unfavorable conditions of ripened
Feta cheese.
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uoong oot Onxre oxetxy avEnon (Ewdva 8).

Téhog, oL Thueg mapéuevoy oe OYETLRE WrQEOUVE
mAnBuonotc pe onuavtiky wetmon ratd tig 15 modteg
Nuéopeg welnaons, yarl To TAVOLUO TOV TUQLWV TOLV
™V TOoT00ETHON TOUS O AU AWTOUARQUVE CNUAVTLRA
g Thueg. 2 ovvéyera avEibnxroav (Ewdva 9), mbo-
VOV AGy® emrQdTnong ooUSPLAMY L0V, LRAVAOV Vo
mohhasthaodlovror og vy ahatdmra, xaunid pH
%o Bepuorpaoies Yigeme. Autd €xel taportnondel xou
oamd arhovg epgvvntéc (Kaminarides and Laskos 1992,
Vivier et al. 1994). ITwoteveton 6t ov Thueg emnoed-
Covv ™) OLapGEPWOT TV OQYOUVOATTTLRMV X OQUXTNOL-
OTLXAV TOV TUQLWV dAuNg, ahhd og vyynhovg inbu-
oovg TEoraAoUv dudyrwon Twv Tuoudv (Westall and
Filtenborg, 1998). Oplouévol epevvnTés, Sums, xouv
duarmiotwoel pelwon tov TAnfuopot tav updv xatd
v mopela woluaong e Pétag (Tzanetakis et al.
1995). O winBuopds Twv PUrRNTMV OTO TUELD TTOV TTOL-
paorevdoTxoy frov mdvra <50/g. Autd eival avape-
VOUEVO, EQOOOV TA TUQLA TTAQEUEVAY OUVEY MG ROAV -
UEva amd diun.

3. Entidgaon Tov ovvivaopudv oEVyaAarTirey ®al-
MeQYELOV 0TO YNULXA (OQAXTNOLOTLXG TOV TUOLOV
Péra

To eldog g oEvyahaxrTinic RaAMEQYELAS ETNOEDL-
og onuavTd to UBRGS stdong tov pH. O ovvdvaouds
F8 epgdvioe ™ peyoriteon wrwon pH word v moo-
™ NUEQO TVRORGUNONS KA CUTS EENYETTOL QTG TO EV-
voirdTEQO, atd dmoym Bepuoxroaoiag, teQLBdilov Tov
Tvpomypatog yia Beoudgiha €idn (Zourari and
Desmazeaud 1991, Zourari et al. 1991). Ou vtéiolmol
ovvdvaopol (e N/xar pe ueadpha otehéyn) €0elEav
wrovortotixt} dpaotnoLdTNTa ueTd TV 1n nuéoa ®ou To
pH uewdBnre oe Sha ta delyuarta ota embBuuntd 6oLo
(pH 4,5 —4,6) evtog 3 €wg 4 uepdv. O guBuds TTwong
tov pH 1jtav peyoliteog o autdy Tou TaQuTHOnoay
dhhou epevvntég (Pappas et al. 1996a, Pappas et al.
1996b, Papageorgiou and Marth 1989). Auté ogetheTon
UAAAOV OTO GTL 0TV EQEVVA LA, TO. LECOPLAL OTEAEYN
elyav mpoemheyet and €va ovvoro 109 oteheyov (Ka-
payedoyng xat ouv. 2006) row yonopomouidnrav ov-
16 ue 1o peyahitepo puiusd oEivione. H yorjyoon mid-
on tov pH umopet va odnyrjoel o amdiela aAdTv
xnau g¥Bpumty twpopdto (Lucey and Fox 1993). Kdm té-
TOL0, OUWS, OEV TaEATNEYON®E Ot TVELA TTOV TAQAL-
oxregvdotnray. Levirnd, otovg TELRAUATIONOVS UOS, TO
pH mopéuewve oto 4,3 éwg 4,5 xatd ) dudoxrela ™G
welpaong xouw ovvrijonong Tov twoldv (Ewdva 10).
ITopdpoLes TOQATNENOELS AVAPEQOUV RO AALOL EQEV-
wtég (Manolkidis et al. 1970a, Tzanetakis et al. 1995,
Pappas et al. 1996b). Ahlot, Suwe, €QEVVNTES AvapE-
pouvv otabepomoinon tov pH mepl tv 30N nuéoa

2. Effect of starter culture combination on the
microbiological characteristics of Feta cheese

Coliform populations at day 1 were in the order of
4.62-5.12 log;(MPN/g. Then they started to decrease in
numbers and after 15 d of ripening, their populations
dropped to legislatively acceptable levels and further
decreased to <1.77 log;)MPN/g at 60 d. One and 5 out
of the 8 different LAB combination batches had
undetectable levels of coliforms at 90 and 120 days,
respectively (Figure 3). Similar observations have been
made by other researchers (Yanai et al. 1977). The
substantial decrease in coliform populations is attri-
buted to the pH dropping to 4.5-4.6 in all cheese batches
within 3-4 days. No significant differences were obser-
ved among cheese batches throughout the experiments.

Enterococci have been isolated in high numbers from
ripened white brined cheeses (Litopoulou-Tzanetaki and
Tzanetakis 1992, Litopoulou-Tzanetaki et al. 1993). The
monitoring of enterococcal populations in our
experiments showed that they were present in consi-
derable numbers during the whole 120-d cheese-storage
period, indicating their tolerance to the unfavorable con-
ditions that prevail during ripening of Feat cheese (Figure
4). Populations of contaminating bacteria decreased
during ripening in cheeses of 7 LAB combinations. In
cheese batches of LAB combination F7, high numbers of
contaminating bacteria were present at 60 and 120 days.
Coagulase negative staphylococci and micrococci also
decreased in numbers in all cheese batches.

With the exception of cheeses made with LAB
combinations F2 and F8, in which lipolytic bacterial
numbers showed a decline towards the end of the
experiment, lipolytic bacterial counts in all other batches
remained high. Numbers of proteolytic bacteria
decreased in all cheese batches, up to 2 logs (Figures 6
and 7). The degree of proteolysis and the ADV value in
all cheeses kept increasing until the 60th day and then
remained relatively constant (Tables 3 and 5). Mallatou
et al. (1994) have also reported similar observations.
Psychrotrophic bacterial counts were also affected by
the LAB combination used in cheesemaking. In all LAB
combinations, reductions in counts were observed
during ripening and storage, except for batches of LAB
combination F§ where an increase in counts was
observed after the 30th day of ripening (Figure 8).

The yeast populations at the 15th day of ripening
were found decreased, owing to their partial mechanical
removal, due to the cheese-washing step that was applied
prior to placing the cheese in brine. Subsequently, their
populations increased probably due to the dominance of
osmophilic species, capable of proliferating under high
salt, low pH and low temperature, and remained in high
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(Anifantakis 1991b, Pappas et al. 1994). H ovvtoun
(evtog 3-4 nuepwv) raddon tov pH o€ Twég < 4,5 enn-
pedlel apvnTind ™V emfBloon Twv ®olofaxTnoLloeL-
ddv (Ewodva 3), adlhd zow v taboydvov wxpoopya-
viopwv, 6ntwg g Brucella melitensis (Ilavétoog xai
ouvv. 1971), tov S. aureus (Mdving 1973), g Yersinia
enterocolitica (Karaioannoglou et al. 1985), g Listeria
monocytogenes (Papageorgiou and Marth 1989) naw g
Aeromonas hydrophila (Melas et al. 2001).

H vypaoia tewv TugLiv, Tov TaQaorReVAOTHXROV LE-
Td amd i eyt T epiov 60% xotd TV TEMTH
NUEQQ, AOYLOE VO. LELWIVETAL ONUAVTLRA ®ow PETA 0mtd 15
€wg 30 nuéopeg nupudvOnxre amnd 52,3 émwg 57,3%. Avgo-
ueldoels mapatneOnray ueta&d 15 wow 30 nuepwv,
MG LLE TNV LOOQEOTTNON TMV OOUNDTIXWDV QALVOUEVV 1)
T ™G vyeaoiog otabepomomOnxre otig 30 ue 60 nué-
&g o¢ emimeda <56%. Ta TuoLd OV TOQUOREVATT-
xnav pe toug ovvdvaopoic F4, F6 xau F7 elyav vypaoia
opland >56% otig 60 nuépeg (Iivaxag 2). [apduoteg
TOQATNENOELS WS TEOS TN 0TafEQOomOinon ™S vy~
olog éxavav zar dilor egevvntéc (Manolkidis et al.
1970a, Alichanidis et al. 1981, Vafopoulou et al. 1989,
Pappas et al. 1994, Tzanetakis et al. 1995).

To Aimog Twv Twoudv emti ENEodv, uetd amd wo agyL-
21} T o ®updvinre and 47,54 €mg 50,17% v 1y
Nuéoa, pewddnre oe emimeda amd 44,28 wg 48,07%
™v 601 NuEE, XmEIg oNUAVTIXES UETAPOAES UETA TO TTE-
ag ™S welpaong twv 60 nuepwv. H mepiextindtnta oe
vdardvBpanec (Aaxtoln) uetddynre onuavird amrd
4,42% v 7wt nuépa oe Tuég epimov 1,80% petd
ard 60 nuépeg MEINOONG %L 0T OVVEYELD OF TLUES
1,28 €wg 1,67% otig 120 nuépeg, Adyw amofoliig oto Tu-
odyaha rou Thpuwong g Aantétng omd T oEuyahoanti-
%d foxtioLa.

To ohxo mEwTeivind dtwto ueltddnxe pe v mpdo-
90 g weluaong (Ilivaxag 4), eved avEridnxe to drodv-
16 (0e 12% TCA) dtwto. Ou TWHES TG ATOEEOPNONS
tov dmbfuatog oe 12% TCA, mwov exgpodovv fabud
TEWTESAONG, AVEONRAY ONUAVTIXE ROTd TV w0~
on, delyvovroag avEnon oty ToodTTA TWV HECAIMV
2oL rEAV TETTOwV noL auvoEEwy, 1 omola elval
Wiaitego ueydin, edv Mapouvue v’ Sy 6t Eva uEQOG
TOV TTOAD UrQGV TETTLOIV RO ApVOEEY dtopetyouy
oty diun (Polychroniadou and Vlachos, 1979). H ue-
Taforn fitay peyorvtepn péyot v 30n nuéoa (Iivaxroag
5). Auté ovugovel pe ta gvprjuota tov Katsiari and
Voutsinas (1994), ot omolot tarpationoav 6t o guiudg
QUENONS TOV AAOUOTOS CUTOU HTaY UEYAATTEQOS UEYOL
™V 30n nuépa nau ot ouveyela petwvotav. H ovoon-
evon Twv auvoEEnv netaEl 30ng xoar 60ng Nuégag
€xel ouvdeDel pe TV AvAaTTLEN TOV YOQAATNOLOTIXOY
apapatog otov Teheué (Polychroniadou and Vlachos,

numbers during the whole storage period (Figure 9).
Similar observations were made by Kaminaridis and
Laskos (1992) and by Vivier et al. (1994), although other
researchers (Tzanetakis et al. 1995) noted a decline in the
yeast population during Feta cheese ripening. However
all researchers agree that yeasts affect the organoleptic
properties of the white brined cheeses, but being gas-
producing microorganisms they can cause gas blowing
when present in high numbers (Westall and Filtenborg
1998). Finally, mould counts were always <50/g as
cheeses were kept well covered with brine at all times.

3. Effect of starter culture combination on the
chemical characteristics of Feta cheese

The type of starter culture used had a direct effect on
the pH drop rate. Batch F8 (yogurt culture) had the
fastest pH drop rate during the first hours of
cheesemaking, owing to the fact that during this period
the curd and cheese temperature is favorable for
thermophiles (Zourari and Desmazeaud 1991, Zourari
et al. 1991). After the 1st day of cheesemaking all other
starter combinations had a satisfactory fermenting
activity and the desired pH (4.5-4.6) was reached within
3-4 d post-coagulation. The pH drop rate was higher
than that observed by other researchers (Pappas et al.
1996a, Pappas et al. 1996b, Papageorgiou and Marth
1989). This is probably due to the fact that the strains
used in this study had been selected among a total of 109
strains for being fast acid producers (Karageorgis et al.
2006). Some researchers believe that a fast drop in pH
may result in a friable body (Lucey and Fox 1993), but
this was not the case in our experiments. In general, the
pH of cheeses remained at 4.3-4.5 during the whole
ripening and storage period (Figure 10). Similar
observations have been made by other researchers
(Manolkidis et al. 1970a, Tzanetakis et al. 1995, Pappas
et al. 1996b). Other investigators report that the pH of
Feta cheese is stabilized around the 30th day of ripening
(Anifantakis 1991b, Pappas et al. 1994). The fast (within
3-4 d) drop in the pH (at values < 4.5) is unfavorable for
the survival of coliforms (Figure 3) and milk-borne
pathogens, such as Brucella melitensis (Panetsos et al.
1971), S. aureus (Mantis 1973), Yersinia enterocolitica
(Karaioannoglou et al. 1985), Listeria monocytogenes
(Papageorgiou and Marth 1989) and Aeromonas
hydrophila (Melas et al. 2001).

The 1st day moisture content (ca. 60%) of cheese
started to decline, to reach 52.3-57.3% after 15-30 d of
ripening, although there was some fluctuation between
days 15 and 30. After that, the moisture content for
days 30-60 was essentially kept at or below 56%. Cheese
batches F4, F6 and F7 had moisture content marginally
above 56% at day 60 (Table 2). Similar observations
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1979). H aiEnon tov ®hdopotog autol opetheTol ®u-
pilwg 0N 8RGO TV TEWTEOATIXMDV eVEUUWY TV 0EV-
YOAOKRTIRAOV Paxrtnolmv xow pdMoto evEipmy evegymv
oe younid pH (Manolkidis et al. 1970b, Tzanetakis et
al. 1995). [Mogduota aiEnon oto xAdoua tov dtaAutoy
oe 12% TCA alatov €xel magatnonBel xow ad dihovg
eoguvntég (Litopoulou-Tzanetaki et al. 1993, Pappas et
al. 1996a).

O delnng AutéAvong ota TuLd avErdnxe ywois va
EUQPAVLOTOUV ONuelo VOQOAMITIXNG TAYYLONG UEYOL KAl
™v 120n nuépa ovvimonong. Tn pueyariteon Amoivon
€de1Eav oL ovvdvaopoi F3 xau F5 mov mepielyav ta &i-
o Lb. plantarum (otéheyog L28) now Lb. paracasei
subsp. paracasei (otéhexog L9), evdd ) wrnpdteen ot
ovvdvaopol F7 xan F8 (ITivaxag 3). Ovtipés ADV mou
moQaEOnray otovg cuvdvaouoic F3, F4 xoau F5
Nrav peyohitegeg amd avTég Tov ToQaTHENoOV dAAOL
eoevvntég (Katsiari and Voutsinas 1994, Pappas et al.
1996a). Qotdoo, dev mapaTnEBnxre Tayyr yevon oe
1AVEVA CUVOVAOUO, OXOUN %Ol OE EXEIVOUE TTOU 1) TUUT
ADV wrtav peyoliten amd 3, T n omoio avopéQe-
TOL G TO GQLO AV 0TS TO 0TTOl0 eUPavVICeTal Tayy
yevon oto twet Cheddar (Deeth and Fitz-Gerald 1976).

Téhog, oyeTnd pe TV aAaTdTTa TV TUOLDV dLo-
POoEEg ToEaTNENBN®AY UOVO %aTd TO TEOTA OTAdLL
™S WEINONGS, EVA U TNV TAQOAO TOU YEGVOU 1) TEQLE-
wtvdtro. o NaCl €rewve va elval opoldpoopn %ot
otafepomouiOnxre el Ty 3n efdoudda. Autd onuer-
avetan xow and dhhovg epevvntég (Tukan and Humeid
1991, Pappas et al. 1996b).

4. Exidpaon Tov 6vvovaopudv oEuyoharTindy ®a-
MEQYELDV 0TA 0QYUVOANTTLXA YUQUXLTIQLOTIXA TOV
TvoLov Péta

Ta towd (F3, F4, F5, F6 nouw F7), mov mapaorevd-
OTNRAVY UE TV XONON omoxhelotrnd ueodpuhmv oEuya-
AOKTIROV ROAMEQYELDV 1] UE OUVOVAOUS TOUG AL UE TOL
dvo Oepuopiha edn (Lb. delbrueckii subsp. bulgaricus /
Str. thermophilus) 7oV ¥ONOLWOTOLOVVTAL TTOQRAIOTLONA
ot Wuwon tov tweLot Péta, améomaoay onuavtrd
vymAdten Pabuoroyia wg TEOS To domua xow ) yev-
on oe oxéon ue to ovvdvaoud F8 (wapadooiaxy Bep-
uéukn xaléoyera). Ta peadgiha ouyaraxtirnd ote-
Aéyxm, uova 1 oe ovvdvaoud ue Beguogiha oteléym,
€dWOoaY TUQLA UE RAATTEQO OQYUVOATTTLRA Y OLQUXTN -
olotind. H ouvertindtnto OAmv TV TuoLdV HTo TOAD
%o, adhd omv ohxy amodoyy pabuoloyrBnxe pe
Tov VYMAGTEQO PaBud To Tuel Tov ouvdvaouov F3 ov
meoielye Lb. plantarum | Le. lactis subsp. lactis. ITolG
%o fabuoroyio, SUMS, ATECTACOY ROl TO TUQLA TWV
v cuvdvaouav. (Tlivarag 6). Evdiagéov mapov-
oLdtel To yeyovog Ot 1) ¥ 0N TOU ETEQOLUUWTIROT OTE-
Aéxoug Lb. brevis otovg ovvdvaouovs F2, F4 xaw F7

have been also made by other researchers (Manolkidis
et al. 1970a, Alichanidis et al. 1981, Vafopoulou et al.
1989, Pappas et al. 1994, Tzanetakis et al. 1995).

The fat content value of the dry matter at the 1st day
ranged between 47.54 and 50.17% and after 60 d of
ripening it ranged between 44.28 and 48.07%, without
noticeable changes thereafter. The 1st day carbohydrate
(lactose) content (4.42%) dropped to ca. 1.80% at 60 d
of ripening and to 1.28-1.67% at 120 d of storage, due
to their release in the whey and the fermentation of
lactose by LAB.

The total protein nitrogen was decreasing during
ripening. Meanwhile, the value of the soluble (in 12%
TCA) nitrogen was increasing. The absorbance values
of filtrate in 12% TCA increased significantly during
ripening, indicating an increase in the concentration of
small and medium sized peptides and amino acids. This
increase is considerable, given the fact that several small
peptides and amino acids are released in the brine
(Polychroniadou and Vlachos, 1979). The increase in
soluble nitrogen was mostly pronounced until the 30th
day of ripening (Table 5), a fact that is in accordance
with the findings of Katsiari and Voutsinas (1994). The
increase in the amino acid concentration between d 30
and 60 of ripening has been associated with the
development of the characteristic aroma of Teleme
cheese (Polychroniadou and Vlachos, 1979) and is
mainly attributed to the action of proteolytic enzymes of
LAB that are active at low pH (Manolkidis et al. 1970b,
Tzanetakis et al. 1995). Similar observations regarding
the increase in the 12% TCA soluble nitrogen have
been made by other researchers (Litopoulou-Tzanetaki
et al. 1993, Papas et al. 1996a).

The ADYV value of cheeses kept increasing during
ripening and storage, but no signs of rancidity were
detectable even up to the 120th day. Batches F3 and F5,
that contained the species Lb. plantarum (strain L28)
and Lb. paracasei subsp. paracasei (strain L9), showed
the highest, while batches F7 and F8 showed the lowest
degree of lypolysis (Table 3). The observed ADV values
in cheeses with starter combinations F3, F4 and F5 were
higher than those previously reported by other
researchers (Katsiari and Voutsinas 1994, Pappas et al.
1996a). However, no rancid taste was noted even in
cheese batches with ADV values higher than 3, a value
that has been reported to be the limit beyond which
rancidity appears in Cheddar cheese (Deeth and Fitz-
Gerald 1976).

Finally, with respect to salt content, there were some
differences among batches only during early ripening,
but by the 3rd week of ripening the salt content was
stabilized, an observation that has been also made
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dev elye Mg ATOTEAECUA TNV TOQAY WYY OVETLOVUNTOV
moootitmv agpiov (CO,) roL CUVETHE TO OTEAEYOS ClU-
16 wrtoel va yonowworombel oty magaywyn PEtac.
AlMmote €yel aropovmbel og peydiovg TAnbuouot
artd dotpo twel PEra vou and tovg Tzanetakis and
Litopoulou-Tzanetaki (1992).

E. XYMIIEPAXMATA

Anté v aELOAGYNoN TV OTOTEAECUATMV TS EQEV-
VOIS OUTHG UTOQOVLE VA CUUTEQAVOUUE TAL ardAovOaL:

1. Katd mv weipaon tov tuplot Péta o tinBuouds
oEuyohontinav Baxtnoiwv diatneeitan og vYmAd eml-
meda (107-10° cfu/g) tovhdyiotov péyor xow 120 népeg
UETE TV TUQOXOUNOM.

2. H mopeia twv dAMwv wxofLaxdyv ouddmy, ue
eEalpeon Tig Chpeg, elval yevird mtwtrt] pue Ty meoo-
d0 1wv wpiuaons. O timog g oEuyaloxtinig ®ok-
MEpyelag dev galvetal va enneedlel onuovTrd To
oS petmong Tov TANBLOUOY TV WHRQEOPLOKDY AUTHV
ouddwv.

3. H mewpapatixn mapaywyn tuotov Péta, ue xorj-
01 OTTOXAELOTIRA UETOPIAWV OEVYOAUKTIRDV RAAALEQ-
veudv 1 oe ouvduaoud ue ™ Beoudpily xaAlégyeLa
Tov yonowpormoteltor wagadoowoxd (Lb. delbrueckii
subsp. bulgaricus | Str. thermophilus), €dwoe Tl Oéta
ue xoAUTEQA 0QYOAVOMITTIRA YAQAHTHOLOTIRG AT’ OTL T
xoNon uévo BeeuéPIANG ®OAMEQYELAG.

4. O ovvdvaoudc Tmv pecd@rhwv oteheyxwv Lb.
plantarum wow Le. lactis subsp. lactis, 1600 og Tetyog
600 %at 08 ouvduaopud pe to Beouipiha otehéyn Lb.
delbrueckii subsp. bulgaricus | Str. thermophilus, €dwoe
T ROAUTEQO ATTOTEAETUALTOL (G TTQOG TOL OQYAUVOANTTTIRAL
YOLQOKTNOLOTLRAL.

5. Ta peodpiho oEuyahantind otedéyn wau Wolte-
oa ta €idn Lb. plantarum, Lc. lactis subsp. lactis, Lb.
brevis, Lb. paracasei subsp. paracasei, to. omoia ojueQo
dev yonowomorotvral othv texvohoyia magaywyrig OE-
TOG, TOQAOTL OTNV TQOYUATIXOTHTO VITELOEQYOVTOL OF
onuavtré fobud oty Lpumon Tov TweLov wg avtdybo-
V1) oEuyahaxtixy Awida, Ba wrogovoay va xenoLuo-
o Bovv wg oEuyahantiny RoaAMEQYELX YLOL TH YO YO-
on ttdon Tov pH xatd v apywr weipoon g Pétag
otoug 15-18°C.

6. H yo1jon neodgihawv o§uyahaxrtindv faxtnolwy
otV mapaoxev] g Pétag mporaiel wrwyon tov pH
ota emBuuntd enineda (4.5-4,6) eviog 3-4 nuewv, pe
OUVETELD VO UELDVETOL O RIVOUVOS avATTTUENS (KO-
opyavioudv mov Ba uroQooay va TQOXRAAETOUV k-
howoelg oto el 1 #ivduvo yia T Anudowa Yyeia.
Andua divetal  duvardTnta yLo Yo1yoen UETOQOQd
TV TUQLMV OTO YUYe(O, LELDVOVTAS TLS OTTOLTHOELS MG
TTEOS TO Y MO0 WEIIAONS OTO TUQOHOUELO.

previously by others (Tukan and Humeid 1991, Pappas
et al. 1996b).

4. Effect of starter culture combination on the
organoleptic properties of Feta cheese

Cheese batches prepared using only mesophilic
starter cultures or those prepared using mixtures of
mesophilic and thermophilic strains (F3, F4, F5, F6 and
F7), received a significantly higher score for aroma and
taste compared to batch F8 (Lb. delbrueckii subsp.
bulgaricus, Str. thermophilus). Mesophilic starters, alone
or in combination with the thermophiles, resulted in
cheese of better body and texture, but among them,
combination F3, containing Lb. plantarum and Lc. lactis
subsp. lactis, received the highest average score in
overall acceptance. However, with respect to overall
acceptance, the other cheeses were also characterized as
good or satisfactory (Table 6). It is of interest to
mention that the use of the heterofermentative
mesophilic strain of Lb. brevis in LAB combinations
F2, F4 and F7 did not result in excess gas (CO,)
formation and we believe that this strain can be used for
Feta cheese production. Besides, it has been isolated in
high numbers from ripened Feta cheese by Tzanetakis
and Litopoulou-Tzanetaki (1992).

E. CONCLUSIONS

Based on the results obtained from this study, the
following conclusions may be drawn:

1. During ripening of Feta cheese, the populations of
starter bacteria remain high (10’-10°fu/g), even after
120 d of cheesemaking.

2. In general, with the exception of yeasts, the
numbers of other bacteria present in the beginning of
cheesemaking decline during ripening, irrespective of
the combination of starter bacteria used.

3. The use of mesophilic starter strains, alone or in
mixtures with the thermophilic strains Lb. delbrueckii
subsp. bulgaricus and Str. thermophilus (starter culture
traditionally used in Feta cheese production), resulted
in the production of Feta cheese with better organo-
leptic properties compared to that produced, using only
the thermophilic strains.

4. Judging from the organoleptic properties of the
produced cheeses, the mesophilic starter combination of
Lb. plantarum with Lc. lactis subsp. lactis alone or in
mixture with the thermophilic strains (Lb. delbrueckii
subsp. bulgaricus/Str. thermophilus) yielded the best re-
sults.

5. Mesophilic LAB and especially Lb. plantarum,
Lc. lactis subsp. lactis, Lb. brevis and Lb. paracasei subsp.
paracasei, are not traditionally used in the technology of
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To ot ®éta amoterel TaEadOOLOKS TEOIGY TG
YWEOS UOGS KO TAQA THV ROTOY QMO TOV OTO TAQLOLNL
™™g E.E. og mpoidv I1.O.I1. mpéner va mpooeyOel me-
oautéom xa va Pertwbel torotind. [Tiotetovpe 6L )
XONON ETAEYUEVDV RAUL TUTOTONUEVWV UETOPLAWDV
oEuyahantirdv oteheyv ot Lopwon g PEtag wwo-
el va €yel Betixn ovpuPor] 0TV TOLOTHTA XKoL TNV
QOPAAELE TG, XWEIS AUTO VO AAAOLHVEL TO YOQAURTNOL-
opd g g eoidv IT.OIL 1

Feta cheese production, even though they are largely
involved in Feta cheese ripening as an autochthonous
LAB flora. These strains could be used as starters to
ensure timely drop of pH during the early stages of
ripening of Feta cheese at 15-18°C.

6. Due to the fast drop in the pH (to ca. 4.5-4.6
within 3-4 d), during the early stages of Feta cheese
ripening, the use of mesophilic LAB creates an
inhibitory environment for the spoilage and pathogenic
microorganisms. Since cheeses can be transferred within
3-4 d in the refrigerator for completion of ripening,
cheese ripening spatial requirements are reduced.

Feta cheese is a traditional Greek product and
although listed as a PDO product (E.U. Regulation
1829/2002), its quality improvement and microbiological
safety constitute areas of ongoing research. We propose
that standardized strains of mesophilic lactococci and
lactobacilli can be used for the production of Feta
cheese, keeping in mind that such an addition does not
interfere with the traditional character of the product.

0
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