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Absiract — Themicrallora of Thoness cheese made with raw goat s mi lk without any stanter add dion
was skl ied throughout the ripening period. The mocrohial couns b fotal hatie acid hactern, pre
sumplnee lactncncs and presumptee betobacilh attamed maccima ab 9-1 0 lag un s wih Indzar no
varidon throughoud ripeming. Levconeosioss and enteroonas kvel were 2-3 log unis lower, also
with Inllevariation. Col forms andstaphy lncocel declined steadil y romrelatively high mnal counts,
thecalitorms fo ko levek and thestaphy lcoca d sappearm g sompletehy. Moo ks and veasts wereat
krw Jeverls throughout ripeming . Ansong ihe identihed is0kies, batoones fvrmed the prevalent group
throughout ripening,, followed by leuconaiocs and enterococst a1 smuilar knvels to cach ather, and
then btohacilh at liny levek. The prevailmg speces and subspacies were Larlocoveus Jarfis 55p.
ke, Ledconosior meseneoydes ssp. deviranieuny Lo, mesenfermials S5 aesenemiaes,
Mersmela praomesenemiaes, Srevococcas frecmm, B freeally,  Locebaedlis caxetr and
L plemdrrim Small numibers ab olher spacies Inoms @ach of the genera were aka dentibied. The
chamges in certan physcochemical paranssers during ripening were determonesd. By G days, ihe
vahies of the pH, total salkl comend, and MNalZ] content were 5,18, 58.9% and 2.5%, respecivehy.
The carrelation ab samse af the physicochemocal paranssters wiih the lag coums of the mocrahial
groups was akoestahhished.

Gioats milk cheese ripening ! lactic acid bacteria [identification

RFisume — Fromage des Iores @ changements microbdologiques o physioo-chimigues pendant
IMafinage. La mocratlore de romages de type Thores, ot aves duo bt oo de chévne, sans add dion
de koain, a &é swvie pendant Paftnage. Les concentrations de hactéres lactiques tolales, de
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betacodques prisumes: = de lackobaci e présumes: atletamaient un masimum de %3 10 g ubes ™,
sans changenem notah ke pendam 1 altmage. Pendanit la mdme période, ks omoem rations de kuco
merocs o o "emdrocodques dacent de 2a 3 log plusfaihles. Lespopulations de ool tlommees &t de slaphy

keadues dmunuakent réoulidremeem 4 parir de wvaleurs rebnemsent dlevdes. Les colibirmeess ne
il spararssiem pas. ot e, contradrenerd aue slaphylooodues. Les novean d e oo sissures S de
bneuress daieni has duram doul 'affmage. Parm e iso s identifids, les lactooogues cons duiend le
grdpe d amm mand duram | alimage v dies kEucon o oo o des enidnacnd ues {a des niveaux sinla

mesh adors quee les bt obacl b Haeni ranes. Les espados of soups-cspéoes prdd o nanies Saent © Lae

wareas kreds sgp. breds, Lewconosor mesenferniaes S5, dexiraniun, Lo mesenfemiaes S5,
megerermdaes, Heroedler parrmmesenferniaes, Enfermeaeeus frecin £ foevaliy, Loefobarilluy casey
o Lh, pdenderrann . Dhe raress solats appaniemani a o autres espeéoes and Sgalemem S dentibés, pour
chaque genre. Les changemems de quekjues paraméines physioo-chimigues om églemen &é &Eu

dids pendani 'alfimage. Au houl de 60 jours |es valeurs de pH, edrai sec o Balll am & de 515 ;
SHA e 25 e respect verrer. Diemidmee, on S dtab lies des comné b iorms enitre paranstres phy sico

chimikues & niveaux de popubtion des groupes micnohiens.

Fromage au lait cro de chévire ! affinage S bactérie lactique ! identification

L INTRODUCTRYN

The production of different fam-made
varieties of cheeses in Extrenadura | south-
wiesl Spain) is imponant economically for
thiz mural area. These tpes of choese are
sl ly made in GErmheuse s (rom ew e sand
eoat s milk. Thores cheese is one significant
varety of semi-hard poat’s milk cheese.

spres cheecse was awanded the Appsella-
tion of Origin in 1997, The regulations
make the use of raw milk obligawry in the
manuiEaciuring prooess, but the use of pas-
teurized milk is also pemitied. In the latter
case  spocific staners  prepared  with
autechihonous micresrganisms should be
used, evien thowgh this kind of starer is stll
nan=existent on the market

In crder o avoid anomalous fementa-
tipns in raw milk cheeses, cheesemakers
hanve bsepun 1o add non-specilic commencial
starber culures io improve lactic fermenta-
tion. This could soeon lead o the loss of e
characieristics of this wraditional cheese. It
i there fore necessany Lo obiain new staner
cultwnes with swteehihonous micreerean-
s s maintain the quality of both raw and
pasteur ized milk cheeses.

Altheuph other Spanish geat’'s milk
cheeses hawe beoen extensively siudied

iMajorero cheese 6], Gredos cheese [24],
Armada cheese [33], Teneari fe cheese [36]),
there have only been some preliminary
studiesof Thores cheese [22, 23], Moneowver,
recent modifications of some aspects of
Ihsores cheese production, the inpresement
of hygiene, and more controlled ripening
conditions, suggested 1o us that the micro-
biglogical and physicechemical character-
istics could ke guite different to these a
dicade amo.

As a first step to oblain autechihonous
starier culures, the aim of this work was 1o
study the present conditions of the most
representative  microbiolegical  sroups
throwghout ripening and their nelationships
withcertainphysicechemical propenics, as
wiell as 1o isolate and 1o characerize the
main culwrable lactic acid microflora.

2 MATERIALS AND METHODS

2.1, Cheese mamufacture and sam jpling

Four batches of Thores cheese were
miade in the only twodaine Brmes which still
use onby raw poat’s milk, from Verata,
Sermana or Retinta breeds, without any ad-
dition of conmercial staners. The milkwas
obtained by mixing reffigerated evening
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and maoming milk. The coagulation is car-
ried out with calfrennet, & 27-30C. Curd
5 ocul e 4% mm grains and put indo
mieulds. Cheeses of 15-18 cm diameter,
5% emheight, and 7501200 g weight, ane
miechanically pressed and salied in brine.
The ripsening tine is betwoen two and thres
mienths, at 8-12 o and B0 relative hu-
mudity. At the end of the ripening, the
chesses ae wsually finished by coering
with paprikaand oil.

Milk samples, and 3-, 15-, 30 and &-d-
ol whole cheeses werne taken from each
baich and wansponed to the laboratony un-
der refrigeration. Sampling and microbio-
bezical analyses wene periprmed within the
fllewing 24 h

2.2, Microbiologleal analysis

For the cheeses, after remowving the rind,
representativie 10 g samples were homoe-
nized with 9 mL sterile 2% (w i) sodivm
citrale solution, in a Swomacher 440
{1 Seward Medical, London, [TE )L Decimal
dilutions of both milk and e choese
homaogenates in quaner-strengih Ringer's
sohution wene plated for the following mi-
crivhial groups: lactic acid bacteria on (a)
MBS aparpll 5.7 (Merck, Damisiadi, Crer-
muny) ncubsied uwnder anserobiogs at
A0 for T2 hy (b)) presumplive lactoeoe ci
on MIT agar ( Merck) & 30 °C fr 72 hy
o) prosumptive leweonostocs on MSE agar
iderck) at 23 oF Tor 5 d; (d) presumptive
laciobacilli on Boposa agar (Merck) at
0T for T2h in anaerobicsis; and (2)
enleraoscel on Slanetz-Banley  agar
iMerck) at 44 C For 48 h. Colifoms were
determined in Yiolst Red Bik Agar
iderck) at 37 o for 24 h. Skpdnclococens
cepiredes was estimated on Baind- Parker agar
iMerck) st 379 for 24—44 h and then con-
fimmed by a coagulize test (Biohdrieus,
Marcy-1"Eioike, France). Moukls and
yeads wene counded on Y GO agar (Mernck)
al 25 for 5 d. All analyses wene per-
formed in duplicate.

23, Physleochembeal analyses

The pH was measured with a Crison
20k pH-meter { Crison Instrument 5.4,
Barcelona, Spaind Cor the milk samples, and
witha solid Crison 52-32 elecirode for the
cheeses Total solids (TS) content was de-
termined in the milk and choesses acconding
o the TDF standands 218 [11] and 44 [10],
reapectively. The Mall content was deter-
mined according w the IDF standard BEA
[12] For cheeses. Fal content was deter-
mvinaed by the Gerber procedure inmilk ac-
cording 1o the 1590 standard 2444 [14], and
by the YWan-(rulik method for cheeses ac-
cording o the 150 sandard 3433 [13].

Total niwregen (TN, soluble nitrogen s
pH 4.6 (5N, and soluble nitragen in 12%
irichlorsacetic acid { TCA SN wene deter-
mined by the Ejeldahl meihod [1].

All analyses were performed i iripli-
cale

24, lsolathon and bdentific athon
of lactic acid bacteria

[splation of lactic acid bacieria was car-
ried out by picking at random T-9 colonies
peer cheese sample (3, 15, 30 and &0 d) and
peer baich, from each of the MIT, Bogosa,
and MRS agar pH 5.7 plates. The isolates
wiere puribed by consecutive subculiuring
in MRS apar.

A total of 330 (rame-positive  and
catalase-negative isolales were stored at
=B i MES medium conaining 30%,
{wv) glyeerol. Working culiwres werne pre-
peared by twio consec wtive transfers in MRS
biroih a1 30 °C.

[dentification of the &olaes was per-
formedacconding w the criteria of Bergey's
manal of determinative bacteriolooy [9)
andd the methasds and criteria of Sharpe [32].
We also applied the criteria of Mundt [27]
and Schleifer et al [31] for lacioecooei;
these of Mumndi [26], Manero etal. [240] and
Dievriese et al. [§] for entenocooci; these of



SK2 ML Mas o al

Crarvie [8] for lewconostocs: and those of
Kandler and Weiss [17T] for lacwhbacilli.
Carbohydrate fementation patiems of the
srains wene detemined using the APISOCH
ysiem | Biohdéricus), and homobermentative
coccal-shape oreanizms of doubiful ¢ lassi-
fcation were tested using the APL 20
STREF system { Biohdéricux ).

1K Sutistical analyses

Amnalyses of varianoe {ANOWA) on al
wess Al different ripening stapes and statisti-
cal come lations using Pearson s comelation
coeficient between log counts of the mi-
crvhial groups in the cheese samples and
the physicechanical parameters, wene -
fmmad using the statistical sofware pack-
ape SPS5 wersion 90 for Window s (SP55
Ine., Chicaga, TISA]D.

3 RESULTS AND DISCUSSION

3.1 Physleochembeal changes
during ¢ipenlng

The changes in the physicochemical
propeerties of the Thores cheese during rip-
ening are given in Table 1.

The pH docreased shamply afier day 30
of ripening, shaewing a slight increase by
day &, The evolution of the pH was very
similar 1o that obsered some years ago
[23] For the same type of cheese, alhough
the walwes were then somewhat lower
throwghout ripening. Odher gost’s milk
chesse varieties [ 16, 24, 25, 36] usually
reach lower pH levels than those of Thores
clheese.

The cheese nial solid content incereased
gradually, reaching 58.9% by &0 d ol ripen-
ing. In other types of goat"s milk choses,
the wal solid comtent & wery variable,
possibly  due o the wery  different
cheesemaking methods used [&, 1§, 24, 33].
Ewven inthe case of the Thones cheeses ana-
Iysed some years ago [23], the total solid
content was muwch higher {65 4% at &0 d of
ripening), possibly because the ripening
wirs ol performed a1 a controdled denpsera-
tuwre, wheneas i present it is.

With respect 1o the NaCl content, the
lewels increased gradually o 2. 5%, by &0 d.
Salues wene alsoe vary close o those that
hanve been reponed for some sther goat's
milk cheeses [ 21, 24, 33], althouweh uwsually
poat’s milk cheeses have high sali levels
[1&, I&, 3&]. Surprisingly, the present sali
ooment in Thores cheese & almost 50704

Talle 1. Changes m physicochemical paramesters of Thonss chesse thraughaoul ripening.

Days af ripening

15 1 il

Paramsters Milk
3

pH A%+ (k14 541+ 057
TS % 1408 = 1.56 5156+ 132
Walll % el 1. A6+ (.48
Fat'TS %5 A2+ 364 5174 250
TH % el EREENINE
ENTN % el 1179+ 277
TCASNTN %5 el 411+ 135

494 = [ 28 4498+ 03] 5.1% & (12K
5528422 S5H194+255 SHG+ ]2
192 = 047 2194055 250+ (6K
ST2 £330 246 £332] 5264+ 324
343022 3524024 36K+ 026
15399 +264 1659345 2106+ 234
ST £ 253 LTI 2H0 121 £ 292

Moo + snnded deviasos of 4 hackes TS toml soleds; TH: ool srroges: SN soluhle ninmgen an pH 4.8
TCASN: mol whle ni eoges i 12%% micRdoronc e ¢ noid; s son desesmizad.
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Jower than that observed a decade ago for
the same type of cheese . The cause of this
maajor change s probably the modilication
in the salting method, given that nowadays
the cheesemakers use conirolled brines in-
siead of the strong saliing with coarse sali
applied o the cleeses years 5om Lo previent
muicrpbial spoilae.

The mean i content ai &0 d of ripening
wis $26%, a value very close Lo those ne-
poried by Juanez etal. [15] for sther Span-
sh goats milk cheeses with similar
charactleristics.

With regand 1o the products of proweoly-
g5 in the cheeses (SNTN and TC ASNTHNY,
their lewels increased as the cheese aged.

The cheese s ape was a signi ficant deter-
minant of total solid content and SN/TM
(P<0l) and of pH and TCASNTM
(P < (s,

3.2, Changes in mde robial grop eomnts
thr gt Fipening

The counts of dif ferent microbial groups
in the milk and che eses are given inTakle I

Dwiring choese ripening, the countsof lactic
acid bacteria in MES and MI1T reached a
miaximum after 15 d ripening, decreasing
anly slightly by & d. Hoesever in Rogosa
and in MSE, the counis increased slightly
throwgh io the end of ripening. The levels
reached inMBEES, M1T and Ropgosa st di Mer-
el stapes of cheese ripening wene wery
close, while the counts For presumplive
leuconoskscs in MSE were about 2 log unils
below those oblained for te other lactic
acid bacteria groups throushout ripening.
The pH, MaCl content and wotal solid con-
tend did nod seem b0 have any signi fcant e -
fect on the numbsars of the afonementioned
microbial groups during ripening, and no
significant differences were found due 1o
the ape of ripening.

Enterococei atained their masimum by
3 d, decreasing only slichtly by the end of
the ripening. The enterocooci counts were
similar vo those reporied for other Gepes of
raw milk cheeses [7, 18, 24], in which
enensoacc are wsually present a relatively
high levels maintained until the end of rip-
ening. This probably reflects the resistance
of the entergeoce o a vanely of adverse

Taible 1L Changes imlog clfusg " of main microbial groups during ripening of Thores chesse.

Micrahial growups Mk Ripenmg tme oy )

15 kL] ik
Lactic acid hactern nd W05 =03 4T2 026 S0d+ 025 HKS = 048
Presumplive laciooncei 511117 440 +=0.46 S40+=037 Sid+ 044 932 = 057
Presumplive betobacilli 411 =072 $59 =050 L= 008 b= 029 915 =092
Presumplve IM+042 723+ 042 T3] +0K2 755+ 02K 746l £ 121
o nes
Presumplive embemocoeci 221 =211 601 =132 667 =079 710+ 028 656 =074
Calilianms 405+ 040 A55+006 S597+134 466+ 168 256+ 1.42
Coagulase pasitive 200127 5+ 060 446 104 IR+ D6E =< 1
slaphylococci
Moukds and yeasits I3 +045 3462+ 0% 455+035 453+ 081 66400

Ik ore e avemge + snnderd devinion viles of 4 hackes; Bd: sen deenmimed.
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conditions such as high and low pHs, diy-
ing, high salt concentrations, and high and
Yoo temperatures [34]. These characteris
tics are in accondance with the significant
comelations  found by us  beiween
entergopce log counts and valwes of maois-
e content {nepative oomelation, P 0008)
and Wal'l content (positive  corne lation,
Pl

Cipliforns reached maxinwm counts af-
wer 3d of ripening, decreasing therealier
oradually by absout 3 logunits, inagreement
with the significant (P < 005) influence of
the ripening time on colifom numbsers.,
Presumably lactic acid produwction by lactic
acid bacteria caused the colifm nedwction
[28], which & in accordance with the
significant comelation (F < 0U05) between
colifmm log counts and pH valuwes, Hew-
evier, although the decrease in pH was
shanp, it did nod appear to be enough to ne-
duwee the colifoms as early in the ripening
as in odheer goat"smilk cheeses | 24, 25, 38].

Staplndococcis ey numbers de-
creased  progressively and  sionificantly
(P =00 with dme of rpening. Levels
were below the detection limitof 10 g
at & o ripening.

The low counts of moulds and veasts de-
tected seem i reflact the restricied role of
ihiz group in this type of choese.

ML Mas o al

33, ldentificatiom of strains isolated
dinring i pening

The identilication at the genus level of
the 330 wolates recopnized as lactic acid
Facteria and the medivm (M7, Rogosa o
MRES) from which each solake was ob-
tained is presented in Table T01.

In MIT medivm, 2 was expocied due Lo
the uwsefulness of this mediem  for
lacwscooci isolation, the largest peroentage
ol izolates belonged 1o lactecooci, followed
by enteroopcci and lewoonosioes in much
lomw er progeor tions. M olaciobacilli wene iso-
lated in this medivm. In Rogesa medivm,
again letecooe appeaned as the most nu-
merpus growp, and leuconosios were iso-
lated ina larger proponion tan inothe MI1T
medivm, fllowed by enteroocmeci, while
only very amall numbers of laciobacilli
wizre found in spite of Bogesa mediuwm be-
ing considened selective for this group of
microearganisns. In MES medium, there
wias ake a prevalence of lactocescci, al-
theugh the remaining groups wene iseladed
in higher proportions than in the M1 T and
Ripgosa miedia.

Considering the isolates as a whaole,
laciscooei fmed the prevalent growp, G-
lowed by enterscscci and leuwconosiocs
iboth attaining kevels of about hal Mhose of

Talle N1 DEtribution af batic acid hacieria iso ke from Thores chesse from differen media.

L T Ml ums
17 Rueesa MRS pH 57
Total %% Haaf £ Haaf 4 M af 4
s lates Eiolake Enlake:

T 157 454 fifi .1 45 45 43 KER
Enerocacoas 71 215 a2 2= 12 12 n 2491
Lewwaneraioe. 73 221 15 144 31 31 n 213
il
Lemiehaei fas 29 KAE i LUK 9 ¢ 20 157




Ripenmg changes m Thores goat’s mulk cheese SKS

the lacwecoccil, with lactobacilli, even in
Ripgosa medivm, being the minoerity group.
This last finding shows either the low selec-
tivity of this medivm for lacibacilli or the
aparse numbers of these microorganisms in
Thores cheese. This could acilitate the isoe-
lation of the ofver most shundant senera.
The scarcity of lackbacilli was initially un-
expacted bocause lactobacilli had been de-
wected as the predominant group | nearly
500400 inthe previous sudy of Thones choese
[22]). This prevalence of laciobacilli had
alzobeen fpund in other poat "smilk chozses
(1%, 33, 3&], in which, as the ripening
progressed,  lacwhacilli ocuwtnumbened

lagwscoeci. This probably refllects a com-
hined affect of high salt concentration and
limw pL which lactobacilli tolerate beter
than lactooocci [2 ], Mowaday s, as we men-
tioned abowve, Ibones chosses ane manufac-
twred with lower sali concentrations and
heve somewhat higher plls than befone, this
fact probably being the main cause for the
changes in the two iypes of lactic acid
bacieria.

The distribution throughout ripening of
the identified species is given in Table TV.
Lactiposeci were isolated throughout §ipen-
ing as the major group. MNearly all were
idbentified as Lacrovocens lacrfis ssp ke sl

Taldle V. Changes in disiribution ofspecisol lacdticacidbackeriaduring ripenmagaf Thoness chesse.

Diays al ripening

Species

3 15 i ik Taral
Lemiocoeos Ll 42 36 33 157
L fariis ssp. foedis XM 42 | 26 124
L fariis sap. farsis® 12 ik 1 7 2%
L. faelis g5 cremenis i i 1 i 1
i raffinolacis i i 1 i 1
Ionkeroeeoas e 26 14 T 71
£ frecium 13 17 7 5 42
. frecadis 1] 4 fi 2 27
I meram 1 il 1 i 2
ST e T 4 26 3l 12 13
L. mesemieroides s5p. dexiranioum 2 17 14 f 4]
L. mesenieraides s5p. meseneroies i 3 f 2 11
W perromesentern ides 2 L 9 4 21
Lerinfari s 0 7 3 1% %
Lo st 0 d 1 13 14
L. prharnderum o 2 1 4 7
L Brevis i i 1 1 2
L. carmverins i 1 i i 1
L. corpniformis i i i 1 1

i st of’ kolanes; b grow G 8% Noll.
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only one isolale was characerized as Le
lveiis ssp. cnverly, and one was assigned
W Lo reffeclactis. Among isolakes with
ithe Laciovoecies phenotypse, 1E.5% grew in
ithe presence of §.5% Nal' | This characier-
wlic, considered it be iypical of
entergopce, has alsoe boen describsed for
lctococci [3, 27], and indeed many wild
strains of lactocooei isolated fom cheeses
shisw this propeny |3, 29, 30]. The isolation
of Lo lweds ssp. ecris as almoest the solke
representaiive of the penus Leclococens is
reported frequendy for mw milk chezses
(L&, 19, 22, 30, 33]. 11 is alse in agrecment
with the observations of Weerkamp et al.
[35] om the predominance of Lo, lacts sp.
deesiy among lctocooci iselaed from raw
milk and naturally fermented producis.

The most Mrequently detocied species of
the menus Eirarococsies was . we i, es-
pecially during the early ripening, followed
by E Jecalls and £, avion which were
nuchlessabundant. Indeed, E. faae o and
E. foecally are generally the commonest
apecies of entenseecci isolated in raw milk
cheeses but their proportions vany depsend-
ing anihe choese variety [ &, 18, 22,30, 33].

The dextran producer Lo oonoesine
sranaieke ke s ssp. devricon accounied
for more than 56% of the lewconosiose-
weissella isolates, followed by Waisselia
pewremresenfenoidfes with 2EA% and, 1w a
lesser  extent, Lo mesderoles  sp.
IR T )

Lacwbacilli were detected only afier
15d of ripening. Lectodvecillioy cosel was
the main welake, while L plaveirion was
found in lower proponions. Two isclaks
wiere identified as L fvevis one isolale as
Ly carvennnes, and anaother as L, oo,
Although both L cosal and L pleseferion
ane wsually isolated as the main lactobacilli
in cheeses, it is the latier which predomi-
nales in other goat'’s milk cheeses, inchud-
ing the Thores cheese studied some years
ago [ 18, 22, 36). This probably reflect the
oreater wolerance of L plasrarson to the

salt and low plls [4] which are conmoen
conditions in those cheeses.

The technolegical and genetic charac-
terization of these lactic acid bacteria iso-
lates from [hores cheeses is now al an
advanced sape {unpublished results). The
fellowing step will b2 1o choose some of
these isolaies & candidakes 1o be used a5
autachthonous staners.
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