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Abstract — The effect of adding four Lactococcus lactis ssp. lactis autochthonous strains as single
starters (A, B, C and D) on the microbiological, physicochemical and sensory characteristics of
Ibores raw goat’s milk cheese was investigated. Batches with a commercial starter (E) and with raw
goat’s milk without starter (F) were also made as controls. At the first day of ripening, the pH values
of cheeses manufactured with any type of starter were significantly lower than those made without
starter. There were significant differences (P < 0.05) in pH between batches, although no clear
relationship with the starter type appeared. No significant differences (P < 0.05) in values of total
solids (TS) or NaCl content were found between any of the batches after 7 d of ripening. The levels
of the nitrogen fractions SN/TN and TCASN/TN were significantly (P < 0.05) higher in cheeses
without starter after 7 and 30 d of ripening, but no significant differences were found between
batches made with different starters. The evolution of lactic acid bacteria counts during ripening
were very similar for all batches. While the enterococci counts in all types of cheeses throughout
ripening remained practically constant, in cheeses manufactured with the commercial starter they
were significantly (P < 0.05) lower at any given stage of ripening than those of the remaining types
of cheeses. In cheeses made with autochthonous starters, the levels of coliforms and coagulase-
positive staphylococci were reduced earlier in ripening than in the E and F cheeses. The best scores
in the overall sensorial characteristics were awarded cheeses manufactured with two of the
autochthonous starters, although the differences were not significant (P < 0.05) relative to cheeses
made without starter.

Goat milk cheese / autochthonous starter / ripening / sensorial quality

Résumé - Effet de levains autochtones sur les caractéristiques microbiologiques,
physicochimiques et sensorielles de fromage Ibores au lait de chévre cru. Nous avons examiné
I’effet de quatre souches autochtones pures de Lactococcus lactis ssp. lactis (A, B, C et D), utilisées
comme levains, sur les caractéristiques microbiologiques, physicochimiques et sensorielles de
fromage Ibores au lait de chevre cru. Ces fromages ont été comparés aux fromages élaborés avec un
levain du commerce (E) et & ceux fabriqués sans addition de levain (F). En début d’affinage, le pH
des fromages sans levain était significativement (P < 0,05) plus haut que celui des autres fromages.
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Bien que les valeurs du pH entre essais fluctuaient significativement (P < 0,05), celles-ci n’ont pas
été directement rattachées au type de levain. A partir de 7 jours d’affinage, les valeurs d’extrait sec
et la teneur en sel des différents fromages n’étaient plus significativement différentes. Les niveaux
des fractions azotées NS/NT et NPN/NT étaient significativement (P < 0,05) plus élevés dans les
fromages sans levains apres 7 et 30 jours d’affinage, mais en revanche, dans les fromages élaborés
avec les différents levains ils n’étaient pas significativement différents. Dans tous les fromages,
I’évolution du nombre des bactéries lactiques totales était similaire pendant 1’affinage. Dans toutes
les fabrications, les populations d’entérocoques restaient a des niveaux presque constants pendant
I’affinage. Cependant, dans les essais réalisés avec le levain commercial le nombre d’entérocoques
était significativement (P < 0,05) inférieur a celui des autres fromages quel que soit le stade
d’affinage. Dans des fromages faits avec les levains autochtones les niveaux de coliformes et de
staphylocoques a coagulase positive diminuaient plus tot pendant 1’affinage par rapport a ceux qui
étaient fabriqués sans levain ou avec le levain commercial. Apres évaluation de la qualité sensorielle
globale des fromages affinés, les fromages fabriqués avec deux levains autochtones obtenaient les
meilleures notes bien que ne présentant pas de différence significative (P < 0,05) avec ceux faits

sans addition de levain.

Fromage au lait de chevre / levain autochtone / affinage / qualité sensorielle

1. INTRODUCTION

Ibores cheese is a raw goat’s milk
cheese with the Spanish Appellation of
Origin since 1997. Its microbiological and
physicochemical characteristics, cheese-
making process and main lactic acid bacte-
ria have been described elsewhere [12].

The Appellation of Origin demands
good microbiological quality and relative
uniformity in marketing the cheeses. How-
ever, the microbiological contents of the
raw milk used in cheesemaking is usually
highly variable. This may lead to such
problems as early blowing due to coliforms
and a lack of uniformity of the final product.
Desiring to correct these problems, Ibores
cheesemakers are starting to add non-
specific commercial starters without any spe-
cial control. While this may solve the
microbiological problems, it can lead to the
gradual loss of wild strains involved in gene-
rating the cheese’s particular properties.
The same commercial starter is also being
used to manufacture other types of cheeses
[14] which could lead to final products that
are scarcely distinguishable. It would hence
be desirable to provide the cheesemakers
with a starter with autochthonous lactic
acid bacteria that will yield safer products
while preserving the original Ibores cheese
characteristics.

To this end, we have studied the genetic
and technological properties of several iso-
lates (unpublished data), with the purpose
of selecting some of them for cheesemaking.

The aims of the present study were to
assess the contribution of different autoch-
thonous Lactococcus lactis strains used as
starters to the microbiological, physico-
chemical and sensory properties of raw
milk Ibores cheese.

2. MATERIALS AND METHODS

2.1. Starter cultures

The microorganims used as cheese
starters in this work had previously been
isolated from Ibores cheese [12]. After the
technological and genetic characterization
of 50 strains of Lactococcus lactis ssp.
lactis (unpublished data), 4 of them were
selected to be used as single starters (types
A, B, C and D) based on their acidifying
and proteolytic characteristics (Tab. I).
The acid production, after 6 h 30 °C, was
determined according to the IDF guideline
[9] and the proteolytic activity was deter-
mined, by the o-phthaldialdehyde method
[2], in MRS 30 °C for 24 h, expressing the
results in L-glycine equivalent (umol-mL-1).
The commercial starter EZAL MA-4001
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Table I. Acidifying and proteolytic activity of selected autochthonous strains.

. Ac1d1fymg act.1v1ty Proteolytic activity
Starter Strain % lactic acid mol Lelveine-mL-! milk
after6hat30°c M el
A L. lactis ssp. lactis CCBA 201 0.19 0.65
B L. lactis ssp. lactis CCBA 208 0.20 0.60
C L. lactis ssp. lactis CCBA 311 0.15 0.78
D L. lactis ssp. lactis CCBA 334 0.19 0.89

“artisanal” (type E) supplied by Rhone-
Poulenc Quimica (Texel-Meyhall, Madrid,
Spain), customarily employed by the Ibores
cheesemakers, was used as a control.
According to the manufacturer, this com-
mercial starter consists of Lactococcus
lactis ssp. lactis, Lactococcus lactis ssp.
cremoris, Lactococcus lactis ssp. lactis
biovar diacetylactis and Streptococcus
thermophilus.

2.2. Cheesemaking

The experimental cheesemaking was
performed in the pilot plant of the Instituto
Tecnolégico Agroalimentario of Extrema-
dura, using raw goat’s milk obtained from
local herds. The cheeses were manufac-
tured according to the experimental proto-
col shown in Figure 1.

The experimental design was four
blocks of batches on different days, using a
single raw milk for each block, as follows:

— the first and second blocks consisted
of 4 batches made of raw milk with the
addition of one of the autochthonous start-
ers (A, B, C and D batches), one batch of
raw milk with the addition of commercial
starter (E batch), and 2 batches of raw milk
without addition of starter (F batch);

— the third and fourth blocks were per-
formed in the same way as described for
the first and second blocks with the differ-
ence that only one batch with raw milk
without starter was made in each block.

Starters were inoculated at 1% (final
concentration) of a coagulated skim milk
culture.

40 L raw goat's milk

|

Addition of 1% starter culture
Resting: 30 min, 15 °C
Renneting: 8 mL rennet (1/15 000), 60 min, 30 °C
Cutting: 5-7 grain size
Stirring: 30 min, 35 °C
Moulding: 1 kg cheese

Pressing: Ist- 9.81 x 10" Pa pressure, 1 h, 20 °C
2nd- 19.62 x 10* Pa pressure, 5 h, 20 °C

|

Brining: 16% brine, 8 h, 10 °C

|

Airing: 80% relative humidity, 7 d, 12 °C

|

Ripening: 90% relative humidity, up to complete 75 d, 10 °C

Figure 1. Flow diagram of the manufacturing
procedure for experimental Ibores cheese.

2.3. Microbiological and physico-
chemical analyses

For the microbiological analysis, sam-
ples of milk and of cheeses at 1, 7, 30, 60
and 75 d were taken from each batch. Rep-
resentative aliquots of cheese (10 g) were
homogenized with 90 mL of a sterile
sodium citrate solution (2% w/v) at 45 °C in
a Stomacher 400 (Seward Medical, London,
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UK) for 2 min. Further decimal dilutions
of both milk and the cheese homogenates
in quarter-strength Ringer’s solution were
plated for the following microbial groups:
lactic acid bacteria on MRS agar pH 5.7
(Merck, Darmstadt, Germany) incubated
under anaerobiosis at 30 °C for 72 h; ente-
rococci on Slanetz-Bartley agar (Merck) at
44 °C for 48 h; coliforms in Violet Red
Bile Agar (Merck) at 37 °C for 24 h; and
coagulase positive staphylococci on Baird-
Parker agar (Merck) at 37 °C for 2448 h
and then confirmed by coagulase test
(BioMérieux, Marcy-l’Etoile, France). All
analyses were performed in duplicate.

For the physicochemical analysis, sam-
ples of the cheeses were taken at the same
stages of ripening as for the microbiologi-
cal sampling. Cheese pH was determined
with a Crison 52-32 solid electrode (Crison
Instruments S.A., Barcelona, Spain).
Cheese total solids (TS) content was deter-
mined according to the IDF standard 4A
[7]. The NaCl content was determined
according to the IDF standard 88A [8] for
cheeses. Total nitrogen (TN) was meas-
ured using the Kjeldahl method; soluble
nitrogen at pH 4.6 (SN) and soluble nitro-
gen in 12% trichloroacetic acid (TCASN)
were determined according to Ardo [1] and
then quantified using Kjeldahl. All analy-
ses were performed in triplicate.

2.4. Sensorial evaluation

Cheeses were assessed organoleptically
by a sensory panel of 12 judges trained in
descriptive sensorial evaluation of cheeses,
at 75 d of ripening. The qualities judged
were: color, appearance, texture, intensity
of aroma, quality of aroma, intensity of
taste, quality of taste and general accept-
ance. The suitable texture attributes,
detected as sensations in the mouth, for
Ibores cheese are good solubility, medium
elasticity and medium firmness, and con-
sidered as defects were crumbly or grainy
textures. Samples were scored on a scale
from 1 to 5.

2.5. Statistical analysis

One-way analysis of variance of the
physicochemical data on 1-, 7-, 30-, 60-
and 75-d-old cheeses, the microbiological
data on milk and on 1-, 7-, 30-, 60- and
75-d-old cheeses, and the organoleptical data
on 75-d-old cheeses were performed using
the statistical software package SPSS ver-
sion 10.0 for Windows (SPSS Inc., Chicago,
USA). Statistical correlations between the
75-d-old physicochemical and sensorial
values were analyzed by Pearson’s correla-
tion coefficient, using the same program.

3. RESULTS AND DISCUSSION

3.1. Effect of the starters
on the physicochemical
characteristics during ripening

Table II gives the results for the pH,
NaCl and total solids (TS) contents.

The pH values of all the cheeses made
with starters were significantly lower
(P < 0.05) than the pH of the cheeses made
without starter at the initial stage of ripen-
ing. At 7, 30 and 75 d significant
(P<0.05) differences between batches
were observed, but there was no clear rela-
tionship with the type of starter. The pH
decreased in all cases up to day 30 of
ripening, and thereafter increased, recover-
ing at day 75 values very close to those
observed on the first day.

The TS content values increased during
ripening in all types of cheeses with no signi-
ficant (P < 0.05) differences between batches
from day 7 onwards. The NaCl content val-
ues increased with ripening time without
significant differences between batches.

Table III gives the nitrogen fraction
results. In all cases the SN/TN and
TCASN/TN levels increased significantly
with the age of the cheeses. The SN/TN
content was significantly higher (P < 0.05)
in cheeses made without starter than in the
other batches from day 7 onwards. The
TCASN/TN content was significantly
higher (P < 0.05) in cheeses made without
starter from day 30 onwards.
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Table II. Changes during ripening in pH, total solids (TS) and NaCl content of Ibores cheeses
made with different starters!.

Days of ripening
Parameter Starter?
1 7 30 60 75
rH
A 5.042 4.822 4.76b 4.78 4.932
B 5.032 4.902b 4.73b 4.75 5.132b
C 5.042 4.842 4.76b 4.82 5.012b
D 5.072b 4.94ab 4.622 4.74 5.092b
E 5.042 4.98b 4.592 4.71 5.19b
F 5.24b 4.97° 4.692b 4.72 5.22b
TS %
A 48.982b 52.83 57.78 59.15 67.03
B 50.99¢ 52.43 56.87 60.23 63.59
C 50.10b¢ 51.64 56.29 61.89 66.52
D 51.74¢ 52.38 57.28 61.69 68.76
E 50.52bc 53.19 55.62 61.12 65.68
F 48.224 51.12 56.54 62.69 67.05
NaCl %
A 0.89 1.24 1.75 2.16 2.26
B 0.72 0.97 1.28 1.60 2.01
C 0.80 1.12 1.59 1.84 2.01
D 0.74 1.17 145 1.84 2.11
E 0.76 1.35 1.57 1.87 1.99
F 0.77 1.14 1.63 1.95 2.12

1 Mean values of four batches made with the A, B, C, D and E starters, or of six batches of the F cheeses.
2 A = Lactococcus lactis ssp. lactis CCBA 201; B = Lactococcus lactis ssp. lactis CCBA 208; C =
Lactococcus lactis ssp. lactis CCBA 311; D = Lactococcus lactis ssp. lactis CCBA 334; E = commer-
cial starter; F = without starter. a, b, c: means of the same column with different superscripts differ
significantly (P < 0.05).

The increased levels of proteolysis in This primary proteolysis could enhance
the SN/TN content observed in cheeses the formation of larger peptides which
made without starter can be attributed to  could lead, after day 7, in a secondary
less competition with lactococci so that a  proteolysis, to a greater yield of small pep-
greater variety of bacteria with higher tides and aminoacids reflected in the
peptidase activity could have developed. higher levels of TCASN/TN content.
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Table III. Changes during ripening of nitrogen fractions of Ibores cheeses made with different

starters!.
Days of ripening
Parameter Starter?
1 7 30 60 75
TN %
A 3.41b 3.59b 3.77° 4.08¢ 4.36
B 2.832 3.062 3.442b 3.52ab 3.92
C 3.23 3.302b 3.574b 3.94be 4.00
D 3.032 3.102 3.374b 3.66%0 4.11
E 2.872 3.002 3.092 3.372 3.96
F 2.842 2.942 3.182 3.53 4.18
SN/TN %
A 9.71 12.302 17.682 20.042 20.502
B 9.49 11.672 16.352 20.052 20.862
C 10.15 13.402 17.402 20.622 22.942
D 8.73 12.902 16.072 19.752 20.902
E 8.96 13.152 16.702 21.282 22.332
F 13.02 18.25b 24.93b 31.46b 33.41b
TCASN/TN %
A 3.85 4.84 7.412 10.892 11.292
B 3.29 5.02 7.502 12.272 13.792
C 3.21 5.09 8.582 10.602 11.662
D 3.10 4.59 7.362 9.762 12.652
E 3.33 4.55 8.482 11.762 13.172
F 2.83 6.57 12.77° 17.370 19.820

1 Mean values of four batches made with the A, B, C, D and E starters, or six batches of the F cheeses.

2 A = Lactococcus lactis ssp. lactis CCBA 201;

B = Lactococcus lactis ssp. lactis CCBA 208; C =

Lactococcus lactis ssp. lactis CCBA 311; D = Lactococcus lactis ssp. lactis CCBA 334; E = commer-
cial starter; F = without starter. a, b, c: means of the same column with different superscripts differ

significantly (P < 0.05).

3.2. Effect of the starters on micro-
biological characteristics during
ripening

Table IV lists the means of the micro-
biological counts in the milk and cheeses
during ripening.

The counts of lactic acid bacteria on
MRS were significantly (P < 0.05) lower
in milk from batches manufactured with-
out starter. This is simply because the milk
samples were taken 30 min after the addi-
tion of the starters to the raw milk. How-
ever, from the first day of cheese ripening
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Table IV. Changes in log cfu-g~! of microbial groups during ripening of Ibores cheeses made with

different starters!.

Days of ripening
Parameter Starter? Milk
1 7 30 60 75
Total lactic A 6.38ab 9.41 9.28 8.73 7.92 7.80
acid bacteria B 7.182b 9.20 9.34 8.93 7.88 7.73
C 7.49 9.39 8.80 8.46 8.00 7.94
D 6.892b 9.15 9.27 8.86 7.82 7.79
E 6.592b 9.40 9.59 8.88 8.01 7.93
F 5.812 9.03 9.38 8.86 8.16 8.05
Enterococci A 4.10b 5.80P 5.2743b 5.560 5.49b 5.020
B 4.38b 5.493b 5.99b 5.29b 4,950 4.54ab
C 5.09> 6.07° 5.94b 5.65b 5.69P 5.21b
D 4.39b 6.18° 5.97° 5.69b 5.96° 5.43b
E 2.592 3.912 3.66% 3.5728 3.532 3.092
F 3.79ab 6.46> 6.27° 6.44b 6.26° 5.51b
Coliforms A 3.38ab 4.72 1.442 0.33 nd nd
B 3.99b 5.61 3.68b¢ 1.31 nd nd
C 4.06° 5.14 2.413b 0.69 nd nd
D 3.70b 5.33 3.95¢ 0.57 nd nd
E 2.302 5.40 3.84¢ 1.49 0.46 nd
F 3.02ab 6.02 4.66¢ 1.56 0.88 nd
Coagulase A 2.482b 2.562 nd nd nd nd
positive B 3.21b 4.38b 3.754 nd nd nd
staphylococci C 276 2.95ab 1.27abc nd nd nd
D 2.82ab 3.573b 3.09¢d nd nd nd
E 2.152 3.374b 1.002b nd nd nd
F 2.603b 3.79b 2.21bed 0.75 nd nd

1 Mean values of four batches made with the A, B, C, D and E starters, or six batches of the F cheeses.
2 A = Lactococcus lactis ssp. lactis CCBA 201; B = Lactococcus lactis ssp. lactis CCBA 208; C =
Lactococcus lactis ssp. lactis CCBA 311; D = Lactococcus lactis ssp. lactis CCBA 334; E = commer-
cial starter; F = without starter. a, b, ¢, d: means of the same column with different superscripts differ

significantly (P < 0.05). nd: not detected.

onwards, the counts evolved quite simi-
larly in all types of cheeses, with the differ-
ences being small and not significant. The
general trend for lactic acid bacteria was a
gradual decline as ripening progressed, the

final reduction being approximately 1-1.5
logarithmic units.
The mean enterococci counts in all

types of cheeses remained practically con-
stant throughout ripening, although at the
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end of the ripening a very slight decrease
could be observed. However, the counts in
the commercial starter cheeses were in all
cases significantly lower (P < 0.05) than for
the other types at the same times of ripening.

Taking into account the resistance of
enterococci to such adverse conditions as
low pH, drying and high salt levels [19],
the inhibition of enterococci in commercial
starter cheeses could only be due to the
antimicrobial action of the bacteria which
form that starter. Such antienterococcal
action could be due to a bacteriocin, since,
in the control cheeses made with the same
raw milk but without starter, the entero-
cocci counts were about 2.5 log units
higher than in the commercial starter
cheeses. Similar observations have been
made by Kandarakis et al. [10] and Ortigosa
et al. [15], who also found levels of entero-
cocci significantly lower in cheeses made
with commercial starters as compared with
cheeses made without starter. We agree
with the opinion of different authors [6, 11,
18] that enterococci can play a useful role
during ripening in contributing beneficially
to cheese characteristics. For this reason, it
may not be desirable to inhibit this type of
microorganism. The presumed inhibition
of enterococci could be an example of the
unpredictable effect that the use of com-
mercial starters can have on the wild
microflora of raw milk.

Maximum counts of coliforms were
observed on the first day of ripening for all
batches, the highest being, as we expected,
those of cheeses manufactured without
starter. Afterwards they declined rapidly in
all types of cheeses, disappearing com-
pletely after 60 d in cheeses made with
autochthonous starters, although they per-
sisted at very low levels in batches made
with commercial starter and without
starter. The inhibition of coliform growth
in all types of cheeses may mainly be due
to the low pHs attained during ripening
[4].

The counts of coagulase positive sta-
phylococci were not very high in the milk,

and were only slightly higher on the first
day of ripening. Thereafter they decreased
in all batches from day 7 onwards, and
were not even detected at this stage in
batches manufactured with starter A. After
day 30, no coagulase positive staphylococci
were detected in any of the batches manu-
factured with the different types of starters
but they still remained in cheeses made
without starter. At day 60 they were not
found in any batch. The total inhibition of
coagulase positive staphylococci during
ripening, as has been reported for raw milk
Ibores cheese [12], is a common occur-
rence in many types of cheeses [16, 17,
20]. It is generally due to low pHs [13], but
the combined effect of other factors may
also be involved [5].

3.3. Sensorial evaluation

The sensory assessment of the various
completed batches is summarized in
Table V.

The most favorable scores for texture
and cut appearance were obtained for
cheeses C and D, and the lowest score for
texture was obtained by cheeses of type A.

The highest scores for taste intensity
were for cheeses made without starter
(type F). These cheeses also showed the
significantly highest values of TCASN/TN
after 30, 60 and 75 d of ripening, and there
was a significant correlation (P < 0.05)
between taste intensity and levels of
TCASN/TN at 75 d. Similar findings have
been made by Fernandez del Pozo et al. [3]
and Litopoulou-Tzanetaki et al. [11].

For taste quality, batches manufactured
with the B autochthonous starters received
the best score. The highest scores for inten-
sity and quality of aroma were for cheeses
made with the D autochthonous starter. No
significant correlations were detected
between the intensity or quality of aroma
and the physicochemical characteristics of
any of the cheeses.

Considering the overall sensorial char-
acteristics, the batches manufactured with
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Table V. Organoleptic characteristics at 75 d of ripening of Ibores cheeses made with different

starters!,

Attribute A2 B2 2 D? E? F2
Colour 3.632 4.11¢ 3.94abe 4.03be 3.77%b 3.83abe
Cut appearance 3.472 3.73ab 4.06b 3.91b 3.812b 3.432
Texture 2.832 3.254b 3.33b 3.32b 3.29b 3.254b
Taste intensity 2,908 3,308 31180 3.29ab 3.29ab 3.49b
Taste quality 2878 3300 2,788 3,142 3.130 3.082
Aroma intensity 2,702 3.002b 2.78% 3.23b 2.842 3.072b
Aroma quality 2.860 3,194 3.002 3.37b 2870 3,208
General acceptance  3.03? 3.37b 3.252b 3.44b 3.273b 3.31b

I Mean values of four batches made with the A, B, C, D and E starters, or six batches of the F cheeses.
2 A = Lactococcus lactis ssp. lactis CCBA 201; B = Lactococcus lactis ssp. lactis CCBA 208; C =
Lactococcus lactis ssp. lactis CCBA 311; D= Lactococcus lactis ssp. lactis CCBA 334;
E = commercial starter; F = without starter. a, b, c: means of the same row with different superscripts

differ significantly (P < 0.05).

the autochthonous starter type A gave the
least satisfactory results while types B and
D were awarded the best scores, although
the differences with cheeses manufactured

without starter were not significant
(P >0.05).
4. CONCLUSIONS

The autochthonous starters in Ibores
cheesemaking were successful at reducing
the levels of coliforms and coagulase posi-
tive staphylococci earlier in ripening than
in cheeses made without starter and even in
those made with the commercial starter.
Furthermore, they maintained levels of
lactic acid bacteria, and physicochemical
and sensorial characteristics very close to
those of cheeses made without starter.
Consequently the use of selected autoch-
thonous starters would be desirable in
order to improve the microbiological quality
of Ibores cheese without significantly
changing its typical properties, thereby
avoiding the loss-of-individuality disad-
vantage of using commercial starters. Fur-
ther attempts to develop new autoch-
thonous starters for Ibores cheese by
mixing strains are in our future research
plans.
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