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ABSTRACT

Nonstarter lactic acid bacteria isolated from Argentinean cheeses were identified and characterized by focusing on their
resislance o biological barriers, along with other physiological features of potential interest, in the search for future probiotic
organisms. Lactobacilli were cnumeraied and isolated (rom semihard and soft cheeses made with multistrain Strepfococcus
thermophilus starters, Lactobacilli counts i I-week-old cheeses were between 105 und 107 CFU/g and then reached 107 CFU/
2 in all l-month samples, while streplocncei were always above 10? CFU/g. A total number of 22 lactobacilli isolates were
retained, identificd, and characterived by in vitro tests. Species identity was determined by carbohydrate metabolism and
species-specific PCR assays. Genetic diversity was explored by random amplified polymorphic DNA (RAPD} PCR analysis.
The Lactobacillus straing were assigned (o the species L. casei, L. plantarum, L. rhamnosus, L. curvats, L. fermentum, and
L. perolens. All the strains studied olerated 25 ppm of lysozyme, and most of them showed resistance to (.3% bile. After
incubation in gastric solution (pH 2.0), counts decreased by several log units, ranging from 3.2 10 7.0. The strains were able
ti grow in the presence of bile salts, but only three isolates were capable of deconjugation. The nonstarter factobacilli thai
were assayed fermented the prebiotic substratcs (especially lactulose and inulin). Some strains showed high cell hydrophobicity
and Bogalaclosidase activity, as well as inhibjtory activity against pathogenic bacteria. It was concluded that most of the
lactobucilli isolaled in this study demonstrated resistance  biological barriers and physiological characteristics compatible
with probiotic properties, which make them suitable for further research in in vivo studics aimed al idemiifying new probiotic

OrgASms.

Nonstarter lactic acid bacterla are adventitious lactic
acid bacteria that contaminale chesses. In contrast to starter
lactic acid bacteria, which are inoculaled into cheese milk
at high cell concentrations and decline during the ripening
period, nonstarter lactic acid bacteria initial counts are very
low (102 to 10* CFU/ml in good-quality commercial raw
milk and 10 to 10* CFU/g in 1-day-old Cheddar cheese
manufactured with pasteurized milk), but they increase (up
to 107 to 103 CFU/g) during the first [ew weeks of ripening
{15). Nonstarter lactic acid bacteria arc mamnly composed
of lactobacilli in cheeses manufacturcd with pasteurized
milk, but they may also include pediococei and enterococei
8, 32). The origin of nonstarter laciic acid bacteria in
cheese is probably raw milk {44). Alternatively, lactobacilli
may be part of the resident flora in the dairy production
plant (34) and may contamipate cheese milk after pasteur-
1eation (255

Nonstarter lactobacilli have been indicated as the only
uncontrolled factor in today's industrial cheese making pro-
cesses and are consequently the main source of quality in-
consistencies and defects in cheese products (70). However,
olher authors believe that nonstarter lactobacilli can con-
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tribute in a positive way to the diversity and enhancement
of cheese flavor (21, 22} Because no effective strategy for
restraining nonstarter lactic acid bacteria development in
cheese is yet known, the alternative of indirectly controlling
secondary microflora in cheese by means of adjunct culture
addition has been suggested. For that purpose, an important
amount of research has been commilled to isolating and
characterizing straing of nonstarter lactic acid bacteria from
sood-guality cheeses. Most available strains have been ob-
tained from Cheddar cheese, although recem studies have
included lactobacilli isolated from ewe’s milk and goat’s
milk cheeses (77, 37). The presence and biochemical activ-
ities of nonstarler lactic acid bacteria have been related o
cheese flavor through their impact on proteolysis and amino
acid catabolism. Cheeses with higher counts of nonstarter
lactic acid bacteria have a higher free amine acid content
and enhanced flavor (22, 23). The key enzymes involved
in amino acid calabolism have been found in several non-
starter Lactebacilius strains, suggesting that nonstarter lac-
tic acid bacteria contribute to cheese flavor (43).

A second aspect of the presence of lactobacilli in
cheese, both as adventitious flora and in adjunct cultures,
has been less well explored: their potential role as probiotic
organisms. Even though definitions of probiotic bacteria in-
clude intestinal origin as a requisite for this status, many



nonstarter lactobacilli belomg to the species Lactebacillus
caseilparacaseilplantarum, which also host probiotic
strains. For that reason, the search for resistance 1o biolog-
ical barriers and physiclogical characteristics compatible
with probiolic properties among lactobacilli isolated from
cheese may eventually lead o the finding of new probiotic
strains for functional dairy foods (3, 24},

The objective of the present study was to quantify and
isolate nonstarter lactic acid bacteria from good-quality Ar-
gentinean cheeses and then to identify and characterize the
isolated Lactobacilius strains by means of genetic tech-
niques and in vitro studies that focus on the search for
potential [uture probiotic organisms,

MATERIALS AND METHODS

Cheese samples. Nonstarter lactic acid bacteria were isolated
from five cheeses produced in three industrial dairy plants located
in the Santa Fe (Argentina) arca. Even though nonstarter bacleria
have been mainly studied in long-ripened cheese varicties, for this
study, we selected semihard and soft cheeses. This choice was
made to facilitate the isolation of nonstarter lactebacilli, as A
gentinean hard cheeses are produced with primary starters cotn-
posed of thermophilic lactebacilli, Among the selecled samples,
some were discarded as a source of lactobacilli, as we touad that
the starter contained Lactobaciflus delbrueckii subsp. bulgaricus,
which was then confirmed by the cheese makers. T'he cheese va-
retics Cremose Argenting {one sample), Holanda Argentino (one
sample}, Tybo Arpentino (two samples, A and B [Tybo A and
Bl). and Pategrds Argentino (one sample), manufactured with a
direct-to-vat primary slarter composed of Streprococcus thermo-
philus strains only, were then chosen for this study. We also stud-
ied a semihard cheese (oblained from a farm) made with raw milk
and a commercial starter of S. thennophifus. Whole pieces of
voung ot ripencd cheeses were supplicd by the checse makers and
stored in our ripening chamber at 12°C and 80% relative humidity.
The youngest checses—Pategras cheese, Cremoso cheese, and the
raw milk semihard cheese—were 1 week old. They were kept in
the chamber for 3 months and sumpled during ripening. Ripened
cheeses were between 3 and 5 months old and were sampled
twice, first when they arrived at our laboratory and then a month
laler.

Microbial counts. Five to ten ~ 10-2 cylinders were taken
from the cheeses with a sterile sampler and ground aseptically.
Then, & 20-g sample was homogenized for 3 min in a stomacher
lub blender (PBT International. Milan, 1aly) with sterile sodium
citrate solution (2% wi/vol), From cheese homogenates, decimal
dilutions were made in 0.1% (wi/vol) sterile peptone water.

For nonstarter lactic acid bactoria counts. u set of different
culture medis were evaluated: deMan Rogosa Sharpe (MRS) agar
(Biokar, Beauvais, France), bile-MRS agar (48], acid-MRS agar
{pH 5.3) (18}, and Elliker agar Nal1 (6.5% NaCl, wisvol: Biokar}
tor lactobacilli. Surface platings were made, and the plates were
incubated for 48 b at 34°C. Lactic acid starter bacteria (5. ther-
mophilins) were enumerated on skim milk agar (48 h at 37°C) (354
Coliform bacteria and mold and yeast counts were performed on
violet red bile agar (24 h at 30°C) and yeust extract glucose chloe-
amphenicol agar (Britania, Bucnos Aires, Argentina) (5 davs at
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(X 1,0000, motility, catalase activity, gas production in &
containing Durkam tubes, and cell agglutination in bro
positive, catalasc-negative, nonmotile rods were retain
nonstarter lactic acid bactenia tactobacilli and were ston
at —80°C in MRS broth supplemented with 15% (vol/
crol.

Lactobacilli isolates were identified according to
Manual of Systematic Bacreriology (17). Sugar metabe
lerns were evaluated with APL 50 CHL identification
System, bioMérieux, Montalieu-Vercien, France) accord
manufacturer’s instructions.

Genetic characterization. Total cDNA was exlra
the overnight MRS broth culture (approximately 107 Ct
were pelleted by centrifugation and then washed twice w
(10 mM Tris-HCT and 0.1 mM EDTA {pH 8.0} and r
The DNA was extracted by a Chelex-based method ace
the procedure for gram-positive (and acid-last) bacteria
in the MictoSeq protocol (Applera Italia, Monza, Traly)

For the L. casei, Lactobaciflus rhamnosus, and L. p
1solates, species identity was confirmed by specics-spes
assays (4, f3). Lactobacillus strains that were unidenr
species-specific PCR (L. carvatus, L. fermentam, and 7.
isolates) were ideniified by sequencing the hypervarisk
(lirst 500 bp) in the 5' rcgion of the 168 rRNA genc.
analysis, the MicroSeq 500 16S tDNA Bacterial Sequer
Identification kit system was used (Applera Italia), Seq
sessment and data analysis were performed as describec
serti and Ciraffa (36,

Random amplified polymorphic DNA (RAPD) PCR
to explore lactobucilli diversity. ¢DNA from ditforent sh
used for PCR fingerprinting. with the M13 minisatellite
quence as a primer with the sequence 5'-GAGGGTGGCC
3 (36}, PCR profiles were visualized after overnight clectr
in agarose gels (Celbio spa, Milan, Italy) after staining with
bromide; a DNA ladder (Invitrogen srl. Milan, [taly) was o
DNA molecular-weight marker. The images of the gels v
lured. exported, and processed as previously reported (36, -

Characterization of strains. Strain tolerance to s
gastric juice was determined with a solution of pepsin ({)
vol: Tutewr SACIFIA, Buenos Aires, Argenling) and Na(
wifvol) adjusted to pH 2. Overnight cultires of the stea
centrifuged, washed, and tesuspended in phosphate buffer
K:HPO, [pH 6.5]) and then harvested and resuspende
phosphate buffer (pH 6.5) or (i1) simulated gastric juice. |
pensions were maintained at 37°C for 3 h, Total viable ¢
MRS agar of the solutions before and after this incubati
determined, and the results were expressed as the differe
tween each palr of counts (log CHFU per milliliter) (7).

Bile resistance was studicd by inoculuting strains
broth, which contained 0.3, 0.5, or 1% bile {Sigma, St
Mo}, Cullures were incubated at 37°C, and after 24 b
growth, the Asq, was measured and compared o & control
the addition of bile. The results were expressed as the per
of growth in the presence of hile compared o the contr
Lysozyme resistance was assessed similarly, by inocnlating
in MRS broth with 23, 50, and 100 ppm of lyseryme |
and comparing lactobacilli growth w o contral without Tys

The ability of the isolates © metsbolize several ¢
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out glucose) supplemented with 2% (wt/vol} ol each prebiotic.
Results were cxpressed as slated above, taking into account the
growlh {Asqq) of the strains in the broth with the addition of 4
prebiotic and compared with a conrol incubated in standard MRS
{(with glucose and without prebiotics).

The ability of lactobacilli strains to facilitate bile sall decon-
Jugation was examined by streaking overnight cultures of each
isolate on petri plates that had been prepared by adding 0.5% (wi/
vol) of each bile sodivm salt to MRS agar. Tested sodium salis
were those of taurocholic acid (TC), taurodeoxycholic acid {TDQ),
glycocholic acid (GC). and glycodeoxycholic acid (GDC), all
frem Sigma. After anaerobic incubation {GasPack System, Oxoid,
Basingstoke, Hampshire, UK) at 37°C for 3 days, the presence of
an opaquc halo of precipitated bile acid around colonies was con-
sidered an indication of bile sakt deconjugation (42).

To asscss hydrophobicity, suspensions were prepared with
cells harvested from overnight stationary-phase cultures and then
mixed with n-hexadecane (5:1, respectively) and vortexed (37,
After phase separation, the Asgy value was measured in the aque-
ous layer. The cell surtace hydrophobicity (%H) was calculaled
as follows:

TGH = [(Ag — AYAa] X 100

where A, and A are the values of absorbance hetore and after
eatraction with the crganic solvent, respectively {49).

The [3-galactosidase activity of whole cells was determincd
accordimg to the method of Miller (26, modified as lollows. Over-
night stationary-phase cultures were harvested by centrifugation,
washed Lwice, suspended in phosphate buffer (pH 6.5), and in-
oculated (1%) into lactose-MRS broth, After incubation at 37°C
for 24 h, cells were harvested, washed twice, and resuspended in
the same buller to obtain suspensions with an Asqg = 1. Aliguots
ot the suspensions were permeabilized with toluenc-acetone so-
lution and assayed for B-galactosidase activity with o-nitro-B-n-
galactopyranoside (Sigma) as the reaction substrate. After incu-
bation at 37°C (or 15 min, the reaction wus stopped with | M
Na,CO; solution. Absothance at both 420 and 560 nm was de-
lermined, and B-galactosidase activity was calculated (in Miller
units) as follows:

B-galactosidase

= 1000 X {{Ayzg — 175 X Asee®™(15 min X 1 ml X A ]

where Asgg” is the cell density before ihe assay, and Asq” is the
cell density of the reaction mixtore.

Finally, the well-diffusion agar assay was used to test anti-
bucterial activity in the isolates. Cell-froe extracls were obtuined
by the centrifugation of overnight cultures and then the filration
of these cultures through a (h45.pm-pore-size filter to sterilize the
supernatant (Millipore, Biopore SRI., Bucnos Aires, Argentina).
For the prepuration of plates comtzining pathogens. nutrient agar
(for Satmonella, Siaphviecoccus aurews, or Escherichia cofi) or
brain hearl infusion agar (for Listeria monocyiogenes) was meled
and tempered at 457°C and then vigorously mixed with an over
night colture ol & pathogen (Asyy = 0.8) and pourcd onio a petri
dish. Pathogen strains used in the assays were as follows: Sal-
monelic Bnteritidis OMS-Ca (isolated rom mayonnaise, INLAIN
collection), 8. aurens 76 (isolaed lrom raw milk, INLAIN col-
lection), £, codi V157 (kindly supplied by the Istituto di Micro-
higlogia—Universith Cattolica del Sacro Cuore  Sede di Piacen-
va. Italinh. and . wiemocvtoeenes ATCC 15317 Welle with a di-

Laaddota 1, oJREAf 20 LAFIEd FEOAFENERLF LEF QA0 L8 QAUI0L EMICIEF LD Ot
cheeses
Ripening Colony connts {log CFL/g
Ll - :
Cheese {davs) Streplococed Lactoba
Pategrds 10 9.34 1 014 770
70 9.00 £ 012 785 =
Tybo A g 941 = 0.08 590 -
70 8.37 = 0.06 6.60 + -
Tybo B 10 9.04 = 0.05 T4
70 K86 = 0.11 7.49 +
Cremoso 10 9.00 = 0,16 7.23 b
70 827 = (16 8.27 +1
Semihard raw 10 899 = 0.13 804
R

milk cheese 70 1353 = 0.08 9.41

9 Cheeses made with pastcurized milk were Pategris, Tybo ¢
B, and Cremosoe. Tybo B and Cremoso were from the same
plant, Pategras from the second plant, and Tybo A from the
plant.

& Valucs are means | standard deviations of three determina;

cubated overnight at 37°C, and the diameters of the inhit
zones were recorded (47).
RESULTS

Lactobacilli counts and identification. Plaic cc
obtained on MRS agar were significantly higher than ¢
observed on acid-MRS agar, hile-MRS agar, and T
agar NaCl. Conscquently, nonstarter lactic acid bac
counts were recorded from MRS agar plates. Staner
also able to grow on this culture medium, but coloni
S. thermophifus showed a characteristic morphalogy
was completely dillerent from lactobacilli, and there
they did not interfere in the nonstarter lactic acid bac
enumeration. On MRS agar, lactobacilli yiclded irre;
light gray and round, creamy colonies, while colonies
thermophilus were much smaller, pointed, and white
the other hand, luctobacilli did not interferc in the |
count of the starter on skim milk agar, as colonies
also differcnt in this culture medium. Lactobacilli yie
colonics similar to those on MRS agar, while those ¢
thermophilus were round and whitwe. Colonies were
signed 10 the Sirepiococcus or Luctobacilfus genera
checking for cell morphology, motility, catalase acti
and optimal growth temperature.

All the cheeses showed high initial numbers of
starter lactobacilli, which ranged from 5.9 to 7.7 log
g and then remained above 7 log CFU/yg during riper
8. therinophilus numbers were always ~9 log CFU/g
did not decrease during ripening (Table 1).

Changes in starter and nonstarter lactic acid bac
counts during the ripening of Pategris, Cremoso, and
milk semihard cheeses are presented in Figure 1. Nonst
lactic acid bacteria counts in 10-day-old cheeses made
pastcurized milk were above 7 log CFU/g and ther
creased o as high as 8 log CFU/g during ripening. Si
tococei remained at values of ~9 log CFU/e for wn t
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URE 1. Evolution of starter and nonstarier lactic acid bac-

4 popdations during the ripening of cheeses. Plate counis for

wiry starter Streptococcus thermophilus rhollow sigas) and

starter luctobacilli (solid signs) in Pategrds (1, &), Cremose
¥ ). and semihard artisanal cheeses (raw mifk} ( . .

t. they increased to 10 log CFU/g in the raw milk cheese
1 3 weeks of ripening. The nonstarter lactic acid bacteria
nl, in turn, was always higher in raw milk semihard
:se, especially after the first month of storage. Caliform
eria and yeast and mold counts were always <23 log
Ifg.

A total of 22 lactobacilli strains was obtained for iden-
ation and characterization. A small proportion (12% of

Similarity (%)
PR P L NPT o

RAPD patterns

the colony total number) was identified as Enteracoccus.
These were isolated and preserved, but no further studjes
were carticd out on them during the present study. Taking
into account the resulis obtained from sugar metabolism
patterns and the physiological assays already described
{catalase activity, motility, gas production, and cell aggre-
gation}, half (11} of the Lactobacillus strains were assigned
to the L. cosei group (which includes . casei subsp. casei,
L. easei subsp. pseudoplantarum, and [.. casei subsp. rim-
fnosuy). From the other isolates, cight belonged 10 group 11
of the genus Lactobacillus (facullatively heterofermenta-
tive), and three belonged to group 111 {obligately heterofer-
mentative). Strain identification, confirmed by species-spe-
cific PCR and DNA sequencing, showed that isolates 172,
181, I84, 185, I86, 188, and 190 were [.. casel, while isolates
129, 133, I87. 189, and 191 were L. plastarum, and isolates
I73, 175, 177, and 718 were L. rhamnosus. Strains 130, T34,
and 148 were Lo curvaius (group 1), while strains 128 and
146 belonged 1o the species L. fermentum {group III}. Fi-
nally, strain 132 was identificd as L. peroiens.

Cluster analysis of RAPD-PCR patterns of all ihe
studied strains revealed four clusters {clusters ! to 4) (ig.
2). Cluster 1 grouped seven strains at a similarity value of
=85%, including L. rhamnosus (four strains), L. fermen-
fwm (two straing), and L. perolens {one strain). Thesc
strains came mostly from Tybo and Cremoso cheeses ob-
tained at dairy plants, except for strains 132, 128, and 146
(L. perolens and L. fermentum), which were isolated from

Species Isolate Cheese

Lactobacifius rhamnosus 175 Tybo A
Lactobacilius hamnosus 178 Tybo A
Lactobacilius rhamnosus 177 Cremoso

| Lactobagittus mamriosus iva  Crsmoso
Lactobaciflus perolens 132 Raw milk artisanal cheese
Lactobacillus fermentum 128 Raw milk artisanal cheese
Lactobaciflus fermentum 146 Raw milk artisanal cheese
Lactobacillus casei 187 Tybo A
Lactobacillus casei 188 Tybo B
Lactobacillus casei 172 Tybo B

2 Lactobacilius casei 185 Cremoso
Lactobacilius casei 188 Cremoso
Lactobacillus casei 184 Ccremoso
Lactobacillus curvatus 134 Raw mik artisanal cheese
Lactobaciilus curvatus 148 Raw milk artisanal cheese
Lactobacillus curvatus 130  Raw milk artisanal cheese
Laciobacitius caser 190 TyboB
Lactobaciftus plantarum 187 TyboB
Lactobacillus plantarum 191 TyboB
Lactobacilys plantarum 189 Tybo B
Lactobacillus plartarun 133  Raw milk arfisanal cheese

Lactobacilius plantarum 129 Raw milk artisanal cheese
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Resistance Girowth (%} in the presence of ™
to gastnic . - .
solution Bile {“n): Lysozyme (ppm): Prebiotie (2%, wiivol):
(log CFUy — : ’ 7 ’
Microorganism Strain by (3 0.5 1.0 25 50 101} Raffinose Lactulose  Xylitol Inulin
L. rhamnosus 173 55 44.2 1535 1.4 962 95 B7.5 9.6 818 6.5 59
175 32 33.0 321 250 Ui0 76.2 48.8 9.6 87.2 6.6 47.4
177 ER-S 31.5 18.5 15.2 97.3 759 V3.2 9.1 69.1 6.6 43.2
I8 34 58.8 7.0 441 94.0 B850 8010 9.7 1000 37.8 58.8
L. perolens 32 7.0 225 14.8 54 61.5 59.8 56.6 68.6 47.9 9.6 833
L. fermentum 128 4.6 28.5 279 13.0 8.3 79.2 74.0 771 78.9 1.0 54.5
I46 43 285 274 13.0 40.7 260.7 10.3 FO0LD 85.2 0.7 59.0
L. caset 172 3.8 24.5 10.6 6.7 623 6.0 437 942 50.8 8.1 57.1
181 56 8.4 6.3 3.5 94.0 78.0 70.0 4.5 90,2 47 100.0
184 4.4 35.0 26.7 208 93.6 59.7 853 8.5 8.3 7.1 51.5
i85 5.8 303 16.7 167 97.2 95.9 90.5 6.8 ®73 5.7 59.6
[86 4.4 18.5 10.0 5.8 87.9 67.2 55.2 36 46.9 5.0 46.4
[88 5.8 50.0 233 15.0 89.6 75.0 66.7 36 878 4.1 787
19} 5.8 79.3 503 44,77 97.6 96.0 93.2 104 96.0 9.1 96.0
L curvatus 130 5.1 50.0 392 324 94.7 91.2 87.7 31 84.3 24 486
148 49 40.0 333 16.7 98.5 735 338 89.5 0.0 1.2 393
134 6.2 374 297 17.6 G2.4 §1.8 80.1 4.8 809 26 51.5
L. planiarum 120 5.1 77.1 543 54.3 823 78 729 4.3 Btk 2.6 34.2
[33 5.1 bira 553 365 96.2 Al 8§9.0 4.5 829 2.6 51.4
187 4.9 33.8 18.0 14.4 92.9 88.9 §7.1 100.0 89.3 1.6 63.0
1549 3.9 44.7 253 24.7 93.2 91.0 89.3 68.8 100.0 0.2 532
191 58 41.7 315 29.2 98.6 g7.2 90.3 49.8 LI 8.6 45.3

¢ Decrease in viable cell counts (log CFUI per milliliter) after exposure to a pH 3 solution for 3 h at 37°C (mean of two determinations

# With respect to a control (MRS hroth).

the semihard raw milk cheese. L. casei strains were
grouped in cluster 2 {similarity level. 86%) except for
strain 190, which was included in cluster 3. Most L. casei
strains were isolated from cheeses obtained from the same
factory. Cluster 3 included strains of [. curvawms (three
strains), L. plantarum (three strains), and 1. casei (one
strain), which were isolated from different samples, at a
similarity level of 73%, and showed the highest diversity.
Thesc strains came from two cheeses (Tybo B and raw
milk cheese). Finally, cluster 4 grouped only two strains
of L. plantarum isolated from the raw milk cheese, which
were quite related (98%).

Paicgrds cheese manufactured with pasteurized milk
was found to contain thermophilic lactobacilli (L. del-
Brueckii subsp. bulgaricus) from the starter employed,
which was then confimmed by the cheese makers. Meso-
philic lactobacilli counts were obtained on bile-MRS agar,
which inhibited L. defbrueckii subsp. bulgaricus.

Characterization of strains. The resistance of the lac-
tobacillt strains to some biological harriers is summarized
in Table 2. Most of the sirains showed a decrease in ccll
counts after incubation in simulated gastric solution that
ranged [rom 4 to 6 log orders. A eroun of five straine (7.

(L. pernlens) showed the highest loss in cell viability (7 lo
orders).

The bile tolerance exhibited by the strains was lowe
than that shown against lysozyme. In the presence of (.39
bile, the growth of most of the strains was between 10 an
50%, compared to the control. Only four strains showed
growth rate of >50%. When 1% bile was used, the growt
values were <23%, except for four strains, whose percent
ages ranged from 32.4 to 54.3%. In the presence of lyso
zyme, growth values of =80% were observed for 18 strain
(82% of the total) and 12 swrains (55% of the total) whe
lysozyme at 25 and 100 ppm, respectively, was tested.

The strains showed some differences in their ability
mctabolize the prebiotic compounds assayed. Lactulose arx
inulin were well fermented by the strains: the growth value
ranged from 47.9 to 10% and from 43.2 w0 100% for lac
tulose and invlin, respectively (with the sole exception o
L. casei T84 in the presence of lactulose). Raffinose wa
poorly fermented, as most strains exhibited low growth val
ues {</10%), and only cight isolates showed srowth value:
of >30%. Xylitol was the least effeciive prebiotic amon;
the compounds tested; only L. rhamnosus 178 showed :
growLh value of =105,

Hudrisnhahicritu vatiae @ anlicberidaca aeelodle, LI



solutlon BlE |6 )2 E¥SUAYITRS FPPIN FIBUDIUUIL (250, WU YOI
(log CFLI/ T

s Strain mly 0.3 0.5 1.0 25 50 100 Raffinose Lactulose  Xylitol Inulin

wsus 173 55 44.2 15.5 1.4 96.2 95 87.5 9.6 B1.8 6.5 59
175 32 33.0 321 25.0 076 762 488 9.6 872 0.6 47.4
177 3.8 31.5 18.5 15.2 97.3 75.9 732 9.1 641 6.6 432
I78 34 588 47.0 44 1 94.0 88.0 80O 9.7 100.0 kYR 38.8

n [32 70 22.5 14.8 8.4 6l.5 5Y.8 56.6 68.6 479 9.6 833

wtum 28 4.6 285 279 13.0 805 792 74.0 77.1 789 1.0 54.5
146 4.3 285 274 13.0 407 26.7 10.3 100.0 852 07 39.0
172 38 245 10.6 6.7 62.5 60 437 94.2 508 8.1 57.1
181 5.6 3.4 6.5 3.5 94.0) 78.0 700 4.5 90.2 4.7 100.0
184 4.9 5.0 26.7 20,8 95.6 89.7 833 g5 83 7.1 51.5
185 558 303 16.7 167 972 UhH ey 9.5 6.8 873 57 59.6
186 4.4 18.5 0.0 5.8 87.9 67.2 352 5.6 96.9 5.0 464
|33 58 50.0 233 15.0 89.6 75.0 6.7 3.6 H7.8 4.1 787
190 58 79.3 513 44.7 97.6 96.0 932 10.4 96.0 9.1 96.0

us [30 5.1 0.0 39.2 324 94.7 91.2 87.7 3l 843 2.4 48.6
F48 4.9 40.4) 333 16.7 98.5 735 338 895 1000 1.2 593
134 6.2 374 29.7 17.6 92.4 81.8 30.1 4.8 80.9 2.6 515

trum 129 5.1 771 543 54.3 82.3 729 729 4.3 898 26 542
133 3.l 6.5 353 29,5 96.2 92.0 89.0 4.5 829 2.6 514
187 4.9 338 180 14.4 92.9 88.9 87.1 100.0 B9.3 1.6 63.6
189 349 44.7 253 247 932 a1.0 9.3 HX.% 100.0 0.2 533.2
191 5.8 41.7 375 29.2 97.2 90.3 49,8 8.6

98.6 91.8 453

sz in viable cell counts {log CFU per milliliter) after exposure to a pH 3 sofution for 3 h at 37°C (mean of two determinations}.

spect to a control (MRS broth).

tthard raw milk cheese. L. casel strains were
bin cluster 2 (similarity level, 86%) except tor
30, which was included in cluster 3. Most L. casei
were isolated from cheeses obtained from the same
Cluster 3 included strains of L. curvatus (three
. b planiarum (three strams), and L. caset (one
which were isolated from different samples, at a
ty level of 73%, and showed the highest diversity.
(rains came from two cheeses (Tybo B and raw
cese). Finally, cluster 4 grouped only two strains
antarum isolated from the raw milk cheese, which
ite related (98%).

sprds cheese manufactured with pasteurized milk
md to contain thermophilic lactobacilli (L. del-
" subsp. bulgaricus) [rom the starter employed,
vas then confirmed by the cheesc makers. Meso-
wiobacilli counts were obtained on bile-MRS agar,
nhibited L. defbrueckii subsp. buigaricus.

aracterization of strains. The resistance of the lac-

strains to some biological barriers is summarized
» 2. Most of the strains showed a decrease in cell
after incubation in simulated gastric selution that
from 4 10 6 log orders. A group of five strains (4.,
sus U795, 177, and 178, L. casei 172, and L. plantarum
rwed reductions lower than 4 log orders. Strain 132

{L. perolens) showed the highest loss in cell viability (7 log
orders).

The bile tolerance exhibited by the strains was lower
than that shown against lysozyme. Tn the presence of 0.3%
bile, the growth of most of the strains was between 10 and
50%, compared to the control. Only four strains showed a
growth rate of >30%. When 1% bile was uscd, the growth
values were <<25%, except for four strains, whose percent-
ages ranged from 32.4 to 54.3%. In the presence of lyso-
zyme, growth values of >80% were observed for 18 strains
(82% of the total) and 12 strains (55% of the total) when
lysozyme at 25 and 100 ppm, respectively, was tested.

The strains showed some differences in their ability 1o
metabelize the prebiotic compounds assayed. Lactulose and
invlin were well fermented by the strains: the growth values
ranged from 47.9 to 100% and from 43.2 to 100% for lac-
tulose and inulin, respectively (with the sole exception of
L. casei 184 in the presence of lactulose). Raffinose was
poorly fermented, as most straing cxhibited low growth val-
ucs (< 10%), and only eight isolates showed growth values
of >50%. Xylitol was the least effective prebiotic among
the compounds tested: only L. rhamnosus 178 showed a
growth value of =10%,

Hydrophobicity values, B-galactosidusc activity, bile
salt deconjugation ability, and inhibition of pathogenic mi-
creorganisms for the studicd strains are shown in Table 3.



313, Selected physiological characteristics of nonsiarter jactic acid bacteria Lactobacillus strains assessed by in vitre experiments”

[3-gal e
‘panism Strain wH" activity* TC ne
anosuy 173 10.9 515 g 2—
I75 217 1,174 g 2—
177 26.9 54 2— g
178 213 698 2— wg-
ens 32 824 368 2= g
nentiwn 128 854 4350 g— g—
146 35.2 705 5= 8—
el 172 161 350 g e
g1 49.4 453 g— 2—
184 22.0 450 g g—
183 55.0 431 2— g£—
186 40.1 100 g o
188 27.2 692 £— ng—
190} 20.4 168 we— £
Veaties 130 10.3 680 g— g—
134 16.4 778 2— g
148 331 720 g— g-
marum 129 8.1 430 g— g-
33 110 458 g Fia
187 24.4 114 g— g-
189 2001 113 e g-
91 48.7 1,112 g— a-

Deconjugation of bile sah

Inhibition of*: L. mone-
Salmonelle - : CVIZEnESs

— — — DLntenditis . eodi S aureus ATCC
GC Gne OMS-Ca Wiz Th 13313
g— ng— 0.52 0.55 0.497 1.00
g— ng 0.33 0.52f 1.357 0.90
s ng - 0.97 .92 1.60 1.30
v - ng— 0.50 0.532 0.91 1.02
i ng— 0.29 0.44 1.00f [ER414)
2— ng— 045 .49 0877 0.75
g ng— 0.33 0.46 n.ugs 0.62
g— ng— 0.88 (.57 0.837 1.09
wg— ng— 0.96 0.71 0.95f 1.14
g— ng- 0.85 0.56 0.957 0.85

& ng— (1L36 0.36 L.50f 0557
T— ng— 0.70 0.53 0.737 0.58
g ng— 1.02 0.91 1.15f 0.97
ut ng— 1.16 1.05 1.60f 1.39
g ng- {).99 .85 1.57 1.35
- ng - 1.02 0.90 1.50 1.36

Y ng— .54 0421 1.37 0.721
4 wg— 0.98 0.81 1.307 118
i g— .98 0.76 1.504 1.1l
il T— i.18 1.10 1.59¢ 1.30
g+ 1 — 1.11 0.86 1.30 0.90
£ g— 0.00 0.43 0.97f .62

sodium raurocholate; TDC, sodium taurodeoxycholate: GC, sodium glycholate; GDC, sodium glycodeoxychalate.

ient hydrophobicity: mean of three teplicates.
alactosidase activity m Miller units.
rowth; ng. no growth: wg, weak growth;

. no bile salt deconjugation; +. bile salt deconjugation.

bition halo diamerer (centimeters) — well diameter (1 cm) (means of three determinations).

otes partial growth inhibition.

tophobicity ranged from 8 to B3%. Fourteen sirains
5 of the total) showed values lower than 30%, while
ix strains {28% of the 10tal), the hydrophobicity values
ed from 33 to 55%. Two strains (L. fermennem 128 and
erolens 132) showed high hydrophobicity values
)
B-Galactosidase activily was present in all the strains,
values ranging from 94 to 1,174 Miller units. Nine
ns showed high B-galactosidase activity, with values
er than 500 Miller units. Among them, L. rhamnosis
and £. planiarun 191 showed the highest values, which
1o more than 1,000 Miller units, and L. rhamnosus 178,
srmentum 146, L. curvanas 134, 18, and 130, and L.
i 188 followed, with about 700 Miller units. L. rhami-
is 173 showed a p-galactosidase activity of 515 Miller
5. and the rest of the strains had activitics ranging from
o 458 Miller units.
A widespread resistance to bile sals (TC, T1IXC, and
. was observed among (he strains. For GDC, on the
rary, only L. plastarum strains were capable of grow-
in its presence. On the other hand, bile salts werc poorly
snjugated by the isolates, as this ability was found in

netle Enteritidis OMS-Ca and L. menocyiogenes ATCC
15313 were more sensitive than £ celi V157, since {or the
latter, only two lactobacilli straing gave inhibition zones
with dizmeters of =1 e¢m. 5. qureus 76 wus inhibited by
17 strains (77% ol the total) with clear inhibition zoncs of
1 em in diameter or larger, even though some of the strains
caused only partial inhibition (turbid inhibition zones).
Studies Tegarding the nature of the compounds involved in
this antibacterial activity are currenily under way in our
lahoratory.

DISCUSSION

In the cheescs analyzed in this study, initial lactobacilli
counts ranged from 5.9 to 7.7 log CFU/g, a level that is
unusually high, tzking inte account previous results on oth-
er cheese varieties. It has been shown that lactobacilli grow
from very low numbers lo 7 to 8 log CIFU/g in cheeses
made with pasteurized milk, but these counts are usually
attempted affer the lirst month of ripening ((/, 10). among
others), while we detected values of 6 to 7 log CFU/g in
10-day-old cheeses, Starter bacleria (5. thermophiius)
counts were about 9 log CFU/g during all ripening times

[RRNL § TR I P



30). Streptococei and lactobacilli were about | log order
higher in raw milk cheeses than in pasteurized milk chees-
es. Lactic acid bacteria counts in raw milk cheeses werc
similar o those previously reporied (30, 34, 38, 39).

Cremoso Argenlino cheese, a soft cheese variety with-
out any added microorganism other than S, thermophilus,
appeared to be an interesting source of adventitious lacto-
bacilli, as nonstarier Tactic acid bacteria populations in-
creased similarly in Pategrds, Tybo (semihard), and Cre-
maso (suft) cheeses, and five lactobacilli strains could be
isolated from Cremoso. Most available nonstarter lactic
acid bacteria strains have been isolated from Cheddar and
other long-ripencd cheeses (c.g., (10, 11, I5, 22)).

Except for the raw milk cheese, all the cheeses con-
tained only two Lacicbacillus species: laclobacilli isolated
from Tybo A belonged to the species L. rhamnosus and 1.
casei, those from Tybo B were L. casei and L. plantarum,
and those from Cremaoso were L. casei and L. rhamnosus.
L. caset was found in all the cheeses except for the raw
milk cheese, which in turn contained lactehacilli from four
different species: L. plantarum, L. curvatus, 1, fermentum,
and L. perofens. Most of the isolates were obtained (rom
this raw milk cheese. All the isolated strains belonged to
cheesc-reluted lactobacilli specics, with the exception of L.
perolens, which is rarely found in dairy environments (28).

In general, it was not possible to correlate groups de-
tected by RAPD-PCR with dairy plants, cheese varicty, or
cheese making technelogy, as penotypes showing a high
level of similarily belonged 1o strains isolated from diverse
cheeses and faclories, except for cluster 4, which conlained
only two isolawes of L. plantarum isolated from the raw
milk cheese. On the contary, clusters tended to group
straing by species, It is intercsting to note that all L. rasei
strains, except for 181, were obtained from cheeses manu-
factured in the same dairy plant but by different technolo-
Zics.

The results of the in vitro tests for the assessment of
he resistance (o biological barriers and other physiological
*haracteristics of the isolated lactobacilli are compatible
with potential prabiotic properties, (aking into account sim-
lur studies performed on strains isolated from both intes-
inal and food sources {3, 24, 27). The ahility of lactobacilli
¢ survive the passage through the upper gastrointestinal
ract must be examined to select lactobaeilli for probiotic
15e (7). We found seven strains among the 22 tested lac-
obacilli that were capable of resisting incubation in simu-
ated gastric solutions in ways similar to or beller than the
:ommercial probiofic strains studied previously in compa-
ahle conditions (49}, In addition, most of the sirains used
n this study were weakly inhibited by bile al 0.3%., and
wome of them were capuble of growth at higher hile con-
entrations (0.5 and 19:). Lysozyme was, in general, well
olerated by the lactobacilli, which showed considerable
wowth, even when lysezyme at 100 ppm was present.

Bilc salt deconjugation capubility has been reported w
e a suituble characteristic for (he evaluation of lactic acid

............. Vo gr mmeems e esseassp w mestas s

shock protein that enables lactobacilli to survive its expo-
sure to bile (12). However, resistance against bile salt tox-
icity is not necessarily rclated (0 deconjugation aclivity in
lactobacilli strains (29}, and we found that only three iso-
lates were able to deconjugate GC acid salt, while most of
them were able to grow in the presence of TC, TDC, GC,
and GDC acids. These results agree with previous studics
on lactobacilly strains isolated from both intestinal and food
sources {3, 46, 49).

As for hydrophebicily, this characieristic of lactobacilli
cells has been reasonably related to the ability of the mi-
croorganism to adhere to cpithelial cells (20), Several lac-
tobacilii strains studied for this article showed relatively
high hydrophebicity values (i.e., above 40%). Other strains
showed values of =30%, which are similar to thosc cxhib-
ited by strains marketed as probiotic organisms (49).

Improvement in lactosc digestion is onc of the few pro-
bictic fcatures of lactic acid bacteria that has received gen-
crul consensus to date (49). In our research, we found B3-
galactosidase activity in all the isolates, which was unlike
the findings in previous studics, including those with com-
mercial probiotic straing and lactobaciili from intestinal
sources (46, 49). In addition—and contrary to previous re-
parts {19, 40), which indicated that lactobacilli had rela-
tively low levels of this enzyme—several strains isolated
during this study showed high B-galactosidase activity val-
ues.

The inhibilery activity shown by the nonstarter lactic
acid bacteria strains studicd in this article against pathogens
by the production of extracellular. diffusible substances is
comparable 0 that previously reported for lactobacilli from
intestinal sources agams: these specific pathogenic strains
{46}, which is significant from two peints of view. First,
such activity may be rclated to the safety of the food prod-
uct, indicating that these swains of lactobacilli would play
a beneficial role and contribute to the production of cheeses
with fow levels of pathogens (or with a low probability of
the expression of their pathogenicity). This is particularly
important when taking into account that S. aurews and L.
monocytogenes are olten responsible (or food-poisoning ep-
isodes that have involved the consumption of cheese (6).
Sccond, the in vitre inhibition of pathogens has been re-
ported as a desirable characteristic ol probiotic strains (3,
46}

The results of the present study show that the nonstart-
er lactic acid bacteria lactobacilli isolated from soft and
semihard Argentinean cheeses, which belong to the species
L. casei, 1. plantarum, L. rhamnosus, L. curvatus, 1. Jer-
meniam, and L. perolens, demonstrate resistance to bivlog-
ical barricrs and physiological characteristics compatible
with probiolic properties, which make them suitable lor fur-
ther research during in vivo studies thal are aimed at iden-
tifying new probiotic organisms. In particular, L. plantarum
191, 187, and 189, L. rhamnosus 73 and 175, L. cuivatus
134, und L. casei 190 showed the best potential and were



and probiotic charactenistics during cheese making and
ive experiments.
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