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ABSTRACT

Reggianito Argentino cheese is traditionally manu-
factured with whey starter cultures that provide typical
and intense flavor but can cause poor quality standard-
ization. In this study, the influence of natural and se-
lected starters on Reggianito Argentino cheese proteol-
ysis was investigated. Cheeses were manufactured with
three strains of Lactobacillus helveticus (SF133, SF138
and SF209) cultured individually in sterile whey and
used as single or mixed starters. Control cheeses were
made with natural whey starter culture. Cheeses were
analyzed to determine gross composition, as well as
total thermophilic lactic flora. Proteolysis was assessed
by N fractions, electrophoresis and liquid chromatogra-
phy. Gross composition of the cheeses did not signifi-
cantly differ, while viable starter cell counts were lower
for cheeses made with strain SF209 alone or combined
with other strains. Soluble N at pH 4.6 was the same
for cheeses made with natural or selected starters, but
soluble N in 12% trichloroacetic acid and 2.5% phospho-
tungstic acid was significantly higher in cheeses made
with starters containing strain SF209. Nitrogen frac-
tions results indicated that natural whey starter cul-
tures could be replaced by several starters composed
of the selected strains without significant changes to
proteolysis patterns. Starter cultures prepared only
with SF209 or with the three selected L. helveticus
strains produced cheese products with significantly
more proteolysis than control cheeses. Chromato-
graphic profiles analyzed by principal components
showed that three main peaks on chromatograms, pre-
sumptively identified as Tyr, Phe, and Trp, explained
most of variability. Principal component scores indi-
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cated that cheese samples were grouped by ripening
time, which was confirmed by linear discriminant anal-
ysis. On the contrary, samples did not cluster by Lacto-
bacillus strain or type of starter.

(Key words: Reggianito Argentino cheese, cheese rip-
ening, proteolysis, peptide profiling)

Abbreviation key: LDA = linear discriminant analy-
sis, PCA = principal component analysis, PTA = phos-
photungstic acid, RAPD =randomly amplified polymor-
phic dna-polymerase chain reaction, RP-HPLC = re-
verse phase high performance liquid chromatography,
SN = soluble nitrogen, TFA = trifluoroacetic acid.

INTRODUCTION

The role of lactic starter cultures bacteria is the me-
tabolism oflactose to lactic acid, a process that improves
milk clotting, whey syneresis, and protects the final
product against bacterial contamination. Starter cul-
tures also play a major role during ripening, because
they contribute to the aroma and flavor of the cheese
due to proteolysis, carbohydrate metabolism, and to
a lesser degree lipolysis (Crow et al., 1993; Fox and
McSweeney 1996; Choisy et al., 1997). Among these
main biochemical transformations, proteolysis is the
major event during the ripening of most cheeses as it
affects texture and contributes to flavor by providing
some taste and aroma compounds and most of their
precursors (McSweeney and Sousa, 2000).

Reggianito Argentino cheese is the most popular Ar-
gentinean hard cheese (Centro de la Industria Lechera,
2001). It was derived from Italian cheeses such as Par-
miggiano Regiano and Grana Padano in late 19th and
early 20th centuries by Italian immigrants (Zalazar et
al., 1999). The manufacturing stages were then adapted
to Argentinean raw materials and environmental char-
acteristics to make a distinct product. To prepare the
starter culture for Reggianito cheese, a predetermined
volume of whey is recovered directly from the cheese
vat at ~52°C after the cooking step and held for 24 h
as the temperature decreases (~52°C to ~35°C) (Gallino,
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1994; Zalazar et al., 1999). The microbiological composi-
tion of such natural starter cultures may be easily af-
fected by either the environmental conditions or cheese-
making technology (Giraffa et al., 1998). As a conse-
quence of multiple equilibriums and natural selection,
a complex starter is obtained after 24 h (pH ~ 3). In
this way, the supply of whey starter cultures is readily
available from the whey of the previous cheesemaking
day. One of the characteristics of Reggianito Argentino
that distinguishes it from other hard cheeses like Par-
mesan is the microflora of Argentinean whey cultures.
Whey cultures from our region (Santa Fe, Argentina)
are composed of ~66% Lactobacillus helveticus strains
and ~33% of Lactobacillus delbrueckii subsp. lactis
strains (Reinheimer et al., 1996), while the Italian cul-
tures showed a somewhat different microbial composi-
tion: the most common species were L. helveticus and
L. delbrueckii subsp. bulgaricus, sometimes accompa-
nied by L. delbrueckii subsp. lactis, Lactobacillus casei
subsp. casei, Lactobacillus fermentum, and Streptococ-
cus thermophilus (Reinheimer et al., 1995).

Among the advantages of using natural whey starter
cultures are the contribution to final product typical
flavor and aroma, attributed to the complex microflora,
and the resistance to phage attack due to the multi
strain culture (Bottazzi et al., 1992; Giraffa et al., 1997).
On the other hand, poor quality standardization and
eventual contamination mainly with yeasts, has been
pointed as disadvantages in Argentinean whey cultures
(Reinheimer et al., 1996). Thus, the objective of many
studies has been to find cultures that gather the advan-
tages of natural whey cultures and a greater control of
the cheese-making and ripening processes, provided by
selected starters (Bosi et al., 1991; Paleari et al., 1996;
Bottazzi et al., 1999).

In the present work, we studied proteolysis during
ripening of Reggianito cheeses manufactured either
with natural whey starter culture or with single and
mixed cultures of L. helveticus selected strains. Cheese-
making experiments, microbiological analysis, and pro-
teolysis assessment were performed to determine
whether natural cultures could be replaced by selected
starters without significant changes in Reggianito rip-
ening patterns.

MATERIALS AND METHODS
Starter Cultures

The L. helveticus strains used in the present study
were isolated and studied in previous works. Isolates,
obtained from natural whey cultures used in dairy in-
dustry, were screened for technological parameters
such as acidifying and proteolytic activities, NaCl sensi-
tivity, and resistance to phages (Reinheimer et al.,
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1995, 1996; Quiberoni et al.,1997). The most suitable
strains from a technological point of view, identified as
L. helveticus SF133, SF138, and SF209, were chosen
for the present study. These strains were also charac-
terized by randomly amplified polymorphic DNA-PCR
(RAPD-PCR) (Quiberoni et al., 1998). The single
strains were cultured in sterilized (110°C; 10 min), re-
constituted (10% wt/vol), low-heat skim milk powder at
45°C for 24 h.

Whey samples were taken from a nearby Reggianito
Argentino dairy plant after the cooking step and imme-
diately carried to our laboratory under refrigerated con-
ditions (4°C). Once in the laboratory, whey pH was
adjusted to 6.3 with 40% NaOH, wt/vol, under con-
trolled microbiological conditions and divided into two
fractions. One of the fractions was incubated for 24 h
at 45°C in order to obtain control natural whey starter,
in which pH reached 3.15%0.05. The remaining fraction
was heated for 5 min at 85°C in order to destroy all
vegetative cells. After cooling to 45°C, it was inoculated
(2% vol/vol) with L. helveticus SF133, SF138, or SF209
milk cultures and incubated as the control. These whey
cultures constituted the single strain starters used in
the study; they reached a pH value slightly higher than
the control: 3.25 £ 0.05. Two or three strain starters
were obtained by mixing equivalent amounts of single
strain cultures immediately before inoculation to
cheese milk. Lactobacilli population was 108 cfu per
milliliter both in single cultures and control whey cul-
ture (Candioti et al., 2002).

Cheese-Making

Control cheeses were made with natural whey starter
culture, while experimental cheeses were prepared
with single strain starter cultures (SF133, SF138, and
SF209), two-strain starter cultures (SF133 + SF138,
SF138 + SF209, and SF209 + SF133), and three strain
starter culture (SF133 + SF138 + SF209). Three repli-
cates were made for each type of cheese, which gave a
total of 24 cheeses. Two cheeses were manufactured
each cheese-making day in two parallel vats of 85 L.
The order in which cheeses were manufactured was
selected at random.

Cheese-making was carried out following the stan-
dard Reggianito cheese technology (Gallino, 1994). Raw
milk was supplied by Milkaut Coop. Ltda. (Colonia
Nueva, Santa Fe, Argentina). Fat content was stan-
dardized to 2.50% by centrifugation (Alfa Laval Separa-
tor Co., Tumba, Sweden) and milk was batch pasteur-
ized at 65°C for 20 min. After cooling to 33°C, CaCl,
was added to a final concentration of 0.02%, wt/vol. 25
to 30 ml/L of whey starter culture (pH 3.15 to 3.25) was
added, decreasing milk pH from approximately 6.70 to
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6.50. After stirring, 0.29 ml/L of milk of adult bovine
coagulant was added (230 International Milk Clotting
Units per ml; Naturen, Chr. Hansen, Quilmes, Argen-
tina). After 18 to 20 min, when the curd reached the
proper strength, it was cut to the adequate grain size
(approximately half a rice grain) with a cheese harp
whose wires were spaced at 10 mm. The mixture of the
curd particles and whey was gently stirred and heated
at 0.5°C/min until it reached 44°C in order to reduce
moisture in curd grains. The mixture was then more
rapidly heated to 51°C (1°C/min), stopping the stirring
at this point. The curd was separated, put into cylindri-
cal moulds (diameter 26 cm, height 15 cm), and pressed
during 24 h at decreasing temperature (from ~ 52°C to
room temperature). After that, cheeses were salted in
20% (wt/vol), pH 5.4 brine at 12°C for 6 d. During this
time the cheese was inverted every other day. The ob-
tained 7-kg cheeses were dried and ripened at 12°C and
80% relative humidity for 6 mo, the minimum time
required by Argentinean legislation for Reggianito Ar-
gentino cheese (Cédigo Alimentario Argentino, 1999).

Gross Composition of Cheeses

Dry matter and protein content were analyzed ac-
cording to IDF standards (IDF, 1962; IDF, 1993), and
fat and pH by American Public Health Association
methods (Bradley et al., 1993) on 180-d-old cheeses.

Microbiology

The population of total thermophilic lactic flora pres-
ent in cheeses after 0 (fresh curd), 1 (curd after press-
ing), 90, and 180 d of ripening was determined by plat-
ing sample dilutions on skim milk agar and counting
plate colonies after 48 h of incubation at 37°C according
to American Public Health Association standards
(Frank et al., 1993). Coliforms were enumerated on bile
red violet agar, and the plates were incubated for 24 h
at 30°C (Christen et al., 1993). Fresh whey was also
analyzed by a modified Weinzirl method (Annibaldi,
1969) to determine sporulated anaerobic organisms.
Mold and yeasts were determined according to Ameri-
can Public Health Association (Frank et al., 1993) on
the starter cultures.

Proteolysis Assessment

Proteolysis was assessed on 0-, 90- and 180-d-old
cheeses, by determination of soluble N (SN) at pH 4.6,
in TCA 12% and in phosphotungstic acid (PTA) 2.5%.
Electrophoresis and reverse phase liquid chromatogra-
phy (PR-HPLC) were also performed.

Soluble nitrogen. Cheese samples were treated to
obtain crude citrate extract and soluble fractions at pH
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4.6, in TCA 12% and PTA 2.5%, according to Hynes et
al. (2001). The crude cheese extract was obtained by
adding 20 ml of sodium citrate 0.5 M to 10 g of cheese
and grounding to homogeneity using a pestle. Deionized
water was added to ~90 ml, and the pH was adjusted to
4.6. After centrifugation (3000 x g/15 min), the soluble
fraction volume was adjusted to 100 ml. The TCA 12%
and PTA 2.5% soluble fractions were obtained from 4.6
soluble fraction according to Gripon et al. (1975). The
N content was determined in duplicate by the macro-
Kjeldahl method according to the IDF method (1993).

Electrophoresis. The insoluble residue at pH 4.6
was analyzed by Urea-PAGE in a Mini-Protean II cube
(BioRad Laboratories, CA) by the Andrews (1983)
method, with a concentration of acrylamide of 7.5%
(Hynes et al., 1999). Proteins were stained by Coomasie
blue G-250. Samples of cheese casein were prepared by
precipitation at pH 4.6 and purified.

Reverse phase-high performance liquid chro-
matography (RP-HPLC). The HPLC equipment con-
sisted of a quaternary pump, an online degasser, and
UV/VIS detector, all Series 200, purchased from Perkin
Elmer (Perkin Elmer, Norwalk, CT). An interface mod-
ule connected to a computer was used for acquisition
of chromatographic data with the software Turbochrom
(Perkin Elmer). A 250- x 4.6-mm Aquapore OD-300
C18, 5 nm — 300 A° analytical column was used (Perkin
Elmer). Water-soluble extracts of the cheeses were ob-
tained by blending 5 g of cheese and 15 ml of distilled
water with mortar and pestle, then warmed up to 40°C
and maintained for 1 h. The suspension was centrifuged
at 3000 x g and filtered through fast flow filter paper.
The filtered solution was adjusted to a final volume of 25
ml. Samples were filtered through 0.45 ym membranes
(Millex, Millipore, Sdo Paulo, Brazil), and 20 ul was
injected into the HPLC chromatograph. Detection was
performed at 214 nm, and column temperature was
40°C. The gradient, starting from 100% of solvent A
(HgO-trifluoroacetic acid (TFA), 1000:1.1, vol/vol) and
0% of solvent B (Acetonitrile-H,O-TFA 600:400:1, vol/
vol/vol), was generated 10 min after injection. The pro-
portion of solvent B was increased by 1%/min (80 min),
20%/min (1 min), 0%/min (4 min), and then returned
to starting conditions, which took 1 min. These last
setting conditions were maintained for 10 min.

Statistics

Nitrogen fraction data were processed by one-way
ANOVA with Statistix 7 (Analytical Software, Talla-
hasse, FL). When differences were found, means were
compared by the LSD using the same tool.

Principal component analysis (PCA) and linear dis-
criminant analysis (LDA) were applied to data obtained
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Figure 1. Evolution of lactobacilli population during ripening of Reggianito cheeses. C: control: lactobacilli plate counts on cheese prepared
with natural whey starter. SF133, SF138, and SF209: lactobacilli plate counts on cheeses prepared with single strain cultures of Lactobacillus
helveticus; SF 133-138, SF 138-209, and SF 209-133 cheeses with two strain cultures; and SF133-138-209: cheeses with three strain starter

culture. Values are the means for three replicate cheeses.

from RP-HPLC profiles. All multivariate techniques
were performed with Statgraphic plus 3.0 (Rockville,
MD).

RESULTS

Gross composition of cheeses did not differ (P > 0.05)
among starters. Dry matter, fat, protein, and pH were
62.84 + 1.17%, 23.96 + 1.28%, 28.95 + 0.55%, and 5.16
+ 0.01, respectively. These are considered appropriate
values for Reggianito cheese according to the Argentin-
ean codex (Cédigo Alimentario Argentino, 1999).

Figure 1 shows changes on lactic acid bacteria counts
during ripening. Starter number was between 10® and
107 cfu/g in curd before molding, in cheeses made with
natural culture and L. helveticus strains SF133, SF138,
and SF209. The other cultures provided an initial cell
count of 107 to 108 cfu/g. Starter cell numbers reached
a maximum of 108 to 10° cfu/g at 24 h in all cheeses,
and then decreased by one or two log orders during
ripening. Cheeses prepared with the strain SF209
showed the lowest final counts, about 106 cfu/g. That
was verified in cheeses made with the single-strain cul-
ture, and manufactured with two and three strain com-
binations containing SF209, i.e.: SF133-SF209, SF138-
SF209, and SF133-SF138-SF209.
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Coliform bacteria counts were <10? cfu/g for control
and experimental 180-d-old cheeses. Sporulated anaer-
obic organisms were not detectable by the Weinzirl
method in all fresh whey samples. After incubation,
counts of yeasts and moulds on natural whey cultures
were ~10* cfu/ml. In contrast, yeasts and molds did not
occur in selected strain cultures, because all vegetative
cells were destroyed before L. helveticus inoculation, as
was verified (data not shown).

Soluble N level at pH 4.6, in TCA 12% and in PTA
2.5%, for 0-, 90-, and 180-d-old cheeses, is represented
in Table 1. The content of SN at pH 4.6 (pH 4.6 SN) did
not differ (P > 0.05) between control and experimental
cheeses during ripening. Significant differences in SN
at pH 4.6 were not expected, as this fraction represents
mainly primary proteolysis, due especially to indige-
nous milk enzymes and possibly to residual or reacti-
vated chymosin in cooked cheeses (Delacroix et al.,
1992).

Soluble N level in TCA 12% did not show significant
differences among cheeses manufactured with diverse
starter cultures either at 0 or 90 d of ripening. However,
highly significant differences (P < 0.001) were found
among 180-d-old cheeses. The highest amount of TCA
12% SN was detected in cheeses manufactured with L.
helveticus SF209 culture and the lowest in those made
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Table 1. Nitrogen content in cheese soluble fractions at pH 4.6 (pH 4.6 SN), in tricholoracetic acid 12% (SN TCA) and phosphotungstic
acid 2.5% (SN PTA), expressed as the percentage of total N, at 0, 90, and 180 d of ripening. C: cheeses with natural whey starter culture
(control); SF133, SF138, and SF209 cheeses with single strain cultures of Lactobacillus helveticus SF133, SF138, or SF209, respectively;
SF 133-138, SF 138-209, and SF 209-133 cheeses with two strain cultures; SF133-138-209: cheeses with three strain starter culture. Mean

+ standard deviation, n = 3.

pH 4.6 SN

TCA SN PTA SN

Days of ripening

Days of ripening

Days of ripening

Cheeses 0 90 180 0 90 180 0 90 180

C 3.8°+ 0.2 129*°+ 0.8 16.7* + 03 1.2° +0.1 9.1*+ 12 133™+ 12 070+ 0.1 4.0*+ 1.3 85% + 0.8
SF133 3.4% £ 0.2 122% + 1.1 14.8* £ 15 13*+ 0.6 11.2* + 1.0 134> £ 22 0.8* +03 53+ 1.3 72+ 06
SF 138 3.5+ 03 13.0* £ 1.2 175* £ 31 13* £0.1 93* =+ 1.2 11.6° £ 21 0.7* + 0.2 4.6° + 0.3 6.6™ + 0.8
SF 209 3.6 + 0.3 125* £ 1.3 174* £+ 1.7 11* £01 107+ 11 187* £1.0 0.7+ 0.1 5.2 + 13 105" £ 1.3
SF 133-138 34* £ 01 127" £ 05 163* +16 12° £01 7.5*+ 13 11.9° £ 0.7 0.6* £ 0.1 32*+07 51°% 11
SF 138-209 3.6°+ 0.1 12.9* + 1.2 18.0* + 40 1.1° + 0.1 9.9* + 25 156% + 1.9 0.7° + 0.1 4.2* + 04 8.9 + 1.9
SF 209-133 3.8° + 04 12.9°+ 26 174* +49 1.2°+0.1 10.3*+ 0.7 162>+ 20 0.7° + 0.1 46* + 0.3 9.3 + 23
SF 133-138-209 3.2* + 0.4 12.4% + 1.6 19.2° + 45 09* + 0.1 11.6* + 23 16.8® + 1.6 0.7* + 0.1 55 + 1.4 11.2* + 1.3

ab.cMeans within the same column without a common superscript differ (P < 0.05).

with SF138 and SF133-SF138 starter cultures. The
other cheeses showed intermediate values. Medium-
sized to small peptides, amino acids, and smaller N
compounds, such as amines/urea, and ammoniu (Ardo,
1999) are contained in TCA 12% SN.

On the other hand, soluble N in PTA 2.5% contains
very small peptides, amino acids, and smaller N com-
pounds other than dibasic amino acids and ammonia,
which makes it a fair index of free amino acid content
(Ardo, 1999). Similarly to TCA 12% SN, PTA 2.5% SN
amount in cheeses prepared with different starter cul-
tures did not differ during the first stage of ripening (P
> 0.05), but it showed significant differences for 180-d-
old cheeses (P < 0.001). Means of PTA 2.5% SN were
clustered in three homogeneous groups. Cheeses manu-
factured with SF209 in single or mixed cultures and
control cheeses conformed one group, which showed the
highest PTA 2.5% SN level. An intermediate group of
means was composed of cheeses manufactured with
SF133, SF138, SF133-209, SF138-209, and control
cheeses. On the other hand, cheeses prepared with
SF133 and SF138 were also classed in a third group,
along with SF133-SF138 culture; this group has the
lowest PTA 2.5% SN amount. The tendency detected
by both TCA and PTA SN results was the same, which
suggests that production of both medium to small pep-
tides and free amino acids is encouraged when SF209
is in the starter.

Typical electrophoretic patterns for control and ex-
perimental 0-, 90-, and 180-d-old cheeses are shown in
Figure 2. Control and experimental cheeses manufac-
tured with single strain starters SF133 and SF138 are
presented as examples. Electrophoretic profiles of
cheeses made with SF209 and mixed starters were es-
sentially the same (data not shown). Plasmin activity on
[ casein, which leads to -y caseins, was clearly observed.

Bands for ~ caseins increased from 0- to 90-d-old
cheeses, while 3 caseins band decreased accordingly.
The ~ caseins were not more intense for 180- than for
90-d-old cheeses, even though 3 casein band decreased,
suggesting further degradations on 7 caseins. As ex-
pected, the a4y casein disappeared in 90-d-old cheeses
because this minor casein is, together with (3 casein,
one of the main substrates of plasmin (Grufferty and
Fox, 1988). The ag; casein was partially degraded to
ag1-1 peptide in 90- and 180-d-old cheeses. This break-
down has been attributed to residual chymosin or to
cathepsin D in hard and Swiss-type cheeses (Delacroix
Buchet and Fournier, 1992; Fox and McSweeney, 1996),
but further research on the subject is probably needed.
The similarity of all the electrophoretic patterns is con-
sistent with the results of NS at pH 4.6, which indicates
that both markers are comparable for Reggianito Ar-
gentino cheese (Candioti et al., 2002).

All the chromatographic profiles of water-soluble ex-
tract of 0-d-old cheeses were simple, with few large
peaks, while chromatograms of 90- and 180-d-old
cheeses showed more and larger peaks (Figure 3). Sev-
enteen peaks were chosen by visually matching all the
chromatograms and selecting the peaks whose areas
varied most (Pripp et al., 1999). The selected peaks
were identified with characters from a to ¢ in alphabeti-
cal order (Figure 3). Areas of peaks a, b, f, and g in-
creased during ripening, while e, d, j, m, and n in-
creased during the first 90 d but did not show further
augmentation. The other peaks (&, I, o, p, q) increased
at the beginning of the ripening, then decreased. The
changes on the peptide profile probably reflect the dy-
namic between peptide production and degradation to
free amino acids and their metabolic products.

The three large peaks at the beginning of the chroma-
togram, identified as a, b, and f, showed identical reten-
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Figure 2. Urea polyacrylamide gel electrophoresis of 0-, 90- and 180-d-old Reggianito cheeses made with natural starter (control), or
with single strain cultures of Lactobacillus helveticus SF133 or SF138. 1-3: control, SF133, and SF 138 cheeses at 0 d of ripening. 4-6:
control, SF133, and SF 138 cheeses at 90 d of ripening 7-9: control, SF133 ,and SF 138 cheeses at 180 d of ripening.

tion time that hydrophobic amino acid Tyr, Phe, and
Trp, respectively. They are similar to peaks found in
Parmigiano Reggiano peptide profiles (Noé&l et al.,
1998).

The areas of peaks a to q expressed on arbitrary units
were considered as independent variables for PCA. We
performed PCA with standardization of the variables to
a mean of zero, and their original variances (covariance
matrix) (Pripp et al., 2000). The first PC explained
94.92% of the variability, and was considered to retain
most information existing in the original data taking
into account two criteria: an eigenvalue = 1 (the eigen-
value is defined as the column sum of squares for a PC
that represents the amount of variance), and a scree
plot, which is a plot of the eigenvalues or total variance
accounted for by each component. The plot shows a
distinct gap between the steepest slope of the large
components and a progressive downward path (the
scree) (Statgraphic plus 3.0). Even though one PC was
enough to explain most of the variation, we retained
the first two in order to obtain a two-dimension mapping
for variables and samples, more readable than a one-
dimension plot or a table (Figure 4).

Loading vectors for the peaks are represented in Fig-
ure 4a. Peaks a, b, and f highly influenced PC1 equa-
tion, while peak I showed the highest loading for PC2.
Differences among coefficient value and sign for a, b,
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f, and 1 could be explained taking into account that,
while the first three peaks increased all along ripening,
the last one increased during the first stage of matura-
tion and then decreased (Figure 3).

The score plot is presented in Figure 4b. The scores
on PC1 and PC2 for each sample, which represented
mainly the production of amino acids Tyr, Phe, and
Trp, were influenced by ripening time: 0-d-old cheese
show little variability, while 90- and 180-d-old cheeses
were very variable. The samples were not clustered
according to Lactobacillus strains or starter cultures of
one, two, or three or more strains.

Taking into account the results of PCA, linear dis-
criminant analysis (LDA) was applied to assess the age
of the cheeses, using the first three PC as predictor
variables (Figure 5) (Girard and Nakai, 1994; Santa
Maria et al., 1986; Pham and Nakai, 1984). The 83.58%
of the samples were classified in the correct group, i.e.,
cheeses at the beginning, the middle, or the end of the
ripening process. Some overlapping between 90- and
180-d-old samples was observed, which caused the mis-
classification. As ripening is a continuum process, the
groups may not be completely divided (Pham and Na-
kai, 1984)

Neither the strain of L. helveticus employed in the
cheese-making nor the type of starter culture used (sin-
gle, mixed, control) were accurately predicted by LDA;
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Figure 3. Reverse phase liquid chromatography profiles of water soluble extract of cheeses manufactured with a culture of Lactobacillus

helveticus composed of the three selected strains SF133-138-209) at ( ()90 (

q point the peaks selected for principal component analysis.

although almost 50% of the samples were well classi-
fied, discriminant functions were not significant (P >
0.05). This result was not surprising as relatively high
variability was verified in the HPLC chromatograms of
cheeses manufactured with the same starter culture.

DISCUSSION

Primary proteolysis was similar for all cheeses. Elec-
trophoresis profiles and SN at pH 4.6 did not signifi-
cantly differ among cheeses prepared with different
starter cultures. Lactobacillus helveticus ssp. have
shown one of the strongest proteolytic activities among
the lactic acid bacteria, and their cell wall proteinases
are able to attack caseins o and [ in vitro (Torriani et
al., 1994; Mayra-Méniken and Bigret, 1998); however,
no evidence of such a breakdown was detected in the
cheeses. Conversely, the influence of the starter culture
on further hydrolysis of peptides was clearly evidenced
by TCA 12% and PTA 2.5% SN, which contain relatively
small N compounds. The differences indicated a
stronger peptidase activity of the strain SF209 both in
single culture or in mixed starters. This agrees with

), and 180 ( ) d of ripening. Characters a to

the fact that cheeses prepared with starter cultures
containing SF209 showed the lowest counts of LAB at
the end of the ripening, suggesting higher cell lysis and
release of peptidases into the cheese mass. Neverthe-
less, we did not investigate bacterial lysis, so further
research on this subject may be needed. The results on
N fractions indicates that natural whey starter cultures
could be replaced by several starters without significant
changes on proteolysis patterns after 180 d of ripening.
Starter cultures prepared only with SF209 or with the
three selected L. helveticus strains, gave cheese prod-
ucts significantly more proteolyzed than control
cheeses. As long as no defect was detected in cheeses
made with SF209 and SF133-SF138-SF209 starter cul-
tures, those could be selected in order to obtain products
characterized by a more intense proteolysis, and, there-
fore, potentially enhanced flavor and texture. On the
contrary, starters composed of SF133-SF138 seem not
to be so attractive, since cheeses made with them
showed the lowest level of proteolysis. However, the
fact that proteolysis is not the limiting step in cheese
flavor production should not be disregarded when
starter selection is attempted. In effect, Yvon and Rij-
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Figure 4. Principal component (PC) analysis of chromatographic profiles. A) Loadings of the independent variables (area of peaks a to
q on the chromatograms) on PC1 and PC2. Peaks with the highest loadings are identified with the characters (a, b, f, 1); peaks with
intermediate loadings are shown with characters (e, d, ¢, k, b, m, n, q), while peaks with minor loadings are not labeled (g, i, j, o, p). B)
Score plot of 0, 90, and 180 d-old-cheese samples on PC1 and PC2. C: cheese prepared with “natural” whey starter. SF133, SF138, and
SF209: cheeses prepared with single strain cultures of Lactobacillus helveticus; SF 133-138, SF 138-209, and SF 209-133: cheeses with two
strain cultures; SF133-138-209: cheeses with three-strain starter culture.

nen (2001) have shown that the conversion of free amino
acids into flavor-related compounds via a transami-
nase-catalized reaction is a key event in the production
of cheese flavor and is not necessarily increased by in-
creased proteolysis. Sensory analysis or volatile com-
pounds assessment are therefore suitable techniques

Journal of Dairy Science Vol. 86, No. 12, 2003

to provide complimentary information (Candioti et
al., 2002).

Multivariate analysis of chromatographic profiles re-
vealed that samples did not cluster by Lactobacillus
strain or type of starter (single, mixed, or natural cul-
tures), because intra- and intergroup variability was
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D2 (26.6 %)
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Figure 5. Linear discriminant functions (D1 and D2) for cheese samples at 0, 90, and 180 d of ripening. 0 0-day-old cheeses A 90-d-old-

cheeses O 180-d-old cheeses B Group centroids.

similar. On the other hand, multivariate techniques
were successful in classifying samples by the stage of
ripening. Thus, variability among samples was ex-
plained mainly by the time of ripening, which appears
as a key technological parameter to obtain Reggianito
cheese products with similar proteolysis characteristics
and therefore a constant quality level.

The fact that the initial cleavage of caseins was very
similar for all cheeses, while secondary proteolysis in-
dexes evidenced significant differences among them,
along with the importance of the peaks identified as
Phe, Trp, and Tyr in peptide profiles, suggests that free
amino acids profiling may be a more useful technique
than peptide mapping to characterize the role of L.
helveticus starters. In further studies we will focus on
the setting up of this technique in our laboratory.

We conclude that the replacement of natural whey
starter cultures by selected strains cultured in whey is
possible without changes in the proteolysis patterns of
Reggianito Argentino cheese.
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