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ABSTRACT

The effects of 35 strains of indige-
nous bacteria on proteolysis in model
Toma Piemontese cheese were studied
at 30 and 60 days of ripening. Proteol-
ysis was assessed by urea-polyacryla-
mide gel electrophoresis (PAGE) of the
pH 4.6-insoluble fractions of cheese, by
reversed-phase high performance liquid
chromatography (RP-HPLC) of the pH
4.6-soluble fractions at 30 and 60 days
of ripening and by free amino acid (FAA)
analysis at 60 days of ripening. Urea-
PAGE showed that o, -casein was hy-
drolysed more than -casein. The use of

RIASSUNTO

In questa ricerca ¢ stato studiato 'ef-
fetto prodotto dall'utilizzo di 35 ceppi di
batteri lattici autoctoni sulla proteolisi
in formaggi modello di Toma Piemon-
tese. La proteolisi ¢ stata valutata a 30
e a 60 giorni attraverso l'elettroforesi
su gel di urea-poliacrilamide (Urea-PA-
GE) della frazione insolubile a pH 4,6
e la cromatografia liquida ad alte pre-
stazioni in fase inversa (RP-HPLC) del-
la frazione solubile a pH 4,6 nonché at-
traverso I'analisi degli amino acidi libe-
ri (FAA) sui formaggi a 60 giorni di sta-
gionatura. L'urea-PAGE ha mostrato
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single strains markedly influenced the
peptide profiles obtained by RP-HPLC
of the cheeses. Significant differences
in the levels of FAAs were also observed
among the cheeses. The results of this
study highlighted marked differences in
the acidification and proteolytic activi-
ties of these bacterial strains.

come l'o  -caseina sia stata idrolizzata
di piu rispetto alla B-caseina, mentre la
RP-HPLC ha evidenziato I'effetto dei di-
versi ceppi batterici utilizzati sui profili
peptidici. Significative differenze sono
state rilevate inoltre nel livello di FAA e
ci6 conferma la differente capacita pro-
teolitica dei ceppi saggiati.

INTRODUCTION

In ripening, cheese is subjected to
three major categories of biochemical
events: glycolysis, lipolysis and proteol-
ysis (FOX, 1989). However, proteolysis is
the most important process that occurs
during ripening because it contributes
to texture through the hydrolysis of the
protein matrix and to flavour and off-fla-
vour formation as a direct consequence
of the production of peptides and free
amino acids and indirectly by the lib-
eration of amino acids that can be sub-
jected to other changes including decar-
boxylation, deamination or desulphura-
tion to produce other flavour compounds
(SOUSA et al., 2001).

Proteolysis in cheese is catalysed by
proteinases and peptidases derivated
from six sources: coagulant (chymosin,
pepsin, fungal acid proteinase or plant
acid proteinases); milk (plasmin, cathep-
sin D and other somatic cell proteinases);
starter lactic acid bacteria; adventitious
non-starter lactic acid bacteria; addition
of secondary starters in some cheese va-
rieties (Penicillium roqueforti, Penicillium
camemberti, Geotrichum candidum) and
exogenous proteinases and/or pepti-
dases which may be added to acceler-
ate ripening or to accentuate flavour of
the cheese (FOX and McSWEENEY, 1996;
UPADHYAY et al., 2004). Proteolysis in
cheese can be divided into two phases:
primary proteolysis which is the initial
hydrolysis of caseins by the coagulant
and the milk proteinases to produce the
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large and intermediate-sized peptides
that are subsequently degraded during
secondary proteolysis. During prima-
ry proteolysis, chymosin, the principal
enzyme in rennets used in cheesemak-
ing, acts on o -casein at Phe,,-Phe,,.
Plasmin, the indigenous alkaline milk
proteinase, cleaves the B-casein to give
y-caseins (3-CN 29-209, 3-CN f106-209
and B-CN f108-209). The products of the
hydrolysis of o - and B-caseins can be
detected by polyacrylamide gel electro-
phoresis (urea-PAGE) (GRAPPIN et al.,
1985). During secondary proteolysis en-
zymes derived from the starter and non-
starter flora of cheese act on the prod-
ucts of primary proteolysis and pro-
duce small peptides and free amino ac-
ids. These products can be extracted as
the water-soluble fractions and analysed
by reversed-phase high performance lig-
uid chromatography (RP-HPLC) (RANK et
al., 1985; ARDO and GRIPON, 1991; Mc-
SWEENEY and FOX, 1997).

Lactic acid bacteria are very impor-
tant for dairy production; they have a
very complex proteolytic system com-
posed of a proteinase and a wide range
of peptidases that are responsible for the
formation of small peptides and amino
acids in cheese. The proteolytic systems
of Lactococcus spp. and of Lactobacil-
lus spp. have been studied in great de-
tail because of their economic value as
starter cultures in dairy fermentations
(NORAINI and ELMER, 1990; BOCKEL-
MANN, 1995).

Bacteria which take part in the differ-



ent biochemical processes that occur in
cheese during ripening come from start-
ers added during cheesemaking or from
the environment but the former are the
most important as they are deliberately
added and increase to high numbers.

In many European countries, chees-
es (e.g. Beaufort, Comté, Grana Padano
and Parmigiano Reggiano) are tradition-
ally made using natural cultures ob-
tained by incubating milk or whey from
the previous day’s production under de-
fined conditions. The inoculum is char-
acterised by a well-balanced flora of mes-
ophilic and thermophilic lactic acid bac-
teria. Nevertheless, natural cultures are
characterised by a high variability in
strain composition over time and require
a long time to be prepared. It is now nor-
mal practice to make cheese using com-
mercial starter cultures that are easy to
use; the cheeses that are produced are
standardised but with some organolep-
tic impoverishment (GRAPPIN and BEUVI-
ER, 1997; MENENDEZ et al., 2004). As a
consequence, interest has been shown in
the genotypic and technological charac-
terisation of wild isolates from artisanal
cheeses because new strains could be
selected and used as defined-strain cul-
tures to give cheeses with technological
and organoleptic characteristics that are
more similar to traditional cheese (CO-
GAN et al., 1997; SHAKEEL-UR-REHMAN
et al.,1999; BERESFORD et al., 2001;
GONZALES et al., 2003; POVEDA et al.,
2003; HAYALOGLU et al., 2004; DI CAG-
NO et al., 2006).

In Italy, these autochthonous start-
er cultures are currently being used to
produce many Protected Denomination
of Origin (PDO) cheeses such as Asiago,
Bitto, Fontina and Pecorino Toscano but
they have not been used for Toma Pie-
montese which is the most important
cheese from the northwestern Alps.

Toma Piemontese PDO cheese was tra-
ditionally made in mountain farms us-
ing raw milk. However, over the last dec-
ade, it has been manufactured on a large

scale in small and large dairy plants us-
ing pasteurized milk with the addition
of industrial freeze-dried starters that
generally contain mesophilic lactic acid
bacteria. Toma Piemontese is a cylindri-
cal, semi-hard, semi-cooked cheese. It
is produced in two sizes, large (6-8 kg,
24-34 cm in diameter) and small (1.8-5.9
kg, 15-25 cm in diameter). The milk is
cooled to 37°C and the rennet is added
at a concentration of 0.15-0.20 mL x L%
The coagulation time is established visu-
ally by the producer. The curd is then cut
into 5-10 mm pieces, placed in a cloth,
pressed, drained for 24 h and then salt-
ed. Cheese is ripened in a cold room or
caverns at 6-10°C and 85% humidity for
30-60 days.

To date the proteolysis in Toma Pie-
montese cheese has not been exam-
ined nor has the use of single artisanal
strains. The objective of the present
study was to evaluate the effect of thir-
ty-five strains of LAB isolated from arti-
sanal Toma Piemontese cheeses on pro-
teolysis in model cheeses after 30 or 60
days of ripening.

MATERIALS AND METHODS
Cultures

Lactococcus lactis subsp. lactis (A 1.1,
Al14,A16,A1.13,A1.18 A1.20,A2.1,
A25 TA1.2, TA2.1,TA2.4,TA2.5,TB
2.1, TB 2.2, TB 2.4, TB 2.6, TB 2.7, TB
2.8, TC 1, TC 6 and TC 8), Lactococcus
lactis subsp. cremoris (A 1.8 and A 2.4),
Lactobacillus paracasei (TO 1.1 and TA
1.4), Streptococcus thermophilus (B 1.18,
A 2.3 and TA 1.1), Streptococcus mace-
donicus (TA 3.1, TA 3.4, TA 3.5, TB 1.4
and TB 1.9), Lactobacillus fermentum (TA
2.2) and Lactobacillus caseisubsp. rham-
nosus (TA 3.3) were used separately as
starter cultures. These organisms were
isolated from artisanal Toma Piemontese
cheeses and characterised as reported by
FORTINA et al. (2003) and were obtained
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from the culture collection of the Depart-
ment of Exploitation and Protection of
the Agricultural and Forestry Resourc-
es, Agricultural Microbiology and Food
Technologies Section, Agricultural Facul-
ty, University of Turin. Before use, each
strain was cultivated in M17 broth (Mer-
ck, Darmstadt, Germany) for two trans-
fers at 37°C for 24 h (1% inoculum). For
starter propagation, the broth cultures
were grown in reconstituted skim milk
(10 g x 100 mL! autoclaved for 10 min
at 115°C) with an inoculum of 1%. Before
their use as inoculum for cheesemaking,
a microscopic count was done on the cul-
tures of each strain in order to standard-
ise the concentration of inoculum added
to the milk at 107 cfu mL!.

Cheese manufacture

Model cheeses were made using the
method described by SHAKEEL-UR-RE-
HMAN et al. (1998) but modified to pro-
duce cheeses that were more similar to
Toma Piemontese cheese.

No control cheese was included in this
study because the only possible control
cheeses could have been cheese made
from raw milk, a starter-free cheese or
the use of a commercial starter but none
of these types of cheeses would have been
a good control. In the first case raw milk
would have had a very heterogeneous mi-
croflora which would not have been pos-
sible to replicate day by day. Many stud-
ies have been conducted on starter-free
cheese, and the results have shown that
the differences between starter-free and
starter cheese is much greater than any
possible strain-to-strain differences. The
use of a commercial starter as a control
would have simply been another strain
to be tested. Moreover all the other pa-
rameters in cheesemaking were the same
for each strain so that the differences in
the final cheeses were determined by the
different strains used.

For each strain, six model cheeses
were made. Raw milk was pasteurised in
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beakers at 63°C for 30 min. Pasteurised
milk was put into plastic centrifuge bot-
tles (200 mL) cooled to 37°C and main-
tained at this temperature in a water
bath. A starter inoculum of 2% was add-
ed to milk (corresponding to 107 cfu mL")
which was ripened for 15 min. CaCl,
(132 uL of a 1 mol x L! solution/200mL
milk) was then added and held for 15
min. Rennet (Maxiren-180, DSM, Seclin
Cedex, France) was added (43.5 uL/200
mL) and the milk was held for 45 min to
obtain a firm coagulum. After the coag-
ulum was cut, it was held for 2 min and
then stirred slowly for 10 min using a
glass rod. The temperature was then in-
creased to 41°C over 30 min. Curd and
whey were then centrifuged at room tem-
perature for 60 min at 1700 g in an MSE
‘MAJOR'’ centrifuge (MSE Scientific In-
struments, Crawley, Sussex, England).
The whey was drained and the curds
were covered with 3 mL of sterile wa-
ter and then kept in the centrifuge bot-
tles at 30°C for 18 hours. The water was
drained and the cheeses were inverted
in the bottles and then recentrifuged at
1700 g for 20 min. The cheeses were then
brine salted (20% NaCl, 0.05% CaCl, x
2H,0) for 30 min at room temperature.
After salting, cheeses were removed from
the bottles wiped with tissue paper and
vacuum packed. They were ripened at
8°C for 30 and 60 days. At the end of the
ripening period the weight of the mini-
ature cheeses ranged from 20 to 22 g.
Cheeses were sampled for composition-
al analysis on day 30 and for proteoly-
sis on days 30 and 60.

Composition analysis

Cheeses were analysed at 30 days for
moisture by the oven drying method at
102°C (IDF, 1982) and for salt by titra-
tion with AgNO, according to the meth-
od of BRADLEY et al. (1993). The pH was
determined at 30 and 60 days by placing
a penetration electrode in contact with
the cheese mass.



Assessment of proteolysis

After ripening for 30 and 60 days, pH
4.6-insoluble and —soluble fractions were
prepared by a slight modification of the
method of KUCHROO and FOX (1982) as
described by HAYALOGLU et al. (2004). In-
stead of using 20 g of cheese and 40 mL
of water for the extraction, 15 g of cheese
and 30 mL of water were used.

Urea-polyacrylamide gel electrophore-
sis (Urea-PAGE) [12% T (total monomer),
4% C (crossing-linking agent as percent-
age of total monomer), pH 8.9] of the pH
4.6-insoluble fractions of the cheeses
was performed using a Protean II xi ver-
tical slab-gel unit (Bio-Rad Laboratories
Ltd., Watford, UK) according to the meth-
od of ANDREWS (1983) with the modifi-
cations of SHALABI and FOX (1987). The
gels were stained directly with Coomas-
sie Brilliant Blue G-250 by the meth-
od of BLAKESLEY and BOEZI (1977) and
destained using distilled water. After
destaining, gel slabs were digitised with
a scanner (Scanjet 6300C, Hewlett Pack-
ard, Houston, USA). Scans of the elec-
trophoretograms were used to quantify
bands using densitometric software (Im-
age Master TotalLab 1D Gel analysis v
1.11 software, Nonlinear Dynamics Ltd,
Newcastle-upon-Tyne, UK). The caseins
and peptides were quantitatively deter-
mined by integration of peak volumes
using a densitometer.

Peptides of the pH 4.6-soluble frac-
tion of the cheese were determined by
RP-HPLC using the method described
by HAYALOGLU et al. (2004).

For the free amino acid (FAA) analy-
sis, the pH 4.6-soluble fractions of the
cheeses were deproteinised by mixing
them with an equal volumes of 24%
(w/v) trichloroacetic acid (TCA). The so-
lutions were allowed to stand for 10 min
before centrifugation at 14400 g for 10
min (MSE, Microcentaur, DJB Labcare
Ltd, Newpost Pagnell Buckinghamshire,
UK). The supernatant was removed and
diluted with 0.2 M sodium citrate buffer

(pH 2.2) to give approximately 250 nmol
of each amino acid residue. The samples
were then diluted 1:2 with the internal
standard norleucine to give an approx-
imate final concentration of 125 nm of
each amino acid residue in 1 mL of so-
lution. Samples were then analysed us-
ing a Jeol JLC-500/V amino acid ana-
lyser (Jeol Ltd., Garden city, Herts, UK)
fitted with a Jeol Na* high performance
cation-exchange column. The individual
free amino acids were separated by ion-
exchange chromatography with post-col-
umn ninhydrin derivatization and visi-
ble colorimetric detection at 570 nm. Re-
sults were obtained using a Aminotaq
data handling system (J & C Joel Ldt,
Halifax, UK).

Statistical analysis

Two cheeses for each strain were used
for each analysis. The data used for the
statistical analysis were the means of
these two replicates.

Data from urea-PAGE gels of the pH
4.6-insoluble fractions were analysed
using multivariate statistical analysis.
Similar bands in the urea-PAGE gels
were recognised visually as described by
McSWEENEY et al. (1994) and the peak
volume of corresponding bands were
used as data for cluster analysis (CA).
Data from RP-HPLC of the pH 4.6-sol-
uble fractions were analysed using CA
to evaluate the effect of the single-strain
starters. Data for the statistical analy-
sis of the RP-HPLC chromatograms were
obtained by visually recognising sim-
ilar peaks in the chromatograms and
using peak heights as variables as de-
scribed in PRIPP et al. (1999). The peak
heights were obtained by converting
the corresponding chromatogram to an
ASCII file. CA was performed by using
Euclidean distance without standard-
ising the variables. Statistical analyses
were performed using Statistica for Win-
dows (StatSoft for Windows Ver. 7, Tul-
sa, OK, USA).

Ital. J. Food Sci. n. 1, vol. 20 - 2008 61



RESULTS AND DISCUSSION
Compositional analysis

After 30 days of ripening, the range of
compositional parameter values of all the
cheeses analysed were: 56-57% mois-
ture, 1.5-1.6% salt and pH 5.11. These
values are close to those of Toma Pie-
montese cheese (moisture 46-54%, salt
0.8-3.5 and pH 5.00-5.52) (AMBROSOLI
et al., 1998).

Urea-PAGE

Urea-PAGE electrophoretograms of
the pH 4.6-insoluble fractions of cheese
samples after 30 days of ripening are
shown in Fig. 1. The peptide profiles ob-
tained by the urea-PAGE were the result
of the direct effects of the rennet and in-
digenous milk enzymes and the effects of
PH on the activities caused by some indi-

TB TOTB A TATATB TB A A T8
st 16 11 27 25 1.4 25 21 22 24 16 28

S

S

Y~CN (B-CN f 106-209)
1~CN (B-CN f 20-209)

15~CN (B-CN f 108-209)
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A TA TB TB TC A TA TA A TC TA TA
st 1821 14 19 1 1182.22421 6 11 34 st

rect effects of the strains used as start-
er. The lactic acid bacteria used as start-
ers had different acidification kinetics
that resulted in different final pH values
in the cheeses in which they were used
as starters (Table 1). These differences
in pH affected the breakdown of the ca-
seins. The patterns of proteolysis were
almost identical in all the cheeses. It can
be seen that neither B-casein nor o -
casein were degraded very extensively.
The cheese made with the Lactobacillus
paracaseiTA1.4 and Streptococcus mace-
donicus TA 3.4 strains showed the high-
est degradation of B-casein followed by
those made with Lactococcus lactis sub-
sp. lactis TA 2.5 and Streptococcus mac-
edonicus TA 3.5. These cheeses had a
pH of 5.30, 5.29, 5.25 and 5.24, respec-
tively, which would have favoured plas-
min action. With respect to y-caseins,
the polypeptides produced by the ac-
tion of plasmin on B-casein, y,-casein
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Fig. 1 - Urea-polyacrylamide gel electrophoretograms of miniature Toma Piemontese cheeses made by
using different single strains of indigenous bacteria after 30 days of ripening. st = standard Na-ca-

seinate.
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Table 1 - pH value of the cheeses made by using single starter strains of lactic acid bacteria after 30

and 60 days of ripening.

Strains A113 A118 A120 B118 A18 TO11 TA25 TB24 A21 TA12 TB14 TB19
30 daysripening  5.16 511 524 502 505 490 525 519 512 514 509 5.09
60 days ripening  5.08 504 508 491 504 490 504 506 511 503 508 486
Strains TC6 TA34 TA22 TA33 A16 A11 A14 A25 TA21 TA24 TB21 TB22
30daysripening 5.13 529 511 519 504 520 516 501 506 511 502 5.02
60 days ripening 506 510 510 525 503 515 516 500 504 509 501 500
Strains TB2.6 TB27 TB2.8 TC1 TC8 A23 A24 TA11 TA3.1 TA35 TA14

30 daysripening 486 493 504 509 523 516 503 514 525 524 530

60 daysripening 486 4.90 503 509 510 514 501 512 520 522 517

was present at low concentrations in all
the cheeses except for the one made us-
ing the Lactococcus lactis subsp. lactis
TA 1.2 strain. y,-Casein was present in
the highest concentrations in 26 chees-
es of the 35 cheeses analysed, most of
which were made using Lactococcus lac-
tis subsp. lactis. y,-Casein was present in
the highest concentrations in 8 cheeses
which were produced by using the Lac-
tococcus lactis subsp. lactis A 1.4, A 2.3,
TB 2.4, A 1.1, Streptococcus macedoni-
cus TA 3.1, TA 3.5, B 1.18 and Lacto-
bacillus casei subsp. rhamnosus TA 3.3
strains. A faint band that correspond-
ed to B-I-casein (B-CN f 1-192), derived
from the action of chymosin on B-casein,
was present in the electrophoretograms
of all the cheeses.

The cheeses made using Lactococcus
lactis subsp. lactis TA2.5, A 1.4, TB 2.4
and Streptococcus thermophilus A 2.3
strains were characterised by the highest
degradation of o, -casein. In all the elec-
trophoretograms, the band correspond-
ing to the o -I-casein (o -CN f 24-199),
which is the product of rennet action on
o, -casein, was present. The highest con-
centrations of this peptide were obtained
with Lactococcus lactis subsp. lactis TA
2.5, TB 2.4, Lactococcus lactis subsp.
cremoris A 1.8 and Streptococcus mace-
donicus TB 1.4 strains. In all the chees-
es, other peptides (marked as z o_-CN
on the electrophoretograms shown in

Fig. 1) were present with electrophoret-
ic mobilities that were faster than o -
I-casein; they may have been derived
through the action of rennet and indig-
enous milk proteinases.

Urea-PAGE electrophoretograms of
the pH 4.6-insoluble factions of cheese
samples after 60 days of ripening are
shown in Fig. 2. After 2 months of rip-
ening, the B-casein was less hydrolysed
than o -casein. Many authors have dis-
cussed the fact that B-casein is more re-
sistant to hydrolysis than o, -casein dur-
ing ripening (FOX et al., 1993; SARANTI-
NOPOULOS et al.,, 2002; HAYALOGLU et
al., 2004; FALLICO et al., 2006). y,-Casein
was present in the highest concentration
among the y-caseins in all cheeses ex-
cept those that were made using Lacto-
coccus lactis subsp. lactis TB 2.8 and TC
1 in which y,-casein and y,-casein were
present in the highest concentrations,
respectively. Moreover, all the cheeses
were characterised by a faint band cor-
responding to B-I-casein (B-CN f 1-192).
With respect to o -casein, all the 60-
day-old cheeses were characterised by
a greater amount of hydrolysis than the
30-day-old cheeses. The strains that de-
graded this casein the most were Lacto-
coccus lactis subsp. lactis A 2.5, TA 2.5,
TB 2.1, TB 2.4 and Streptococcus ther-
mophilus A 2.3. The cheeses that con-
tained the highest concentrations of o -
I-casein (o -CN f 24-199) were those
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Fig. 2 - Urea-polyacrylamide gel electrophoretograms of miniature Toma Piemontese cheeses made by
using different single strains of indigenous bacteria after 60 days of ripening. st = standard Na-ca-

seinate.

that were made by using Lactobacillus
paracasei TO 1.1, Lactobacillus fermen-
tum TA 2.2, Streptococcus thermophilus
B 1.18, Lactococcus lactis subsp. cremo-
ris and Lactococcus lactis subsp. lactis
TB 2.6 and A 1.20. In all the cheeses,
high levels of other peptides were present
(marked as z o, -CN on the electrophore-
tograms shown in Fig. 2) that had elec-
trophoretic mobilities that were faster
than o -I-casein. These may have been
derived from the action of rennet and in-
digenous milk proteinases.

The results of the CA of the peak vol-
umes of the bands on the electrophore-
tograms of the cheeses after 60 days
of ripening divided the strains into two
groups as shown in the dendrogram in
Fig. 3. The first group was made up of 18
Lactococcus lactis subsp. lactis, 2 Lacto-
coccus lactis subsp. cremoris, 2 Strepto-
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coccus macedonicus, 1 Lactobacillus pa-
racasei and 1 Streptococcus thermophil-
us strain. The second group was made
up of 3 Lactococcus lactis subsp. lactis,
3 Streptococcus macedonicus, 2 Strepto-
coccus thermophilus, 1 Lactobacillus fer-
mentum, 1 Lactobacillus paracasei and
1 Lactobacillus casei subsp. rhamnosus
strain. The cheeses made using strains
belonging to the first group were char-
acterised by a greater degradation of the
o, -casein compared to cheeses made us-
ing strains from the second group that
were characterised by a greater degra-
dation of B-casein.

RP-HPLC
The results of a multivariate statisti-

cal analysis of the pH 4.6-soluble frac-
tions of the 30-day-old cheeses, based



on the height of 35 peaks, divided the
strains into two groups as shown in the
dendrogram in Fig. 4. The first group
was composed of 5 Streptococcus mac-
edonicus strains, 4 Lactococcus lac-
tis subsp. lactis, 2 Streptococcus ther-
mophilus, 1 Lactobacillus paracasei, 1
Lactobacillus fermentum and 1 Lacto-
bacillus casei subsp. rhamnosus strain.
The second group was composed of 17
Lactococcus lactis subsp. lactis strains,
2 Lactococcus lactis subsp. cremoris, 1
Streptococcus thermophilus and 1 Lacto-
bacillus paracasei strain. RP-HPLC chro-
matograms of the pH 4.6-soluble frac-
tions from the 30-day-old miniature
Toma Piemontese cheeses made using
Lactococcus lactis subsp. lactis A 1.1

(belonging to the first group) and Lac-
tococcus lactis subsp. lactis A 1.6 (be-
longing to the second group) as starter
are shown in Fig. 5. The peaks that were
recognised and used as variables in the
multivariate statistical analysis are in-
dicated. The two groups were character-
ised by large differences in the heights of
peaks 1,6,16,25,26 and 27. The highest
peaks of the strains belonging to the first
group were peaks 3,4,5,8,10-13,15-18
and 20-29. Most of these peaks were
eluted in the chromatogram at reten-
tion times from 40 to 55 min and hence
were principally large hydrophilic pep-
tides (GONZALEZ DEL LLANO et al.,1995;
PAVIA et al., 2000). The second group,
principally made up of Lactococcus spp.,
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Fig. 3 - Dendrogram from cluster analysis of data obtained from urea-polyacrylamide gel electrophore-
tograms of pH 4.6-insoluble fractions of the cheeses made by using different single strains of indige-

nous bacteria after 60 days of ripening.
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was characterised by the highest values
for peaks 1,2,6,7,9,14,19, and 30-35.
These peaks were eluted in the first and
last parts of the chromatogram at re-
tention times that were lower than 35
min or higher than 55 min and hence
were comprised principally of amino ac-
ids and hydrophilic peptides and hydro-
phobic peptides, respectively (GONZALEZ
DEL LLANO et al.,1995; POVEDA et al.,
2003; HAYALOGLU et al., 2004).

The CA of the pH 4.6-soluble fractions
of the 60-day-old cheeses, based on the
heights of 48 peaks, grouped the strains
in the same way as for 30 day-old chees-
es except for the Lactococcus lactis sub-
sp. lactis TB 2.4, Lactococccus lactis sub-
sp. lactis TA 2.5 and Streptococcus mac-
edonicus TB 1.9 strains as shown in

the dendrogram in Fig. 6. The RP-HPLC
chromatograms of the pH 4.6-soluble
fractions from the 60-day-old miniature
Toma Piemontese cheeses made using
Lactococcus lactis subsp. lactisA 1.1 (be-
longing to the first group) and Lactococ-
cus lactis subsp. lactis A1.6 (belonging to
the second group) as starter are shown
in Fig. 7. The peaks that were recog-
nised and used as variables in the mul-
tivariate statistical analysis are indicat-
ed. The two groups were characterised
by a notable difference in the heights of
peaks 1, 4, 5, 10, 11, 13, 16, 18, 20, 21,
22,26, 27,29 and 34-40. The strains be-
longing to the first group were clustered
because of the high values of peaks 27
and 37-39 relative to the strains belong-
ing to the second group. Moreover, the
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strains that formed the second group
were clustered because of the high val-
ues of peaks 1,4,5 and 13.

Individual free amino acids
Proteolysis in the cheeses was also

monitored by determining the levels
of individual free amino acids (FAAs)

as shown in Fig. 8. The principal FAAs
present in 60-day-old cheeses were Leu,
Glu, Phe, His and Lys. Cheeses made
using the Lactococcus lactis subsp. lactis
strains had the highest concentrations
of Leu, Phe, His, Lys, Cys, Met, Ser, Met,
Thr and Ile. The cheeses made using Lac-
tococcus lactis subsp. cremoris strains
had the highest concentration of Val
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Fig. 5 - RP-HPLC profiles of pH 4.6-soluble fractions of miniature Toma Piemontese cheese made by us-
ing the strains Lactococcus lactis subsp. lactis A 1.1 and A 1.6 after 30 days of ripening.
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and Gly and the lowest concentrations
of Arg. The cheeses made using Strep-
tococcus macedonicus strains had the
lowest concentrations of Lys while those
made using Streptococcus thermophilus
strains had the lowest concentrations
of Gly. The cheeses made using Lacto-
bacillus paracasei strains were charac-
terised by the lowest concentrations of
Thr while that made using Lactobacil-
lus casei subsp. rhamnosus strain was
characterised by the highest concentra-
tions of Glu, Asp and Arg and the low-
est concentrations of Pro and Met. The
cheese made using Lactobacillus fermen-
tum strain had the lowest concentrations
of Arg, Thr, Ser, Cys, Met, Ile, Leu, Tyr,
Try, Phe, His, Arg and Pro. The results

of the CA of the FAA data showed that
the strains were divided into two groups
as shown in the dendrogram in Fig. 9.
The first group was made up of 16 Lac-
tococcus lactis subsp. lactis strains and
1 Lactococcus lactis subsp. cremoris
strain. The second group was made up of
6 Streptococcus macedonicus strains, 5
Lactococcus lactis subsp. lactis, 3 Strep-
tococcus thermophilus, 1 Lactococcus lac-
tis subsp. cremoris, 1 Lactobacillus ca-
sei subsp. rhamnosus and 1 Lactobacil-
lus fermentum strain. The two groups
were characterised by marked differ-
ences in the levels of Leu, Glu, Phe, His,
Val, Lys and Pro. The cheeses made us-
ing the strains belonged to the second
group were characterised by the high-
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est concentrations of all the FAAs except
Ala. Starter peptidases are responsible
for the production of amino acids (Mc-
SWEENEY et al., 1993; LANE and FOX,
1996; CORSETTI et al., 1998). The lev-
els of free amino acids liberated varied
due to differences in the enzyme sys-
tems of the single strains and the fac-
tors that influence their level of autol-
ysis during cheese ripening (WILKIN-
SON et al., 1994a,b; KUNJI et al., 1996;
CHRISTENSEN et al., 1999; SAVIJOKI et
al., 2006). Other researchers have stud-
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ied the effect of single strains of lactic
acid bacteria on the production of FAAs.
O'DONOVAN et al. (1996) studied the au-
tolytic properties of three Lactococcus
strains during cheese ripening. Their
research showed that the concentra-
tion of FAAs increased in all the chees-
es during ripening and that Glu, Leu,
and Lys were the major FAAs present at
all of the ripening stages. HYNES et al.
(2001) studied the effect of adding Lacto-
bacillus plantarum to different strains
of starter bacteria in the production of
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Fig. 7 - RP-HPLC profiles of pH 4.6-soluble fractions of miniature Toma Piemontese cheese made by us-
ing the strains Lactococcus lactis subsp. lactis A 1.1 and A 1.6 after 60 days of ripening.
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a washed-curd cheese similar to Saint-
Paulin. This study found that Glu, Leu
and His were the major FAAs present in
cheeses produced with or without the
addition of lactobacilli. Cheeses made
with the adjunct had higher concentra-
tions of FAA than those made without
the adjunct.

MICHAELIDOU et al. (2003) studied
the effect of a commercial adjunct cul-
ture on proteolysis in Feta cheese. The
results of their research showed that
when strains of Streptococcus ther-
mophilus and Lactobacillus delbrueckii
were added to the normal starter used
for cheese production, the level of indi-
vidual FAAs increased and Leu, Phe and
Lys were present in the highest concen-
trations. HAYALOGLU et al. (2004) stud-
ied the effect of defined strains of Lacto-
coccus on proteolysis in Turkish white-
brined cheese and found that Leu, Glu,
Phe and Lys were the major FAAs pro-

3500 ~

3000

duced by the different strains. POVE-
DA et al. (2004) studied the free amino
acid content in Manchego cheese man-
ufactured with different starter cultures
and reported that during cheese ripen-
ing Glu, Leu, Phe and Lys were present
in the highest concentrations. The lev-
els of these FAAs were higher in cheese
made with a defined strain-starter or
with a defined strain-starter with an ad-
junct culture than in cheese made using
the commercial starter composed of two
strains of Lactococcus lactis.

CONCLUSION

The use of different strains of in-
digenous bacteria significantly influ-
enced proteolysis directly and indirect-
ly. The results of the urea-PAGE of the
pH 4.6-insoluble fractions of the cheeses
were similar at 30 days of ripening but
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Fig. 9 - Dendrogram from cluster analysis of data obtained from the free amino acid analysis of the
cheeses made by using different single strains of lactic acid bacteria after 60 days of ripening.

were very different after 60 days of rip-
ening. Peptide profiles of the pH 4.6-sol-
uble fractions indicated that each strain
of indigenous bacteria contributed in a
different way to the formation of vary-
ing levels of peptides. The different spe-
cies produced different amounts of the
free amino acids. The results of the CA of
data obtained after 60 days of ripening,
according to the urea-PAGE and the RP-
HPLC, showed that the strains were in
two groups made up of the same strains
except for the strain Streptococcus mac-
edonicus TB 1.4.

The data obtained from this study
combined with those from other stud-
ies could be used to develop new de-
fined-strain starter cultures that could
be used in the production of Toma Pie-
montese cheese.
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