
TEXTURAL AND CHEMICAL CHANGES DURING RIPENING OF
PORT SALUT ARGENTINO LIGHT CHEESE WITH MILK PROTEIN
CONCENTRATE AFTER LONG FROZEN STORAGE PERIOD
IVANA C. ALBERINI, MARIA E. MICCOLO and AMELIA C. RUBIOLO1

Group of Food Engineering and Biotechnology, INTEC, Colectora Ruta Nacional 168, km 472.5, Paraje “El Pozo” S/N, Parque Tecnológico Litoral
Centro, INTEC I, Santa Fe S3000GLC, Argentina

1Corresponding author.
TEL: +54-342-4511546;
FAX: +54-342-4511079;
EMAIL: arubiolo@intec.unl.edu.ar

Received for Publication September 30, 2014
Accepted for Publication December 19, 2014

doi:10.1111/jfpp.12438

ABSTRACT

Texture of a Port Salut Argentino light cheese with milk protein concentrate after
5 months of frozen storage was studied. Behavior of dynamic rheological mea-
surements during ripening time (6, 20, 33, 47 and 68 days) with maturation index
was analyzed. At 68 days of ripening, moisture decreased by 11% and total nitro-
gen content increased by 25% in frozen cheeses with respect to control cheeses.
Between 6 and 68 days of ripening, maturation index was higher for frozen (17.8–
29.1) than control cheeses (4.4–11.6). G′ was higher than G″ showing that elastic
behavior was dominant. During ripening, these parameters decreased in control
cheeses, but increased in frozen cheeses. According to power law model param-
eters, elastic properties were more sensitive to changes with frequency. Coefficient
a was significantly affected for both freezing process and ripening time, coefficient
b only by freezing process. Long frozen storage period affected significantly the
physicochemical and textural characteristics.

PRACTICAL APPLICATIONS

Texture is important to the consumer to determine the quality and preference of a
cheese variety. The effect of freezing on physicochemical and rheological proper-
ties of cheeses was widely studied due to its importance over the texture. Freezing
can be a useful methodology to transport cheeses to long-distance commercial
places without any modifications. This paper focuses on textural changes of Port
Salut Argentino light cheese with milk protein concentrate after a long frozen
storage period (5 months) and during the ripening time (expressed as maturation
index). Relations between the power law parameters obtained from rheological
measurements with maturation time were studied. Similar textural characteristics
can be obtained during ripening after thawing for increasing commercial demand.
The obtained results can be important to obtain equal cheese characteristics after
being transported in frozen state.

INTRODUCTION

Texture is determinant of quality and preference by the con-
sumer. Lawrence et al. (1987) identified two distinct phases
in the development of cheese texture. During the first time
(7–14 days), in soft cheeses, the relatively rapid hydrolysis of
the αs1-casein to the soluble αs1-I-casein fraction by the
residual coagulant enzymes reduces the rubbery texture of
the cheese. The rest of the ripening involves a slower prote-
olysis by the coagulant enzymes, the native milk proteases

and the released enzymes by the starter bacteria (Fox 1989).
The chemical and physical changes that occur during ripen-
ing cause the body of the freshly cheese to lose its firmness,
toughness and curdy texture (Tunick 2000). Cheese texture
may also vary with a change in the physical state of the fats
that are already present in the cheese (Watkinson et al. 1997;
Dufour et al. 2000). In different cheese varieties, changes in
moisture content, salt concentration, pH, fat and protein
contents may affect cheese texture (Verdini and Rubiolo
2002a). Cheeses with high protein content, and therefore
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larger amount of casein, generate more water-soluble nitro-
gen during proteolysis, which contributes to flavor. From a
commercial perspective, an understanding of tangible
changes that occur during ripening could assist quality
control and product development.

According to Lucey et al. (2003), all the textural charac-
teristics of the cheese are a combination of measurable
rheological properties. Increases in firmness, hardness, and
elastic texture, and an increase in viscoelasticity, in cheeses
with low fat/protein relation are commonly observed
(Bryant et al. 1995; Ustunol et al. 1995). Specifically, as the
fat content of cheese is lowered, moisture content increases
and protein plays a greater role in texture development. To
counter this, the moisture in nonfat substance of cheese is
generally equal to that in full-fat cheese (Mistry and
Anderson 1993). According to Mistry (2001), this behavior
is related to the low-fat cheese manufacture employed,
which leads to a lower retention of chymosin and lower
plasmin activity.

Dynamic testing using small oscillatory deformations is
one of the most important and fundamental methods for
determining rheological properties of viscoelastic materials,
and it has been used extensively to analyze the structure of
cheese (Diefes et al. 1993; Ak and Gunasekaran 1996;
Subramanian and Gunasekaran 1997a,b).

The continuous protein matrix has an open structure
with dispersed fat globules, and the nature of this network
determines fracture and rheological properties and the vis-
coelasticity of the cheese (Ustunol et al. 1995).

Freezing has been cited as an effective and traditional way
of preserving cheese color, flavor, and nutritive value, and to
extend the shelf life of dairy products (Lück 1977).
However, it is only moderately effective for preserving
cheese texture because it tends to affect the structural char-
acteristics (Fennema 1972). The breakdown of the casein
network could be generated by the ice crystal formation and
freeze concentration produced during freezing process. Fur-
thermore, freezing can damage the starter cells and the
native structure of enzymes, liberating proteolytic enzymes
to the media with almost different activity. These phenom-
ena could increase the maturation index of cheeses as was
reported by Graiver et al. (2004), Lück (1977) and Verdini
et al. (2005).

The effect of freezing on physicochemical and rheological
properties of several varieties of full-fat or traditional
cheeses was investigated in previous publications (Califano
and Bevilacqua 1999; Verdini et al. 2002, 2003, 2005; Graiver
et al. 2004).

Meza et al. (2011), who worked with a low-fat soft cheese
containing microparticulated whey proteins as fat replacer,
reported that the freezing process contributes to the vis-
coelastic behavior during the ripening, improves the struc-
tural characteristics and extends the shelf life of the cheeses.

Cheeses with high protein content, characteristics like
firm structure and low protein breakdown during ripening
time, could help reduce the effect of freezing process and
improve the viscoelastic characteristics (Fennema et al.
1973).

Milk protein concentrate (MPC) is a substance obtained
by the removal of nonprotein constituents from pasteurized
skim milk, so that the final product has a percentage of
protein higher than 38%. Because protein and lactose levels
are related, the more the protein content, the less the lactose
content. The main features of this product are low lactose
concentration, high content of calcium, excellent thermal
and emulsion stability, besides the high nutritional value
and its functionality. The MPC can be produced by physical
methods such as precipitation, filtration (ultrafiltration)
and dialysis. MPC is used in the manufacture of cheeses
with skim milk to increase the protein and solid contents,
and counteract the high water content of this kind of
cheese.

The aim of this work was to analyze the texture of Port
Salut Argentino light cheese with addition of MPC after a
long freezing storage period (5 months) by rheological mea-
surements during ripening time, and study the behavior of
these parameters with maturation index.

MATERIALS AND METHODS

Cheeses: Freezing and Sampling Processes

Commercial reduced fat Port Salut Argentino cheeses were
manufactured at a local factory (SanCor, Sunchales, Santa
Fe, Argentina) by rennet coagulation, with addition of
MPC. Square cheeses of 30 cm side and 7 cm high, in a
heat-shrinkable plastic packing, were brought to the labora-
tory on ice bins for study and were randomly separated in
two groups. One group of 12 cheeses was stored in a TABAI
Comstar PR 4GM chamber (TABAI Espec Corp., Osaka,
Japan) at –18C for 5 months, and then thawed at 8–10C and
was stored at this temperature for ripening (frozen cheeses).
The other group of 12 cheeses was stored under the usual
conditions at 8–10C, and was used as control cheeses.

Physicochemical Analysis

Sampling procedure was performed in duplicate as
described by Meza et al. (2011). From the original cheese it
was obtained a central rectangular piece (7 cm × 7 cm ×
30 cm) that was divided in three pieces. A central cubic
piece of 7 cm wide was used in physicochemical analysis,
and from the others two rectangular pieces were obtained
the slices for rheological analysis (Fig. 1). Samples from
both control and frozen cheeses were taken at different rip-
ening times by duplicate, 6, 20, 33, 47, 68 and 100 days,
using this procedure.
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Moisture content was measured with a microwave oven
CEMAVC 80 and initial fat content was determined using
standard procedures (AOAC 1990; IDF 1969). With a proto-
col developed by Kuchroo and Fox (1982) and modified by
Verdini and Rubiolo (2002a), water-soluble fraction at pH
4.6 was extracted to determine the water-soluble nitrogen
(SNpH4.6). Total nitrogen (TN) and water-soluble nitrogen
(SNpH4.6) content were determined using a micro-Kjeldahl
method with the same equipment previously used by Meza
et al. (2010). Maturation index was expressed as a percent-
age of the SNpH4.6 to the TN, according to Eq. (1). All analy-
ses were made in triplicate:

MI
SN

TN
= ×( )pH4 6 100. (1)

where MI is the maturation index, SNpH4.6 is the pH 4.6
water-soluble nitrogen content, and TN is total nitrogen
content.

Rheological Analysis

Dynamic Rheological Measurements. Dynamic rheo-
logical testing is normally performed by imposing a sinusoi-
dally varying strain and measuring the resulting stress in the

sample. The amplitude of strain is usually kept small to stay
within a linear viscoelastic region (Ferry 1980).

Measurements were performed using a stress-controlled
rheometer RheoStress 80 (Haake Inc. Instruments,
Karlsruhe, Germany) with a plate-plate geometry test
fixture (diameter: 20 mm; gap: 2.5 mm). Strain sweeps
(0.001–0.1) at a frequency of 62.8 rad/s and at 20C were
carried out to determine the linear viscoelastic region. Fre-
quency sweeps (0.0628–62.8 rad/s) in the linear viscoelastic
region at 20C and a constant strain of 0.005 were used to
measure the rheological parameters: elastic modulus (G′),
viscous modulus (G″), complex modulus (|G*|) and tangent
of phase angle (tan δ). All rheological tests were made in
duplicate for each sample. For rheological testing, disks of
20-mm-diameter and 2.5 mm were cut with a borer from
the cheese slices.

Rheological Parameters. Frequency (ω) dependence of
G′ and G″ at 20C of cheese samples was modeled with
power law Eqs. (2) and (3) (Steffe 1992):

′ = ×G a xω (2)

′′ = ×G b yω (3)

FIG. 1. SCHEMATIC REPRESENTATION OF
THE SAMPLING OF PORT SALUT
ARGENTINO LIGHT CHEESES WITH MILK
PROTEIN CONCENTRATE (MPC)
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where coefficients a and b represent the magnitude of G′
and G″ at a frequency of 1 rad/s, and exponents x and y rep-
resent the slopes of the linear relationships between
modulus and frequency.

Statistical Analysis

Analysis of variance (ANOVA) and Tukey’s HSD (honest
significant difference) of multiple ranks were applied when
the effect of the factors was significant (P < 0.05). The
corresponding rheological parameters derived from power
law equations were determined using linear regression.
The complete statistical analysis was carried out using
Statgraphics (Statgraphics Inc., Rockville, MD).

RESULTS AND DISCUSSION

Physicochemical Properties

The initial pH, moisture, fat and TN contents of cheeses
were 5.35, 56.08 ± 0.14%, 12.81 ± 0.09% and 25.22 ± 0.39%,
respectively. Fat content and pH remain almost constant
over the ripening time, even after frozen storage. Changes in
moisture and TN content at different ripening time for
control and frozen cheeses are shown in Table 1.

Moisture content changes significantly in frozen cheeses
over the studied ripening period, being higher for control
than frozen cheeses. The moisture content of frozen cheeses
decreased at 2–7% with respect to control cheeses between 6
and 47 days, and 11% at 68 days of ripening. After 100 days
of frozen storage period, water was not retained in cheese
matrix upon thawing, causing the decrease in moisture and
the consequent TN increment.

Because 100 days is a very long ripening time, usually
not employed in the market for this kind of cheese, those
values at this period were not included into statistical
analysis.

Comparison between SNpH4.6 with TN throughout the
ripening time for control and frozen cheeses is shown in
Fig. 2. The TN content changes significantly between 6 and
68 days in both control and frozen cheeses. Because frozen
cheeses lost more water and had lower moisture content,
they presented 12–25% more TN content than control
cheeses. In control and frozen cheeses, SNpH4.6 content

TABLE 1. CHANGES IN MOISTURE AND TOTAL NITROGEN (TN)
CONTENTS DURING RIPENING FOR A COMMERCIAL PORT SALUT
ARGENTINO LIGHT CHEESE CONTAINING MILK PROTEIN
CONCENTRATE*

Ripening
time (days) Treatment

Moisture content
(%w/w)

Total nitrogen,
TN (%w/w)

6 Control 56.78 ± 0.82h 24.48 ± 0.87a

20 55.64 ± 0.43g,h 25.75 ± 0.49a,b

33 55.45 ± 0.94f,g,h 25.03 ± 0.43a,b

47 55.52 ± 0.44f,g,h 26.76 ± 1.05a,b

68 55.99 ± 0.06f,g,h 26.85 ± 1.03b

100 55.64 ± 0.01 28.72 ± 1.59
6 Frozen 53.69 ± 0.22f 27.80 ± 2.47c

20 51.62 ± 1.02e 29.71 ± 2.14c,d

33 54.08 ± 0.46f,g 29.50 ± 1.01c,d

47 51.45 ± 1.19e 29.89 ± 1.42c,d

68 49.96 ± 1.99e 33.47 ± 4.78d

100 47.97 ± 0.46 34.98 ± 1.01

* Mean values and standard deviations of three replicates. Means
within a column with the same superscript letters are not significantly
different (P < 0.05).

FIG. 2. CHANGES IN TOTAL NITROGEN
(TN) AND 4.6 WATER-SOLUBLE NITROGEN
(SNpH4.6) CONTENTS WITH RIPENING
TIME FOR FROZEN AND CONTROL
CHEESES
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increase, however, did not change statistically during ripen-
ing time. Even with that behavior, SNpH4.6 content was sig-
nificantly higher for frozen cheeses.

Bertola et al. (1996), who worked with a low-moisture
mozzarella cheese, reported that frozen cheese matrix may
be more susceptible to primary proteolysis, because freezing
process can damage starter cell liberating high amounts of
proteolytic enzymes, increasing the soluble nitrogen
content. The SNpH4.6 fraction contains peptides and free
amino acids produced by the action of coagulating enzymes
that hydrolyze preferentially αS1-casein rather than β-casein
(Bertola et al. 1991). Graiver et al. (2004) studied samples of
low-moisture mozzarella cheese and reported higher values
of SNpH4.6 content in samples that were frozen before ripen-
ing. They found higher SNpH4.6 concentration at the initial
time produced by the freeze-thaw cycle, probably by the
damage caused by ice crystals on the protein network,
which favors the action of enzymes.

Figure 3 shows the maturation index for control and
frozen cheeses. Between 6 and 68 days of ripening, the
maturation index was much higher for frozen (from 17.8 to
29.1) than control cheeses (from 4.4 to 11.6). This behavior
was expected by the higher SNpH4.6 contents of frozen
cheeses, increasing the relation between SNpH4.6 and TN, and
therefore higher maturation index. Meza et al. (2010, 2011)
reported for low-fat soft cheeses held in frozen storage for
33 days, a maturation index from 4.1 to 13.0 at 1 and 76
days of ripening, respectively, and no significant moisture
differences. On the other hand, Verdini et al. (2002) studied
two sampling zones (central and external) of a commercial
Port Salut Argentino cheese with 30 days on frozen storage:
a maturation index from 7 to 17 for 1 and 56 days of ripen-
ing in the central zone, and from 6 to 13 for the same days

in the external zone. The outcomes obtained in this study
showed that the long frozen storage period has a significant
difference with the proteolysis, increasing SNpH4.6 and matu-
ration index, and also decreasing moisture, which enlarge
the difference between those values.

Region of Linear Viscoelasticity and
Mechanical Spectra

The experimental conditions used for Port Salut Argentino
light with MPC to determine the region of linear viscoelas-
ticity were the same as indicated by Meza et al. (2010, 2011).
Values of |G*| at any ripening time were not affected by the
applied stress at a frequency of 62.8 rad/s. The linear rela-
tionship between stress and strain applied indicates that
both control and frozen cheeses behaved as a linear vis-
coelastic material during dynamic tests. This result indi-
cated that the extent of the linear viscoelastic region used
was not affected by the freezing process.

The storage (G′) and loss (G″) modulus during 6, 33 and
68 days of F and C Port Salut Argentino cheeses were deter-
mined as a function of frequency at 20C (Fig. 4). Frequency
dependence of G′ and G″ (on log-log scale) was nearly
lineal in the range of 0.0628–62.8 rad/s for frozen and
control cheeses as reported by Meza et al. (2011).

The value of G′ was significantly greater than G″ at any
given frequency over the entire ripening period, indicating a
predominant elastic behavior for both control and frozen
cheeses. On the other hand, those values showed that when
the viscoelastic moduli are considered as a function of fre-
quency, a viscoelastic material behaves like a liquid at low
frequencies (Ferry 1980). G′ and G″ values decreased with

FIG. 3. CHANGES IN MATURATION INDEX
WITH RIPENING TIME FOR FROZEN AND
CONTROL CHEESES
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ripening time in the case of control cheeses. However, in
frozen cheeses, G′ and G″ increased with ripening time,
showing that the elastic behavior was more dominant. The
difference could be due to the disruption of fat globules and
proteolysis, the protein matrix is rearranged, and a more
compact texture is formed, containing aggregates of casein,
as reported by Karami et al. (2009) in an Iranian UF feta
cheese. Moreover, this process is enlarged in this case for the
MPC aggregated and the largest moisture loss.

From a structural viewpoint, graphs of ln (G′, G″) as a
function of ln ω do not exhibit changes in the slope when
changes within the gel network are reduced. In weak gels,
these slopes are positive, G′ being greater than G″ through-
out the frequency range (Rao 1999). The positive slopes for
ln (G′, G″) can be observed in Fig. 5 which are obtained for
control and frozen Port Salut Argentino light cheeses. For

control cheeses, the slopes, and also its changes with ripen-
ing time, were lower than in frozen cheeses, showing that
protein changes were increased in this last case.

Values of tan δ as a function of frequency (log-log scale)
of frozen and control cheeses at 6, 33 and 68 days of ripen-
ing are shown in Fig. 6. Tan δ is a value that compares the
amount of energy lost during a test cycle to the amount of
energy stored during this time (Ferry 1980). When tan
δ < 1, the elastic properties are predominant. In our study,
this parameter increased with ripening time showing values
between 0.31 and 0.51 for frozen cheeses and 0.26–0.52 for
control cheeses; that confirms the elastic properties of the
samples throughout the studied frequency range.

It was observed that with increasing ripening time, vis-
coelastic behavior is less dependent on frequency for control
and frozen cheeses.

FIG. 4. FREQUENCY DEPENDENCE OF G′ FOR G″ FOR CONTROL CHEESES (A) AND FROZEN CHEESES (B) AT 6, 33 AND 68 DAYS OF RIPENING

FIG. 5. LN (G′, G″) AGAINST LN Ω FOR CONTROL CHEESES (A) AND FROZEN CHEESES (B) AT 6, 33 AND 68 DAYS OF RIPENING
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Rheological Parameters

Rheological parameters obtained from power law equations
to analyze the frequency dependence of G′ and G″ of
control and frozen cheeses are shown in Table 2.

Coefficient a was higher than b for frozen and control
cheeses, showing that elastic properties were more sensitive
to changes with frequency than viscous properties. Coeffi-
cient a was significantly affected both by freezing process
and ripening time; however, coefficient b was only affected
by freezing process.

A significant increase in coefficients a and b in frozen
cheese at 68 days of ripening was observed (109.8 and

42.7 kPa, respectively). This could be related to the higher
loss of water content (moisture content of 49.96% at 68
days) that acts as a plasticizer between protein chains, giving
fluency to the protein network. According to Diefes et al.
(1993) who have studied on low-fat part-skim mozzarella
cheese that undergoes freezing, the local dehydration of
proteins causes breaks in protein structure and produces
small fat globules. The proteins become more compact or
interact, forming disulfide bridges around new fat globules.
Upon thawing, the proteins are unable to fully rebind water
and this leads to a harder and more elastic-solid cheese
structure with less free oil. Moreover, Bertola et al. (1996)
reported that crystal diameters increase during freezing

FIG. 6. FREQUENCY DEPENDENCE OF
TAN Δ (LOG-LOG SCALE) FOR FROZEN (F)
AND CONTROL (C) CHEESES AT 6, 33
AND 68 DAYS OF RIPENING

TABLE 2. RHEOLOGICAL PARAMETERS FROM POWER LAW EQUATIONS FOR FROZEN AND CONTROL CHEESES OVER THE STUDIED
RIPENING TIME*

Ripening
time (days) Treatment a (kPa/s) x (–) R2 b (kPa/s) y (–) R2

6 Control 56.4 ± 13.1c,d 0.157 ± 0.003f 0.96 16.5 ± 3.5k 0.155 ± 0.003n 0.96
20 71.9 ± 19.4d 0.263 ± 0.028j 0.95 27.7 ± 7.4k 0.257 ± 0.019r 0.98
33 41.0 ± 8.8c 0.240 ± 0.031h,i,j 0.93 17.1 ± 3.6k 0.247 ± 0.024r 0.99
47 48.0 ± 9.2c,d 0.255 ± 0.018j 0.95 19.2 ± 3.2k 0.269 ± 0.015r 0.99
68 37.9 ± 6.5c 0.251 ± 0.013i,j 0.93 15.7 ± 2.7k 0.271 ± 0.013r 0.99
6 Frozen 62.4 ± 14.1c,d 0.193 ± 0.013f,g 0.97 20.8 ± 4.0m 0.195 ± 0.011p 1.00
20 61.4 ± 21.2c,d 0.200 ± 0.013g,h 0.97 23.5 ± 8.3m 0.198 ± 0.056p 0.99
33 63.3 ± 4.7c,d 0.199 ± 0.020f,g,h,i 0.98 22.8 ± 3.3m 0.195 ± 0.017p 0.99
47 57.2 ± 13.9c,d 0.190 ± 0.010f,g 0.97 20.5 ± 5.7m 0.199 ± 0.015p 1.00
68 109.8 ± 18.6e 0.211 ± 0.009g,h,i 0.99 42.7 ± 7.0m 0.204 ± 0.007p 1.00

* Mean values and standard deviations of two replicates. Means within a column with the same superscript letters are not significantly different
(P < 0.05).

I.C. ALBERINI, M.E. MICCOLO and A.C. RUBIOLO CHEESE TEXTURE AFTER LONG FROZEN STORAGE PERIOD

Journal of Food Processing and Preservation •• (2015) ••–•• © 2015 Wiley Periodicals, Inc. 7



process due to recrystallization, making more difficult the
relocation of water at the lipid-casein interface after
thawing, decreasing its lubricant effect and producing a
harder cheese structure. This effect seems to be stronger
after a long frozen storage.

Coefficients x and y of control cheeses increased signifi-
cantly from 6 to 20 days of ripening, and did not change
significantly between 20 and 68 days. According to Meza
et al. (2011), these results mean those viscous and elastic
moduli were more sensitive to changes with frequency
during the first stage of ripening, showing a lower degree of
structuring of the cheese matrix. However, for the frozen
cheeses, both x and y were almost constant over the studied
ripening period. This could be related to the degree of
structuring of the protein matrix that is higher when the
water content is low.

CONCLUSIONS

This work allowed the study of the influence of ripening
time and long frozen storage period over the textural char-
acteristics of Port Salut Argentino light cheese with addition
of MPC.

The high TN and SNpH4.6 content and the low moisture of
the frozen cheeses affected the structure of the matrix
cheese, not only increasing its maturation index but also
changing its texture according to the rheological behavior
observed. In the linear viscoelastic region, G′ and G″
increased with ripening time because the capacity of the
structure retention was reduced, a very different tendency
from control cheeses with its values decreased.

The long frozen storage period (5 months) caused impor-
tant changes in the moisture content, maturation index and
rheological parameters, affecting significantly the textural
characteristics and the common end use of this kind of
cheese.

A simple sensory analysis showed a hardened cheese even
at temperatures higher than ambient, that affect the melt-
ability. The MPC added did not reduce the effect of long
frozen storage period on the cheese matrix.
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