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The effect of freezing on the properties of a raw ewes’-milk semi-soft cheese (Serpa cheese) was
studied using small amplitude oscillatory (SAOS) and texture measurements, colour and chemical
parameters. The freezing was introduced at three different stages of the ripening process (28, 35 and
42 days), and the cheeses were maintained frozen for 12 months. Cheeses were submitted to a slow or
fast freezing method, and to different storage temperatures: —10 and —20 °C (three replicates for each
set conditions). Chemical data showed that only the proteolysis indicators exhibited differences
between frozen and non-frozen samples; frozen samples showed higher values of NPN than the
non-frozen samples, indicating that the freezing process did not prevent the secondary proteolysis of
cheese. Frozen samples showed a significantly (P<0-05) stronger structure than the non-frozen, as
indicated by hardness. However, the differences between the frozen and non-frozen samples were
not significantly for storage modulus (G'y14,) and loss tangent (tan &;,) (P>0-05). Freezing affected
mainly colour parameters: frozen samples were more luminous, and more yellow-green. The results
allowed us to conclude that the damages caused by freezing to cheese properties could be minimized
if this type of storage is introduced at the end of ripening (42 d) using a freezing temperature of

—20 °C.
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The seasonal nature of sheep milk production for the manu-
facture of traditional cheeses, and the high temperatures
recorded in southern European Mediterranean countries,
restrict the time for the production of these cheeses from
October to June. Furthermore, milk production increases
sharply in springtime and the sales peak of this type of
cheeses is in the winter time at Christmas (Tejada et al.
2002). Freezing can be a suitable procedure to overcome
this limitation, since it prolongs stability and shelf-life of the
cheese. However, Fennema (1972) pointed out the lack of
unanimity on the extent of damage to cheese caused by
freezing. Damage depends on the type of cheese involved
(composition, manufacturing procedures), the freezing con-
ditions and the parameters chosen to evaluate the damage.

Recently, some studies about freezing ewes’-milk cheeses
have been published. In these studies, the parameters
chosen to evaluate the impact of freezing on cheese char-
acteristics were: the fatty acid profiles (Zhang et al. 2006), the
compositional analysis (Tejada et al. 2002; Prados et al.
2006), the nitrogenous and protein fraction (Fontecha et al.
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1993; Tejada et al. 2002; Prados et al. 2006), the micro-
biological evaluation (Tejada et al. 2002; Prados et al. 2006),
the texture analysis (Bertola et al. 1996; Van-Hekken et al.
2005) and the sensorial evaluation (Tejada et al. 2000;
Prados et al. 2006). However, few authors have studied the
effect of freezing on viscoelastic behaviour of these cheeses.
Some of these authors argue that the variations that occur
during the freezing have little effect on the rheological
properties of the cheese (Van-Hekken et al. 2005; Ribero
et al. 2007), while others maintain that a cheese softening
can be observed in frozen cheeses, due to microbial lyses
and to the concomitant release of proteolytic enzymes
(Graiver et al. 2004).

“Serpa” is one of the most appreciated Portuguese raw
ewes’-milk semi-soft cheeses (RESS-cheese) and it is pro-
duced in the south-eastern region of Portugal, being an
important manufactured product, with high added value. Itis
a creamy, full fat (fat in dry matter between 45-60%) and
semi-soft cheese, originated from a slow curd syneresis after
coagulation with a vegetable rennet infusion from the flower
of the Cynara cardunculus L. plant. For the consumer, the
most important feature of RESS-cheeses is the creamy mouth
feel attribute.
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The structural properties of cheese can be described by its
viscoelastic behaviour and are mostly dictated by the
properties of the continuous network formed by the protein
crosslinks (Zalazar et al. 2002). Measurements using small
amplitude oscillatory stress (SAOS) allow the quantification
of the elastic and viscous contributions to the cheese
properties. Elastic response in cheese is primarily due to
the protein-protein bonds. In contrast, the viscous dissipa-
tion in cheese may be due to the lubrication effect of fat on
this matrix material (Park, 2007).

Cheese texture is affected by factors that determine
structure, such as milk composition, moisture content, salt,
pH and degree of proteolysis during ripening (Cunha et al.
2006). The hardness and storage modulus (G'y,) are the
most adequate indicators of the RESS-cheeses softening
process during ripening (Alvarenga et al. 2008) and these are
expected to be also important to detect some damage to
cheese caused by freezing.

The aim of this study was to assess the effect of freezing
on the chemical and physical properties of RESS-cheeses,
namely Serpa cheese, at different stages of its maturation
process (e.g. ripening), which will contribute to a selection
of freezing conditions that would minimize the damages
caused by this type of storage on the cheese properties.
Compositional properties, namely major components, pro-
teolyses indicators and pH, were determined in order to
evaluate the effect of freezing on the chemical character-
istics; colour and rheological measurements (SAOS and
hardness) were used to evaluate the effect on the physical
characteristics.

Materials and Methods
Experimental design

Serpa cheeses were manufactured from slow curd syneresis,
after raw ewes’ milk coagulation (30 °C/45 min) with a
C. cardunculus L. flowers infusion. The cheeses were made
from 200 | milk, obtained on the same day of milking. Salt
(ca. 1500 g/100 | milk) was added in two different phases of
the cheese production: half of the amount was added to the
milk and half was added to the curd, just before moulding.
The curd was pressed and subjected to ripening, performed
in two successive controlled rooms: two weeks of ripening
performed in a controlled temperature (8-9 °C) and relative
humidity (92-97%) room and, afterwards, in a second ripen-
ing room, at 10-13 °C and at 85-90% relative humidity
(Roseiro et al. 2003). Ripened cheeses have a cylindrical
shape with ca. 800 g each, 15 cm diameter and 5 cm height,
and develop a yellowish rind during the ripening process.
Ripening was interrupted, by freezing the samples, at
different stages: 28, 35 and 42 d of ripening. A group of
non-frozen samples were used as the control and analysed
immediately after the ripening process. The other cheeses
were maintained frozen for 12 months. After that, cheeses
were thawed at 4 °C during 3d. The samples that were
frozen at the 42 d of ripening were analysed immediately
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after the thawing process. The samples that were frozen with
an incomplete ripening process, at 28 and 35 d, were
transferred to a ripening room (10-13 °C/85-90%) in order
to complete the 42 d of ripening (for 14 and 7 d, respectively)
and after that, they were analysed.

Cheese samples were submitted to different freezing
methods (slow or fast), at two different storage temperatures:
—T10and —20 °C. The slow freezing method was carried out
in a normal freezer (—20 °C) and the fast freezing was
carried out in a forced convection ultra-freezer at —30 °C.
The samples were kept frozen using a long time span (12
months), which was anticipated to cause measurable
damage to the cheese properties. In each set of conditions,
three cheese replicates were used (n = 3).

The samples were codified as: NF, 10F28, 20F28, 10528,
20S28, 10F35, 20F35, 10S35, 20S35, 20F42 and 20542
(NF —non-frozen; 10 and 20 —frozen storage temperature,
—10 °C and —20 °C, respectively; F—fast and S-slow
freezing; 28, 35 and 42 —d of ripening). Due to an energy
failure in the facilities, the — 10 °C freezer stopped and the
samples T0F42 and 10542 were lost.

For colour and texture determinations, 1 cm layer of the
upper surface of each cheese was removed in order to
expose a homogeneous surface of the inside. When needed,
a cheese portion (approximately 0-15 kg) was removed and
preserved at 4 °C, in a Petri dish, to be promptly used in the
rheological measurements.

Chemical characterization

Moisture content and total nitrogen (TN) were determined
according to the Association of Official Analytical Chemists’
methods (AOAC, 1990), and were expressed in % (w/w). In
addition, pH was measured using a penetration electrode
(Metrohm, Switzerland) and fat content through the Van
Gulik method (ISO 3432, 1975). Water soluble nitrogen
(WSN) was quantified performing an aqueous extraction of
the N-components (Kuchroo & Fox, 1982), followed by
nitrogen determination using the micro-Kjeldahl method
using a Kjeltec System 1030 distilling + titration unit system
(Tecator, Hogands, Sweden). Non-protein nitrogen (NPN)
was determined by the N-component precipitation with a
trichloroacetic acid solution (1-2g kg™ ") and N determi-
nation of the filtrate (filter paper Whatman No. 42) using the
micro-Kjeldahl method (Freitas et al. 1997). Aminoacidic
nitrogen (AN) was determined by the ninhydrin method
(Pearce et al. 1988). Experimental data generated for the
various soluble nitrogen fractions were expressed as a
percentage of TN, and used as ripening indices: ripening
extension index, WSN%; ripening depth index, NPN%;
and free amino acid index, AN% (Férnandez-Salguero &
Sanjuan, 1999; Pereira et al. 2008). All chemical analyses
were performed in triplicate.

Dynamic rheology

Rheological measurements were performed at 20+1 °C
using a controlled-stress Rheometer RS-75 (Haake,
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Germany), with a parallel plate geometry of 20mm
diameter, serrated, in order to prevent slippage (Rosenberg
et al. 1995). A stress sweep determination was performed
on a different aliquot to ascertain linearity. All frequency
sweeps were conducted at a constant shear stress of 50 Pa
with oscillation frequencies ranging from 0-001 to 100 Hz in
three different samples (triplicate). The output of the rheo-
meter measurements was the variation of storage modulus
G’ (Pa), loss modulus G” (Pa), loss tangent tan & (G"/G') and
complex viscosity [n*| (Pa.s), as a function of the frequency
f (Hz). From the later, log o and b values were obtained by
logarithmic fitting of experimental data to the Power Law
according to Eq. 1 (Kasapis et al. 1997).

'l = ao™ (1)

The log o value is a function of the viscoelastic properties
that depends on the material consistency while the b value
reflects the dependency of viscoelastic properties on the
frequency variation.

Texture analysis

A texture analyser TAHDi (Stable Micro Systems,
Godalming, UK), equipped with a 250 N load cell, was
used to perform the texture analysis at 20+ 1 °C. The pro-
cedure was implemented by puncture with a 20 mm dia-
meter aluminium cylindrical probe, at a penetration depth
of 20 mm (the height of the sample was 50 mm), with a
crossed speed of 1mm s~' (Alvarenga & Sousa, 2001).
Texture measurements were performed in triplicate: one was
performed on the core and the two others were performed
closer to the rind of the cheese. Hardness values were
obtained from the force vs. time texturograms (Van-Hekken
et al. 2005).

Colour measurement

The colour analysis was performed using a colorimeter CR
300 (Minolta, Osaka, Japan). The L*, a* and b* colour
parameters were determined according to the CIELAB colour
space, using a standard white tile (L¥*=97-10, a*=—4-88,
b*=7-04) for calibration (Pinho et al. 2004). Colour measure-
ments were repeated ten times: five measurements in the
core and another five near the rind of the cheese.

Statistical analysis

The average and standard deviation values were deter-
mined. Experimental data were subjected to One-way
ANOVA (pairwise comparison of means with Scheffé test).
Two different multivariate exploratory techniques were
performed on the results: a principal component analysis
(PCA), to identify the key parameters describing data vari-
ability, and a cluster analysis which will allow the evaluation
of the impact of freezing on RESS-cheese characteristics. The
level of significance, chosen for variable selection, was 0-05.
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Data were analysed using STATISTICA 6.0 (StatSoft, Tulsa,
USA).

Results and Discussion
Impact of freezing on chemical properties

Considering the chemical properties of frozen and NF
cheese samples, one can observe that, in the majority of the
cases, freezing did not affect the major components of
cheese, like moisture, fat and TN (Table 1). These results are
in agreement with results reported earlier by other authors
who have studied the impact of freezing in cheese chemical
properties (Van-Hekken et al. 2005).

The nitrogen fractions of the different samples are related
to the enzymatic activity during the freezing period. With the
results from the nitrogen fractions (Table 1) we would be able
to understand if there was still some enzymatic activity
during the freezing period.

The WSN% fraction is a measure of the hydrolysis of
peptides soluble in water, irrespective of their size. Its value
has been traditionally regarded as a ripening index for
cheese, as it reflects the extent of proteolysis, allowing its use
as an indicator of the primary proteolysis (Férnandez-
Salguero & Sanjudn, 1999: Pereira et al. 2008). NPN% and
AN% fractions represent the depth of proteolysis, that is,
to what degree the proteins and peptides are being degraded
to intermediate- and small-sized peptides (2 to 20 amino
acid residues) or to amino acids, used as indicators of the
secondary proteolysis occurrence (Pereira et al. 2008). In
the majority of cases, no significant differences were found
for WSN% results obtained for NF and frozen samples
(P>0:05) (Table 1), with a primary proteolysis ranging
from 25-1 to 34-4% of TN. These values are similar to those
found by Sousa et al. (2001) and by Tavaria et al. (2003) for
Serra da Estrela cheese, a similar Portuguese raw ewes’-milk
semi-soft cheese. This evidences the fact that at 28d of
ripening, the shortest maturation time used in the exper-
imental design to introduce the freezing process, the primary
proteolysis process has already occurred to a greater extent.
Because of that, it is possible to conclude that, if the freezing
process is introduced after 28 d of ripening, it will not affect
significantly the primary proteolysis of Serpa cheese.

However, one of the indicators of the secondary proteo-
lysis, the NPN%, presented significant differences between
the NF and the frozen samples, with higher values in the
frozen samples (P <0-05) (Table 1), meaning that the freezing
process did not prevent the secondary proteolysis mechan-
isms from occurring; they continue to develop, as has been
previously reported by other authors which studied the
impact of freezing on proteolysis during cheese ripening
(Bertola et al. 1996; Tejada et al. 2002; Verdini et al. 2003;
Graiver et al. 2004; Van-Hekken et al. 2005; Verdini et al.
2005). Freezing led to higher NPN concentrations, probably
due to the damage caused by the ice crystals on (1) casein
matrix and (2) the starter cells that liberate proteolytic
enzymes to the media (Graiver et al. 2004), making them
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more available for the enzymatic activity. This indicates that
the overall freezing/frozen/thawing process did not prevent
the secondary proteolysis of cheese.

Cheese samples which were frozen at 28 d of ripening
presented lower pH values than the NF samples, which were
significantly different from the NF samples in some cases
(Table 1). This fact may possibly indicate that, in the samples
where the freezing process has been introduced in an earlier
stage of the maturation process, the pH increase at the end of
ripening, characteristic of this type of cheese (Alvarenga
et al. 2008), has been impaired.

A PCA was carried out on seven chemical properties to
better evaluate the impact of freezing on the cheese samples,
namely: moisture, pH, fat, TN, WSN%, NPN% and AN%.
The similarity map defined by the first two principal com-
ponents took into account 70-7% of the total variance. The
first component (PC1) by itself condensed 43-3% and the
second component (PC2) represented 27-4% of the total
variance. PC1 has shown high negative correlation with
moisture and fat, and high positive correlation with WSN%
and AN%. PC2 has shown high negative correlation with TN
and pH.

Figure 1 shows the combined plot of scores and loadings
on PC1 vs. PC2 obtained using the chemical parameters. The
NF sample was positioned in the centre of the principal
plan, relatively equidistant from the majority of the frozen
samples, which means that freezing did not impact much on
the chemical properties of cheeses. Taking a closer look at
the samples positioned in the map, it is possible to see that
the 20F42 and 20S42 samples are clustered with the NF
sample, indicating that these cheese samples, frozen after
the 42 d of ripening at-20 °C, were the least damaged by the
freezing process. In addition, from the results of the Euclidian
distances between pairs of samples, the frozen samples with
a shorter distance from the NF sample were the 20F42 and
the 20S35, with a Euclidian distance of 0-88 and 0-89,
respectively. On the other hand, the samples with a larger
distance from the NF sample were the 20F28 and 20528,
with Euclidian distances of 2-0 and 2-2, respectively. This
means that for these seven properties the samples most
damaged by the freezing process were the 20F28 and 20528,
and the least damaged were the 20F42, 20542 and 20S35.

Impact of freezing on physical properties

All the frozen samples exhibited a mechanical spectrum
similar to the NF samples (data not shown). In order to have
an idea about the rheological behaviour of Serpa cheese, the
mechanical spectrum of NF and one of the frozen samples
(e.g. 20F42) is presented in Fig. 2. The variation of G’ and G”
with frequency, for the frozen samples followed the same
pattern as the NF samples, indicating a very weak structure
(comparable to a concentrated suspension) in all samples,
with a crossing point (G"=G’) at the low frequencies on the
left side of the graphic, and both modulus highly dependent
on the frequency. Additionally, data in Table 2 confirm that
the differences between frozen and NF samples were not
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Fig. 1. PC1 vs. PC2 projection of samples (chemical attributes, mean values, n = 3). The most important parameters for the definition of the
two components are shown on the edge of each axis, indicating the direction in which the value of the parameter increases. Samples were
clustered according to the results obtained from the hierarchical cluster analysis (linkage distance < 0-9). NF: non-frozen; 10 and 20: frozen

storage temperature, — 10 °C and — 20 °C, respectively; F: fast and
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S: slow freezing; 28, 35 and 42 d of ripening.
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Fig. 2. Average mechanical spectrum of non-frozen samples, NF (—=—) and samples frozen after 42 d of ripening with fast freezing method

and stored at —20 °C, 20F42 (—m—).

significant for G'y,, tan 8y1,, log o and b (Scheffé test,
P>0-05).

When the hardness of these samples was measured, the
structure of the frozen samples was significantly different
from the NF samples (P<0-05). To explain the increase in
hardness of the frozen samples, the mechanism proposed
earlier by Diefes et al. (1993) seems appropriate: during the
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freezing process (temperature drop down), the formation of
ice crystals gives rise to a local dehydration of proteins,
inducing breaking of the protein structure. This allows the
contact of the small fat globules with each other and the
formation of fat granules. The proteins become more com-
pact or interact to form disulphide bridges around new fat
granules. Upon thawing, the proteins are unable to fully
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Table 2. Effect of freezing on Serpa cheese physical properties. Mean values (standard deviation). NF: non-frozen; 10 and 20: frozen storage
temperature, — 10 °C and — 20 °C, respectively; F: fast and S: slow freezing; 28, 35 and 42 d of ripening

Samples
NF 20528 10528  20F28  10F28  20S35  10S35  20F35  10F35  20F42 20542

Hardness (N) 7.05¢  13.38%® 13.88°° 12.05® 12.20° 1591°® 16.58* 13.75% 13.31°® 129>  15.82%

(2.54)  (3.36)  (2.54) (2.02)  (2.58)  (2.41)  (2.83)  (2.06)  (1.94) (3.69)  (2.82)
Storage modulus 7.81% 1033 7.09" 9.23 776 10.86™  7.63"" 11.74* 990"  9.58" 1123

G at1Hz(kPa) (2.65)  (2.95)  (3.09) (1.50)  (1.55)  (1.23)  (1.82)  (1.65)  (2.30) (1.68)  (1.03)
tan 8 at 1 Hz 0.53*  0.49°®  0.56% 0.52*% 055 047> 055 047 0.53* 050 0.47%
(0.071)  (0.046) (0.063) (0.027) (0.047) (0.029) (0.046) (0.026) (0.044)  (0.045) (0.011)

log o 316 327 3.11° 3.24 317 330" 3.6 334 327 325" 332°
(0.136) (0.118) (0.166)  (0.066) (0.069) (0.054) (0.086) (0.053) (0.097)  (0.063) (0.038)
b 0.58%  0.62°  0.54° 0.58%  0.56°®  0.63% 0.56  0.62° 0.59%  0.60®®  0.62%
(0.057) (0.045) (0.055)  (0.025) (0.032) (0.032) (0.034) (0.026) (0.046)  (0.049) (0.015)

Colour-L* 77.7¢ 79.5%¢  78.7°d  gp.12 79.9° 7972 783l 7993 79 qabed  7gzcde  7g qde
(1.228)  (0.770) (0.736)  (1.364) (1.065) (1.207) (1.403) (1.723) (1.450)  (0.391)  (0.449)

Colour-a* —3.88% —4.25° —4.699 _—441> _440° —4.44P° _4.44> _4769 _—488% —437° —432°
(0.323) (0.198) (0.155)  (0.165) (0.203) (0.191) (0.335) (0.182) (0.279)  (0.129)  (0.194)

Colour-b* 13.07°  14.9¢ 16.82° 15377 1595 1536°¢ 17.05% 16.02° 17.14*  1531°¢ 14.98¢
(2.072)  (0.542) (0.798)  (0.492) (0.713) (0.563) (0.547) (0.581) (0.679)  (0.537)  (0.790)

a

b Means in the same row marked with different letters are significantly different (P < 0-05, n = 9, texture: n = 15, colour: n = 30 Scheffé test)

2.0 v
Colour b*
15 —_p e
1.0 I s 10558
05 | 5 " 10F28
g 20F28 e 10835
g 00E ° .
hoy 4] g
it . 20828 20F42 k=
O 05te o .
= “.. 20842
1.0 .
1.5
2.0
Colour a* I\iF
25 : : : : : : :
-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

PC1 (57.5%)

Fig. 3. PC1 vs. PC2 projection of samples (physical attributes, mean values, n = 3). The most important parameters for the definition of the
two components are shown on the edge of each axis, indicating the direction in which the value of the parameter increases. Samples were
clustered according to the results obtained from the hierarchical cluster analysis (linkage distance < 0-9). NF: non-frozen; 10 and 20: frozen
storage temperature, — 10 °C and — 20 °C, respectively; F: fast and S: slow freezing; 28, 35 and 42 d of ripening.

rebind water. This leads to a harder and more elastic cheese Concerning colour parameters (Table 2), the freezing

structure with less free oil. During frozen storage period,
there is an increase in the crystal diameter due to ice re-
crystallization, thus making it more difficult for the relocation
of water at the lipid—casein interface after thawing,
diminishing its lubricant effect and thus producing a harder
cheese structure.
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process has affected the frozen samples. The frozen samples
presented significantly lower values for the colour parameter
a* (i.e. more green) and significantly higher values for the
colour parameter b* (i.e. more yellow) than the NF samples
(P<0-05). The colour parameter L* was also higher for
the frozen samples looking lighter; however significant
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differences from the NF samples were only observed in some
cases. As a consequence, the colour of the frozen samples
was more luminous and more yellow-green than the NF
samples colour.

A PCA was carried out on seven physical properties
(colour parameters L* a* and b* and viscoelastic par-
ameters G'yyy,, tan 8yp, log o and b. The similarity
map defined by the first two principal components took
into account 88:5% of the total variance (Fig. 3). The first
component (PCT1) by itself condensed 57-5% and the second
component (PC2) represented 31-0% of the total variance.

The PC1 was explained by rheological data and the PC2
was explained by chromatic parameters (a* and b*). The PC1
had negative correlations with G'yy,, log o and b, and
positive correlations with tan 8;4,. The PC2 was negatively
correlated to a* and positive correlated to b*.

The PC2 was able to separate the frozen from the NF
samples, supporting that freezing affected mainly colour
parameters. Furthermore, the majority of the frozen samples
were located on the left side of the plan, in the negative part
of the PCT axis, pointing to the strengthening of the cheese
structure after freezing, already explained with the texture
data. This was even more evident for the cheese samples
frozen at — 20 °C, which were clustered together in the left
side of the PCA map. The Euclidian linkage distances
between pairs of samples allowed us to verify that the
samples 20542 and 20F42 were the closest to the NF sample,
with Euclidian distances of 2-0 and 2-3, respectively, and
that the samples 10F35 and 20F35 were the ones situated
with a greater distance to the NF sample, 3-7 and 3-9,
respectively.

Taking into account the PCA results from chemical
and physical properties (Fig. 1 & 3), the samples 20F42
and 20542 were the ones most similar to the NF samples.
This means that, if the freezing was introduced at the end
of ripening (42 d), using a frozen storage temperature of
—20 °C, damages to Serpa cheese properties are mini-
mized. At these freezing conditions, no significant differ-
ences were found, for the chemical and physical properties,
between the samples subjected to different freezing
methods, slow or fast (P >0-05) (Tables 1 & 2).

Conclusions

From this study it is possible to conclude that frozen storage
did not affect the major components of Serpa cheese.
However, a significant effect on NPN%, hardness and
colour was observed: frozen samples showed high values of
NPN% and hardness, and they were more luminous and
more yellow-green than the NF samples. These effects
were less pronounced if the freezing was introduced at the
end of ripening (42 d), using a frozen storage temperature
of —20 °C. Moreover, using these freezing conditions, no
significant differences were found, for the chemical and
physical properties, between the samples subjected to
different freezing methods, slow or fast.
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Further studies are needed in order to ascertain if the
differences found using the worst case scenario of this study
are likely to be detected by the consumers, or what would be
the maximum frozen storage time, under the selected
conditions, that would make the differences undetectable
by the consumers.
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