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ABSTRACT

The study aimed to evaluate an alternative for the manufacture of artisanal
Minas cheese, using pasteurized milk and industrial dairy cultures. The cheeses
were ripened for 60 days, and both presented no differences in texture profile. The
enumeration of coliforms (30 °C and 45 °C), Staphylococcus aureus, Listeria spp.,
and Salmonella spp. were below the limits of the legislation, for both treatments. The
physicochemical characteristics, including sodium chloride, moisture, and ash levels
did not differ between the treatments, while significant differences were observed for
water activity, fat, pH, protein, and proteolysis indexes of the cheeses, throughout
the ripening period. The sensory attributes such as texture, salty taste, and odor did
not differ between treatments; however, the overall impression was better evaluated
in the artisan cheeses at 40 days. Higher acceptance scores were observed for the
attributes consistency, aroma, and flavor at the end of ripening, while the aftertaste
was observed in artisanal cheeses after 20 days of ripening. The acceptance test was
similar for both cheeses. The technology evaluated in this study may be an effective
alternative for the manufacture of artisanal Minas cheese from Campo das Vertentes.
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RESUMO

O objetivo foi criar alternativa aos laticinios na producdo de versdo do
queijo Minas artesanal, com leite pasteurizado e culturas lacteas industriais. Como
referéncia, foi identificada uma queijaria artesanal, além de uma unidade industrial,
ambas na regido Campo das Vertentes. Os queijos produzidos nas duas tecnologias
foram maturados por 60 dias, sendo que ambos ndo apresentaram diferencas quanto
ao perfil de textura. Contagens de coliformes (30 °C e 45 °C), Staphylococcus
aureus, Listeria spp. e Salmonella spp., aos 2 e 60 dias, apresentaram-se abaixo dos
limites da legislagdo, em ambos tratamentos. Aspectos fisico-quimicos como teores
de cloreto de sodio, umidade e cinzas ndo diferiram entre tecnologias, e atividade de
agua, gordura, pH, proteina total, e indices de protedlise apresentaram-se diferentes
em periodos pontuais entre queijos. Atributos sensoriais como textura, gosto salgado
e odor ndo diferiram entre tratamentos, ja aspecto global, foi mais bem avaliado nos
queijos artesanais aos 40 dias. Consisténcia, aroma e sabor obtiveram notas mais
altas no fim da maturagao, e, cor interna e sabor residual, foram mais bem avaliados
apo6s 20 dias nos artesanais. A inten¢do de compra e aceitagdo foram as mesmas. A
tecnologia desenvolvida ¢ alternativa possivel para produg@o em laticinios do queijo
Minas artesanal do Campo das Vertentes.

Palavras-chave: maturagdo; perfil de textura; fisico-quimica; analise sensorial;

microbiologia.

INTRODUCTION

There is a great variety of cheese that
reflects the Brazilian culture. The cheese
manufacture in the state of Minas Gerais
stands out in the national scenario, and a
large part is artisanal production, using raw
milk collected on the property itself, in small
family farms (MINAS GERALIS, 2012).

Minas Gerais is the Brazilian state that
produces the most milk, on average, 9.5 billion
liters in 2015, from small and medium-sized
properties, of which 6.1 billion are processed
into cheese every year (IBGE, 2017).

Although the micro-region Campo das
Vertentes is historically a cheese producer,
there are few studies in the area, without
studies on the manufacture of artisanal cheese
at an industrial level, which may be extremely
important for the dairy industry. The micro-
region Campos das Vertentes occupies an
area of about 6,254 km? encompassing 15
municipalities (EMATER, 2017), and has a

great demand for the production of artisanal
Minas cheese in an industrial scale, as
occurring in European countries like Portugal,
Italy, and France. Therefore, this study aimed
to evaluate an alternative to produce cheese
with the characteristics similar to the products
found in the local market of the micro-region
Campo das Vertentes, with greater food safety,
using pasteurized milk and industrial dairy
cultures.

MATERIAL AND METHODS
Cheese manufacture

The study was performed in a dairy
industry located in Campo das Vertentes,
which have met the project’s premises,
inspected by the Inspection Service, with
a quality control laboratory that can allow
characterization of the raw material and
decision making. A traditional artisanal Minas
cheese processing industry, located in the
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same region, in the city of Tiradentes was
also selected.

Preliminary tests were carried out to
adapt the dairy processing technology, aiming
to obtain the sensory characteristics similar to
those present in the traditional cheese from
the micro-region Campo das Vertentes. The
cheeses were made in 4 replicates on different
days. Cheeses made with pasteurized milk
(industrial sample) and raw milk (artisanal
sample) were manufactured according to
Figure 1.

Physicochemical characterization

Milk was characterized for titratable
acidity and fat content, and cheese was
evaluated at 2, 20, 40, and 60 days of ripening
for water activity (aw), pH, moisture, protein,
fat, ash, NaCl (BRASIL, 2006), and extension
and depth of proteolysis indexes using the
following equations:

Extent of proteolysis = (% pH 4.6-soluble
nitrogen /% total nitrogen) x 100

Depth of Proteolysis = (% 12% TCA-
soluble nitrogen /% total nitrogen) x 100

The pH 4.6-soluble nitrogen and 12%
TCA-soluble nitrogen were determined
according to Barbano et al. (1991), and AOAC
(CUNNIFF, 1995), respectively.

Microbiological characterization

Microbiological characterization was
performed at 2 and 60 days of ripening
to determine the presence or absence of
Listeria spp. and Salmonella spp. (BRASIL,
2003) and to enumerate the coliforms and
Staphylococcus aureus (LATIMER JUNIOR,
2016) to ensure the quality of the cheese and
compliance with the current legislation.

Texture profile analysis

The texture profile (TPA) of the cheeses

was determined at 2, 20, 40, and 60 days by
a double compression test using acrylic TA-2
probe (Texture Technologies Corp. and Stable
Micro Systems, Hamilton, MA), 30 mm in
diameter and 36 mm width, in a CT3 Texture
Analyzer (Brookfield AMETEK, Middleboro,
MA, USA). Data were collected through
the “Texture Pro CT” program (Brookfield
AMETEK, Middleboro, MA, USA). For the
test, cheese without rind was cut into cubes
of 20 mm of edge, and the texture determined
in six replicates at 10 °C. During the tests, the
samples were compressed at 30%, test speed
Imm/s and load cell 4,500 g.

Sensory evaluation

Quantitative descriptive analysis
(QDA) (STONE et al., 2012) of cheeses was
performed at 20, 40, and 60 days in individual
booths of the sensory evaluation laboratory at
EPAMIG ILCT, with seven trained assessors.
The acceptance test (hedonic scale of 9 points)
(MEILGAARD et al., 2007) was performed
in the region of Campo das Vertentes, with 30
assessors / treatment / repetition / time, with a
total of 720 determinations, and the samples
were presented coded in monodic form.

For the QDA, researchers and students
were selected at EPAMIG ILCT, aged from
28 to 60 years, 4 male and 3 female, who
had previous experience in the sensory
evaluation of dairy products. The assessors
defined 8 descriptors by consensus during
the terminology development phase (Table
1). Subsequently, the participants participated
in the training sessions (four two-hour
sessions), which consisted of evaluating the
artisanal cheese using the descriptive terms
to describe and quantify the attributes in a
150 mm unstructured line scale, anchored at
the ends. This procedure was repeated until
a consensus was reached. Then, each sample
was served in a monadic form, and unsalted
biscuits and drinking water were supplied
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Figure 1 — Cheese manufacture using the industrial treatment with pasteurized milk and
commercial culture, and the artisanal treatment in the micro-region Campo das Vertentes, MG,

Brazil
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as a palate cleanser. At each test period, the
samples were presented with random three-
digit codes in individual booths.

Statistical analysis

The experiment was carried out in a
split-plot design for all variables studied,
considering the treatment as the main factor,
and time as sub-factor, in four replications.
The results were analyzed by ANOVA and
mean comparison tests (Tukey’s test) at a level
of 5% of significance.

RESULTS AND DISCUSSION
Physicochemical characterization

The mean titratable acidity values of
both the industrial and artisanal production
were 0.15% (w/v) and 0.16% (w/v) lactic acid,
respectively. The fat content of milk from the
industrial and artisanal manufacturing was
3.0% and 3.7% (w/v), respectively.

The water activity of cheese was
not influenced by the treatments (p>0.05);
however, as expected, the values decreased

Table 1 — Definition of the descriptive terms for the artisanal Minas cheese

Attribute Definition

Reference (extremes of the intensity scale)

Appearance of typical
artisanal cheese

Overall impression

Consistency Strength needed to
chew the cheese

Texture Appearance concerning
the presence of holes

Typical odor Associated with typical
Minas cheese

Aroma Associated with typical

Minas cheese

Associated with the
amount of salt in cheese

Salty taste

Characteristic flavor of
artisanal cheese.

Typical flavor

Flavor that remains
after a certain time of
analysis.

Residual aftertaste

Typical
Atypical

Soft: Minas Padrdo cheese
Hard: Parmesan cheese.

Open: with mechanical holes
Closed: no holes.

Absent: absence of odor
Very pronounced: excessive odor.

Absent: absence of aroma
Very pronounced: Parmesan.

Absent: Minas Frescal cheese (1.2% salt).
Very pronounced: gorgonzola cheese (3.5% salt).

Little: Minas Padrao cheese
Strong: Parmesan cheese.

Absent: none.
Very pronounced: excess aftertaste, very ripened
cheese
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during ripening (p<0.05) (Table 2) after 20
days and 2 days for the artisanal and industrial
cheese, respectively. This decrease was due
to dehydration during ripening (temperature
and relative humidity acting in the drying
of cheeses and microorganisms) (BANKS,
1998), besides the proteolysis that releases

amino acids from side chains with polar
groups that interact with water. Similar
results were found in artisanal cheeses in the
micro-region of Campo das Vertentes, with
an average value of 0.91% (w/w) (COSTA
JUNIOR et al., 2014).

As observed for aw, the moisture

Table 2 — Physicochemical characterization of artisanal and industrial cheeses at times 2, 20,
40, and 60 days after manufacturing (mean (SD)), n =4

Physico-chemical

Ripening time (days)

aspects Treatments 5 ” m m
Water activity Artisanal  0.96 (0.00)**  0.93 (0.01)*  0.88 (0.02)"*  0.88 (0.02)b
Industrial ~ 0.96 (0.00)  0.89 (0.03)®  0.88 (0.02)"*  0.88 (0.02)
Moisture Artisanal ~ 43.41 (109  30.78 (L.51)"  26.70 (0.77)* 24.04 (1.26)
g/100g Industrial ~ 43.03 (1.80)" 30.61 (0.72)" 29.62 (1.56)"* 26.95 (1.81)
Fat Artisanal  32.5 (1.33)  38.6 (2.86)"*  42.2 (0.50)  40.3 (2.67)™
g/100g Industrial ~ 27.5 (1.43)®  37.7(0.50)  38.1 (1.36)®  38.2 (2.53)"
Protein Artisanal  19.70 (1.35)"*  25.97 (0.48)* 26.92 (1.27)* 27.26 (1.09)"
g/100 g Industrial  20.30 (1.27)  25.44 (0.25)°*  25.66 (0.77)" 31.24 (3.16)%
Ash Artisanal  3.28 (0.41)"*  3.98 (0.64)™  4.45 (0.18)*  4.45 (0.87)"
B100g Industrial ~ 4.11 (0.51)"  4.70 (0.54)  4.91 (0.42)** 4.5 (0.23)*
NaCl Artisanal  1.1(0.22)  1.2(0.09%  1.5(0.22)* 1.2 (0.03)*
glooe Industrial 2.0 (0.74)"  1.9(0.59)0 2.1 (0.64)* 2.2 (0.42)"
pH Artisanal ~ 5.15 (0.10y™  4.98 (0.09)"*  5.18 (0.08)*  5.28 (0.13)*
Industrial ~ 4.93 (0.07)®  4.91 (0.15)"  5.06 (0.08)™  5.22 (0.10)*
Proteolysis Artisanal  6.62 (2.27)**  19.16 (2.47)** 21.98 (1.48)™* 24.34 (2.77)*
extension index .
% Industrial 535 (0.30)  12.45 (1.47)®  14.53 (2.30)® 12.07 (2.38)"
Proteolysis depth  Artisanal =~ 2.93 (1.05)**  15.0 (2.03)**  18.25(2.01)** 16.24 (7.09)*
index (%) Industrial ~ 2.93 (0.34)"*  10.9 (0.67)*  11.20 (1.06)™  8.32 (1.84)®

*® Means within a row (among ripening time) with different superscript lowercase letters are significantly different

(p<0.05).

ABMeans within a column (between treatments) with different superscript uppercase letters are significantly

different (p<0.05).
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content of the cheeses was not influenced
by the treatments (p>0.05), with a positive
correlation between aw and moisture content
(r? = 0.92). As expected, moisture decreased
gradually with cheese ripening (p<0.05), in
the artisanal treatment from the beginning to
the end of ripening (p<0.05), probably due
to the water loss caused by the absence of
packaging, thus directly affecting the moisture
content. Costa Junior et al. (2014) and Oliveira
(2014) observed higher moisture contents of
35.8% and 38.1% (w/w), respectively, in
artisanal cheeses from the micro-region of
Campo das Vertentes, probably due to a lower
ripening period, when cheese still retains a
certain amount of water.

It can be noticed that for both cheeses
the moisture content is close to that expected
for Minas Padrdo cheese, between 46.0% and
49.0% (w/w), reaching lower values when
compared to Brazilian Parmesan at 20 days
of ripening, 33.0% to 37.0% (w/w), with a
further decrease until the end of ripening
(FURTADO; LOURENCO NETO, 1994).

Differences (p<0.05) were observed for
the fat content between the treatments and
over time. In the industrial treatment, the
moisture remained stable from the 20 days
of ripening, due to the controlled conditions
of relative humidity and temperature, which
was not observed for the artisanal cheese that
depends on the natural climatic conditions.
This behavior is expected during ripening,
once the moisture loss can lead to an increase
in the concentration of solutes in cheese.

At the beginning of ripening, the
fat content of artisanal cheese was higher
(32.5% w/w) when compared to the industrial
cheese (27.5% w/w), once it was made
using whole milk from Jersey cattle, which
naturally had higher fat content. However,
at the end of the ripening process, the fat
contents were similar, probably due to the
same moisture content at the end of ripening.
The protein content of cheese also increased

over the ripening time (p<0.05), due to the
increase in the total solids of cheese.

As for the sodium chloride (NaCl)
content, there was no significant difference
(p>0.05) between treatments and ripening
time, which remained stable, despite the
dry salting method, which provides a more
uneven salt distribution. However, salt
diffusion is related to the cheese moisture that
did not differ between the treatments. This
homogeneity can indicate interactions with
other variables, including moisture and total
dry extract, water activity and moisture, since
an increase in the concentration of sodium
chloride was expected due to the higher total
solids content and water loss during ripening.
As the artisanal cheeses were ripened without
packaging and presented variations inherent
in the process, some differences in size and
weight were observed, which may alter
the chloride content. A similar result was
observed in the industrial treatment, which
was also ripened without packaging for
comparison purposes.

Salt plays an important role in cheese
safety as it contributes to syneresis and inhibits
the growth of pathogenic microorganisms due
to the dehydration of the microbial cells. Thus,
controlling the amount of salt on the cheese
surface through the dry salting is essential
for an effective ripening. Costa et al. (2004)
reported that salt contents between 0.5% and
2.5% (w/w) in cheese curd can regulate, but not
inhibit the lipolysis and proteolysis processes.
Costa Junior et al. (2014) found a chloride
level of 2.61% in Minas cheese produced in
the micro-region of Campo das Vertentes,
which is considerably higher than the values
found in the present study, probably due to the
differences in the manufacturing processes.

Regarding the pH of cheese, a difference
between treatments and ripening times was
observed (p<0.05). There was a drop in pH
at 20 days of ripening, due to the lactose
metabolism process to lactic acid by the
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action of bacteria, which increases with the
increase in proteolysis due to the formation of
alkaline nitrogen compounds from the protein
degradation (UPADHYAY et al., 2004). This
result may be due to the pH of the cheese from
5.0 to 5.2 after fermentation, which decreased
at the beginning of ripening.

The pH of cheese varies according to
several factors, such as type, dose, and activity
of lactic cultures. In the case of cheeses
made using raw milk and endogenous starter
cultures (named “pingo” in Brazil), the greater
oscillation in pH may be because cheese was
not manufactured using industrialized starter
cultures.

The pH values found in the present
study are slightly higher than those found
by Costa Junior et al. (2014) in Minas
cheese from the same region, with values
of 5.15 £ 0.17, which corroborates different
activities of endogenous starter cultures
(“pingo”) among dairies, throughout the
seasonality. Concerning the industrial cheese,
standardization of the dose and the type of
culture used allowed lower pH oscillations.

The results of the analysis of variance
for the extent (% ratio of NS, / NT) and
depth of proteolysis indexes (% ratio of
NS, a1/ NT) indicate significant differences
between the treatments and ripening time
(p<0.05). Although an increase in the extent
of proteolysis index was observed in the
artisanal treatment, a stabilization was
observed between 40 and 60 days, probably
due to the low moisture content of cheese,
between 26.7% (w/w) and 24.0% (w/w). In the
industrial treatment, an increase was observed
until the 20 days of ripening, remaining
constant from 20 to 60 days, together with
the low moisture content.

As the extent of proteolysis index
further reflects the action of the coagulant on
protein hydrolysis, the raw milk and the higher
enzymatic loading of endogenous starter
cultures (“pingo”) may have contributed to a

greater activity of bacterial proteases, which
can explain the greater proteolysis observed
in the artisanal cheese.

The depth of proteolysis index was
similar for both treatments, which increased
up to 20 days of ripening, remaining constant
until 60 days of the process. It is worth
mentioning that the variation in depth index
is related to the enzymatic nature of the lactic
culture (FOX; MCSWEENEY, 1998) and
the endogenous starter cultures (“pingo”)
used in the manufacture of artisanal cheese,
which was more active in proteolysis when
compared to the industrial culture, once
similar moisture contents were observed in
cheese throughout the ripening period.

Studies carried out in the micro-region
of the Campo das Vertentes with Minas
cheese during 30 days of ripening, showed
an extent of proteolysis index of 12.02 +
3.55% (w/w) and depth proteolysis index of
6.91 +2.24% (COSTA JUNIOR et al., 2014).
These values are lower than those found in the
present study, probably due to factors such
as seasonality, milk and endogenous starter
cultures (“pingo”), as well as the moisture
content and other variables that contribute to
the increase in proteolysis rate.

Texture profile analysis (TPA)

No significant effect of the substitution
of raw milk by pasteurized milk and the
manufacturing process was observed on
hardness and adhesiveness of cheese (p>0.05)
(Table 3), which can be considered a positive
result, since the texture was similar for both
cheeses, with little influence of the technology
adopted. However, along the ripening time, a
linear increase in hardness was observed in the
industrial cheese from 2 days until the end of
the ripening (p<0.05). Although proteolysis
also influences hardness, the increase during
ripening is more directly related to a reduction
of cheese moisture over the 60 days. The
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increase in adhesiveness during cheese
ripening is acceptable (p<0.05), once there
was an increase in fat content during ripening
of cheeses without packaging, as well as in
proteolysis, which provides a more adhesive
texture to cheese (CHEN et al., 1979;
OLSON; JOHNSON, 1990).

Cohesiveness was also not influenced
by the treatments (p>0.05), which decreased
during ripening (p<0.05), probably due to the
moisture loss of cheeses from both treatments.
Maryama et al. (2006) reported cohesiveness
values inversely related to the hardness of
petit-suisse cheese, as verified in this study.

The reduction in cheese elasticity at the
beginning of ripening (p<0.05) may be due to
the decrease in moisture content over time,
once the cheese was extremely hard at the

end of this period, which may have influenced
the elastic properties, making them more
brittle. However, no significant effect of the
manufacturing process was observed for the
cheese elasticity (p>0.05).

Chewiness was not affected by both
the manufacturing process and the ripening
time (p>0.05). Other authors reported a
relationship between chewiness and hardness,
with an increase in the number of chewing
cycles with the increase in hardness, with
a positive correlation between these factors
(0.9235) (FOSTER et al., 2011). However,
opposite results were observed in the present
study, once the significant increase in hardness
at the end of ripening was not accompanied by
the increase in chewing that remained constant
throughout the period evaluated.

Table 3 — Texture profile (TPA) of artisanal and industrial cheeses at times 2, 20, 40, and 60

days after manufacturing (mean (SD)), n =4

Ripening time (days)

Texture profile Treatments
2 20 40 60
Artisanal  3.85 (0.51)"*  5.95 (2.06)"  12.38 (0.21)** 11.20 (3.33)"
Hardness (N)
Industrial ~ 4.42 (1.19)* 1119 (2.02)"*  9.08 (2.10)**  18.75 (7.03)*
Artisanal ~ 0.10 (0.03)"*  0.27(0.02)"*  0.10(0.06)**  0.94 (0.08)*
Adhesiveness (m)) 4 trial  0.08 (0.02)*  0.53(0.03)  0.93(0.19)%* 1.2 (0.89)
Artisanal  0.67 (0.03)"  0.50 (0.05)  0.33 (0.08)*  0.32 (0.10)*
hesi
Cohesiveness Industrial  0.60 (0.05)**  0.39 (0.06)**  0.42 (0.06)**  0.36 (0.05)"
Artisanal ~ 4.66 (0.15)*  3.28 (0.37)"*  2.54 (0.77)*  2.06 (0.55)*
Elasticity (mm) .
Industrial ~ 4.43 (0.18)  2.85 (0.66)°*  2.77 (0.23)"*  2.53 (0.46)"*
Artisanal ~ 0.012 (0.002)** 0.009 (0.002)** 0.011 (0.005)** 0.011 (0.008)*
Chewiness (J) .
Industrial  0.011 (0.003)** 0.014 (0.004)* 0.011 (0.002)* 0.017 (0.005)*

*®*Means within a row (among ripening time) with different superscript lowercase letters are significantly different

(p<0.05).

ABMeans within a column (between treatments) with different superscript uppercase letters are significantly

different (p<0.05).
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Microbiological characterization

The coliform counts at 45 °C were
within the standards established by the
legislation for both treatments, once the
RDC 12 (BRASIL, 2001) recommended the
maximum acceptable of 5x10° CFU/g for
medium-moisture cheese. Coliforms at 30 °C
were initially found in artisanal and industrial
cheeses with 1.5 log CFU/g at 2 days of
ripening, and 1.025 log CFU/g and 1.05 log
CFU/g, respectively, at 60 days. For both
treatments, there was absence of coliforms at
45 °C from 2 to 60 days of ripening.

There was no influence of the technology
on the growth of Staphylococcus aureus, once
no microbial counts were observed in dilutions
up to 10-*. All samples showed Staphylococcus
aureus counts within the standards established
by the RDC 12, 1x10* CFU/g for medium-
moisture cheese. The analyses of the artisanal
and industrial cheeses showed absence of
Salmonella spp. and Listeria spp. in 25g of
sample in the times studied.

Sensory evaluation

Concerning the acceptance test (Table
4), the artisanal Minas cheese-making
technology did not affect the consumers’
perception (p>0.05). However, in relation
to the ripening time, there was a significant
difference (p<0.05) in both tests. The artisanal
cheese presented better acceptance at 20 days
of ripening when compared to 60 days, while
similar acceptance scores were observed
for the industrial cheese during ripening.
Similar scores of both treatments throughout
the ripening period demonstrate that the
types of Minas cheese were similar from the
consumer’s point of view.

No significant differences in QDA were
observed for the overall appearance, texture,
aroma, salty taste, odor, and flavor between
the treatments (p>0.05) and ripening times
(p>0.05) (Table 5).

Regarding the overall impression, a
significant increase was observed after 20
days of ripening for both treatments, with a
subsequent stabilization, probably due to the
ripening and the formation of cheese rind, a
very particular characteristic of the artisanal
cheese from the micro-region of Campo das
Vertentes at 40 days.

Regarding the parameter texture, a
significant difference was observed only
in the first 20 days in artisanal cheese
(p>0.05). From the 40 days, higher scores
were observed, indicating a more typical
aspect, which is consistent with the period in
which the Minas cheese is very consumed.
The manufacturing process did not affect
the consumers’ opinion about texture, which
is considered an important factor of food
acceptability and a favorable result, once a
product similar to the traditional cheese is
desired, with some mechanical holes, typical
of manually pressed cheese.

The attribute flavor was different
between treatments (p<0.05) only at 60
days of ripening, when the artisanal cheeses
were better evaluated by the assessors. Over
time, significant differences were observed
only for the artisanal cheese, with higher
scores from 20 to 40 days, which remained
until the end of ripening. This increase may
be due to the action of natural milk lipases
that release free and volatile fatty acids,
contributing to the cheese aroma. Although
aroma is a characteristic that accentuates
with time due to the proteolysis and lipolysis
rates, the results indicated certain stability
in the artisanal cheese from 40 to 60 days
of ripening, which was observed from the
beginning for the industrial cheeses.

The salty taste of cheese was not
influenced by the treatments, which indicates
that the efficacy of the type of salting
process was similar for both the artisanal
and industrial processes. In addition, the
chloride content did not differ between the
treatments and the ripening time, even with
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Table 4 — Acceptance scores for the artisanal and industrial cheeses at 20, 40, and 60 days of
ripening (mean (SD)), n =4

Ripening time (days)

Treatments
20 40 60
Artisanal 8.35(0.83)* 7.98 (1.21)% 7.86 (1.60)>4
Industrial 7.89 (0.99)* 8.00 (0.94)* 8.09 (1.40)

*®*Means within a row (among ripening time) with different superscript lowercase letters are significantly different
(p<0.05).

AB Means within a column (between treatments) with different superscript uppercase letters are significantly
different (p<0.05).

Table 5 — Sensory attributes of the quantitative descriptive analysis (QDA) for the artisanal and
industrial cheeses at 20, 40, and 60 days of ripening (mean (SD)), n =4

Ripening time (days)

Sensory Attributes Treatments
20 40 60

Artisanal 9.82 (1.56) 12.42 (1.30)* 11.53 (1.96)*
Overall aspect .

Industrial ~ 9.53 (2.25)** 10.81 (1.62)*®  10.06 (2.53)™*

Artisanal 7.96 (2.86)* 10.15 (2.36)*4  12.32 (1.28)*
Consistency .

Industrial ~ 6.85 (3.23)% 10.09 (1.93)* 10.68 (1.53)%

Artisanal 4.23 (2.66)** 6.47 (3.35)* 5.92 (3.36)™*
Texture .

Industrial ~ 7.74 (3.93)* 8.70 (3.38)™ 9.57 (2.99)*

Artisanal 8.06 (2.09)** 10.16 (1.47)* 10.08 (1.37)*
Od

of Industrial ~ 7.74 (222)  8.90 (1.86)*  8.57 (2.35)

Artisanal 8.48 (1.87)* 10.32 (1.66)* 11.17 (1.83)*
Aroma .

Industrial 8.16 (2.22)* 8.70 (2.14)* 9.18 (2.57)*

Artisanal 6.96 (1.57)* 8.96 (2.32) 10.56 (2.21)*
Salty taste .

Industrial ~ 7.77 (2.35)* 9.27 (2.04)** 8.70 (2.17)=

Artisanal 8.35 (1.65) 10.51 (2.00)>» 11.89 (1.77)*
Flavor

Industrial 7.87 (2.71)"A 9.75 (2.12) 9.87 (2.03)*®

Artisanal 7.43 (1.85) 10.47 (2.07)*4 12.08 (2.07)*
Residual aftertaste )

Industrial ~ 7.71 (2.38)** 8.65 (2.31)™® 9.58 (2.02)*®

*> Means within a row (among ripening time) with different superscript lowercase letters are significantly different

(p<0.05).

AB Means within a column (between treatments) with different superscript uppercase letters are significantly

different (p<0.05).
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a proportional increase in the total solids
during ripening.

The flavor of the industrial cheese was
not affected (p>0.05) by the use of pasteurized
milk and mixed cultures, when compared
to the artisanal cheese, until 40 days of
ripening, but a lower score was observed
at 60 days, probably due to the effect of the
natural lipase of the untreated milk and the
greater complexity of the endogenous starter
cultures (“pingo”) used in the manufacture,
responsible for the proteolytic and lipolytic
activity of different microorganisms, which
contributes to the release of precursors (amino
acids, fatty acids, and esters), leading to the
formation of a more pronounced flavor, even
if imperceptible to untrained assessors.

For consistency, there was a significant
difference between treatments (p<0.05), with
no significant difference for the storage time
(p>0.05). The artisanal cheese was harder only
at 60 days ripening when compared to the
industrial cheese. As observed for the internal
color, cheese consistency may have increased
due to the moisture loss and consequent
concentration of components such as fat,
resulting in a more adequate consistency for
the ripened Minas Padréo cheese. In contrast,
the consistency values of the industrial cheese
stabilized at 40 days of ripening.

The aftertaste increased (p<0.05)
over time within the treatments, which
was continuous in the artisanal cheese, and
stabilized in the industrial cheeses at 40 days
of ripening. The greater perception of the
aftertaste by the assessors in the artisanal
cheese after 40 days may be due to the acidic
and bitter components formed as a byproduct
of the activity of endogenous starter cultures
(“pingo”) or the spoilage microbiota present
in the samples. In addition, at 60 days, the
same trend is observed for the artisanal
cheese, which had a higher score than the
industrial cheese.

The results of ADQ indicated that, at
60 days of ripening, the artisanal cheese was

generally better accepted when compared to
the industrial cheese. However, cheese is no
longer marketed at this stage of ripening, once
consumers are not in the habit of consuming
the ripened product due to the loss of the
typical characteristics.

CONCLUSIONS

The manufacturing technology of the
artisanal and industrial Minas cheese of the
micro-region of Campo das Vertentes did not
alter the physicochemical characteristics of
cheese, including aw, pH, sodium chloride,
moisture, and ash levels. However, moisture
and aw decreased during the ripening period.
There was an increase in the extent and depth
of proteolysis during ripening, with higher
intensity in the artisanal cheese. Although
no changes were observed in the texture
profile, an increase in the texture parameters
was observed during ripening, except for the
attribute chewiness. There was no difference
in the microbial counts among the treatments.
Although the consumers’ acceptance was
similar for both technologies, a difference
was observed by the trained assessors only at
the end of ripening when consumption of this
product is no longer common. The technology
investigated in the present study may be an
effective alternative for the manufacture of
artisanal Minas Padrdo cheese from Campo
das Vertentes.
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