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ABSTRACT

The Serra da Canastra region, located in southwest-
ern Minas Gerais, Brazil, is recognized worldwide for
its tradition of producing artisanal cheeses. However,
as production is done by hand, great variability exists
in the characteristics of artisanal Minas cheese. Thus,
it is important to characterize the sensory profile of
these products and verify the quality attributes that
lead to their acceptance. Therefore, this study aimed to
characterize the dynamic sensorial profile of artisanal
Minas cheese produced in the Serra da Canastra region
through temporal dominance of sensations and sensory
acceptance tests and verify the attributes that lead to
product quality. We observed that the texture and fla-
vor profile varied among the evaluated artisanal Minas
cheeses from Serra da Canastra, some cheeses being
more characterized by creamy and soft or hard and
firm sensations, whereas others had high dominance
rates for crumbly texture. In relation to flavor, salty
and bitter tastes were dominant in most cheeses, some
also being characterized by a sour taste, and others
by buttery and rancid attributes, which indicates a
lack of product standardization. However, all samples
obtained scores between 6 (liked slightly) and 7 (liked
moderately), indicating good acceptability in relation
to the texture and flavor of the evaluated cheeses.
Moreover, it is possible to infer that creamy and soft or
hard and firm are positive attributes for cheese texture,
and bitter, buttery, salty, and acid taste drive cheese
acceptance. This study provides important information
for product standardization, quality improvement, and
process origin indications, besides providing quality at-
tributes that meet consumer desires.
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INTRODUCTION

Artisanal cheeses are among the major dairy prod-
ucts produced in many countries of Europe and the
Americas (Gonzélez-Cérdova et al., 2016). These
cheeses have great social and cultural value, as well as
economic significance around the world due to their
specific properties depending on the region where they
are made.

In Brazil, Minas Gerais is recognized as the most
traditional producing region in the country (Gomes
et al., 2011), especially in the Serra da Canastra re-
gion, due to its climate, native pastures, and the
artisanal process that confers a unique flavor to the
product (Borelli et al., 2006). However, as reported by
Gonzalez-Cérdova et al. (2016) for Mexican artisanal
cheeses and by Marino et al. (2003) and Randazzo et
al. (2009) for cheeses from many southern European
countries, a lack of product standardization exists and
different characteristics can be observed in cheeses from
different producers. This occurs because the cheese is
made with unpasteurized milk, using the endogenous
microbiota found in the wheydrop (the fermented whey
originating from previous production), and production
is conducted on regional farms (Nébrega, 2012; Silva et
al., 2013).

Studies regarding the chemical, physical, and micro-
biological aspects of artisanal Minas cheese from the
Serra da Canastra have been conducted (Borelli et al.,
2006; Silva et al., 2011; Nébrega, 2012; Andrade et al.,
2014); however, it becomes important to character-
ize the sensory profile of the products and verify the
quality attributes that lead to their acceptance, aiding
cheese standardization, protection, and preservation of
traditional artisanal production processes. Moreover,
the sensory characterization provides information on
their unique characteristics that makes some of them
potential candidates for achieving a protected designa-
tion of origin status (PDO). This distinction could help
to expand frontiers and allow the cheeses to become
better known and appreciated in other parts of the
world, as they consist of a typical product with export
potential.

7886



DYNAMIC PROFILE OF MINAS ARTISANAL CHEESE

The sensory characteristics of a food product directly
influence their overall quality and define the acceptance
or rejection of this product by consumers (Souza Filho
and Nantes, 2004). Cheese sensory qualities can be
measured by evaluating the flavor and texture sensa-
tions and through effective methods (Esmerino et al.,
2015; Felicio et al., 2016).

Temporal dominance of sensations (TDS) methodol-
ogy is a fast and effective method to assess the product
descriptive profile (Révérend et al., 2008; Pineau et al.,
2009). In combination with acceptance tests, TDS can
provide important information regarding the attributes
that lead to the cheese quality, as demonstrated by
Deegan et al. (2013) for Emmental cheese, Rodrigues et
al. (2014) for low-sodium mozzarella cheese, and Cas-
tura and Li (2016) for flavored fresh cheeses. Moreover,
Rodrigues et al. (2016) emphasized that when TDS is
associated with different multivariate statistical tech-
niques, such as parallel factor analysis (PARAFAC),
TDS can provide important information as to the pe-
culiarities of each product. Therefore, our study aimed
to characterize the dynamic sensory profile of artisanal
Minas cheese produced in the Serra da Canastra region
through TDS and sensory acceptance tests and verify
the attributes that lead to product quality.

MATERIALS AND METHODS
Samples

Artisanal Minas cheese samples were used, aged 22
to 25 d, manufactured by producers registered in the
Instituto Mineiro de Agropecuéria (IMA) in the towns
of the Serra da Canastra microregion, comprising the
municipalities Piumhi, Bambui, Tapirai, Sdo Roque de
Minas, Vargem Bonita, Medeiros, and Delfinépolis.

According to the census conducted by the Techni-
cal Assistance Enterprise and of Minas Gerais Rural
Extension (EMATER-MG, 2004; Brazil), 44 producers
are registered as Minas cheese producers. The amount
of samples studied was defined according to Cochran
(1977) and Ferreira (2009), which states that to be
representative, for a population of less than a thou-
sand elements the sample size should be between 10
and 20%. Thus, it was established that the sample size
should be 20% of the producers registered in IMA and
it was divided into strata by proportional allocation on
the basis of municipalities with registered producers:
1 from Bambui, 6 from Medeiros, 2 from Sao Roque
de Minas, and 1 from Tapirai. The number of cheese
samples chosen can be considered a convenience sam-
pling (Felicio et al., 2013), for which the main purpose
was to obtain a representative sample of the artisanal
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Minas cheeses produced by registered producers (i.e.,
we evaluated only chesses produced according the leg-
islation). In this particular case, the intention was to
study a range of registered artisanal Minas cheeses from
the Serra da Canastra region.

Cheeses were collected in 3 repetitions from 3 different
batches from each producer. They were then submitted
to sensorial analysis in the sensory analysis laboratory
of the Food Science Department at the Federal Uni-
versity of Lavras. The Ethics Committee approved the
study with the approval number 42588615.0.0000.5148.

TDS Analysis of Minas Cheese
from Serra da Canastra

Temporal dominance of sensations tests were per-
formed with a team of panelists, selected based on
their sensory ability. Thus, 30 cheese consumers (17
women and 13 men, aged 25 to 40 yr), with a minimum
consumption frequency of twice a week, were recruited
through triangular test sessions with Prato cheese
samples acquired from retail sources in Lavras, Brazil.
The results of the triangular tests were analyzed using
the Wald sequential analysis (Shirose, 1984).

We selected 17 panelists (11 women and 6 men, aged
25 to 40 yr) who participated in a familiarization session
using the SensoMaker computer program (Nunes and
Pinheiro, 2012) for performing TDS. The panelists were
trained to recognize the specific flavors and textures
that could describe the product. In the training session,
references were served for each sensation involved in
the analysis according to Rodrigues et al. (2016).

After training, definitive tests were performed in
duplicate. In the analysis, the tasters were asked to
choose the dominant sensation during the ingestion
time, considering flavor perceived with greater clarity
and intensity as dominant among others in a predefined
list (Pineau et al., 2009). The participants were asked
to place the cheese sample in their mouths and imme-
diately begin the evaluation. The same procedure was
performed to evaluate the texture.

A duration of 50 s was determined as the proper
time to analyze each sample. Samples were evaluated
for texture and flavor in different sessions by the fol-
lowing attributes: soft, hard, firm, creamy, crumbly,
rubbery, and no perception for texture; salty, bitter,
rancid, acid, buttery, sweet, spicy, and none for taste.
The total analysis time was determined by pretesting
and the attributes in question were determined by the
Kelly network method (Kelly’s repertory grid method;
Moskowitz, 1983). The samples were served in a bal-
anced way in white disposable plastic cups coded with
3-digit numbers (Macfie and Thompson, 1988).
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Sensory Acceptance of Minas Cheese
from Serra da Canastra

The artisanal Minas cheese samples from the Serra
da Canastra were analyzed by 60 cheese consumers
(33 women and 27 men, 20 to 60 yr of age), with a
minimum consumption frequency of twice a week. They
evaluated the samples in relation to texture and flavor
acceptance, through acceptance tests, using a 9-point
hedonic scale, ranging from 1 = extremely disliked to 9
= extremely liked according to Stone and Sidel (1993),
Paixao et al. (2014), and Morais et al. (2014a).

The samples were served monadically in 2 sessions
and the presentation order was determined according
to the balancing proposed by Wakeling and Macfie
(1995). The judges were given approximately 10 g of
each sample at room temperature (27°C) in dispos-
able plastic cups coded with 3-digit numbers. The test
was performed with proper lighting and the absence
of interference, such as noise and odors, in individual
booths (Bowles and Demiate, 2006).

Statistical Analysis

TDS. Analysis of the TDS curve data was performed
according to Pineau et al. (2009), using SensoMaker
software (Nunes and Pinheiro, 2012). Briefly, 2 lines
are drawn in the TDS graphical display: the chance
level and the significance level. The chance level is the
dominance rate that an attribute can obtain by chance
and the significance level is the minimum value this
proportion should equal to be considered significant
(Pineau et al., 2009). The chance level and significance
level are calculated using the confidence interval of a
binomial proportion based on a normal approximation
according to Pineau et al. (2009):

Po (1— Po)
Ps = Po+1.645,|——, [1]
n

where Ps is the significantly lower ratio value (a =
0.05) at any point in time for a TDS curve, n is the
number of subjects x replication, Po is 1/p, and p is
the number of attributes.

After the TDS curves were constructed, PARAFAC
was used to analyze the data regarding the dominance
of significant sensations over time according to Ro-
drigues et al. (2016). One PARAFAC for texture and
another for flavor were built. The PARAFAC calcu-
lations were carried out using the N-way Toolbox for
Matlab (Andersson and Bro, 2000).

Sensory Acceptance. The results of the accep-
tance test were evaluated by an internal 2-way prefer-
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ence map, using the Sensomaker software (Nunes and
Pinheiro, 2012). The means and standard deviations
obtained for the cheese texture and flavor acceptance
were also presented.

RESULTS AND DISCUSSION
Texture of Minas Cheeses from Serra da Canastra

In the temporal texture profile of the artisanal Minas
cheeses from Serra da Canastra (Figure 1), each curve
represents a particular attribute of dominance over the
course of time (50 s). The TDS curves showed that
the firmness attribute was significant in every cheese
evaluated [cheese (C) 1: maximum dominance rate
(Drmax) = 0.32, C2: Drmax = 0.42, C3: Drmax =
0.37, C4: Drmax = 0.46, C5: Drmax = 0.36, C6: Drmax
= 0.31, C7: Drmax = 0.49, C8: Drmax = 0.27, C9:
Drmax = 0.47, C10: Drmax = 0.24] at around 10 s in
most samples, except sample C8 at which this occurred
at 30.5 s. Softness was also significantly detected at the
beginning of the analysis for C1 (Drmax = 0.4), C3
(Drmax = 0.31), C6 (Drmax = 0.25), C9 (Drmax =
0.24), and C10 (Drmax = 0.27), and 46% of panelists
(Drmax = 0.46) detected the hard sensation as signifi-
cant for C8 at 10 s.

Albert et al. (2012) noted that the initial dominant
perception correlates with the fracture properties of
the product as observed in this present study. This
result might be justified, as the perception of textural
properties is mainly related to tactile sensations, which
in turn depend upon direct innervation of the inner
surface of the mouth and muscle activity starting with
mastication. For flavor and odor perception, a link be-
tween receptors and active molecules is needed before
the perceptive process can start (Rosenthal, 1999).

Samples C8 and C10 were the only samples in which
creaminess was not detected. This sensation reached
maximum dominance rates ranging from 0.24 (C4) to
0.37 (C1) at around 25 to 35 s. According to EMATER-
MG (2004), this is a characteristic attribute of artisanal
chesses due to the buttery consistency of the product.
Crumbliness was also detected as significantly dominant
in most cheeses, except C1 and C9, and the maximum
expression of this sensation occurred between 20 and
30 s. Adhikari et al. (2003) suggested that hard cheeses
might maintain their integrity in the mouth longer as
compared with softer products.

To summarize the texture sensorial profile of arti-
sanal cheeses from Serra da Canastra, we optimized
and adjusted a PARAFAC model (Figure 2) for the
significant sensations. Thus, models using from 1 to 5
factors were generated to choose the appropriate num-
ber of elements. The core consistency value (Corcondia
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Figure 1. Temporal dominance of sensory curves related to texture for artisanal Minas cheeses (C1 to C10) from the Serra da Canastra.
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= 94.0890%) and the percentage of variance explained
(61.6770) suggested that 3 factors were present (Bro
and Kiers, 2003).

The PARAFAC shows that C1, C2, C3, C6, and C9
were characterized by presenting creamy, soft, hard,
and firm sensations, and C2 and C9 cheeses had greater
dominance rates for these attributes up to 10 s of inges-
tion. Cheese 4, C5, C7, C8, and C10 presented as crum-
bly, and this sensation was expressed from around 15 to
30 s; furthermore, from 35 s no texture was detected.

Texture perception of food is a dynamic process, as
the physical characteristics change continuously when
they are manipulated in the mouth to make food swal-
lowable after a swallowing threshold has been reached
(Jalabert-Malbos et al., 2007). Thus, TDS analysis
contributes much to characterize the cheese texture
perception, as it can be expressed in sensory trajecto-
ries (i.e., in terms of appearance and disappearance of
dominant sensory attributes; Lenfant et al., 2009).

To assess the texture attributes that contribute to the
acceptance of artisanal Minas cheese produced in the
Serra da Canastra, a 2-way preference map (Figure 3)
was plotted with the results obtained in the acceptance
test for texture. The means of hedonic values obtained
for acceptance in relation to texture of the cheeses was
also shown (Table 1).

From sample organization, the group that comprised
samples C1, C2, C3, and C9 was the most preferred,
whereas C4, C5, C6, C7, and C8 had lower consumer
acceptance. Regarding the hedonic values, all samples
obtained scores between 6 (liked slightly) and 7 (liked
moderately), indicating good acceptability in relation
to the texture of the evaluated cheeses.

Guinard and Mazzucchelli (1996) assigned a funda-
mental role to textural properties affecting consumer
food acceptance and preference. Based on the TDS and
acceptance results it can be inferred that creamy, soft,
hard, and firm, characteristic attributes of artisanal
Minas cheese according to EMATER-MG (2004), are
favorable to the acceptance of artisanal Minas cheeses
from the Serra da Canastra. Lahne et al. (2014) also
noted that these attributes are positive for Vermont ar-
tisanal cheeses. Despite crumbly seeming to be unfavor-
able for cheese acceptance, the samples characterized
by this attribute also had good acceptance.

The texture depends on the cheese composition and
structure and can be influenced by the various processing
stage conditions. According to Ordénez Pereda (2005)
the cheese consistency and the taste depend heavily on
the proteolysis that occurs during maturation. Through
connections by calcium bridges, casein provides stabil-
ity, consistency, and shape to the cheese mass (i.e., the
higher the casein content, which maintains the milk
fat and water content constant, the firmer the cheese
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mass). The more calcium bound to casein, the higher
the stability of the dough structure; furthermore, the
production of lactic acid by the bacterial yeast, native
to milk, causes the solubilization of calcium. This is due
to an acidic reaction with calcium bound to the casein,
forming calcium lactate, which is soluble and is lost in
the whey. Thus, the higher the lactic acid production,
the more calcium is withdrawn from the cheese mass
and more brittle and crumbly the cheese will be.
Drake et al. (1999) and Adhikari et al. (2003) reported
texture attributes for Cheddar cheeses such as firmness,
cohesiveness, and adhesiveness, and for Gouda and
Swiss cheese attributes such as creamy, granular, and

Table 1. Means of hedonic values obtained for acceptance in relation
to texture of artisanal Minas cheeses from the Serra da Canastra'

Cheese Texture acceptance
C1 6.62 + 1.64
C2 6.73 + 1.55
C3 6.50 + 1.74
C4 6.15 + 1.92
Ch 6.33 + 1.81
C6 6.67 + 1.80
c7 6.47 + 1.64
C8 6.67 + 1.96
C9 6.70 + 1.60
C10 6.67 £ 1.82

"Hedonic scale varying between 1 (extremely dislike) and 9 (extremely
like).
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hardness. For Halloumi cheese, traditional in Cyprus,
crumbly, elastic, moist, and gummy attributes were
identified (Papademas and Robinson, 2000). Accord-
ing to Nébrega (2012), artisanal cheese from the Serro
region after 23 d of aging presented a stiffer texture,
brittle and less elastic. They also noted that the cheese
from the Serra da Canastra has a harder, brittle, and
less elastic texture than the cheese from the Serro re-
gion. Nassu et al. (2009) evaluated the textural features
of butter cheese, also known as “Cheese of the Sertao,”
widely consumed in northeast Brazil, and found that
the crumbly texture is the most appreciated attribute
that characterizes artisanal cheeses produced in the
region.

Flavor of Minas Cheeses from Serra da Canastra

The flavor profile with respect to TDS of the arti-
sanal Minas cheeses from the Serra da Canastra stud-
ied is presented in Figure 4. Each curve represents a
particular attribute of dominance during the course of
time (50 s). In the graphical representation of the TDS
analysis, 2 lines are shown: the chance level and signifi-
cance level. The chance level is the dominance rate that
an attribute can obtain by chance, and the significance
level is the minimum value the dominance rate should
equal to be considered significant (Pineau et al., 2009).

We observed that the bitter sensation was significant
in the majority of the samples (C1, C3, C4, C5, C6, C7
and C9), with a maximum dominance rate (Drmax)
between 0.22 (C9) and 0.42 (C7), meaning that 22 and
42% of the panelists selected bitter as the dominant
taste for C9 and C7, respectively. Regarding the time,
we observed that the maximum bitter taste occurred at
9.5 s in C5, at 47 s in C1, and between 20 and 30 s for
the other samples.

The proteolysis, protein hydrolysis during cheese ag-
ing, must be a controlled process to result in a pleasant
taste and odor. In the initial stage of proteolysis casein
hydrolysis occurs in larger peptides, which are degraded
into smaller peptides, which can provide a bitter taste
in cheeses (Hansen, 2006). The presence of these pep-
tides is normal during the curing and the bitter taste
appears only when they accumulate in the cheese.

According to Silva et al. (2011), the proteolysis rate
or curing extent of artisanal cheese from the Serra da
Canastra is the result of proteolytic action of enzymes
of the rennet on the cheese casein. Wide variation was
noted in the milk coagulation time during the cheese
manufacture; thus, we concluded that there is no stan-
dardization of the amount of rennet used by farmers,
which was also observed by Ordénez Pereda (2005).
The microorganisms are the fermenters primarily re-
sponsible for proteolysis of the cheese. Therefore, the
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Figure 4. Temporal dominance of sensations curves related to flavor for artisanal Minas cheeses (C1 to C10) from the Serra da Canastra.
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variety of microorganisms in the wheydrop, together
with the normal microbiota and contaminants in milk,
contribute to variation in the proteolysis level of cheeses.
Ordénez Pereda (2005) also observed a wide variation
in the amount of wheydrop used by different producers
in the artisanal Minas cheese production from the Serra
da Canastra. The salty taste was also significantly per-
ceived in most samples (C1: Drmax = 0.28, C2: Drmax
= 0.42, C5: Drmax = 0.27, C6: Drmax = 0.26, CT7:
Drmax = 0.29, C8: Drmax = 0.29, and C10: Drmax =
0.36), with maximum expression between 15 and 20 s
for C5, C6, and C7, around 25 s for C8 and C10, and at
the end of analysis (35-40 s) for C1 and C2.

In cheesemaking, due to factors such as the cut
curd grain size, lactic culture activity present in milk,
amount of salt and salting method, as well as press-
ing duration and temperature of the pressed cheeses,
variation exists in the lactic acid concentration found
in each cheese. This concentration can vary even
within the same batch. Thus, increased lactic acid
concentration results in a pH decrease (Ordénez
Pereda, 2005).

In a study by Silva et al. (2011), the artisanal Minas
cheese from the Serra da Canastra showed an average
pH of 5.24, which can be explained by the cheese-press-
ing process, which uses hand pressure and synthetic
fabric. Pressing can result in the retention of more
or less lactose, with different levels of lactose being
converted into lactic acid in the cheese. According to
Tashakori et al. (2013), acidity is a positive attribute
for the microbiological safety of cheeses.

A sour taste was significantly dominant in C2, C3,
C4, C5, C6, C8, and C10, with a Drmax that ranged
from 0.21 (C2) to 0.38 (C4), and this occurred in the
middle of analysis. Moreover, 22% of the panelists de-
tected a buttery taste as dominant in C9 at 40.5 s. This
perception is characteristic of the product, because the
artisanal cheese from the Serra da Canastra is produced
from raw milk with high fat content.

A rancid taste, considered a negative attribute, was
significant only in samples C1 and C8 at around 25 s,
but it was not considered dominant in C8, because the
salty taste reached a higher dominance rate than the
rancid taste. This sensation is probably due to lipolytic
enzyme action on milk fat (Jaeggi et al., 2003); how-
ever, low dominance rates were observed.

Significant sensations were detected from 5 to 10 s of
ingestion in most cheeses, and in samples C1 and C9
this only occurred after 25 and 35 s. Furthermore, we
observed several sensation curves between the chance
and significance level, which might have occurred be-
cause of the cheese complexity (i.e., the expression of
different flavors), causing the panel to have difficulty in
detecting the dominant sensation.
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To better visualize the similarities and differences in
the sensorial profile of artisanal cheeses from the Serra
da Canastra with respect to the temporal dominance of
sensations profiles, a PARAFAC model of the signifi-
cant sensations was optimized and adjusted. To con-
struct the PARAFAC (Figure 5), models using 1 to 5
factors were generated to choose the appropriate num-
ber of elements. The core consistency value (Corcondia
= 83.3225%) and the percentage of variance explained
(68.3272) suggested that 3 factors were present (Bro
and Kiers, 2003).

The PARAFAC indicated that the dominant sensa-
tions of C1, C3, C5, C7, and C9 were bitter, buttery,
and rancidity, whereas the salty and acid tastes charac-
terized samples C2, C6, and C10. Regarding the time,
bitter, buttery, and rancidity sensations were more
pronounced at the beginning of the analysis, in the first
15 s, followed by the salty and sour tastes, which were
expressed within 15 to 35 s. Moreover, it is possible to
infer that different sensations occurred up to 45 s of
ingestion time.

Rodrigues et al. (2014) evaluated the sensory profile
of traditional and reduced-sodium mozzarella cheese
using the TDS test and observed a prevalence of the
salty taste. Mamede et al. (2010) studied the sensory
characteristics of curd cheese by quantitative descrip-
tive analysis and found that, among 13 attributes
evaluated, the color yellow, the typical aroma of melted
cheese, and the typical flavor of curd cheese were the
most important attributes to discriminate the samples.
Silva et al. (2013) also used quantitative descriptive
analysis to assess artisanal Minas cheese from the Serra
da Canastra and found that the cheeses had an uneven
coloration, crusts tending toward dry as well as oily, a
strong odor, with a marked tendency toward a typi-
cal cheese odor. An acidic odor was also perceived in
cheeses that had a very open texture (presence of many
eyelets) and a slightly marked tendency for strong and
typical flavor, in which the main problem detected by
the panelists was excess salt; acid and bitter attributes
were also perceived.

A 2-way preference map (Figure 6) was plotted with
the results obtained in the acceptance test in relation
to flavor to verify the favor sensations that direct the
acceptance of artisanal Minas cheeses produced in the
Serra da Canastra. The means of the hedonic values
obtained for favor acceptance of the artisanal Minas
cheeses from the Serra da Canastra was also presented
(Table 2).

We noted that C2, C3, C6, C8, C9, and C10 had
greater acceptance compared with C1, C4, C5, and C7.
However, every cheese had good flavor acceptance, as
most of the samples obtained hedonic values between 6
(liked slightly) and 7 (liked moderately).

Journal of Dairy Science Vol. 99 No. 10, 2016
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(C) from the Serra da Canastra: mode I (top) is the cheese samples; II
(middle) is the consumption time, 50 s; and III (bottom) is the evalu-
ated texture sensations. Color version available online.
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Figure 6. Preference map obtained for acceptance in relation
to flavor of artisanal Minas cheeses (C1 to C10) from the Serra da
Canastra. Color version available online.

In a survey conducted by Machado et al. (2004), after
600 observations of artisanal Minas cheese from Serro,
an average acceptance of 6 was observed, which repre-
sents liked slightly on the hedonic scale. Resende (2014)
studied the artisanal Minas cheese from the Campo das
Vertentes microregion at 3 aging periods and found
that cheeses cured for 10 d had greater acceptance,
with hedonic scale indications between 7 (liked mod-
erately) and 8 (liked a lot). Cheeses cured 20 and 30 d
obtained a score of 6 (liked slightly), which relates to
the results found in this present study that evaluated

artisanal Minas cheese from the Serra da Canastra aged
22 and 25 d.

Table 2. Means of hedonic values obtained for acceptance in relation
to flavor of artisanal Minas cheeses from the Serra da Canastra'

Cheese Flavor acceptance
C1 5.97 + 1.76
C2 6.87 £ 1.65
C3 6.43 £ 1.85
C4 6.07 £ 1.84
C5 6.20 + 2.11
C6 6.32 £ 2.05
c7 6.06 + 1.86
C8 6.68 £ 1.86
C9 6.53 £ 1.75
C10 6.40 £ 1.79

"Hedonic scale varying between 1 (extremely dislike) and 9 (extremely
like).
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Regarding the TDS results, we noted that all attri-
butes evaluated (bitter, buttery, salty, and acid taste)
were positive for cheese acceptance, as samples from
the 2 groups observed in the PARAFAC (Figure 5)
are among the preferred cheeses in relation to flavor.
Sant’ana et al. (2013) also observed that buttery, salty,
and acid taste were positive for purchase intention of
Brazilian artisanal cheese.

Although the basic process of artisanal Minas cheese
making in the Serra da Canastra is common for produc-
ers, variations in the origin of the milk, the processing
techniques, the aging time, and endogenous microbiota
generate variety in the cheese sensory characteristics.
Nébrega (2012) evaluated 3 most characteristic samples
of cheese from the Serra da Canastra and found that
the cheeses differed according to their rind color unifor-
mity, roughness, barnyard aroma, and salty and bitter
taste. According to Silva et al. (2013), the artisanal
Minas cheese from the Serra da Canastra presents a
high variation rate in all sensory attributes analyzed.
Hartmann et al. (2000) confirmed that artisanal cheeses
are characterized by their high nutritional value and
appreciated sensory qualities. According to the produc-
ers, raw material is primarily responsible for the flavor
and maintenance of the characteristics that guarantee
the product acceptance (Brant et al., 2007).

The fact that the cheeses are produced by artisanal
process, with the use of unpasteurized milk from the
producing farm itself, and with natural ingredients such
as lactic cultures present in the wheydrop, rennet, and
salt, gives the cheese peculiar sensory characteristics
such as the acidity, buttery, creamy, and soft attributes
detected in our study. The composition of the whey-
drop is characteristic of each producing region and
contains selected lactic cultures that directly influence
the fermentation and maturation process, and the tex-
ture and flavor sensory profile of the Minas cheese from
the Serra da Canastra region. Therefore, the wheydrop
is one of the factors that most influences the product
standardization.

The results of our study provide important informa-
tion for dairy science, as it contributes to artisanal
cheese standardization and quality improvement,
besides providing the sensory attributes that meet
consumer desires, increasing product competitiveness,
and encouraging producers from the Serra da Canas-
tra region and the Brazilian market. Moreover, the
techniques used in the present study provide impor-
tant information regarding the sensory characteristics
of Brazilian cheeses, allowing them to become better
known, more appreciated in other parts of the world,
and showing their export potential. Furthermore, for a
better characterization of artisanal Minas cheese, stud-
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ies covering the sensory profiling with a trained panel
(Morais et al., 2014b; Gaze et al., 2015), or using novel
sensory methodologies, such as Check All That Apply,
projective mapping, sorting, and the intensity scale
(Cruz et al., 2013; Dos Santos et al., 2015; Pereira et
al., 2016), should be done.

CONCLUSIONS

We observed that the dynamic sensory profile varies
widely among the evaluated artisanal Minas cheeses
from the Serra da Canastra. However, all evaluated
cheeses had good acceptance. Moreover, it is possible
to infer that creamy, soft, hard, and firm are positive
attributes for cheese texture and bitter, buttery, salty,
and acid taste drive cheese acceptance. This study
provides important information for product standard-
ization and quality improvement, besides aiding in the
process origin indications.
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