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Abstract

, Paulo Henrique da Fonseca da SILVA!

Nutritionally, cheese and other dairy products have been highlighted especially as a calcium source. Access to minerals is
dependent on variables related to diet, lifestyle, and also the health status. This study aimed to evaluate the bioaccessibility
and calcium partition in Minas Padrao cheese over its ripening period for experimentally obtained samples. The cheese of the
study has been manufactured using two different technologies (A and B). Also to evaluate the evolution of pH over cheese
ripening and the influence of calcium partitions in its bioaccessibility along the cheese ripening period. The mean values found
for total calcium content were (549 mg-100 g' - A and 644 mg-100 g - B). For calcium in the aqueous phase on average
460 mg-100 g’ — A and 404 mg-100 g"' - B. These and other changes found are possibly due to physicochemical and biochemical
changes, especially with respect to pH variations. Calcium bioaccessibility decreased in the beginning and then incresed in
the end of the ripening period. The results obtained in this work hopefully may allow further studies and the development of
products in which calcium bioaccessibility might be indicated on the product's label accordingly to its ripening time.

Keywords: minerals; cheese; calcium.

Practical Application: Bioaccessibility of calcium in Minas Padrao cheese vary during ripening.

1 Introduction

Minas Padrao cheese is a typical cheese from Minas
Gerais - Brazil. Improvement of artisanal cheeses produced in
Minas Gerais leads to Minas Padrao cheese development and
establishment through technologies based in pasteurized milk
(Pereira et al., 2018).

According to the Regulation of Industrial and Sanitary
Inspection of Products of Animal Origin, Minas Padrao cheese is

[...] cheese of raw or semi-cooked mass obtained
by rennet coagulation of the pasteurized milk with the
production of a curd, drained, mechanically pressed,
salted and ripened mass (Brasil, 2017).

Nutritionally, cheese and other dairy products have been
highlighted especially as a calcium source. This mineral is
essential for bodily functions such as nerve transmission, blood
clotting, muscle contraction, cellular respiration, formation and
maintenance of bones and teeth (Santiago-Lopez et al., 2018;
Johnson 2017). The calcium found in cheese can be composing
complex proteins that form the structure of it; can be spread in the
aqueous phase (AP) either freely (solvated ion) or associated with
organic and inorganic anions. Physico-chemical characteristics
are responsible for the balance among the different forms of

presentations of the mineral and therefore directly influencing
cheese characteristics mainly the pH. The effect of pH itself is
often difficult to separate from other concomitant disorders such
as colloidal calcium phosphate solubilization, changes in the
electrical charge on casein, and hydration of the molecules of
this protein (Johnson, 2017; Walther et al., 2008; Fox et al., 2000).

Access to minerals is dependent on variables related to
diet, lifestyle, and also the health status. It is understood as
bioaccessibility “[...] the fraction which is released from its
matrix in the gastrointestinal tract and thereby becomes available
for absorption via the intestinal bloodstream” (Gropper et al.,
2013). The bioaccessibility can be determined experimentally
by “in vitro” testing (Fernandez-Garcia et al., 2009).

The efficiency of calcium absorption is similar in most foods,
except for foods high in oxalates and phytates. (Gropper et al.,
2013; Cozzolino, 2010; Martini & Wood, 2002). Calcium
interacts with other nutrients, this factor is also important
in bioaccessibility considering the complexity of cheese, this
study's matrix (Pimentel et al., 2018; Silva et al., 2017). Due to
the diversity of biochemical reactions resulting from the Minas
Padréo cheese ripening process a more detailed study is justifiable
on calcium behavior and partitions as well as the bioaccessibility
of the mineral over the period of ripening and storing.
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Bioaccesibility of calciumin Minas Padrdo cheese

The study aimed to evaluate the bioaccessibility and calcium
partition (aqueous phase and free) in Minas Padréo cheese over
ripening period, on experimentally obtained samples for two
manufacturing technologies. Also to evaluate the evolution of
pH over cheese ripening and the influence of calcium partitions
in its bioaccessibility along the cheese ripening period.

2 Materials and methods
2.1 Production of Minas Padrao cheese

The Minas Padrao cheeses of the study were manufactured
in Candido Tostes Dairy Institute - EPAMIG (Juiz de Fora, Minas
Gerais, Brazil), using two different technologies, the first (Technology
A) without removal of whey and the second (Technology B) with
partial withdrawal of whey and addition of warm water during
paddling. At the end were performed a total of six fabrications,
with three replicates for each technology. The used manufacturing
technologies (A) and (B) are described in Figure 1.

To determine the proximate analysis, Fat in Dry Matter
(FDM) and calcium attributes in AP (Aqueous Phase), free
calcium, cheese pH and pH of the AP. To prepare the descriptive
analysis the products were examined 28 days after manufacture.

Pasteurized milk 65° C/ 30 min and standard (3,2% v/v fat)
A

Cooling to 35° C
¥
Adding and prefermetation of lactic ferment for 20 minutes
mesophilic lyophilized fermentt type “O™ —R704 (10 UL/100L)
¥
Addition of calcium chloride — 20 g-100L-! and sodium nitrate — 20 g-100L-!
i

Rest for 40 min to 50 min (until curd formation)
Curd cutting (+ 1.5 cm edged cubes)
¥

Slow agitation between 15 min and 20 min

(Technology B)
Withdrawal of 30% v/v whey

(Technology A)
Rest 2 min

¥
Slow addition of 30% v/v water at 65° C
Indirect steam heating to 39° C (under agitation)
2nd agitation- faster to the end
End
¥
Syneresis

¥

Pre-pressing (2 x cheese mass)

Moulding (1.0 kg size )
¥
Pressing (10 x cheese mass)
Salting in brine 20% w/v salt, between 10° C and 12° C for 24 h
¥
Drying (cold storage between 10 and 12° C for 48h)
¥
Vacuum packaging

¥

Samples for analysis kept between 10° C and 12° C

Figure 1. Production flow chart of Minas Padrdo cheese.
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2.2 Extraction of aqueous phase

For extraction of the aqueous phase (AP), the refrigerated
products were transported to Vigosa, Minas Gerais, Brazil,
where at the laboratory - INOVALEITE at Federal University
of Vigosa - UFV the extraction was carried out by mechanical
pressing of samples following the methodology described by
Salvat-Brunaud et al. (1995). This procedure was carried out
when the samples were 6, 27, 48 and 69 days old. On the following
day for all samples of all ripening times at the Instrumental
Analysis Laboratory of Nutrition at Federal University of Juiz
de Fora - UFJF (Juiz de Fora, Minas Gerais, Brazil) the extracts
were centrifuged at 2990 x g for 5 minutes and filtered through
cotton. Thus obtaining the AP for further analysis.

2.3 Determination of hydrogan potential

The determination of the hydrogen potential (pH) of cheeses
and APs were performed using the pH meter Gehaka - PG model
1800. Readings were determined with electrode immersion
in different points where measurements were taken in cheese
samples and in the AP samples whenever these were the
object of measurement. Such procedures were performed
when the cheeses were 1, 2, 7, 28, 49 and 70 days old. As for
APs of cheese pH measurement occurred when the samples
were 7, 28, 49 and 70 days old.

2.4 Determination of calcium
Samples preparation

The samples were homogenized in a porcelain mortar, (cheeses,
AP and dialysis membranes contents as in 2.6) weighed into
porcelain crucibles (~ 100 mg) and calcined at 550 °C for 16 h.
The obtained residue (ash) was resuspended with nitric acid
solution of 2% v-v', quantitatively transferred to a volumetric
flask and the volume measured to 25.00 mL with deionized
water. This procedure was performed in triplicate.

Analytical determination

After opening, the total calcium levels were determined in
samples by Flame Atomic Absorption Spectrometry (FAAS) in
the Department of Chemistry at UFJE. The spectrometer analyzes
were performed on Thermo Scientific, model SOLAAR M5 in
accordance with the following instrumental conditions: nitrous
oxide - acetylene flame with a flow of 4.2 L-min™* of acetylene,
burner height of 11 mm; wavelength of 422.4 nm at + 0.5 nm
scan and readings in triplicates. For calibration of the equipment
it has been used standard calcium solution (Ultra Scientific,
Kingstown, USA) with concentrations ranging from 1.00 mg-L"!
to 7.00 mg-L". Calcium levels were determined during four
periods of ripening (7, 28, 49 and 70 days old).

2.5 Determination of free calcium

The determination of free calcium was performed in the
cheese AP by ion selective electrode for calcium - Orion 4-STAR
with the reading performed directly by immersing the electrode
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in the cheese AP. There were free calcium measurements over
the four ripening periods (7, 28, 49 and 70 days old).

2.6 Determination of calcium bioaccessibility

Bioaccessibility was determined according Luten et al.
(1996), modified by undergoing 7 g of crushed cheese to
simulated “gastric digestion” with pepsin in hydrochloric acid
solution of 0.1 mol-L", pH adjusted ranging from 1.7 to 2.0.
The mixture was then subject to stirring at 37 °C for 2 hours.
After the simulated digestion it was determined the acidity
of digested matter and preparation of the dialysis membrane
(Spectra/por® - MWCO model: 12,000 D - 14,000 D), to which
were added an equimolar solution of sodium bicarbonate.
The membranes were used to simulate enteric digestion of
30 g of gastric digested under stirring at 37 °C for 4 hours
(enteric digestion). After the mixture reaches a pH close
to 5.0 (approximately 40 minutes), it was added pancreatin and
bile extract solution. At the end of 4 hours, the dialysis membrane
was removed and the contents underwent determination of
present calcium by F AAS - 4.2.2 (1). To obtain the fraction of
bioavailable calcium, it was also determined by F AAS - 4.2.2
the total calcium content in cheese after opening of the samples
and dissolution in dilute nitric acid (2). Hence, it is possible to
determine the percentage of calcium bioaccessibility in cheese by
means of equation % calcium bioaccessibility = [(1)-(2)] -100.

The determinations were carried out during four periods
(7, 28, 49 and 70 days of manufacture).

2.7 Statistical analysis

Statistical analysis was performed using the statistical software
Prism 5.0 (GraphPad, USA). Data on the composition and the
calcium partition attributes and cheese pH, calcium bioaccessibility
and aqueous phase pH were evaluated by descriptive analysis,
using the results for 28 days of manufacture. Calcium partition,
aqueous phase pH and mineral bioaccessibility were analyzed
along four ripening times (7, 28, 49 and 70 days old). In the pH
evaluation besides the above mentioned times, measurements
were performed on the day of production (day 1) and the next
day (day 2). Two-way analysis of variance (Two-way ANOVA)

followed by Bonferroni test for variables with statistically significant
parametric distribution was carried out. The significance level
for all tests was p < 0.05.

3 Results

3.1 Analysis of descriptive statistics for Minas Padrdo cheese
produced with different manufacturing technologies

Table 1 presents the chemical composition, fat in the dry
matter (FDM), calcium partition (AP calcium and free calcium),
bioaccessibility, Minas Padrdo cheese pH and aqueous phase pH
for cheese produced by both technologies.

3.2 Hydrogen potential

The taking of averages and two-way analysis of variance
followed by Bonferroni test were shown in Figure 2, means
distribution shown in Table 2.

3.3 Calcium in aqueous phase

The average calcium content in the AP during ripening
performed for both technologies, subject to the two-way analysis
of variance and Bonferroni test are shown in Figure 3, and the
distribution of means shown in Table 3.

pH
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Figure 2. Evolution of pH during ripening of Minas Padrdo cheese
for A and B followed by Bonferroni’s test (*p <0.05 and ***p <0.001).

Table 1. Results of attributes in the Minas Padrao cheese produced by both technologies.
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Technology AB AB AB AB AB AB AB AB AB AB
Mean 48.5049.43 19.1219.12 24.7024.34 47.9548.14 549 644 460 404 109 92 17.9412.15 4.894.96 5.38 5.50
Standard 1.92 1.57 1.210.68 1.09 0.79 0.910.24 3281 5379 1311 4.80 2.82 0.030.14 0.030.22
deviation
Amplitude 3.823.12 242 1.21 1.92 1.58 1.60 0.48 64 146 95 156 2519 8.404.91 0.050.24 0.050.42
Maximum 50.54 50.90 20.27 19.91 25.3625.11 49.00 48.40 581 737 521475 11999 19.22 14.47 4915.04 5.40 5.68
Minimum 46.7247.78 17.8518.70 23.4423.53 47.3947.92 517591 426319 94 80 10.829.56  4.86 4.80 5.355.26
FDM = Fat in Dry Matter.
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Figure 3. Evolution of calcium in the aqueous phase during cheese ripening
for technologies A and B followed by Bonferroni’s test (***p <0.001).

Table 2. Distribution of pH medium along the ripening of Minas
Padrao subject to different technologies (A and B) analyzed by the
Bonferroni test (p <0.05).

Calcium in Calcium in
Time (days) AP (mg/100 g) AP (mg/100 g)
Technology A Technology B
5.60 & 5.63°
5.07 8 5.30°
5.01% 5.23°
28 489° 4.96 ¢
49 4885 5.09 b
70 4998 5.03¢

Means followed by the same letter in the same technology do not differ significantly in
the Bonferroni test at 5% probability.

Table 3. Distribution of calcium content average in the aqueous phase
during ripening under different manufacturing technologies (A and B)
analyzed by the Bonferroni test (p <0.05).
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Figure 4. Evolution of free calcium levels along ripening for
technologies A and B followed by Bonferroni’s test (*p <0.05).
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Figure 5. Evolution of calcium bioaccessibility percentages along ripening
for technologies A and B followed by Bonferroni’s test (*p <0.05).

Table 4. Average distribution of calcium bioaccessibility percentages
along the ripening process under different manufacturing technologies
(A and B) analyzed by Bonferroni test (p <0.05).

Calcium in Calcium in
Time (days) AP (mg/100 g) PA (mg/100 g)
Technology A Technology B
7 599 4 400*
28 460 ® 438*
49 271¢ 208"
70 247 ¢ 311°

Means followed by the same letter in the same technology do not differ significantly in
the Bonferroni test at 5% probability.

3.4 Free calcium

Free calcium is the divalent cation of the mineral present
in the AP. Calcium of this nature rises with decreasing pH.
Upon analysis of variance was perceived a technology effect on
it (p < 0.05). There was no significant difference between the
ripening times for any of the technologies.

The average free calcium content during the ripening for
both technologies, submitted to the two-way analysis of variance
and Bonferroni test are shown in Figure 4.

3.5 Calcium bioaccessibility

By obtaining the average and the two-way analysis of variance
followed by Bonferroni’s test (Figure 5) it was also possible to
carry out the distribution medium as shown in Table 4.

862

: T 7o - o
Time (days) Bioaccessibility (%) Bioaccessibility (%)
Technology A Technology B
7 23.07 4 16.32*
28 17.94 % 12.15°
49 6.56 ¢ 5.75°
70 13.99 % 10.38

Means followed by the same letter in the same technology do not differ significantly in
the Bonferroni test at 5% probability.

4 Discussion

4.1 Analysis of descriptive statistics of compositional
attributes for Minas Padrdo cheese produced with different
manufacturing technologies

Although manufactured with different technologies
(A and B), the products did not differ significantly (p > 0.05)
as to the chemical composition attributes of macroconstituents
(moisture, protein and total fat), as shown in Table 1.

Manufactured cheeses had similar moisture averages
(A =48.50% m-m™' and B = 49.43% m-m™). FDM had similar
mean values between technologies (47.95% - A, 48.14% - B),
which is indicative of the experiment control. According to the
Codex Standard 283 (World Health Organization, 1978) the two
technologies delivered products classified as: soft to firmness
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and full fat (the content of fat in dry matter is above or equal
to 45% and less than 60%between 45.0% and 59.9%). As to the
regulation relating to nutritional information in Brasil (2012)
the cheeses produced by both technologies are classified as
“high content” of calcium for providing 54.9% (technology A)
and 64.4% (technology B) of the recommended daily intake for
a healthy adult of 1000 mg of calcium per day.

4.2 Hydrogen potential

By analyzing Figure 2, it can be seen variation of cheese
pH along the ripening. Technology A resulted in lower pH
means that B (p < 0.01) throughout ripening. One possible
explanation for this would be the highest level of residual
lactose in the cheese, since there was no mass washing during
the manufacture. The more lactose distributed in the mass, the
greater the fermentation with more lactic acid production and
consequently pH reduction.

It was also observed effect of ripening (Table 2) in pH range
(p <0.001). Upon aging lactose is consumed by the fermenting
bacteria NSLAB (Non Starter Latic Acid Bacteria), which
results in pH lowering. The pH then goes back up again in this
experiment by day 49. This increase can be attributed mainly
to proteolysis with the release of ammonia from degradation
of cheese proteins into amino acids which are also degraded.
The pH can also be raised by degradation of lactic acid into
organic acids and carbon dioxide (El Soda, 1995).

There was a statistically significant difference (p < 0.001)
already on the day after manufacture (A = 5.07 and B = 5.30)
and (p < 0.05) between the study's applied technologies in
measurements at day 7 of manufacture (A = 5.01 and B = 5.23)
and day 49 of manufacture (A =4.88 and B = 5.09). The significant
difference between the products at day 2 demonstrates the
effect of the absence of mass washing in A which in turn let the
medium, probably, with high lactose content and high numbers
of fermenting bacteria.

Cheese pH generally has the opposite behavior of the lactose
content in the mass. Depending on the type of cheese, it is
consumed in about 15 days. In cheese with high lactose content,
the pH may continue to decline for most of its ripening and the
primary role of starter bacteria in cheese making is to acidify
the cheese milk and lower its pH by converting lactose found
naturally in milk to lactic acid (glycolysis) (Hickey et al., 2015;
McSweeney, 2004). However, the increase in pH is common
in various kinds of cheese. This increase may be due to the
degradation process of lactic acid present in the mass of cheese
along with proteolysis, hence, the release of ammonia from the
amino acid degradation (Gobbetti et al., 2015; Fox et al., 2000).
Such proteolysis is favored by high moisture content in Minas
Padrao cheese.

In this study, pH lowering had taken place until day 30.
Assumptions about such a result can be raised. Once it is a
non-LD cheese type and has high moisture content, Minas
Padrdo cheese has significant residual content of citric acid,
extending the pH lowering time.

Food Sci. Technol, Campinas, 39(4): 859-866, Oct.-Dec. 2019

During cheese production most of the lactose is lost in whey,
but residual lactose stays with cheese. The amount of residual
lactose is affected by processing parameters, presence of starter
and nonstarter lactic acid bacteria, could be determined by
different methods to avoid fermentation during ripening, leading
to modifications in cheese identity (Monti et al., 2017; Biswas et al.,
2015; Lee et al., 2014; Sheehan et al., 2007; Upreti et al., 2006).

4.3 Aqueous phase calcium

A slight increase in total calcium content in technology B
was observed (Table 1). This is probably linked to pH which in
that technology is slightly increased. The lower the pH, the higher
the demineralization of cheese and therefore a larger amount
of calcium can migrate to whey already in the manufacturing
process (McSweeney, 2004; Fox et al., 2000).

By analyzing the AP calcium against the total calcium to
technologies A and B, it was found that 83.65% of the calcium
was present in AP for cheese produced in A, and 19.79% of
the total calcium as free calcium. In B, 62.82% of the mineral
was in the AP, and 14.34% of the total calcium as free calcium,
which can be explained by the lower pH value, even though
significantly lower in A (A = 4.83 and B = 4.96).

Analyzing calcium content in APs over time (Figure 3) there
was a certain direct relationship with pH once during ripening
the pH decreases and so does the calcium content in the AP.
However, by evaluating the calcium content in the AP between
technologies, it has been noticed a higher content in A where the
pH was lower. The technological effect result (p < 0.01) occurred
due to the higher solubility of calcium since cheese has lower
pH, the so-called demineralization effect. Considering the effect
of time (p < 0.001), as shown in Table 3, it is clear that calcium
content in AP is decreased. This is possibly due to proteolysis
during ripening and protein breaking into smaller fragments.
The break-down of a large fragment into several smaller
fragments destabilizes the balance of calcium distribution in
cheese. Calcium transferred to AP is important for stabilization
of formed peptides pushing down the water, which has a role
in stabilization of solvating the formed peptides. The pressure
for the extraction of cheese AP is not sufficient to physically
remove this layer off the cheese mass.

The significant difference between the tested technologies
A and B is mostly noticed at day 7 (p < 0.001) which averaged
calcium content in AP 599 mg-100 g (A) and 400 mg-100 g (B).
For technology A it has been observed higher average calcium
content in AP than in B during the first measurement (at day 7)
as a result of demineralization, which lessens during ripening.

Calcium levels in AP for technology B decreases
significantly (p < 0.001) between day 28 (438 mg-100 g*') and
day 49 (208 mg-100 g'), with no significant difference in other
measurements (days). In A, it has been noticed differences at day
7 (599 mg-100 g*) and day 28 (460 mg-100 g) (p < 0.01) and
again day 28 (460 mg-100 g*) and day 49 day (271 mg-100 g')
(p < 0.001), stabilizing thereafter.
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4.4 Free calcium

Free calcium levels for both technologies present statistically
significant difference (p < 0.05) (Figure 4) being noticeable at
day 7 which averaged free calcium content of 118 mg-100 g
of AP (A) and 87 mg-100 g of AP (B). In technology A, it was
observed higher averages for free calcium than in B. In A, it was
also observed less variation of free calcium content throughout
ripening, probably because of the first measurement (day 7)
where the free calcium content was already high.

4.5 Calcium bioaccessibility

The results for determination of calcium bioaccessibility in
technologies A and B are as follows (Table 1): 17.94% and 12.15%,
with standard deviation 2.82 and 4.80, respectively. Although the
pH is lower in A, it showed higher bioaccessibility of calcium
than in B. That may be due to the higher calcium content in
the AP in A (A = 460 mg-100 g' and B = 404 mg-100 g'),
resulting from greater demineralisation caused by pH effects,
even though the total calcium content in B is greater than in
A (A =549 mg-100 g* and B = 644 mg-100 g*).

There was constant variation in bioaccessibility along the
ripening. Upon the completion of the analysis of variance was
perceived the effect of technology (p < 0.001), as shown in
Figure 5. The experiments in A showed higher average percentage
of calcium bioaccessibility than in B due to several factors, such
as calcium in the AP and free calcium which are coordinated
primarily by changes in pH. It was also observed effect of ripening
time (p < 0.001) in the variation of the percentage of calcium
biovailability (Table 4). As ripening advances, pH is lowered
thus reducing the mineral bioaccessibility in cheese. The calcium
content in AP also decreased in the early stages of ripening
that in turn impacting negatively on calcium bioaccessibility.
The elevation of pH in the final phase of ripening gives rise to
bioaccessibility which is also influenced by the substantial rise
in calcium content in AP. There was a significant difference
(p < 0.05) concerning the effect of technologies in the early
stages of ripening. In the measurement performed at day 7 of
manufacturing calcium bioaccessibility values were 23.07% in A
and 16.32% in B. At day 28 of manufacturing the average results
were 17.94% for mineral bioaccessibility in A and 12.15% in B.

Van Dokkum et al. (1996), when controlling women s diet
with groups consuming fresh cheese for a calcium bioavailability
study, found higher results for bioavailability than the ones in
this study. The findings showed that 37.7% of ingested calcium
was bioavailable.

Minas Standard cheese has a ripening period to improve
flavor and texture in which different microorganisms plays
important roles for the Brazilian cheese identity (Bemfeito et al.,
2016; Nepomuceno et al., 2016; Cardoso et al., 2015). However,
from a nutritional point of view, especially for Minas Standard
cheese as a source of calcium, it would be more appropriate
the consumption of the fresh cheese, since the findings of this
study point out to 23.07% mineral bioaccessibility in the initial
seven days of manufacture. All subsequent measurements
showed a decrease in the average calcium bioaccessibility
(p <0.05and p < 0.001 respectively) and averaged 17.94% after
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28 days and 6.56% at 49 days old, rising again (p < 0.05) in the
last measurement period of the study at day 70 (13.99%), a fact
that is confirmed by the slight increase observed in pH.

As to technology B it has been determined that 16.32%
of the mineral was bioavailable at seven days of manufacture,
value which is not statistically different (p > 0.05) from the
average determined at 28 days (12.15%). In the determination
of bioaccessibility at 49 days, it was noted a significant decrease
(p <0.05) that averaged 5.75. The last measurement for calcium
bioaccessibility was high at 10.38%, also consistent with the slight
rise in pH at this stage of ripening. The relationship between
calcium bioaccessibility and cheese ripening time is a relevant
factor, it is little explored by the scientific community, though.
Nutritional aspects of foods determine preferences of consumption
and the development of dairy products as cheeses. Cheeses are
recognized as a calcium source but the discussions of calcium
bioaccessibility are not frequency in the industry. Changes in
the cheese matrix during ripening affect the bioaccessibility of
calcium in Minas Padrao cheese. Dairy industries could apply
the results of this research during the development of new
products and inform to consumers the best time to consume
cheese based on calcium bioaccessibility. The results obtained
in this study promote a discussion: Minas Standard cheese as
calcium source, its sensory aspects and even cultural aspects
related to the Brazilian way of consumption of the cheese. Such
studies are important for improving the technologies not only
for cheese and dairy but also for various sectors of the food
industry, hence requiring greater interaction between nutritional
and technological aspects of product development.

5 Conclusions

During ripening, variations in calcium partition, calcium
content in AP and dissociation of the mineral in AP occurred
and these changes are linked to physicochemical and biochemical
changes particularly with respect to pH variations.

Calcium bioaccessibility decreases during cheese ripening,
regardless of the tested technology, due to the lowering of pH
and calcium content in AP then rising again in the final phase of
ripening period. Taking into consideration the time of ripening,
it can be said, from a nutritional point of view, the highest
bioaccessibility of calcium is found in the initial phase (up to
seven days) and in the final stage (about 70 days) of ripening,
although, sensorial and historically, it is consumed a bit older than
20 days of ripening. At the same day of measurement, comparing
the two technologies, it became clear that the bioaccessibility
was higher in technology A.

The lack of a specific legislation for Minas Standard cheese
contributes to a large variability in the composition of this
cheese, affecting its identity and its indication as a food source
of calcium in diet, since this variation interferes with calcium
bioaccessibility and, therefore, the calculation of food portions
to supply for the correct daily needs of this nutrient.

The results obtained in this work hopefully may allow
further studies and the development of products in which
calcium bioaccessibility might be indicated on the product's
label accordingly to its ripening time.
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