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ABSTRACT: Studies of centesimal composition regarding coalho. From the perspective that selenium content in foods can
vary due to environmental factors and cheese may be a source of such nutrient, it is believed that is relevant to characterize
the possible selenium contents in coalho cheese. The samples of cheese were collected of the and selenium was quantified
by Hydride Generation Atomic Absorption Spectrometry. Protein content was determined by the Kjeldahl method and lipids by
Soxhlet extraction. The centesimal composition presented variations for humidity (50.5-61.9% w w'), ashes (2.37-4.16% w w),
proteins (14.3-19.7% w w''), lipids (15.6-26.6% w w'') and for carbohydrates (0.10-6.50% w w). The selenium contents were
heterogeneous among the samples (4.21-38.78 ug kg). In Principal Component Analysis, it was observed that samples are
divided by selenium concentrations and is justified by groups that present producer cities with different characteristics in terms of
soil, average rainfall and distance from the coast. It was concluded that the samples are low-fat cheeses and sources of protein,
and only the cheese from Limoeiro do Norte is a source of selenium. The samples presented distinct variations in both physical-
chemical and selenium concentrations.
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Concentragao de selénio e caracterizagao fisico-quimica do queijo
de coalho tradicional brasileiro

RESUMO: Os estudos de composicédo centesimal do queijo coalho sdo escassos. Diante da perspectiva que o teor de selénio
nos alimentos pode variar devido a fatores ambientais, e o queijo pode ser uma fonte de tal nutriente, acredita-se na relevancia
de caracterizar os possiveis teores de selénio neste queijo. As amostras de queijo foram coletadas e o selénio foi quantificado
por Espectrometria de Absorgao Atémica de Geragéo de Hidretos. O teor de proteina foi determinado pelo método de Kjeldahl
e os lipidios pela extragdo de Soxhlet. A composicdo centesimal apresentou variagdes para umidade (50,5-61,9% w w'),
cinzas (2,37-4,16% w w'), proteinas (14,3-19,7% w w'), lipidios (15,6-26,6% w w') e para carboidratos (0,10-6,50% w w'"). O
conteudo de selénio foi heterogéneo entre as amostras (4,21-38,78 ug kg™'). Na Analise dos Componentes Principais, observa-
se que as amostras sdo divididas por concentragdes de selénio, justificada por grupos que apresentam cidades produtoras com
caracteristicas diferentes em termos de solo, precipitagdo média e distancia da costa. Conclui-se que as amostras sao queijos
magros e e fontes proteicas, e apenas de Limoeiro do Norte € uma fonte de selénio. As amostras apresentaram variagdes
distintas nas concentragdes fisico-quimicas e de selénio.
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Introduction

Bovine milk is a common food component in human diets,
providing about 66 kcal 100 mL?, as well as being a source of
vitamin A, D and B complex, containing macrominerals such as
Ca, K, Na and P, and microminerals such as Cu, Fe, Mn and Zn
in its composition (Mahan et al., 2012).

Cheese is derived from milk and produced by coagulation
after undergoing specific technological procedures with
enzymes. The obtained curd has a chemical composition quite
different from milk, which makes cheese a complex dairy
product containing protein, lipids, minerals, vitamins and
polyphenolic compounds, as well as beneficial physiological
properties on bone health, anti-hypertensive and anti-cancer
agents (McSweeney et al., 2017).

There are different kinds of cheeses, which depend on the
way that it is produced, the animal from which milk derived,
form of the enzymatic transformation, time of maturation,
among other factors (McSweeney et al., 2017). The coalho
cheese is a typical and very popular Northeastern product. It
is mainly produced in the Brazilian states of Ceard, Rio Grande
do Norte, Paraiba and Pernambuco. Coalho cheese has been
produced on a large scale in artisanal and industrial way, and it
is currently broadly spread throughout the Brazilian territory.
This kind of cheese is widely consumed raw, roasted or fried
and used in several culinary preparations.

Cheese classified as coalho (Brazilian traditional curd)
cheese is obtained by the coagulation of the milk by means of
curdorotherappropriate coagulatingenzymes, complemented
or not by the action of selected milk bacteria, and normally
commercialized within up to ten days of manufacture. It is a
cheese of medium to high humidity, with a semi-cooked or
cooked mass and presenting a fat content in the total solids
which varies between 35 and 60% w w (Brazil, 2001).

Coalho cheese is an important Brazilian gastronomic
patrimony, because it carries with it the history of a know-
how, joining the product-producer-space of production (Cruz
& Hespanhol, 2018). Despite its importance in the Brazilian
food tradition, there are few studies about the nutritional
characteristics of coalho cheese. Consequently, it is not
presented in specialized nutritional tables, representing an
immense gap in the characterization of this industrial product
of human consumption.

Micronutrients deficiency is a public health problem
in Northeastern Brazil and serum selenium levels may be
associated with the occurrence of anemia in adults and
children (Semba et al., 2009). In the study by Jardim-Botelho
et al. (2016) on micronutrient deficiencies, 67% of children
were anemic and 91% of them with selenium deficiency.
Thus, regional foods such as coalho cheese could be widely
consumed by the population, as well as offered as a source
of fatty acids, iodine and selenium in public school meals
(Srednicka-Tober et al., 2016).

As in milk, it is expected to find in the cheese a good
source of macro and micronutrients which are essential for
human nutrition, one of them being selenium, an essential
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micromineral. Selenium is a fundamental element for the
proper functioning of human and animal organisms (Kieliszek
& Blazejak, 2016), and its recommended value is 55 ug day? in
human diets (Institute of Medicine, 2000). Biological functions of
selenium include defense against oxidative stress, potentiation
of immune mechanisms, regulation of thyroid hormones action,
participation in enzymatic processes related to reproduction
and fertility, detoxification of the organism against heavy metals
and xenobiotics (Kieliszek & Blazejak, 2016).

A review of recent literature about the content of Se in
different Brazilian foods reported the degree of variation in
the concentration of this element in its main sources. They
cited only one work that studied Brazilian milk samples and no
work about cheese from this country. The authors emphasized
that none of the studies cited by this review brings data of
the selenium content in samples from Ceard or even from the
Brazilian northeast (Santos et al., 2017).

Inthis context, the objective of this study was to characterize
the bovine coalho cheese originated and produced in the
state of Ceara - Brazil through the determination of selenium
concentration and centesimal composition in coalho cheese
samples from different cities of Ceara - Brazil.

Materials and Methods

Samples and reagents

Samples of bovine coalho cheese were collected in eight
cities of Ceara state which are main dairy basins. The period
of sample collection was from 2012 to 2014.

Samples of bovine coalho cheese from the Itapipoca city
came from two different producers. The other cheese samples
were collected from only one producer per municipality, which
were: Cratéus, Crato, Fortaleza, Iguatu, Limoeiro do Norte and
Quixada, representing the biggest milk basin in the state. All
the coalho cheese samples were homemade.

During the sampling period, the farmers used mainly
forage planted in their municipalities to feed the dairy cattle.

Solutions were prepared using ultrapure water (18.2 MQ
cm resistivity) obtained from a Milli-Q” water purification
system (Millipore, Bedford, MA, USA). All glassware was
immersed in nitric acid 10% v v (Vetec, Rio de Janeiro, Brazil)
for 24 hours and rinsed with ultrapure water.

For quantification of Se, the samples were digested using
65% w w! nitric acid (Vetec) and 37% w w? hydrochloric
acid (Sigma Aldrich, Germany). Sodium hydroxide 98% w w
(Dindmica, S3o Paulo, Brazil), boric acid 98% w w (Vetec)
and hydrochloric acid 37% w w* (Vetec) were used for the
determination of Se using hydride generation method.
Standard calibration solutions were prepared after successive
dilutions of their 1000 mg L Se stock solutions (Acros
Organics, Belgium). For the accuracy test, we used Standard
Reference Material (SRM) NIST 1549a - Whole Milk Powder.

Instrumentation
The samples were freeze-dried in a Liotop Model L101
(Sdo Carlos, Sdo Paulo, Brazil) and ground using a mortar. A
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nitrogen distiller (Tecnal-TE-036/1, Brazil) was used for protein
quantification and a Soxhlet extractor (Diadema, Sdo Paulo,
Brazil) was used for lipids quantification. The samples were
decomposed in a Tecnal TE-007D digestion block (Piracicaba,
Sdo Paulo, Brazil) equipped with 15 Teflon® tubes (volume
capacity of 50 mL) with lids.

A muffle furnace EDG-300 (EDG, Sdo Carlos, Sdo Paulo,
Brazil) was used in ash content determination and a dry-oven
SL100 (SOLAB, Sdo Paulo, Brazil) was used in the procedure of
moisture determination.

A Hitachi-Z 5000 flame atomic absorption spectrometer
(Krefeld, Germany) equipped with a hydride generation
system was used for selenium determination. We used a
Selenium hollow cathode lamp operating at an electric current
of 10 mA and all measurements were carried out at 196 nm.
A spectral slit-width of 1.3 nm and a deuterium lamp was
used in background correction. The flame composition was
acetylene (flow rate 2.0 L mint) and air (flow rate 15.0 L min™).

Sample preparation for Se quantification

The coalho cheese samples were freeze-dried, ground and
stored in decontaminated vials until they were analyzed.

For decomposition of cheese samples, we added about
500 mg of dried sample in a capped Teflon® tube with 6 mL of
HNO, 65% w w* and 1 mL of HCI 37% w w™. The mixture was
left overnight and then heated for 12 h at 150 °C. Thereafter,
5 mL of 1.2 mol L* HCl was added to the solutions which were
then submitted to heating again for 1 h at 90 °C to oxidize the
Se speciesto Se (V). The final solutions were diluted up to 50
mL using ultrapure water.

The certified reference material sample was digested using
the same procedure described for cheese samples.

Determination of centesimal composition

Analyses of moisture and ash were performed according
to the methodology of Instituto Adolfo Lutz (2008). Protein
analysis was performed according to Kjeldahl (AOAC, 1997),
lipids according to Soxhlet (AOAC, 1997) and carbohydrates
were analyzed by difference (Brazil, 2003).

Results and Discussion

Accuracy test for selenium determination
The analysis of SRM NIST-1549a: Whole Milk Powder
was performed in order to verify the accuracy of selenium

quantification in coalho cheese samples by Hydride Generation
Atomic Absorption Spectrometry (HG-AAS).

The value of selenium obtained was 0.240 + 0.034 pg
kg (n = 3). This concentration is statistically similar (95% of
confidence) to the certified reference material value (0.242
+ 0.026, k = 2). These results show the accuracy of selenium
analysis in this method.

Determination of centesimal composition and selenium
content in coalho cheese

Brazil being an important milk producer (IBGE, 2020a),
studying selenium in dairy products may present different
perspectives and contexts, from the issue of enriching
food with selenium so that its consumption can guarantee
the homeostasis of the human body and prevent various
disorders (Kieliszek, 2019), until the supplementation of the
cows’ diet with Se, enabling a production of milk that ensures
the content of this micronutrient in the cheese (Ling et al.,
2017) or simply investigating and knowing macronutrient and
micronutrient aspects of the different cheeses, in which the
quantification of Se is included (O’Callaghan et al., 2017).

It is observed in literature the scarcity of data on the
selenium content of various types of food, including cheeses.
O’Callaghan et al. (2017), for example, studied nutritional
aspects of 21 types of cheeses, characterizing the physical-
chemical composition, in addition to 12 vitamins and 7
minerals, and Se was not analyzed. Our study presents the
data of centesimal composition and selenium content of the
Brazilian Northeast coalho cheese (Table 1).

The data of moisture showed that this cheese was at the
limit allowed in legislation (Brazil, 2001) for coalho cheese
(between 30% and 60 % w w?), a factor that may favor
microbiological contamination in case of inadequate storage. It
presents a high protein content, presenting values that support
daily protein requirements and which may be increased during
the pasteurization process (Marques et al., 2020).

According to Ordinance n? 146/1996 (Brazil, 1996), with
the exception of the coalho cheese produced in Fortaleza, all
other cheeses are classified as low-fat (lipid content < 10 to
24.9%), remembering that milk fat is influenced by genetic,
environmental and management factors (nutrition, breed and
age of the dairy animal).

Few local data about centesimal composition of coalho
cheese are found in the literature, but data about others
cheese compositions can be summarized in Table 2.

Table 1. Centesimal composition and Selenium content in coalho cheese.

(mean £ SD, n = 3); SD (standard deviation).
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When comparing the centesimal composition data of
this study with the recent data on coalho cheese from Silva
et al. (2020) and Pimentel (2019) studies, variations in all
data are observed, representing a lack of standardization in
manufacturing processes, a characteristic of artisanal cheeses
which can lead to cheeses unfit for consumption, due to the
high microbiological load of the product (Silva, 2019).

The composition of minas frescal cheese is similar to
values found in coalho cheese, once both cheese using curd
for coagulation of milk and are traditional in Brazil, but all
cheeses are good sources of protein and lipids, as the coalho
cheese.

Handmade and traditional cheeses are increasingly
common in Brazilian territory. Recently, five new food products
have received a stamp that identifies the origin of the product,
allowing consumers to have reliable information about the
quality and authenticity of what they are acquiring, being
among these products the cheese from Witmarsum Colony
in Parana, where markets throughout the national territory
are provided (IBGE, 2020b). From this perspective, in the
Northeast, only the Jaguaribe coalho cheese is in the process
of receiving the seal of origin (Cruz & Hespanhol, 2018).

The recommended daily intake varies according to the
type of cheese, since the centesimal composition is different.
For example, the recommendations for mozzarella are 30 and
50 g day* for minas frescal cheese, since the amount of lipids
is lower in the second case. This recommendation can be
taken to Brazilian cheese curd as it has a composition similar
to minas.

The activity of Se in the human body depends on an
adequate selenium supply from the diet. The recommendation
for Se is 55 ug day?, thus the percentages of recommended
daily allowance (%RDA) represented by the samples are
between 7.65% (Crato) and 70.5% (Limoeiro), revealing a
several heterogeneity of selenium content in this cheese
samples. This value is lower than the tolerable upper intake
level (UL) (400 ug per day) which makes the consumption

of this type of cheese safe even above the recommended
consumption, taking into account the content of selenium.

Se belongs to a group of elements considered non-essential
for plants, but they are part of the diet of men and animals,
it can be found in low amounts in soils and its correction is
necessary (Silva et al., 2012). From this perspective, the constant
consumption of fruits and wild animals, as well as the inexistence
of agricultural soil correction, can lead to the incidence of
lithological or geochemical anomalies (Silva et al., 2006).

Selenium analyses in coalho cheese were not found in the
literature, so the results were compared with other types of
cheese. It was reported 7.2 ug 100g Se in cottage cheese from
Poland (Pilarczyk et al., 2010); 8.8 and 37.2 ug 100g* Se in
Edam cheese from Poland and Estonia (Pilarczyk et al., 2010;
Ling et al., 2017), respectively; 17.0 ug 100g* Se in mozzarella
cheese (IBGE, 2011) and 1.5 pg 100g? Se in Monterey Jack
cheese (United States Department of Agriculture, 2013),
both from EUA. A high heterogeneity can be observed in Se
content in cheese from different parts of the world. Even the
same type of cheese (Edam) shows very different values when
produced in different countries.

Table 1 shows variations of Se concentration among samples
from different regions of Ceara. This occurred even between
cheeses of the same producer city (Itapipoca 1 and 2).

High concentrations of Se were observed in the samples
from Limoeiro do Norte, extremely different from the values
observed in the other municipalities of the study.

Considering there are no differences in the type of cattle
feed, and that the three years of collection were years of
drought in the state, it can be estimated that the variation
of Se content in coalho cheese samples reflected the level of
selenium of the soils where the forage used to feed the cattle
was planted.

Moatkhef et al. (2020) found an average of 82 ug 100g™ of
Se in the group of milks and derivatives and emphasized that
the content of Se in the different food groups studied were
not only correlated with the composition of the soil and the

Table 2. Centesimal composition of different types of cheese found in the literature.
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process of soil fortification, but were also strongly correlated
with the food matrix and composition of these foods. These
values found are much higher than those of the coalho
cheese under study and are characterized as a soil with higher
contents of Se and a food matrix predisposing to this mineral.

The data obtained were used for the creation of models
using principal component analysis (PCA). The data was
autoscaling and the Loadings and Scores graphs are shown in
Figure 1A and 1B.

The PCA contains 76,28% of original data and it was enough
to separate groups and meets the general requirement
of cumulative percent variation (CPV) >70%-85% for PCA
analysis (Gu et al., 2020).

Unlike the confirmation of similar groups formed in this
study, Castilho et al. (2019), when analyzing the centesimal
composition of artisanal cheese in 21 cheese producers,
concluded that there was no relationship between the
cheeses of the same producing region, confirming the absence
of a standard for the manufacture of these cheeses that are
produced artisanal. Thus, a similarity in the production of
coalho cheese from the dairy basins of Ceara stands out.

A.

Figure 1. Graph of scores (1A) and loadings (1B) for PCA 1 x
PCA2.

Rev. Bras. Cienc. Agrar., Recife, v.16, n.1, e8860, 2021

Thesource of seleniumfor cattleisfeed, and the relationship
between soil-plants is well studied in the literature. Selenium
content in soils is related to environmental factors such as
rainy periods, distance from the sea and soil properties that
can volatilize Se to the atmosphere (Hawrylak-Nowak, 2013;
Jones et al., 2017; Ogra et al., 2017).

Limoeiro do Norte city samples show extremely high Se
concentration, differentiating them in an isolated group.
The municipality of Limoeiro do Norte is characterized by
the presence of mangroves of the Chapada do Apodi upland
and bathed by the basins of Banabuiu river, medium and low
Jaguaribe river and the presence of cambisols and vertisols
soils with low pH, low rainfall and high salinity of the waters
(Fundagdo Cearense de Meteorologia e Recursos Hidricos,
2020).

This data of Limoeiro do Norte city does not present high
residues values or discordant Mahalanobis distances, even so
this sample highly influences the data, thus, removing these
samples obtained new profiles of main components. The new
principal components were shown in Figure 2A and 2B.

A.

Figure 2. Graph of scores (2A) and loadings (2B) for PCA 1 X
PCA 2 without Limoeiro do Norte samples.
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The samples of Cratels, Crato, and Iguatu cities are from
a region with low rainfall, distant from the seacoast factors
that decrease the bioavailability of Se to be absorbed by the
plants, which explain this group separation. The municipalities
of Fortaleza and Itapipoca cities are coastal municipalities
with high rainfall and soils rich in minerals, which helps the
availability of Se. Itapipoca municipality is close to the coast
and has a mangrove ecosystem then this can be enhanced
the bioavailability of Se in plants and consequently this data
presented the highest concentration of this mineral in this
municipality. Fortaleza city has been located at a cost, but the
high pluviometry became the Se bioavailability lower than
municipalities with mangroves. The municipality of Quixada is
located nearby to the center of PCA, so it might be inferred that
the variables are not significant to separate this data in a group.

The selenium content can differentiate the origin of the
coalho cheese within the State, indirectly demonstrating
the heterogeneity of distribution of this mineral in the soil
of the cities producer of coalho cheese. However, a detailed
investigation using a larger number of samples should
be performed to establish these parameters with greater
reliability, since this distribution can be affected by the rainy
season. Furthermore, this data can represent the existence of
several methods to produce this kind of traditional cheese and
how this production affects the final composition of cheese.

The species of selenium naturally presented in the soil or
the type of supplementation performed in cattle food directly
influence the concentrations of selenocysteine (SeCys)
and selenomethionine (SeMet) in the animal’s blood and
consequently in milk and dairy products. It is also noted that
the significant increase of Se in milk and cheese is associated
with the substitution of inorganic Se supplementation
by organic Se in pastures (Phipps et al., 2008), and this is
explained by the greater efficiency in the absorption of the
latter element by the roots of the plants that will be used to
feed cattle (Boldrin et al., 2012).

The absence of investigation of the soil where the fodder
was harvested to feed the dairy cattle, as well as the absence
of measurements of blood biomarkers of the cattle can be
presented as limitations of the work, because with these
data the differences between the cheeses studied could be
explained.

The results were presented to fill a gap in coalho cheese
characterization studies by providing data of Se content in
coalho cheese from the state of Ceara, previously unavailable.
This information can be used for further studies and also for
use in national and regional databases.

Conclusion

It is concluded that the samples are considered low-fat
cheeses and are important sources of protein.

The cheese from the city of Limoeiro do Norte is a
considerable source of selenium.

The samples presented distinct variations in physical-
chemical and selenium concentrations.
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