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Abstract

This study was done to establish the sodium concentration in the cheeses marketed in the western border region
of the Rio Grande do Sul. A total of 30 cheese samples (grated Parmesan, Mozzarella, Prato and Artisanal)
were collected from different brands and lots. After analyzing them under atomic emission spectroscopy, in
quadruplicate, the sodium levels were ascertained. From the quantification of the sodium content significant
differences were noted among the lots of all the cheese brands assessed. The results clearly revealed that 44.4%
of the companies had listed nutritional values on the labels that were noncompliant with the legislation.
Besides, 77.8% of the brands failed to reduce the sodium concentration to the levels jointly decided upon by
the Ministry of Health and Brazilian Association of Food Industries, which should have been achieved ideally
towards the end of 2016. While the Artisanal cheeses did not register high concentrations of sodium, the
formulation of the grated Parmesan cheese was characterized by its high sodium content (2014.56 mg/100 g),
as well as by its steady rise in sodium concentration over the years. This is indicative of the inattentiveness of
the industry towards the consumers, as stringent laws to standardize the quantity of added salt in cheeses
preparations are nonexistent.
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Resumo

O objetivo deste trabalho foi determinar a concentragdo de sodio em queijos comercializados na regido da
fronteira oeste do Rio Grande do Sul. Foram coletadas 30 amostras de queijos (Parmesdo ralado, Mugarela,
Prato e Artesanal) de diferentes marcas e lotes, as quais foram analisadas em quadruplicata quanto ao contetido
de so6dio, empregando a espectroscopia de emissdo atdmica. A quantificagdo do teor de sodio permitiu constatar
que houve diferenga significativa entre os lotes de todas as marcas de queijos avaliadas. Os resultados
indicaram que 44,4% das empresas estavam com os valores da rotulagem nutricional em desacordo com a
legislacdo. Além disso, 77,8% das marcas ndo cumprem a meta para reducdo de sédio acordada entre o
Ministério da Saude e Associagdo Brasileira das Industrias da Alimentagdo, a qual deveria ter sido alcangada
até o final do ano de 2016. Em relagdo aos queijos Artesanais ndo foram registradas altas concentragdes de
sodio. O queijo Parmesdo ralado destacou-se pelo elevado contetido de sddio em sua formulagdo (2014,56
mg/100 g) e também pelo aumento da adi¢ao deste mineral com o passar dos anos. Com isso, evidencia-se a
negligéncia da industria em relagdo aos consumidores, devido a auséncia de leis para padronizar a adi¢ao de
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sal na preparacgdo de queijos.
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Introduction

Traditionally, Brazil ranks high among the principal milk producing countries. This very old practice,
carried on for a long time, is today a major source of the Brazilian economy and also among its most
vital agribusinesses)). In 2015, the milk yield in Brazil was 35.0 billion liters®®. From the data
recorded in the Brazilian Association of Cheese Industries (ABIQ), it was evident that the Brazilian
average cheese consumption per inhabitant was 5.1 kg in 2014, and this level is projected to escalate
on average up to 11.0 kg in 20301,

During the cheese manufacturing process, the milk undergoes several changes, the main ones being
coagulation, acidification, syneresis, molding and salting. Salting is a highly significant stage, as
sodium chloride (NaCl) plays vital roles in cheese production. These include microbial control, taste,
regulation of biochemical and physicochemical processes, besides others. Some cheese varieties
undergo a maturation process during which salting is highly influential. If this process is not
performed well the microbial and enzymatic activities of the product may be affected and result in
many types of cheese defects™®.

Sodium consumption in small quantities is crucial for the proper functioning of an organism because
of'its role in controlling the intra- and extra-cellular fluids, as well as maintenance of blood pressure,
and 1s thus an essential mineral for humans. However, when consumed in excess, sodium can induce
chronic noncommunicable diseases (CNCD) such as arterial hypertension, cardio- and
cerebrovascular diseases®. In 2013, the percentage of individuals 18 years and above who reported
a diagnosis of arterial hypertension in Brazil was 21.4%, which translates to mean 31.3 million
people®©.

As salt exhibits several technological advantages in food production, and along with the absence of
stringent checks and control, many industries ultimately utilize an excess of this mineral. At present,
the salt consumption at a national level is around 4,700 mg of sodium per day, compared to the
prescribed World Health Organization (WHO) limit of a maximum of 2,000 mg/day”.

In light of this fact, the Ministry of Health signed an agreement in 2011 with the Brazilian Association
of Food Industries (ABIA), providing for a gradual decrease in the sodium content in industrialized
foods, in which a class of products is included at each step of the process. In November 2013, the V
Commitment Term was signed for the categories of dairy products, ready meals (soups) and meat
products, for which the ultimate time limit for adaptation was until the culmination of 2016®. In fact,
since 2011, a remarkable 17 thousand tons of sodium in industrialized foodstuffs have already been
removed from the sodium reduction plan and the aim is to achieve 28 thousand tons by 2020,

Therefore, because cheese is regarded as a significant food category in the Brazilian diet and
appreciating the risks the population faces as a result of excessive salt intake, the aim of this work
was to establish the sodium content in the different varieties and brands of cheeses marketed in the
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western border region of the Rio Grande do Sul.

Material and Methods

The cheese samples were purchased from commercial establishments in the western border region of Rio
Grande do Sul, Brazil. The samples were then identified, transported in thermal boxes and stored under
temperatures of -18° C until they were analyzed. Four types of cheeses (Grated Parmesan, Mozzarella, Prato
and Artisanal) from three different leading brand names in the Brazilian market, were collected, to make a
total of 12 brands (A, B, C, D, E, F, G, H, I, J, K, L). Three distinct lots (L1, L2 and L3) were evaluated from
each brand with the exception of Artisanal cheese (Figure 1).

| | T
Grated .
[ Parmesan ] { Mozzarella ] [ Prato

L1 L1 L1 L1 Ll L1 L1 L1
L2 L2 L2 L2 L2 L2 L2 L2
L3 13 L3 L L3 13 L3

Figure 1. General scheme of sampling performed for analytical determinations.

Utilizing atomic emission spectroscopy, based on the Ministry of Agriculture, Livestock and Supply
(MAPA)!' methodology, the sodium concentrations of the cheeses was ascertained. The methodology
involved first carbonizing the cheese sample and, then incinerating it in the muffle furnace at 525 °C for 4
hours, to obtain the ashes. Later, the minerals were dissolved in nitric acid and this solution was filtered using
a volumetric flask. Readings were taken in a flame photometer (Digimed - DM 62). The sodium contents thus
obtained experimentally were assessed to observe their compliance with the goal established in the V Term of
Commitment and were compared with the values listed on the product labels.

The results were submitted to the analysis of variance (ANOVA). Significant differences were noted through
the performance of a comparison test between the means at the 5.0% level of significance. Prior to performing
the ANOVA, the data were verified to check if they were normal (Kolmogorov-Smirnov test) and if their
variances were identical (Cochran's Q test)'!.

Results and Discussion

Table 1 lists the sodium concentration after analyzing each cheese brand from three different batches, in
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quadruplicate. The values reported on the labels by the manufacturers are also shown.

Table 1. Sodium content in the samples of the grated Parmesan, Mozzarella and Prato cheeses

Product Brand Lot * Sodium by lot Average sodium Sodium declared on
(mg/100 g) by brand the label (mg/100 g)

(mg/100 g)

2077.51 £31.312
1868.64 =22.91° 2014.56=113.41 1616.00
2097.53 £52.98 2
1865.06 £ 64.36 *
1790.33 £95.44*  1877.20= 114.39 1860.00
1976.20 = 106.78 ®
1457.51 £27.76*
1853.46 £ 35.56*  1733.92 £ 209.63 1860.00
1890.78 = 28.31°
32046 £9.632
200.24 £ 6.98* 247.12 £ 55.42 533.33
220.66 £9.29 ¢
640.87 £57.342
490.29 £ 8.34% 562.64 £ 71.55 533.33
556.78 £ 15.04°
482.88 = 53.242
494.10 = 36.60® 472.67+ 52.50 383.33
441.04 £62.02¢
298.27£9.00 2
44245 8.14° 396.30 £ 73.14 500.00
448.18 £ 15.13®
851.51+19.293
548.83 £19.27°% 653.01 £ 147.82 663.33
558.68 £22.42%
42591 £17.582
581.35£20.13% 484.89 = 74.67 533.33

3 44741 £28.09 2
*Mean values = standard deviation (4 replicates); averages followed by the same lower case letters in the column
do not differ at the 5% level of significance by the Tukey test.

Grated
Parmesan

Mozzarela E

Prato H

B = W0 P = W) N = [0 N = | N = [ D = [ N = [ N = W N =

The results of Table 1 enabled the conclusion to be drawn that a significant difference (p <0.05) was
evident between at least two lots of each cheese brand assessed. The differences in the sodium content
among the various lots of brands A, B, C, D, E, F, G, H and I were as high as 10.9; 9.4; 22.9; 37.5;
23.5;10.7; 33.4; 35.5; 26.7%, respectively. This clearly reveals that the companies showed no interest
in standardizing the quantities of the ingredients added during the manufacturing process of a product.
It 1s well known that standardization is the foundation for continuous improvements to be made.
When adequate standards are implemented, they reduce the production errors, thus facilitating the
production system to be continuously improved('?.
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Among the nine brands assessed, four (44.4%) were found to have a higher sodium content than the
value declared by the label (Table 1). According to the RDC 360/2003, variability of up to 20.0% is
permissible with respect to the nutrient values listed on the label!®. In this paper, the data analyzed
was compared with the declared values and, from Figure 2, it is evident that the A, D, F and G brands
had values higher than that of the maximum tolerance level (20.0%), allowed by Brazilian law. Hence,
it must be noted that these companies are marketing their products in an unfitting manner.

2500
= 24.6% . ‘
S 2000 ®m Experimental (mg/100 g)
2 Declared on label (mg/100 g)
= 1500
2
S 1000
._;: 53.6% 23.3% 20.7%
& 500
0 n 0B
A D F G

Cheese brands

Figure 2. Differences in the sodium content of the analyzed brands compared to the values
indicated on the label.

Other studies too had reported this violation of the provisions of the RDC 360/2003 of the National Health
Surveillance Agency (ANVISA) and the rights guaranteed by the food safety, nutritional and consumer
protection laws. In fact, Karam et al.,'¥ after comparing the information declared on the labels of seven cream
cheese brands post laboratory analyses reported that 20.4% of the nutrients showed variabilities in the values
declared on the labels, which were higher than those permissible by the RDC 360/2003. According to Silva
and Ferreira!”, 92.0% of the cheese brands analyzed showed nutritional labeling noncompliant with the
current legislation. These authors also noted discrepancies in the results for several nutrients, particularly
sodium for example, which showed variations of up to 127.0% when the data analyzed were compared with
the values stated on the label.

The Federal Law No. 6437 of August 1977 states that a product can incur suspension of its sale and/or
manufacture only as the sixth designated penalty rule, after warning, fine, seizure, destruction and prohibition
of the product!®. However, the legislation in Brazil in terms of compliance with nutritional labeling continues
to be disappointing, because an academic survey performed from 1987 to 2004 revealed a high degree of
noncompliance with legislation!”. From their study it was evident that CAmara et al.,!” found that the norms
and laws set for proper product labeling in Brazil are good; however, it is essential to transform the intention
into action. This means that the implementation of the legislation needs to be satisfactorily inspected. The
rights of the consumer to select safe and healthy food and reliable labeled information must be ensured both
in the legal aspect, as well as through uninterrupted and regular surveillance. Santos'® reported that nutritional
and food education are linked to information output which can enable the consumers to decide and choose,
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providing them the right to select healthier foods. Naturally, as the consumption of processed and industrialized
foods is escalating, accurate labels are crucial in the choice of a healthier food, which is one important reason
for the information declared on the labels to be true!'?.

Other brands, despite being compliant with the ANVISA permitted limits in terms of the nutrient values listed
on the label, the degree of tolerance to noncompliance is extremely high (20.0%); this violates the consumer
defense code which declares that the basic rights of the consumer are to have "access to adequate and clear
information about different products and services, with a correct quantity specification"?, Such tolerance to
noncompliance indicates that the consumers are denied accurate information regarding the quantity of nutrients
in the various foods.

For the years 2012 and 2014, ANVISA registered, respectively, average sodium levels of 766 and 1080 mg/100
g in the grated Parmesan cheeses, 594 and 573 mg/100 g in the Mozzarella cheeses, and 657 and 527 mg/100
g in the Prato cheeses (Figure 3). In the present study, all three Parmesan brands revealed sodium levels higher
than the values prescribed by ANVISA, with brand A (2014.56 mg 100 g) being 1.8 times above (86.5%) the
average (1080 mg/100 g) according to research done in 2014V, This indicates that the processing industries
producing grated Parmesan cheese are not committed to adhere to the sodium reduction targets proposed for
dairy products, because the contrary was evident, implying a significant rise, over the years, in the sodium
concentration of this type of cheese.

Usually, the drier and more mature cheeses contain higher salt levels because of the lower moisture content in
their composition. However, although a lower sodium content in the Parmesan cheese was anticipated from
the established targets, it was not so. Some authors indicated that the high salt content is also useful in
concealing some undesirable flavors, like "corral taste" and also help improve the flavor of bitter, acidic or
rancid cheeses®, caused by the poor quality of the milk used®.

Experimental data

2014.56 o
1877.2 B ANVISA data

1080

766 657 653.01
594 573 567 6 - 2.
= 362.64 s 67 52

~J

484.89

Sodim content (mg/100 g)

o
—
~J
—
o

2012 2014 A B C 2012 2014 D E F 2012 2014 G H I
Granted Parmesan Mozzarella Prato
Types of cheeses

Figure 3. Sodium content analyzed in different cheese brands compared with ANVISA data.

The objective of the November 2013 agreement signed between the ABIA and the Ministry of Health
was to ensure the gradual and spontaneous decrease in the sodium concentration in various foods by
the industry. However, only one target was proposed for the cheese category, viz., that for Mozzarella
cheese, the maximum permissible sodium limit should be 512 mg/100 g until 2016. The other cheeses
have not yet been assigned targets; the only industrial initiative in connection with the Ministry of
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Health was to adopt, as a norm, a 50% decrease in the sodium concentrations until the end of the first
four years of the agreement®, because dairy products form the third most popular food category that
imparts the most in terms of the sodium consumed by the population?.

From Figure 3, it is evident that the Mozzarella and Prato cheese producers have reduced the
percentage of sodium in their product formulations since the time the agreement was signed.
However, the stipulated target of 512 mg/100 g of sodium for Mozzarella and the 50.0% drop in the
sodium concentration for the other cheeses, according to the signed agreement, were not met by the
Mozzarella and Prato cheese brands, respectively, apart from the D and F brands.

However, large disparities have been recorded in the mean values of the sodium levels quantified
among the different brands of the same product. The difference between the D and E brands of the
Mozzarella cheese and the G and H brands of the Prato cheese reached up to 56.0% and 39.3%,
respectively. An even higher discrepancy was noted when different lots of the same cheese were
compared; the difference between the D brand of lot 2 and E brand of lot 1 of the Mozzarella cheese
went up to 68.7%; the Prato cheese showed 64.9% discrepancy between the G brand of lot 1 and H
brand of lot 1 (Table 1). This indicates that some companies have been able to significantly decrease
the quantity of sodium added during the cheese preparation without affecting the qualities of the
products and continuing to maintain good acceptance by the consumers.

Silva and Ferreira’®, in their paper, reported that among all the cheese types analyzed, the sodium
content was higher than all the other nutrients. In another study by Dickel et al.,?> a high degree of
variation was noted in the sodium concentrations of the Mozzarella cheese. These results further
buttress the evidence that quality control had failed during the manufacture of these products. This
indicates that regular and effective inspections must be conducted by competent agencies to control
the addition of ingredients in the food products. These variations in the sodium concentrations among
the cheese brands can be explained by the variations in the composition of the raw materials and
ingredients used by the manufacturers, as well as by the differences in the processing procedures
employed for these products!!”. Apart from this, the current lack of legislation and the establishment
of the specific permissible minimum and maximum quantities of sodium have resulted in the
producers’ failure to employ any standardization in the amount of added sodium in the manufacturing
process.

The escalating demands by society for reliable product-related information necessitates greater effort
from the government and productive sector to implement effectively food labeling®®). Therefore, this
variation observed in the sodium content among the cheese brands makes it evident that consumers
need to be attentive to food labels to make suitable selection of products.

Table 2 confirms that during the elaboration of the Artisanal cheeses marketed in this region, the
sodium concentration was not in excess, even though these were produced informally and lacked a
specific standard of processing when compared to the large dairy industries.
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Table 2. Sodium content in the Artisanal cheeses marketed in the western border of the Rio
Grande do Sul

Product Brand Lot (:nZ(/);l(i);t:) Sodium d(enc]z/lieo(:)(;l; the label
J 1 408.24 = 7.59

Artisanal K 1 128.00 = 2.39 Not declared
L 1 390.99 = 5.94

*Mean values = standard deviation (4 replicates)

From the research done by Lima et al.,*”, the Artisanal cheeses produced in the state of Para showed high
levels of added sodium; this is indicative of the absence of standardization in the manufacturing process of the
cheeses produced under informal conditions, with variations in the salt concentrations, from small to high
quantities.

According to Sebrae®® Artisanal cheeses are those that utilize traditional techniques, in a rudimentary fashion,
in disagree with of the current legislation, lacking stringent quality control standards, and most often being
marketed informally. This type of informal production frequently lacks the applicaation of sound agricultural
and manufacturing practices and employs poor quality raw materials. Generally, the manufaturing processes
are conducted under unsuitable and often unhygienic sanitary conditions, compromising the physicochemical
and particularly, the microbiological quality of the cheese.

Although the Artisanal cheeses sold in the region are low in their sodium content, the cheese quality itself may
be compromised because salt exerts a great influence on cheese quality as it affects the aspects of composition
and controls the growth of undesirable microflora and enzymatic activity. Salting facilitates the control of
microbial growth and activity, providing a selection of microbiota in the cheese™. Thus one can observe, in
low salt-containing cheeses, some sensorial defects, such as the lack of taste or a bitter taste, undesirable

texture, and reduced control over the water activity, proteolysis and microbial growth®?.

The Artisanal cheeses also exhibited wide variations in the sodium concentrations quantified among the
commercialized brands (Figure 4). These differences registered up 68.64% between the J and K brands. This
is clearly indicative of the lack of standardization of the added salt effected by the informal processing of this
dairy product. The variations in the sodium levels shown in Figure 4 demonstrate the possibility of decreasing
it, apart from implementing certain specific standardization for its addition during the preparation process, as
excess consumption of salt can result several health hazards.

According to ANVISA Resolution No. 24 of 2010, "Food with a high amount of sodium is that which has in
its composition an amount equal to or greater than 400 mg of sodium per 100 g or 100 mL in the form in which
it is exposed for sale."®?. In light of this statement, 66.7% of the brands analyzed are high in sodium
concentration, barring the D, G, K and L brands (Tables 1 and 2).

From the research done, Brazilians consume, on average, sodium in amounts that exceed by more than two
times the maximum recommended consumption level by WHO, and the industrialized foods contributed a
substantial quantity of that. Considering the escalating popularity of this food category in the normal diet of
the Brazilian populace, the need to cut-down on the sodium concentration in foods is very pressing®?. High
blood pressure is closely linked to high sodium consumption, which causes increased risk for heart disease,
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stroke, congestive heart failure and kidney disease®?. In Brazil, the leading causes of death in men and women
were cardiovascular diseases®?, and in 2013 they accounted for 31.0% of all deaths across the globe®®?.

450
400
350
300
250
200
150
100
50
0

Sodimm content (mg/100 g)

J K L
Cheese brands

Figure 4. Difference in the sodium content among brands of Artisanal cheeses marketed in the
western border of the Rio Grande do Sul.

The United States, in 2005, registered 395 thousand deaths due to hypertension®®, while in 2009, the medical
expenses incurred to treat hypertension was a staggering US $ 73.4 billion®Y. From studies in the Netherlands,

it is clear that in most food categories the NaCl levels in processed foods can be decreased by 50.0%%.

At present, the daily sodium intake by the Brazilian population is around 4,700 mg, equivalent to roughly 12
g of salt, compared to the WHO recommendation of a maximum of 2,000 mg/day or 5 g of salt. Should these
levels be met, Brazil can decrease stroke deaths by 15.0%, myocardial infarction by 10.0% and 1.5 million
people would not require the support of arterial hypertension medication, according to data provided by the
Ministry of Health”.

Conclusion

The sodium concentration determined in the cheeses revealed that the brands analyzed did not standardized
quantity of the ingredients added in the formulation of products, because significant discrepancies were evident
between the lots of the same brand and among the brands of the cheeses assessed. Besides, 44.4% of the
companies showed noncompliance with the RDC 360/2003, which specifies mandatory nutrition labeling,
because the sodium level identified exceeded the maximum permissible tolerance level set by the Brazilian
legislation, showing complete disregard to consumer defense code. This study emphasizes that 77.8% of the
cheese brands evaluated failed to meet the goal for sodium reduction that had been jointly set by the Ministry
of Health and the Brazilian Association of Food Industries. Based on the ANVISA Resolution No. 24 of 2010,
a significant percentage of 66.7% of the cheese brands analyzed were regarded as sodium-rich food.

The Artisanal cheeses showed lower sodium concentrations. However, as salt is of great technological
advantage, particularly in inhibiting the microorganisms, these low sodium levels can compromise the quality
of the cheeses.

Parmesan type cheese was demonstrated to have the highest level of excess sodium in its formulation (2014.56
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mg/100 g) among all the cheeses tested. Besides, it is alarming to note that this concentration has been rising
over the years. This indicates the degree of neglect the industry has indulged in, with reference to consumer
safety and the ill-effects of excess sodium consumption on their health.

Therefore, from this study the evident need is to create legislation to standardize and set limits on the
companies for the amount of added sodium during the elaboration of cheeses. They also need to include sodium
limits in the patterns of identity and quality of the cheeses, besides conducting regular inspections by competent
agencies to supervise the food industry with regards to the accuracy of the information declared on the labels.
In this context, when strong commitment is present to reduce the added sodium at all levels, the number of
deaths from non-communicable chronic diseases can be minimized and the resources now being incurred to
treat those diseases can be diverted and allocated to other sectors in Brazil.
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