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RESUMO: Define-se como leite adulterado aquele gue sofreu a subtracéo de qualquer uma de
suas substancias, bem como a adi¢do de &gua, de conservantes ou qualquer elemento estranho
a sua composicdo original. Realizou-se analises de nove marcas de leite Ultra High
Temperature (UHT). De cada marca foram utilizadas seis caixas de leite UHT (1,0 L) de lotes
de fabricacdo distintos, caracterizando, assim seis repeticdes, totalizando cinquenta e quatro
amostras analisadas, sendo essas de lotes de fabricacdo distintos. Foram realizadas anélises de
acidez titulavel, alizarol, densidade a 15,0°C e formaldeido. Verificou-se que para a acidez
Dornic (°D), 88,88% das amostras estavam em desconformidade com a legislagéo. Para o teste
do alizarol, 96,29% das amostras analisadas estavam dentro do padrdo. Em relacdo ao teste de
densidade a 15°C, um total de 1,85% das amostras apresentou resultados irregulares. Quanto a
presenca de formaldeido, 7,40% das amostras foram positivas. Faz-se necessaria fiscalizacdo
mais eficaz e melhor controle de qualidade na linha de producéo e beneficiamento para que o
produto seja indcuo ao consumidor.

Palavras-chave: acidez Dornic, conservante no leite, controle de qualidade, Fraude
do leite

ABSTRACT: Adulterated milk is defined as that which has been subtracted from any of its
substances, as well as the addition of water, preservatives or any element foreign to its original
composition. Analyzes of nine Ultra High Temperature (UHT) milk brands were performed.
From each brand, six UHT milk boxes (1.0 L) from different batches were used, thus
characterizing six repetitions, totaling fifty-four samples analyzed, these being from different
batches. Analyzes of titratable acidity, alizarol, density at 15.0°C and formaldehyde were
performed. It was found that for Dornic acidity (°D), 88.88 % of the samples were not in
compliance with the legislation. For the alizarol test, 96.29 % of the samples analyzed were
within the standard. In relation to the density test at 15°C, a total of 1.85 % of the samples
presented irregular results. As for the presence of formaldehyde, 7.40 % of the samples were
positive. More effective inspection and better quality control in the production and processing
line is necessary for the final product to be harmless to the consumer.
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INTRODUCTION

The milk production chain is one of the most important in the Brazilian agro-industrial
complex, presenting one of the largest herds in the world with great potential for supplying milk
in the domestic and foreign markets. Milk is among the six most important agricultural products
in Brazil, ahead of traditional products such as processed coffee and rice, being essential in
providing food and generating jobs and income for the population (CONSOLI and NEVES,
2005).

Milk is the basal source of calcium in human food, whose importance is related to its
functions in the human body, as it contributes to the formation of bone tissue, promotes growth,
regulates the nervous system and increases resistance to infections (TOMBINI et al., 2012).
The physical-chemical characteristics determine the quality of the milk, detecting fraud, such
as, for example, adding water or preservatives. Therefore, adulterated milk is defined as that
which has been subtracted from any of its substances, except fat for skimmed milk, as well as
the addition of water, preservatives or any foreign element to its original composition (MAPA,
2017D).

There are the mandatory official physical-chemical analysis procedures for controlling
milk and dairy products, namely: fat, density at 15°C, total dry extract, defatted dry extract,
cryoscopic index, phosphatase, peroxidase and acidity, called quantitative and qualitative
(MAPA, 2006). The evaluation of milk quality, through the acidity parameter, through the
Dornic degree titration and the alizarol test, which determine the pH, is being widely used, due
to the ease and speed of execution and compliance with the current legislation (SILVA et al.,
2008; MONTANHINI and HEIN, 2013).

The density test is used as an indicator of fraud and adulteration, and the density of the
milk depends absolutely on the dissolved and suspended matter in the researched volume, that
is, on the defatted dry extract, for example fat and water. Density is suitable as an indicator for
the detection of water residue incorporated during heat treatment or fraud by adding water,
since the amount of water present in the milk and the density of the milk are inversely
proportional. This is because the density of water is lower when compared to that of milk and
the final result tends to approximate the value of water (TAMANINI etal., 2011; MAPA, 2018).

Only the use of sodium citrate, sodium monophosphate, sodium diphosphate and
sodium triphosphate as stabilizers in UHT milk is tolerated. However, formaldehyde has been
added to milk as a way to preserve the raw material, since this compound has the ability to
inhibit the multiplication of microorganisms, masking deficiency problems in the cooling and
hygiene system in the milking stage and in equipment involved during processing (MAPA,
1997; SILVA et al., 2016). To be considered fit for human consumption, UHT milk must
contain normal sensory characteristics, original fat content for whole milk with 3.0 % fat for
standardized milk, stability to the 72.0 % alizarol test, acidity between 14 and 18 ° Dornic and
relative density between 1.028 to 1.034, in addition to the absence of adulterants (MAPA,
2018).

The objective of the study was to verify the presence of fraudulent substances in UHT
milk marketed in the municipality of Ji-Parana-RO, through analyzes of alizarol, Dornic acidity,
density and presence of formaldehyde.

MATERIAL AND METHODS

The samples of whole UHT milk were purchased from public supermarkets in the
municipality of Ji-Parana-RO. Nine different brands of milk were purchased for this study. Six
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boxes of UHT milk from different batches of manufacture were used, characterized as six
repetitions, totaling fifty-four samples analyzed.

The analyzes were performed at the Laboratory of Food Analysis and Technology of
Products of Animal Origin of the Veterinary Hospital of Centro Universitario Sdo Lucas,
Campus of Ji-Parana-RO. After proper identification of the samples, they were analyzed for the
values of titratable acidity, alizarol, density at 15.0°C and formaldehyde, using as triplicate
aliquots.

We used a Dornic acidometer, beaker, 10.0 mL graduated pipettes, Dornic solution
(0.111 mol/L sodium hydroxide) and 10 mL of milk with the addition of 4 to 5 drops of 1.0 %
(m/v) phenolphthalein neutralized alcohol. The samples were titrated with 0.1 N sodium
hydroxide solution until the first persistent strong pink color for approximately 30 seconds,
according to the recommendation of Normative Instruction No. 68 of December 12, 2006
(MAPA, 2006). Another way of determining the acidity evaluated was through the alizarol test,
which consisted of the rapid and approximate determination of milk acidity by colorimetric
method (MAPA, 2006).

This methodology is the combination of the alcoholic test with the colorimetric
determination of the pH, through the alizarin indicator, which allows to observe simultaneously
the color variation by the pH change and the casein flocculation (TRONCO, 2008). For the test,
10 mL beaker, 10.0 mL graduated pipettes and 75% alcohol-alizarol were used, mixing 2.0 mL
of the alcohol-alizarol solution with 2.0 mL of milk and homogenizing. The negative result is
to observe, subsequently the homogenization of the sample, brick-red color without the
presence of coagulation (MI'YOSHI et al., 2016). The yellow color with coagulation indicates
milk with an acidity greater than 21°D and the violet color, without coagulation, alkalized or
cheated milk with water (MAPA, 2006; COSTA et al., 2008).

For the determination of the presence of formaldehyde, a preservative with
antimicrobial action, 10.0 mL beaker, 10.0 mL graduated pipettes, 50.0 % sulfuric acid and 2.0
% iron perchloride were used. The technique consisted of mixing 5.0 mL of milk in 2.0 mL of
sulfuric acid and 1.0 mL of iron perchloride, heating the mixture to a boil and observing the
presence of a purple or violet color, which represents positivity for formaldehyde, or a yellow
color, which indicates negativity for the fraudulent substance (COSTA et al., 2008).

The physical-chemical data obtained in the nine UHT milk brands were evaluated by
the Kruskal-Wallis test at the 95 % reliability level, using the Software Action, version 3.3.2 of
2016.

RESULTS AND DISCUSSION

The results obtained through physical-chemical analyzes of titratable acidity, alizarol,
density at 15.0 °C and formaldehyde, described in tables 1 and 2, reveal that all samples (brands)
showed non-conformity in at least one of the evaluated items, according to the reference values
defined by the Technical Regulation of Identity and Quality of UHT Milk (MAPA, 1997), and
the arithmetic mean of the Dornic acidity (°D) of the evaluated samples was 18.16 °D (Table
2).
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Table 1. Dornic acidity of different brands of UHT whole milk sold in the municipality of Ji-Parana-RO.

Samples

Test Al A2 A3 A4 A5 A6 A7 A8 A9
Dornic 17 19 17 19 19 17 17 20 18
Acidity 17 18 18 18 20 16 19 19 18
(°D) 18 18 18 18 19 18 19 20 19
17 18 18 18 19 18 17 19 17
19 19 19 18 19 16 19 18 17
12 19 20 20 19 17 18 18 20

Total 66.66 C 50C 66.66 C 66.66C 100NC 100C 50C 66.66 C 66.66 C

(%) 33.33 50 NC 33.33 33.33 50 NC 33.33 33.33

NC NC NC NC NC

C- Conform; NC- Non conform.

With the same objective of this study, Cioglia and Freitas (2017) performed UHT milk
analyzes, however, differently from what was observed in this study, 100.0 % of the milk
samples were in accordance with the parameters of titratable acidity established by the
legislation. The analyzes by Souza et al. (2016), carried out in the state of Mato Grosso, revealed
that 148 samples of UHT milk out of 172 submitted to titration in Dornic degrees were above
18 °D, showing that the high acidity (°D) has been observed in other regions of the country.
When observing the arithmetic mean of each sample evaluated and their respective standard
deviations (Table 1), it is noted that 88.88 % of the samples were not in compliance with the
legislation.

Table 2. Dornic acidity averages and standard deviations of different brands of UHT whole milk sold
in the municipality of Ji-Parana-RO.

Milk samples  Average and standard deviation  Arithmetic average Reference value
18.66+2.42 18.16* 14 - 18 °D!
18.50+0.54
18.33+1.03
18.70+0.44
19.16+0.40
17.00+0.89
18.16+0.98
19.00+0.89
18.16+1.16
*Arithmetic average; Technical regulation of UHT milk (UAT).

OO ~NO UL~ WN P

Furthermore, hygienic and refrigeration conditions are fundamental to the quality of
milk, as they inhibit the exogenous acidification process resulting from the breakdown of
lactose into acids, especially lactic acid, resulting from the fermentation of lactose by microbial
metabolism (ROSA et al., 2015). Thus, high acidity is an indication of high bacterial count prior
to heat treatment (beneficiation), as there are microorganisms capable of producing
thermoresistant enzymes that maintain their activity even after UHT treatment (NOMBERG et
al., 2009).

Miyoshi et al. (2016), regarding titratable acidity, observed that 100.0 % of UHT milk
samples were in accordance with the minimum parameters. Acidity is an important parameter
to assess the conservation status of milk, since milks with acidity outside the physical-chemical
standards are considered abnormal and/or unfit for consumption. As the acidity of the milk
increases, it indicates shelf life. In addition, the acidity values found may also be due to changes
in the composition of the milk, as well as the breed of the animal, the individuality, the
colostrum, the lactation period and the sterilization process.

87
J. Vet. Sc. Public Health, v. 7, n. 2, p. 077-096, 2020



Moretto et al. (2008) evaluated that the titratable acidity of milk can also be influenced
according to its content of mineral salts, proteins, the volume of the indicator added and the
shade adopted as a turning point in the sample titration by the analyst. Similar results to the
previous study are shared by Domareski et al. (2010), that based on the analysis of eight samples
of different brands of UHT whole milk, observed that all samples were in accordance with the
minimum parameters. Robim et al. (2012), based on the evaluation of 58 samples of various
brands of whole UHT milk, found that the averages of the results regarding the physical-
chemical parameters of fat, acidity and ESD were in accordance with the legislation.

Table 3 presents the results of the Dornic acidity of the UHT milk brands analyzed. It
is observed that there are marks outside the limits established by Decree 9.013 of March 2017
and Normative Instruction 76/77 of 2018. Samples 5, 8 and 2, respectively in decreasing order,
presented results superior to the other groups, followed by group 4 which did not differ from
groups 3, 7 and 9, while group 6 was the one with the lowest value, not differing from groups
1 and 9 (P>0.05).

Table 3. Statistical comparison of the values of Dornic acidity
of different brands of UHT whole milk marketed in the
municipality of Ji-Parana-RO.
Milk brands Dornic
1 18.67+2.42 «d
18.50+0.55 @
18.33+1.03 a¢
18.50+0.84 %
19.1740.412
17.00+0.89 ¢
18.17+0.98 b
19.00+0.89 2

9 18.17+1.17 bed
Averages followed bye qual letters in the column do not differ
significantly (P>0.05).

oO~NO O WN

Alizarol is an acidity test, helping to differentiate between salt imbalance and
excessive acidity (MAPA, 2006). Of the samples evaluated, 96.29 % were within the standard,
being stable and with brick red coloring. While 3.70 % of the samples, although stable, showed
purple to violet color in the test, indicating the presence of adulterant in the milk.

According to table 4, there is incompatibility in relation to the studies by Domareski
et al. (2010), who observed that only 25.0 % of the analyzed brands were stable to alcohol 72.0
%. On the other hand, the results found by Souza et al. (2016) demonstrated that of the 486
samples analyzed, only 35.4 % were unstable to alcohol 72.0 %.

A result similar to this study was observed by Lima et al. (2012), who, in research on
physical-chemical analyzes of UHT whole milk samples marketed in the city of Morrinhos-
GO, found alizarol stability in all analyzed samples. In addition, Cioglia and Freitas (2017),
who also verified the stability of alizarol in all samples evaluated in research of physical-
chemical evaluation of whole UHT milk.
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Table 4. Alizarol acidity in different brands of UHT whole milk marketed in the municipality of Ji-Parand-RO.

Samples
Tests Al A2 A3 A4 A5 A6 A7 A8 A9
Alizarol E E E E E E E EA E
E E E E E EA E E E
E E E E E E E E E
E E E E E E E E E
E E E E E E E E E
E E E E E E E E E
Total 100C 100C 100C 100C 100C 8333C 100C 8333C 100C
(%) 16.66 16.66
NC NC

E- Stable; EA- Stable with adulterant; C- According to; NC- Non conforming.

According to table 5, it can be seen that there was no difference in the means between
the different milk brands analyzed in the public supermarkets in the municipality of Ji-Parana-
Rondbonia.

Table 5. Alizarol Acidity Averages (Kruskal-Wallis test) in different
brands of whole UHT milk marketed in the municipality of Ji-Parani-RO.

Alizarol
Milk brands Stable Stable with adulterant
1 5 0
2 5 0
3 5 0
4 5 0
5 5 0
6 4 1
7 5 0
8 4 1
9 5 0

As for the density test at 15°C, the arithmetic mean was 1030.96 g/mL (Table 6).
However, one sample showed high density and was classified as irregular for this parameter.

Table 6. Averages and standard deviations of density at 15°C (g/mL) in different brands
of whole UHT milk marketed in the municipality of Ji-Parand-RO.
Average and standard

Milk samples Desviation Arithmetic average  Reference value
1032.03+1.06 1030.96* 1028 — 103412
1029.75+0.71
1030.20+2.06
1032.76+0.44
1032.50+0.00
1029.90+0.32
1030.21+0.53
1031.01+0.78
1030.30+1.74
*Arithmetic average; ‘Technical regulation on identity and quality of chilled raw milk;
2Regulation on industrial and Sanitary Inspection of Animal Products.

OO ~NO UL~ WN P

Regarding the density parameter, there were significant differences (P<0.05) between
the experimental values found in the different samples in this study (Table 7). These results
corroborate those obtained by Rosa et al. (2015), where the values for density in the
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comparisons between samples showed significant differences (P<0.05). However, the
differences found in this parameter do not characterize the existence of abnormalities in the
values found, since 100 % of the samples complied with the legislation.

As in the studies by Robim (2011) and Souza et al. (2016), no samples showed a
density lower than 1028. Also, Tamanini et al. (2011), when evaluating 33 samples of UHT
milk, observed that only one of the samples was out of the standard for density.

Table 7. Density results (g/mL) in different brands of UHT whole milk marketed in the municipality of Ji-Parana-
RO.

Samples
Testes Al A2 A3 A4 A5 A6 A7 A8 A9
Density 1031.5 1031.0 10319 1033.0 10325 1029.6 1030.0 1030.2  1030.6
at 15°C 10315 1030.0 10319 1033.0 10325 1029.6 10310 10311  1029.6
(°Q) 1032.5 1030.0 1028.0 1033.0 10325 1029.6 1030.0 10311 10304
10315 1029.0 10272 10319 10325 1030.2 1030.0 10311  1030.9
10315 1029.0 10311 10327 10325 1030.2 1030.0 10314  1029.9
1034.0 1029.0 10311  1033.0 10325 1030.2 1030.0 1032.2  1030.4
Total 100 C 100C 8333C 100C 100 C 100C 100C 100C 100 C
(%) 16.66
NC
E- Stable; EA- Stable with adulterant; C- According to; NC- Non conforms.

There are several causes of density variations that do not affect the quality of the milk
and are considered normal, such as the composition of the milk in relation to the fat content,
the protein value and its temperature at the time of determination.

Table 8 summarizes the results regarding the milk density of the UHT milk brands
analyzed. It is observed that all brands are within the limits established by Decree 9013 of
March 2017 and Normative Instruction 62 of 2011. Brands 4, 5 and 1 (Table 8), respectively,
in decreasing order, presented superior results to the other groups, followed by group 8, which
did not differ from groups 9, 7 and 3, while group 2 was the one with the lowest level, not
differing from groups 6 and 7 (P>0.05).

Table 8. Density results (g/mL) (Kruskal-Wallis test) in different
brands of UHT whole milk marketed in the municipality of Ji-Parana-
RO.
Milk brands Density at 15°C (°Q)

1032.03+1.06 ?
1029.75+0.71 ¢
1030.20+2.06 P
1032.77+0.44 @
1032.50+0.002
1029.90+0.33 ™
1030.22+0.53 bed
1031.02+0.78 ©

9 1030.97+1.75"
Averages with the same letters do not differ significantly (P>0.05).

ONO O~ WN -

Among the abnormal causes of density variation, we can highlight the frauds for
reconstitution and presence of serum or water (MENDES et al., 2010). Regarding density at
15.0°C, Miyoshi et al. (2016) observed a variation from 1029 to 1031 g/mL, and IN n° 76/2018
establishes the density between 1028 to 1034 g/mL for chilled raw milk. In determining density,
temperature must be taken into account, as it has a notable influence on body volume, adding
or decreasing the denominator (GASPAROTTO, 2017).
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Robim et al. (2012), analyzing the density at 15.0°C of 58 samples of different brands
of whole UHT milk, observed results similar to those of this study, with an average of 1029 to
1030 g/mL. Likewise, Domareski et al. (2010), checking the density at 15.0°C of eight samples
of several brands of whole UHT milk, observed variations from 1028 to 1029 g/mL. Cioglia
and Freitas (2017) found that 2.7 % of the samples showed density at 15.0°C below 1028 g/mL,
a value close to that of the present study. Regarding the evaluation of the presence of
formaldehyde, 4 out of 54 samples, corresponding to 7.40 %, were positive for the presence of
the preservative.

Fernandes and Maricato (2010) analyzed 50 samples of raw milk from a dairy in Bicas-
MG and observed that in 100.0 % of them there was no detection of formaldehyde. Likewise,
Rosa et al. (2015) did not identify the presence of the preservative in the twelve samples of
UHT milk from different brands sold in Erechim-RS. The same authors explained that the
addition of preservatives, although prohibited, is carried out with the purpose of masking the
hygienic-sanitary quality of milk, eliminating microorganisms and increasing the useful life of
the product by the addition of urea, that has formaldehyde in its composition. The authors also
described that the addition of alkaline solutes to prolong the conservation or decrease the acidity
of milk, such as bicarbonates, formaldehyde, boric acid, hydrogen peroxide, potassium
bichromate, hypochlorites and salicylic acid, in spite of fraud, have been used as a method of
conservation.

Souza et al. (2010), researching the presence of preservatives in 100 samples of UHT
milks produced in six Brazilian states (Parana, Rio Grande do Sul, Sdo Paulo, Minas Gerais,
Rio de Janeiro and Goias) detected the presence of formaldehyde in 44 (44.0 %) of the samples,
followed by hydrogen peroxide in 30 (30.0 %) and chlorine in 12 (12.0 %) of the analyzed
samples. However, Correa and Campos (2015) analyzed 11 samples (Brands) of UHT milk,
and found that 100.0 % of the samples were in compliance with the legislation, different from
what was observed in this work.

Formaldehyde and hydrogen peroxide are used in milk fraud aimed at paralyzing
microbial activity. Milks with high microbial load show altered pH and, consequently, high
Dornic acidity, diagnosed through platform tests performed during reception, which causes
refusal of milk by the dairy (ROSA-CAMPQOS, et al., 2011). Firmino et al (2010), in a study
with raw milk from expansion tanks in the region of Rio Pomba, Minas Gerais, found the
presence of formaldehyde and nitrate in 13.0 % and 40.0% of the samples, respectively.

The presence of formaldehyde in whole UHT milk shows that there was a fraud in this
food, in order to preserve it, avoiding the action of microorganisms, being a serious aggravating
factor for public health, since formaldehyde has a great carcinogenic potential in humans, can
cause damage to dairy products due to the decrease in both yield and nutritional value, can
change the product quality and, mainly, is a risk to consumers due to the addition of substances
harmful to health. Some operations carried out by the Ministry of Agriculture, Livestock and
Supply are worth mentioning in Brazil, as was the case in 2013 of the Operation “Leite
Compensado” that took place in Rio Grande do Sul. In order to increase the volume of milk,
untreated water was added, and to reconstitute the milk patterns of protein, agricultural urea
containing formaldehyde was added, the latter being the primary substance approved by the
World Health Organization. Approximately 100 million liters of milk were contaminated with
formaldehyde in one year, and the profit from fraud was R$ 9.5 million (GRIZOTT], 2013).

The National Cancer Institute (INCA) characterizes formaldehyde as a gas produced
worldwide, on a large scale, from methanol. It is also known as formalin, methyl aldehyde,
methylene glycol, methylene oxide, methanal, formaldehyde 40, morbicide, formalite (INCA,
2016). This substance can compromise the organoleptic characteristics and the nutritional value
of milk (EVANGELISTA, 2000), as well as bringing risks to the health of the consumer of this
product. As of July 2004, the International Agency for Research on Cancer - IARC classified
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this compound as carcinogenic (Group 1), tumorogenic and teratogenic for producing effects
on human reproduction (Technical Report ANVISA 53/2013).

CONCLUSIONS

The physical-chemical analyzes used under the different brands of UHT whole milk
sold in public supermarkets in the municipality of Ji-Parana-RO, were shown on average within
the standards required by law. The main problems found in UHT milk were high acidity and
the presence of formaldehyde. These non-conformities may be linked to the conservation of a
product with a high microbial load and the addition of preservative to avoid the acidity of the
product. Thus, there is a need to improve guidance and inspection of milk and dairy producers,

to detect flaws and obtain a quality product suitable for human consumption.
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