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Abstract

The aim of the study was to examine microorganisms in samples of fermented
milk beverage and water from dairy under state inspection. In a dairy located
in the Recdncavo of Bahia, fifteen samples of fermented milk beverage were
collected, corresponding to three different batches, and six water samples,
two from each point of use in the industry: Point 1—Sanitary barrier; Point
2—Internal faucet for cleaning surfaces and utensils; Point 3—Drinking foun-
tain for employees. All samples were submitted to microbiological research of
total coliforms, Escherichia coli and Aeromonas spp. In the water samples,
there was also quantification of heterotrophic bacteria and analysis of free re-
sidual chlorine. The fermented milk beverage samples did not show growth of
total coliforms, E. coli and Aeromonas spp. With regard to water, no sample
showed measurable levels of free residual chlorine, while in the microbiolog-
ical analysis the count of heterotrophic bacteria in the drinking water ex-
ceeded the limit established by legislation (5.6 x 10> CFU-mL™). In addi-
tion, the water from the sanitary barrier revealed total coliforms above the
allowed value (1.3 x 10' CFU-100 mL™) and showed contamination by
Aeromonas spp. (7.0 x 10" CFU-mL™). Thus, it can be inferred that, although
the fermented milk beverage did not present the investigated microorgan-
isms, the water used by the industry showed microbial contamination, and
due to its participation in the entire production process, water quality con-
trol is extremely important to prevent contamination of the food handler
and the final product, preventing the spread of diseases and harm to public
health.
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1. Introduction

According to the Technical Regulation on the Identity and Quality of Dairy Be-
verages, approved by Normative Instruction No. 16, of August 23, 2005 of the
Ministry of Agriculture, Livestock and Supply, which defines each type of dairy
beverage and the quality requirements, the fermented dairy beverage is the prod-
uct obtained through the association between milk and whey, with or without
the addition of food substances, submitted to the lactic fermentation process and
must have at least 51% milk-based mass/mass of the total ingredients used [1].
In addition to being an economically more viable dairy product for the popula-
tion, it also has a reduced cost in its production and promotes the reuse of whey,
avoiding its disposal in inappropriate places, thus reducing environmental pol-
lution [2].

Milk and its by-products have high water activity and several nutrients, which
are some of the characteristics that can favor microbial development; it is em-
phasized that foods with high water activity (Aw greater than 0.90) increase the
perishability of the product and provide a substrate for microbial multiplication,
reducing shelf life and generating significant economic losses [3]. Thus, the sa-
nitary control of these foods is essential to maintain the quality of the raw ma-
terial until the final product, and can be carried out through the establishment of
standards and methods used to verify the application of Good Practices during
the manufacture, handling and distribution of these products [4] [5].

When the hygienic-sanitary procedures are not performed properly in the
manufacturing process, it increases the risk of food contamination by physical,
chemical and microbiological parameters, which may cause so-called foodborne
diseases (FD). Water and dairy products are among the main foods involved in
cases of FD outbreaks that occurred from 2007 to 2019 in Brazil, according to
data published by the Ministry of Health. Microbiological contamination is the
main cause of FD and among the factors predisposing factors for the spread of
microorganisms in food are improper raw materials, inadequate handling and
incorrect conservation [6] [7] [8] [9].

It is noticed that the production of food safely and in compliance with hygiene
standards depends on the control of several factors. Thus, it is important to em-
phasize the participation of water in the entire production process, acting as a
resource of great importance for the dairy industry in reason of the direct in-
fluence it exerts on product quality due to the various functions it performs in
different stages during the dairy processing, such as cleaning environments,
equipment and utensils, acting on the sanitary barrier for entry into the produc-
tion sector, hand hygiene of food handlers, ingestion by industry employees, in
thermal processes in machinery, boilers and incorporation in some products
[10].

To meet the daily demands of human consumption and food production, wa-
ter must meet two main requirements, be available in sufficient quantity for its

intended purpose and present ideal quality as recommended by Consolidation
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Ordinance No. 5 of September 28 2017 of the Ministry of Health, which, among
other determinations, provides for the standard of potability, the physicochemi-
cal and microbiological characteristics required and the procedures for main-
taining water quality [11].

The industry can obtain water through the public supply or its own supply,
but regardless of the source, it must be subjected to adequate treatment and meet
the potability criteria established before being used, in order to avoid the disse-
mination of several microorganisms as heterotrophic bacteria, total coliforms,
Escherichia coli and Aeromonas spp. [11] [12]. Therefore, water quality should
not be neglected, as this element is present in the most diverse phases of food
production in contact with the raw material, with the equipment and the food
handlers, which can cause cross-contamination of the final product and possible
cases of FD [6].

According to Franco and Landgraf [3], microbiological analyzes aimed at re-
searching the quality of water and food products are very relevant. For Reis,
Penna and Hoffmann [13], research of microbiological contaminants in food can
provide an overview of the need to apply both preventive and corrective meas-
ures through quality control, following the recommended maintenance of Good
Practices in manufacturing. From this perspective, there are studies related to
the research of microorganisms in water and in a fermented milk beverage sepa-
rately, but there is a shortage of studies correlating the possibility of microbial
development in both and the potential risks to the consumer, based on this, the
aim of this work to investigate microorganisms in fermented milk beverages and

water from dairy products under state inspection.

2. Methodology
2.1. Description of the Study and Place of Action

It was carried out in a dairy unit located in the Reconcavo da Bahia, from Octo-
ber to December 2019. The practical resource was the collection and analysis of
samples of fermented milk beverage and dairy production establishment water.
The industry was part of the state inspection system, received milk from re-
gional producers, pasteurized this raw material and then produced dairy prod-
ucts such as fermented milk drinks, yogurt and butter, generating 35 types of

products that were sold in establishments in the Recéncavo da Bahia.

2.2. Collection and Analysis Procedures

Due to the great diversity of dairy products produced and seeking to maintain
the representativeness of the batch, it was decided to carry out the collection and
microbiological analysis of fermented milk beverage samples with certification
of registration in the state inspection system, being taken directly from the refri-
gerated chambers in their packaging commercialization and in accordance with
the sampling plan determined by Normative Instruction No. 16, of August 23,
2005, of the Ministry of Agriculture, Livestock and Supply, where the sampling
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unit was five products of the same batch, with the same composition, date of va-
lidity and manufacturing [1].

In the establishment producing dairy products, the water used came from the
public supply, two samples of 100 mL of water were collected at each established
point, one sample for free residual chlorine analysis and one sample for micro-
biological analysis. Three distinct points were selected: Point 1—Sanitary barrier;
Point 2—Internal faucet for cleaning surfaces and utensils; Point 3—Drinking
fountain for employees; Totaling six water samples. To collect water from the
faucets, it was cleaned with 70% alcohol and draining the water for 3 minutes.
During the collection of water samples at the defined points, Nasco brand sterile
polyethylene bags, model Whirl-Pak® Thio-Bag®, containing a 10 mg sodium
thiosulfate tablet were used in order to inactivate the residual chlorine in the
sample for microbiological analysis , and the collection of water for analysis of
free residual chlorine was carried out using glass flasks [14].

Soon after acquisition, all samples were identified, packaged and transported
in isothermal boxes with reusable ice to the Analytical Research of Food and
Water Laboratory (N6) of the Federal University of Reconcavo da Bahia (UFRB)
located in Cruz das Almas-BA, where the analyzes were carried out.

Microbiological analyzes of fermented milk beverage and collected water were
performed by incubating plates with the samples in a bacteriological incubator at
35°C £ 2°C for a period of 24 hours using the culture medium Agar Chromo-
cult® Coliforms (Merck) for determination of total coliforms and Escherichia
coli, and Aeromonas Isolation Agar (Sigma-Aldrich) with addition of selective
Aeromonas supplement containing ampicillin for quantification of Aeromonas
spp- And to determine the development of heterotrophic bacteria in the water
samples, Standard Agar for Counting (Kasvi) was used, under incubation in a
bacteriological incubator at 35°C + 2°C for 48 hours [15].

To detect free residual chlorine, a DPD reagent tablet (dialkyl-1,4-phenyle-
nediamino) was incorporated into a water sample and then read using a digital

chlorimeter device [14].

2.3. Evaluation of Achieved Results

The results found from the microbiological analyzes of fermented milk beverage
and water were expressed in Colony Forming Unit per milliliter (CFU-mL™),
except for the count of total coliforms in water samples that were described as
UFC-100 mL™". To analyze the microbiological results presented by the fer-
mented milk beverage, the standard established in Normative Instruction No.
16, of August 23, 2005, of the Ministry of Agriculture, Livestock and Supply [1]
was used. The microbiological and free residual chlorine results from the water
were compared with the parameters defined in Consolidation Ordinance No. 5
of September 28, 2017, of the Ministry of Health [11].

3. Results and Discussion

The microbiological analyzes performed on samples of fermented milk beverag-
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es did not show the presence of total coliforms and Escherichia coli, therefore,
they obeyed the microbiological acceptance criteria established by Normative
Instruction No. 16/2005 of the Ministry of Agriculture, Livestock and Supply,
related to the product obtained directly from the producing establishment, soon
after its manufacture [1]. The microorganism Aeromonas spp. it was also not
found in the analysis.

A study by Roma and collaborators [16] also analyzed the deteriorating mi-
crobiota of fermented dairy derivatives such as yogurt, fermented milk and dairy
beverage, aiming to detect the possibility of contamination during the produc-
tion process, highlighting the populations of coliforms, proteolytic and lipolytic
psychotrophics, within the expiration commercial date.

According to the authors, there was no detection of bacteria from the coliform
group and the products did not suffer deterioration during the analyzes carried
out during the validity period, being adequate in terms of the hygienic-sanitary
quality required by legislation, showing that the hygienic process in the manu-
facture of the products analyzed and storage at appropriate temperatures allow
the product to be preserved and prevent the multiplication of deteriorating mi-
croorganisms [16].

It is known that most animal products are favorable to microbial proliferation,
however, fermented milk beverages, for presenting a certain level of acidity, are
not conducive to the development of total and thermotolerant coliforms. Despite
this, studies demonstrate the presence of the coliform group in these fermented
foods, considered an indicator of unsatisfactory hygienic and sanitary conditions
in the production process [17] [18].

Reis, Penna and Hoffmann [13] investigated the contaminating microbiota
in fermented milk beverages produced by small and medium-sized companies,
by counting fungi, determining total and thermotolerant coliforms, researching
Escherichia coli and Salmonella spp. and evaluation of pH values. Despite the
absence of Salmonella spp., the authors found a high frequency of filamentous
fungi and yeast, in addition to the detection of E. coli in five samples, corres-
ponding to 16.67% of the total, being classified as products in unsatisfactory sa-
nitary conditions. Demonstrating that fermented milk beverages are susceptible
to microbial contamination, and the application of quality programs by food
producers, such as Good Practices, Hazard Analysis and Critical Control Points
(HACCP), can prevent contamination risks and offer safe products for the con-
sumer.

Regarding the collected water samples, specifically the analysis of free residual
chlorine, no levels of this product were detected. According to Consolidation
Ordinance of the Ministry of Health No. 5, of September 28, 2017, art. 34,
throughout the water distribution system both in the network and in the tanks, it
is mandatory to maintain the minimum value of 0.2 mg-L™ of free residual chlo-
rine and art. 39, paragraph 2, recommends that the residual free chlorine be a
maximum of 2.0 mg-L™" at any point in the supply system. Based on this, it can

be inferred that the analyzed water samples are outside the established standard
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of free residual chlorine, not being suitable for this parameter for use and con-
sumption, as the absence of free residual chlorine can favor the maintenance of
microorganisms and product contamination during processing [11].

According to Lopes Junior and Miguel [19], water acts as an important ele-
ment at varjous stages in dairy products and is directly related to the hygiene of
handlers, the environment, equipment and utensils, in addition to being used for
ingestion by industry employees, and may then be a vehicle of contamination for
the manufactured products and transmit water and food diseases if it is not pot-
able. Therefore, it is extremely important to properly treat water, which can oc-
cur through chlorination at ideal concentrations.

The result obtained is concerned, as according to a study by Kamiyama [5],
who obtained results for total chlorine and free chlorine at low concentrations in
water samples collected in twenty dairy agro-industries in Rio de Janeiro, chlo-
rine values below the required can be caused by lack of water treatment or fail-
ures in the control of chlorine content, which may interfere with the microbio-
logical quality of the water supply. Even using water from the public supply
network, which has been subjected to the correct treatment, there can be a natu-
ral loss of residual chlorine contents due to decomposition that occurs along the
water’s path to the most distant points of use. Thus, quality control must be es-
tablished through adequate water treatment, regular analyzes and periodic clean-
ing of tanks.

Silva and collaborators [20] corroborate this, stating the importance of chlo-
rination and microbiological evaluation of water periodically, as in Santa Cata-
rina the authors implemented an automatic chlorinator at the entrance of the
water tank of twenty dairy farms and after a period of two weeks the equipment
was removed, and water and milk samples were collected, before and after the
chlorine treatment. As for the results, they observed that the efficient chlorina-
tion process promoted an increase in the microbiological quality of the water
with a decrease in total coliforms and pathogenic microorganisms, confirming
the need for correct water treatment and the benefit of applying Good Practices.

Regarding the microbiological analyzes performed in this study, there was no
detection of Escherichia coli in the water samples, however, the water from the
sanitary barrier, which represents 33% of the samples, had a count of 1.3 x 10'
CFU-100 mL™" of coliforms total and 7.0 x 10 CFU-mL™" of Aeromonas spp. All
water samples analyzed showed heterotrophic microorganisms, with water from
the sanitary barrier 2.5 x 10> CFU-mL"’, water from the production sector 3.0 x
10> CFU-mL" and water from the drinking fountain with 5.6 x 10>* CFU-mL"".

Ordinance No. 5/2017 of the MH determines that among the criteria for pota-
bility of water intended for human consumption and use in food preparation,
there must be the absence of total and thermotolerant coliforms in 100 mL of
water. Thus, the presence of total coliforms in the sanitary barrier water sample
demonstrates that it is above the permitted standard [11].

Chaves and collaborators [21] also evaluated the sanitary quality of water used

in dairy products in Rio Pomba in Minas Gerais, related to the presence of total
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and thermotolerant coliforms, and detected the presence of these microorgan-
isms above ideal in most water samples collected in agroindustries of milk, cha-
racterizing itself as a health risk factor.

Ordinance No. 5/2017 determines that in 20% of the system’s monthly water
samples the standard count must be performed and that it cannot exceed 500
CFU-mL™. There was growth of heterotrophic bacteria in all water samples ana-
lyzed, but the sample from the drinking fountain exceeded this defined limit,
showing a growth of 5.6 x 10> CFU-mL™, in disagreement with what is estab-
lished by legislation. The presence of these microorganisms provides extra in-
formation about possible failures in the sanitation of the distribution system
[11].

For Aeromonas spp. there is no mention of values allowed in the legislation,
but because it is characterized as a potentially pathogenic microorganism asso-
ciated with various infections in animals and humans, it is important that it is
not present in the water used in food production [12]. Despite this, there was a
development of 7.0 x 10 CFU-mL™ of Aeromonas spp. in the sanitary barrier
sample, which is used for employee hygiene before entering the dairy processing
environment.

Cereser and collaborators [22] correlated the results obtained from Aeromo-
nas spp. in water with those found in raw milk from a property in the northwest
region of Rio Grande do Sul that supplied refrigerated fresh milk to industries,
demonstrating the possibility of cross-contamination of water with food. Mainly
spread by water, Aeromonas genus bacteria are relevant opportunistic patho-
gens, having worldwide importance for causing diseases through direct ingestion
or through consumption of food contaminated by previous contact with water
[12] [23] [24].

Thus, it can see the influence of the water used in production, as well as the
importance of quality of the raw material, Good Practices throughout the man-
ufacture of dairy products and constant verification of the maintenance of ade-
quate physicochemical and microbiological parameters of the water and the food

produced.

4. Conclusions

The results obtained during the experiment were detailed in the form of reports
and delivered to the industry participating in this study in order to contribute to
decision making to improve the production process.

Among the evaluated samples of fermented milk beverage, all were in satis-
factory sanitary conditions according to the microorganisms studied and in com-
parison with the current standard for this product. However, despite the fact that
unwanted microorganisms were not detected in the fermented milk beverage in
this study, the need for constant monitoring through tests that reaffirm the qual-
ity, preventing and/or reducing failures that may occur in the process is not

ruled out.
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As for the analyzed water samples, there was no detection of free residual chlo-
rine contents and these presented values above the microbiological standard rec-
ommended by the legislation in force for the research of total coliforms and he-
terotrophic bacteria, in addition to the presence of Aeromonas spp., which al-
though not having a limit defined by legislation can cause poisoning and public
health problems. Revealing then as a worrying situation, since water is a funda-
mental element in the dairy industry, which circulates throughout the produc-
tion process, coming into contact with food handlers, in addition to participat-
ing in the cleaning of equipment and utensils, being therefore, a vehicle of con-
tamination to food if it falls short of the desired standards, which can promote
foodborne diseases.

Therefore, it is recommended to periodically review the ideal parameters to
maintain the potability of water and product quality, as well as cleaning meas-
ures for water tanks, maintaining adequate values of free residual chlorine at
points of use and applying Good Practices during all food production in order to

mitigate risks to public health.
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Final Considerations

Milk and its by-products are of great importance in the national economic sec-
tor, but due to the intrinsic characteristics of the raw material, associated with
the deficiency in Good Practices during manufacturing and the lack of quality of
the water used, the production of dairy products can pose a risk to public health
for favoring microbial growth, which can cause foodborne diseases, in addition
to economic losses to industries due to the accelerated deterioration of food and
equipment due to the formation of biofilms through contaminating microor-
ganisms.

The quality of dairy products is directly related to the hygiene measures adopted
during the production stages, and when they are not strictly followed, they com-
promise the safety of the final product and the health of the population. Consi-
dering that microbiological contamination is the most recurrent in the produc-
tion chain of milk and dairy products, the monitoring of microorganisms is ex-
tremely important to avoid foodborne diseases. Thus, there is a need to encour-
age industries to regularly assess the quality of the water used and the dairy
products generated, in addition to carrying out the correct water treatment, as
well as the cleaning of water tanks and hygienic measures in all steps in food
processing.

Based on the highlighted information, the importance of this work is empha-
sized for the surveillance of factors that may impact the food production processes
and for the promotion of quality improvement in the regional production of dairy
products, through the investigation of microorganisms in water and fermented
milk beverage from dairy products, correlating possible health risks.

The microbiological counts of total coliforms and heterotrophic microorgan-
isms identified above what is allowed by legislation and Aeromonas spp. in the
water samples collected in this study may be evidence of poor hygienic and sani-
tary conditions, which may cause cross contamination with the fermented milk
beverage, which did not show microbial growth of these agents, however, if ex-
posed to these microorganisms, it may present impairment of shelf life, and even
consumer health. Therefore, compliance with Good Practices is recommended,
based on the continuous monitoring of the stages of product processing, from
the selection of inputs and raw materials, through the evaluation of the quality of
the water used, cleaning of environments, surfaces and utensils, training of food
handlers, up to the distribution of the final product, in order to guarantee the
quality of the food produced and prevent damage to the health of the popula-
tion.

The results obtained during the experiment were compared with the norms
and standards contained in the current legislation mentioned, as well as corre-
lated with the findings in the works of other authors, being detailed in the form
of reports that were delivered to the dairy participating in this study with the
aim of provide an overview of the results found in the analyzed samples in order

to add to the decision-making process to improve the production process.
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It is noteworthy that the study initially designed had to be reduced due to the
situation of a pandemic caused by a new coronavirus (SARS-CoV-2/COVID-19)
and considering: The Declaration of Emergency in World Public Health pub-
lished by the World Health Organization (WHO) on January 30, 2020; Law No.
13,979, of February 6, 2020; And Ordinance No. 322, of March 17, 2020, of the
Rectory of the Federal University of Recdncavo of Bahia, which suspended inde-
finitely the teaching activities of undergraduate and postgraduate courses in at-
tendance at all UFRB campi.

Therefore, following the social isolation measures recommended during the
pandemic related to the SARS-CoV-2 microorganism, it was not possible to car-
ry out a broader study, previously planned, with the participation of more in-
dustries, application of a checklist and analysis, thus, future research related to
the hygienic-sanitary quality of the production of dairy products in Bahia is sug-
gested.
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