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ABSTRACT

Introduction: Coliforms have been used over the years as indicator microorganisms for
microbiological quality. However, several studies report the lack of direct correlation
between their presence and that of pathogens in the evaluation of food safety, leading
to the suggestion of new analysis proposals, such as the search for total enterobacteria,
which includes all members of the Enterobacteriaceae family. Objective: This study aimed
to determine the population of enterobacteria in raw goat milk samples based on the
microbiological criteria suggested by the National Health Surveillance Agency - Ministry
of Health (Anvisa - MS) - Public Consultation No® 542 of July 17, 2018 for Pasteurized milk
samples. Method: 21 samples from small producers from different regions of the state of
Rio de Janeiro were used. Isolates were obtained from inoculation on VRBG agar according
to I1SO 21528-2 and identified by Matrix Associated Laser Desorption-lonization - Time of
Flight (MALDI/TOF) mass spectrometry. Results: Of the 222 isolates identified, only 26.6%
belonged to the Enterobacteriaceae family. Another 61.3% belonged to the Pseudomonas
genus, 4.5% to the Acinetobacter genus and 7.6% were Stenotrophomonas maltophilia.
Although there are no microbiological parameters in Anvisa-MS RDC N° 12 of January 2,
2001 for raw milk, the results of isolation on VBRG agar led to the investigation of other
studies with similar findings regarding isolation of VRBG bacteria from goat and bovine
milk samples. Conclusions: Detection in VRBG agar of non-Enterobacteriaceae-negative
oxidase bacteria, such as those of the genus Acinetobacter, suggests the need for a debate
on the methodology indicated by ISO 21528-2 for enumeration of enterobacteria, as the
new regulation on standard microbiological data for food will no longer use the coliform
group, but the Enterobacteriaceae/g or mL count, as an indicator.
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RESUMO

Introdugdo: Bactérias do grupo dos coliformes tém sido empregadas ao longo dos anos
como micro-organismos indicadores da qualidade microbiologica. No entanto, diversos
estudos relatam a falta de correlacédo direta entre sua presenca e a de patogenos na
avaliacado da seguranca de alimentos, levando a sugestdo de novas propostas de analise,
como a pesquisa de enterobactérias totais, que compreende todos os membros da familia
Enterobacteriaceae. Objetivo: Determinar a populacdo de enterobactérias em amostras
de leite caprino cru com base nos critérios microbiologicos sugeridos pela Consulta Publica
n° 542, de 17 de julho de 2018, da Agéncia Nacional de Vigilancia Sanitaria - Ministério
da Salde (Anvisa - MS), para amostras de leite pasteurizado. Método: Foram utilizadas
21 amostras de pequenos produtores de diversas regides do estado do Rio de Janeiro. Os
isolados foram obtidos a partir de inoculagdo em agar VRBG, de acordo com a SO 21528-2,
e identificados por espectrometria de massas por Matrix Associated Laser Desorption-
lonization - Time of Flight (MALDI/TOF). Resultados: Dos 222 isolados identificados,
apenas 26,6% pertenciam a familia Enterobacteriaceae. Outros 61,3% pertenciam ao
género Pseudomonas, 4,5% ao género Acinetobacter e 7,6% eram Stenotrophomonas
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maltophilia. Apesar de nao haver parametros microbioldgicos na RDC n° 12, de 2 de janeiro de 2001, da Anvisa-MS, para leite cru, os
resultados do isolamento em agar VBRG levaram a investigacao de outros estudos com achados semelhantes referentes ao isolamento
de bactérias VRBG a partir de amostras de leite caprino e bovino. Conclusdes: A deteccao em agar VRBG de bactérias oxidase
negativas ndo pertencentes a familia Enterobacteriaceae, como as do género Acinetobacter, sugere a necessidade de um debate
acerca da metodologia indicada pela ISO 21528-2 para enumeracao de enterobactérias, visto que o novo regulamento sobre padrées
microbioldgicos para alimentos ndo mais utilizara o grupo coliforme como indicador, e sim a contagem de Enterobacteriaceae/g ou mL.

PALAVRAS-CHAVE: Enterobacteriaceae; Pseudomonas; Leite; Acinetobacter; Legislacao

INTRODUCTION

Hygiene and health conditions in the milk production chain are
directly related to microbiological parameters and, therefore, to
the quality of the final product’.

Resolution of the Collegiate Board (RDC) n. 12, of January 2,
20012, of the Brazilian National Health Surveillance Agency
(Anvisa), approves the technical regulation on microbiological
standards for food. In the food group called “milk and dairy
products from bovines and other mammals”, the microorgan-
isms that should be researched are indicated, as well as their
maximum tolerance values, so that at least the minimum qual-
ity standards of these products are ensured. For pasteurized
fluid milk, the recommendation is to test for thermotolerant
coliforms and Salmonella spp. As for cheese, the orientation
varies according to the type and moisture of each product. In
general, thermotolerant coliforms, coagulase positive staphy-
lococci, Listeria monocytogenes and Salmonella spp. are to be
tested. For raw milk, there is no established parameter, since
its marketing has been banned?.

Gram-negative bacilli are considered to be important caus-
ative agents of hospital-acquired infections. The most rele-
vant of them are often related to food, with greater capacity
for dissemination than Gram-positive cocci®. They are divided
into two large groups, fermenters and non-fermenters, as
shown in Figure 1.

Example: Example:

Aeromonas Plesiomanas Vibrio

Enterobacteriaceae

Source: Adapted from Koneman et al.*

Gram-negative bacilli

Acinetobacter Stenotrophomonas

The Enterobacteriaceae family is composed of 53 genera and
more than 170 described species. Some pathogenic genera
are of great clinical importance, such as Enterobacter and
Salmonella, as well as the Escherichia coli and Klebsiella
pneumoniae species®.

Coliforms are a group of microorganisms used as indicators,
with the purpose of verifying the general microbiological
condition of a sample. The microorganisms in this group are
aerobes or facultative and not sporulated anaerobes, which
ferment lactose with production of acid and gas at 32°C - 35°C
(total coliforms). Within this group there are also those that
manage to ferment lactose up to a temperature of 45°C, the
so-called thermotolerant coliforms, where we can highlight
the E. coli species, whose presence in food indicates fecal
contamination due to its exclusively fecal origin. The mem-
bers of the coliform group belong to the Enterobacteriaceae
family, and the main genera are Escherichia, Klebsiella,
Citrobacter and Enterobacter®.

The initial concept of testing indicator bacteria was created to
detect fecal contamination, which could serve as indirect evi-
dence of the presence of pathogens’. However, over the years
some studies have shown a lack of direct correlation between
the presence of indicators and pathogens, which raises questions
as to the usefulness of these microorganisms in the assessment

Non-fermenters

Example: Example:

Pseudomonas Campylobacter

Figure 1. Classification of Gram-negative bacilli and examples of their most relevant representatives.
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of food safety®. In addition, the presence of certain coliforms
in the environment also decreased their association as a group
as indicators of fecal contamination®'°. There are also cases in
which pathogens were detected in samples of raw milk that had
low coliform count, which at first would suggest good microbio-
logical quality'.

Since the use of coliforms as indicators in dairy products has
been discussed in the scientific community, new solutions
have been proposed, like the use of the so-called EB Group
or total Enterobacteria, which comprises all members of the
Enterobacteriaceae family, including the coliform group. The
use of the EB group as an indicator is advantageous because it
detects possible contamination with greater sensitivity after
pasteurization, in view of the greater scope of contaminating
species. Another suggested group is that of total Gram-neg-
ative bacteria, which includes all enterobacteria and other
non-fermenting Gram-negative bacteria, such as the Pseudo-
monas genus. This is the main genus associated with post-pro-
cessing contamination in the dairy industry, and it may have
biofilm-producing activity and production of deteriorating
enzymes. Both groups, despite including pathogens, are con-
sidered hygiene-health indicators® 2.

The present study aimed to determine the population of Entero-
bacteriaceae in samples of raw goat milk, based on the microbi-
ological criteria suggested by Public Inquiry n. 542, of July 17,
2018, by Anvisa - Ministry of Health'? for pasteurized milk samples.

METHOD

Twenty-one samples of raw goat milk from small producers from
different locations in the Brazilian state of Rio de Janeiro were
used. Seven from the Metropolitan area, four from the Serrana
region (highlands) and ten from the northwest region of the
state. The producers were selected after online searches about
places where one could purchase raw goat milk, and also based
on the authors’ previous knowledge of some points of sale. The
samples were collected directly in the containers where the
product is sold to consumers, in two periods (March and August
2018). They were kept refrigerated until the moment of analysis,
which occurred shortly afterward.

Twenty-five milliliters of each sample analyzed were homog-
enized with 225 mL of peptide water (BIOCEN, Sao Paulo)
0.1%. After serial dilutions of these suspensions, inoculations
were made on Violet Red Bile Glucose agar (VRBG, Kasvi, Sao
Paulo), prepared at most 3 h in advance, according to the
methodology indicated by ISO 21528-2. The plates were incu-
bated at 35°C for 24 h. For each new batch of VRBG produced,
we did the quality control of the medium with the incubation
of an unsown plate'".

The typical colonies of pink and purple color, with the presence of
precipitation halos (on average, 15 per sample) were inoculated
in soybean tryptone agar (Casoy agar, BIOCEN, Sao Paulo) for mass
gain, and later stored under freezing in cryotubes in Casoy broth
(Merck, Sao Paulo) and 40% glycerol (Merck, Sao Paulo).
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271 isolates were selected for identification by mass spectrom-
etry by Matrix Associated Laser Desorption-lonization - Time of
Flight (MALDI-TOF; Microflex LT, Bruker, United States). For this,
the bacterial cultures sown on Casoy agar were inserted in dupli-
cate in the equipment’s own metal plate, with the subsequent
addition of 1 pl of 70% formic acid for cell lysis to occur. After
the acid dried, the same volume of matrix was inserted, which
was crystallized at the end of the process. The plate was then
put into the equipment and, after the emission of laser beams,
the sample was evaporated with the release of ionized proteins
of different loads and masses. Subsequently a spectrum was
generated as a function of the time elapsed until the detector.
The equipment was previously calibrated with a control strain of
E. coli, and the identification of each isolate was generated by
Biotype 3.1 software'.

RESULTS AND DISCUSSION

Result of the identification of the selected isolates

Of the 271 isolates, 222 were precisely identified using
MALDI-TOF and only 26.6% corresponded to members of the
Enterobacteriaceae family. Another 61.3% of the isolates were
identified as species of the Pseudomonas genus and 4.5% as spe-
cies of the Acinetobacter genus. In addition, 7.6% corresponded
to the Stenotrophomonas maltophilia species, a species that was
previously classified as belonging to the Pseudomonas genus.
Figure 2 illustrates the general identification we obtained.

A Chinese study by Zhang et al."” assessed the bacterial diver-
sity of raw goat milk and also detected the same groups found
in this study, but in different proportions, with enterobac-
teria corresponding to about 25% of the total (together with
some Gram-positive isolates), followed by Pseudomonas (13%),
Acinetobacter (13%) and Stenotrophomonas (3%).

The Pseudomonas genus is extremely relevant in the deteriora-
tion of raw milk, especially because it is psychrotrophic and thus
multiplies efficiently during cold storage, with proteolytic and
lipolytic activity. Pseudomonas sp. have a great genetic diver-
sity and metabolic variety, which enables their development in
several environments, including surfaces and equipment used

Pseudomonas sp.

Stenotrophomonas
maltophilia

Isolates

Acinetobacter sp.

Enterobacteriaceae

0 10 20 30 40 50 60 70

Percentage (%)

Figure 2. Distribution of the isolates identified in the analyzed raw goat
milk samples.
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in the dairy production chain. The Pseudomonas fluorescens,
P. aeruginosa and Pseudomonas putida species are considered by
the literature as the most relevant in milk.

Among the psychrotrophic microorganisms usually found in
milk, species of the Pseudomonas genus have the shortest
generation time at temperatures between 0°C and 7°C, which
warrants their prevalence. P. fluorescens is the most isolated
species in dairy products and the one that most produces dete-
riorating enzymes'®.

Although the microorganisms of this genus are inactivated by
possible subsequent thermal treatments, the enzymes pro-
duced are thermoresistant and resist even ultra-high tempera-
ture (UHT) treatments. These enzymes can deteriorate the milk
during the next stages of storage and transportation. The effects
of the deterioration caused by Pseudomonas sp. vary signifi-
cantly according to each strain and growing conditions'2°,

The Acinetobacter genus is associated with high mortality rates
in hospital-acquired infections and the expression of multidrug
resistance, and its species are good competitors in the food
matrix microbiota due to several factors such as biofilm forma-
tion capacity and long-term survival on surfaces?'.

Although little related to food, bacteria of the Acinetobacter
genus have also been reported in milk. Asian studies have
shown that hundreds of isolates, especially A. baumannii, from
raw bovine milk, have shown multidrug resistance to a wide
range of antibiotics?>23.

In a recent study, multidrug-resistant strains (MDR) of the
Acinetobacter baumannii-calcoaceticus complex, resistant even
to carbapenems, were found in infant formulas and lactating
utensils in a public hospital in Rio de Janeiro, which indicates a
public health problem associated with this genus?.

Recent studies highlight the occurrence of isolation of the
Pseudomonas and Acinetobacter genera on VRBG agar, com-
paring the influence of this group on the detection of entero-
bacteria in food samples in different culture media. Depend-
ing on the type of sample, the temperature and the species
present, different combinations of the microorganisms pres-
ent can be obtained?%.

Association with Public Inquiry n. 542/2018

Initially, the study was focused on the detection of bacteria
from the Enterobacteriaceae family and, therefore, the proce-
dure with the VRBG agar was used. However, the largest pro-
portion of isolates belonged to the Pseudomonas genus. VRBG
agar is also associated with the recovery of microorganisms of
the Pseudomonas genus, according to the international pharma-
copeia of the World Health Organization (WHO). This medium
is indicated for use with bile-tolerant Gram-negative bacteria
and has the properties of growth promoter and indicator of the
microorganisms in question?.
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In line with the debate of the global scientific community, Anvisa,
through Public Inquiry n. 542/2018, proposed removing the coli-
forms group from the Technical Regulation on Microbiological
Standards for Food and suggested replacing it by the research of
Enterobacteriaceae and Escherichia coli nationwide'. However,
the new legislation that will replace RDC n. 12/2001 has not
been enacted yet.

In Brazil, Normative Instruction n. 62, of August 26, 20034, of
the Ministry of Agriculture, Livestock Farming and Supply (MAPA),
describes the recommended procedure for counting enterobac-
teria in food using VRBG agar’. The culture medium previously
used to detect coliforms was Violet Red Bile agar (VRB), which
had lactose in its composition. The coliform group is capable of
fermenting both glucose and lactose, however, other species of
the Enterobacteriaceae family ferment only glucose. Thus, VRB
agar had lactose replaced by glucose in its composition, giving
rise to VRBG agar and enabling the detection of enterobacte-
ria. In the presence of these bacteria, the pH of the medium
decreases due to the fermentation of glucose, causing the pres-
ence of pinkish colonies because of the presence of the neutral
red indicator in the formulation. Halos also occur due to the
precipitation of bile salts. Gram-positive microorganisms are
inhibited by the presence of the violet crystal and bile salts?.

In this study, colonies of all identified genera were very simi-
lar on the agar surface, with pink and halo coloration, and it
was not even possible to differentiate glucose fermenters and
non-fermenters in relation to the appearance of the isolated
colony. Thus, members of the Enterobacteriaceae family and
the Pseudomonas and Acinetobacter genera, although they have
different behaviors, appeared in the same way when isolated
directly from the sample.

Other studies also describe this fact. A study done in Japan has
shown the results of a test made with VRBG agar in raw and pas-
teurized milk, in which the development potential of Pseudomonas
against the enterobacteria was verified, with significant growth
of both groups?. In Germany, a study using powdered milk used
VRBD agar (another name for VRBG agar) with the specific objec-
tive of isolating Acinetobacter sp. It obtained different species
of the genus together with members of the Enterobacteriaceae?
family. Njage et al.? used VRBG agar with the strict objective of
isolating camel milk enterobacteria, however, when identifying
the isolated colonies, microorganisms of the Pseudomonas and
Acinetobacter genera were found, as in our study.

Since more advanced identification techniques, such as mass
spectrometry, are still extremely costly and difficult to access,
IN n. 62/2003 from the MAPA and international references indi-
cate that after plating on VRBG agar, colonies should be sub-
jected to staining Gram test and oxidase test to confirm the
presence of enterobacteria". In the routine of a microbiolog-
ical analysis laboratory that will routinely investigate entero-
bacteria in many food classes, countless isolates that are possi-
bly not enterobacteria will be generated, as seen in this study,
and these isolates will have to be tested, which will increase
costs and the need for labor.
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Gram staining would not generate any differentiation between
enterobacteria, Pseudomonas and Acinetobacter, since these
are all Gram-negative bacilli. The oxidase test would discard
Pseudomonas, but the Acinetobacter genus would eventually
be counted as enterobacteria, since it is also oxidase negative.
Thus, in addition to the increased labor and cost, overestimated
counts could be generated.

CONCLUSIONS

The diversity of the population of Gram-negative bacilli iden-
tified in this study, as well as the identification of potentially
pathogenic groups, highlights the risk of consumption of raw goat
milk, which occurs mainly in towns of the Brazilian countryside.

REFERENCES

Ramos GLPA & Nascimento JS Avaliacao do agar VRBG para isolamento de Enterobacteriaceae

Although the Brazilian legislation is focused on pasteurized milk
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debate on the methodology indicated for counting enterobac-
teria at the national level. This is necessary because the new
technical regulation on microbiological standards for food will
no longer use the coliform group as an indicator, but the count
of Enterobacteriaceae/g or mL, using the VRBG agar isolation as
the official methodology.
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of the Enterobacteriaceae/g or mL of sample parameter sparked
a debate about the recommended quantification method, which
may lead to inaccurate results, causing the indication of a sam-
ple as inappropriate due to overestimated results.
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