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ABSTRACT: Goat's milk has been suggested as an alternative to cow’s milk, being a better digestible and hypoallergenic option. However,
the presence of contaminating bacteria may significantly affect the safety of the product. In this research, we reported the isolation and
characterization of Acinetobacter spp. isolates from raw goat milk samples purchased in the state of Rio de Janeiro, Brazil. Twenty-one
samples were analyzed and ten isolates of Acinetobacter spp. were obtained. Six were identified as A. guillouiae, three as A. ursingii, and one
as A. bereziniae. These isolates were characterized and eight showed proteolytic activity, seven showed lipolytic activity, and five isolates were
able to produce both enzymes. None of the isolates was biofilm producer. However, when the production of antibiotic resistance enzymes KPC
and ESBL were investigated, all isolates presented ESBL-positive phenotype, while eight (80%) were KPC-positive. This research, therefore,
demonstrated that raw goat’s milk can also be a source of Acinetobacter spp., which can produce important thermostable deteriorating
enzymes and may play a role of reservoirs of antibiotic resistance genes.
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Caracterizacdo de Acinetobacter spp. isolados de leite caprino cru

RESUMO: O leite de cabra tem sido sugerido como alternativa ao leite de vaca, sendo uma op¢do com melhor digestibilidade e menor
alergenicidade. No entanto, a presenca de bactérias contaminantes pode afetar significativamente a seguranga do produto. Neste trabalho,
relatamos o isolamento e caracterizagdo de Acinetobacter spp. isolados de amostras de leite cru de cabra adquiridas no Estado do Rio de
Janeiro, Brasil. Vinte e uma amostras foram analisadas e dez isolados de Acinetobacter spp. foram obtidos, sendo seis identificados como A.
guillouiae, trés como A. ursingii e um como A. bereziniae. Estes isolados foram caracterizados e oito apresentaram atividade proteolitica,
sete mostraram atividade lipolitica e cinco foram capazes de produzir ambas as enzimas. Nenhum dos isolados foi produtor de biofilme. No
entanto, todos os isolados apresentaram fenotipo ESBL-positivo, enquanto oito (80%) foram positivos para KPC. Este trabalho demonstra,
portanto, que o leite de cabra cru também pode ser uma fonte de Acinetobacter spp., que podem produzir enzimas deteriorantes termoestdveis
e desempenhar, também, um papel de reservatorios de genes de resisténcia a antibioticos.

Palavras-chave: leite caprino, Acinetobacter, enzimas deteriorantes, KPC, ESBL.

Goat milk has proven to be an effective
substitute to bovine milk, due to the lower levels of
a-s1 casein, which triggers allergic reactions. It also
aids better digestion due to the presence of smaller
fat globules and larger quantities of medium and
short chain fatty acids (VERRUCK et al., 2019).
In addition, goat’s milk also has a high nutritional
value and tends to be an excellent culture medium for
deteriorating and pathogenic micro-organisms that
encompass a wide variety of gram-negative bacteria.

Little is known about the role of foods in the
transmission of Acinetobacter spp., probably because
there are no standard procedures to recover them
from foods (CARVALHEIRA et al., 2016; AMORIM
& NASCIMENTO, 2017). However, many papers

described the presence of Acinetobacter spp. in
bovine raw and pasteurized milk, dairy products, and
in powdered milk (NEUBECK et al., 2015; CHO et
al., 2018). In this research, we reported the isolation
and characterization of Acinetobacter spp. isolates
from 21 samples of raw goat milk purchased directly
from producers in several regions of the state of Rio
de Janeiro, Brazil. Samples were collected over a
period of five months.

Isolates were obtained by plating the
samples on violet red agar bile glucose (VRBG)
and selecting about 15 colonies per sample,
from typical (pink color with halo) and atypical.
Approximately 300 isolates obtained were identified
by mass spectrometry (MALDI-TOF, Microflex LT,
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Bruker, United States). The VRBG agar was used
because, originally, the analysis was performed for
the detection of Enterobacteriaceae. However, as
described by CHO et al. (2018), VRBG also allowed
the recovery of members of the genus Acinetobacter.
Microbial population reported in the raw milk samples
was evaluated from 222 accurately identified isolates,
being mainly composed of Pseudomonas spp. (61%)
and members of the Enterobacteriaceae family
(26.6%). However, 10 (4.5%) of Acinetobacter spp.
were also isolated from the milk samples. Six were
identified as A. guillouiae, three as A. ursingii, and
one as A. bereziniae (Table 1). These isolates came
exclusively from four samples of raw goat milk. It is
noteworthy that A. baumannii, an important pathogen,
was not reported in any of the samples analyzed.

For the evaluation of lipolytic and
proteolytic enzymes, the isolates were inoculated into
milk agar [1% skimmed milk powder (Molico®, Sdo
Paulo, Brazil), 0.5% yeast extract (BD Biosciences, San
Jose, USA), 1.5% agar-agar (Merck)] and modified
Spirit blue agar [1% peptone (Himedia, Mumbai,
India), 0.5% yeast extract (BD Biosciences, San Jose,
USA), 2% agar-agar (Merck, Sao Paulo, Brazil), and
3% lipoidal emulsion (20% of olive oil (Borges,
Tarrega, Spain), 0.2% Tween 80 (Proquimios, Rio de
Janeiro, Brazil)] at 37 °C up to 5 days. Eight isolates
showed proteolytic activity, seven showed lipolytic
activity, and five isolates were able to produce both
enzymes (Table 1). Proteases and lipases produced by
some micro-organisms are able to resist pasteurization
or UHT treatment. In milk and in other dairy products,
these enzymes can lead to undesirable defects, such as

bitter taste, gelling, and rancidity (MARCHAND et al.,
2009; NEUBECK et al., 2015).

The biofilm-producing activity was
investigated as described by FREEMAN et al.
(1989), growing the isolates on Congo red agar
[15 g/L nutrient agar (Merck), 37 g/L sucrose (Pro
Analysis, Sao Paulo, Brazil) and 0.8 g/L Congo red
(Vetec, Rio de Janeiro, Brazil)] at 37°C for up to 48
h. The biofilm producing colonies appear black and
may make the culture medium the same coloration,
based on the production of exopolysaccharides. This
method is fast, inexpensive and has good sensitivity
and reproducibility, allowing rapid qualitative
detection of biofilm produced by Gram-negative
bacteria (HEDAYATI et al., 2014; AMORIM et al.,
2018). None of the isolates; however, were observed
to be a biofilm producer (Table 1); although, this
characteristic has been detected in Acinetobacter spp.
isolated from food (CHERIF-ANTAR et al., 2016).

Isolates of the carbapenem-resistant
Acinetobacter baumannii-calcoaceticus complex
were reported in infant formulas and nursing utensils
in a public hospital in Rio de Janeiro (ARAUJO
et al., 2015). To investigate whether the isolates
reported in this study were also capable of producing
extended spectrum beta-lactamases (ESBL) and
carbapenemase (KPC), the isolates were grown
in the CHROMagar® KPC and CHROMagar®
ESBL selective chromogenic media. Studies have
reported the efficiency and sensitivity of these
chromogenic media, indicating high correspondence
rates compared to other methods (HAJI et al., 2012;
PRABHA et al., 2016).

Table 1 - Characteristics of the Acinetobacter sp. isolates obtained from samples of raw goat’s milk.

Production of-:

Sample n° Isolates

14 Acinetobacter bereziniae
15 Acinetobacter ursingii
17 Acinetobacter guillouiae
17 Acinetobacter guillouiae
17 Acinetobacter guillouiae
17 Acinetobacter guillouiae
17 Acinetobacter guillouiae
17 Acinetobacter guillouiae
20 Acinetobacter ursingii
20 Acinetobacter ursingii

Protease Lipase KPC ESBL
+ + + +
+ - +
+ 5 + +
+ + + +
+ 5 + +
- + + +
+ + + +
+ + + +
5 + 5 +
+ + + +

+, positive; -, negative; ESBL, extended spectrum beta-lactamases; KPC, Klebsiella penumoniae-carbapenemase.
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The ESBL production was confirmed by
double disc synergy test (DDST) on Muller-Hinton
agar, as described by Drieux and coworkers (2008).
The amoxicillin-clavulanic acid disk (20/10 pg)
was positioned at the center, with four 30 g disks
of aztreonam, ceftazidime, ceftriaxone and cefepime
placed adjacent to the central disk at a distance of 20
mm. After incubation at 37 °C for 18 h, any distortion
or increase in the zone towards the disc of amoxicillin-
clavulanic acid was considered as positive for the
ESBL production.

Of the ten isolates, all presented ESBL-
positive phenotype, both in CHROMagar® ESBL and
in the DDST, while eight (80%) were KPC-positive.
Only 2 isolates of 4. wursingii from two different
samples of goat’s milk were KPC-negative. Other
studies have also detected carbapenem-resistant
Acinetobacter strains from extra-hospital reservoirs
such as animals, dairy products, and environmental
samples (CHOI et al., 2012; POIREL et al., 2012).
Our results; therefore, reinforce the conclusions of
GURUNG et al. (2013) that, in order to efficiently
evaluate the quality of milk, it is important to test it
not only for classical foodborne pathogens but also
for Acinetobacter spp., as these pathogens could pose
a potential public health concern.

This research, therefore, demonstrated that
raw goat’s milk is also a source of Acinetobacter spp.,
which may even produce important thermostable
deteriorating enzymes. In addition, these strains are
also importantreservoirs of antibiotic resistance genes,
which can be transferred to other microorganisms that
are a part of the goat’s milk microbiota.
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