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Il Abstract

Coconut water is considered to be a natural isotonic drink and its marketing is gradually increasing. The objective of
the present study was to evaluate the microbiological quality of the coconut water produced and bottled in the Northeast of
Brazil. Products form ten industries from different states in the Northeast of Brazil were analyzed. The most probable number
(MPN) method was used to quantify the coliforms. Samples showing positive for coliforms were seeded on ChromAgar
Orient plates and the bacteria identified from isolated colonies using the automated system Vitek 2 (BioMérieux), according
to the manufacturer’s instructions for the preparation of the inoculum, incubation, reading and interpretation. The samples
showed thermotolerant coliform counts between 6.0x10? and 2.6x10* MPN/100 mL. The presence of Klebsiella pneumoniae,
Morganella morganiiand Providencia alcalifaciens was observed. The implementation of preventive methods and monitoring
of the water quality by the industries is required.

Keywords: Natural isotonic drink; MPN, Microbiological quality.

Il Resumo

A agua de coco é considerada uma bebida natural isotbnica e sua comercializacédo tem aumentado gradualmente.
O objetivo do presente estudo foi avaliar a qualidade microbioldgica da dgua de coco produzida e engarrafada na Regiéo
Nordeste do Brasil. Produtos de dez industrias de diferentes estados foram analisados. Para a quantificacéo de coliformes, foi
aplicada metodologia de Numero Mais Provavel (NMP). As amostras positivas para coliformes foram semeadas em placas de
ChromAgar Orient e, a partir de colonias isoladas, foi realizada a identificagédo bacteriana, utilizando-se o sistema automatizado
Vitek 2 (BioMérieux), de acordo com as instrucées do fabricante para a preparacdo do inéculo, a incubacéo, a leitura e a
interpretacado. As amostras apresentaram contagem de coliformes termotolerantes entre 6,0x10% e 2,6x10* NMP/100 mL.
Foi observada a presenca de Klebsiella pneumoniae, Morganella morganii e Providencia alcalifaciens. A implementacéo de
métodos de prevencao e monitoramento da qualidade da dgua pelas industrias é necessaria.

Palavras-chave: Bebida natural isoténica; NMP; Qualidade microbioldgica.

Il 1 Introduction

In Brazil, the coconut crop is used almost exclusively  storage and perishability of the product (MARTINS; JESUS
for in nature human consumption (coconut water and culinary ~ JUNIOR, 2011). Brazil currently ranks fourth in the ranking of
use), a practice that involves issues related to transportation,  the largest coconut producers, with an estimated production of

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits
= unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



http://bjft.ital.sp.gov.br

Determination of thermotolerant coliforms present in coconut water produced and bottled in the Northeast of Brazil

Pereira, V. S. et al.

2.8 million tons in an area of 287,000 hectares. The Brazilian
Northeast region accounts for about 70% of this production
(JESUS JUNIOR et al., 2013).

The continued growth of coconut water consumption
has encouraged the modernization and implementation
of new production, distribution and marketing methods,
which seek to ensure not only the continued use of the
product on the market, but also the extension of product
quality, since several studies have elucidated the risks
and propensity to contamination of the fresh fruit market
due to the precariousness of food handling (FORTUNA,;
FORTUNA, 2008).

In Brazil, the agency responsible for the regulation of
the coconut water production is the Ministry of Agriculture,
Livestock and Food Supply, which relates the required
microbiological characteristics of coconut water submitted
to industrial processes and destined for human use as a
beverage in norm n°® 27 of July 22", 2009. It advocates the
absence of Salmonella spp. and the presence of coliforms
should not exceed 102 cells/100 mL (BRASIL, 2009).

Bacteria belonging to the faecal coliform group have
a greatimpact as indicators of faecal contamination. These
bacteria belong predominantly to the gastrointestinal tract,
with the fermentation of lactose to acid and gas production at
temperatures between 44.510 45.5 °C as their main metabolic
characteristic. Escherichia, Enterobacter and Klebsiella
are the major genera in this group (RECHE et al., 2010).

The microbiological analysis of coconut water samples
is crucial to public health, since the hygienic and sanitary
characteristics during the processing of these products are
directly related to consumer health. Thus, the aim of the
present study was to evaluate the microbiological quality
of coconut water produced and bottled in the Northeast
of Brazil.

I 2 Material and methods
2.1 Sampling

Bottled coconut water samples from ten manufacturers
distributed throughout the Northeast of Brazil, in the states
of Alagoas (AL), Cearéa (CE), Paraiba (PB), Pernambuco
(PE) and Rio Grande do Norte (RN), were used in this study.
Two batches were obtained from each manufacturer and
three samples were examined per batch, giving a total of
60 samples, including shelf-stable and fresh refrigerated
product samples, as described in Table 1. All the tests
were carried out in the Microbiology Laboratory and other
support laboratories at the Ledo Sampaio School - Health
Campus in Juazeiro do Norte-CE.

2.2 Determination of thermotolerant coliforms

The multiple-tube technique (APHA, 2015; SILVA et al.,
2010b) was used to determine the coliforms. For this analysis,
100 mL of each sample was seeded into tubes containing
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lactose broth and incubated at 37 °C for 24 h, as well as
into EC broth with incubation at 44-45 °C for 24 h. The most
probable number (MPN) method was used for quantification
(SILVA et al., 2010b).

2.3 Isolation and identification of the
microorganisms found

Samples from lactose broth tubes showing growth
were seeded onto CHROMagar Orientation medium
(BD Diagnostics, Franklin Lakes, NJ), re-isolated when
necessary, and then tested for Gram coloration performed
for their classification as gram positive or gram negative
bacteria. The bacteria were identified from isolated colonies
using the automated system Vitek 2 (BioMérieux) according
to the manufacturer’s instructions for the preparation of the
inoculum, incubation, reading and interpretation.

Il 3 Results

Table 1 shows the results for the microbiological
analysis of the thermotolerant coliforms present in the
coconut water obtained from the different manufacturers,
produced and bottled in the Northeast of Brazil. Of the ten
industries analyzed, six did not conform to the microbiological
standards determined by the legislation.

Table 2 shows the results of the biochemical
identification of the contaminating bacteria present in the
coconut water samples as determined by the Vitek 2 system.
The presence of three different bacterial species was
observed: Klebsiella pneumoniae; Providencia alcalifaciens
and Morganella morganii.

Il 4 Discussion

The results observed for the presence of thermotolerant
coliforms showed samples which did not conform to norm
n° 27 of the Ministry of Agriculture, Livestock and Food

Table 1. Microbiological analysis of faecal coliforms present in
coconut water from the Northeast of Brazil.

1st Batch 2" Batch
Samples State Classification®
(MPNA100 mL) (MPN/100 mL)

Industry A2 CE 2.4x10* 6x10? Improper
Industry B2 CE 1.4x10* 1.4x10* Improper
Industry C2  PE 1.7x108 3.3x10° Improper
Industry D*  PE 3.2x10°8 2.6x104 Improper
Industry E2 PB 1.7x108 3.3x10° Improper
Industry F#= RN 1.4x10° 1.4x10° Improper
Industry G> RN <102 <102 Proper
Industry H* AL <10? <10? Proper
Industry I AL <102 <102 Proper
Industry J2  PB <10? <10? Proper

Results expressed as the arithmetic mean of quantifications carried
out in triplicate; 2 Shelf-stable product; © Fresh refrigerated product;
¢ Limit permitted by the legislation: 102 MPN/100 mL.
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Table 2. Biochemical identification of the bacterial contaminants in coconut water from the Northeast of Brazil by the VITEK2 system.

Samples State 1st Batch
Industry A CE Klebsiella pneumoniae
Industry B CE Providencia alcalifaciens
Industry C PE Klebsiella pneumoniae
Industry D PE Morganella morganii
Industry E PB Klebsiella pneumoniae
Industry F RN Morganella morganii

2" Batch
Klebsiella pneumoniae
Morganella morganii
Klebsiella pneumoniae
Morganella morganii
Klebsiella pneumoniae
Morganella morganii

Supply (BRASIL, 2009) which regulates the microbiological
characteristics of the food and demands the absence
of Salmonella sp. and the presence of thermotolerant
coliforms below the limit of 102 cells/mL for coconut water.
Lima et al. (2015), when analysing industrialized coconut
water produced in the states of Ceara and Paraiba, found
similar results for the presence of species of this group.
The presence of these organisms indicates contact with
faecal contaminants during the filling process, which may
be associated with a deficit in the control of manipulation.

Another highlight of this study was the absence of
bacteria reported as potential contaminants of water and
food in the microbiological analysis, such as Escherichia coli
and Salmonella sp. In a study of the microbiological quality
of coconut water marketed in Currais Novos/RN, Silva et al.
(2010a) obtained similar results regarding the absence
of those microorganisms, which may be explained by
the reduction in temperature during both the production
(24 °C) and storage processes (5 °C).

The presence of Klebsiella pneumoniae was observed
amongst the thermotolerant coliforms, which is associated
with gastrointestinal disorders. A study by Santos et al.
(2005) showed the presence of K. pneumoniae in 80% of
the food samples prepared by hand manipulation. These
bacteria were found mainly in samples containing fresh
fruit as a major element of their compositions. This species
is indicated as a cause of meningitis, endocarditis and
pneumonia, amongst other diseases of the respiratory
tract (FORSYTHE et al., 2015).

Moreover a significant presence of Morganella morganii
and Providencia alcalifaciens was detected, organisms
occasionally found in food contamination or on inanimate
surfaces where food manipulation occurs. They are clinically
associated with gastroenteritis, P, alcalifaciens being more
associated with intestinal infections in children. This species
has been recovered from urine, stool, throat, perineum,
axilla, blood, and wound specimens (O'HARA et al., 2000).

The contamination of coconut water commercialized
in cups with thermo welded lids may be associated with
poor storage conditions of the product or contamination
of the raw material used in production, since all the
processing of this type of packaging is carried out
using specific industrial equipment which minimizes the
chances of contamination during the production process.
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Regarding the long-life packed samples analyzed, all the
microbiological parameters conformed with the legislation.
Long-life packages are aseptic, ideal for the packaging
of food due to their structural composition, allowing for
better food preservation (RAI; SHARMA, 2014).

Il 5 Conclusions

Of the samples obtained from the ten industries
analyzed, half did not conform to the microbiological
standards established by the legislation with respect to
the presence of faecal coliforms amongst other potentially
pathogenic microorganisms, which makes the product
improper for consumption. It is worth noting the absence of
Salmonella spp., Escherichia coli, and Staphylococcus spp.
in all the samples.

The results suggest that contamination may have
occurred due to the use of contaminated raw material and
inadequate storage times and temperatures, important
factors in maintaining the microbiological quality of any
food. It was noticed that long-life packaging had the
greatest potential for conservation of the microbiological
characteristics of coconut water.

It is recommended that the public entities enforce
the use of preventive actions by the industries to stimulate
better practices in production, as well as the adoption of
control methods aimed at excellence in product quality,
with a view to offering products that do not offer any risk
to public health.
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