Quality of unprocessed cooled fresh coconut
water manually extracted by street vendors

Karoline Soares'*, Daniela Morais’, Vilson Gdis', Jean Silva', Antdnio Costa', Luana Silva'

ABSTRACT: Coconut water is a versatile beverage that is
rich in nutrients, has few calories, and presents functional
and therapeutic characteristics, improving the well-being and
health of consumers. However, the growth of deteriorating
microorganisms is facilitated by its water activity and high
nutrient content; and when combined with improper handling,
this product may become a carrier of foodborne diseases.
Therefore, the objective of this work was to evaluate the quality
of unprocessed cooled fresh coconut water manually extracted
by street vendors. Twelve samples of coconut water were
collected and subjected to physicochemical (total titratable
acidity, pH, and total soluble solids) and microbiological
(mesophilic, and psychrotrophic microorganisms, molds,
yeasts, and thermotolerant and total coliforms) analyses.
The physicochemical analysis showed variations of 4.3-5.4
for pH, 0.01-0.03 for total titratable acidity, and 2.8-6.3 for
total soluble solids. The microbiological analysis showed high
contamination in the samples by deteriorating microorganisms,
with 58% of the samples contaminated with pathogenic
microorganisms. Therefore, regular use of good hygiene practices
for handling manually extracted coconut water is necessary
to physicochemically and microbiologically standardize this
product. Thus, ensuring the quality of the coconut water
when it is manually extracted by street vendors and trade as
an unprocessed, cooled, and fresh beverage and consequently
minimize consumer’s health risks.
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RESUMO: A dgua de coco é uma bebida bastante versétil, pois,
além de apresentar grande riqueza nutricional e poucas calorias, tem
caracteristicas funcionais e terapéuticas, auxiliando no bem-estar e na
satde de seus consumidores. Porém, devido a sua atividade de 4gua
e nutrientes elevados, o crescimento de micro-organismos deterio-
rantes ¢ facilitado e, com a manipulacio inadequada do produto,
a dgua de coco pode se tornar um veiculo de doencas transmitidas
por alimentos. Portanto, o presente trabalho objetivou avaliar a
qualidade das dguas de coco nio pasteurizadas, in natura, restriadas,
extraidas artesanalmente por ambulantes. Para tanto, coletaram-se
12 amostras distintas de dgua de coco, as quais foram submetidas
as andlises fisico-quimica (acidez total tituldvel, pH e sélidos solu-
veis) e microbiolédgica (micro-organismos meséfilos, psicrotréficos,
bolores e leveduras, coliformes totais e termotolerantes). As anilises
fisico-quimicas demonstraram variagoes de 4,3—5,4 para o pH das
amostras, de 0,01-0,03 para a acidez total tituldvel e de 2,8-6,3 para
os solidos soltveis totais. Quanto ao perfil microbiolégico, verifi-
cou-se elevada contaminagio por micro-organismos deteriorantes
e 58% das amostras estavam contaminadas com micro-organismos
patogénicos. Portanto, sugere-se aplicacio regular de boas préticas de
higiene e manipula¢io da 4gua de coco artesanal para uma melhor
padronizacio fisico-quimica e microbiolégica desse produto. Desse
modo, garantindo melhor qualidade a essa bebida quando comer-
cializada na forma nao pasteurizada, iz natura, resfriada, extraida
artesanalmente por ambulantes e, consequentemente, minimizando
os riscos  saide de seus consumidores.

PALAVRAS-CHAVE: anilise microbiolégica; seguranca ali-

mentar; riscos a saide do consumidor.
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INTRODUCTION

The increasing search for healthier and more nutritious foods
improved the demand for coconut water in recent years,
because this beverage is rich in vitamins, minerals, proteins,
electrolytes, inorganic salts, has low-caloric value (ARAGAO
et al., 2001 ) and pleasant taste and aroma (LIMA et al.,
2015). This drink has functional and therapeutic character-
istics that benefit human health, aid in gastrointestinal pro-
cesses and in functions related to the cardiovascular system
(CESARIO et al., 2009).

Coconut water can be offered to consumers as a whole
fruit containing the fresh beverage, or in alternative contain-
ers. These containers emerged as a solution to problems related
mainly to volume and weight. In these cases, the coconut
water can be extracted from the fruit manually or mechani-
cally (SILVA et al., 2017).

Coconut water is commonly traded in urban centers by
street vendors, who manually handle the fruits to sell this bever-
age. The analysis of the microbiological profile and other quali-
tative characteristics of the manually extracted coconut water
is very important (HOFFMANN et al., 2002, MICHELIN
et al., 2014), since street vendors are often informal — not
legally regulated — and untrained for the work they develop
(FORTUNA; FORTUNA, 2008). Moreover, scientific stud-
ies have reported the low quality of coconut water trade by
street vendors, which justifies the concerns about the quality of
this beverage (HOFFMANN etal., 2002, ALBUQUERQUE
etal.,, 2011; SANTOS et al., 2013).

After extracted from the fruit, the quality of the coconut
water may undergo changes that can vary depending on the
form and time of storage, and handling practices (COSTA et
al., 2005). Poor food hygiene practices by the handler, sanitary
conditions of the establishment and utensils used to extract the
beverage, and the conditions of the container used to store and
sell the coconut water to the consumer may contribute to its
contamination by microorganisms (MICHELIN etal., 2014).
Consequently, the consumption of this food may be a risk to
public health, since some pathogenic and deteriorating microor-
ganisms, such as mesophilic, and psychrotrophic microorganisms,
molds, yeasts, and coliforms can use nutrients of the coconut
water to develop and directly affect this product quality (JAY,
2005; VALVERDE; BADARO, 2009; FORSYTHE, 2013).

Microbial proliferation and lack of sanitary standards
for these fruits may compromise various aspects of the coco-
nut water quality, including its physicochemical properties.
Therefore, the quality characterization of this beverage is
essential regarding its microbiological and physicochemical
parameters — pH, titratable acidity and soluble solid contents
(COELHO et al, 2010; AROUCHA et al., 2014).

Hence, the objective of this paper was to evaluate the
quality of unprocessed cooled fresh coconut water manually
extracted by street vendors.

MATERIAL AND METHODS

Twelve samples of fresh coconut water manually extracted by
street vendors in downtown Mossord, state of Rio Grande do
Norte, Brazil, were collected for evaluation. The selling loca-
tions were chosen randomly and the collection was performed
in the morning, between 8 and 10 a.m.

The samples collected were stored in disposable cups pro-
vided by street vendors to represent their actual conditions, and
then wrapped in aluminum foil and placed inside an isother-
mal box containing ice cubes produced with distilled water.
The utensils used to support the sample collection were previ-
ously sterilized through application of ultraviolet radiation, thus
reducing potential contaminations by the external environment.

The samples were immediately taken to the Food
Biotechnology Laboratory of the Universidade Federal Rural
do Semi-Arido (UFERSA), and subjected to physicochemical
(total titratable acidity, pH, and soluble solids) and micro-
biological (mesophilic, and psychrotrophic microorganisms,
molds, yeasts, and thermotolerant and total coliforms) analyses.

Titratable acidity was determined by titration with sodium
hydroxide and expressed as g of malic acid per 100 mL of the
sample. The pH of the samples was determined using a previ-
ously calibrated portable digital potentiometer; and the total
soluble solids were determined using a refractometer, with
results expressed in °Brix. Physicochemical analyses were per-
formed with three replicates per sample, and the results were
expressed in means, following the methodology proposed by
INSTITUTO ADOLFO LUTZ (2008).

The microbiological parameters were evaluated aseptically
in a laminar flow chamber, following the recommendations
of SILVA et al. (2007) and APHA et al. (1998). The count
of aerobic mesophilic microorganisms, aerobic psychro-
trophic microorganisms, molds, and yeasts was conducted
in duplicate, through conventional agar plating using the
pour-plate technique.

A 25-mL aliquot of each one of the 12 samples was taken
with a previously sterilized glass pipette and diluted in 225 mL
of peptone water to obtain a 10" dilution. Subsequently,
1 mL of each diluted sample were inoculated into sterile petri
dishes, and approximately 20 mL of standard agar medium
were added. The petri dishes were stored in a bacteriological
oven at 36 £ 1°C during 48 hours for the growth of meso-
philic microorganisms, and at 7 = 1°C during seven days for
the growth of psychrotrophic microorganisms. The counts of
the colonies were performed using a colony counter.

Molds and yeasts were evaluated by taken 1-mL aliquots of
the same 12 dilutions and inoculated into sterile petri dishes,
followed by the addition of approximately 20 mL of Potato
Dextrose Agar with tartaric acid. The petri dishes were incu-
bated upside down in a biochemical oxygen demand (BOD)
incubator at 28°C for five days, and then the colonies were
counted using a colony counter.
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The most probable number (MPN) technique was used
to quantify the thermotolerant and total coliforms. Dilutions
(10! to 107?) were evaluated using three test tubes for each
step of the methodology. The tubes were tested for total coli-
forms by inoculating the sample in a lauryl tryptose broth. The
tubes were kept in a water bath at a controlled temperature of
35%0.5°C for 48 hours. The positive tubes — gas formation
— were then subsampled with a platinum loop in a bright
green broth to confirm the growth of total coliforms. Positive
samples for total coliforms were subsampled in an Escherichia
coli broth at 45 + 0.5°C for 48 hours in water bath for verify-
ing the growth of thermotolerant coliforms.

RESULTS AND DISCUSSION

The means of physicochemical and microbiological parame-
ters of the unprocessed cooled fresh coconut water manually
extracted by street vendors are shown in Table 1.

The total titratable acidity ranged from 0.01 to 0.03
(g per 100 mL). However, the pH ranged from 4.3 to 4.9
in 83.3% of the samples, and from 5.2 to 5.4 in 16.6% of
the samples. The acidity variation was probably due to the
lack of standardization of the coconut fruits at harvesting
regarding their maturity. Thus, street vendors trade fruits
from early or late harvesting — inadequate maturation
stage (AROUCHA et al., 2014). TAN et al. (2014) found
coconut water with varying pH as a function of maturation
stages of the fruits. CARVALHO et al. (2006) found 0.05%
variations in fruits grown for five months, and 0of 0.01% in
fruits grown for 12 months.

LIMA et al. (2015) evaluated processed coconut water
and encountered acidity above 0.03 (g per 100 mL) in all sam-
ples. This result is probably because of the addition of citric
acid to correct the acidity, which is allowed by the Brazilian
legislation in processed coconut water.

The samples had total soluble solids (TSS) varying from
5.2 to 6.3, with the exception of sample 11 that had a sig-
nificantly lower TSS compared to the others. According to
CARVALHO et al. (2006), soluble solid contents in coconut
water decrease continuously from the sixth (8.9%) to the 12
(3.1%) month of growth. Therefore, the variations from the
present paper were probably due to the lack of standardiza-
tion of fruits at harvesting.

According to the microbiological analysis, all samples
showed mesophilic microorganism concentration varying from
5.13 t0 6.16 log, , colony forming unit (CFU) mL" (Table 1).
SILVA et al. (2009), VALVERDE; BADARO (2009) also
found high counts of mesophilic microorganisms in coco-
nut water. FORTUNA; FORTUNA (2008) evaluated coco-
nut water from street vendors in Teixeira de Freitas, Bahia,
Brazil, and found growth of mesophilic microorganisms in
78% of the samples.

Presence of psychrotrophic microorganisms were found
in 91.67% of the coconut water sampled, which had counts
varying from 3.3 to 4.86 log CFU mL" (Table 1). LIMA
etal. (2014) also discovered high contamination by psychro-
trophic microorganisms in coconut water, with counts of up
to0 5.39 log,  CFU mL™".

The mold and yeast counts ranged from 4.43 to 6.48 log,
CFU mL". This is a worrying result from the public health
point of view, since fungi are deteriorating microorganisms, and

some of them produce toxic substances — mycotoxins — that

Table 1. Means of physicochemical parameters and counts of microorganisms (log, ) in unprocessed cooled fresh coconut water

manually extracted by street vendors.

Psychrotrophic
microorganisms
(log,,CFU mL")

Mesophilic
microorganisms
(log,,CFU mL")

Molds and yeasts
(log,,CFU mL")

Samples (9 perTIrgo i) TSS (°Brix) pH
1 0.03 6.0 4.4
2 0.03 6.1 4.8
3 0.03 5.8 49
4 0.02 5.2 4.3
5 0.03 5.9 4.5
6 0.02 6.3 4.7
7 0.02 6.0 4.9
8 0.02 6.3 5.4
9 0.03 54 4.6
10 0.02 5.9 4.7
11 0.01 2.8 5.2
12 0.02 6.2 4.8

TTA: total titratable acidity; TSS: total soluble solids.
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4.65 5.63 4.43
4.46 517 451
472 5.21 5.48
0.00 5.90 6.33
3.60 6.00 6.25
4.34 561 6.06
4.23 5.98 6.00
3.30 5.90 6.17
4.08 5.13 5.45
4.76 6.16 6.48
4.86 571 6.27
3.48 572 5.99



K. Soares et al.

may cause toxicity, with carcinogenic potential (FREIRE et al.,
2007; FORSYTHE, 2013).

Similarly, LIMA etal. (2014) encountered mold and yeast
counts varying from 2.70 to 5.88 log (CFU mL" in coconut
waters. In addition, SILVA et al. (2009) evaluated coconut
waters in Currais Novos, Rio Grande do Norte, Brazil, and
found high counts of molds and yeasts in most of the samples.
However, COSTA et al. (2005) reported different results from
those found in the present study, with mold and yeast counts
lower than 1 log CFU mL" in coconut water subjected to
different conservation methods.

High microbial counts from the present study are prob-
ably due to the use of inadequate hygienic practices when
handling and selling processes for this product by street ven-
dors. According to VERGARA (2016), the final quality of a
food depends on several factors regarding its production, such
as handling and selling conditions. Coconut water is a ster-
ile medium when it is inside the coconut; however, after its
extraction, it is subjected to contamination by deteriorating
microorganisms, including fungi and bacteria, since it is rich
in nutrients, has low acidity, and high-water activity (JAY,
2005, VALVERDE; BADARO, 2009). Several factors may
result in contamination of this product, such as poor food
hygiene practices by the street vendors and sanitary condi-
tions of the utensils used to extract the beverage and con-
tainers used to store and sell the product to the consumer
(MICHELIN et al., 2014).

Foods can be contaminated when manually handled
without the adequate hygiene practices recommended by the
Brazilian National Sanitary Surveillance Agency (ANVISA)
in decree 326/1997 (BRASIL, 1997). Handling of food and
money by the same person, and without hand washing, is a
common practice among street vendors, which may increase the
risk of food contamination (FORTUNA; FORTUNA, 2008).

The counts of total and thermotolerant coliforms in the
unprocessed cooled fresh coconut water samples manually
extracted by street vendors are shown in Table 2.

All samples evaluated presented at least 210 MPN mL",
and maximum count of 1,100 MPN mL"! of total coliforms.
Growth of thermotolerant coliforms was observed in 58.33%
of the samples.

Presence of coliform bacteria in foods is an indicative of
inappropriate hygienic-sanitary in the production, storage, or
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