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ABSTRACT

Handcrafted soft drinks made from Amazonian fruits and commercialized in Cobija, Bolivia have a high consumption
index among local inhabitants, this, due to their flavor and natural refreshing features and their low-cost. To the best
of our knowledge, to the present date, there are not reports on the microbiological quality of such drinks, which are
not usually pasteurized. The survey among the personnel and the retail establishments on the hygienic conditions of
elaboration was carried out through the use of an observation questionnaire. The results showed that 69% of the
establishments did not comply with Good Hygienic Manufacturing and Handling Practices. Samples of each of the
retail establishments were carried out during 3 weeks, completing a total of 78 samples of water and fruit drinks.
Subsequently, the pH of each sample was determined. It was observed that the fruit waters present values that are
below the limits established by the Bolivian Norm NB 512 (6.5 to 9.5). Fruit soft drinks have values that are within
the limit allowed by the Peruvian Technical Standard NTP 203.110-111, which establishes that the pH must be less
than 4.50. The contamination by microorganisms of water and fruit soft drinks was determined by using the Filter
Membrane (CFU) method NB 31003. The results obtained in samples of water and fruit soft drinks indicated that they
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were contaminated with the presence of 92 % of total coliforms, 69% of Escherichia coli and 81% of fungi and
yeasts, exceeding the limits allowed by NB 512 and NTP 203.110-111.

*Corresponding author: jucarsur@hotmail.com, jaalvkir@gmail.com

RESUMEN

Los refrescos elaborados artesanalmente a base de frutas amazonicas y comercializados en Cobija, Bolivia son
consumidos por la mayoria de la poblacién, por su sabor y accién refrescante natural, ademas son de bajo costo. Es
importante conocer la calidad de este alimento por no ser pasteurizado, lo cual nos motivd a realizar esta
investigacion. Se realizé la evaluacion de las condiciones higiénicas del personal y de los establecimientos de
expendio, mediante el uso de un cuestionario de observacién. Segun los resultados obtenidos, el 69% de los
establecimientos no cumple con las Buenas Précticas de Higiene de Elaboracién y Manipulacién. Se realizaron
muestreos de cada uno de los establecimientos de expendio durante 3 semanas, completdndose un total de 78
muestras de aguas y refrescos de frutas. Posteriormente, se determiné el pH de cada muestra. Se observé que los
aguas de frutas presentan valores que estan por debajo de los limites que establece la Norma Boliviana NB 512 (6,5 a
9,5). Los refrescos de frutas presentan valores que estan dentro del limite permitido por la Norma Técnica Peruana
NTP 203.110-111, que establece que el pH debe ser inferior a 4,50. La presencia de microorganismos indicadores de
contaminacién en aguas Yy refrescos de frutas se determiné mediante el método de la Membrana Filtrante (UFC) NB
31003. Los resultados obtenidos en muestras de aguas y refrescos de frutas, indicaron que estaban contaminadas con
la presencia en un 92% de coliformes totales, 69% de Escherichia coli y 81% de Hongos y levaduras excediendo los
limites permitidos por la NB 512 y NTP 203.110-111.

INTRODUCTION

The investigations driven so far, have determined that a significant fraction of foodborne infections and intoxications
of bacterial origin were caused by fruit drinks made in the street, with water and fruits contaminated mainly with total
coliform bacteria and Escherichia coli. Its quality is also affected by the poor hygiene habits in the fruits processing
and bad hygiene of the operators. The waters and soft drinks are produced after direct manipulation or with the help
of hand tools, through an artisanal production process [7]. Of every ten consumers at least nine have had infection
problems and this leads us to a greater number of consumers exposed to diseases, either by or homemade fruit waters
or drinks. Many of the diseases have their origin in the same handling of food, so it is necessary to prevent and take
necessary measures, because the consuming population is exposed to various derived health problems. Cobija, the
capital city of the department Pando (Bolivia), is not the exception, this situation is aggravated because of the quality
of the water distributed by the public service that does not comply with the necessary pureness to warrant its
consumption without the risk of threatening for the health of the population.

Fruit waters and fruit drinks (handmade drinks) of Asai, Copoaz(, Carambola and Maracuya

They are fruit waters and fruit drinks that give a good nutritional contribution, since they are prepared based on the
juice of fresh fruits and vegetables or the edible part of them. Large amounts of vitamins, minerals, fiber and important
substances make them extraordinary alimentary sources [8].

Definition and preparation of fruit waters

Fruit waters are defined as non-alcoholic drinks that are prepared with the mixture of water with sugar and fruit pulp.
They are usually served cold, but not frozen. The abundant use of ice and drink at a very low temperature is more
recent, since among Latin-americans it is not customary to fill or put many ice on the glass where the drink is served.

For this quality they are called “refrescos”, i.e. refreshing beverages [3].

Definition and preparation of fruit drinks
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Fruit drinks are defined as drinks that contain a percentage of fruit that barely reaches 10%, is squeezed with a juicer
or, in more rare cases, handled with pressure processes. The homogenates are obtained by processing the fruits and /
or vegetables in a blender, to obtain a pure juice, which is obtained removing the pulp and fiber by filtering [6].

Chromogenic Media

Chromogenic media are chemical substances that added to the medium give a colored precipitate that demonstrates
the presence of a specific enzyme. If there is a visible color change in the colonies it is due to the fact that the detected
microorganism has an enzyme system that uses the substrate [17].

The advantage of using chromogenic media are that they allow the identification of a specific microorganism one
per time, avoiding a number of steps that make identification work more tedious, managing to quickly visualize
different species in the same analyzed sample [12].

Chromocult medium for total coliforms and Escherichia coli

Chromocult medium is a selective agar for the growth of total coliforms and E. coli in water and food samples.
Accelerated reproduction of two chromogenic substrates is guaranteed by the joint action of selective peptones,
pyruvate and phosphate buffer:

e The Salmon-Gal substrate is separated by the B-D-galactosidase enzyme, characteristic of coliforms and causes a
red coloration of coliform colonies [11].

e The formation of the characteristic B-D-Glucoronidase for E. coli takes place by means of the X-Glucuronide
substrate, which when cut by the enzyme produces a blue coloration [11].

Malt Extract

The malt extract is particularly suitable for the isolation, cultivation of yeasts and fungi that can be found in foods,
since it contains a high concentration of maltose and other saccharides as energy sources [12]

EXPERIMENTAL

The research used the analytical method. In 13 retail outlets, it was collected once a week three times at the same
sampling point: 39 fruit water samples and 39 fruit drink samples making a total of 78 samples. The pH value was
determined and the degree of contamination was identified by microbiological analysis, with selective culture media
using the Membrane Method NB 31003.

The evaluation of whether fruit waters are suitable for human consumption was determined according to
Bolivian Standard NB 512, by meausirng the pH values and the presence and / or absence of total Coliforms,
Escherichia coli, Fungi and Yeasts. In the case of pH values and microbiological analysis of fruit drinks, its suitability
for human consumption was determined using the Peruvian Technical Standard NTP 203.110-111 (615-2003, SA /
DM) in the absence of a corresponding Bolivian Technical Standard.

pH determination of fruit waters and fruit drinks

The pH values of the fruit waters and fruit drinks of: copoazu, passion fruit, asai and carambola were determined
according to the procedure of NB 31001.

Evaluation of the microbiological quality of fruit waters and fruit drinks

Samples from the different sampling points were treated to determine the presence or absence of microorganisms
according to the Filtering Membrane Technique as described below:

Membrane Filtration Technique
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1. Autoclaved to sterilize: material, distilled water (to dilute fruit drinks and culture media).

2. The sample of water and fruit drink is filtered through a 0.45 pum pore diameter membrane, validated according to
the standard. See Photo 1

3. The membrane is placed face up on a plate containing the specific culture medium: Chromocult (chromophore)
for total coliforms and E. coli; malt extract for fungi and yeasts.

Photo 1. Sample filtration. Membrane in the culture medium
Own source: Juan Carlos Surco Almendras

4. The plate is incubated with the filter membrane for 24-36 hours at 20° C.
5. After 24 to 36 hours, the colonies formed are counted:

The characteristic enzyme of total coliforms, -D-Galactosidase is fixed in the Salmon-GAL substrate and is the
cause of the red color. The characteristic enzyme of E.coli, B-D-Glucuronidase is fixed in the X-Glucuronide substrate
and causes the colonies to have a dark blue or violet color. See Photo 2.

Colif Formation of fungi and veasts in malt extract medium
olIro

Photo 2. Bacteria present of total coliforms and Escherichia coli.
Own source: Juan Carlos Surco Almendras

Statistical treatment of pH determination and microbiological count data

The Stat Graphics plus 5.0 program, 1999-2000, was used to determine the minimum, maximum, average and typical
deviation values.

RESULTS AND DISCUSSION
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General data of the Questionnaire

Table 1. Checklist for 13 retail outlets in the four districts of Cobija city

%o
%
N PREGUNTA NO OBSERVACION
CUMELE CUMPLE

1 | Mantiene limpia el drea donde trabaja. 31 69
2 | Estd lejos de focos de contaminacion. 38 62
3 | Preparan los refrescos en el momento. 0 100

Prepara con agua debotellon (agua de Otros: agna de
4 62 38 :

mesa) los refrescos. grifo.
5 | Mantiene bien cubierto el producto. 38 62
6 No manipula dinero a la hora de 54 16

despachar los productos.

7 Usa cofia o gorro para cubrirse el 8 92
cabello.

g Se lava las manos antes de manipular

31 69
los refrescos.
9 Es adecuado el material donde se 54 16 El material son
almacenan los refrescos. conservadoras
No se observan heridas, llagas u otros Usan anillos ¥
10 31 69
en las manos. pulseras
11 | No habla o tose al despachar. 62 38 Hablan

For the data in Table 1 the calculation of frequency (table 2) and graph (figure 1) was performed.

Table 2. Frequency calculation of the 13 retail outlets

N CLASE fi Fi fi/n Fi/n fi % Fi %
1 CUMPLE 4 0 0,31 0,00 31 0
NO CUMPLE 9 9 0,69 0,69 69 69
n 13
100
90
80
70 69
60
50
a0 \ a1
20 \
20 ]
10 ——
0 L"'_’._____‘_ T
CUMPLE T TTT——— ____:___"_7
MCUMPLE  w4NO CUMPLE NO CUMPLE -

Figure 1. Percentage Vs. Class for the 13 retail outlets
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General Data: pH, Total Coliform Count, Escherichia coli, Fungi and Yeast from fruit waters and fruits drinks

Tabla 3. pH, Total Coliform, Escherichia coli, Fungi and Yeast Count in fruit drinks

pH de Aguas Coliformes Totales de Escherichia Coli de Hongos y Levaduras de
Aguas Aguas Aguas
(Norma ) (Norma Boliviana) (Norma Peruana)
Hongos
c?::;’:::s Escherichia Coli Levagur:s
N | copico pH ov tvi\lt:er pn::;[i;m o [w:\l:er;::::li:m o (ﬁ[:;::l:in;o o
<1 UFC/100mL}) SLUFRC/miL} l;:(;/ :g'[::z“r:f

1 D,-1X 5,52 +/-0,03 1,06 467 +/-33 12,37 <1 0,00 0 0,00
2 D,-2X 5,58 +/-0,18 | 5,69 1317 +/-93 12,21 500 +/- 0,00 0,00 0 0,00
3 D,-3X 5,29+/-0,08 | 2,50 5667 +/- 441 13,48 1767 +/- 145 14,24 16 +/-1 7,07
4 D,-4Xx 5.87+/-0,02 (0,71 3667 +/- 167 7,87 1633 +/- 120 12,74 3+/-1 45,83
5 D,-5X 528 +/-0,11 | 3,68 5000 +/- 115 4,00 2133 +/-120 9,76 37+/-1 6,74
6 | D,-6X 4,39+/-0,03 | 1,37 <1 0,00 <1 0,00 2+/-0 34,64
7 D,-7X 4,86 +/- 0,05 1,65 1000 +/- 58 10,00 667 +/-33 8,66 0 0,00
8 D;-8X 4,61+/-0,10 | 3,83 4267 +/- 176 7,16 2800 +/-115 7,14 21+/-2 15,07
9 D;-9X 5,76 +/- 0,05 1,61 1400 +/- 208 25,75 <1 0,00 5+/-0 0,00
10 D, - 10X 4,26 +/-0,02 | 0,94 3667 +/- 240 11,35 2800 +/-115 7,14 9+/-1 12,37
11 D, - 11X 5,11+/-0,06 | 2,06 4300 +/- 231 9,30 4000 +/- 100 4,33 A0+/-2 7,97
12 D, - 12X 4,67 +/-0,04 1,61 367 +/33 15,75 <1 0,00 0 0,00
13 D, - 13X 6,31+/-0,12 | 3,24 1000 +/- 58 10,00 633 +/-67 18,23 13+/-1 8,66

Table 4. pH, Total Coliform, Escherichia coli, Fungi and Yeast Count in Fruit drinks

pH de Refrescos Coliformes Totales de Escherichia Coli de Hongos y Levaduras de
e Refr Naturales Refrescos Naturales Refrescos Naturales
(Norma Peruana) {Norma Peruana) (Norma Peruana)
Collfomey Escherichia Coli Hongosy
Totales e
o Mg {valor Maxime Levaduras
N CODIGO pH o (w:\m tabl, o Aceptable o (valor Maximo v
J’l b e <10 Aceptable 1
URCANRE UFC/100mL UFC/1mL)
1 D, -1A 3,34 +/-0,03 1,67 3933 +/-120 5,29 2033 +/- 203 17,27 42 +/-1 5,46
2 D;-2A 4,49 +/-0,08 3,12 333+/-33 17,32 267 +/-33 21,65 32+/-1 6,25
3 | D,-3A 341+/-0,00 | 2,05 667 +/-33 8,66 <1 0,00 44/-1 31,49
4 | D,-8A | 3,28+/005 | 2,76 133+/-33 | 43,30 <1 0,00 34/-0 21,65
5 D; -5A 2,65 +/-0,08 5,19 1400 +/- 58 7,14 867 +/-67 13,32 1+/-0 34,64
6 | D,-6A | 3,53+/-0,04 | 2,00 <1 0,00 <1 0,00 2440 0,00
7 | D,-7A | 334+/003 | 1,37 200 +/-0 0,00 | 200+/-0,00 | 0,00 19 +/-1 8,18
8 D;-8A 3,37 +/-0,03 1,69 4733 +/-88 3,23 3033 +/-176 10,07 21+/-2 15,07
9 D;-9A 4,50 +/-0,03 1,33 4633 +/- 88 3,30 4233 +/-145 594 27 +/-1 741
10 | D;-10A 3,50 +/-0,06 3,18 1033 +/-67 11,17 367 +/-33 15,75 3+/-0 17,32
11 | D,-11A 2,63 +/-0,06 4,02 367 +/-33 43,30 <1 0,00 94+/-1 11,11
12 | D,-12A 3,35+/-0,01 0,52 533 +/- 67 21,65 100 +/- 0,00 0,00 34 +/-2 882
13 | D,-13A 3,51+/-0,06 2,89 533 +/-33 10,8 233 +/-33 2474 13 +/-1 8,66
7 [y
500 2
£00 £y
40007 I)H
=
£.00 g
I
I J_ o § o]
4
4] =
b 2000
—_—
300 " —
*
) l
2004 Ly J—
T T T T
Agus Fetreseo Agus Fetresco
Muestras Muestras

Figure 2. pH of fruit warers md fruit drinks ~ Figure 3. Total Coliforms of Fruit wters and fruit drinks
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Figure 4. pH of fruit waters and fruit drinks Figure 5. Total Coliform in fruit waters and fruit drinks
DISCUSSION

Status of the retail outlets

The bad manipulation of the fruits, the fact of carrying rings, clocks, nails with enamel in the hands of the
manipulators , without the use of appropriate clothing, indicate that 69% of the retail outlets under study do not
comply with Good Hygiene Practices of elaboration and manipulation as detailed in the Peruvian Technical Standard.

pH

The CV (coefficient of variation) expressed as a percentage determines the degree of accuracy of the data processing
of the values for all measurements [4]. The CV of the pH gave values less than 7% obtaining the accuracy range. The
Bolivian Standard NB 512, establishes the permissible limits of pH within the range of 6.5 to 9.5 with respect to fruit
waters, the results indicate that the pH varied from 4.26 to 6.31 with a general average of 5.19, which compared to
the standard are below the allowed parameters, so they are not suitable for human consumption. The Peruvian
Technical Standard 203.110 (2003), establishes that the pH should be lower than 4.5 with respect to specific
requirements for fruit drinks, the results indicate that the pH varied from 2.63 to 4.50 with a general average of 3.45,
which compared to the norm are between the allowed limit.

Microbiological characteristics of fruit water and fruit soda

The CV of Total Coliforms, Escherichia coli, Fungi and Water Yeasts respectively have 23%, 46% and 46% values
respectively that are in the precision range. The results in Table 3 indicate that 8%, 31% and 31% of the samples of
Total Coliforms, Escherichia coli, Fungi and Yeasts respectively do not show contamination according to the NB.

The CV of Total Coliforms, Escherichia coli, Fungi and Water Yeasts respectively have 23%, 46% and 46%
values that are in the precision range. The results of table 3 indicate that 8%, 31% and 31% of the samples do not
show contamination of Total Coliforms, Escherichia coli, Fungi and Yeasts respectively according to the NB.

CONCLUSIONS

There is a significant correlation between the hygiene conditions and the microbial load, this allows us to generalize
that assorted fruit sodas will not meet the established microbiological quality, that is, if the hygiene conditions are bad,
the product will also be. The sanitary hygienic conditions of the retail outlets of fruit drinks are significantly related to
microbial load, so that, the greater the deficiency in the hygienic conditions, the lower the microbiological quality of
the fruit drinks, in such a way that it does not comply with the parameters proposed by the Peruvian Technical
Standard. Temperature and humidity are indicators of the quality of fruit water and fruit drinks, which influences
microbial behavior, favoring the proliferation of microorganisms; although the norms do not establish parameters for
these variables. It is concluded that fruit drinks prepared with water in conditions of insufficient hygiene constitute a
risk to the health of consumers.
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Social recommendation

It is recommended to the local municipal communes through their authorities and officials, that apart from carrying
out inspections and cleaning programs in the retail outlets of fruit drinks, should develop educational interventions
that contribute to improve the conditions in which they are prepared and ensure its quality, raising the quality of the
service they provide as they are labor sources.
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