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ABSTRACT

In the present investigation, the shelf life of sweetened beverages was investigated through microbiological
and sensory analyses. An experimental design was employed, which included the variable of storage time.
This allowed for the identification of significant differences in the organoleptic and microbiological charac-
teristics of the beverages.

Samples of the beverages were taken during their processing and evaluated over time, especially during the
pasteurization process at 85°C for 120 seconds. Laboratory analyses focused on microbiological tests, sensory
studies, and assessments of the processed product's quality.

The microbiological results remained within the limits established by INEN standards, with counts of meso-
philic aerobes < 100 CFU/cm3, yeasts and molds < 50 CFU/cm3, total coliforms < 3 MPN/cm3, and fecal
coliforms < 3 MPN/cm3. Regarding sensory analysis, it was found that the beverages had a characteristic
aroma, a slightly yellow color, and a characteristic citrus flavor, making them highly acceptable to consumers.
Furthermore, the shelf life of the beverages was determined through accelerated aging at 32°C, resulting in a
shelf life of 2 months. These findings supported the conclusion that the beverages could be stored for 6 months
at room temperature, as indicated in another study that employed a similar methodology and evaluated prop-
erties such as color, aroma, and flavor.

Keywords: Analysis, mesophilic aerobes, fecal coliforms, yeasts and fungi*, shelf life.

INTRODUCTION

Current lifestyles are causing changes in eating habits, which lead to more and more products with high nu-
tritional characteristics that are easy to prepare and consume. In these processed products, the nutritional prop-
erties and some sensory ones are of great importance as quality attributes that encourage consumer interest
and contribute to product acceptance. !

In the beverage market, there is also a high level of competition. Companies constantly try to win consumers'
preferences by selling their product ideas through significant advertising campaigns. This point is also related
to the many substitute products that significantly affect the demand for beverages. >

The production of drinks based on natural emulsions is the second most crucial operation in the technology of
these drinks. High-purity sucrose syrups, glucose syrups or granulated sugar are often used. It begins with the
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mixture of water and the different ingredients intended for each brand, and pasteurization is carried out at
around 80°C. The syrup, once pasteurized, is passed through a filter to remove possible solid impurities. Then,
it is introduced into a Brix degree concentration unit, which regulates the amount of water to be added until
the desired concentration is obtained for each soft drink. Once the exact preparation of the syrup is finished,
flavorings, colorings, sweeteners, emulsifiers and, depending on each case, a small portion of natural juices
are added. *

Sweeteners are chemical substances synthesized in a laboratory that impart a sweet taste to food and have
sensory properties most people appreciate. 4

Sweetened products, when in their chemical composition, sugar (sucrose), have been replaced by a sweetening
additive that considerably reduces the amount of calories we consume. °

The food industry has in the sensory evaluation an instrument that allows it to assess the consumer's perception
of a product as a whole or of a specific aspect of it. In this type of testing, the information provided by a panel
is perceived by the sensory organs of sight, smell, hearing, taste, and touch, and the results make it possible
to determine how the processing and formulation of a product affect the acceptability of a food. °

Sensory evaluations demand careful organization. It begins with selecting the attributes to be categorized in
the sample, the design of the instruments for the collection of information, the type of test to be carried out
and the determination of the type and number of panelists who will participate in the evaluation. ’

The selection of attributes depends on the type of food and the product recipient. On the other hand, the
instrument's design relies on the kind of test to be carried out, and, ultimately, the number of inspectors nec-
essary for a valid sensory test depends on the type of auditors used.®

Microbiological analysis is the detection, identification or enumeration of microorganisms in materials using
biological, biochemical, molecular or chemical methods. This generally applies to microorganisms that cause
disease and food spoilage. °

Coliforms are indicators of water and food contamination; the determination and concentration of these bac-
teria in the condensed water for technological uses in juice-producing plants, and their means of transmission
or contamination is through feces. '

Fecal coliforms are microorganisms with a structure similar to the bacteria known as E. coli. Their means of
transmission is through excrement in food; it can occur due to the misapplication of BPM in processes and
poor personal hygiene. !!

They are mesophilic, psychrophilic, aerobic, or facultative anaerobic bacteria that can grow in the nutrient
agar culture medium. However, high counts of mesophilic anaerobes are not considered inadequate since the
process these beverages go through allows the development of microorganisms called fermenters (lactic acid
bacteria, yeast molds) since their presence is naturally present and they are the main reasons for fermentation
to take place, in addition to giving the drinks new physical-chemical and organoleptic properties. '?

Molds and yeasts that cause spoilage in products with high water activity tolerate high osmotic pressure and
low pH and tend to grow at refrigeration temperatures. However, the minimum inhibitory concentration of
sodium benzoate and potassium sorbate decreases when water activity, pH and incubation temperature de-
crease. Some yeasts are extraordinarily resistant to preservatives. '3

MATERIALS AND METHODS

The evaluation method chosen was the intervals (Category & Scaling Test), which allows for establishing the
level of liking between several samples, having as indicators the color, smell and flavor, and making the
respective evaluations against the flavor in general. (balance, touches of naturalness or artificiality). This
method is easy to understand and apply, and it does not require the training or experience of the participants.
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A scale from 1 to 5 was used, where 1 is very unpleasant, and 5 is very pleasant.

The evaluations were conducted in a beverage manufacturing company with previously selected administra-
tive personnel.

The products (soft drinks to be evaluated) were offered individually in the afternoon, giving the judges a
neutralizing agent (purified water) to alternate between the samples.

In all sessions, the samples were presented at refrigerated temperature (8°C) in disposable containers coded
with three-digit random numbers containing 25 ml. of product.

Microbiological Testing of Soft Drinks

The microbiological tests for soft drinks are based on the following INEN standards that are detailed below,
specific for each microorganism evaluated: Coliforms- INEN 1529-6 Standard, Fecal coliforms- INEN 1529-
8 Standard, Mesophilic aerobic-Standard INEN 1529-5, Count of fungi and yeasts-Standard INEN 1529-10.

INEN 1529-6 Standard

The method is based on determining coliforms using the Most Probable Number (MPN) technique by tube
dilution, using the selective liquid medium bile-lactose brilliant green broth or similar for the presumptive test
and the tubes that present gas are confirmed. On eosin methylene blue (EMB) agar. The presumptive and
confirmatory assay incubation temperature is 30+1°C for refrigerated products and 35+1°C for products kept
at room temperature. '*

INEN 1529-8 Standard

It is used in the determination of fecal coliforms and E. Coli. The method is based on the modified Eijkman
test to detect lactose fermentation, with gas production at 44 - 45.5 + 0.2°C and complemented with the indole
test at this temperature. These assays are carried out in brilliance-lactose bile broth and tryptone broth, starting
with an inoculum taken from each gas-positive tube of the culture for total coliforms and incubated at 45.5 +
0.2°C. The confirmation of E. Coli and the differentiation of the species and varieties of the fecal coliform
group are carried out using the tests for indole, methyl red, Voges-Proskauer and sodium citrate. '°

INEN 1529-5 Standard

Determining the amount of mesophilic aerobic microorganisms is based on the certainty that a vital microor-
ganism present in a food sample, when inoculated in a solid nutrient medium, will reproduce, forming a visible
individual colony. So that the count of the colonies is possible, decimal dilutions of the initial suspension of
the sample are made, and the nutrient culture medium is inoculated. The inoculum is incubated at 30°C for 72
hours, and then the number of colonies formed is counted. The count calculates the number of microorganisms
per gram or cubic centimeter of food. '

INEN 1529-10 Standard

To determine fungi and yeasts, the method is based on the cultivation between 22°C and 25°C of the propa-
gating units of fungi and yeasts, using the plate count technique by deep seeding and in a medium containing
extract yeast, glucose and mineral salts. Table 1 presents the microbiological requirements for soft drinks. !’
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Microorganisms No m M C. Testing method
Coliforms MPN/cm 3 3 <3 - 0  NTE INEN 1529-6
Fecal coliforms MPN/cm 3 3 <3 0  NTE INEN 1529-8
Standard count in REP CFU/em 3Plats 3 1 0x 102 1.0x10° 1 NTEINEN 1529-5
Count of fungi and yeasts UP/cm 3 3 50x10! NTE INEN 1529-10

Where:

MPN: Most Probable Number

CFU: Colony Forming Units

UP: Propagation Units

n: Number of units

M: Rejection level

C: Number of units allowed between m and M
Source: INEN 2304 Standard. '®

Table 1. Microbiological requirements for soft drinks.

Evaluation of the Sensory Table of Soft Drinks
The descriptive sensory analysis consisted of analyzing and evaluating the organoleptic characteristics of the
product and the most relevant aspects of it, such as color, flavor and texture.

The organoleptic analysis will consist of 3 differentiated phases:

Appearance and visual presentation of the product, which encompasses two parameters

Clarity: The degree of transparency and brightness the liquid offers to the eye is measured; color: both the hue
and intensity of the color of the sample presented are valued, which varies depending on the type of soft drink
valued and its typicality.

Olfactory phase, in which three aspects are taken into account

Intensity: Power or olfactory magnitude of the valued sample. Openness: Aromatic limpidity of the analyzed
reference. Absence of defective memories and the presence of natural memories outside of all artificiality.
Quality: The soft drink has complexity and elegance in this olfactory phase. Positive sensations are all those
that offer nuances of the aromatic range of the "raw material" from which its preparation starts (in this case,
lemon emulsion), as well as the specification that the product can offer in its denomination.

The gustatory phase, in which five parameters are assessed. Intensity: Degree of strength of the soft drink
in its taste phase; Openness: The non-appearance of unpleasant and typical flavors of the soft drink in question,
free of defects, according to its composition, will be valued positively, Quality: A set of taste sensations that
refer to the soft drink's character, complexity and personality, which can come from its raw materials and the
additives used in its preparation. It represents the parameter with the highest valuation of those included.
Balance: The balance of the different taste sensations as it pass through the mouth is studied, with particular
attention to the fundamental flavors of sweetness and acidity. The "freshness" of the product will be considered
positive, given the type of soft drink.

Persistence: Sensations similar to those perceived when the soft drink is in the mouth. Taste the length of the
sample."’

Evaluation to Predict the Shelf Life of Soft Drinks.
Shelf life or stability studies of soft drinks were carried out in the quality control laboratory to determine when
a food product will maintain its "fit for consumption" characteristic and its acceptance by the consumer.
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Essentially, the shelf life of a food is defined as the time in which it will retain its physicochemical, organo-
leptic and nutritional properties.

Shelf life encompasses several facets of nutritional value, including safety, feeding value, and sensory char-
acteristics. When this nutritional value is affected, it significantly influences consumer purchasing decisions.?
The fundamental factors that influence the shelf life of a product are Formulation, Prosecution, Packing, and
Storage conditions.

To predict the product's shelf life under study, a refreshing drink based on the lemon emulsion, an oven pro-
grammed at 40°C and with a humidity of 70%, the parameters with which the products are transported, were
used. They are stored in trolleys for distribution under such conditions.

The forms of deterioration affecting the product, subject to physiological and biochemical processes deter-
mining its quality, were identified during the study. These systems are complex due to their chemical, physical
and biological composition; consequently, knowledge and control of these processes are essential to preserve
quality characteristics, that is, acceptability and safety.?’

The order of reactions, temperature, activation energy, and organoleptic and microbiological analyses must
be considered to analyze the speed of deterioration reactions. Each sample was evaluated over time (inde-
pendent variable at 10 levels).

The samples will be evaluated with the parameters detailed below:

Microbiologic analysis: Total count of mesophilic aerobic, Fungus and Yeast Count, Presence of total and
fecal coliforms, Sensory evaluation: Acceptance Tests, Comparison tests (Triangular, Duo-Trio).

Once the evaluation time (4 months) has concluded, the data measured over time will be collected, and the
product's shelf life will be established, which must comply with the optimal organoleptic characteristics and
safety required according to the INEN 2304 standard. 2° Figure 1 shows the stove used.

Figure 1. Measuring oven to predict shelf life in beverages. Source: 2!
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RESULTS

Results and Statistical Analysis of Microbiological Tests

The tests were carried out in triplicate for each microbiological parameter indicated in the Ecuadorian stand-
ard. In the case of total and fecal coliforms, the mere presence in the drink led to the rejection of the sample.
According to the INEN 2304 standard, the results of coliforms are expressed <3 UFC/ cm?, which indicates
the absence of the bacteria above in the sample evaluated. The counts of total aerobics, fungi and yeasts were
taken to analyze the behavior concerning time.
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Table 2. Microbiological count in soft drink (UFC/cm3)
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Figure 2. Behavior of aerobic soft drink evaluated for 4 months.
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Variance analysis

Fountain Sum of squares Gl middle square = Coefficient- F  P-value
between groups 109.475 3 364,917 0.3 0.8225
Intra Groups 4326.3 36 120,175
Total (corr.) 4435.77 39

Table 3. Analysis of variance for the aerobic count.

Table 3 shows the ANOVA table and that the coefficient F equals 0.303654. Since the p-value of the F test is
greater than 0.05, there is no statistically significant difference between the means of the four variables at
95.0%. These means are represented in Figure 3.

Average 95.0 percentages L5SD intervals
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Figure 3. Graph of means (aerobic count)

Suppose only the values of the counts are considered after carrying out the pasteurization in Figure 3. In that
case, a ratio F = 2.49 results are obtained for a p-value = 0.0784, which, being more significant than 0.05,
would indicate no significant differences for 95% confidence. When the means are analyzed (Figure 4), it can
be seen that the CFO sample presents a slightly higher mean than the rest, so a multiple-range test was applied.
This test shows a statistically significant difference between CF0 and CF1 and CF0O and SF1. When sucrose
has been partially substituted by sweetener, the average aerobic count is lower than when working with fiber
and only with sucrose. This is because there is less substrate in the beverages, which contributes to reducing
the growth of microorganisms over time. However, the product is within the standard, indicating a maximum
of 100 UFC/cm’.
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Figure 4. Aerobic count after pasteurization

Fungi and yeast

Days C.F.O. CF1 SFO SF1
0 22 11 24 15
0.5 3 2 4 0
15 5 2 5 3
30 5 3 5 3
4.5 6 5 6 5
60 6 5 6 5
75 7 5 7 5
920 7 6 9 7
105 8 7 10 7
120 10 7 12 7

Table 4. Microbiological count of fungi and yeasts in the soft drink cfu/ cm?
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Figure S. Behavior of fungi and yeasts in soft drinks.
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Variance analysis

Fountain Sum of squares Gl middle square Coefficient - F P-value
between 86.075 3 28.6917 1.34 0.2777
groups
Intra Groups 7727 36 21.4639
Total (corr.) 858.775 39

Table 5. Analysis of variance for fungi and yeast count

The ANOVA in Table 5 presents an F ratio of 1.33674, with a p-value greater than 0.05, where there is no
statistically significant difference between the means of the 4 variables at 95.0% confidence.
Figure 6 presents the means for the samples and their confidence intervals.

Average 95.0 percentages L5SD intervals
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Figure 6. Graph of means (fungi and yeast)

The analysis of variance in Figure 6for the counts from 0.5 days after the pasteurization shows a ratio F=2.53
with p-value = 0.0744, where there are no statistically significant differences for the four samples. with 95%
confidence. However, from the graph of the means (Figure 7), a slightly higher mean can be seen for the
sample without fiber with 100% sucrose; this is the initial sample. This was verified with a multiple-range test
finding two homogeneous groups.
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Average 95.0 percentages LSD intervals
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Figure 7. Graph of means (mushrooms and yeasts after pasteurizing)

Results and Analysis of Sensory Evaluation of Soft Drinks

It was explained to the sensory panel that the objective is to choose the formula with the taste threshold of
best acceptance towards them. The method used is the hedonic scale test, based on a scale of liking and dis-
liking the samples.

The scale comprises seven alternatives (table 6) divided into three for the level of liking, three for the level of
dislike and one that specifies indifference to the sample.

The coding used was indicated in the Chapter on Materials and Methods. Four different formulas would be
obtained according to the established formulation as specified.

Attributes to evaluate-Taste Qualification
I like it extremely 7
Very nice 6
slightly nice 5
Neither nice nor unpleasant 4
slightly unpleasant 3
Very unpleasant 2
I dislike it extremely 1

Table 6. Hedonic taste acceptance scale.

The evaluation results were tabulated based on the rating each judge attributed according to the coded samples.
It should be noted that each sample was identified based on the processing time. To obtain the results, the
average of each of them was determined. The evaluations were issued by the judges (Table 7).

Attributes to evaluate - Flavor
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Days C.F.O. CFl SFO SFl

0 6 7 7 6
0.5 7 6 7 6
15 7 6 6 7
30 6 7 6 6
4.5 7 6 5 6
60 5 5 6 5
75 5 5 5 5
920 4 5 4 4
105 4 4 4 4
120 4 4 4 4
Table 7. Tabulation of results
Variance analysis
Fountain Sum of squares G1 middle square Coefficient-F P-value
Between groups 0.275 3 0.0916667 0.07 0.9758
Intra Groups 47.5 36 1.31944
Total (corr.) 47.775 39

Table 8. Analysis of variance for flavor

The ANOVA in Table 8 shows an F coefficient equal to 0.0695, with a p-value greater than 0.05, where there
is no statistically significant difference between the means of the 4 variables at 95.0% confidence. Figure 8
shows this behavior.

Average 95.0 percentages LSD intervals
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Sensory analysis of soft drink flavor
Figure 8. Graph of means

However, there is a tendency to decrease the attribute's value as time increases, reaching values from three
months after the drink is produced, framed in the criterion "neither pleasant nor unpleasant".

Formulation

The integrated analysis of the variables studied in the previous sections shows no significant differences be-
tween the samples. Therefore, for the formulation of the soft drink, it was decided to choose the sample coded
as CF1, the soft drink sweetened with 60% sugar and 40% sucralose, where an evaluated fiber concentration
of 1.60% by weight was obtained. According to the panel's result, sixty days is the time that was chosen as
the product's useful life. The product enriched with dietary fiber and partially substituted with 40% sucralose
presents the following formulation (Table 9).
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Ingredients Percentage
Water 90.949
Saccharose 6.888
Sweetener 0.008
Sodium benzoate 0.012
Potassium sorbate 0.012
Sodium citrate 0.027
Ascorbic acid 0.007
EDTA 0.003
Citric acid 0.310
Colorant 0.014
lemon emulsion 0.170
Dietary fiber 1.600
Total 100

Table 9. Sweetened soft drink formula

Characterization of the Final Product
Sweetened lemon-flavored refreshing drink
Storage and Handling

Store in a cool, dry place, free of odors and protected from the sun. Preferably drink cold.
Useful lifetime

2 months at 32°C

Organoleptic parameters

Characteristic odor

Color Slightly yellow

Characteristic citrus flavor
Microbiological parameters

Mesophilic aerobes < 100 CFU /cm3
Yeasts and fungi < 50 UFC/cm3

Total Coliforms <3 MPN/cm3

Fecal Coliforms <3 MPN/cm3

DISCUSSION

The study by Machin mentions that yeasts tolerate pH between 3 and 4, but pH between 4.5 and 6.5 is more
favorable for their growth. Therefore, the sweetened beverage is a medium for its growth as it is in the above-
mentioned pH ranges. 2

According to the results of other studies, it is agreed that pasteurization has positive effects on sweetened
beverages, reducing the microbial load and guaranteeing food safety due to heat treatment.”?

Coliforms are a family of bacteria commonly found on plants, soil, and animals, including humans. Coliform

bacteria are generally found in greater abundance in the surface layer of water or bottom sediments. Fecal
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contamination has been, and continues to be, the leading health risk in water since it involves the incorporation
of pathogenic microorganisms from patients and carriers and water transmission to the susceptible population.
For this reason, sanitary control of microbiological risks is so important and constitutes an essential sanitary
measure to maintain an adequate level of health in the population. '°

As for the study's results, it was found that the evaluated sweetened beverage met the INEN 2304 standard in
terms of microbiological aspects, indicating a low microbial load and good microbiological stability. Further-
more, it was determined that the beverage had a shelf life of 6 months at room temperature, which is valuable
information for the beverage industry.

Regarding the implications of these findings, it is essential to note that the results can be helpful in the formu-
lation and production of sweetened beverages and in implementing quality control and food safety measures.
For example, these results can be employed to establish an appropriate shelf life for the product and ensure its
microbiological and sensory quality. Additionally, the findings can benefit food product regulation, as they
provide valuable insights into product quality and consumer safety.

However, it is essential to consider the study's limitations and potential sources of error. For instance, the
study focused on a single sweetened beverage, so the results may not be generalizable to other similar prod-
ucts. Furthermore, the specific microbiological analysis techniques used are not specified in the text, which
could impact the accuracy of the results. Finally, the study did not include an analysis of the physical stability
of the product, which could be a significant limitation in terms of product quality.

In summary, the study's findings hold significant implications for the beverage industry and food product
regulation. Nevertheless, it's crucial to consider the study's limitations and potential sources of error when
interpreting the results. In the future, conducting additional studies to assess the quality and safety of other
food products and enhancing the accuracy of the microbiological and sensory analyses used in this study
would be significant.

CONCLUSIONS

The sensory analysis reveals that the sweetened beverage does not significantly alter the beverage's flavor
profile. However, the impact of adding these sweeteners over time becomes evident through the increase in
the beverage's solid content. This increase can be attributed to water evaporation during the stability test,
driven by differences in partial pressures, resulting in a higher concentration of soluble solids in the beverage.
Regarding microbiological behavior, it can be concluded that sweetened beverages comply with the INEN
2304 standard. This compliance is linked to the reduced substrate content in the beverages, contributing to a
decline in microbial growth over time. As a result, extending the product's shelf life from two to three months
is possible, based on the findings of the sweetened beverage study.

The study's key findings indicate that the evaluated sweetened beverage possesses suitable organoleptic and
microbiological characteristics while enjoying favorable consumer acceptability. Furthermore, it has been de-
termined that the beverage has a shelf life of 6 months at room temperature, as inferred from the study's results.
These findings hold significant implications for the beverage industry, as they enable the establishment of an
appropriate product shelf life and assurance of its microbiological and sensory quality. Moreover, the results
obtained can guide decisions related to the formulation and production of sweetened beverages and the imple-
mentation of quality control and food safety measures. In summary, the study furnishes valuable insights into
the beverage industry, contributing to enhancing product quality and safety for consumers.
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