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Abstract

This study aimed to formulate probiotic beverages using underutilized tropical fruit pulp, such as
sincuya (Annona purpurea Moc. & Sessé ex Dunal), urraco (Licania platypus (Hemsl.) Fritsch), matasano
(Casimiroa edulis La Llave y Lex), and jaboticaba (Plinia cauliflora Mart. Kausel), along with whey.
Evaluations of color, vitamins, minerals, “Brix, pH, and titratable acidity (TA) were performed on the
fruit pulps. Subsequently, four beverages inoculated with a mixed culture (Streptococcus thermophilus,
Lactobacillus delbrueckii and Bulgaricus) were produced, and “Brix, pH, TA, acceptability index (AI),
and colony-forming units (CFU) were measured after 9 hours of fermentation. Sincuya pulp was
highlighted for its content of vitamin A (334.37 UI mg/100 g) and potassium (444.49 mg/100 g). In
terms of sensory characteristics, the sincuya drink was best evaluated in terms of color, aroma, flavor,
and general acceptability, with scores of 78%, 71%, 70%, and 71%, respectively. Uraco, sincuya, and
matasano drinks exhibited values of 10.9, 10.4, and 9.7 Logio CFU/mL, respectively. These results
demonstrate that the fruits and formulated beverages have technological potential, functional and
probiotic benefits, and sensory characteristics that are attractive to consumers. This innovative
approach suggests an alternative for improving nutrition using local resources and agroindustrial
byproducts.

Keywords: fermentation; acceptability; micronutrients; sensory evaluation; Lactobacillus

1. Introduction

Probiotics are living organisms that, when consumed in adequate quantities, provide multiple
benefits to consumers [1]. Their characteristics produce health benefits primarily by improving the
functionality of the digestive system [2]. For these reasons, the production of nutritious food and
beverages rich in probiotics has become a trend in recent years [3,4].

In addition to the above, the consumption of fruits has been associated with multiple health
benefits due to their important compounds, such as minerals, essential amino acids, vitamins,
carotenoids, phenolic compounds, fiber, and other phytochemicals [3,5,6]. However, in most Latin
American countries, the use and consumption of fruits by the population are lower than
recommended. Faced with this problem, the floristic richness of the tropics can serve as an option to
improve food security, given its great diversity of edible species and that many of these species
continue to be collected from their natural environment and consumed directly. Therefore, this
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resource represents significant potential for the communities where they are native and available, as
well as for agroindustry [7,8].

Specifically, the sincuya (Annona purpurea) is one of the most representative fruits of the
Annonaceae family. Its fruits are spherical with projections on the exocarp and have a sweet, orange,
fibrous, and fragrant pulp. This species is characterized by numerous bioactive compounds
associated with traditional medicine [9]. The urraco (Licania platypus) is a fruit with importance due
to its biotic interaction in tropical forests with terrestrial mammals and is traditionally known for its
gastroprotective properties, featuring a coriaceous exocarp and a sweet and aromatic pulp [8]. The
matasano (Casimiroa edulis) is valued for its sleep-inducing properties and the sweet flavor of its ovoid
fruits, which have a smooth exocarp and a meaty, yellow pulp when mature [10]. The jaboticaba
(Plinia cauliflora) produces spherical purple berries valued for their bittersweet taste and soft
consistency [11]. All of these fruits can be used in the production of healthy foods due to their
nutritional and technological characteristics.

On the other hand, whey is a byproduct of the dairy industry, generating about 200 million tons
of waste per year. It contains several amino acids, sugars, proteins, and most of the water-soluble
vitamins found in milk. Therefore, whey is currently being considered for its significant technological
potential in the food industry [12]. For the above, the objective of this study was to formulate probiotic
beverages from the pulps of sincuya, urraco, matasano, and jaboticaba, combined with whey.

2. Materials and Methods

2.1. Obtention of Primary Materials

Sincuya fruits were collected from the Rio Platano Biosphere in Honduras; matasano from the
department of El Paraiso; and urraco and jaboticaba from La Paz. The fruits were harvested at the
appropriate stage of maturation and transported at room temperature for 5 hours to the Dairy
Processing Plant of the Universidad Nacional de Agricultura (UNAG), where they were processed
using a food processor and a sieve. Subsequently, the fruit pulps were pasteurized at 85°C for 30
minutes and stored at -18°C until use. Cow's milk and whey were obtained from UNAG’s Dairy
Processing Plant and pasteurized at 70°C for 15 minutes.

2.2. Growing Conditions of Probiotic Cultures

A mixed probiotic culture of Lactobacillus delbrueckii, Lactobacillus bulgaricus, and Streptococcus
thermophilus was commercially obtained as freeze-dried form from”Yoflex® Mild 1.0”. For activation,
1 g of the freeze-dried culture was inoculated in 200 mL of milk at 45°C in a 250 mL flask and
incubated for 21 hours at 45°C.

2.3. Preparation of Fermented Beverages with Whey and Fruits

Initially, a whey-milk base (75:25) was prepared to improve the organoleptic characteristics and
consistency [13]. The whey-milk base was mixed with sincuya, urraco, matasano, and jaboticaba
pulps using a 500 mL precipitated glass beaker and manually stirred with a glass rod to prepare the
beverages.

The formula for the four beverages comprised 64.5% whey-milk base, 32.3% fruit pulp, and 3.2%
sugar. For fermentation, the probiotic culture was added to the liquid portion of the formulated
mixture, with 1.5 mL of active culture inoculum added to a 150 mL whey-milk and fruit pulp mixture
in a 250 mL flask. The concentration of probiotic bacteria prior to being added to the formulated
beverages was 8.62 Log CFU/mL. Subsequently, the drinks were incubated in a stirring incubator
(model ON-12G) at 45°C for 9 hours. After fermentation, the samples were aseptically collected and
stored at 4°C [14].
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2.4. Determination of pH, Titratable Acidity, and Soluble Solids

The pH of the samples was measured at 25 + 1°C using an OHAUS STARTER 2100 pH meter,
which had been previously calibrated. The pH value was measured in triplicate by inserting the pH
meter electrode into a beaker containing the sample. Titratable acidity was measured using
phenolphthalein as an indicator, by titrating 10 mL of the fermented beverage with a standard NaOH
solution (0.1 N) 0.1 mol/L. The results were expressed as a percentage of acidity [15].

To measure the soluble solids content, a BOECO GERMANY manual refractometer was used.
Measurements were performed in triplicate, and the results were expressed in “Brix [16]

2.5. Determination of Vitamin C

The detection and quantification of ascorbic acid in fruit pulps were performed at the Food
Analysis Laboratory of the Panamerican School of Agriculture (Zamorano in Honduras), using high-
performance liquid chromatography (HPLC, model 1100, Agilent Technologies) equipped with a
diode array detector (HPLC-DAD). A 250 mm x 4.6 mm PLRP-S 100 A 5 um column was used. The
mobile phase consisted of deionized water with a molarity of 0.05 and a pH of 1.89 (acidified with
phosphoric acid), with a flow rate of 0.05 mL/min. UV detection was performed at 244 nm and 230
nm [17,18]

For sample preparation, 2 g of fruit pulp was weighed and added to a 100 mL flask, then diluted
with the mobile phase. The pulp was homogenized at 500 rpm for 10 minutes in a magnetic stirrer to
solubilize and extract vitamin C. The solution was filtered through an Acro disc with a pore size of
0.2 um and transferred to 2 mL vials. The analysis was conducted at 45°C with a 20 pL injection and
a runtime of 20 minutes per sample.

2.6. Determination of Vitamin A

The determination of vitamin A was carried out at the Food Analysis Laboratory of the
Panamerican School of Agriculture, Zamorano in Honduras. The methodology described by Sanchez-
Camargo and collaborators was used with slight modifications. [19]. The analysis was performed
using an Agilent Technologies Cary 8454 UV-Visible spectrophotometer. For data collection, a
hexane-acetone solution with a ratio of 1.5:1 was prepared. Then, 2 g of the sample was weighed into
a beaker, and 20 mL of the prepared solution was added. The beaker was covered with parafilm and
aluminum foil and stirred for 15 minutes. The supernatant was then read at 453 nm in the UV-visible
spectrophotometer, and the absorbance was recorded. The result was expressed as IU/100 g of fresh
fruit.

2.7. Determination of Minerals

The analysis of the minerals potassium (K), iron (Fe), magnesium (Mg), copper (Cu), zinc (Zn),
manganese (Mn), and calcium (Ca) was performed using the AOAC 985.35 method with an atomic
absorption spectrophotometer (Thermo Scientific ICE 3000 series) [20]. For data collection, the
porcelain crucibles were first cleaned by immersion in 20% nitric acid for five hours and then washed
three times with deionized water. Afterwards, the method was carried out AOAC 923.03 to obtain
ashes. Next, 5 mL of 1 M nitric acid was added to the ashes contained in the crucible and heated in a
steam bath at 95 °C for three minutes to dissolve it. Then, the solution was added to a 50 mL
volumetric flask and the crucible was washed with two 5 mL portions of 1 M nitric acid by adding it
to the same flask and making up with the same acid until the flask was full. Next, the concentrations
of each sample were prepared within the linear range of the instrument, in the case of iron the
concentration must be in a range of 0.06 — 1.5 ppm and for calcium the range must be 0.01 - 3 ppm.
Then, it was diluted with nitric acid to 1 M and the calibration curve was prepared for each mineral.
Afterwards, the test solutions were determined in a similar way in the atomic absorption
spectrophotometer, and the calculation was carried out with the equation 1 taking into account the
weight of the sample and the dilutions made.
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concentration = (& *df) = B)/ pEq.1
Where:

L: concentration detected

df: dilution factor

B: white average

P: sample weight

2.8. Color Determination

Color analysis was conducted using the AN 1018.00 method by spectrophotometry with
Hunterlab ColorFlex equipment [21]. The CIELab scale was used, where the L value indicates
luminosity (ranging from 0 for black to 100 for white); the a coordinate ranges from positive values
(red) to negative values (green); and the b coordinate ranges from positive values (yellow) to negative
values (blue). The equipment was calibrated before each measurement. Before each repetition, the
equipment was calibrated with the black standard, then the white standard, then the standard (green
glass) was read and the reading data were observed, which should agree with those established by
the standard. The data from the different repetitions continued to be taken, obtaining three different
readings per sample and three from each repetition

2.9. Microbiological Evaluation of the Fermented Beverages

CFU counts were conducted in the Microbiology Laboratory of the National University of
Agriculture. Counts were obtained by serial dilutions in sterile peptone water up to 10. Aliquots of
1 mL were plated in duplicate on CRITERION orange agar serum using the plate spreading method.
The plates were incubated in a incubator (Lanceta Hg) at 42°C for 48 hours. Plates with 20 to 300
CFU/mL were quantified [22].

2.10. Sensory Evaluation

The drinks were evaluated by 15 semi-trained panelists aged 20-30 years, who assessed sensory
attributes including color, aroma, flavor, and general acceptability [23]. An unstructured linear scale
of 15 points was used, where 0 represented "absence of liking" and 15 indicated "very high liking" for
the evaluated characteristics.

2.11. Acceptability Index

The acceptability index for color, aroma, flavor, and general appearance of the formulated
fermented beverages was calculated using Equation 2 [15,24]:

_ (Average
Al% = ( /Higher Value) *100 (2)

A characteristic is considered to have good acceptability if the Al% is > 70% [24].

2.12. Statistical Analysis

Data were analyzed using InfoStat version 2013 (National University of Cérdoba, Argentina)
with a one-way analysis of variance (ANOVA). When significant differences between formulations
were detected, the Tukey's multiple comparison test at 95% confidence was used.

3. Results and Discussion

3.1. Physicochemical Characterization of Fruit Pulp

Table 1 presents the results of the physicochemical parameters of the pulp from underutilized
fruits. Significant differences (p < 0.05) were observed in soluble solids, pH, titratable acidity, and the
ratio between soluble solids and titratable acidity among the fruit pulps studied. In terms of soluble
solids and pH, the pulps of matasano and urraco showed statistically significant differences
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compared to the other two pulps, with values exceeding 15 “Brix and a pH higher than 6. The *Brix
for matasano is consistent with previous studies, [10] reported a “Brix of 15.60. For titratable acidity,
the jaboticaba pulp exhibited higher values, which directly affected the ratio between soluble solids
and titratable acidity, resulting in the lowest ratio for this fruit. Soluble solids, acidity, and
particularly the overall value of the soluble solids/titratable acidity ratio correlate with consumer
acceptability of the fruits or their derivatives [25,26]. Fruits with higher levels of soluble solids tend
to be more acceptable, additionally, these parameters, along with pH, indicate the maturation, quality,
and technological properties of the fruits [24].

Table 1. Physicochemical parameters of underutilized fruit pulp.

% Titratable °Brix/Titratable Color
Fruits °Brix pH
acidity (w/w)a acidity L* a* b* C* h
Sincuya (Annona purpurea Moc. & 101+  45= 55. 18. 46. 49. 11
0.25+0.01¢ 39.90+£1.25b
Sessé ex Dunal) 0.1b 0.1c 42 6 11 72 9
Jaboticaba (Plinia cauliflora Mart. 112+ 32+ 15. 18. 82 20. 04
1.28+0.03 a 8.70+0.31d
Kausel) 05b 01d 04 3 2 09 2
Matasano (Casimiroa edulis La Llave  16.0 + 6.2+ 41. 11. 33. 35 12
0.25+0.01 ¢ 65.80+£0.31 a
y Lex) 05a 0.1b 16 05 87 63 6
Urraco (Licania platypus (Hemsl.) 154+ 65 48. 15. 53. 55. 1.2
0.40+0.02Db 30.60+0.74 ¢
Fritsch) 04a 0la 14 55 75 95 9

2 Expressed as % (w/w) citric acid of pulp. L* (lightness). a* (redness: green to red). b* (yellowness: blue to
yellow). h (hue value. color angle). C* (chroma value. color saturation). *The same lower case letters do not differ
by Tukey test (5%).

Regarding the CIELab color parameters, L (lightness), a (redness), and b (yellowness) for all the
pulps were positive (Table 1). The general color of the pulps of sincuya and urraco could be described
as intense orange or yellow, with matasano having a slightly less intense color. The luminosity values
for these fruits were close to 50 (average L values around 48.24, on a scale from 0 for black to 100 for
white). The pigmentation of these three fruits was weak, with relatively high chroma (average C
values were 47.1), suggesting a high purity of color. The values of the hue angle (h), with an average
of 71.29, matched the orange/yellow nuance of these fruits. In contrast, for most color parameters, the
jaboticaba pulp displayed different results, reflecting its characteristic purple hue. Color can serve as
an indicator of food quality and defects, visual perception plays a key role in selecting nutritious and
healthy foods [27]. In the case of fruits, color reflects the presence of different pigmented components
[28]. Carotenoids are generally responsible for orange or yellow hues, while the blue, purple, and red
colors in fruits and vegetables are attributed to anthocyanins. These pigment bioactive compounds
play a significant role in the beneficial activities of fruits and their derivatives[28].The tones observed
in these fruits suggest the presence of phytochemicals such as carotenoids and anthocyanins,
molecules known for their high biological activity.

3.2. Vitamins and Minerals from Fruits

Micronutrients are essential for maintaining good health and preventing disease. A balanced
and varied diet that includes a wide range of foods rich in vitamins and minerals is crucial to ensure
an adequate supply of these essential nutrients. Regarding minerals, the fruits exhibited significant
concentrations, with urraco containing 504.37 mg/100 g and sincuya with 444.49 mg/100 g of
potassium. Potassium plays a fundamental role in the body by helping to maintain fluid balance and
osmotic equilibrium, as well as aiding in the regulation of nerve signals and muscle contractions [29].
Additionally, urraco had 12.17 mg/100 g and matasano had 8 mg/100 g of magnesium. Magnesium
helps relax the muscles of the airways, which can ease breathing for asthmatics [30]. Some studies
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reports that magnesium is beneficial for various aspects of health, including bones, energy levels,
cardiovascular health, the cerebrovascular system, the muscular system, dental health, diabetes
management, emotions, calcification, stress, depression, anxiety, and asthma [31]. Magnesium
deficiency can lead to fatigue, irritability, nervousness, muscle stiffness, and difficulty concentrating.
Calcium levels in these pulps ranged between 5.92 mg/100 g and 2.41 mg/100 g, calcium is crucial for
bone and tooth formation, muscle contraction regulation, and nerve impulse transmission, making
its presence in food important for overall health [32].

Proper nutrition, including a balanced intake of nutrients, is essential for preventing
malnutrition and promoting healthy growth and development. Weight gain, when necessary, should
be achieved in a gradual and healthy manner. Additionally, ensuring adequate calcium intake is
crucial, especially during the early stages of development and growth [33]. Vitamins are essential
organic compounds necessary for the normal functioning of the human body. These substances must
be obtained through the diet, as they cannot be produced in sufficient quantities by the body.
Vitamins play key roles in various biological functions and are essential for maintaining health.
Vitamin A is a vital nutrient known for its role in vision, gene expression, and the strengthening of
the immune system [34]. The highest content of vitamin A was found in sincuya, with 334.37 mg/100
g. Matasano had the highest content of vitamin C (Table 2), an important antioxidant that helps
protect cells by eliminating reactive oxygen species generated by oxidative stress [35]. Positioning
these fruits in a privileged place for their vitamin A and B values, being an alternative to improve the
nutrition of consumers, mainly in regions where there is food and nutritional insecurity.

Table 2. Content of vitamins and minerals in pulp of underutilized fruits. .

Sincuya (Annona Jaboticaba Matasano Urraco (Licania
Nutrient purpurea Moc. & Sessé  (Plinia cauliflora ~ (Casimiroa edulis platypus (Hemsl.)
ex Dunal) Mart. Kausel) La Llave y Lex) Fritsch)
Minerales (mg/100 g)
K 444.49 56.72 238.32 504.37
Fe 0.68 0.28 0.67 0.49
Mg 7.49 2.74 8 12.17
Cu 0.17 0.12 0.15 0.32
Zn 0.63 0.23 0.23 0.45
Mn 0.05 0.05 0.05 0.1
Ca 5.26 2.41 41 5.92
p 2.03 0.52 1.96 2.52
Vitamin C (mg/100 g) 221 442 5.19 2.31
Vitamin A (UI/100 g) 334.37 5.82 - 25.63

IU: international unity. - not identified.

3.3. Properties of Probiotic Beverages

Probiotics are commonly found in fermented foods such as yogurt, kefir, and other dairy
products. Milk and its fermented derivatives contain high-quality proteins and can also be beneficial
for growth and development. To maximize the health and growth benefits of probiotics, it's
important to consume a balanced and diverse diet that includes fruits, dairy products, fermented
foods, and other essential nutrients [36]. Table 3 presents the physicochemical parameters before and
after fermentation, highlighting changes in “Brix, pH, and percentage of titratable acidity. Significant
differences (p < 0.05) were observed in these parameters for the four beverages after 9 hours of
fermentation. The initial "Brix values for the beverage were 15.9, 13.2, and 11.3 for urraco, matasano,
and sincuya, respectively. These initial ‘Brix values provide a technological advantage in developing
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fermented beverage, as simple sugars are directly related to flavor, which primarily determines food
acceptability [37]. Additionally, fruit juices are an excellent option for incorporating probiotics
because they are rich in vitamins and minerals that support the growth of beneficial microorganisms
[38]. Moreover, using plant-based juices/beverages to deliver probiotics not only offers an alternative
to functional foods but also helps with lactose intake for people with intolerance [36]. After 9 hours
of fermentation, “Brix values decreased by approximately 1% in all dairy beverage. This decrease is
characteristic of lactic fermentation processes, where lactic acid bacteria convert sugars into energy
and primarily lactic acid [39].

Table 3. Changes in physicochemical parameters of beverages before and after fermentation.

Beverage
Sincuya (Annona Jaboticaba (Plinia Matasano Urraco (Licania
purpurea Moc. & cauliflora Mart. (Casimiroa edulis platypus (Hemsl.)
Sessé ex Dunal) Kausel) La Llave y Lex) Fritsch)
Before fermenting
°Brix 11.3+02c¢ 83+0.0d 132+02b 159+0.1a
pH 57+0.0b 47+0.0d 49+00c 6.3+0.0a
% Titratable acidity 0.25+0.0d 0.31+£0.0c 0.54+0.0a 0.38+0.0b
(w/w)?
°Brix/Titratable 449+033d 26.6 +0.53 b 245+0.14a 29.8+1.0c
acidity
After fermenting
°Brix 10.5+0.3b 79+02c 102+02b 151+02a
pH 39+0.0d 44+00a 41+00c 43+0.0b
% Titratable acidity 0.63+0.0b 0.37+0.0c 0.65+0.0b
(w/w)? 076 +0.0a
°Brix/Titratable 16.8+0.94b 13.5+0.69 a 16.6 +0.41Db
acidity 21.3+0.67 c
Log CFU/mL (after 9 43+02d 9.7+0.1c 10.9+0.0a
hours) 104+0.0b

2 Expressed as % (w/w) citric acid of pulp. *The same lower case letters do not differ by Tukey test (5%).

Regarding pH, the beverage had initial values between 6.3 and 4.7, after 9 hours of fermentation,
the final pH ranged between 4.4 and 3.9, values that suggest sensory characteristics pleasing to the
consumer. Other studies of fermented beverage with whey and mango, guava, and apple pulp with
final pH values between 4.0 and 4.5 reported acceptability index values greater than 80% [13,22,23].
pH values between 4.0 and 4.4 have been deemed acceptable in determining the sensory quality of
fermented dairy products, classifying them as non-excessively acidic [40]. Titratable acidity increased
by 152, 71, 41, and 19 after 9 hours of fermentation in the sincuya, urraco, matasano, and jaboticaba
beverage, respectively (Table 3). Similar titratable acidity values have been reported for fermented
dairy beverage with added mango and cerrado fruit pulps [23,41]. The titratable acidity and pH
values in matasano, urraco, and sincuya beverageare characteristic of stable fermented products. A
14-day stability study of a caja-mango pulp (Spondias dulcis) flavored milk drink reported pH ranges
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between 4.13 and 4.31, with an acidity close to 0.80% lactic acid [42]. pH and titratable acidity are
properties that influence the stability of fermented products.

A concordance between pH and titratable acidity was evident, as expected in all beverage. The
decrease in pH corresponded with an increase in titratable acidity. The increase in acidity is due to
the constant production of lactic acid, as lactic bacteria consume sugars in the environment,
producing more lactic acid, which increases the concentration of H+, thereby lowering pH [40]. This
decrease in pH creates an optimal environment for lactic bacteria to thrive, given their preference for
acidic conditions [36]. Table 3 also presents the total count of colony-forming units (CFU) of lactic
acid bacteria cultures (Lactobacillus delbrueckii sp., Lactobacillus bulgaricus, and Streptococcus
thermophilus) after 9 hours of fermentation of the beverages, showing significant differences in CFU
counts. The highest CFU counts were found in urraco, sincuya, and matasano beverage, with values
0f 10.9, 10.4, and 9.7 Logi CFU/mL, respectively. These values are higher than those reported in other
studies, where initial counts close to 8 and 9 Logio CFU/mL were observed for fermented dairy
beverage made with cagaita, tamarind, umbu, aragd boi, pineapple, papaya, and orange fruits [1,41,43].
Figueiredo et al., (2019), using cagaita, tamarind, and umbu to make fermented beverage, reported
initial counts greater than 8.2 Logio CFU/mL, noting a decrease in lactic bacteria throughout a 21-day
storage period. The initial CFU counts in probiotic beverage are crucial for their functionality. Islam
et al., (2021), demonstrated in feasibility studies of probiotic cells during in vitro gastrointestinal
digestion that about 15% of the probiotic cell population is lost due to the effect of gastric juices in
the stomach.

For probiotic fermented beverages a minimum number of live cells is recommended 6-8 Loguo
CFU/mL [44,45]. The CFU counts of lactic acid bacteria in urraco, sincuya, and matasano beverage in
our study exceed 6 Logio CFU/mL, suggesting clear probiotic potential. The strains Lactobacillus
delbrueckii sp., Lactobacillus bulgaricus, and Streptococcus thermophilus are known for their probiotic
activity [46,47] and are associated with protecting the digestive system from harmful microorganisms,
improving digestion, nutrient assimilation, intestinal function, and providing other health benefits
[2], in addition, it improves the bioaccessibility, bioavailability, and bioactivity of the bioactive
compounds present in foods [48]. The consumption of probiotics also contributes to regulating
neuropsychological functions of the central nervous system, with the bidirectional gut-brain
connection being influenced by intestinal microflora [36]. For example, a recent study suggests that
probiotic consumption may release certain compounds capable of reducing corticosterone levels in
the blood, potentially influencing neuropsychological functions and alleviating symptoms of
depression and other mental disorders [49]. Therefore, the high counts of probiotic bacteria in urraco,
sincuya, and matasano beverages, meeting the minimum values required for probiotic products
[43,45], suggest that these products are beneficial for promoting health benefits in consumers.

3.4. Sensory Characteristics of Beverages

Figure 1 shows the averages of the sensory parameters of the beverages, Sincuya, urraco, and
jaboticaba did not present significant differences among them for the characteristics of color, aroma,
flavor, and general acceptability, and were considered acceptable to consumers.
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Figure 1. Sensory parameters of underutilized fruit fermented beverages.

On the other hand, the matasano beverage showed significant differences compared to the other
beverages, obtaining the lowest average (7.9) for general acceptability. To determine the beverage
with the greatest acceptability, the acceptability index (AI) was calculated [15,24], as shown in Figure
2. For the formulations of fermented beverage evaluated for sensory characteristics, the sincuya
beverage obtained Al values of 78%, 71%, 70%, and 71% for color, aroma, flavor, and general
acceptability, respectively. These values are within the acceptable range, as an Al of over 70% is
considered acceptable for sensory qualities [24]. These results are similar to those obtained in other
studies where beverage made with fruit pulps of mango, pineapple, guava, mangaba, and whey
reported Al values ranging between 72% and 98% [12,13,15,23]. In contrast, the matasano beverage
obtained lower Al values of 59%, 58%, 49%, and 53% for color, aroma, flavor, and general appearance,
respectively. Considering that the formulations of the beverage in this study differ only in the type
of pulp used, the sensory acceptability of fermented beverage is associated with the sensory
characteristics of each fruit pulp; however, more evidence is needed to confirm this hypothesis.
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Figure 2. Acceptability index of sensory characteristics of underutilized fruit fermented beverages.

From a food technology perspective, the vitamins, minerals, and other bioactive compounds
found in fruit pulp support the growth of probiotics, along with the nutrients present in whey and
milk. The use of fruit pulp from sincuya, urraco, and jaboticaba in the production of fermented dairy
beverage is feasible because they have probiotic potential that could help protect the digestive system
from harmful microorganisms and improve digestion and intestinal function. They also provide
significant nutritional value, including vitamins A and C, and minerals such as potassium and
magnesium, which stimulate the immune system, promote growth and normal development, and
support the proper functioning of cells and organs. Additionally, these beverages are sensory
acceptable for their attributes of color, aroma, flavor, and general acceptability, indicating that their
consumption has a positive effect on the health of consumers.

4. Conclusions

It is possible to formulate functional dairy drinks with sincuya and urraco, as they have
acceptable physicochemical, probiotic, and sensory characteristics. The fermented drinks with
sincuya pulp were highlighted, showing the highest acceptability and high biological value due to
its content of vitamin A, potassium, and CFU count of probiotic culture. On the other hand, the use
of tropical fruit pulp and whey in the formulation of beverages represents an alternative to mitigate
the environmental pollution generated by the dairy industry. In this way, dairy fermented drinks
with underutilized tropical fruits can represent an option not only to encourage the consumption of
native local fruits but also as an opportunity for agribusiness to contribute to reducing malnutrition
and hunger in the tropics, since they are easily accessible, rich in bioactive compounds, and have
enormous nutritional value.
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