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ABSTRACT

The study developed and analyzed fermented juices and probiotics from guava, mango, and passion fruit, with the goal of offering
affordable options for consumers with lactose intolerance or milk allergy. Lacticaseibacillus rhamnosus ATCC 7469 was used as
a probiotic microorganism and kinetic studies of microbial growth were performed during fermentation of clarified juices. Methods
to measure absorbance, cell viability, pH, lactic acid, glucose, and fructose concentration were applied to monitor the fermentation
process. Fruit pulp was diluted at 50% v/v and clarified with agar at 1g/L, varying the size of the inoculum (5%, 7.5% and 10%
v/v). The results showed that all fermented juices reached acceptable concentrations of viable microorganisms (8 log), with pH
reduction throughout fermentation, especially in clarified juices. Regarding glucose and fructose intake, unclarified mango juices
with 5% inoculum had higher glucose intake, while clarified guava juices stood out in fructose intake. It was concluded that clarified
juices fermented with L. rhamnosus ATCC 7469 have potential as probiotic products, and the size of the inoculum influences the
quality and efficiency of fermentation, contributing to the production of inclusive and affordable probiotic beverages.
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1 INTRODUCTION

The consumption of functional foods is on the rise due to health awareness, reflected by the global market of 183,22 billion USD
in 2023. In Brazil, ANVISA recognizes "functional foods", highlighting their potential to improve health. Probiotics are the most
widely consumed dietary supplements globally, and the search for new raw materials to deliver them is an area of interest. The
market is growing in alternative probiotic products due to the demand for non-dairy options, as underscored by studies -2,
Probiotics, classified in 2002% as "health-beneficial live microorganisms,” including genera such as Lactaseibacillus,
Bifidobacterium, and Saccharomyces, have been associated with improvements in immunity and potentially in the treatment of
several diseases, as highlighted by recent studies’.

The genus Lacticaseibacillus is composed of lactic acid-producing bacteria, found in substrates such as decomposing vegetables
and dairy products®, playing a crucial role in the production of fermented and preserved foods, and the species L. rhamnosus is
recognized for its versatility and benefits to gastrointestinal health 4 5. 6),

There is a growing interest in non-thermal techniques, such as juice clarification with enzymes such as pectinases, which reduce
turbidity and improve sensory quality. These enzymes, derived from microorganisms, are low-cost, renewable and effective in the
juice industry, while clarifying agents based on polysaccharides, such as agar-agar and xanthan gum, have also been effective in
reducing turbidity and improving the antioxidant properties of juices (¢:7:9),

The objective of this study was to produce probiotic juices using fruit pulps that are widely accepted by Brazilian consumers like
guava, mango, and passion fruit, which were fermented by L. rhamnosus ATCC 7469, varying the size of the inoculum. The
research investigated microbial viability, pH, biomass, glucose, fructose, and lactic acid concentrations to investigate the
fermentation process and to ensure high-quality products and food safety.

2 MATERIAL & METHODS

Lacticaseibacillus rhamnosus ATCC 7469 used in this work, was maintained in 10% glycerol (v/v), at -20 °C, according to the
methodology proposed by Chang and Liew °. Mango pulp (Mangifera indica L.), yellow passion fruit (Passiflora edulis) and paloma
guava (Psidium guajava L.) were stored at -20°C (FE 22, Eletrolux). The clarification was based on the method proposed which
uses agar-agar (1g/L)’. Then, pasteurization was performed in a water bath (TE-084, Pyrotec) for 35 minutes at 67 = 2 °C, with
subsequent cooling in an ice bath®.

The microorganism was reactivated and 5%, 7.5% or 10% v/v inoculum were transferred to 125 mL Erlenmeyer flasks, containing
the culture medium (clarified and unclarified juices). After the inoculum was added, the total volume was 50 mL. The flasks were
placed in an oven (SP-101/216, LABOR) at 37°C for fermentation, during 12 hours. Absorbance was used to determine the
maximum specific growth rate (umax) in the clarified juices, during the development of the inoculum.



A pH meter (P62000, Gehaka) was used to determine the pH. Cell viability, expressed in Colony Forming Units per Milliliter
(CFU/mL), was determined after spread plate plating in MRS agar medium*°. The samples were incubated in an incubator (SP-
101/216, LABOR) at 37°C for 48 hours for subsequent CFU counting.

The biomass of the fermented clarified juices was determined using the dry weight methodology and the results were expressed
as AX, in g/L. The determination of lactic acid, glucose and fructose during fermentation was performed through high-performance
liguid chromatography®

3 RESULTS & DISCUSSION

It was observed that the increase in absorbance in fermentation with the 5 % v/v inoculum was more pronounced in the first 3
hours in the clarified guava juice, which was confirmed with the value of the maximum specific growth velocity, pmax. The 10% v/v
inoculum showed the highest absorbances, as in the studies (101112 However, in relation to the value of the maximum specific
growth velocity, umax, the 7.5% v/v inoculum presented the best fit 0.9973 (R2) when compared to the 5% v/v (0.9963) and 10%
v/v (0.9606) inoculum. The results come from the interference of the medium used, since the availability of nutrients and acidity
of the passion fruit juice medium was favorable for the adaptation of the microorganism and consequently the speed of its growth.
In the comparison of the results of the three juices, based on the maximum cell growth speeds, the 5% v/v inoculum stood out as
effective in terms of growth speed for guava and passion fruit juices.

Figure 1. Values of the maximum specific growth velocity,

umax Of clarified guava, mango and passion fruit juices with different percentages of the inoculum (5% v/v, 7.5% v/v and 10% v/v).
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In guava juice, the 10% v/v inoculum showed a mean higher than 8 log (CFU/mL) after 12 hours. All fermentations showed an
average above 7 log (CFU/mL) after 12 hours. The clarified mango juice showed all averages above 8 log (CFU/mL) for all
inoculums after 12 hours of fermentation when compared to the clarified guava and passion fruit juices. Regarding microbial
biomass, an increase (AX) was observed for all inoculum concentrations. Evident growths were obtained in the fermentations of
mango and guava juices in all inoculums used. In passion fruit juice, similarities were observed in the biomass produced in relation
to the different inoculums (5% v/v, 7.5% v/v and 10% v/v). For the passion fruit juice samples, the 5% v/v inoculum resulted in a
biomass of 0.5 g/L (AX) after 12 hours of fermentation, as well as in the mango juice. In the clarified guava and mango juices, the
5% and 7% v/v inoculum resulted in a higher amount of biomass in 12 hours, with the exception of the clarified passion fruit juice,
where the 7.5% and 10% v/v inoculum presented a more expressive amount of biomass.

The pH drop was observed in all juices, but in the mango juice with 5% v/v inoculum it was more significant, while the guava and
mango juices showed pronounced reductions in the final pH in relation to the passion fruit juice. Regarding glucose and fructose
intake, mango showed better consumption of unclarified juices (95.3% and 92.5%, respectively), while guava stood out in clarified
juices (75.7% glucose and 98.6% fructose), suggesting that clarification may increase carbohydrate intake. The reduction of pH
during fermentation, especially in clarified juices, indicated high acidification in these media, associated with the consumption of
glucose and fructose, favoring the growth of fermentative microorganisms. The type of juice and the degree of clarification
influenced glucose and fructose intake, with variable results for the 10% v/v inoculum, depending on the type of juice.

In the clarified juices of passion fruit, mango and guava, there was an increase in the concentration of lactic acid with the increase
of the inoculum, with the inoculum of 10% v/v resulting in the highest concentrations: 3.00 g/L for passion fruit, 1.83 g/L for mango
and 1.28 g/L for guava (Figure 2). The unclarified juices showed even higher concentrations, such as 4.0 g/L for passion fruit with
10% v/v inoculum, indicating that clarification reduces lactic acid production. Additionally, clarified juices tend to maintain a more
stable pH over time, suggesting less acidification due to the removal of solids during clarification.



Both types of juice, however, showed a reduction in pH over time, indicating the possibility of lactic acid production in both cases.
Regarding lactic acid production and pH variation, unclarified juices can be considered more viable in terms of efficiency in lactic
acid production, generally presenting higher concentrations of this compound, which can be advantageous in applications that
demand high concentrations of lactic acid (Figure 2). On the other hand, clarified juices may be preferable in terms of stability and
quality, as they tend to maintain a more stable pH over time, providing a base for products that seek this characteristic.

Figure 2. Comparative graphs of lactic acid production (g/L) in clarified and unclarified juices using different inoculum sizes (5% v/v, 7.5% viv

and 10% v/v).
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4 CONCLUSION

The study emphasized the importance of precise inoculum choice for different fruit juices, due to variations in cell viability, biomass
production, carbohydrate intake, pH, and lactic acid. All juices and inoculum tested showed satisfactory cell viability after 12 hours
of fermentation, but there was variation in biomass production, especially among the different inoculums and juices. Carbohydrate
consumption correlated with microbial growth, with notable variations, especially in passion fruit juice. pH and lactic acid analyses
throughout the process emphasized the need for an individualized selection of the appropriate inoculum, as it was not possible to
determine an ideal inoculum for all the juices evaluated. The 5% v/v inoculum has been shown to be effective in some cases, but
its suitability may vary, highlighting the importance of considering the particularities of each juice and the objectives of
fermentation.
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