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Abstract
Fruit juices have shown promising results as new probiotic carriers. This study aimed to evaluate acerola, jelly palm, and 
passion fruit juices as substrates for fermentation using Lactiplantibacillus plantarum CCMA 0743 and Lacticaseibacillus 
paracasei LBC-81 in single and mixed cultures. First, the juices were evaluated as substrate and selected based on bacterial 
growth performance during fermentation. Afterward, the impact of fermentation on sugars, organic acids, and bioactive 
compounds was also appraised. Phytochemical modification of three different juices fermented by lactic acid bacteria at 
37 °C/24 h was evaluated. After 18 h of fermentation, passion fruit juice showed higher cell viable counts of single and 
mixed L. plantarum CCMA 0743 culture, above 9.00 Log CFU/mL, and pH between 4.07 and 4.10. Sugars consumption 
and organic acid production were influenced by juice composition and culture used. The mixed culture reduced the total 
sugars in the passion fruit juice by approximately 53.0% (8.51 g/L). Lactic acid was the main product of the sugars fermen-
tation, with higher concentrations detected in passion fruit juice (8.39–11.23 g/L). Bioactive compounds were analyzed on 
the selected substrate. The fermentative process reduced antioxidant activity and carotenoid content. However, single L. 
plantarum CCMA 0743 culture increased the yellow flavonoid content of passion fruit juice by approximately 3.0 µg/mL. 
L. plantarum CCMA 0743 showed high and suitable cell, viable counts, to claimed probiotic products, increasing bioactive 
compounds in passion fruit juice. Therefore, this strain and passion fruit substrate showed attractive potential to produce 
alternative and functional fermented fruit beverages.

Keywords  Chemical composition · Fermented beverages · Functional food · Lactobacillus · Principal component analysis · 
Probiotic

Introduction

Fermented beverages have become known for their func-
tional attributes in many regions of the world. The popu-
larity of these fermented foods increased because of their 
nutritional quality and remarkable health benefits associated 
with probiotic microorganisms [1]. Traditionally, fermented 
milk has been considered the best carrier for probiotic bac-
teria. However, an increasing number of people allergic to 
milk proteins, lactose intolerant, or who have adopted a 
strictly vegetarian diet cannot consume dairy products [2]. 
For this reason, nondairy matrices, including fruit juices, 
have become an alternative to innovate and develop new 
probiotic fermented beverages [3, 4].

Nowadays, fruit juices have been reported as appropri-
ate substrates for lactobacilli cultures. Potential beneficial 
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effects of fruit juices added with probiotics are reported in 
the literature [4] and the effects of the fruit bioactive com-
pounds on human wellness [5]. Many studies have reported 
that commercial and non-commercial LAB species may 
show high viability in vegetable fermentation [6–8]. On 
the other hand, some researchers have observed viable 
cell counts reduction after fruit juice fermentation [9, 10]. 
Although juices contain essential nutrients (minerals, vita-
mins, dietary fibers, antioxidants), some parameters such 
as acidity, antinutrients presence, processing, and others 
can limit LAB survival in juices [11]. Thereby, strain and 
substrate choices become essential criteria for fermentation 
success since microbial metabolism depends entirely on the 
interaction of these intrinsic and extrinsic parameters. Fer-
mented foods are also significantly influenced by the single 
or mixed fermentation of LAB or fruit‐based substrate [12, 
13]. Hashemi and Jafarpour [6] noted that viable cell levels 
were higher in mixed cultures than in single cultures in ber-
gamot juice fermentation. Furthermore, mixed fermentation 
by LAB increased bioactive compounds of cherry silver-
berry fruit [14].

The fermentation modifies the composition of the food 
by microbial metabolism and can improve several health 
benefits [15]. For example, lactic acid bacteria (LAB), espe-
cially Lactiplantibacillus plantarum (former Lactobacillus 
plantarum) species, have been related to increasing bioactive 
compounds, such as anthocyanin, phenolic, flavonoid, and 
antioxidant activity, of mulberry [16], Momordica charantia 
[17], and orange juices [18]. This species is generally used 
in the fermentation of plant-based matrices due to its more 
adaptable metabolism to these substrates [6, 19]. Nonethe-
less, growth potential and bioconversion capacity are strain-
specific characteristics [20], and exposure to environmental 
stresses results in changed gene expression in LAB and 
induces shifts in the production of metabolites [21]. There-
fore, changes in the nutritional and phytochemical composi-
tions depend highly on the matrix, the LAB strain, and the 
fermentation conditions [1].

Tropical fruits have increased recognition of their nutri-
tional and functional values. Researches have demonstrated 
that passion fruit, acerola, and jelly palm fruits show inter-
esting nutritional properties as relevant sources of bioactive 
compounds [22–24]. Among these exciting properties, ace-
rola displays a considerable amount of vitamin C [23], jelly 
palm contains high antioxidant capacities [25], and passion 
fruit has great total phenolic content [26].

The indigenous L. plantarum CCMA 0743 strain has 
demonstrated proper growth over the fermentation of non-
dairy beverages [27]. Additionally, this strain showed inter-
esting in vitro probiotic properties, including reducing path-
ogen colonization in human epithelial cells [28]. Because 
the fermentation process is dependent on the substrate and 
the starter culture and considering the consumers’ demand 

for attractive and alternative probiotic beverages, this work 
aimed to evaluate acerola, jelly palm, and passion fruit juices 
as substrates for fermentation using potential probiotic Lac-
tiplantibacillus plantarum CCMA 0743 and commercial 
probiotic Lacticaseibacillus paracasei subsp. paracasei 
LBC-81 in single and mixed cultures. First, the juices were 
evaluated as substrate and selected based on bacterial growth 
performance during fermentation. Afterward, the effect of 
the fermentation of sugars and the production of organic 
acids and bioactive compounds were also evaluated.

Materials and methods

Fruit juices preparation

The passion fruit (Passiflora edulis), acerola (Malpighia 
emarginata), and jelly palm (Butia capitata) pulps were 
obtained from Cooperativa Grande Sertão (Montes Claros, 
Minas Gerais, Brazil). The juices were prepared by dilut-
ing frozen pulp in potable water (1:5) as recommended by 
the manufacturer. After adjusting the pH to 5.6 with a 3 M 
NaOH sterile solution, the juices were pasteurized at 80 °C 
for 5 min and then cooled at 37 °C.

Microorganisms and inoculum preparation

The strains L. plantarum CCMA 0743 (from the Culture 
Collection of Agricultural Microbiology) and L. paracasei 
subsp. paracasei LBC-81 (Danisco-DuPont, USA) were 
used in this study. The L. plantarum CCMA 0743 strain 
was used due to its probiotic potential evaluated previously 
[28]. Inoculums were prepared by transferring the culture 
stored at − 80 °C of L. plantarum CCMA 0743 and L. para-
casei LBC-81 to MRS broth. Strains were twice subcultured 
statically at 37 °C to obtain an active cell population culture 
of 8.0 Log CFU/mL and used as starter cultures in the juice 
fermentations.

Fermentations

The bacterial cultures were washed with sterile phosphate 
buffer saline (PBS) and re-suspended in sterile deionized 
water. Fermentations were performed in Erlenmeyer flasks 
(250 mL) containing 150 mL of prepared juices inoculated 
with 1% (v/v) (~ 6.0 Log CFU/mL) of L. plantarum CCMA 
0743, L. paracasei LBC-81, and L. plantarum CCMA 
0743 + L. paracasei LBC-81 (1:1). The samples were stati-
cally fermented for 24 h at 37 °C. Finally, viable cells and 
pH were evaluated at every 6 h of fermentation. The fruit 
juice and the fermentation time, which showed lower pH and 
higher viable cell counts, were selected for further analysis. 
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The fermentations were performed with 3 independent 
repetitions.

LAB analysis and pH determination

LAB analysis, growth media, and incubation conditions 
were performed according to Szutowska et al. [29], with 
some modifications. Serial dilutions of fermented juices 
were performed using sterile peptone water (0.1% w/v), and 
aliquots of appropriate dilutions were plated in duplicate by 
the spread plate method. Total viable cell counts of the LAB 
strains were enumerated on MRS (Kasvi, Italy) agar at 37 °C 
for 48 h under aerobic conditions. Results were expressed 
as Log CFU/mL.

The juices pH was determined by direct measurement in 
a Digimed DM-22 potentiometer.

Sugars and organic acids determination

Organic acids (lactic, citric, malic, succinic, acetic, and 
butyric acid) and sugars (glucose, fructose, and sucrose) 
analyses of juices at time 0 and after 18 h fermentation were 
performed as described by Freire et al. [7], with modifica-
tions. A Shimadzu Liquid Chromatography System (Shi-
madzu Corp., Japan), equipped with a dual detection sys-
tem consisting of a UV–Vis detector (SPD 10Ai) (for acids) 
and a refractive index detector (RID 10Ai) (for sugars), was 
used. Organic acids were determined using a Shimadzu ion 
exclusion column, Shim-pack SCR-101H (300 mm × 7.9 mm 
i.d., 10 μm) at an operating temperature of 50 °C, using an 
aqueous solution of perchloric acid as mobile phase. Sug-
ars were analyzed using a Shimadzu ion exclusion column, 
Shim-pack SCR-101C (300 mm × 7.9 mm i.d., 10 μm) at 
an operating temperature of 80 °C, using water as mobile 
phase. The acids and sugars were identified by comparison 
with retention times of authentic standards. The quantifi-
cation was performed using calibration curves constructed 
with standard compounds. All samples were analyzed in 
triplicate.

Total phenolic and antioxidant activity 
determination

The extracts were obtained according to the method 
described by De Souza et al. [30], with slight modifica-
tions. Briefly, 5 mL of the samples were added in centrifuge 
tubes and extracted sequentially with 10 mL of methanol/
water (50:50, v/v) at room temperature (25 °C) for 1 h. The 
tubes were centrifuged at 5,240 × g at room temperature for 
10 min, and the supernatants were recovered. Then, 10 mL 
of acetone/water (70:30, v/v) was added to the pellet at 
room temperature. The samples were extracted for 1 h and 
centrifuged again under the same conditions as before. The 

methanol and acetone extracts were used for the determina-
tion of antioxidant activity and phenolic content as follows.

Total phenolic content determination

Total phenolic content was determined by the Fast Blue 
(FB) method described by Medina [31], with some modi-
fications. Sample (2 mL) was homogenized by vortex with 
0.2 mL of 0.1% (w/v) Fast Blue BB reagent and 0.2 mL 5% 
(w/v) NaOH for 1 min. The reaction was completed at room 
temperature for 90 min, and the absorbance was measured 
spectrophotometrically (UV–VIS SP-2000UV spectropho-
tometer) at 420 nm. A calibration curve was prepared using a 
gallic acid solution (20–200 µg/mL). Results were expressed 
as µg of gallic acid equivalent per mL of sample (µg GAE/
mL).

Phosphomolybdenum complex method (PCM)

Antioxidant activity was determined by the PCM according 
to the modified methodology described by Prieto et al. [32]. 
An aliquot of 0.1 mL of the sample solution was placed 
in tubes and mixed with 3 mL of reagent solution (1.8 M 
sulfuric acid, 28 mM sodium phosphate, and 4 mM ammo-
nium molybdate). The tubes were capped and incubated in 
a water bath at 95 °C for 90 min. Then, the samples were 
cooled down to room temperature, and the absorbance of 
the green phosphomolybdenum complex was measured at 
695 nm. A mixture containing methanol 50% and acetone 
70% (1:1) was used as a blank. The quantification was based 
on a standard curve of ascorbic acid (1.95 to 500 µg), and 
the results were expressed in mg ascorbic acid equivalents 
(AAEs) per mL of sample.

ABTS assay

The antioxidant activity was determined using the ABTS 
(2,20-azinobis-3-ethylbenzothiazoline-6-sulfonate) assay 
according to the method of Re et al. [33] with minor modifi-
cations. The ABTS radical cation (ABTS+) was generated by 
the reaction of 5 mL of aqueous ABTS solution (7 mM) with 
88 µL of 140 mM (2.45 mM final concentration) potassium 
persulfate. The mixture was kept in the dark for 16 h before 
use and then diluted with ethanol to obtain an absorbance of 
0.7 ± 0.05 units at 734 nm using a spectrophotometer. The 
juice extracts (30 µL) or a reference substance (Trolox) was 
allowed to react with 3 mL of the resulting blue-green ABTS 
radical solution in the dark. The decrease in absorbance at 
734 nm was measured after 6 min. The quantification was 
based on a standard curve of Trolox (0.1 to 2 mM), and the 
results were expressed as micromoles of Trolox equivalents 
(TEs) per milliliter of the sample (µmol of TE/mL).
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Total carotenoids content determination

The extraction of total carotenoids was carried out accord-
ing to Carbonell-Capella et al. [34], with slight modifi-
cations. Sample (2 mL) was homogenized with 5 mL of 
extracting solvent (hexane/acetone/ethanol, 50:25:25, v/v/v) 
and centrifuged at 4,520 × g for 5 min at 4 °C. The top layer 
of hexane containing the color was recovered and trans-
ferred to a 25 mL volumetric flask. The volume of recovered 
was then adjusted to 25 mL with hexane. The total carot-
enoid determination was carried out on an aliquot of the 
hexane extract by measuring the absorbance at 450 nm. The 
extinction coefficient used was of β-carotene, E1% = 2505.

Anthocyanins and yellow flavonoids determination

Anthocyanins and yellow flavonoids determination was 
carried out as described by Francis [35], with modifica-
tions. Briefly, 2.5 mL of each juice sample was suspended 
in 20 mL of extraction solution (ethanol 95%: 1.5 N HCl 
— 85:15 v/v). Samples were homogenized for 1 min and 
then transferred to a 50 mL volumetric flask. The volume 
was complete to 50 mL with the same extraction solution 
and incubated for 16 h under refrigeration (7 °C) in the 
dark. After this period, the extracts were filtered, and the 
absorbances at 535 nm (anthocyanins) and 374 nm (yellow 
flavonoids) were measured. The anthocyanins and yellow 
flavonoids content was calculated using Eq. 1 and absorp-
tion coefficients of 98.2 and 76.6 (mol/cm), respectively.

where ABS is the absorbance reading of the sample and 
�
1%
1 cm,374

 is the absorption coefficient.

Determination of ascorbic acid content

The ascorbic acid content was determined using the iodine 
titration method modified from Suntornsuk et al. [36]. One 
milliliter of juice was transferred into a 125 mL conical 
flask and diluted with 4 mL distilled water. Then, 5 mL of 
2 N sulfuric acid was added, mixed with 2 mL of 1% starch 
as an indicator. The solution was directly titrated with a 
0.001 N standardized iodine solution. A blank titration 
was performed before the titration of each sample. Each 
milliliter of 0.001 N iodine was equivalent to 88.06 µg of 
ascorbic acid.

Statistical analysis

All the treatments and assays were carried out thrice, and 
the results were presented as mean ± standard error. The 

(1)Yellow flavonoids content (�g∕mL) =
(ABS × dilution factors) × 104

(sample volume × �
1%
1 cm,374

)

analysis of variance (ANOVA) was performed to compare 
all variables, and the Tukey test was used to calculate sig-
nificant differences at p < 0.05. Principal component analy-
sis (PCA) was applied to the data set through multivari-
ate exploratory techniques. It was chosen to include just 
enough k components to explain at least 80% of the total 
variance. The analyses were performed using Statistica 
software version 10.0 (Statsoft, USA).

Results

LAB growth and acidification

In general, L. plantarum CCMA 0743 and L. paracasei 
LBC-81 strains, in the single and mixed assays, showed 
high total viable cell counts during fermentation in the three 
evaluated fruit juices (Fig. 1). However, single and mixed 
cultures containing the potentially probiotic strain L. plan-
tarum CCMA 0743 showed faster growth, as demonstrated 
by increasing around 2 Log CFU/mL at 6 h of fermentation. 
At the same time, the commercial probiotic strain in single 
culture reached the desired counts above 8 Log CFU/mL 
only in the jelly palm juice. After 12 h of the fermentative 
process in all evaluated juices, no significant increase in cell 
counts was observed for all cultures. The highest viable cell 
counts (8.95–9.11 Log CFU/mL) were observed from 12 h 
of fermentation in the passion fruit juice inoculated by single 
L. plantarum CCMA 0743 and mixed cultures.

A decrease in pH was observed in all juices and assays 
(Fig. 1). The most significant reductions occurred between 
6 and 12 h of fermentation. By comparing the juices, the pH 
reduction in the jelly palm juice fermentation reached values 
close to 4.9, while in the other two evaluated juices, the pH 
values were below 4.3 for all strains. Between the strains, the 
single and mixed L. plantarum CCMA 0743 strain showed a 
higher pH decrease (p < 0.05) than the L. paracasei LBC-81 
strain in all evaluated juices.

According to the obtained results (Fig. 1), the fermen-
tation time of 18 h was able to maintain an adequate via-
ble cell concentration for the probiotic purpose (above 9 
Log CFU/mL), and the pH was reduced to a value around 
4.0, which is considered enough to avoid spoilage and 
to ensure microbiological stability. After 18 h of fer-
mentation, the viable cell counts were not significantly 
improved (p > 0.05). Thus, this fermentation time was 
considered for chemical evaluations.

Sugars and organic acids metabolism

The sugar composition of the fruit juices is shown in 
Fig. 2A. The passion fruit and jelly palm juices contained, 
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respectively, the highest (16.13  g/L) and the lowest 
(1.49 g/L) amount of fermentable sugars. Acerola juice 
showed 6.48 g/L of total sugars.

Figure 2B shows sugar metabolism by the strains in the 
three evaluated juices. As observed, in acerola and jelly palm 
juices, the strains exhibited higher glucose and fructose con-
sumption than sucrose hydrolysis. Although there was lower 
sucrose hydrolysis than monosaccharides consumption in 

jelly palm juice, this sugar was not detected after 18 h of fer-
mentation. In contrast, in the passion fruit juice, the strain L. 
plantarum CCMA 0743 in single and mixed showed higher 
(p < 0.05) sucrose hydrolysis than the monosaccharides con-
sumption (Fig. 2B). In this juice, when fermented by a single 
L. plantarum CCMA 0743 or by mixed cultures, there was 
a reduction of approximately 39.0% (4.5 g/L) of the total 
sucrose content.

Fig. 1   Variations in growth and pH during 24  h of fermentation at 
37  °C of acerola, jelly palm, and passion fruit juices fermented by 
LAB strains. Asterisks indicate greater viable cell counts, regard-
less of the substrate used and fermentation time. Bars represent the 
standard error of triplicate measurements of three independent assays. 

L. plantarum CCMA 0743 monoculture (◊); L. paracasei LBC-81 
monoculture (□); L. plantarum CCMA 0743 and L. paracasei LBC-
81 binary inoculation (●). The standard errors ranged from 0.01 to 
0.29 and from 0.01 to 0.04, respectively, for viability and pH

Fig. 2   Sugars content (g/L) of unfermented juices (A) and sugars 
consumption (g/L) in fermented juices (B). Bars indicate standard 
error of sugar content of unfermented juices and sugars consumption 
in juices fermented with single and mixed cultures of L. plantarum 

CCMA 0743 and L. paracasei LBC-81 after 18  h of fermentation. 
The same lowercase letters are not significantly different between 
treatments within the same study juice at p > 0.05. sucrose (■); glu-
cose (■); fructose (□)
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In contrast, glucose and fructose total consumptions in 
passion fruit juices were approximately 4.0 g/L (86.0% of 
the total monosaccharides). Regarding passion fruit juice, 
it seems that the sucrose hydrolysis rate was faster than the 
rate of monosaccharides consumption. However, the initial 
concentration of this sugar was higher than the monosac-
charides (Fig. 2A). Thus, sugar metabolism is affected by the 
levels of these sugars in the fermentation medium.

The organic acids in the three different juice fermenta-
tions were evaluated before and after 18 h of fermentation 
and are shown in Table 1. Lactic acid was the most abundant 
organic acid produced after fermentation and was detected 
in all fermented juices, ranging from 2.36 to 11.23 g/L. In 
acerola juice, the lower lactic acid content (5.26 g/L) was 
produced by strain L. paracasei LBC-81 in a single culture, 
while this strain was responsible for the higher production 
of this organic acid in jelly palm juice (3.36 g/L). Citric acid 
decreased significantly (p < 0.05) after fermentation in jelly 
palm juice for all evaluated strains, which may be related to 
the low consumption of fermentable sugars in this juice. On 
the other hand, malic acid was not detected after fermen-
tation in all juices. Succinic acid decreased in all fermen-
tations, except in acerola juice fermented by L. paracasei 
LBC-81. According to the obtained results, it seems that 
succinic acid catabolism was higher for the L. plantarum 
CCMA 0743 strain in single or mixed cultivation than for 
single L. paracasei LBC-81. In the single culture, acetic acid 
was produced in jelly palm juice fermentation and acerola 
juice fermented by L. paracasei LBC-81, with concentra-
tions ranging from 0.23 to 1.12 g/L. Butyric acid was not 
detected in the acerola juice at any evaluated time of the 

fermentation process. However, this organic acid was con-
sumed in passion fruit juice, while in jelly palm juice, this 
acid was produced by the three evaluated starter cultures.

Based on the high viable cell counts, pH reduction to 
value around 4.0, sugars consumption, and organic acid pro-
duction, the passion fruit juice fermented by L. plantarum 
CCMA 0743 strain in single and mixed cultures was selected 
for further analysis.

Bioactive compounds

Antioxidant activity and bioactive compounds were evalu-
ated and are shown in Table 2. As observed, passion fruit 
juice’s antioxidant activity and carotenoid levels were 
reduced (p < 0.05) after fermentation. The highest anti-
oxidant activity decrease (around 40%) was obtained by 
the mixed culture evaluated by ABTS and PCM methods 
(Table 2). A reduction (p < 0.05) of about 30% in carot-
enoid concentrations (3.7 to 2.6 µg/mL) was also observed 
for single and mixed cultures. On the other hand, the pas-
sion fruit juice fermented by L. plantarum CCMA 0743 
strain increased yellow flavonoid content (74.15 µg/mL 
versus 71.26 µg/mL) demonstrates that LAB activity can 
enhance this phytochemical concentration in passion fruit 
juice. There was no difference (p > 0.05) in the evaluated 
unfermented and fermented juices’ total phenolic and 
anthocyanin contents. Furthermore, even after the pas-
teurization and fermentation processes, there was no sig-
nificant modification (p > 0.05) in the ascorbic acid levels, 
which showed 67.51 µg/mL and 74.85 µg/mL for single 
and mixed cultures, respectively.

Table 1   Changes in organic acid of the fermented juices by lactic acid bacteria cultures

Means ± standard error in the same column for each juice, followed by different lowercase letters, indicate statistically significant differences at 
p ≤ 0.05, according to Tukey test (n = 3). 0743, L. plantarum CCMA 0743 monoculture; 81, L. paracasei LBC-81 monoculture; Mix, L. plan-
tarum CCMA 0743 and L. paracasei LBC-81 binary inoculation
ND, not detected

Juice Fermentation time Strain Organic acid (g/L)

Lactic acid Citric acid Malic acid Succinic acid Acetic acid Butyric acid

Acerola Before fermentation (0 h) NDc 0.17 ± 0.01a 0.66 ± 0.03a 0.46 ± 0.03a NDb NDa

After fermentation (18 h) 0743 7.49 ± 0.19a 0.15 ± 0.03a NDb 0.03 ± 0.01b NDb NDa

81 5.26 ± 0.46b NDa NDb 0.37 ± 0.03a 0.23 ± 0.03a NDa

Mix 7.76 ± 0.13a 0.13 ± 0.01a NDb 0.03 ± 0.01b NDb NDa

Jelly palm Before fermentation (0 h) NDc 2.99 ± 0.11a 2.16 ± 0.03a 6.30 ± 0.02a NDd NDb

After fermentation (18 h) 0743 2.72 ± 0.17b 1.26 ± 0.17b NDb 0.78 ± 0.01c 0.35 ± 0.01c 0.27 ± 0.01a

81 3.36 ± 0.03a 0.71 ± 0.01bc NDb 3.97 ± 0.02b 1.12 ± 0.01a 0.26 ± 0.01a

Mix 2.36 ± 0.02b 0.57 ± 0.04c NDb 0.85 ± 0.03c 0.94 ± 0.01b 0.27 ± 0.01a

Passion fruit Before fermentation (0 h) 0.06 ± 0.02b 33.60 ± 0.88a 0.60 ± 0.02a 0.27 ± 0.01a NDa 0.45 ± 0.06a

After fermentation (18 h) 0743 9.67 ± 1.32a 27.73 ± 3.88a NDb NDb NDa NDb

81 8.39 ± 0.26a 32.98 ± 0.52a NDb NDb NDa NDb

Mix 11.23 ± 0.06a 30.99 ± 0.16a NDb NDb NDa NDb
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Principal component analysis

The PCA was obtained using data from unfermented and 
fermented passion fruit juices’ sugars, organic acids, and 
bioactive compounds data. The first three components had 
eigenvalues greater than 1, indicating that they should be 
interpreted (Kaiser criterion). The first principal component 
(PC1) explained 70.47% of the variability contained in the 
original variables, whereas the second (PC2) and third (PC3) 
principal components explained 12.38 and 7.87%, respec-
tively, counting 90.72% of the total variability (Fig. 3). 

However, as the total variability of PC1 and PC2 was greater 
than 80%, PC3 was disregarded.

Hence, attributes that showed absolute loading values 
(> 0.700) of each feature were considered significant. In 
PC1, carotenoid, sugars, succinic, butyric, and malic acids, 
followed by ascorbic acid’s antioxidant activity, ascorbic 
acid, were positively correlated with unfermented treatment, 
while lactic acid was negatively affected correlated. This 
result can be observed in Fig. 3, where fermented juices 
were on the negative side, and unfermented juice was on the 
positive side of PC1. On the other hand, the juice fermented 
by L. plantarum CCMA 0743 was positively correlated with 

Table 2   Antioxidant activity (ABTS and PCM), total phenolic, anthocyanin, yellow flavonoid, carotenoid, and ascorbic acid contents of unfer-
mented and fermented passion fruit juices

Means ± standard error in the same column followed by different lowercase letters indicate statistically significant differences at p ≤ 0.05, accord-
ing to the Tukey test (n = 3)
ABTS, 2,2-azinobis-3-ethylbenzothiazoline-6-sulfonate; PCM, phosphomolybdenum complex method; TE, trolox equivalent; AAE, ascorbic acid 
equivalent; GAE, gallic acid equivalent. 0743, L. plantarum CCMA 0743 monoculture; Mix, L. plantarum CCMA 0743 and L. paracasei LBC-
81 binary inoculation

Treatment Antioxidant activity Total phenolic 
(µg of GAE/
mL)

Anthocyanin 
(µg/mL)

Yellow flavonoid 
(µg/mL)

Carotenoid (µg/
mL)

Ascorbic acid 
(µg/mL)

ABTS (µmol of 
TE/mL)

PCM (mg of 
AAE/mL)

Unfermented 
juice (Con-
trol)

8.99 ± 0.68a 25.78 ± 0.84a 662.91 ± 24.70a 1.98 ± 0.24a 71.26 ± 0.95b 3.74 ± 0.02a 86.59 ± 3.88a

0743 6.20 ± 0.67ab 19.76 ± 0.24b 720.48 ± 16.25a 1.25 ± 0.32a 74.15 ± 0.54a 2.61 ± 0.10b 67.51 ± 1.47a

Mix 5.10 ± 0.61b 15.67 ± 0.18c 620.89 ± 35.66a 1.25 ± 0.38a 71.61 ± 0.14ab 2.63 ± 0.10b 74.85 ± 6.73a

Fig. 3   Principal component 
analysis of sugars, organic 
acids, and bioactive compounds 
of unfermented and fermented 
passion fruit juices. Control, 
unfermented juice; 0743, pas-
sion fruit juice fermented by L. 
plantarum CCMA 0743; Mix, 
passion fruit juice fermented by 
L. plantarum CCMA 0743 and 
L. paracasei LBC-81; ABTS, 
2,2-azinobis-3-ethylbenzo-
thiazoline-6-sulfonate; PCM, 
phosphomolybdenum complex 
method
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yellow flavonoid and phenolic compounds in the positive 
side of PC2 and the negative side of PC1.

Discussion

In recent years, the use of fruit juices as substrates for Lac-
tobacillus and emended genera growth has been investi-
gated [6, 13, 37]. The present study obtained high viable 
cell counts (above 8 Log CFU/mL), effective doses usually 
indicated for probiotic purposes [38], for the three evalu-
ated functional cultures in the different fruit juices. How-
ever, there were differences in fermentation time to reach 
desired viable cells in the three evaluated fruit juices since 
they have different profiles of fermentable sugars (Fig. 2A). 
In addition to the chemical composition of juices, the nutri-
ents availability, the presence and generation of inhibitory 
compounds, and the strains’ ability to adapt to the stress 
condition imposed by the fruit juice may be related to the 
obtained variable fermentation parameters [13]. As a result 
of fermentation, pH reduction by organic acid production 
occurs due to the microbial metabolism of carbohydrates 
[39]. Thereby, pH value can be used as an indicator of the 
fermentation progress. The most significant decrease in pH 
values during fermentation was registered between 6 and 
12 h, reaching pH values close to 4.0 in acerola and passion 
fruit juices. The drop in the pH may be mainly related to 
lactic acid production, which reaches a concentration above 
5.0 g/L after 18 h of fermentation. This pH result is similar 
to those previously reported by Costa et al. [39] evaluating 
pineapple juice fermented by Lactobacillus casei NRRL 
B-442. In the present study, the highest viable cell counts 
and minimal pH values were achieved at 18 h of fermenta-
tion in passion fruit juice inoculated with single and mixed 
L. plantarum CCMA 0743 culture. In addition to fermen-
tative capacity in the juices, this strain has demonstrated 
probiotic properties [28], which may be an important option 
for food industry applications.

The carbohydrate metabolism of heterofermentative LAB 
occurs via the phosphoketolase pathway. However, most het-
erofermentative LAB grows poorly with glucose as the only 
carbon source. To increase the ATP yield of the pathway, 
heterofermentative LAB use as a strategy for the phospho-
rolytic cleavage of disaccharides and alternative electron 
acceptors to convert acetyl-phosphate into acetate instead of 
ethanol [40], which can be explained by the more significant 
sucrose hydrolysis observed in the present study. The three 
evaluated starter cultures showed the ability to metabolize 
sucrose, glucose, and fructose. However, the availability 
of carbohydrates in the different substrates strongly influ-
enced carbon source utilization by the microorganism, as 
reported by Ricci et al. [19]. In parallel, the greater capacity 

to reduce sucrose levels by the L. plantarum CCMA 0743 
strain in passion fruit juice (Fig. 1) makes it more advan-
tageous than the commercial culture L. paracasei LBC-81 
since the low-calorie food product market is in continuous 
increase. Moreover, this reduction is quite interesting from 
a nutritional perspective since the excessive consumption of 
this disaccharide is related to some metabolic diseases [41].

Lactic acid bacteria metabolize carbon sources via 
fermentation, leading to the formation or degradation of 
organic acids [21]. Among the various LAB, L. plantarum 
and L. paracasei species are facultative heterofermentative 
lactobacilli groups [42], producing lactic acid and others 
as final products. Nevertheless, lactic acid is the primary 
fermentation final product reported in other studies [8, 19]. 
Malic acid can be converted into lactic acid by malolactic 
fermentation and is associated with strain adaptation to the 
acid environment [19]. L. paracasei and L. plantarum spe-
cies may utilize citric acid to form acetic acid and lactic 
acid under the catalysis of citrate lyase [21]. The increase in 
acetic acid and citric acid in acerola juice inoculated with 
L. paracasei LBC-81 (Table 1) may be related to the action 
of citrate lyase. Normally, lactobacilli metabolize succinate 
from citrate via the reductive tricarboxylic acid (TCA) path-
way. Contrarily, succinic acid was almost totally consumed 
in most samples (Table 1). Our results corroborate with Lee 
et al. [43], and the data likely indicated that acidic conditions 
are inhibitory to one or more enzyme(s) that would lead to 
succinate production through the oxidative TCA cycle [44]. 
Conversion from lactate to butyrate is associated with low 
energy supply or when bacteria use some prebiotic energy 
sources [45]. However, butyric acid can be used as a precur-
sor to aromatic compounds [46]. In the present study, strains 
produced and consumed butyric acid depending on the sub-
strate, as observed, respectively, in jelly palm and passion 
fruit juices (Table 1). These findings suggest that fruit sub-
strate composition influences microbial metabolism. Other 
studies using different substrates and single or mixed LAB 
strains as starter cultures also described variable organic 
acid profiles during fermentation [6, 14]. The higher avail-
ability of fermentable sugars associated with some organic 
acids makes the passion fruit juice an interesting substrate 
for LAB fermentation.

Bioactive compounds are phytochemicals secondary 
metabolites synthesized by plants with functional properties 
and are responsible for fruits’ color, flavor, and odor [15]. 
Therefore, the balanced consumption of fruit juices offers 
properties that promote good health and reduce the risk of 
disease [5]. LAB is recognized by its ability to produce 
hydrolytic enzymes, increasing phytochemical concentration 
[16]. However, antioxidant activity and carotenoid content 
decreased after passion fruit juice fermentation (Table 2). 
This reduction can probably be attributed to the pasteuriza-
tion process (a process not carried out in unfermented juice) 
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since heat treatment is related to the degradation of antioxi-
dant compounds [47].

On the other hand, the production of approximately 
3.00 µg/mL of yellow flavonoids by a single L. plantarum 
CCMA 0743 culture was observed. It is known that flavo-
noids possess several important biological activities, such 
as antioxidant properties, anti-inflammatory, antiulcer, anti-
viral, anti-cancer, anti-diabetic, and cytotoxic effects [48]. 
There are several studies of bioactive compounds in LAB-
fermented fruit juices, with no predictable trend of change. 
According to Ogrodowczyk and Drabińska [1], the varia-
tions are associated with the analysis of different fermenta-
tion media, cultures, process conditions, and assays used to 
measure bioactive compounds.

Conclusions

In single or mixed cultures, the L. plantarum CCMA 0743 
and L. paracasei LBC-81 strains could grow in high con-
centrations (above 8.0 Log CFU/mL) on all substrates evalu-
ated; however, the population was obtained at different times 
of fermentation. Furthermore, the different fermentation 
showed different profiles of sugars and acid metabolisms. 
The passion fruit showed high sugars source among the 
juices, and consequently, higher viable cell counts and low 
pH value after 18 h of fermentation. Moreover, fermenta-
tion using L. plantarum CCMA 0743 as the starter culture 
impacted the flavonoid content and consumed exceptional 
levels of sugars in passion fruit juice. Therefore, L. plan-
tarum CCMA 0743 was suitable to produce fermented pas-
sion fruit beverages. Hence, applying single or mixed LAB 
strains in passion fruit juice results from a beverage with 
proper bioactive and chemical properties, and it can be used 
as an alternative to dairy products. However, it is still neces-
sary to assess the impacts of fermentation on the product’s 
shelf life and changes in volatile aromatic compounds and 
sensory profiles.
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