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Abstract: Due to recent interest in the potential of probiotics as health promoters and the impact of
health and environmental concerns on eating habits, non-dairy probiotic food products are required.
This study aimed to evaluate the viability of different probiotic microorganisms in peach and grape
juice (PGJ) with or without the prebiotic inulin and their antimicrobial activity against the foodborne
pathogen Listeria monocytogenes and the juice spoilage microorganism Saccharomyces cerevisiae. Firstly,
the viability of seven probiotic strains was studied in PGJ with an initial concentration of 107 CFU/mL
for 21 days at 4 °C and for 3 days at 37 °C. In parallel, the physicochemical effect, the antimicrobial
effect and the lactic acid production in PGJ were evaluated. Secondly, the probiotic with the best
viability results was selected to study its antimicrobial effect against L. monocytogenes and S. cerevisiae,
as well as ethanol and acetaldehyde production by the latter. L. casei showed the highest viability
and grew in both refrigerated and fermentation conditions (1 log), produced the greatest lactic acid
(5.12 g/L) and demonstrated in vitro anti-Listeria activity. Although the addition of the prebiotic did
not improve the viability, lactic acid production or anti-Listeria activity of the probiotics, under the
conditions studied, the prebiotic potential of inulin, support the design of a synbiotic juice. Finally,
although none of the probiotic, fermentation products, or postbiotics showed any antimicrobial
activity against L. monocytogenes or S. cerevisiae, the addition of L. casei to the PGJ significantly reduced
the production of S. cerevisiae metabolite ethanol (29%) and acetaldehyde (50%). L. casei might be a
suitable probiotic to deliver a safe and functional PG]J, although further research should be carried
out to determine the effect of the probiotic and fermentation on the nutritional profile of PG]J.
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1. Introduction

Today’s lifestyle changes are shifting eating patterns towards plant-based diets. This
shift is driven not only by the well-known health benefits but also by the lower environ-
mental footprint of these diets. In addition, the growing demand for healthier, nutrient-rich
and functional foods and the demonstrated impact of diet on the risk of various disorders
have focused the current dietary pattern on the consumption of health-enhancing foods [1].

In addition, compared to the well-established functional ingredients such as vitamins
and minerals, pro- and prebiotics have been intensively studied in the last decade, due to
their potential beneficial effects associated with the maintenance of an adequate microbiota
balance and subsequent health promotion [2]. The Panel of the International Scientific
Association for Probiotics and Prebiotics (ISAPP) [3] defined probiotics as “live microor-
ganisms that, when administered in adequate amounts, confer a health benefit on the host”.
Lactic acid bacteria (LAB) are commonly used as probiotics, and of these, Lactobacillus
and Bifidobacterium genera are mainly associated with spontaneous food fermentation and
health benefits [4]. Nevertheless, the increasing demand of ready-to-eat food and the fact
that vegetative forms, such as LAB species, are susceptible to processing conditions like
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heat treatments, more suitable species that present spore forms, such as Bacillus, are being
studied [5].

Current knowledge associates the beneficial potential of probiotics with an increased
presence of these microorganisms to the detriment of potential pathogenic bacteria in the
gut. It has been demonstrated that it is possible to temporarily alter the composition of the
gut microbiota of healthy individuals in favor of the above-mentioned bacterial species,
after ingestion of some probiotic-containing foods [6]. Although it is not clear whether
the alteration of the microbiota is a cause or a consequence of a physiopathology, it is
scientifically reported that a balanced microbiota is of great importance for proper health
maintenance [2]. Several strains of Lactobacillus and Bifidobacteria have been applied as
supplements for the treatment of diarrhea (e.g., Lactobacillus acidophilus LB) [2,7] and in food
products for the promotion of intestinal health and disease prevention (e.g., Lactobacillus
acidophilus 1L-92, L. casei) [8]. Probiotics are not only recognized due to their beneficial
gastrointestinal effects but also because of their ability to modulate the immune response.
Indeed, several positive effects have been reported in acute rotavirus diarrhea or atopic
dermatitis, after the intake of Lactobacillus rhamnosus GG [9] and a mixture of Bifidobacterium
animalis subsp. lactis CECT 8145, Bifidobacterium longum CECT 7347 and Lacticaseibacillus
casei CECT 9104 [10,11], respectively. Not only LAB but also Bacillus present some health
potential, related to the prevention of pathologies in the gastrointestinal tract [12,13] and
respiratory conditions [14].

But the benefits of probiotics may go beyond promoting human health; their antimi-
crobial potential may be an exploitable aspect in the food industry. In fact, the increase in
the number of foodborne disease outbreaks could be explained by the growing demand
for prepared and minimally processed foods, which require a longer shelf life and are
particularly vulnerable to contamination with foodborne pathogens [15]. Therefore, the
development of new methods for efficient and low-cost preservation without the use of
chemical additives, while maintaining taste, texture, sensory and nutritional properties is
of considerable interest [16]. Thus, one of the alternatives being explored is biopreservation,
either using microorganisms or their metabolites [17]. Protective cultures can potentially
control the contamination and spread of undesirable microorganisms by occupying the
same niche as them (competing for space and nutrients) and/or by producing antimicrobial
substances. Specifically, probiotics are able to prevent pathogens from attaching enterocytes
and activate an immune response against pathogens [18]. Lactic acid bacteria can be used
as bioprotective cultures [19]. Another method of biopreservation is the application of
metabolites produced by the cultures, including antimicrobial peptides such as bacteri-
ocins [20,21]. Bacillus coagulans along with LAB and their bacteriocins have been reported
to present an antimicrobial effect [22-24].

The antimicrobial effect of probiotics has already been reported against several food-
borne pathogens, such as L. monocytogenes in different food matrices [25]. Previous work
has demonstrated that several Lactobacillus strains might present the potential to inhibit
L. monocytogenes when applied in food, such as fruit [26,27]. However, the most common
contamination in food, particularly in beverages, is related to spoilage microorganisms
that deliver metabolites with unpleasant characteristics. Saccharomyces spp. is one of
the most frequent spoilage microorganisms found, typically, in sweet beverages. It takes
advantage of the sugar compounds present in the matrix to survive and, as a result, releases
unpalatable compounds into the food matrix. Although BAL are not usually applied to
prevent or inhibit contamination from S. cerevisiae, or another spoilage microorganism,
antifungal activity has been described for Bacillus isolates [28].

The most common method to provide probiotic microorganisms is through fermenta-
tion. Fermentation is the oldest method of food preservation and, typically, is generated
spontaneously in plant material, resulting in changes in the nutritional, physicochemical
and sensory profile of the food product [29]. The microorganisms involved in the fer-
mentation process are mainly LAB, and dairy products are the most consumed fermented
products. Scientific research has attributed this to fermented food health properties, such
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as prevention cardiovascular and immune-related diseases. Some of the functional com-
pounds produced in this process are lactic, acetic and propionic acids, vitamins (B12) and
essential amino acids [29,30].

In order to provide probiotics, it is also possible to add them in a food matrix, but
without fermentation (“probiotication’) [31]. In this regard, probiotic microorganisms
are usually found in both fermented and non-fermented dairy products; nevertheless,
increasing lactose intolerance prevalence and alternative food patterns, such as veganism,
along with the health concern related to diet, non-dairy products, such as fruits, vegetables,
cereals, etc., are being explored as suitable carriers of probiotics [32].

Fruit juices are obtained from the edible parts of fruit. Due to their nutrient-rich
composition, fruit juices are susceptible to fermentation but not typically fermented [33].
Moreover, fruit juices are a great source of antioxidants, vitamins, minerals, bioactive
compounds and are mostly accepted and appealing for most of the population, and they
are considered to be good carriers of probiotic microorganisms. Several studies have already
described the benefits, not only after the incorporation of probiotics but also through a
fermentation process, in fruit juices [34]. However, it is also reported that the low pH and
high concentration of organic acids present in most fruit juices negatively affect the viability
of probiotics [35].

Not only are probiotics interesting for health promotion, but prebiotics also play an
important role as elementary components of healthy dietary patterns. Prebiotics are di-
etary substrates that can be used by beneficial microorganisms (probiotics) placed in the
gastrointestinal tract [36]. These compounds can potentially promote microbiota balance
by enhancing beneficial bacteria and decreasing, consequently, pathogenic bacteria. Some
beneficial aspects derived from the consumption of prebiotics are related not only to the
promotion of probiotic microorganisms but also to the ones typically related to fiber, to
which prebiotics generally belong. Fructooligosaccharides (FOS) are described as prebi-
otics, due to their action in stimulating the growth of beneficial Bifidobacteria in the gut
and their positive impact on human health by reducing the total cholesterol and serum
lipids and preventing constipation, among other benefits [37]. Inulin is a biodegradable
fructoligosaccharyde, mainly extracted from crops such as roots and tubers, among others.
Inulin consists mainly of a 3-d-fructan unit linked (2 — 1) with a glucopyranose unit at
the reducing end. This special structure of inulin prevents it from being degraded by any
digestive enzyme, and consequently, it reaches the small intestine, where it is available, as
a nutrient, for beneficial microorganisms. Inulin has been widely used not only in food
industries as a substitute of sucrose and now as a prebiotic but also in other sectors such as
animal feed, biofuel and water purification [38].

Considering the new dietary guidelines, the latest concerns related to human and en-
vironmental health and the beneficial effects of probiotic microorganisms, it would appear
essential to investigate the potential of non-dairy food matrices in order to deliver probiotics.

Thus, the objective of this work was to explore the viability of seven probiotic species,
their antimicrobial activity and their impact on physicochemical quality in peach and grape
juice, with and without prebiotic, during refrigeration and fermentation. In addition, the
antimicrobial potential of the selected probiotics was extensively studied.

2. Materials and Methods
2.1. Material
2.1.1. Juice

Commercial pasteurized peach and grape juice (PG]J), obtained from ecologically
produced fresh fruits (50% of each) with no sugar added and additive free (Cal Valls,
Vilanova de Bellpuig, Lleida, Spain) was used.

2.1.2. Prebiotic

The effect of the addition of the prebiotic inulin (2%) was investigated. Sweet inulin
(Soc Chef, SLU, Tarrega, Lleida, Spain) was added to PG]J.
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2.1.3. Microorganisms

Six of the probiotics used in this study belong to Lactobacillus genera. Lactobacillus rham-
nosus GG (ATCC 53103, LRGG) (from Ashtown Food research Centre; Teagasc; Ashtown,
Dublin, Ireland); L. rhamnosus SP1 (SP1), Lyofast SYNBIO 100 (SYNBIO), which consisted
of a mixture of L. rhamnosus IMC 501 and Lactobacillus paracasei IMC 502; Lactobacillus
acidophillus LA3 (LA3); and Lactobacillus reuteri LR91 (LR91) were provided by Sacco System
(Italy), and Lacticaseibacillus casei CECT 9104 (formerly Lactobacillus casei, LC) was isolated
from the commercially available capsule Dermaveel Pro (Heel Espafia, Madrid, Spain).
One thermoresistant bacteria Bacillus coagulans 04 (BC04), which was obtained from Sacco
System, was assessed also as a probiotic.

A cocktail of 5 Listeria monocytogenes strains were used in the antimicrobial tests:
serovar la (CECT-4031), serovar 3a (CECT-933), serovar 4d (CECT-940), serovar 4b (CECT-
4032) and serovar 1/2a (Lm_230/3), which was previously isolated in our laboratory from
a fresh-cut lettuce sample [39]. The yeast Saccharomyces cerevisiane WDCMO00058 was used as
model of a spoilage microorganism.

2.2. Methodology
2.2.1. Microorganisms Preparation

The experimental design is carefully explained in Figure 1. The probiotic strains
L. rhamnosus GG (LRGG) and L. casei (LC) were grown in de Man, Rogosa and Sharpe
(MRS, Biokar Diagnostics, Beauvais, France) broth for 20-24 h at 37 &= 1 °C. The other five
probiotic microorganisms, which were provided freeze-dried, were added directly in the
PG]J to obtain an initial concentration of 107 CFU/mL of juice.

* Viability and physicochemical effect of 7 probiotic bacteria at 5°C (LRGG, SP1,
SYN. LA-3, LR92, BC04 and LC)

* Viability, physicochemical effect and lactic acid production of 7 probiotic bacteria at
37 °C (LGG. SP1,SYN, LA-3. LR92, BC04 and LC)

* In vitro antimicrobial activity of 4 preselected probiotic against L. monocytogenes
(LGG. SYN. BC04 and LC)

* Antibacterial activity of LRGG and LC against L. monocytogenes in PGJ

* Antibacterial activity of LC, fermentation products and postbiotics against L.
monocytogenes in PGJI

Interation between L. casei. fermentation products, postbiotic activity and S.
cerevisiaee population and ethanol and acetaldehid production in PGJI

Figure 1. Experimental design. Lactobacillus rhamnosus GG (LRGG), L. rhamnosus SP1 (SP1), SYNBIO
100 (SYNBIO), which consisted of a mixture of L. rhamnosus IMC 501 and Lactobacillus paracasei IMC
502, Lactobacillus acidophillus LA3 (LA3), Lactobacillus reuteri LR91 (LR91), Lactobacillus casei CECT 9104
(LC), Bacillus coagulans 04 (BC04), peach and grape juice (PGJ) and peach and grape juice with 2% of
inulin (PGJI).

L. monocytogenes strains were grown individually in tryptone soy broth (TSB, Biokar
Diagnostics, Beauvais, France) supplemented with 6 g/L of yeast extract (TSBYE, Biokar
Diagnostics, Beauvais, France) for 2024 h at 37 £ 1 °C.



Foods 2024, 13, 350

50f23

The yeast S. cerevisiaze was grown on Yeast extract peptone dextrose (YPD, Biokar
Diagnostics, Beauvais, France) broth (5 g/L yeast extract, 10.0 g/L peptone and 20.0 g/L
glucose) at 25 + 1 °C for 48 += 4 h.

Yeast and bacterial cells were obtained by centrifugation at 9800 g, 10 min at 10 °C.
The broth was decanted, and the cells were resuspended in saline solution (SS; 8.5 g/L
NaCl). In the anti-Listeria tests, equal volumes of the five L. monocytogenes concentrated
suspensions for each strain were mixed.

Population in concentrated suspensions of each microorganism were checked by
plating appropriate dilutions onto MRS agar (for acid-lactic probiotic bacteria) and tryptone
soy agar (TSA, Biokar Diagnostics, Beauvais, France) for B. coagulans 04, PALCAM agar
(PALCAM Agar Base with selective supplement, Biokar) for L. monocytogenes and onto YPD
agar for S. cerevisine. MRS and PALCAM plates were incubated at 37 = 1 °C for 24 and 48 h
for probiotic bacteria and L. monocytogenes, respectively, and the YPD for S. cerevisiae plates
were incubated at 25 £+ 1 °C for 48 h.

2.2.2. Survival of the Probiotics in PG Juice at Refrigeration (5 °C) and 37 °C, Fermentation
Capability and Effect on the Physicochemical Properties

Probiotic strains (LRGG, SP1, SYN, LA3, LR91, BC04 and LC) were inoculated in the
PGJ (with or without 2% inulin) from the concentrated suspensions, prepared as indicated
above, to obtain 107 CFU/mL. Afterwards, PGJ was stored at 5 °C. After inoculation and
after 3, 7, 14 and 21 days of storage, the population of the studied probiotic was determined
by serial decimal dilutions followed by plating on MRS medium for LAB. BC04 was plated
in TSA medium and incubated at 37 °C for 48 h in high CO, concentration (6.0 £ 0.5%).
Plates were counted and results expressed as log CFU/mL. To study the capability of the
probiotic strains studied to grow and/or ferment the juice, inoculated PGJ were incubated
at 37 °C. Initially and after 24, 48 and 72 h, populations were determined as indicated
for 5 °C.

On each sampling day, pH, total soluble solids (TSS) and titratable acidity (TA) were
determined in triplicate. pH was determined in a pH-meter model GLP22 (Crison In-
struments SA, Barcelona, Spain). TA was measured by titration of 10 mL of juice with
10 mL of distilled water with 0.1 M NaOH until pH 8.2 was reached, and results were
indicated as g malic acid/L. TSS was measured with a refractometer (Atago Co., Ltd.,
Tokyo, Japan), and the results were expressed as °Brix. In PGJ juices incubated at 37 °C,
D-lactic and L-lactic acid production were also determined in presence and in absence of
inulin using the Enzymatic kit from Biosystem (Barcelona, Spain) (ref. 12801 and 12802,
respectively) [40]. Briefly, after the clarification, 10 pL of the juices were placed with D- and
L-lactic dehydrogenase and NAD+ (25 mmol/L) in a multiwell plate and the absorbance
was collected at 340 nm, in FLUOstar Omega spectrophotometer (BMG Labtech, Ortenberg,
Germany). The analysis was carried out in triplicate, and results were expressed in g total
lactic acid /L.

2.2.3. Antimicrobial Activity of Selected Probiotics against L. monocytogenes In Vitro

The disk diffusion test was performed to test in vitro antimicrobial activity of the four
probiotic microorganisms selected (LC, LRGG, SYNBIO and BC04) against five strains of
L. monocytogenes following the methodology described by Nicolau-Lapenia et al. [41]. Plates
were prepared with a thin layer of TSB. Semi-solid TSBYE agar tubes (5 mL) were pre-
pared and kept at 4-5 °C. Tubes were inoculated with 50 pL of the L. monocytogenes strain,
previously grown on TSBYE for 24 h at 37 °C. The inoculated semi-solid medium was
transferred to the TSB plates, spreading the microorganism over it. After the solidification,
9 paper disks (6 mm diameter) were laid into the plates. Then, 5 pL of the probiotic microor-
ganisms (107 CFU/mL) were discharged on each disk. Distilled water and streptomycin
1 mg/mL were used as negative control (no inhibition) and as a positive control, respectively.
Plates were left in ambient conditions approximately for 1 h and subsequently incubated at
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37 °C for 22 &+ 2 h. The antimicrobial effect was reported by measuring the diameter (mm)
of inhibition halos or zones with no microbial growth.

2.2.4. Antimicrobial Activity of Selected Probiotics against L. monocytogenes in Juice

The antimicrobial efficacy of probiotic strains against L. monocytogenes was tested
in PGJ with and without 2% inulin. Probiotic concentrated solutions were produced
as described above. Four preselected probiotic microorganisms were assessed in this
experiment (LC, LRGG, SYN and BC04). Tested treatments corresponded to PGJ inoculated
with L. monocytogenes at 10° CFU/mL, PG]J inoculated with the preselected tested probiotic
strain at 10 CFU/mL and PGJ inoculated with both L. monocytogenes at 10° CFU/mL and
the tested probiotic strain (LC, GG, SYN or BC04) at 107 CFU/mL. Inoculated juices were
stored in refrigeration conditions (5 & 1 °C). For each treatment and sampling time, three
12 mL-screw-capped glass tubs were prepared.

Population of L. monocytogenes and the probiotic bacteria were determined after inocu-
lation and after 3, 6, 10 and 14 days of storage in triplicate samples. L. monocytogenes was
evaluated by plating 10-fold dilutions onto PALCAM agar followed by incubation at 37 °C
for 24-48 h. The probiotic bacteria were enumerated by plating 10-fold dilutions onto MRS
agar or TSA for LAB and BC04, respectively, followed by incubation at 37 °C for 40-48 h.
Results were expressed as log CFU/mL.

2.2.5. Antimicrobial Activity of LC Fermentation Products and Postbiotics against
L. monocytogenes in PGJ with Inulin
PGJ juice + 2% inulin (PGJI) was prepared and divided into two batches. One batch
was inoculated with 107 CFU/mL of LC and incubated at 37 °C for 48 h. Afterwards, half
of the fermented juice was pasteurized (80 °C, 10 min) in a water bath to kill vegetative
cells. A second batch of non-fermented juice was left as a control (no probiotic added).
Then, the two batches were inoculated with L. monocytogenes to achieve 10> CFU/mL.
The initial concentration of probiotic and L. monocytogenes were checked, and the juices
were maintained in refrigeration conditions (5 °C). Population of L. monocytogenes and
the probiotic bacteria were determined after inoculation and after 3, 6, 10 and 14 days of
storage in triplicate as indicated above.

2.2.6. Interaction between LC and S. cerevisiae and Its Fermentation Metabolites in PG]J
with Inulin

The same procedure, as described before, was carried out in order to prepare a PGJI
fermented with L. casei and PGJI fermented with L. casei and subsequently pasteurized. The
interaction between S. cerevisiae and L. casei and its postbiotics (in the pasteurized PGJI) was
monitored for 21 days. Beside microbial counts, in the PGJI inoculated with S. cerevisiae,
ethanol and acetaldehyde were determined as indicators of juice spoilage.

The contents of ethanol and acetaldehyde were determined according to the protocol
described by Echeverria et al. [42] At each sampling date, triplicate juice samples (5 mL)
were stored at —20 °C until their analysis. Samples were incubated in a water bath at 60 °C
and after 60 min, 1 mL samples of the headspace gas were taken with a syringe and injected
into an Agilent Technologies 6890 N gas chromatograph (GC) for the determination of
both the acetaldehyde and ethanol concentrations. The gas chromatograph was equipped
with a flame ionization detector (FID) and a column (2 m x 2 mm i.d.) containing 5%
Carbowax on 60/80 Carbopack (Supelco, Bellefonte, PA, USA). The temperature of the
injector, detector and oven were 180, 220 and 80 °C, respectively. Concentrations of ethanol
and acetaldehyde in the PGJI were calculated using ethanol and acetaldehyde calibration
curves prepared by measuring the headspace of Milli-Q water spiked with a known amount
of ethanol and acetaldehyde at increasing concentrations and are expressed as mg/L.

2.3. Statistical Analysis

Results are expressed by mean =+ standard deviation (SD) of 3 repetitions. All data
were checked for significant differences by applying analysis of variance test (ANOVA).
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The criterion for statistical significance was p < 0.05. When significant differences were
observed, Tukey’s Honest Significant Difference (HSD) of the means was applied. All
statistical analysis was carried out using JMP 13 (SAS Institute Inc., Cary, NC, USA).

3. Results
3.1. Survival of the Probiotics in PG Juice in Refrigeration (5 °C) Conditions and Effect on the
Physicochemical Properties

The population of the tested probiotics at 5 °C with and without the prebiotic in
peach and grape juice (PGJ) is shown in Table 1. Although every microorganism was
inoculated at 107 CFU/mL, only L. casei (LC), L. rhamnosus GG (LRGG) and B. coagulans
04 (BC04) counts remained stable throughout the 21-day period of refrigerated storage.
L. acidophilus (LA3), L. reuteri LR91 (LR91), L. rhamnosus SP1 (SP1) and SYNBIO populations
decreased significantly throughout storage, regardless of whether or not inulin was present.
LC showed the highest viability throughout all of the experiments, and no significant
differences in relation to the presence or absence of inulin were observed, from the seventh
day of sampling to the end of the experiment. LRGG and BC04 also presented a constant
population after 21 days of refrigerated storage, and none of them increased their counts
after the addition of inulin.

Table 1. Probiotic viability (log CFU/mL) in the PG juices with or without (&) inulin throughout
refrigerated storage time.

Time of Storage (5 °C), Days

Probiotic Prebiotic 0 3 7 15 21

LC Inulin 7.19 £0.07 ¢ 7.28 £ 0.08 bc 7.43 £+ 0.04 ab 7.37 £0.19 abc 754 £0.02a
@ Inulin 729 +£0.07 a 7.14 £0.03 a 7.32 +£0.09 a 733 +£0.02a 7.60 +=0.01a

Sp1 Inulin 6.40 £+ 0.06 a 5.11 +0.04b 2.51 +0.09 ¢ 1.92 +£0.03d 147 £0.07e*
@ Inulin 6.41 +0.04 a 5.14 £ 0.09b 2.51 +0.06 ¢ 2.00 £ 0.13d 1.84 £0.09d

SYN Inulin 6.31 £0.25a 6.11 £ 0.06 ab 5.95 £+ 0.08b 5.56 + 0.07 ¢ 5.45 4+ 0.05 ¢
O Inulin 622+0.11a 6.19 £0.01 a 6.03 £ 0.01b 5.64 + 0.02 ¢ 549 +0.05d

LR91 Inulin 6.83 = 0.07a* 6.25 +0.06 b * 5.96 & 0.03 b 458 +0.23c* 321 4+0.07d*
@ Inulin 6.47 £+ 0.06 a 6.37 £ 0.05a 6.35+0.52a 555+ 0.03b 5.02+0.28b

LA3 Inulin 6.37 = 0.00a* 542+ 0.16b* 5224+ 0.29b* 3.39+0.28c* 0.40+0.00d*
@ Inulin 6.34 £ 0.01a 6.21 £ 0.05a 595+ 0.32a 3.99 +0.13b 0.55+0.21c¢

LRGG Inulin 7.30 £ 0.06 a 725+0.11a* 722 +0.03a 7.22 £0.08 a 715+ 0.02b
O Inulin 723 £0.08 a 7.09+0.19a 7.26 +0.061 a 742 4+0.13a 717 £0.04 a

BCO4 Inulin 6.30 £0.25a 6.13+0.12a 6.15 £ 0.08 a 6.54 £ 0.05a 6.25+0.22a
@ Inulin 6.48 £ 0.03 a 6.04 £021b 6.05 £0.04 b 6.75+0.12a 659 +£02a

Values correspond to the mean of 3 replicates &+ standard deviation. For each probiotic and storage time,
* denotes significant differences between treatments (with and without inulin) and different lowercase letters
denote significant differences among days (p < 0.05).

To be effective, the viability of probiotics in food products is required to be between 10°
and 107 CFU/mL or g [43]. As can be seen in the current experiment, clearly, the probiotic
viability of formulated probiotic food is linked to the species and type of food matrix [43,44].
Some of the studied lactic acid bacteria strains, SP1, LR91 and LA3, decreased not only
significantly but also greatly after 21 days of refrigerated storage. Indeed, these three
Lactobacillus strains presented a lower count than the above-mentioned criteria for probiotic-
enriched food. The stability of L. acidophilus, and other LAB strains, has been reported to
be affected by different characteristics of the food matrix, such as nutritional composition,
water activity, pH, acidity, storage time and conditions (temperature, humidity, oxygen,
light...) [45].

In agreement with Min et al. [43], the storage time significantly affected the surviv-
ability of L. acidophilus. Indeed, among the seven studied microorganisms, LA3 was the
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most sensitive to the juice conditions, as the population decreased faster, and practically
no viable cells were found after 21 days of storage. Although Min et al. [43] found less
inhibition in the survival of this microorganism, the fruit matrix might be one of the factors
that interfered the most with the survival of this microorganism.

In contrast, SP1, SYNBIO, BC04, LRGG and, to a greater extent, LC reported an
optimal stability throughout the storage, with total counts higher than 107 CFU/mL in
the final product and at the end of the refrigeration time. LRGG stability in the PGJ is in
accordance with other studies that also reported its viability in other fruit matrices, such as
pineapple juice [46] and apple [26] stored under refrigerated conditions. L. casei was the
only microorganism that not only maintained its population throughout storage but also
was able to, slightly but significantly, increase it. The suitability of L. casei as a probiotic
microorganism in fruit matrices has already been studied successfully [47,48].

B. coagulans has also been successfully employed in the food industry. Indeed,
Kounray et al. [49] were able to develop a probiotic pasta, with a viable probiotic strain
after 6 months of storage, even after heat treatment. Even in fruit juices, the implementation
of B. coagulans has been effective [50].

Although no effect of the addition of inulin in the survival of the probiotics was
observed, other authors have reported that the viability of probiotics was enhanced by the
addition of inulin to almond milk [51] or oligofructose in clarified apple juice [49].

Physicochemical properties did not change drastically; neither after the addition of
probiotic or during the refrigerated storage (Table Al). However, the addition of inulin
increased the TSS content in one °Brix. At the beginning of the refrigerated storage period,
PGJ without inulin presented the following average physicochemical parameters, indepen-
dently of the probiotic microorganism used: 3.52, 16.0 °Brix and 4.91 g malic acid/L, for pH,
TSS and titratable acidity, respectively. At the beginning of the refrigerated storage period,
PGJ without inulin presented the following average physicochemical parameters, indepen-
dently of the probiotic microorganism used: 3.52, 16.0 °Brix and 4.91 g malic acid /L, for pH,
TSS and titratable acidity, respectively. After 21 days of storage at 5 °C, probiotic PGJ barely
changed for pH and TSS (3.53 and 16.0 °Brix). However, TA increased progressively with
the storage, reaching 5.18 g malic acid /L, also independently of the probiotic. When inulin
was added to the PGJ, the average initial values for the physicochemical properties were
3.40, 17.4 °Brix and 4.85 g malic acid /L for the pH, TSS and TA, respectively. After storage,
values were similar in the content of TSS and significantly different for the pH and TA (3.53
and 5.17 g malic acid /L, respectively). No effect related to the probiotic was shown. This
could be attributed to the fact that the probiotics studied did not grow in the juice under
refrigerated conditions. Pimentel et al. [52] evaluated the effect of the supplementation
of a clarified apple juice with the probiotic L. paracasei with and without oligofructose on
the physiochemical characteristics during refrigerated storage (4 °C), describing that the
probiotic products presented higher acidity, in comparison with the control juice. Moreover,
the addition of oligofructose also increased the TSS content in apple juice.

3.2. Survival and Fermentation Capability of the Probiotics in PG Juice at 37 °C with or without
Inulin and Effect on the Physicochemical Quality

LC and SYNBIO population increased 1-log unit after 72 h of incubation at 37 °C
(Table 2). The population of LR91 and LRGG did not show significant differences between
day 0 and day 3. However, BC04, SP1 and LA3 population significantly decreased at the
end of the fermentation process. No significant differences in population were observed
when inulin was added.

Scientific evidence suggests that optimal temperatures would allow Lactobacillus bac-
teria to accelerate their metabolism and thus increase their population. Nevertheless, in
this experiment, LR91, LRGG, LA3, SP1 and BC04 did not show any increase in population,
but rather decreased after fermentation time. Several factors, such as the food matrix or
the strain used, could affect the survival and fermentation capacity of the probiotic. In
this regard, opposite to presented results, optimistic results related to the viability and
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growth of the L. acidophilus, in a clarified apple juice [52] and a fermented beetroot and
carrot juice [53], were reported. PGJ presents a pH of 4, which is lower than the initial pH
of both above-mentioned synbiotic products (over 5) and can explain the non-viability of
L. acidophilus found in PG]J.

Table 2. Probiotic viability (log CFU/mL) in the PG juices with or without (&) inulin throughout
fermentation time.

Time of Fermentation (37 °C), Days

Probiotic Prebiotic 0 1 2 3

LC Inulin 7.19 £0.07b 8.17 £ 0.05a 8.22 +0.09 a 838 +0.04a*
@ Inulin 7.29 £0.07 ¢ 8.12 £ 0.13b 8.10 £ 0.17 ab 826 +0.02a*

sp1 Inulin 6.40 + 0.06 a 3.09+0.00b 3.09 +0.00 b 379 +0.73b
@ Inulin 6.41 +£0.04 a 3.09 +0.00 b 3.09 +0.00 b 3.61 £1.09b

SYN Inulin 6.31 £0.25b 541 +0.05¢ 6.22 £0.03b 7.15+0.09 a
@ Inulin 622 +0.11b 5.48 +0.02 ¢ 6.19 +£0.13b 715+ 0.05a

LR91 Inulin 6.83 £0.07a* 7.02 +0.09 a 6.39 £0.10b 6.11£0.29b
@ Inulin 6.47 +£0.06 b 6.91 +£0.04 a 641 +0.04b 579 +£0.11c¢

LA3 Inulin 6.37 £0.00a* 3.05+0.00b 270+ 0.61b 0.70 £ 0.03 ¢ *
@ Inulin 6.34 +£0.01a 3.054+0.00b 2.324+097b 1.65+0.90b

LRGG Inulin 7.30 £ 0.06 ab 740 +£0.04ab* 756 £0.16a 729 +£0.09b *
@ Inulin 723 +£0.08 b 758+ 0.10a 7.37 £0.16 ¢ 7.56 £ 0.01 a

BCO4 Inulin 6.30+0.25a 5.61 +0.10 bc 5.85 + 0.10 ab 6.02 +£0.03¢c*
@ Inulin 6.48 +0.03 a 5.77 £0.17b 578 £0.00 b 5.55 4+ 0.09b

Values correspond to the mean of 3 replicates + standard deviation. For each probiotic and storage time, an
* denotes significant differences between treatments (with and without inulin) and different lowercase letters
denote significant differences between days (p < 0.05).

SYNBIO, LRGG and LC were able to maintain their population and even grow under
the fermentation conditions proposed. Indeed, LC was the only probiotic that was able
to increase their population during fermentation at 37 °C in 1-log unit, after 24 h of
fermentation. Likewise, Malik et al. [53], assessed the survival of L. casei in a fermented
beetroot and in carrot juice, finding an approximately 1-log increase in this microorganism
population after 24 h at 35 °C. Similar results, for this microorganism, were also obtained
in pineapple juice [54], clarified apple juice [55] and cantaloupe juice [48].

Since B. coagulans can be presented in spore form, it is described to be more resistant
to high temperatures [56]. Thus, stability in the B. coagulans population was expected.
Nevertheless, in PGJ, BC04’s population decreased slightly but significantly after 3 days.
Opposite results are described in the bibliography, reaching stability, or even growth, after
fermentation of cranberry seed fiber with B. coagulans [57].

Globally, the viability of none of the tested probiotics was not significantly influenced
by the addition of inulin to PGJ. Similarly, in a sea buckthorn and soymilk beverage [58],
the addition of inulin at 1 and 3% did not show a significant influence in the growth and
viability of L. casei ssp. paracasei.

In terms of viability results, the L. casei population not only remained stable during
21 days of refrigerated storage but also increased under fermentation conditions. Hence,
L. casei would be the most suitable probiotic for developing a functional PGJ.

Results of physicochemical characterization of the PGJ during incubation at 37 °C
are presented in Table 3. As has been seen before, TSS increased from 16.6 + 0.2 to
17.3 £ 0.3 °Brix due to the addition of inulin and, for some strains, significantly decreased
during incubation. Initial pH was in the range from 3.39 to 3.64 and decreased significantly
after 72 h, regardless of the presence of inulin in the PGJ fermented with LC, LR91 and LA3,
and increased in the case of LR92 and BC04. Initial TA, expressed as g of malic acid/L,
ranged from 5.85 to 6.10 and increased after 3 days of incubation to maximum values of
5.85-6.10 in the PGJ-containing LC.
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Table 3. Physicochemical parameters of the PGJ with or without (&) inulin, inoculated with the probiotic cultures and incubated at 37 °C.

Time of Fermentation (37 °C), Days

pH SST TA

Probiotic  Prebiotic 0 1 2 3 0 1 2 3 0 1 2 3
LC Inulin 344 +0.01b 340 £0.01c¢ 3.55+0.00 a 320 £0.03d 17.20 £ 0.00 a 17.23 £ 0.06 a 17.27 £ 0.06 a 16.70 £ 0.1b 5.03 £ 0.08 b 436 +0.11c 5.03 £0.06 b 585+ 0.15a
@ Inulin 343 +0.02b 342 +£0.02b 347 £0.02a 3.16 £ 0.01 ¢ 15.70 + 0.00 b 15.83 £ 0.06 a 15.64 + 0.06 b 15.10 + 0.00 ¢ 514 £0.15b 4.64 +0.09 c 5.15 £ 0.06 b 6.10 £ 0.09 a
sp1 Inulin 3.43 +0.03b 342 +£0.02b 3.55+0.01a 324 +0.02¢ 17.33 £ 0.06 b 17.40 + 0.00 ab 1757 +0.12a 16.77 + 0.06 ¢ 517 £0.13 a 4.78 £ 0.05b 4.77 £ 0.06 b 4.89 +0.12 ab
@ Inulin 354 +0.01a 3.46 £0.02b 351 +0.01a 325+ 0.01c¢ 16.13 + 0.06 a 15.93 + 0.06 b 16.13 + 0.06 a 15.370 + 0.12 ¢ 5.06 +0.23 a 4.88 +0.05a 482+0.10a 486+ 023a
SYN Inulin 3.61 £ 0.01 ab 3.58 +£0.03b 3.52+0.01c¢ 3.46 £0.00d 17.57 £ 0.06 a 1753 £ 0.12a 13.30 + 0.00 b 17.43 + 0.06 ab 475+0.1a 4.77 £ 0.06 a 434+025b 432+0.12b
@ Inulin 3.64 £0.02a 3.50 £0.07b 3.60 £0.03 a 3.62+£0.0la 16.13 £ 0.06 a 15.97 £ 0.12 ab 15.80 & 0.00 be 15.77 + 0.06 ¢ 477 £0.02a 475+ 0.05a 432 +£0.05b 428 +£0.13b
LR92 Inulin 3.39£0.01c¢ 3.50 £0.01b 3.65+0.02a 3.62 £0.03a 17.83 £ 0.06 a 17.23 £ 0.06 ¢ 1750 £ 0.1b 1753 £ 0.12b 473 +£0.02b 543 +0.17 a 542 +0.12a 5.36 £ 0.09 a
@ Inulin 3.39 +£0.01c¢ 3.52+0.02b 3.68 +£0.02a 3.54 +£0.02b 16.20 + 0.00 a 15.73 + 0.06 b 16.13 +0.06 a 15.73 +£ 0.06 b 4.80 +0.01b 543 +0.11a 544 +0.14 a 527 +£0.10a
LA-3 Inulin 351 +0.01a 3.50 £ 0.02 ab 347 £0.01b 3.39+0.02¢ 17.10 £ 0.00d 17.20 £+ 0.00 ¢ 17.57 £ 0.06 a 17.37 £ 0.06 b 452 +0.03a 4.74 £ 0.06 a 4.64 £0.09 a 4.65+024a
3 @ Inulin 3.58 £0.01a 3.50 £0.01b 3.54 £0.03a 3.43+0.01c¢ 1593 +£0.10 a 15.90 &+ 0.00 a 15.90 &+ 0.06 a 15.80 + 0.00 a 4.73 £ 0.08 a 4.588 +0.07 a 488 +0.14a 482 +0.11a
LRGG Inulin 3.59 £0.02b 3.66 £ 0.01a 3.61 £ 0.04 ab 3.51+0.00c 1740+ 0.10a 16.37 £ 0.12a 17.13 £ 0.06 a 16.33 + 0.06 a 484 +0.13a 4.30 £ 0.09 ¢ 485+ 0.16a 4.61 £0.06 b
@ Inulin 3.58 +£0.01b 3.68 £0.02a 3.55 £+ 0.01 be 3.54+0.02¢c 15.90 + 0.00 a 15.43 + 0.06 b 15.20 + 0.00 ¢ 15.33 £ 0.06 b 483 +0.17 a 426 +£0.09 ¢ 494+ 026a 4.46 +0.08 b
BCO4 Inulin 343 +0.01c¢ 3.73£0.05b 3.77 £0.01a 3.79 £0.02a 17.70 + 0.00 a 17.73 +0.06 a 17.80 +0.10 a 17.70 + 0.00 a 494 +0.06 a 469 +021a 497 +0.04a 4914+ 0.06 a
@ Inulin 3.46 £0.01c¢ 372+ 0.02b 3.72+£0.01b 3.80 £ 0.03 a 16.33 4 0.06 ab 16.40 + 0.00 a 16.17 + 0.06 ¢ 16.23 4+ 0.06 be 5.02 £ 0.04 ab 474 +£024b 5.14 £ 0.07 a 4.96 £ 0.03 ab

Values of total soluble solids (TSS, °Brix), titratable acidity (TA, g malic acid/L of juice) and pH correspond to the mean of 3 replicates + standard deviation. For the same parameter and
each probiotic, different lowercase letters denote significant differences between days (p < 0.05).
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Regarding lactic acid production, D- and L-lactic were determined. However, the main
isomer produced was L-lactic (>85%). Thus, results of total lactic acid (D-lactic+L-lactic)
are shown (Table 4). LC was the probiotic that produced the highest amount of lactic acid,
with approximately 3.3 g/L after 24 h and 4.60 to 5.12 after 72 h. LR91 and SYN produced
similar amounts of lactic acid (1.8-2.2 g/L). The other strains did not produce significant
amounts of lactic acid. Opposite to our findings, significant production of lactic acid was
found in date juice after fermentation with L. rhamnosus [59]. Although in order to increase
the production of lactic acid, typically a source of carbon is used, as reported by the above
references, no significant differences were found when the fermentation was carried out
with (4.60 = 0.17 g/L) or without inulin (5.12 £ 0.33 g/L).

Table 4. Lactic acid concentration (g total lactic acid/L) in PGJ with or without (&) inulin inoculated
with the probiotic strains and incubated at 37 °C.

Time at 37 °C, Days

Probiotic Prebiotic 0 1 2 3
L Inulin 0.11 4 0.01 ¢ 3314+010b  434+0.15a  460+0.17a
@ Inulin 0.10 4 0.01 d 331 4 0.09 ¢ 4194 006b  51240.33a
- Inulin 0.1140.02a 011+ 0.01a 012 4+ 0.01 a 0114 0.01 a
@ Inulin 0.11 4 0.01 a 0.10 4+ 0.01 a 0.13 4+ 0.02 a 0.10 4+ 0.01 a
o Inulin 012 4+ 0.01d 0.18 4 0.01 ¢ 0.8340.13b 178 £0.02a
SYNBIO @ Inulin 0.11 + 0.00d 0194001c  117+009b*  1.82+005a
LRO1 Inulin 0.12 4 0.01 ¢ 0.99 4 0.05b 1.88+007a  17240.23a
@ Inulin 0.11 + 0.00 ¢ 1.02+017b  198+0.14a  220+0.09a
LA Inulin 0.12 4 0.01 a 0.07 +0.02b 0.07 + 0.01 b 0.07 +0.02b
@ Inulin 0.11 4 0.00 a 0.07 + 0.01b 0.06 + 0.01b 0.06 +0.01b
LRGG Inulin 0.03 4 0.01 a 0.08 + 0.00 a 0.10 4 0.05 a 0.22 4 0.05 a
@ Inulin 0.04 4+ 0.01 a 0094001a  029+007a* 039400la*
BC04 Inulin 0.05+ 0.01b 0074+001a  0074+000ab  0.08+0.00b
@ Inulin 0054+001b  005+00lab  0.06+000ab  0.07 +0.01b

Values correspond to the mean of 3 replicates & standard deviation. For each probiotic and storage day,
an * denotes significant differences between treatments (with and without inulin). For each treatment, different
lowercase letters denote significant differences between days (p < 0.05).

Since BC04 does not belong to the acid-lactic genera, its fermentation did not produce
acid lactic, as described by Ohara et al. [60], who reported production of this acid only
under anaerobic conditions. However, lactic acid has been reported as the most common
metabolite produced by the genera Bacillus [5].

According to the results obtained, the production of lactic acid in the juices with LC
and SYN could be explained due to the fermentation process. In addition, LC and SYN were
the only probiotics tested in which an increase in the population was observed. pH is one of
the physicochemical properties that, along with TA, might be altered after the fermentation
process, due to the production of some compounds, mainly acids. In fermented food, lactic
acid results from the metabolism of the LAB. Therefore, the decrease in pH reported in
the present investigation, at the end of the fermentation process, could be attributed to the
production of lactic acid, among other fermentation products. Costa et al. [54] have also
reported a reduction in the pH when pineapple juice was fermented with L. casei. In the
selection of a viable fermentative probiotic in beetroot juice, Barath et al. [61] also found a
drop in pH when the beetroot juice was fermented using lactic acid bacteria.

There is not a specific legislation for fermented juices; however, sanitary specifications
establish that fermented milk and acidified milk products must have a titratable acidity of
not less than 0.5% expressed as lactic acid and a pH of not more than 4.4 [62]. In this regard,
the PGJ fermented with L. casei, SP1 and LA3 resulted in values of pH below 4.4 at the end
of the fermentation.

Considering the above results, on the one hand, during the refrigerated storage
period at 5 °C, SYNBIO, BC04, LRGG and LC survived, without significantly affecting the
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physicochemical properties of PGJ. On the other hand, if a fermentation process is desired
to obtain a different way of delivering the probiotic, LC and SYN could be considered
suitable probiotics, as they grew at 37 °C, produced lactic acid and changed the pH and TA
of the PG]J.

3.3. Antimicrobial Activity of Selected Probiotics against L. monocytogenes

According to the viability, under refrigeration and after fermentation in PG]J, LC,
SYN, LRGG and BC04 were selected to evaluate the antimicrobial activity, using two
methodologies.

3.3.1. Disk Diffusion Test

Results of the disk diffusion test are shown in Table 5. No in vitro inhibition of any
strains of L. monocytogenes was observed when testing SYNBIO and BC04. In contrast, LC
and LRGG reported the same inhibition rate against each strain of L. monocytogenes, ranging
from 10 to 15 mm. According to the classification of Abdel-Daim et al. [63], L. monocytogenes
strains Lm_230/3, CECT-940 and CECT-4032 exhibited a low inhibition by LC and LRGG,
whilst a moderate inhibition effect of the strains CECT-933 and CECT-4031 was observed.

Table 5. In vitro antimicrobial activity of four selected probiotics (LC, LRGG, SYNBIO and BC04)
against five strains of L. monocytogenes.

L. monocytogenes Strain Streptomycin ~ Water LC LRGG SYNBIO BC04

Lm_230/3 12.0 0 10.0 10.0 0 0
Lm_933 16.7 0 11.3 11.3 0 0
Lm_940 14.0 0 10.0 10.0 0 0
Lm_4031 17.7 0 12.0 12.0 0 0
Lm_4032 12.3 0 10.0 10.0 0 0

Values are expressed in mm of inhibition halo and correspond to the mean of 3 replicates.

Previous studies have attributed the antimicrobial potential of some strains of Lacto-
bacillus to several metabolites (e.g., lactic acid, acetic acid, propionic acid) and proteinaceous
compounds (bacteriocins) that are able to antagonize pathogens [64-66]. Regarding an-
timicrobial activity, L. casei and L. plantarum have shown antibacterial activity against
Salmonella [63,64]. Furthermore, the inhibition effect against Listeria of L. casei and L. rham-
nosus was also described by Woo and Ahn [67], agreeing with the results shown by the
in vitro test. Likewise, in vivo studies in rats demonstrated that probiotics could enhance
host resistance against oral L. monocytogenes infection [68]. However, it has been found
that probiotics can suppress L. monocytogenes colonization to some extent, but never pre-
vent it [69]. Thus, the use of probiotics or their combination, as well as their antibacterial
metabolites, has considerable potential in the agri-food industry. Nevertheless, further
research should be conducted on the virulence, growth and biofilm formation of pathogens
such as L. monocytogenes [25].

Contrary to our results, B. coagulans had previously been reported to present anti-
Listeria activity, which has been associated with the production of bacteriocins that alter
the cell membrane and DNA of pathogenic bacteria [70]. In food matrices, such as cheese,
B. coagulans also showed a moderate effect against L. monocytogenes [71].

3.3.2. Antimicrobial Effect of LC and LRGG against L. monocytogenes in PGJ

Considering the in vitro anti-Listeria effect described in the previous section (Section 3.3.1),
the anti-Listeria effect of LC and LRGG in PGJ] was tested. The L. monocytogenes population
decreased by more than 2-log units throughout the storage in PGJ (Figure 2) in the absence
of the probiotics (CT). Neither the presence of LC nor LRGG affected the population of
L. monocytogenes, and L. monocytogenes influenced the viability of these probiotic bacteria.
Therefore, it can be suggested that some of the intrinsic characteristics of the PG] might
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be responsible for the decrease in this pathogen and not the probiotic’s presence. The
low pH and acid content of the PGJ described may justify the antimicrobial effect against
L. monocytogenes of the control peach and grape juice, without the probiotic strains tested [72].
This behavior has also been reported in other fruit matrices, such as pineapple juice [73]. In
addition to the pH, the inhibitory effect of the PGJ on the growth of this pathogen could
also be attributed to the high content of some polyphenols with an already-demonstrated
antimicrobial effect, such as ferulic acid, resveratrol, gallic and caffeic acid [74].
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Figure 2. Antimicrobial effect of LC (L. casei) and LRGG (L. rhamnosus GG) against L. monocytogenes
(Lm) in PGJ. (A) Population (log CFU/mL) of LC and Lm in peach and grape juice without inulin.
(B) Population (log CFU/mL) of LC and Lm in peach and grape juice with inulin. (C) Population (log
CFU/mL) of LRGG and Lm in peach and grape juice without inulin. (D) Population (log CFU/mL)
of LRGG and Lm in peach and grape juice with inulin.

Opposite to our findings, previous work has shown that the probiotic L. rhamnosus GG
reduced the population of L. monocytogenes in cut apples, without affecting the product’s
quality [26,27]. Russo et al. [26,27] also demonstrated that two potentially probiotic strains
(Lactobacillus plantarum B2 and Lactobacillus fermentum PBCC11.5) decreased the population
of L. monocytogenes in pineapple and melon. Yang et al. [75] also described the effectiveness
of LAB against inoculated L. innocua in cut onions.

On the one hand, LC presented the highest survival rate, even growth, both after
refrigerated storage (<0.5-log after 21 days) and after fermentation (>1-log after 3 days);
it produced lactic acid to a greater extent (4.64 g/L after 3 days of fermentation) and,
additionally, exhibited an in vitro antimicrobial effect against L. monocytogenes, and it was
the selected probiotic for the formulation of the synbiotic PGJ. Furthermore, considering
that population and lactic acid production did not show significant differences between the
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2nd and 3rd day of fermentation, a 2-day fermentation time was preferred for subsequent
analysis. On the other hand, the addition of inulin, as a prebiotic, did not result in any
positive effect on the above determinations. However, it was the already-referenced positive
impact of inulin on the microbiota and, consequently, on the health status of consumers
which suggested the formulation of the synbiotic PG] with inulin.

3.3.3. Evaluation of the Antimicrobial Activity of the L. casei Fermentation Products and
Postbiotics against L. monocytogenes in PGJI

This experiment aimed to determine whether the metabolites produced during the
fermentation of PJG with 2% inulin (PGJI), either pasteurized or unpasteurized, have
antimicrobial activity. As previously described, L. monocytogenes population decreased
2.5-log units in PGJI, after 14 days of storage under refrigeration conditions, and the
presence of L. monocytogenes did not affect the survival of LC. Moreover, neither the probiotic
itself nor the metabolites produced during the fermentation enhanced the decrease in
the pathogen (Figure 3). Postbiotic release, in PGJI after pasteurization, exhibited no
antimicrobial effect either.
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Figure 3. L. monocytogenes (Lm) population (CFU/mL) in a L. casei-fermented Lm (LC_FER), L. casei-
fermented and pasteurized Lm (LC_FER+PAST) peach and grape juice with 2% inulin (PGJI), and
in a PGJI without the probiotic, Lm (CT). LC (LC_FER) shows the population of LC (log CFU/mL)
in fermented and non-pasteurized PGJI throughout 21 days of storage at 5 °C. For each day of
storage, different capital letters indicate significant differences among distinct treatments. For each
juice, different lowercase letters indicate significant differences between the different days of storage
according to an ANOVA test (p < 0.05).

While as described above, some probiotics may exhibit an inhibitory effect against
some microorganisms, it has also been suggested that postbiotic compounds might enhance
the antimicrobial functionality of probiotics [76]. A postbiotic can be defined as a compound
that usually belongs to the structure of a probiotic microorganism and is released after its
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degradation, manifesting, consequently, its beneficial effect when the microorganism is not
alive [27]. Although in this research, no postbiotic effect has been described in pasteurized
PG]J, after fermentation with L. casei, some postbiotics with antimicrobial effect from LAB
have already been identified [75].

3.4. Effect of LC and LC Postbiotics against S. cerevisine Population, Ethanol and Acetaldehyde
Production in PGJI

S. cerevisie is one of the yeasts typically associated with the spoilage of fruit juices [77].
Results demonstrated that the yeast was able to grow in the PGJI during storage at 5 °C
(Figure 4), increasing its population in 1-log unit, after 21 days. A slight, but significant,
inhibition (lower than 0.5 log units) was observed in the S. cerevisiae population in the
fermented PG]JI, regardless of whether the juice had been pasteurized or not. Similar results
were obtained in grape beverages [78].
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Figure 4. S. cerevisiae population (SC) (log CFU/mL) in a L. casei-fermented SC (LC_FER), L. casei-
fermented and pasteurized SC (LC_FER+PAST) PGJI and in PGJI without LC throughout 21 days
of storage at 5 °C. L. casei (LC) population (CFU/mL) in fermented and non-pasteurized PGJI
LC (LC_FER) is also shown. For each day of storage, different capital letters indicate significant
differences among distinct treatments. For each juice, different lowercase letters indicate significant
differences between the different days of storage according to an ANOVA test (p < 0.05).

As mentioned before, some bioactive compounds, naturally present in fruits and their
derived products, such as polyphenols, have been reported to exhibit antimicrobial activity.
However, the behavior of polyphenols against microbes depends on the group and structure
of the bioactive compound, as well as on the species and genera to which the microorganism
belongs [79]. Due to the composition of their cell wall, yeasts are more resistant to the
antimicrobial activity of polyphenols than other microorganisms. In addition, carbon-rich
compounds in juices, such as sugars [80,81], can be a source of nutrients for S. cerevisiae,
which could contribute to its growth from day 10 onwards. Indeed, Cheirsilp et al. [82]
mentioned the possibility that S. cerevisiae can consume lactic acid produced by Lactobacillus
under aerobic conditions. However, there was no greater inhibition in the combination
of S. cerevisine with the probiotic or vice versa. In this regard, the effect of the presence of



Foods 2024, 13, 350

16 of 23

S. cerevisiae on the viability of a Lactobacillus strain has been tested in sourdough [83], with
no negative effects on the lactic acid bacteria community, according to the results of this
experiment.

Despite the potentially antimicrobial effect of probiotics against pathogenic bacteria,
there are not enough studies referring to the inhibitory effect of probiotics against yeasts
and molds. Indeed, the treatment with LAB on onions had no significant effect against
these microorganisms [75]. The slight but significant effect of fermented juice against yeast,
observed in this study, would not allow for considering the treatment with L. casei as an
effective management tool of S. cerevisige. For an agent or treatment to be considered effec-
tive against microorganisms in the food industry, a minimum reduction of two logarithmic
cycles is required [84].

Ethanol production by S. cerevisiae in PGJI increased significantly after 14 days of
storage at 5 °C (Figure 5), reaching levels of up to almost 3500 mg ethanol/L (0.35%) in the
last six days of refrigerated storage. Budak et al. [62] reported higher ethanol production
(7.6%) after fermentation of a peach beverage by S. cerevisiae at 30 °C, supporting the
potential of the peach matrix to be fermented by S. cerevisiae. LC-fermented PGJI contained
lower amounts of ethanol at the end of storage, with less than 2500 mg/L (0.25%) for
fermented and pasteurized PGJI and 1000 mg/L (0.1%) for fermented PGJI. Therefore, and
despite the minimal impact of LC fermentation against the population of S. cerevisiae in
PGIJI, a positive effect in reducing the production of one of the most unpleasant substances
(ethanol) produced by S. cerevisiae could be pointed out. Indeed, the inhibitory effect
of Lactobacillus and Bifidobacterium, and in particular of L. casei, on ethanol production
by S. cerevisiae has already been reported by Bassi et al. [85], in broths fermented at the
end of the sixth fermentation cycle. Agreeing with these results, an inhibition of ethanol
delivery by S. cerevisiae has also been reported in probiotic sourdough [83]. However,
not all Lactobacillus strains have been described as inhibitors of ethanol bioproduction, as
described by Carvalho et al. [86].

4000 -
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Figure 5. Ethanol production (mg/L) by S. cerevisiae in a PG]I fermented with L. casei (LC_FER),
PGJI fermented with LC and pasteurized (LC_FER+PAST) and in a PGJI without the probiotic (CT)
throughout 21 days of storage at 5 °C. For each day of storage, different capital letters indicate
significant differences among distinct treatments. For each juice, different lowercase letters indicate
significant differences between the different days of storage according to an ANOVA test (p < 0.05).
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Although fermentation of PGJI with Lactobacillus casei did not achieve substantial
inhibition of S. cerevisiae, Figure 6 shows the reduction in acetaldehyde production in
PGIJI fermented with L. casei and contaminated with S. cerevisiaze. While S. cerevisiae, in
the absence of the probiotic, produced more than 60 mg acetaldehyde/L after 21 days,
the fermentation process reduced the production of this unpleasant metabolite by half
(30 mg/L) at the end of the storage period. PGJI fermented with L casei and pasteurized also
presented lower values of this metabolite during storage, but at the end of the refrigeration
time, similar values to the control treatment were obtained. Hence, the reduction in
the acetaldehyde yield would appear to be more associated with the presence of viable
LC cells.

80 -

——CT —A—LC_FER A LC_FER+PAST

70

60

50

40

mg Acetahdehyde /L

A $ 1 1 1 1 1 J
0 3 6 9 12 15 18 21 24

Storage time, days

Figure 6. Acetaldehyde production (mg/L) by S. cerevisine contamination in a L. casei-fermented
(LC_FER), L. casei-fermented and pasteurized (LC_FER+PAST) PGJ with inulin (PGJI) and in the PGJI
without LC (CT) throughout 21 days of storage at 5 °C. For each day of storage, different capital
letters indicate significant differences among distinct treatments. For each juice, different lowercase
letters indicate significant differences between the different days of storage according to an ANOVA
test (p < 0.05).

Acetaldehyde is a product of the metabolism of several microorganisms that con-
tributes to aroma, color, and microbiological stability and may be attributed to dairy
products [87], but it is also involved in alcoholic fermentation carried out by S. cerevisiae.
It can appear in foods and beverages other than wine, such as juices, and can be an indi-
cator of the presence of spoilage microorganisms, such as S. cerevisiae. While this aroma
compound can be desirable in some fermented products, acetaldehyde grassy or oxidized
aroma can be considered unpleasant [88]. Furthermore, the presence of this compound has
been related to some carcinogenic processes [89]. The function of acetaldehyde is to serve
as an electron acceptor, which can be used in later stages of fermentation by its producer,
mainly S. cerevisiae [88]. Considering the unpleasant aroma attributed to this metabolite,
its unhealthy properties, and the fact that it can be used as a substrate by microorganisms
(S. cerevisiae), it would be advisable to minimize its production.

Acetaldehyde content in the PGJI fermented and pasteurized was higher than that
observed in unpasteurized PGJI. This may be explained not only because of the potentially
lower pH of the fermented juice containing viable probiotic cells but also because the
probiotic may act like a direct competitor of the substrate (glucose) that S. cerevisiae utilizes
to produce acetaldehyde [90].
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Regarding the results presented, the antimicrobial potential of L. casei did not result
in the inhibition of the growth of the pathogen or the spoilage microorganism but in the
reduction in metabolite production, after contamination with the spoilage microorganism,
under the conditions and in the food matrix studied.

4. Conclusions

Recently, probiotics have gained significant attention from consumers and the agrifood
industry. The lately reported health promotion properties are boosting pro- and prebiotics
in the functional food market. Although there are currently many products rich in probi-
otics, dairy products, including fermented dairy products, are widely used as probiotic
carriers. However, current dietary trends involving health and environmental concerns
are encouraging the food industry to research and design plant-based products that are
capable of delivering probiotics in a safe and healthy matrix. In this regard, it is necessary
to identify probiotics, strategies to ensure viability, study their functionality and design
products that can effectively host and deliver probiotics.

Likewise, this research focused on the study of the viability of seven probiotic cultures
in a non-dairy matrix, peach and grape juice (PGJ), under refrigerated and fermented
conditions. Furthermore, an extensive evaluation of the antimicrobial activity of the selected
probiotic against L. monocytogenes and S. cerevisiae, as well as against their metabolites, was
carried out in synbiotic PGJ.

Out of the seven probiotics screened in PGJ, L. casei, L. rhamnosus GG, SYNBIO and
B. coagulans 04 showed the highest viability under refrigerated storage and after fermenta-
tion. Additionally, L casei and L. rhamnosus GG showed anti-Listeria activity under in vitro
conditions. Due to its viability under both studied conditions, lactic acid production and
anti-Listeria activity, L. casei was selected to develop a synbiotic PGJ. Although fermentation
or postbiotic release after pasteurization did not produce antimicrobial inhibition, ethanol
and acetaldehyde production by S. cerevisine was reduced after fermentation of PGJ with
L. casei for 48 h, in the presence of inulin.

Consequently, and due to its viability and probiotic potential in PGJ, L. casei could
be proposed as a suitable probiotic culture to develop a synbiotic PGJ. Further research is
required to determine the effect of L. casei on the quality and functionality of the synbiotic
PG]J, as well as to determine its shelf life.
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Appendix A

Table Al. Physicochemical parameters of the PGJ inoculated with the probiotic cultures and incubated at 5 °C. Values of total soluble solids (TSS, °Brix), titratable
acidity (TA, g malic acid /L of juice) and pH correspond to the mean of 3 replicates & standard deviation. For the same parameter and each probiotic, different
lowercase letters denote significant differences between days (p < 0.05).

Time of Fermentation (37 ° C), Days

pH SST TA
Probiotic Prebiotic 0 3 7 14 21 0 3 7 14 21 0 3 7 14 21

. Inulin 344 +0.01 be 337 +0.02c 361+ 004a 3.4 + 0.01 be 347 +0.05b 17.20 +0.00 a 16.23 + 0.06 a 17.17 + 0.06 a 1723+ 0.06 a 17.23 +0.06 a 5.03 +0.08a 4754010 ¢ 467 £0.09¢ 480 + 0.04 be 496 + 0.14 ab
O Inulin 343 +£0.02b 342+ 0.04 be 353 +0.02a 336 +0.04¢ 351 +0.01a 15.70 + 0.00 be 15.57 £ 0.06 ¢ 15.80 + 0.01 ab 1597 £0.12a 1590 +0.00a 514 +0.15a 469 + 0.08b 4.900.14 ab 49204+ 005ab 490 + 0.07 ab
b Inulin 343 + 0.03 be 342+ 0.03 ¢ 3564 0.02a 350 + 0.02 abe 3,50 + 0.04 ab 17.33 + 0.06 ¢ 17.20 +0.00 d 17.50 4+ 0.00 b 17.33 + 0.06 ¢ 17.67 + 0.06 a 517 +0.13a 471+ 0.08b 476 + 0.06 ab 476 + 0.27 ab 4.81 +0.03 ab
SP1 @ Inulin 354+ 0.01a 334+ 0.02¢ 348 +0.01b 346 +0.02a 353+ 0.01a 1613 +0.06 a 15.60 + 0.00 b 16.10 + 0.00 a 15.63 + 0.06 b 16.03 + 0.06 a 506023 a 492+0.16a 486+ 0252 487 +0.14a 486+ 0.11a

sv Inulin 362 +001a 358 +0.00b 352 4001 ¢ 349 +0.00d 346 +0.00e 17.57 +0.06 a 17.47 +0.06a 1743 £0.06a 1747 £0.06 a 17.27 +0.06 b 4754 0.1ab 4550.07 b 455+0.10b 4554 0.07b 4810.10a
N @ Inulin 364 +0.02a 357 +001b 354 + 0.01 be 352 +0.02¢ 348 £0.01d 1613 +0.06 a 15.83 + 0.06 ¢ 1597 £006bc  1600+£000ab 1587+ 006bc 477+ 0.02ab 468 +0.06b 473 +0.06 ab 4724002b 489 +0.10a
LR92 Inulin 339 +0.01c¢ 352+0.01a 354 +0.01a 343 +0.01b 344 +001b 17.83 + 0.06 2 17.33 + 0.06 be 1750 + 0.01b 17.27 + 0.06 ¢ 17.27 + 0.06 ¢ 473 40.02b 482 +001b 478 +0.09b 486+01b 714 +0.08a
@ Inulin 339 +0.01c 347 +001b 352+001a 346 +0.01b 339 +0.01¢ 1620 +0.00a 15.70 + 0.00 ¢ 16.03 + 0.03b 16.00 + 0.00 b 15.73 + 0.06 ¢ 4.80 + 001 b 484 +0.04b 491 +0.16b 4794019 720 £0.29a
LA Inulin 351 +001a 350 +£0.02a 350 +0.03a 350 +0.04a 343 +0.00b 1710 + 0.00 ¢ 17.20 +0.00 b 17.50 + 0.0 a 17.23 +0.06 b 17.23 +0.06 b 452+0.03a 475 +0.02a 460 0092 452+020a 470 £0.16a
3 @ Inulin 358 +0.01a 351 +£0.01a 348 +£0.02a 348 +001a 348 +0.01a 1590 +0.1b 15.56 + 0.06 ¢ 1617 +0.06 a 15.80 + 0.00 b 15.90 + 0.00 b 473 +0.08 ab 474 +0.12ab 48240022 458 +0.08 b 4.66 + 0.03 ab
LRCG Inulin 359 + 0.02 be 357 4001 ¢ 3.60 + 0.01 b 361 +0.01b 365 +0.01a 1740 +0.10a 17.07 +0.06a 1710 £ 0.00a 17.17 + 0.06 a 1750 + 0.16a 484 +0.13b 5.08 +0.06a 5.06 + 0.06a 512+ 004a 502 +0.05a
@ Inulin 358 +0.01 ¢ 363 + 0.01 ab 3.60 + 0.01 b 365+ 001 a 361 +£0.02a 1590 + 0.00a 15.630.0b 1553 + 0.06 b 15.83 +0.06 a 15.67 + 0.06 b 517 +0.02a 483 +017b 5.06 + 0.15ab 518 +0.23 ab 5.0 + 0.03 ab
BCos Inulin 3434001 ¢ 373 4 0.03 bb 376+ 0.03a 365+ 0.02b 374 4+ 001b 17.70 £ 0.00 a 17.700.01 a 17.70 £ 0.00 a 17.70 £ 0.00 a 17.87 +0.06a 4.94 + 0.06 ab 4.83 +0.08 be 5.06 +0.02a 468 +£0.04 ¢ 472 4008 ¢
@ Inulin 346 +0.01 ¢ 373 4 0.03bb 380+ 0.03a 370 + 0.0 b2 374+ 0.01b 1633 + 0.06 b 1633 + 0.06 b 16.67 + 0.06 a 16.67 + 0.06 a 16.63 + 0.06 a 5.02 + 0.04 ab 505+ 0.04a 506+ 0.07a 492 +0.22 ab 468 +0.10b
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