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Abstract: In the present study, a wild-type Lacticaseibacillus paracasei SP5 (L. paracasei SP5) potential
probiotic strain (previously isolated from kefir grains) was applied for the 1-day fermentation of
an apple–orange–carrot mixed juice. After the fermentation, the mixed juice was refrigerated in
cold storage at 4 ◦C, and the microbiological stability, characterization of volatiles, physicochemical
properties (pH, total titratable acidity (TTA), residual sugar content and organic acids content), the
sensorial validation (aroma, taste and overall acceptability) of the juice, and the viability of the
potential probiotic strain were analyzed. The stored juice exhibited zero colonies of yeasts/fungi
and simultaneously the viability of L. paracasei SP5 was retained to 8.28 Log CFU/mL, even after
the 4th week of cold storage. The pH values ranged from 3.80 to 3.35 and the TTA values ranged
from 0.1344% to 0.1844% lactic acid for the unfermented juice up until the 4th week of cold storage.
Furthermore, the organic acids content consisted mostly of lactic acid (4.6 to 9.1 g/L), while malic
acid (3.7 to 1.5 g/L), acetic acid (0.6 g/L) and propionic acid (0.3 g/L) were detected only after the
4th week of cold storage. Residual sugar content ranged from the initial value of 122.2 g/L and
106.6 g/L at the end of cold storage. As far as the volatiles’ characterization is concerned: 9 esters,
2 organic acids, 12 alcohols, 3 aldehydes, 1 ketone, 6 terpenes and 4 sesquiterpenes (37 in total) were
detected in the unfermented mixed juice and 33 compounds in the fermented juice after 4 weeks of
cold storage. The sensorial properties (aroma, taste and overall acceptability) of the fermented mixed
juice samples were positively influenced. Consequently, L. paracasei SP5 potential probiotic strain
may be applied for the production of probiotic mixed juices, with satisfying viability, volatile profile
and organoleptic results.

Keywords: L. paracasei; probiotic; fruit juice; volatile; physicochemical; sensorial

1. Introduction

Functional foods have been gaining attention during the last decade from the food
industry, research and consumers’ preference [1]. The relevant scientific findings, which
accompany their consumption on a daily basis, have established them as disease-preventing
factors in consumers’ minds [2,3]. Functional foods may contain bioactive compounds
or/and probiotic microorganisms. Probiotics are live organisms that may enhance their
host’s health when administered in adequate quantities (106–107 CFU/mL) [4].

The intestinal microflora equilibrium, the level of serum cholesterol, the empow-
erment of the immune system, plus the antimutagenic and antidiarrheal properties, are
only some of the beneficial effects produced by the consumption of probiotics [1]. The main
vehicles for probiotic delivery are dairy products [5,6]. Nevertheless, dairy products have
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drawbacks for their consumption by several categories of consumers. Reasons for this may
be lactose intolerance, vegetarianism, allergies, etc. [7].

Thus, alternative substrates for probiotic delivery have been examined in non-dairy
products. The development of innovative fruit and vegetable probiotic beverages has
increased in order to meet this demand [8].

Moreover, fruit and vegetable juices are a rich source of vitamins, minerals and
antioxidant compounds that, at the same time, provide a good alternative environment for
probiotic growth [8]. Many fruits and vegetables or their combinations have been examined
as possible substrates for probiotic bacteria. Among others, pineapple [9], grape [10],
pomegranate [11], carrot [5], sweet potato [12], and beet [6] are some of the fruit and
vegetable juices examined for their impact on probiotic bacteria growth.

Fermentation as a traditional practice of sensorial improvement has been applied
to many food matrices for centuries. Additionally, the extension of storage period and
the enhancement of nutritional properties of fermented foods should be taken into con-
sideration [13]. During fermentation, several microbial and enzymatic alterations occur
provoking changes in the constituents of food materials. Strains belonging to Bacillus spp.
and the lactic acid bacteria family have been used for this purpose with very impressive
and encouraging results.

Mixed juices of fruits and/or vegetables have gained attention mostly because of their
ability to achieve a pleasant appearance and natural taste. Moreover, the juice ratio is crucial
for the content of bioactive compounds (carotenoids, vitamins, polyphenols, flavonols,
anthocyanins) and dietary fiber [13]. Physicochemical properties are influenced as well.
For example, the final pH value determines the stability of bioactive compounds and the
survivability of the probiotic strains if the juice is fermented [14]. Several studies concerning
mixed juices have been carried out to examine their technological and nutritional properties.
In one study [15], the mixed juice of peach, apple and carrot was examined with very
satisfying results, concerning the fact that the antioxidant activity of mixed juices increased
due to alterations of the physico-chemical attributes and bioactive compounds through
high pressure homogenization and water-soluble pectin characteristics.

Apples (Malus domestica) are one of the most well-known and consumed fruits world-
wide. Their trees grow in temperate and tropical climates [16], and belong to the ‘Rosaceae’
family and ‘Maloideae’ subfamily. Furthermore, apple juice usually undergoes alcoholic
fermentation, mainly for the production of vinegar, cider and apple wine [17]. Nowadays,
lactic acid fermentation is applied to apple juice solely or in combination with other fruits
and/or vegetables for the production of fermented beverages [11]. Additionally, oranges
(Citrus nobilis L.) and their juice are also well known and consumed in the global market
for its rich content in bioactive compounds, ascorbic acid, flavonoid and carotenoid con-
tent [18]. Orange juice has been examined for its properties after alcoholic and lactic acid
fermentation, providing promising results [19]. Carrot (Daucus carota L.) is one of the most
commonly consumed root vegetables. It has high carotenoid, phenolic and vitamin content,
and thus, exhibits antioxidant, anti-aging and eye-sight protective activity [20]. Despite
the fact that carrot is a major vegetable source of provitamin A, its terpene flavor makes
its sensorial acceptance by some consumer groups problematic (especially children and
young people) [21]. The probiotic delivery of lactobacilli strains in non-dairy matrices and
the production of beverages with high consumer acceptability is a new challenge emerging
in the food industry and in research [22].

The specific Lactobacillus strain has previously been added to pomegranate juice for
fermentation at different pH levels with very satisfying results as far as the production
of a beverage with high phenolic content is concerned [14]. While other studies have
already evaluated the viability of probiotics in fruit and vegetable juices, there is a lack of
studies with the application of L. paracasei in this particular fruit and vegetable combination,
apple–orange–carrot, which is known to be globally commercialized.

Specifically, in the present study, a wild type potential probiotic, L. paracasei SP5
strain, previously isolated from kefir grains, was added to orange–apple–carrot juice for
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fermentation. Thus, the goal of our study was to assess the probiotic potential of L. paracasei
SP5 in the aforementioned substrate after 24 h of fermentation and 28 days of cold storage.
The effect of fermentation on volatiles of the juice was examined with headspace solid-phase
microextraction and gas chromatography–mass spectrometry (HS-SPME GC–MS) analysis.
The differences in sugar and acid content before and after fermentation were detected
with high-performance liquid chromatography (HPLC) analysis, while the microbiological
stability of the fermented juice was evaluated during cold storage (4 ◦C) over a 4-week
period. Finally, an organoleptic evaluation of the fermented juice was performed testing
aroma, taste and overall ac-ceptability.

2. Materials and Methods
2.1. Microorganism

The potential probiotic strain L. paracasei SP5 was previously isolated from kefir grains
in our laboratory [14]. It was characterized for its probiotic attributes and was grown under
anaerobic conditions at 37 ◦C for 48 h in MRS broth.

2.2. Apple-Orange-Carrot Juice Fermentation

Fresh apples, oranges and carrots were purchased from the local market of Nea
Orestiada (Evros, Greece) and used for the preparation of the juice. The seeds and cavity
tissues were removed from the oranges and apples, and the carrots were carefully peeled.
The juice was prepared in an apple-to-orange-to-carrot ratio of 5:3:2 by volume. Juices were
extracted with the aid of a Philips Viva Collection juicer. After that, the juices were filtered
through a cheesecloth. Finally, the fresh juice was divided into quantities of 100 mL inside
Erlenmeyer flasks and pasteurized at 80 ◦C for 15 min [23]. The pasteurized juice without
the addition of L. paracasei SP5 was designed as a con-trol.

An amount of 1 g of wet biomass L. paracasei SP5 was added to each flask (in trip-
licate) and left to ferment for 24 h at 30 ◦C. The cell density was 109 CFU/mL. Then, the
flasks were kept for 4 weeks at 4 ◦C.

2.3. pH and Total Titratable Acidity (TTA)

A digital pH meter (Milwaukee Instruments, Martini, MI, USA) was used for pH
determination. Total acidity was expressed as a percent of lactic acid and was determined
by titrating juice samples (10 mL) with 0.1 N NaOH with phenolphthalein indicator to the
endpoint (pH 8.2 ± 0.1) in triplicate [24].

2.4. HPLC Analysis

Concentration of residual sugars and organic acids (citric, malic, lactic, acetic and
propionic acid) was determined by HPLC on a Shimadzu chromatography system (Shi-
madzu Corp., Duisburg, Germany) using standard curves prepared with standard solutions
(R2 ≥ 0.99), as recently described [25]. Briefly, juice samples (20 µL) were directly injected
into the Nucleogel ION 300 OA column (Macherey-Nagel, Germany) after double filtration
with 0.22 µm filters. H2SO4 solution (0.049 g/L) was used as mo-bile phase at 0.3 mL/min.
The detector cell temperature was set at 60 ◦C and the oven temperature at 85 ◦C.

2.5. Microbiological ANALYSIS

Microorganisms responsible for the spoilage of juice (mostly yeasts and molds) were
detected during fermentation and refrigerated storage. In addition, the microbial counts of
lactic acid bacteria (LAB) were screened in triplicate before and after 24 h fermentation and
every week during refrigerated storage. Therefore, representative 10 mL from each juice
sample were blended with 90 mL of sterilized 1/4 Ringers solution (Sigma-Aldrich) and
subjected to serial dilutions.

The following tests were performed: (i) lactobacilli [Gram (+), catalase (−)] on acidified
MRS agar (Oxoid Ltd., Basingstoke, Hampshire, UK) at 37 ◦C for 48 h anaerobically
(Anaerobic jar, Anerocult C, Merck, Rahway, New Jersey, USA), and (ii) yeasts and molds
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on malt agar (Oxoid Ltd., Basingstoke, Hampshire, UK) (pH was adjusted to 4.5 by sterile
solution of 10% lactic acid) at 30 ◦C for 48 h. All incubations were further extended up
to 120 h, but no extra colonies were observed. Gram staining and catalase tests were
performed for LAB confirmation. Results are presented as log of mean colony-forming
units (CFU) per mL of apple-orange-carrot juice.

2.6. Volatiles Analysis by HS-SPME GC-MS

Juice samples collected before/after fermentation (timepoints: 0 d and 1st d) and
after storage (4th week) were analyzed for minor volatiles by using HS-SPME GC–MS
[6890N GC, 5973 NetworkedMS MSD, HP-5MS column (30 m, 0.25 mm i.d., 0.25 µm film
thickness), Agilent Technologies, Santa Clara, CA, USA] and semi-quantified, as previously
described [26]. Initially, each sample (10 mL) was sealed in a 20 mL head-space vial along
with NaCl (3 g) and an internal standard (4-methyl-2-pentanol); an SPME fiber [50/30 mm
divinylbenzene/carboxen on polydimethylsiloxane (Supelco, Bellefonte, PA, USA)] was
used for volatile absorption at 60 ◦C for 45 min. The injector temperature was set at 240 ◦C
and the oven temperature was programmed at 35 ◦C for 6 min, raised to 60 ◦C with a
rate of 2 ◦C/min, held constant for 5 min, then raised to 200 ◦C with a rate of 5 ◦C and
finally raised to 250 ◦C with a rate of 25 ◦C/min, held constant for 6 min. The carrier
gas was helium (1.8 mL/min). Volatile compound peaks were identified by comparing
their retention times and mass spectra to NBS75K and Wiley275 reference libraries, to
in-house reference standard libraries, and by determining Kovats’ retention indexes (KI)
and comparing them to the available literature. Semi-quantification was performed by
dividing each peak’s area with the peak area of the internal standard, and this ratio was
multiplied by its initial concentration (expressed as mg/L). The peak areas were measured
from a full scan chromatograph using the total ion current (TIC).

2.7. Sensory Evaluation

Sensory evaluation of the fermented juice samples during storage (4 ◦C/28 days)
was employed regarding the aroma, flavor and overall acceptability in comparison with
commercial apple–orange–carrot juice, by 25 untrained panelists after fermentation and
after the 1st, 2nd, 3rd and 4th week of cold storage (4 ◦C). Prior to sample evaluation, all
panelists participated in orientation sessions to familiarize with the scale at-tributes of the
juice using an intensity scale.

Each sample was coded by a different 3-digit number and was served in a randomized
order. The panel was asked to evaluate based on a 0–10 preference scale (0 as unacceptable
and 10 as excellent) according to Plessas et al. [27].

2.8. Statistical Analysis

Bacterial counts were logarithmically transformed and presented as Log CFU/g.
Analysis of variance with Dunnett’s post hoc application along with variance check at a
significance level of 95% was applied. All analyses were performed with SPSS v25 (IBM
Corp., Armonk, NY, USA). Comparison of the differences of the means of each attribute at
different time intervals during the sensorial evaluation was accomplished by using analysis
of variance with Tukey’s post hoc test.

3. Results
3.1. Microbiological Analyses

Microbial counts of lactic acid bacteria and yeasts/fungi were recorded after fermen-
tation and during storage period. The results are presented in Table 1, along with the
statistical significance from the comparison (ANOVA with Dunnett’s post hoc test).
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Table 1. Bacterial counts (mean Log CFU/mL ± SD of three samples) of the apple-orange-carrot juice
samples during 24 h of fermentation and refrigerated storage at 4 ◦C.

Temperature (◦C) Days Juice L. paracasei SP5 Yeasts/Fungi

Log CFU/mL

30 0
F 9.55 a ± 0.10 ND

UF ND ND

30 1
F 9.22 b ± 0.23 ND

UF ND ND

4 7
F 9.12 b ± 0.11 ND

UF ND ND

4 14
F 8.67 c ± 0.15 ND

UF ND 1.21 ± 0.15 b

4 21
F 8.65 c ± 0.13 ND

UF ND 1.40 ± 0.11 b

4 28
F 8.28 d ± 0.11 ND

UF ND 1.85 ± 0.15 a

F: Fermented juice. UF: Unfermented juice, Similar superscript letters in columns denote no significant differences
at an alpha = 0.05 (ANOVA, Duncan Post Hoc Multiple Comparisons), ND: not detected (no visible colony or less
than 10 CFU/mL).

According to the results, cell viability of the potential probiotic L. paracasei SP5 strain
was maintained at high levels during all refrigerated storage periods (above 8 Log CFU/mL).
Therefore, it can be stated that the viability value was over the limit of 6–7 Log CFU/mL.
which is necessary for probiotic strains [28]. Yeasts and fungi were not detected at any stud-
ied time periods of fermentation and storage. Regarding the unfermented juice, yeasts/fungi
were presented during the 14th, 21st and 28th day of storage, while in the fermented juice
samples yeasts/fungi were not detected at any time periods.

3.2. pH and TTA

The measured pH values and TTA values of the fermented juices during cold storage,
are presented in the following diagrams in the Figures 1a and 1b respectively.
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Figure 1. (a) pH values and (b) total titratable acidity (TTA) values of the fermented and unfermented
juices during cold storage.

As can be observed, the pH and the TTA of the juices were measured after the 1st day
of fermentation and 4th week of cold storage. After fermentation, there was a decline in pH
from 3.80 to 3.73 and a respective raise in TTA from 0.1344% to 0.1512% lactic acid. After
the 1st day fermentation period, the decline in pH continued to 3.35 and the respective TTA
to 0.1844% lactic acid. The small decrease in pH values and acidity have been observed
and explained by other researchers who have stated that fermented juices by LAB exhibit
buffering activities [29].

3.3. Residual Sugar and Organic Acids Analysis

The residual sugars and the organic acids were detected after 24 h fermentation and
during 4 weeks of refrigerated storage with the use of HPLC analysis. For the purpose of
comparison, the same parameters were monitored for non- fermented juice.

The results of the analysis of sugars and organic acids in orange, apple and carrot juice
samples before, after fermentation and during refrigerated storage are shown in Table 2.
Residual sugars (glucose and fructose) levels decreased while the levels of lactic acid
increased. At this point, it should be underlined that the concentration of lactic acid at the
beginning of fermentation slightly increased, mainly due to the adaptation of the used LAB
in the matrix of the juices, as other researchers have noted. At the same time, a low rate of
malolactic fermentation was recorded [25,30]. This phenomenon is not strange, considering
that it is possible for the applied LAB, due to adaptation conditions at the beginning of
concentration, to select carbon source from malic acid in order to begin the fermentation.
At all the other time periods (after the 1st week) malic acid was determined at the same
levels, with no further degradation. In addition, the constant and unchanged levels of lactic
acid concentration for all the studied time periods regarding the unfermented juice further
justifies that the potential probiotic strain of L. paracasei SP5 was effective for lactic acid
fermentation of apple–orange–carrot juice. The initial value of lactic acid was 3.6 g/L and
after 4 weeks of storage reached its maximum value (9.1 g/L). The concentration values
of malic acid (3.7 g/L) slightly decreased during fermentation (3.1 g/L) and after the 1st
week of refrigerated storage dramatically dropped to 1.8g/L, and finally, after the 4th week
of storage reached 1.5 g/L, as a result of malic–lactic fermentation. Acetic and propionic
acids were detected only after the 3rd week of storage, 0.6 g/L and 0.3 g/L, respectively.
Additionally, ethanol was not detected at all.
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Table 2. Analysis of sugars and organic acids in orange, apple and carrot juice in control samples
(0 d), before fermentation (unfermented UF samples), after fermentation (fermented samples F) (30 ◦C
for 1 d) and during storage at 4 ◦C for unfermented and fermented samples for 4 weeks.

Time Juice Malic
Acid

Lactic
Acid

Acetic
Acid

Propionic
Acid Sugars

g/L

0 d 3.7 a ± 0.2 3.6 c ± 0.2 ND ND 122.2 a ± 0.2

1st d F 3.1 b ± 0.1 4.5 c ± 0.3 ND ND 112.2 c ± 0.5

UF 3.6 a ± 0.1 3.5 c ± 0.1 ND ND 122.0 a ± 0.2

1st week F 1.8 c ± 0.3 6.9 b ± 0.3 ND ND 116.3 b ± 0.9

UF 3.7 c ± 0.1 3.7 b ± 0.2 ND ND 119.8 b ± 1.1

2nd week F 1.6 c ± 0.2 7.2 b ± 0.1 ND ND 117.4 b ± 0.5

UF 3.7 a ± 0.1 3.6 c ± 0.2 ND ND 120.0 a ± 0.4

3rd week F 1.5 c ± 0.3 7.0b ± 0.2 ND ND 111.3 c ± 0.7

UF 3.5 a ± 0.2 3.5 c ± 0.2 ND ND 121.3 a ± 0.3

4th week F 1.5 c ± 0.2 9.1 a ± 0.3 0.6 ± 0.1 0.3 ± 0.1 106.6 d ± 0.5

UF 3.4 a ± 0.3 3.5 c ± 0.3 ND ND 118.7 a ± 0.5
F: Fermented juice. UF: Unfermented juice, Similar superscript letters in columns denote no significant differences
at an alpha = 0.05 (ANOVA, Duncan Post Hoc Multiple Comparisons), ND: not detected (<0.1 g/L).

3.4. Volatiles Analysis

In Table 3, the composition of volatile compounds that were detected in the fermented
and the unfermented apple-orange-carrot juice at 0 and 1st d of fermentation is exhibited.
The same composition was determined for the 4th week of refrigerated storage.

Table 3. Volatile compounds identified in the fermented apple-orange-carrot juice at 0 d, 1st d of
fermentation and during 4 weeks of cold storage at 4 ◦C.

Compound Identification
Kovats Index Concentration (mg/L)

Esters 0 d 1st d 4th Week

Ethyl butyrate 803 0.1 Tr Tr

Ethyl 2-methyl-butyrate 841 0.3 0.1 Tr

3-methylbutyl acetate 867 0.5 0.3 0.1

2-methylbutyl acetate 869 0.1 0 nd

(Z)-3-hexen-1-ol acetate 1009 0.2 0.1 nd

Hexyl acetate 1018 1.8 0.5 0.1

Octyl formate 1081 0.6 0.7 0.2

(Z)-3,7-dimethyl-2,6-octadien-1-ol acetate (neryl acetate) 1386 0.1 0.1 nd

Hexyl hexanoate 1395 0.1 Tr nd

Alcohols

(Z)-3-hexen-1-ol 846 0.2 0.1 0.1

1-hexanol 861 0.2 0.4 0.2

3,7-dimethyl-1,6-octadien-3-ol (linalool) 1123 4.6 4.5 1.4

1-methyl-4-(1-methylethenyl)-cyclohexanol (β-Terpineol) 1176 0.2 0.2 0.1

4-methyl-1-(1-methylethyl)-3-cyclohexen-1-ol (Terpinen-4-ol) 1195 1.5 1.6 0.4
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Table 3. Cont.

Compound Identification
Kovats Index Concentration (mg/L)

α,α-4-trimethyl-3-cyclohexene-1-methanol (α-Terpineol) 1214 3.7 4.2 1.0

trans-2-methyl-5-(1-methylethenyl)-2-cyclohexen-1-ol
(trans-Carveol) 1218 0.4 0.4 0.1

(Z)- 3,7-dimethyl-2,6-octadien-1-ol (nerol) 1229 0.2 0.1 Tr

3,7-dimethyl-6-octen-1-ol (citronellol) 1235 0.4 0.1 Tr

(E)-3,7-dimethyl-2,6-octadien-1-ol (geraniol) 1255 0.1 0.2 Tr

1-dodecanol 1261 0.2 0.3 0.2

2,4-Di-tert-butylphenol 1516 0.1 0.1 Tr

Organic acids

Octanoic acid 1198 1.0 0.6 0.1

Nonanoic acid 1298 0.2 0.4 0.2

Carbonyls

Decanal 1215 1.2 0.1 nd

4-ethyl-benzaldehyde 1217 9.0 4.1 0.3

(S)-2-methyl-5-(1-methylethenyl)-2-cyclohexen-1-one
(d-carvone) 1241 0.6 0.5 0.1

4-(1-methylethenyl)-1-cyclohexene-1-carboxaldehyde 1258 0.6 0.4 Tr

Other

a-pinene 928 0.2 0.1 Tr

b-myrcene 1001 2.2 0.6 0.1

1-methyl-4-(1-methylethyl)-1,3-cyclohexadiene
(α-Terpinene) 1026 0.2 Tr Tr

Limonene 1046 175.0 60.0 6.4

1-methyl-4-(1-methylethylidene)-cyclohexene
(α-Terpinolene) 1122 0.4 0.2 Tr

(1α,3α,6α)-3,7,7-trimethyl-bicyclo[4.1.0]heptane
(trans-Carane) 1274 1.0 0.5 0.1

Copaene 1392 0.1 Tr Tr

Caryophyllene 1442 0.3 0.2 0

Valencene 1480 2.2 1.1 0.2

β-Cadinene 1485 0.1 0.1 Tr

nd: not detected, Tr: Traces, <0.05 mg/L.

Esters, alcohols, organic acids, aldehydes, terpenes and sesquiterpenes are the predom-
inant compounds identified. In particular, 9 esters, 12 alcohols, 2 organic acids, 3 aldehydes,
1 ketone, 6 terpenoids and 4 sesquiterpenes were detected in the fermented apple-orange-
carrot juice. All these compounds have been previously characterized in similar and in
other fermented by LAB fruit and/or vegetable juices or beverages [11]. D-limonene was
the most abundant aromatic component in both fermented (60 mg/L) and unfermented
juice (175 mg/L), followed by 4-ethyl-benzaldehyde (9 mg/L in the unfermented juice)
and linalool (4.6 mg/L and 4.5 mg/ L in unfermented and fermented juice respectively).
A-terpineol, b-myrcene and valencene were the next in concentration compounds detected
in both unfermented (3.7, 2.2 and 2.2 mg/L respectively) and fermented juice (4.2, 0.6 and
1.1 mg/L respectively).
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3.5. Sensorial Evaluation of Apple-Orange-Carrot Juice Samples

A sensorial evaluation of apple–orange–carrot juice samples was performed (Table 4).
The samples were analyzed for their aroma, taste and overall acceptability by 25 untrained
panelists before and after 24 h of fermentation and after the 1st, 2nd, 3rd and 4th week of
refrigerated storage.

Table 4. Sensorial features of apple-orange-carrot juice samples during 24 h of fermentation and
4 weeks of storage at 4 ◦C.

Time Sample Aroma Taste Overall Acceptability

0 d Fresh juice 8.8 a ± 0.2 9.0 a ± 0.1 8.7 a ± 0.2

1st d
Unfermented 8.5 2,b ± 0.1 8.5 1,b ± 0.1 8.5 1,a ± 0.3

Fermented 8.9 1,a ± 0.1 8.5 1,b ± 0.2 8.2 2,a ± 0.2

7th d
Unfermented 7.5 1,c ± 0.2 7.5 1,c ± 0.3 7.4 1,b ± 0.2

Fermented 8.0 2,c ± 0.2 7.5 1,c ± 0.1 8.1 2,a ± 0.1

14th d
Unfermented 7.1 1,c ± 0.2 7.4 1,c ± 0.2 6.9 1,b ± 0.3

Fermented 7.7 2,c ± 0.1 7.3 1,c ± 0.3 7.3 2,b ± 0.1

21th d
Unfermented 6.5 1,d ± 0.2 6.9 1,c ± 0.2 6.5 1,c ± 0.2

Fermented 7.1 2,c ± 0.3 6.7 1,c ± 0.1 7.5 2,b ± 0.1

28th d
Unfermented 6.0 1,d ± 0.2 6.0 1,d ± 0.2 6.3 1,c ± 0.2

Fermented 6.6 2,c ± 0.2 6.3 1,d ± 0.2 6.5 1,c ± 0.1
F: Fermented juice. UF: Unfermented juice, Similar superscript letters (between fresh and UFJ and FJ) and numbers
(between UFJ and FJ) in columns denote no significant differences at an alpha = 0.05 (ANOVA, Duncan Post Hoc
Multiple Comparisons).

The results regarding the sensorial evaluation of the unfermented and fermented
juice included aroma, taste and overall acceptability. In terms of aroma, the fermented
juice managed higher scores (8.9) compared to the unfermented by the panelists, even
after the 4th week of refrigerated storage. As far as the taste of the examined samples
is concerned, no statistically significant differences were observed during the whole ex-
perimental period between the fermented and the unfermented juices; nevertheless, the
fresh juice sample achieved the highest score (9) among evaluators. Finally, the fermented
juice achieved a higher score in overall acceptability until the 3rd week of storage (8.1, 7.3
and 7.5, respectively) and with no statistical difference score during the last week of storage
(6.5). Additionally, it should be highlighted that in this final parameter, fresh juice also
scored the higher value (8.7) according to the panelists’ preferences.

4. Discussion

From the measurement of pH values during 24 h fermentation of orange–apple–carrot
juice with the L. paracasei SP5 strain and its decreasing trend, it became obvious that lactic
acid fermentation occurred. The initial pH value of 3.80 decreased to 3.73 after 24 h of
fermentation and ended up to 3.35 after 4 weeks of refrigerated storage at 4 ◦C. These
findings are in accordance with other researchers’ findings [31] who indi-cated that after
24 h of fermentation of carrot juice, the reducing sugars (glucose and fructose) produce
mainly lactic acid. Hashemi et al. [32] also observed a similar trend in pH values after
fermentation of bergamot juice with different lactobacilli strains. Espirito et al. [33] also
recorded the same trend in pH values in their study. It has been established that several
lactobacilli strains have the ability to be acid-tolerant, and thus, exhibit survivability under
the acidic environment of fruit and vegetable juices, with pH values ranging from 4.3 to
3.7 [34]. Furthermore, investigations have demon-strated that at lower pH values, some
lactobacilli strains show increased viability, a fact that was not in line with our findings,
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where the microbial counts of L. paracasei SP5 decreased during refrigerated storage and
lower pH values [35].

It has been reported that the malolactic fermentation may take place in fermented
mixed carrot–orange juice, especially if bacteria, such as Leuconostoc spp., Lactobacillus
spp. and Pediococcus spp. are responsible for the fermentation [36]. This spontaneous
process of malolactic fermentation has been found to reduce the high acidity in apple
juice and results in a less markedly sour taste in the final juice product [36]. The lactic
acid production is accompanied by the decrease of malic acid, evidence that malolactic
fermentation occurred during the fermentation process. It is known that lactic acid is
mainly produced by the transformation of malic acid and the conversion of pyruvic acid
from the Embden–Meyerhof pathway [37].

Furthermore, this accumulation of organic acids creates unfavorable conditions for
the growth of undesirable microorganisms [38]. This fact was established in our research
by the fact that no yeast or fungi were detected. Moreover, fruit and vegetable juices, in
their fermented or unfermented form, are able to operate as substrates for the proliferation
of lactobacilli strains over the critical limit of 6 LogCFU/mL during fer-mentation and
cold storage serving the probiotication of the juice/beverage [14]. These data are in accor-
dance with our findings, where the availability of L. paracasei SP5 was maintained over 9
LogCFU/mL even after the 4th week of refrigerated storage.

The volatiles’ profile in apple–orange–carrot juice before and after fermentation re-
vealed qualitative and quantitative differences. It is already known from the literature
that the lactic acid fermentation of fruit juices develops a volatile profile combining both
volatiles from lactic acid fermentation and fruit aroma with a mild formation or degradation
of some compounds [39]. In our study, esters, alcohols, organic acids, aldehydes, terpenes
and sesquiterpenes were the predominant compounds identified. These findings are in line
with other researchers who identified esters in fermented fruit juices contributing to fruity
notes, and high alcohol and terpenes contents may be responsible for the intense floral and
fruity notes [13].

More specifically, lactic acid and acetic acid can be involved in the formation of esters,
and linalool, geraniol and α-terpineol, which were also detected in our study, can be
synthesized from precursors by LAB glycosidases during fermentation or by cleavage
under acidic conditions. Terpenes have been correlated to pine and citrus; in particular,
copaene is responsible for citrus, spicy and woody notes, limonene for fruity and lemon
characters, a-terpineol for citrus and chemical odors and linalool for floral, fruity and lemon
notes [40]. Furthermore, limonene, which provides a lemon, orange, citrus and sweet aroma,
was found to decrease after fermentation [41]. This result is in line with Peng et al.’s [42]
findings in a respective volatile profile determination of fermented apple juices.

On the other hand, alcohols may be emitted by microorganisms and be derived from
the reduction of aldehydes or other alcohols [43]. This may explain the great number
of alcohols identified in the fermented and unfermented apple–orange–carrot juice. The
quantity is greater in the fermented juice in the majority of alcohols. They are responsible
for the sensation of sweetness and their quantity is usually increased after fermentation,
likely due to the degradation of glucose and amino acids’ catabolism [44]. Furthermore,
aldehydes exhibit unstable behavior in real food systems, and as a consequence, they may
be reduced to alcohols or oxidized to acids [45]. Moreover, es-ters exhibited as predominant
compounds 3-methylbutyl-acetate, hexyl-acetate and ethyl-2-methyl-butyrate, which were
reduced throughout the fermentation probably because the volatilization or hydrolysis of
esters was greater than their formation [46].

As far as the sensory evaluation of the fermented apple–orange–carrot juice is con-
cerned, it was established that compounds including esters, phenols and ketones contribute
to the acceptability of fermented juices by consumers [38]. This may explain why the
fermented juice achieved relatively high scores in aroma and overall acceptability. Nev-
ertheless, high concentrations of aldehydes may cause off-flavors and negative impact
on consumers’ preferences [47]. In our results, we only detected two aldehydes (decanal
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and 4-ethyl-benzaldehyde), which decreased dramatically after fermentation and almost
disappeared after 4 weeks of refrigerated storage. Fermentation time is a factor that modi-
fies metabolic activity and alters flavor attributes [47]. Additionally, lactic and malic acid
are already applied in the food industry as acidulants and flavor enhancers, and their
concentrations in the fermented juice samples may explain the raised overall acceptability
by consumers. Finally, it should be stated that the sensorial impact of fermentation in
fermented products, and particularly, in fruit juices, is strain-dependent [14].

5. Conclusions

Apple–orange–carrot juice fermented with a wild type potential probiotic L. paracasei
SP5 strain provided satisfying results as a novel probiotic non-dairy product. Respectable
amounts of lactic acid were produced in all the studied periods, while several esters,
alcohols, terpenes and sesquiterpenes were detected in the fermented juice samples, as
well as in the unfermented one. The pH values decreased after fer-mentation and during
storage while the measured TTA simultaneously increased. The viability L. paracasei
SP5 cells slightly decreased during storage and definitely maintained high levels over
8 Log CFU/mL in all the studied periods. Sensory evaluation results also indicated a
market potential for this probiotic juice, since the overall ac-ceptability of the fermented
juices scored at higher levels by the panellists than the re-spective unfermented ones in
every week of storage. Nevertheless, forthcoming exer-tion is necessary regarding the
assessment of the nutritional and technological proper-ties of the final product.
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