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Abstract: The aim of this study was to evaluate the fermentation performance of the commercial starter
Lactiplantibacillus pentosus OM13 with four nutrients (A, B, C, and D) that differed in the following
ingredients: starch, sugars, maltodextrin, inactivated yeast, inactivated yeast rich in amino acids,
inactivated yeast rich in mannoproteins, and salt (NaCl). For this purpose, six different experimental
productions of Nocellara del Belice table olives were carried out. During transformation, the
fermentation process was monitored by measuring pH and plate counts for lactic acid bacteria (LAB),
yeasts, Enterobacteriaceae, Staphylococcaceae, and Pseudodomondaceae populations. At the end of
the production process, each trial was subjected to volatile organic compound analysis and sensory
evaluation. The addition of the different nutrients resulted in a significant reduction in pH (around 2.5
points) after 3 days of fermentation. At the same time, a significant increase in the number of LAB
populations (> 6.6 log CFU/mL) was observed for all trials. Volatile organic compound (VOC) analysis
revealed the presence of 39 compounds. In this study, nutrient C was optimal for improving the
fermentation activity of L. pentosus OM13. These results provide elements for the implementation of
experimental protocols to reduce product losses and improve sensory characteristics.

Keywords: table olives; start culture; lactic acid bacteria; nutrient; volatile organic compounds

1. Introduction

Table olives have been produced through spontaneous fermentation for decades, but
this process proved to be unpredictable and uncontrollable. The lack of standardisation
of the table olive fermentation process can cause issues in terms of the sensory profile and
safety of the final products [1]. Hence, table olives, especially at industrial level, are
commonly processed with the use of selected starter cultures, which are able to warrant
high sensory quality and safety at the end of transformation [2].

The biological debittering of drupes during natural fermentations relies on the

enzymatic activity of several lactic acid bacteria (LAB), mainly Lactiplantibacillus plantarum
and Lactiplantibacillus pentosus [1,3,4]. Moreover, LAB acidify the product by the generation
of lactic acid, which exerts an inhibitory effect on the undesirable microorganisms [5]. In the
last decade, research activities have been specifically carried out to select starter LAB to
produce fermented green table olives, with the main objective being to improve product
Attribution  (CC BY) license  quality [6]. LAB can control and reduce fermentation times; they improve product stability,
(https://creativecommons.org/license extend shelf-life, and ameliorate the sensory profile, providing key factors for the industrial
s/by/4.0/). production of table olives [7]. To this purpose, LAB species most commonly used as starter
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cultures are L. plantarum, L. pentosus, Lacticaseibacillus paracasei, and Lacticaseibacillus
rhamnosus [8-11].

A primary aspect of industrial table olive production is the rapid acidification
because values below 4.5 create a hostile environment for the development of undesirable
microorganisms. In the production of Seville-style fermented olives, a limiting factor in
the early stages of fermentation is the suboptimal pH for the LAB starters. This is
compounded by nutritional and environmental conditions that limit LAB growth [12-14].
Some authors have proposed to solve the problem of brine acidification by using lactic
acid during the early stages of fermentation [15]. The addition of nutrients (reducing
sugars, vitamins, and amino acids) allowed certain strains of L. plantarum, isolated from
table olive fermentation brines, to improve the rate of acidification and the amount of
lactic acid produced [16]. The addition of certain nutrients to the brine, concomitantly to
starter strain inoculation, can increase fermentation efficiency [17]. Particularly, green
table olives inoculated with L. pentosus showed a lower cell density of Enterobacteriaceae
and Pseudomonadaceae when glucose was added together with the starter strain [17].
Further studies have confirmed that the addition of a specific nutrient can improve the
fermentation performance of L. pentosus in table olives produced in the Spanish-style
[9,18]. The addition of nutrients is particularly important for the management of
controlled fermentations of green table olives, but their use has not been optimized yet.

Based on the previous studies, the main aim of the current study was to evaluate the
behaviour of L. pentosus OM13, a commercial starter industrially used for the production
of table olives [9], in the presence of different nutrients (varying for the amount of sugars,
presence/absence of starch, maltodextrine, salt, and Saccharomyces cerevisiae inactivated
yeast) in order to improve the fermentation phase of Nocellara del Belice cultivar green
table olives. Microbiological, physicochemical, and sensory parameters were carried out
to assess the variations among the trials.

2. Materials and Methods
2.1. Experimental Design, Table Olive Manufacturing and Sample Collection

The Nocellara del Belice drupes were harvested when ripe. The fruits were calibrated,
rinsed with water and processed according to the Sevillian method: the olives were treated
with lye (2.6 °Bé) for 8 h to minimise the bitterness and then washed three times in
succession to remove the lye residues. According to the experimental design, 18 kg of olive
drupes were transferred into 25 L volume plastic containers and added with 4.5 L of brine
(10% w/v NaCl). The experimental design included six trials (NdB-1-NdB-6; Figure 1).
Except for NdB-1, which followed a spontaneous fermentation, all experimental
productions were inoculated (0.0083 g/Kg of olive) with Lal’Olive Crispy L. pentosus OM13
(Lallemand Inc., Montreal, Canada) in freeze-dried form, containing approximately 1.1 x
10° colony forming units (CFU)/g and food grade maltodextrine as the carrier. NdB-2
represented the control trial. Strain performances were assessed with four different
nutrients (Table 1), all added at 1 g/kg of olives: Nutrient A-D were added to Trial NdB-
3-Ndb-6, respectively. The four nutrients were supplied by Lallemand Inc. (Montreal,
Canada). All productions were fermented at room temperature (average value of 19 + 3
°C) for 195 days and were periodically monitored. There were two separate productions
(experimental replicates) performed over two weeks in October and November 2021 at
the Geolive Belice S.r.l. company located in Castelvetrano (Trapani region, Sicily, Italy)
(37°38"16" N/12° 49' 55" E).
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Figure 1. Experimental design for green table olive manufacturing. Abbreviation: °Bé, Baume
degree; NdB-1 and NdB-2 codes refer to the control trials; NdB-3, NdB-4, NdB-5, and NdB-6 codes
refer to the experimental trials; L., Lactiplantibacillus.

Table 1. Chemical composition of the four nutrients used in the production of ‘Nocellara del Belice'
Seville-style table olives.

Compounds (g/Kg) Nutrient A Nutrient B Nutrient C Nutrient D
Starch 550 0 0 0
Sugars (glucose) 200 400 400 400
Maltodextrine 0 500 500 500
Inactivated yeast 0 0 100 0
Inactivated yeast rich in amino acids 0 100 0 0
Inactivated yeast rich in mannoproteins 0 0 0 100
Salt (NaCl) 250 0 0 0

Brine samples were collected immediately after starter culture inoculation and nutrient
addition (day 0), as well as after 3, 6, 9, 15, 35, 65, 143, and 195 days of fermentation. Brines
(100 mL/sample/sampling phase) were placed into sterile containers, transported at 4 °C to the
Agricultural Microbiology laboratories, University of Palermo, and subjected to the
microbiological analysis. Olive table productions were carried out in triplicate (three vats per
trial —technical repeats).

2.2. Physico-Chemical and Microbiological Analysis

The pH of the brine was determined by the direct immersion of a pH meter from
Hanna Instruments HI98165 (Ronchi di Villafranca Padovana, Italy). All measurements
were carried out in triplicate.

Brine samples were serially diluted in Ringer's solution (Sigma-Aldrich, Milan, Italy).
The microbial populations investigated were as follows: rod LAB on de Man-Rogosa-
Sharpe (MRS) agar added with cycloeximide (10 mg/mL) that were anaerobically
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incubated for 48 h at 30 °C; yeasts on Dichloran Rose-Bengal Chloramphenicol agar
(DRBC) that were aerobically incubated for 120 h at 25 °C; Enterobacteriaceae on Violet
Red Bile Glucose Agar (VRBGA) that were aerobically incubated for 24 h at 37 °C;
staphylococci and coagulase-positive staphylococci (CPS) on Baird-Parker (BP), added
with a RPF supplement, that were aerobically incubated for 48 h at 37 °C; Pseudomonas
spp. on Pseudomonas agar with CFC supplement (PCFC) that were aerobically incubated
for 48 h at 30 °C [19]. Cells were inoculated by the spread plate technique on DRBC, BP,
and PCFC, while the pour plate technique was applied for analysis on MRS and VRBGA.
All growth media were purchased from Oxoid (Milan, Italy). All analyses were performed
in triplicate, and the results expressed as the average number of colony-forming units
(CFU)/mL.

2.3. Dominance of Lactiplantibacillus pentosus Isolates

After growth on MRS agar, LAB isolates were collected. For each morphology, at
least five colonies were collected from the agar plates and, subsequently, purified in the
same growth medium. Cell morphology was determined by microscopy. For each sample,
at least five morphologically identical isolates were maintained and stored at -80 °C. Bac-
teria were distinguished as Gram+/Gram~- by the Gregersen KOH method [20], and then,
they were assessed for the presence of the enzyme catalase (5% w/v, H202). Phenotypic
grouping was performed as described by Martorana et al. [21].

Presumptive LAB isolates were subjected to genotypic investigation after DNA from
extraction occurred, according to Ruzauskas et al. [22]. During fermentation, the domi-
nance of strain OM13 was measured by random amplification polymorphic DNA-PCR
(RAPD-PCR) in a 25 L reaction mix using primer M13 [23]. All amplifications were per-
formed using Swift max PRO (Esco Healthcare, Singapore); the electrophoresis runs were
carried out on 2% agarose gel (w/v) in 1x TBE buffer, applying 100 V for 2 h and 20 min.
SYBR® Safe DNA gel stain (Invitrogen, Life Technologies, Monza, Italy) was added di-
rectly to agarose gel (1 pL/10 mL of agarose gel) before solidification. The bands were
visualized by a UV transilluminator and captured by Gel Doc 1000 Video Gel Documen-
tation System (BioRad, Richmond, VI, USA). Band height was compared to GeneRuler
marker 100 bp DNA Ladder Plus (Thermo Fisher Scientific, Waltham, MA, USA). RAPD
patterns were analysed with the Gelcompar II software, version 6.5 (Applied-Maths, Sint-
Martens-Latem, Belgium). Using 16S rRNA gene sequencing, 10% of the LAB isolates in
each group, with the same polymorphic profile, were identified to species level [24]. DNA
sequencing reactions were performed at AGRIVET laboratory (Palermo, Italy). Sequence
identity was determined by searching BlastN against the NCBI non-redundant sequence
database (http://www.ncbi.nlm.nih.gov) and EZTaxon (http://www.ezbiocloud.net).

LAB strains belonging to the L. plantarum group were confirmed by multiplex PCR
of the recA gene with species-specific primers for L. pentosus/plantarum/paraplantarum [25].

2.4. Volatile Organic Compound Identification

After 195 days of fermentation, VOCs were detected utilising the Solid Phase Micro-
Extraction approach in Head Space, followed by Gas Chromatography/Mass Spectrome-
try (HS-SPMEGC/MS) [26]. After homogenising 5 g of drupes, an aliquot of 0.5 g was
transferred into 2 mL vials containing pierceable silicone rubber septa covered with poly-
tetrafluoroethylene (PTFE) film. The internal standard was 50 microliters of 2-pentanol-4-
methyl methanol solution (0.981 mg/mL). The SUPELCO SPME (Bellefonte, PA, USA) fibre
holder and utilised fibre were both coated with divinylbenzene/carboxen/polydime-
thylsiloxane. To reach equilibrium, vials were heated at a controlled temperature (40 + 0.5
°C) for 30 min. The GC-MS setting followed the procedure provided by Corona [27]. Vol-
atile organic compounds were identified through a comparison of the mass spectra and
GC retention times with those of the pure commercial standard compounds, as well as by
comparing their mass spectra with those within the NIST/EPA/NIH Mass Spectral Library
database (Version 2.0d, build 2005, National Institute of Standards and Technology,
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Gaithersburg, MD, USA). For volatile organic compounds without the commercially avail-
able standard, their identification was conducted by matching their mass spectrum with
those of the NIST library or those reported in the literature. The quantification of the com-
pounds identified was expressed in relation to the internal standard used. All analyses
were carried out in triplicate.

2.5. Sensory Evaluation

At the end of fermentation (day 195), the descriptive technique ISO 13299:2016 [28],
as previously published [21,29-31], was used to evaluate the sensory profiles of the olives.
In preliminary sessions, 14 judges (7 female and 7 male, aged 21 to 58 years) were trained
using different samples of commercial table olives of the Nocellara del Belice variety in
order to establish a common vocabulary for describing the sensory attributes of the exper-
imental samples and to familiarise them with the scales and procedures. In order to elim-
inate any ambiguity regarding the appropriate interpretation, each characteristic was
thoroughly clarified and detailed.

The sample was evaluated using the sensory attributes used by the panellists with a
frequency > 60%. Each experimental product was evaluated with 13 descriptors consider-
ing visual characteristics (brightness and intensity of green colour), odour (green olive
aroma), rheological characteristics (crispness), and taste (juicy, acid, bitter, salty, astrin-
gent, sweet, and overall acceptability). The possible presence of abnormal fermentation or
other defects characterising the olives were defined by attributes such as off-odour and
off-flavour [32]. The evaluation of the olive samples took place in individual booths illu-
minated by white incandescent light, and the hedonic scale used ranged from 1.00 (no
sensation) to 9 (extremely intense sensation).

2.6. Statistical Analysis

ANOVA procedure was used to statistically analyse data from microbiological anal-
ysis, acidification dynamics (pH), concentration of VOCs, and sensory scores. Tukey’s
post-hoc procedure was used for pairwise comparisons. Statistical significance was as-
signed to p <0.001. According to Gaglio et al. [33], heat map cluster analysis (HMCA) was
used to identify the distribution of VOCs in the treatments. Agglomerative Hierarchical
Clustering analysis (AHC) was used to separate the experimental products based on their
dissimilarity (expressed in Euclidean distances and using Ward's method) among the tri-
als based on the sensory attribute scores. All analyses were carried out using the XLStat
software version 2019.2.2. (Addinsoft, New York, NY, USA).

3. Results
3.1. Brine Acidification

The dynamics of the pH of brines, during the 195 days of table olive production, are
depicted in Table 2.
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Table 2. pH values measured during fermentation of Nocellara del Belice table olives.

Trials Statistical Significance

Fermentation Days

NdB-1 NdB-2 NdB-3 NdB-4 NdB-5 NdB-6

0 8.50+0.022850+0.012 8.50+0.022 8.50+0.0328.50+0.022 850+0.03 2 n.s.
3 714+0.0626.47+0.01° 6.05+0.12¢ 6.03+0.05¢6.01+0.12¢ 6.04+0.13 ¢ .
6 6.77+0.0226.02+0.01° 571 +£0.01 ¢ 5.68+0.03 < 5.70 £ 0.07 < 5.66 + 0.01 ¢ .
9 6.68 £0.0325.64+0.02> 544 +0.03¢ 5.04+0.0395.04+0.1144.96+0.134 o
15 6.29+0.1225.11+0.07> 5.00 £0.14 > 4.79 + 0.14 4 4.65 £ 0.09 44.82 + 0.04 «d o
35 5.82+0.0224.98+0.06° 4.87+0.06° 458 +0.11< 4.48+0.12< 4.51+0.02 ¢ o
65 549+0.0124.68+0.04c 479+0.05°> 451 +0.0544.39+0.04¢ 4.48+0.024 o
143 528+0.1224.73+0.13> 4.65+0.06> 4.47+0.05¢< 4.37+0.05 448 +0.01 ¢ o
195 4.93+0.0824.54+0.07> 454+0.04> 4.47 +0.10><4.35+ 0.05 < 4.48 + 0.09 bc o

Result indicate mean value + standard deviation of three misurations. Abbreviations: n.s., not sig-
nificant; NdB-1, spontaneous fermentation; NdB-2, L. pentosus OM13; NdB-3, L. pentosus OM13 +
nutrient A; NdB-4, L. pentosus OM13 + nutrient B; NdB-5, L. pentosus OM13 + nutrient C; NdB-6, L.
pentosus OM13 + nutrient D. Data in the same line by the same letter are not significantly different
according to Tukey’s test. p value: ***, p < 0.001.

Until day 6, L. pentosus OM13-inoculated trials were characterized by lower pH val-
ues than control treatment (NdB-1). NdB-4-NdB-6 trials showed significantly lower pH
values on day 9 (from 4.96 to 5.04) as compared to NdB-3 (5.44), NdB-2 (5.64), and NdB-
1(6.68). On day 15, the pH of all inoculated trials ranged between 4.65 (NdB-5) and 5.11
(NdB-2), whereas the pH of the spontaneously fermenting trials (NdB-1) exceeded 6. The
pH of all experiments gradually decreased over the next few days. The lowest pH level at
the end of the monitoring period (195 days) was 4.35, and it was displayed by NdB-5 brine.

The nutrient supplied clearly influenced pH changes. In particular, all nutrients de-
termined a consistent and quick pH lowering. Nutrient A showed lower pH values up to
the 9th day of fermentation compared to the trials without nutrients. From day 15 to the
end of the process, no differences were observed between the NdB-2 and NdB-3 treat-
ments.

3.2. Dynamics of Microbial Populations
3.2.1. Lactic Acid Bacteria

Figure 2a shows data on dynamics of LAB populations. Immediately after inocula-
tion of the starter strain L. penfosus OM13, the experimental productions revealed count
levels above 6.0 Log CFU/mL, while in the control (NdB-1) trial, the levels were slightly
above 4 log cycles. Until day 15, trial NdB-1 displayed the lowest LAB cell density (6.8 Log
CFU/mL), whereas the inoculated trials showed a constant increase in LAB count values
to levels around 7.0 Log CFU/mL. Trial NdB-3 exhibited the greatest LAB load (7.8 Log
CFU/mL) until day 9. Only at day 35, LAB counts of trial NdB-1 (7.4 Log CFU/mL) were
comparable to those observed in the inoculated trials (7.4-8 Log CFU/mL). At day 65, LAB
populations in the control trial (NdB-1) were 7.0 CFU/mL, but they were counted at lower
levels (6.29-6.70 CFU/mL) in the inoculated trials (NdB-2 to NdB-6). After 143 days, the
trials NdB-1 and NdB-2 were characterized by LAB levels lower than 6 log cycles. The
differences in counts of LAB populations detected at the conclusion of the monitoring pe-
riod (195 days) were variable and within the range of 5.1-6.2 Log CFU/mL independently
of the presence/absence and type of nutrient.



Microorganisms 2023, 11, 825

7 of 16

®» ©

B

o 200
£ 7 £ I
=) 24 5 1.80
3 al + 3 I
%L 20 1.60 E T
= 300 - = 1 i
\ I 1.4 24 -
\ T
0 1 1.2
£
1.00 1
15 14 6 1 143 19 ) 1 6 14 19
Day D Day
(d) (e)
6.0
500
1
450
:—15 ._: 4,00 5 .
Ew I >3 - z 3
z —
o Q 3.00
W, £ S -
2 o 250 ~
— T 2,00 T
1.5
10 1.0
6 15 6 143 1 9 1 14 19
Days D

Figure 2. Trend of microbial populations determined during 195 days of fermentation: (a) lactic acid
bacteria; (b) yeasts; (c) Enterobacteriaceae; (d) Pseudomonadaceae; (e) Staphylococcaceae. Colours:

, NdB-1 (spontaneous fermentation); -, NdB-2 (L. pentosus OM13) ; ==, NdB-3 (L. pentosus OM13
+nutrient A); =, NdB-4 (L. pentosus OM13 + nutrient B); =, NdB-5 (L. pentosus OM13 + nutrient C);
—, NdB-6 (L. pentosus 255 OM13 + nutrient D).

3.2.2. Yeasts

The trend of the yeast populations during table olive production is depicted in Figure 2b.
At time zero, only the spontaneously fermented trial NdB-1 showed the presence of yeasts (2.7
Log CFU/mL) above the detection limit (1.0 Log CFU/mL). During the 195 days of monitoring,
the count levels fluctuated in the range of 1.0-6.9 Log CFU/mL. Overall, the trials NdB-5 and
NdB-6 showed the highest microbial count levels after 15 days (5.5 and 5.3 Log CFU/mL, re-
spectively) and at 195 days (5 and 4.9 Log CFU/mL, respectively).

3.2.3. Enterobacteriaceae

Across the monitoring phase (195 days), members of the Enterobacteriaceae family
were between 1.0 and 2.3 Log CFU/mL (Figure 2c).

On day 6 of fermentation, the highest value was observed in the trial NdB-1. At day 65,
with the exception of the trials with no nutrient addition (NdB-1 and NdB-2), the microbial
count values were below the detection limits. From day 143 until the end of the process, the
presence of Enterobacteriaceae was not detected in any experimental production.

3.2.4. Pseudomonadaceae

The Pseudomonadaceae group increased constantly until day 35, with count values
ranging from 1.0 to 3.6 CFU/mL. (Figure 2d).

At day 65, all trials had an increase in microbial count values of about 2 log cycles.
The nutrient-free trials (NdB-1 and NdB-2) showed the lowest levels at the end of the
monitoring (2.5 Log CFU/mL and 3.0 Log CFU/mL, respectively).

3.2.5. Staphylococcaceae

The Staphylococcaceae trend across the process fluctuated between 1.0-5.0 Log
CFU/mL (Figure 2e).

After the first 15 days, the lowest values were detected in NdB-3 (3.23 Log CFU/mL).
NdB-1 achieved the highest value (5.0 Log CFU/mL) at day 65. From day 65 to day 195,
the lowest concentrations (2.7 to 2.2 Log CFU/mL) were observed for trial NdB-4. The trials
Ndb-4, NdB-5, and NdB-6, at 195 days, reached count levels of less than 3 log cycles. Co-
agulase-positive staphylococci were not detected in any samples.
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3.3. Genotypic Characterisation of Lactic Acid Bacteria

Significant numbers of colonies were collected from the highest dilutions of the cell
suspensions of all samples. The majority of isolates showed the typical rod-shaped cell
morphology of lactobacilli. Following a genotypic investigation (16S rRNA gene sequenc-
ing and multiplex PCR of the recA gene), 106 isolates were identified as L. pentosus species
and subjected to RAPD-PCR analysis. A direct comparison of RAPD profiles revealed that
the most frequently isolated strain in the inoculated trials was L. pentosus OM13. The pol-
ymorphic profiles of 83% of the isolates revealed a high similarity (>95%), with the refer-
ence starter L. pentosus OM13 strain utilized as inoculum. Figure 3 shows the dendrogram
with 19 different RAPD profiles. The most abundant RAPD profile (N) was represented
by 88 isolates (only 12 isolates are shown) with a polymorphic profile identical to the L.
pentosus OM13. The other RAPD profiles (No. 18) were associated with LAB strains, but
they were different from the starter strain OM13. The spontaneous fermentation (NdB-1)
trial did not host any strain with a polymorphic profile similar to the starter strain L. pen-
tosus OM13. However, the dominant LAB species were L. plantarum (Acc. No. 0Q596979)
and L. pentosus (Acc. No. 0Q596980).

RAPD profiles

30

40
50

GEO12
GE0262
GE0247
GE0272
GEO14
GEO098
m L GEO0254
GE0324
593 »oo— GEOT9

512 GEO80
o GEO0251
GEOS52
GEO76
GEO101
GEO0109
GE0273
oM13
GE0292
GE0296
GE0297
GE0309
GEO312
GEO314
GEO0319
GE0325

72 GEO4
wol L GEO331
764 GE029
GE0282
GE0300
GEO096

93.3

402

w 0o v o zZz2Z22z2Z22z2z2z2z2ZzZZzZzZZIOAR-S " @maoTmogaQwE>

Figure 3. Dendrogram obtained from RAPD-PCR patterns of Lactiplantibacillus pentosus strains iso-
lated from Nocellara del Belice table olive samples during fermentation.

3.4. Volatile Organic Compound Composition

VOCs generated by table olives at the end of production (day 195) are shown in Table 3.
There were 39 compounds belonging to the following classes identified: acids (1 = 5), alcohols



Microorganisms 2023, 11, 825

9 of 16

(n = 8), aldehydes (n = 7), aromatic hydrocarbons (1 = 2), esters (1 = 12), ketones (= 1), and
phenols (= 4). In terms of quantity, phenolic compounds were the most prevalent class, fol-
lowed by those of acids and esters. Among phenols, creosol was detected at the highest level
in all experimental production, and the highest concentration was registered for the trial NdB-
6 (6176.69 ug/kg). The main acid was acetic acid, which was present at very high concentra-
tions in Ndb-6 (3190.57 ug /kg). Pentanoic acid was only detected in Ndb-2.

Table 3. Volatile organic compounds determined on the different experimental tests at the end of

the production process (195 days).

. Trials
Chemical Compounds NdB-1 Ndb-2 NdB-3 NdB-4 NdB-5 NdB-6 o
T Acids 2793.08 +302.52° 1337.90 +160.82 ¢ 145516+ 166.83 < 2407.99 + 184.84° 2082.21 + 161.32¢ 397371 £599.66 ***
Acetic acid 199751 £249.70° 10561+9379  967.73+107.37¢ 1891.65+129.84° 14833297815 319057 £524.382 *
Butanoic acid 63.44+381b  44375:68237  6671+11.13>  54.89+3.08b 612844020  56.15:559b
Hexanoic acid 12642+091¢ 45920465822  167.78+13.09¢  17310+21.52¢ 219.32+£19.09b 250.41+27.46° ***
Pentanoic acid 000£0.00°  19617+0152  0.00+0.00® 0.00+0.00b 0.00+0.00b 0.00+0.00b  ***
Propionic acid 6057548102 13317+17.25¢ 25294435239 288.35:30.41¢ 31829+4040¢ 467.57+4223b *
% Alcohols 202164+ 16488 142848 +88.08° 1510.95+ 11847¢ 1879.68+201.88° 360.31+30.154 242559 + 192482 ***
1-Butanol 0.00£0.00 56.00 £ 6.39 < 0.00+0.00< 000+0.00c  3419£575°  000£0.00c *=
3-Methyl-1-butanol 7582+11.942  0.000.00¢ 0.00 £0.00 ¢ 460948550  72.86+3.652  43.51+131b
1-Hexanol 9536+17.71®  9444+557%  2860+487¢  10489+1225¢  000+0.00¢  7534+1242a
1-Octanol 1132749562 71.76+1090°  7449+242° 917947256  7883+695°  11548+5662 ***
2-Butanol 68442+ 6244 14618+19.72°  0.000.00¢ 0.00 £ 0.00 ¢ 0.00+0.00 < 000£0.00c  **
3-Hexen-1-ol 4082411297  28872+3659°  30672+11.03° 337.28+29.69% 12515+11.75¢ 31500+34.98b ***
Benzyl alcohol 6445351942  307.50+219¢  403.18+71.03% 487.31+5481°  0.00£0.00¢  686.69+53.32a ***
Phenylethyl alcohol 000£0.00° 463886724  697.96+29.11c 81233+89.34%  4928+2.05¢ 118957484791 **=
T Aldehydes 4025328030 3462646320  24396+33.00° 301.59%3631° 295921372187 29278+28.99b
Benzaldehyde 232003295 1329123600 1347821895 150.83+19.53° 2200.07+307.83° 14573+15710 **
25-Dimethylbenzaldehyde ~ 73.25:885°  31.09+169«  4193+517¢  2215:215¢ 11939888+  0.00£0.00¢  *=*
Benzaldehyde-3-ethyl 529249222 2796+311v  3023+258°  2673:395b  1888+064°  19.50+244b  **
Isophthaldehyde 000£0.00°  2820+0.65°  37.03+336°  23.52+0.77°  26511£36.697  19.78+1526  **
Nonal 000£0.00¢ 848915272  0.00+0.00¢ 2533+203¢  000+0.00¢  41.69+130b *=*
Octanal 50.45 + 4.01 b 0.00 £0.00 ¢ 0.00 £0.00 ¢ 000+0.00¢  33542+16112  000£0.00c  **
Phenylacetaldehyde 13922674 4122+201¢ 0.00+0.00 ¢ 53.03:7.880 203642024  66.09+8032 **
T Aromatic hydrocarbons 17347+ 13227 13645+ 13.04° 38113547  10519:1280¢ 141731254 15592+10.55® **
Alpha-cubebene 12517+862°  7134+6820  38.11+354c  66.68+720°  4095:248°  70.50£386° ***
Styrene 4830+4609  6511+622¢ 0.00+0.00 ¢ 3850£5.60¢ 1007810060  8542+6.69b  ***
T Esters 1233.08 £ 89.05° 6389.72 £ 453457 29699 £37.029 3629254569 2209.58+252435 4721853724
Butyrolactone 2923:346°  3038:30l°  3772:406°  3678:380°  45176+50.78  59.12+6540 **
cis-3-Hexenylacetate ~ 106.30+26.90 % 133.41+13.45%  91.06+6.68% 15816432392  70.69+493¢  160.68+12.41a **=
Ethyl cyclohexanecaboxlate  0.00+£0.00°  3036.13+289.052  0.00+0.00® 000£0.00°  30.04+7.04°  19.50+154b  *=
Ethyl dihydrocinnamate ~ 989.23+49.232  0.00+0.00 ¢ 0.00 £0.00 ¢ 000+0.00¢  860.63+9532°  0.00+0.00c  ***
Ethyl hexanoate 000£0.00°  1076.68+65.442  0.000.00® 000£000>  2247+295>  000£000b  ***
Ethyl pentanoate 000£0.00c  39566+34212  0.00+0.00¢ 000+0.00¢  3970+3.62°  000£0.00c  ***
Methyl cyclohexanoate 000£0.00°  122660+10512  0.000.00® 0.00+0.00b 0.00+0.00b 0.00+0.00b  ***
Methyl hexanoate 000£0.00°  346.67+26922  0.00+0.00 0.00+0.00b 0.00+0.00b 0.00+0.00b  ***
Methyl hydrocinnamate ~ 22.69+1.19> 1479 +1.54¢ 1512£152¢ 0.00 +0.00 ¢ 000£0.00d4  41.824259a  **=
Octyl acetate 31.85:503¢ 1624+ 144¢ 1880+146¢  3074+335¢ 1914723877 108.99+1534b **=
Phenylmethyl acetate 53.77+323%  000£0.00c  9274+1924% 777241013 5031062057  82.07+1531b ***
Propyl butyrate 000£000¢  113.16+7902  4156+426c  59.53+491b  3973+187¢  000+0.00d  *=
T Ketones 2028339420 18045+11.68° 14260+1133° 13891+21.79° 378291+421.32 160.74+1046° **
4 Ethylacetophenone 2028339420 18045+11.68° 14260+1133° 13891+21.79° 3782.91+421.32 160.74+1046° **
¥ Phenols 4430.94+300.82° 305254+ 181.179 3191.54+ 162.06 @ 370329 +342.62° 264.6838.61¢ 7300.78 £ 306861 ***
Creosol 4217.22 278,650 2302.65+107.699 3000.63  138.77 < 3106.17+286.19¢ 23.16+123°  6176.69+ 230551 ***
Guaiacol 80.82+1433¢  27230:2175¢  99.11+16.684  486.15+4537°  62.36+9.15¢  900.64+4043 ¢ **
Phenol 5268+4.12b  3173:432b  3948+151b  56.07+7.04b  13357+24.88 111.63+22.60¢ ***
p-Creosol 8022+372b  44586+47.40°  5233+511c  5490+402¢  4559+335¢  111.82+1328° *=*

1 Statistical significance. According to Tukey’s test, data within a line followed by the same letter are
not significantly different. p value: ***, p < 0.001; **, p < 0.01. Abbreviations: NdB-1, spontaneous
fermentation; NdB-2, L. pentosus OM13; NdB-3, L. pentosus OM13 + nutrient A; NdB-4, L. pentosus
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OM13 + nutrient B; NdB-5, L. pentosus OM13 + nutrient C; NdB-6, L. pentosus OM13 + nutrient D. **
explanation.

Among esters, cis-3-hexenylacetate, octyl acetate, and butyrolactone were identified
in all experimental productions. The ester present at the highest amount was ethyl cyclo-
hexanecarboxylate (3036.13 pg/kg) in NdB-2. Among the other classes of VOCs, phe-
nylethyl alcohol (1189.57 ug/kg in NdB-6), Benzaldehyde (2200.07 ug/kg in NdB-5), and
alpha-cubebene (125.17 pg/kg in NdB-1) were the compounds detected at consistent lev-
els. Altogether, the highest number of VOCs was identified in NdB-2 (n = 35), followed by
trials NdB-4 and NdB-6 (n = 28), NdB-1 and NdB-5 (n = 26), and finally, NdB-3 (n = 25).
For all the compounds detected, the trials where nutrient C (NdB-5) was added showed
the highest concentrations for 12 VOCs (3-methyl- 1-butanol, benzaldehyde, benzalde-
hyde-2-5-dimethyl, isophthaldehyde, octanal, styrene, butyrolactone, ethyl dihydrocin-
namate, octyl acetate, phenylmethyl acetate, 4-Ethylacetophenone, and phenol).

Figure 4 shows the cluster analysis dendrogram and heat map based on the VOC
levels and distribution in the six experimental products. The relationships between table
olive productions depend on the concentrations of the different VOCs. The cluster analy-
sis revealed the existence of three main clusters. Cluster 1 consisted of the trials NdB-1,
NdB-3, NdB-4, and NdB-5. Clusters 2 and 3 were represented by trials NdB-2 and NdB-5,
respectively. The creosol content affected the differentiation of cluster 1. Cluster 2 was
differentiated by ethyl cyclohexanecarboxylate and cluster 3 was differentiated by 4-
ethylacetophenone.

-

Phenol
Creosol gHomoguaiacol)

Guaiaco:
E-Cresol
-Ethylacetophenone
Ethyl' dihydrocinnamate
Methyl hydrocinnamate
Phenylmethyl acetate (Benzyl acetate)
Butyrolactone
Octyl acetate
Ethyl cyclohexanecarboxylate
Methyl cyclohexanoate
cis-S-{Iexenylacetate
Ethyl hexanoate
Methyl hexanoate
Ethyl {Jentanoate
Propyl butyrate
Alpha-Cubebene
Styrene
Isophthaldehyde
Benzaldehyde-2-5-dimethyl
Benzaldehyde-3-ethyl
Phenylacetaldehyde
Benzaldehyde
Nonanal
Octanal
Phenylethyl alcohol
Benzyl alcohol
1 Octanol
3-Hexen-1-ol
1 Hexanol
1-Butanol-3-methyl
1-Butanol
2-Butanol 0
Hexanoic acid
Pentanoic acid
Butanoic acid
Propionic acid

Acetic acid 1544.1 - 3088.0
3088.1 - 4633.0 [N
4633.1 - 6177.0 [N
>6177.0 [

0.1-1544.0

rrr—rr 1 +rr1rrrrrr+ 11111111 T T

Ndb-5 NdB-2 NdB-6 NdB-1 NdB-3 NdB-4

Figure 4. Distribution of volatile organic compounds within table olive experimental production.
The relative concentration of each VOC is shown in the heat map plot for each trial. The hierarchical
dendrogram is based on the values of VOCs. Abbreviations: NdB-1, spontaneous fermentation;
NdB-2, L. pentosus OM13; NdB-3, L. pentosus OM13 + nutrient A; NdB-4, L. pentosus OM13 + nutrient
B; NdB-5, L. pentosus OM13 + nutrient C; NdB-6, L. pentosus OM13 + nutrient D.
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3.5. Sensory Characterisation of Tables Olives

The different trials were sensory analysed at the conclusion of the transformation
process (195 days), and the results are reported in Table 4.

Table 4. Evaluation of the sensory attributes of the experimental table olives.

Attributes Trials !
NdB-1 NdB-2 NdB-3 NdB-4 NdB-5 NdB-6 SEM2S.s3
Acid 235 448a 3.89a 4152 237b 4032 (022 **
Astringent 148 1952 1.81a 147 1583 155 (.05 **
Bitter 2.82a 3422 3152 319a 2622 2982 (.07 n.st
Brightness 4202 4552 4.032 4112 3922 4192 0.05 n.s.t
Crispness 423r 7182 6822 6952 7002 6.88a 026 *

Green colour intensity ~ 6.272 5252 5332 5352 6.17= 5862 0.11 ns4
Green olive aroma 1.83b 5602 5152 5372 6.132 5422 036 *

Juicy 338¢ 438b 5332 549 6182 5172 (028
Off-flavours 4822 219 151 1.38b 1.13> 127 033 ***
Off-odours 3272 152 144> 139¢ 1.17° 133> 0.18 ***
Salt 5972 503> 581la 498t 6.132 6462 014 ***
Sweet 1334 2.68bc 222¢ 206c 4322 287 (016 ***

Overall acceptability = 3.55¢ 5.55b¢ 539b 648 7802 6.07 030 **

Data in the same line followed by the same letter are not significantly different according to Tukey’s
test. p value: ***, p < 0.001; **, p < 0.01; *, p < 0.05. ! Trial codes: NdB-1, spontaneous fermentation;
NdB-2, L. pentosus OM13; NdB-3, L. pentosus OM13 + nutrient A; NdB-4, L. pentosus OM13 + nutrient
B; NdB-5, L. pentosus OM13 + nutrient C; NdB-6, L. pentosus OM13 + nutrient D. 2 Standard error of
the mean. 3 Statistical significance. * Not significant.

Among the 13 attributes examined, 9 revealed statistically significant differences.
Trial NdB-5 received the highest scores for crispness (7.00), green olive aroma (6.13), juicy
(6.18), salt (6.13), sweet (4.32), and overall acceptability (7.80). Spontaneously fermented
production (NdB-1) showed the highest values for off-flavours (4.82), off-odours (3.27),
and salt (3.27). In terms of overall acceptability, the highest score was observed for trial
NdB-5 (7.80), while the lowest was for trial NdB-1 (3.55).

AHC categorised the six experimental productions based on their mutual dissimilar-
ity and relationship, considering all sensory traits together (Figure 5).

Dendrogram

Dissimilarity

.
0 [ I — 1

NdB-1 NdB-5 NdB-2 NdB-4 NdB-3 NdB-6

Figure 5. Dendrogram derived from the AHC of table olives based on the values of the attributes
assessed during sensory analysis. Abbreviations: NdB-1, spontaneous fermentation; NdB-2, L. pen-
tosus OM13; NdB-3, L. pentosus OM13 + nutrient A; NdB-4, L. pentosus OM13 + nutrient B; NdB-5, L.
pentosus OM13 + nutrient C; NdB-6, L. pentosus OM13 + nutrient D.
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This analysis classified the trials using thirteen variables chosen based on sensory
analysis results. With a dissimilarity of 5%, all experimental table olive products were
clearly separated into three clusters. Cluster 3 was the most numerous, including four
trials (NdB-2, NdB-3, NdB-4, and NdB-6). NdB-1 and NdB-5 represent Clusters 1 and 2,
respectively. The parameters that had the greatest effect on trial cluster formation were
juiciness and overall acceptability.

4. Discussion

In this study, four different nutrients were evaluated in order to improve the ferment-
ative activity of L. pentosus OM13 in terms of brine acidification kinetics. The formulation of
the four nutrients considers that the olives to be fermented represent a matrix low in sugars,
so the addition of glucose promotes the growth of LAB starters. The amount of fermentable
sugars varies greatly depending on the cultivar, climate, agronomic techniques, and harvest
period [34]. Sugar was an indispensable component of all nutrients used to compensate for
nutritional deficiencies. The maltodextrins were added in nutrients B, C, and D because of
their known prebiotic activity on Lactobacillus spp. [35]. In addition, the presence of inacti-
vated yeasts, not enriched and enriched in amino acids and mannoproteins, are known
growth promoters of malolactic LAB, and they also improve the survival of probiotics [36—
38]. In nutrient A, unlike the others, starch was added to replace inactivated yeasts, as some
LAB are able to use this polysaccharide for their own growth [39].

A recently developed approach in this field is the use of nutrients as a support to
increase the fermentative ability of starter LAB used in table olive production. In this
study, the use of four different nutrients allowed a rapid colonisation of the starter culture
and a rapid decrease in pH values. This result is in contrast with those reported by Mar-
torana et al. [9] and Alfonzo et al. [18], where the production protocols did not include the
addition of lactic acid before fermentation. The rapid reduction in pH during the first few
days of fermentation is critical in preventing the growth of spoilage microorganisms,
which might lead to the “gas pocket” or softening of drupes [40]. Trials involving nutrient
addition (NdB-3, NdB-4, Ndb-5, and NdB-6) revealed the highest levels of LAB densities
and, as a result, a rapid decrease in pH, in contrast to the NdB-1 control, where the lowest
levels of LAB populations observed caused a slow process of brine acidification, as re-
ported by Romeo [14]. In this context, nutrient utilization has been shown to significantly
improve the dynamics of LAB microbial populations. The levels of LAB populations ob-
served in the six treatments can be attributed to the different production protocols applied.
Nutrient A positively influenced the LAB growth dynamics until the 9th day of fermenta-
tion, while a slow LAB growth dynamic was observed in the treatment without nutrient
addition. The trend of LAB populations, found in spontaneously fermented production,
showed the same trend, as described by Martorana et al. [9]. The ability of L. pentosus
OM13 to dominate the indigenous LAB population was observed in both inoculated
(NdB2 to NdB-6) and nutrient-supplemented (NdB-3 to NdB-6) experimental trials. The
dominance of the starter culture is important in the guided fermentation of table olives
because it ensures that the lactic fermentation was performed by the inoculated starter
strain; furthermore, the absence of RAPD profiles in the control trial (NdB-1) allowed us
to rule out any contamination of the starter strain used [1]. In accordance with what was
reported by Bautista-Gallego et al. [41], the presence of yeasts in lye-treated olives was
relatively low at the beginning of the fermentation process, but the trend observed is com-
parable to that reported by Alfonzo et al. [18]. In NdB-4, NdB-5, and in NdB-6, the pres-
ence of higher yeast microbial densities, from day 9 to day 65 of the process, was attribut-
able to the presence of the sugars, maltodextrine, and inactivated yeasts present in nutri-
ents B, C, and D. On the contrary, this composition did not affect the growth levels of the
populations of the alterative and/or potentially pathogenic microorganisms monitored
(Enterobacteriaceae, Pseudomonadaceae, and Staphylococcaceae), which showed a simi-
lar trend to that reported by Alfonzo et al. [18].
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The experimental products were separated into three different groups using heat
maps based on the VOC concentrations determined for each trial. The compounds present
in higher concentrations (creosol, ethyl cyclohexanecarboxylate, and 4-ethyl acetophe-
none) allowed the six treatments to be grouped into three clusters. Cresol, a compound
present in large amounts in all trials, is a compound commonly present in table olives
produced by Seville style [42]. Low amounts of this compound may indicate the presence
of alterative microorganisms [42]. The presence of creosol in fermented table olives is con-
sidered positive because this compound emits sweet, caramel, or vanilla-like odours [43].
The presence of high levels of cresol can neither be attributed to the type of nutrient used
nor to the presence of the starter strain OM13, as it was detected in cluster 3 in both the
inoculated experimental trials (NdB-3, NdB-4, and NdB-6) and the spontaneously fer-
mented control (NdB-1). The odours associated with this molecule give the product its
typical vinegary odour and bitter flavour [44]. Esters were the third group of VOCs with
the highest concentration. Their presence is related to microbial activity. Esters are im-
portant molecules, as they are compounds that emit fruity and floral notes, so they have
a positive impact on defining the odours and flavours of the final product [45]. The ester
with the highest levels in NdB-2 (cluster 2) was ethyl cyclohexanecarboxylate, although it
was also found in trials with nutrients C (NdB-5) and D (NdB-6). It is a chemical whose
presence is related to the characteristic fruity odour prevalent in Spanish olives, due to its
low perception threshold (0.001 ug/Kg) [46,47]. The only ketone detected was 4-
Ethylacetophenone. Its presence in significant quantities in NdB-5 could be due to the nu-
trient C used (cluster 3). In previous studies on Nocellara del Belice table olives processed
in the Sevillian [21] and Greek [31] styles, fermented with L. pentosus OM13, the amount
determined was much lower (around 11-50 pg/kg). Its presence produces the emission of
odours associated with hawthorn flowers (www.thegoodscentscompany.com, accessed
on 13 March 2023). Presumably, nutrients —particularly nutrient D —increased acetic acid
content, with the nutrient-free experimental trial (NdB-2) containing the lowest acetic acid
content. When comparing acetic acid levels in trials where the nutrient was added with
glucose (NdB-4, Ndb-5, and NdB-6) and the other trials, sugars did not affect acetic acid
production. Among the alcohols, the largest amounts were detected in phenylethyl alco-
hol, which was present in all experimental productions except the spontaneously fer-
mented control. Eshkol et al. [48] attributed the presence of this compound to the fermen-
tation of Saccharomyces cerevisiae yeasts. Its presence is positive, as it imparts rose-like
odours to table olives [49]. Benzaldehyde and alpha-cubenene are two other compounds
found in higher quantities among the aldehydes and aromatic hydrocarbons, respectively.
Benzaldehyde is a compound that is mainly synthesised by the enzymatic activity of LAB
belonging to the genus Lactobacillus, while alpha-cubenene is terpene commonly associ-
ated to varietal aromas of olives [30,44]. The presence of different forms of alpha-amino
nitrogen in three nutrients (B, C, and D) could influence the aromatic expression. With the
same glucose, the use of inactivated yeasts enriched in mannoproteins (nutrient D) could
have caused an increase in acetic acid, phenylethyl alcohol, phenylacetaldehyde, methyl
hydrocinnamate, creosol, guaiacol, and phenol. On the other hand, in the trial with nutri-
ent C (NdB-5), the highest levels were found for benzaldehyde, 2,5-dimethylbenzalde-
hyde, isophthaldehyde, styrene, butyrolactone, octyl acetate, phenylmethyl acetate, 4-
ethylacetophenone, and phenol. In comparison to other experimental treatments, the ad-
dition of nutrient C has led to more aromaticity. In fact, all the compounds present in
greater quantities are known for their ability to produce odours and flavours that range
from floral to fruity, enriching the sensory profile of the trial NdB-5.

The results of the VOC study were validated by sensory analysis. In fact, NdB-5
achieved the highest score of overall acceptability —so much so that the clusters obtained
by processing through AHC distinguished NdB-5 from the spontaneously fermented con-
trol (NdB-1) and all other treatments, which from the sensory aspect, were grouped into
a single cluster and showed no difference between them. The high scores for crispness,
green olive aroma, juicy, salt, and sweet in NdB-5 clearly indicate how L. pentosus OM13,
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in the presence of nutrient C, determined an improvement in organoleptic characteristics
in Seville-style olives [44,50,51].

5. Conclusions

This study indicates the importance of nutritional adjuvants in significantly reducing
the acidification process of olive brine during the 195 day fermentation, thereby improv-
ing the safety and sensory quality of the final product. This research has a significant po-
tential for applicability in the industrial production of table olives. Indeed, rapid acidifi-
cation results in a reduction in processing time, leading to lower production costs. More-
over, the rapid lowering of pH results in less product loss compared to table olives pro-
duced with traditional protocols. The different chemical composition of the nutrients
clearly differentiated the experimental productions obtained on a chemical-physical, mi-
crobiological, and sensory level. Nutrient C, consisting of glucose, maltodextrins, and in-
activated yeasts, improved the fermentation performance of L. pentosus OM13 compared
to the other nutrients. In fact, fermented olives obtained with nutrient C showed high
scores in the panel test. Further investigations will be carried out with a view toward an
industrial-scale development of the optimized fermentation protocols.
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