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Abstract

BACKGROUND: The exploitation of microbial strains with advanced technological traits is a pivotal step in enhancing the pro-
duction of table olives and meeting consumers' demands.

RESULTS: Here, a multi-step approach involving the sequential addition of a Lactiplantibacillus plantarum (namely C11C8)
starter strain and a Lacticaseibacillus rhamnosus (namely VB1) probiotic strain with confirmed bile salt hydrolase activity was
applied for the production of Nocellara Etnea and Tonda Iblea cultivars, fermented at 7% NaCl. Results revealed that in olives
inoculated with the starter, staphylococci and Enterobacteriaceae were found below detectable limits. Furthermore, fermenta-
tion significantly increased total phenolic content (TPC) and radical scavenging activity (RSA) in Tonda Iblea brine samples, with
the highest values for TPC (310.13 pg gallic acid equivalent mL™") and RSA (222.27 pmol Trolox equivalent mL™") after 150 and
120 days, respectively. Furthermore, the presence of the probiotic strain, confirmed by quantitative PCR, resulted in a slight
reduction of TPC, although a value of 219.63 pmol Trolox equivalent mL~" in Nocellara Etnea brine samples was detected after
150 days. The volatile organic compound profiles revealed that in samples inoculated with the two strains, benzaldehyde and
a-farnesene, associated with fruity and floral notes, were detected. In contrast, the control samples exhibited higher levels of
guaiacol and 4-ethylphenol, known for imparting off-flavors. Sensory analysis confirmed that consumers preferred olives
enriched with the probiotic, for their aromatic complexity and reduced off-flavors.

CONCLUSION: The proposed approach results in a promising strategy for designing lower-sodium functional table olives.
© 2025 The Author(s). Journal of the Science of Food and Agriculture published by John Wiley & Sons Ltd on behalf of Society of
Chemical Industry.
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INTRODUCTION

In recent years, the trend for healthier eating habits has placed
fermented foods in the spotlight as rich sources of bioactive com-
pounds. Among them, table olives, for their integral role in the
Mediterranean diet, appear very interesting to function as carriers
of health-promoting bacteria. Modern biotechnological
approaches have redefined these iconic fruits by integrating fer-
mentation processes with functional food innovation, transform-
ing olives into probiotic-rich, plant-based alternatives to
traditional dairy products.®® This paradigm shift aligns with
increasing consumer demand for sustainable, cholesterol-free
and lactose-free options. These attributes are supported by the
high nutritional value of table olives, which are rich in fiber, vita-
mins, minerals, phenolic compounds, polyunsaturated fatty acids
and antioxidants.* Table olives are deeply rooted in the Mediterra-
nean diet, with processing methods varying across countries like
Spain, Greece, Italy and Portugal.> World production for the provi-
sional crop year 2023-2024 is estimated at 2 828 500 t, down 12%

on the previous year,® although between 2011 and 2021, EU
countries produced approximately 833 090t of table olives
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annually, with global production reaching 3.1 million tonnes and
consumption at 2.95 million tonnes during the 2022-2023
season.”®

In Sicily, a distinctive processing method involves immersing
olives directly in brine, allowing natural fermentation to occur
through indigenous microbiota without the need for debittering
pretreatments or starter cultures.” This spontaneous fermenta-
tion, dominated by lactic acid bacteria (LAB) and yeasts, initiates
a series of biochemical transformations and refines the sensory
characteristics of the final products.’® To mitigate bitterness and
inhibit the growth of pathogenic or undesirable microorganisms,
table olives are traditionally treated with high-sodium solutions.'’
However, the World Health Organization (WHO) recommends a
daily limit of sodium intake of 5 g to prevent health risks. This rec-
ommendation limits the consumption of high-sodium olives and
strongly emphasizes the need for safe production systems for
table olives with reduced sodium content, while respecting tradi-
tional production.'*"3

The selection of LAB with advanced technological abilities has
been a pivotal step in enhancing the production of table olives
and meeting consumers' demands. Recent studies have demon-
strated that starter cultures, particularly those represented by Lac-
tiplantibacillus plantarum and Lactiplantibacillus pentosus species,
can be useful for optimizing the fermentation processes.'* The
single- and multifunctional starter cultures in table olive fermen-
tation have become attractive for the food industry as they con-
tribute to reducing the process time and spoilage risk.'
Controlled fermentation, using either autochthonous or
allochthonous starters, ensures the safety and high quality of fer-
mented fruits and vegetables.'® In naturally green table olive pro-
duction, these microorganisms synergize with native microbiota
to guarantee microbiological safety, accelerate bitterness removal
and enrich the nutritional profile of the final product. These
advancements are primarily related to the enzymatic degradation
of oleuropein, a phenolic compound responsible for the
bitterness in olives. Lpb. plantarum strains exhibit proficiency in
bio-converting oleuropein into bioavailable and lower-
molecular-weight phenolic compounds, through p-glucosidase
and esterase enzymes.'®'” Specifically, p-glucosidase catalyzes
the hydrolysis of oleuropein into oleuropein aglycone and/or dec-
arboxymethylated oleuropein aglycone (HyEDA), while esterase
cleaves oleuropein aglycone into elenolic acid and hydroxytyro-
sol. Subsequently, enzymatic activity converts HyEDA into ethyle-
nediamine, mitigating bitterness and enhancing the functional
properties of olives.'®%°

Nowadays, consumers are increasingly attuned to the health
benefits of food beyond basic nutrition, driving the rising trend
toward fermented products." Among them, naturally fermented
olives are known to host diverse health-promoting strains in their
native microbiota, highlighting their potential as probiotic car-
riers.?"?2 The addition of a strain able to show resilience under
gastrointestinal conditions, to modulate gut microbiota, produce
short-chain fatty acids and inhibit pathogens can further enhance
the functional properties of table olives.

In recent years, within the field of probiotics, there has been
growing interest in selecting strains with bile salt hydrolase
(BSH) activity, an enzyme naturally present in numerous LAB
and closely associated with benefits for intestinal health and reg-
ulation of lipid metabolism.?*> BSH activity allows the deconjuga-
tion of bile salts, reducing their reabsorption in the intestine and
promoting their excretion. This mechanism promotes the hepatic
synthesis of new bile acids from cholesterol, contributing to a

reduction in serum cholesterol levels.>* BSH activity has been con-
sidered as a selection criterion for probiotic bacteria of many
strains, particularly in LAB, including Lacticaseibacillus rhamnosus,
Lacticaseibacillus casei, Lactiplantibacillus plantarum, Limosilacto-
bacillus fermentum, Limosilactobacillus reuteri and Lactobacillus
acidophilus.*>>%’

The use of BSH-active strains, as an added culture, in table olives
could be an innovative strategy to enhance their functional pro-
file, in the context of cardiovascular health. Because of their
unique microstructure, olives provide a favorable environment
for the survival and delivery of probiotics along the gastrointesti-
nal tract, making them an effective plant-based alternative to tra-
ditional dairy-derived probiotics.??%2°

Finally, by addressing concerns regarding sodium content,
probiotic-enriched table olives can evolve from plant-based fer-
mented foods to functional foods, offering a sustainable solution
that honors Mediterranean traditions and meets modern nutri-
tional goals.

MATERIALS AND METHODS

Table olive production
Drupes belonging to Nocellara Etnea (Ne) and Tonda Iblea
(Ti) cultivars were processed at the local company Azienda Agric-
ola Morina Domenico (Paterno, Italy), according to industrial pro-
cedures. In detail, after harvesting (September-October 2023), the
drupes, subjected to strict quality control, were thoroughly
washed with water, graded and transferred to polyethylene con-
tainers (20 L volume) and directly immersed in a brine solution
(7% NaCl w/v), with a ratio of olive to brine of 1:1. The olives were
added with the strain Lpb. plantarum C11C8, belonging to the
Di3A microbial culture collection, previously isolated from
the brine of naturally fermented table olives (Fig. 1), selected for
its ability to grow in brine, reducing the bitter compounds.* 720>
4172025 The strain was stored at —80 °C in de Man, Rogosa and
Sharpe (MRS) medium (pH 6.5) containing 25% (v/v) glycerol,
and grown in MRS medium, supplemented with 1.5% (w/v) agar,
when required, and incubated at 37 °C for 24 h. Samples were
inoculated with Lpb. plantarum C11C8, at a final cell density of
7 log CFU mL™", and Ne LAB and Ti LAB samples were obtained,
in triplicate. For both cultivars, controls were obtained without
the addition of any starter (namely Ne Ctrl and Ti Ctrl). All fermen-
tations were carried out at room temperature (18 + 2 °C) and
monitored for 150 days. During the fermentation time, marine salt
was periodically added to maintain a constant sodium chloride
concentration. After 150 days from the addition of Lpb. plantarum
C11C8, olive samples of both cultivars were added with an Lcb.
rhamnosus strain, namely VB1, from human origin, belonging to
the microbial culture collection of ProBioEtna srl, Spin Off of the
University of Catania, Italy.>° The strain, characterized for safety
traits, according to the European Food Safety Authority (EFSA)
(2021), previously characterized from a genotypic and phenotypic
point of view, including antimicrobial resistance profile and adhe-
sion ability, as reported by Agolino and co-workers®® was selected
for its high ability to deconjugate bile salts in vitro. The strain was
supplied in lyophilized form by SACCO System srl and directly
resuspended at a final cell density of 9 log CFU mL™" in Ne and
Ti brines previously fermented with Lpb. plantarum C11C8. Both
brine and drupe samples were periodically collected and sub-
jected to microbiological and chemical analyses.

The experimental design, as shown in Fig. 1, outlined the activ-
ities undertaken to monitor the fermentation process at both
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Ctrl: spontaneus fermentation
LAB: fermentation with starter L. plantarum C11C8
LAB+BSH: fermentation with starter L. plantarum
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Figure 1. Experimental design of table olive fermentation trials with different inoculation strategies: Ctrl: spontaneous fermentation; LAB: fermentation
with starter Lpb. plantarum C11C8; LAB+BSH: fermentation with starter Lpb. plantarum C11C8 and probiotic Lcb. rhamnosus VB1 strain. TPC: total phenolic

content; RSA: radical scavenging activity.

microbiological and chemical levels. This included evaluating pH,
performing microbial count plate assays and conducting quanti-
tative polymerase chain reaction (qPCR) detection of Lcb. rhamno-
sus VB1 at T150, T157, T164, T180, T210 and T240 (respectively at
the time of inoculum and after 7, 14, 30, 60 and 90 days). Addi-
tionally, the total phenolic content (TPC) and radical scavenging
activity (RSA) were assessed together with the detection of vola-
tile organic compounds (VOCs) and sensory analysis.

pH evaluation during fermentation

The pH values of the brine samples were measured after 0, 7,
14, 30, 60, 90, 120 and 150 days of fermentation, using a pH meter
(Mettler DL25, Mettler-Toledo, Milano, Italy).

Microbiological analyses

Microbiological analyses were performed as previously reported®°
on both brine and drupe samples before the addition of starter
(TO) and after 7, 14, 30, 60, 90, 120 and 150 days of fermentation.
In detail, 25 g of olives was taken, drained, pitted and transferred
into a sterile stomacher bag containing 225 mL of Ringer's solu-
tion (1:10 w/v) and homogenized for 2-5 min in a stomacher.
The brine and the homogenized olive samples were serially
diluted and subjected to plate counting. In particular, plate count
agar, incubated at 32 + 2 °C for 48 h, was used for total mesophi-
lic bacteria; MRS agar, supplemented with cycloheximide
(5 mL L"), anaerobically incubated at 32 °C for 24-48 h, for LAB
count; Sabouraud dextrose agar, supplemented with chloram-
phenicol (0.05 g L™"), incubated at 25 °C for 4 days, for yeast
counts; violet red bile glucose agar, incubated at 30 °C for 18-
24 h, for Enterobacteriaceae counts; mannitol salt agar, incubated
at 32 °C for 48 h, for enumeration of coagulase-positive and

-negative Staphylococcus spp.; Mac Conkey, incubated at 32 °C
for 24-48 h, for enumeration of Escherichia coli; sulfite polymyxin
sulfadiazine agar, anaerobically incubated at 37 °C for 24-48 h,
for the detection of sulfite-reducing clostridia, such as Clostridium
perfringens; and Bacillus cereus agar (Mossel) incubated at 30 °C
for 24 + 2 h, for the detection of Bacillus cereus spp. Additionally,
the presence of Listeria monocytogenes and Salmonella spp. was
detected in Palcam agar incubated at 37 °C for 24-48 h, and in
Hektoen agar incubated at 37 °C for 24 + 2 h, respectively, fol-
lowing conventional procedures.'3? All media were purchased
from Biolife (Milan, Italy). All analyses were performed in triplicate,
and results were expressed as log;o CFU mL™" for brine samples
and log;q CFU g~ for olive samples, and the standard deviation
was given.

Monitoring of probiotic strain survival by q-PCR assay

To assess the persistence of Lcb. rhamnosus VB1, olive samples
were taken and subjected to total DNA extraction at T150, T157,
T164, T180, T210 and T240 using a Dneasy Mericon Food Kit
(Qiagen, Milan, Iltaly) following procedures previously
reported,®®3® with slight modifications. In detail, 12 g of olive
samples was diluted in 30 mL of sterile Ringer's solution and
homogenized in a stomacher for 5 min at room temperature.
The suspension was centrifuged at 10 000 x g for 10 min at 4 °
C, and the pellet was washed twice with 30 mL of phosphate
buffer solution, pH 7.4. Subsequently, the pellet was suspended
in 400 mL of sterile Ringer's solution and transferred to a tube
containing 0.3 g of zircon microspheres, to which 150 mL of phe-
nol solution was added, and homogenized using a Precellys Evo-
lution homogenizer (Bertin Technologies, Genova, ltaly) at
10 000 rpm for 5 min. The resulting suspension was extracted
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following the Kkit's instruction manual. The concentration of
extracted DNA was determined using a Qubit 4.0 fluorometer
(Invitrogen, Carlsbad, CA, USA). The DNA was stored at —20 °C
until further analyses.

To quantify the presence of Lcb. rhamnosus VB1, the extracted
DNA was subjected to qPCR using strain-specific primers, appropri-
ately designed based on in silico studies of the sequences encoding
the BSH gene.3* In detail, qPCR reactions were performed using a
WizzPure SYBER Green Kit, using a Rotor Gene Q instrument
(Qiagen, Milan, Italy). The qPCR reaction mixture was run in a final
volume of 20 pL, containing 10 pL of SYBR green, 10 pmol L' of
primers  bsh_rha_qF2  (GGAATACGGGTGGCATACAA) and
bsh_rha_qR2 (CAGGCCAAACATGCCATAAC), 5 pL of gDNA and
3.8 pL of ultrapure water. The amplification cycle included an initial
denaturation step at 95 °C for 5 min, followed by 40 cycles at 95 °C
for 30's, 60 °C for 60 s and 60 °C for 30 s. To ensure the specificity
of the reaction, a melting curve analysis was performed between
60 and 95 °C. To validate the reaction, a standard curve was gener-
ated using gDNA isolated from Lcb. rhamnosus VB1 strain, consider-
ing a concentration range from 9 to 3 log CFU mL™". All reactions
were performed in triplicate.

Brine treatment for TPC and RSA determination

The TPC and the RSA were determined in brine samples at TO, T30,
T60,T90,T120,T150,T180, T210 and T240. The extraction was per-
formed following a method previously described>>® with some
modifications. Specifically, 5 mL of 80% (v/v) ethanol was added,
and samples were maintained in an ultrasonic bath for 15 min
at room temperature. Then, samples were centrifuged at 4 °C
and 4500 x g for 10 min, and supernatants were collected. Finally,
the two supernatants were combined to obtain a final volume of
10 mL, then directly filtered (0.45 pm) and analyzed.

TPC determination in olive brines

The determination of TPC was performed following the Folin-
Ciocalteu method. In detail, 20 pL of each sample was injected
in triplicate into 96-well plates to which 100 pL of Folin reagent
(0.2 N) and 100 pL of sodium carbonate solution (Na,CO3 7.5%)
were added. In addition, 100 pL of catechin hydrate solution
(1T mg mL™") diluted 1:10 was used as a positive control, and
100 pL of 99% ethanol was used as a negative control. The blue
complex was visualized at 765 nm using a UV-visible spectropho-
tometer (Tecan Infinite® 200 PRO, Mannedorf, Switzerland) after
60 min at room temperature. Gallic acid (2.5-100 ug mL™") was
used for constructing the standard curve, and the mean of three
readings was used to determine the TPC expressed as pg of gallic
acid equivalent (GAE) per mg of extract.

RSA determination in olive brines

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
assay was performed to evaluate the RSA.3” In detail, a stock
solution (1000 pmol L™") was prepared by dissolving 9.86 mg
of DPPH radical into 25 mL of 99% ethanol, and from the stock,
a radical DPPH solution (300 pmol L™") was diluted into ethanol.
A total volume of 100 pL of each sample was injected in triplicate
into 96-well plates to which 100 pL of radical DPPH solution
(300 pmol L™") was added. The measurements were carried out
at a wavelength of 515 nm using a UV-visible spectrophotome-
ter (Tecan Infinite® 200 PRO, Switzerland) after 30 min at room
temperature. Trolox (water-soluble vitamin E derivative:
6-hydrox-tert-2,5,7,8-tetramethylchroman-2-carboxylic acid) at
5-25 pmol L™" was used for calibration, and the antioxidant

activity of each sample was expressed as Trolox equivalent
(pmolL TE (100 g)~"). Ascorbic acid (1 mg mL™") was used as a
positive control, and 99% ethanol as a blank.

VOC detection by SPME GC-MS in olive samples

Olive samples were collected at the end of fermentation (T240)
and subjected to VOC detection using a gas chromatograph
equipped with a mass spectrometer (GC-MS). After rinsing with
distilled water to remove brine residues, olive samples were dried,
stoned and homogenized at 5000 rpm for 18 s (Grindomix
GM200, Retsch GmbH, Haan, Germany). Then 4.00 + 0.02 g of
pulp was weighed into 20 mL glass vials with PTFE screw caps
and placed in a thermostatic block at 45 °C for 60 min with stir-
ring. A DVB/CAR/PDMS-coated solid-phase microextraction
(SPME) fiber (50/30 pm, Supelco, USA) was used for headspace
adsorption of volatile compounds. The fiber was preconditioned
at 250 °C for 1 h in a GC-MS system and reconditioned at 250 °
C for 5 min before each analysis. The SPME fiber was exposed to
the headspace of the vial for 30 min to adsorb the volatile com-
pounds and then thermally desorbed at 250 °C for 10 min in the
injector port of a GC (Agilent 7890A, Santa Clara, CA, USA) coupled
to a MS (Agilent 5975C, Santa Clara, CA, USA). Separation was per-
formed on an HP-5 capillary column (30 m x 0.25 mm x 0.25 pm
film thickness; Agilent Technologies, Santa Clara, CA, USA) with
injections in splitless mode at 250 °C. The chromatographic con-
ditions were chosen in accordance with Sanchez and co-
workers,*® with specific modifications to improve the separation
of volatile compounds. The oven temperature program was as fol-
lows: initially at 35 °C for 3 min, then at a rate of 6 °C min™' to
120 °C, followed by a rate of 30 °C min™" to 240 °C, held for
3 min. Helium was used as carrier gas at a flow rate of
1.2 mL min™" and a pressure of 14.9 psi. The mass detector was
operated in a scan mode at 70 eV with a scan rate of 5.15 scans
per second. Peak identification was performed by comparing
the mass spectra obtained with those of the Wiley 175 library
(Wiley & Sons, Inc., Weinheim, Germany).

Sensory evaluation

Sensory evaluation was performed as previously reported® and
following the Social and Societal Ethics Committee principles.
Olive samples were taken after 240 days and rinsed in water to
remove excess salt. A total of 33 panelists (20 women and
13 men, aged between 20 and 57 years) participated in the sen-
sory evaluation of the four experimental samples (Ne LAB, Ne
LAB+BSH, Ti LAB and Ti LAB+BSH). Each panelist was trained at
the Department of Agricultural, Food and Environment (Di3A) of
Catania following the International Olive Council guidelines, with
specific familiarization on sensory descriptors (bitterness, salti-
ness, acidity, texture) and defect identification. Before the sensory
evaluation, panelists attended a dedicated seminar covering the
sensory attributes, evaluation procedures and objectives of
the study. The samples, labelled using a random three-digit code,
were served at room temperature using plastic plates. The panel-
ists were offered unsalted crackers and mineral water between
tasting each sample. The attributes that defined the sensory pro-
files of table olives included: visual characteristics (green color
intensity), odor (intensity of green olive aroma and eventually
off-flavors), rheological characteristics (intensity of crispness),
taste, intensity of bitterness and overall acceptability. The inten-
sity of each sensory attribute was evaluated using a numerical
scale from 1 (poor) to 5 (excellent). Overall acceptability was
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evaluated using a 10-point scale from 1 (unsatisfactory) to
10 (excellent).

Statistical analyses

One-way analysis of variance (ANOVA) followed by a Tukey post
hoc multiple-comparisons test was applied to the pH values,
TPC, RSA and microbiological and VOC data from three replicates.
Assumptions of normality and homoscedasticity were verified
before ANOVA application by the Shapiro-Wilk test and Levene's
test, respectively. Differences were considered statistically signifi-
cant at P < 0.05. Data analysis was performed using JMP software
(SAS Institute, version 12.0.1). For the sensory analysis, a one-way
ANOVA test was applied with cultivar (Ti versus Ne) and strain (LAB
versus LAB+BSH) nested within cultivar as fixed effects and panel-
ist as a random effect. Means were compared using Student's t-
test. Statistical significance was attributed to P < 0.05. Analyses
were performed using JMP statistical software (SAS Institute, NC,
USA) v.12.0.1.

RESULTS

Physicochemical and microbiological traits

The brine concentration was maintained at 7% NaCl. Table 1 pre-
sents the pH values determined in the control and experimental
samples. The results showed an initial difference between Ne
and Ti samples (both control and inoculated), with the latter
showing a lower starting pH value. From the T7, a progressive low-
ering of pH was observed in all experimental samples, with a
higher decrease in all Ti samples. After 30 days, the pH of all sam-
ples stabilized, with a tendency for the Ti samples to reach lower
values. During the whole fermentation process, significant differ-
ences emerged between Ne LAB and Ti LAB samples, with final
pH values of 4.28 and 3.68, respectively, after 150 days. Such
final values are consistent with the recommended limits to ensure
the microbiological safety of the final product.

Microbial dynamics in drupe and brine samples

The dynamics of the main microbial groups (expressed as log
CFU g~ " orlog CFU mL™" of three replicates + standard deviation)
counted in drupe and in brine samples during the fermentation
are reported in Table 2. The LAB population detection in drupe
samples showed an increased cell density until T14 in both

cultivars, in inoculated and control samples. In detail, an initial
increase of about 2.4 and 3.5 log units was detected after 7 days
in Ne Ctrl and Ti Ctrl samples, respectively, whereas experimental
samples showed a significant increase of about 4 log units for Ne
LAB and of almost 8 log units for Ti LAB samples. From T30, a
reduction in LAB concentration of about 1.0-1.7 log units was
observed in all samples, remaining quite constant from day
90 up to the end of fermentation (T150).

Regarding yeast populations, a significant increase of about
4 log units was observed in control olive samples starting from
T30. In the inoculated samples (Ne LAB and Ti LAB), an increase
of about 4.0 and 1.0 log CFU g™, respectively, was noted. From
T60 to T90, a non-significant reduction in yeast was recorded in
the controls, while inoculated samples showed a decrease of
approximately 1 log unit, highlighting the acidification effect
of the matrix by the addition of Lpb. plantarum C11C8 starter.
The mesophilic bacteria count showed a significant increase in
all samples from T7 to T30, followed by a reduction at the end
of fermentation (T150), which was higher in inoculated samples
than in controls. Throughout the fermentation process, mesophi-
lic bacteria reached average values of around 5.0-6.0 log
CFU g~ "in all samples.

Focusing on microbiological results in brine samples, no LAB
was detected in controls, while inoculated samples (Ne LAB
and Ti LAB) exhibited an average concentration of 6.5 log
units. Starting from T7, a significant increase was observed
in all samples, with the inoculated samples (especially Ti
LAB) reaching a concentration of 7.9 log CFU mL™" within
T30. After 30 days, a slight decrease in LAB was observed in
all samples, which remained quite constant until the end of
the process (T150), with values ranging between 5.9 and 7.0
log units. As for yeasts, they were absent at the beginning of
fermentation in all brine samples. From T7, a rise in cell con-
centration was observed, particularly in inoculated samples,
up to T30. After T60, a decrease in yeast populations was
observed in inoculated samples, with average values between
6.3 and 6.7 log CFU mL™", while brines of control samples
showed an increase, reaching values of 7.1-7.3 log units. Sim-
ilarly, the mesophilic bacteria count in brine samples was
higher in inoculated samples than in controls. From T7 to
T30, inoculated samples showed an increase in mesophilic
bacteria, followed by a decrease in the subsequent days, with

Table 1. Values of pH expressed as means and standard deviations detected in olive brines at different days of fermentation

pH

Days of fermentation

Sample 0 7 14 30 60 90 120 150
NeCtrl  6.65+001% 518+001"® 485+001®  463+020® 452+002°® 448+001°® 439+001® 432+002®
Ne 6.66 +0.02°® 524 +0.02% 494+ 002® 464 +030° 445+ 002°® 441 +001°®  425+001°® 415+ 003

LAB
TiCtrl  652+001" 446 +002°* 4144004  384+002*" 381+001* 381+002*" 581+001*" 3.82+002*"
TiLAB 640+ 0019 436+ 002 407 +003"* 382+002°* 374+002°* 367+002°°" 462+001"" 363+001"

Ne Ctrl, Nocellara Etnea spontaneously fermented; Ne LAB, Nocellara Etnea with Lpb. plantarum C11C8; Ti Ctrl, Tonda Iblea spontaneously fermented;
Ti LAB, Tonda Iblea with Lpb. plantarum C11C8. 2~ Different lowercase letters within the same row indicate statistically significant differences among
treatments (P < 0.05); values labeled with ‘a’ represent the lowest values, while subsequent letters indicate increasing values. *~8 Different uppercase
letters within the same column indicate statistically significant differences among samples for the same parameter (P < 0.05); values labeled with ‘A’
represent the lowest values, while subsequent letters indicate increasing values.
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Table 2. Main microbial groups (expressed as log CFU g~ or log CFU mL~" of three technical replicates + standard deviation) in drupe and in brine
samples during fermentation

Days of fermentation

Drupe sample 0 7 14 30 60 90 120 150
Lactobacilli
Ne Ctrl 447 +0.02%" 6.87 + 0.04%" 7.92 + 0.02°® 7.75 + 0.06° 6.04 + 0.04* 6.31 + 0.03® 5.13 + 0.04°* 522 + 0.03°*
Ne LAB 445 + 0,05 8.04 + 0.24% 8.25 + 0.06°® 7.82 + 0.04%* 6.61 + 0.03A 6.12 + 0.02A 559 + 0.08°% 552 + 0.07°*
Ti Ctrl 343 + 0.02°® 6.92 + 0.03% 7.09 + 0.04%" 7.82 + 0.04° 7.27 + 0.05%® 6.25 + 0.06°* 5.73 + 0.02°¢ 5.70 + 0.02°®
Ti LAB 3.24 + 0.06*° 7.95 + 0.02°® 8.13 + 0.04%° 8.08 + 0.03°® 7.80 + 0.02%® 6.41 + 0.02® 5.98 + 0.02°¢ 5.82 + 0.04°®
Yeasts
Ne Ctrl 2.36 + 0.06°° 5.65 + 0.05® 6.12 + 0.08%® 6.09 + 0,03 421 +0.07°® 411 + 0.05% 4.80 + 0.04°* 511 + 0,06
Ne LAB 2.30 + 0.03°* 433 + 0.03°* 5.19 + 0.07* 524 + 0.08" 367 + 0.03** 3.88 +0.11° 571 + 0.04%® 471 +0.03°*
Ti Ctrl 3.51 + 0038 5.11 + 0.08°8 584 + 0.05% 5.84 + 0.04%8 432 + 0,03 416 + 0,048 5.55 + 0058 4.96 + 0.04°°
Ti LAB 3.54 + 0,03°* 413 + 0.09°* 490 + 0.034 474 + 034 3.61 + 0.03* 3.95 + 0.04%°7 5.59 + 0.06 452 + 0.04°*
Mesophilic bacteria
Ne Ctrl 3.48 + 0.04** 7.13 + 0,07 8.18 + 0.03°" 8.57 + 0.07°® 7.50 + 0.03%® 6.80 + 0.04°B 6.38 + 0.02° 6.52 + 0.03°®
Ne LAB 3.57 + 0.02** 551 + 0.04°* 832 +0.03%" 8.26 + 0.04° 7.43 +0.05%® 6.37 + 0,044 6.04 + 045 5.48 + 0.03°*
Ti Ctrl 450 +0.02*® 6.90 + 0.04% 6.93 + 0.04%® 8.50 + 0.03%° 6.55 + 0.04" 6.73 + 0.04°® 5.77 + 0,03 5.73 + 0.02°8
Ti LAB 462 + 0.04% 563 + 0.04* 8.10 + 0.02°* 7.97 + 0.07°* 6.17 + 0.06%* 6.31 + 0.05% 564 + 0.04°* 521 + 0.04°*
Staphylococci
Ne Ctrl 2.58 + 0.02°* 422 + 003 4.48 + 0,04 481 + 0,039 3.16 + 0.04°¢ 228 +0.02%A 231 + 0027 nd
Ne LAB 261 + 0.02°8 1.09 + 0.04°* 1.02 + 0.01°* nd nd nd nd nd
Ti Ctrl 2.57 + 0.03°* 3.26 + 0.04® 3.51 + 0,04 3.56 + 0.04" 2,02 +0.02°4 261 + 0.03°* 248 + 0.02°" nd
Ti LAB 267 + 0.038 1.17 + 0.02°* 1.02 + 0.02°A nd nd nd nd nd

Days of fermentation

Brine sample 0 7 14 30 60 90 120 150
Lactobacilli

Ne Ctrl nd 7.26 + 0.04% 7.78 + 0.03%® 7.35 + 0.04% 6.10 + 0.024 512 + 0.04** 6.03 + 0.02° 5.84 + 0.06°"

Ne LAB 6.52 + 0.03°* 7.37 £ 0.04% 8.08 + 0.03°® 7.87 + 0.04%® 6.23 + 0.07°* 551 + 0.02°* 6.38 + 0.05°* 6.88 + 0.02®

Ti Ctrl nd 7.50 + 0078 7.31 + 005 7.17 + 005" 6.25 + 0.03%* 6.43 + 0.04%° 6.68 + 0.04°8 6.52 + 0.03%°*

Ti LAB 6.22 + 0.44%* 7.68 + 0.04%® 7.96 + 0.05% 7.87 + 0.04%8 6.60 + 0.03°® 6.59 + 0.01%°8 6.93 + 0.05® 712 + 0.07®
Yeasts

Ne Ctrl nd 425 + 0.05°® 621 + 0.07°8 6.22 + 0.04°* 7.74 + 0.059¢ 6.21 + 0.07°8 7.35 + 0.05°® 7.17 + 0.05°

Ne LAB nd 3.23 +0.10%* 6.10 + 0.10° 7.17 + 0.04%® 563 + 0.04°* 5.20 + 0.05°* 6.89 + 0.02%" 6.71 +0.02%

Ti Ctrl nd 567 + 0.08°C 6.32 + 0.04°® 6.47 + 0.04°* 6.40 + 0,038 6.72 + 0.05® 7.58 + 0.03% 7.67 + 0,04

Ti LAB nd 462 +0.04°® 571 +0.02°* 7.06 + 0.07%® 5.95 + 0.07°* 587 + 0.06™* 6.57 + 0.03 6.39 + 0.074
Mesophilic bacteria

Ne Ctrl 481 + 003" 7.28 + 0.07%" 7.92 + 0.06%° 7.45 +0.03% 6.28 + 0.02® 6.61 + 0.03 6.07 + 0.05°* 591 + 0,038

Ne LAB 7.16 + 0.04< 7.16 + 0.04* 7.51 + 0.03% 7.68 + 0.04% 6.31 + 0.03*® 558 + 0.03** 598 + 0.06°* 517 + 0.03**

Ti Ctrl 6.12 + 0.05® 7.91 + 0.06%® 7.67 + 003 7.45 + 0024 6.05 + 0.05** 6.46 + 0.04°C 6.48 + 0,03 6.55 + 0.02°¢

Ti LAB 7.07 + 0.05 7.51 + 003 741 + 0.03%9A 7.71 + 0,03 6.03 + 0.06™ 6.19 + 0.02°® 6.39 + 0.02°® 6.23 + 0.03%¢
Staphylococci

Ne Ctrl 231 +0.02%* 6.40 + 0,02 5.48 + 0.02°¢ 468 + 0.03%® 3.28 +0.01°® 3.32 + 0.03%® 3.83 + 0.03® nd

Ne LAB 3.23 + 0.05°® 6.10 + 0.07°® 438 +0.03® 462 + 0.04 248 +0.03* nd nd nd

Ti Ctrl 3.69 + 0.03°¢ 5.85 + 0.03% 5.1 + 0.03< 5.17 + 0.02°C 3.28 + 0.02°8 220 + 0.02°4 226 + 0.04** nd

Ti LAB 3.91 + 0.02°¢ 5.81 + 0.034 3.29 + 0.03** 417 + 0.04°* 272 + 0,047 nd nd nd
Enterobacteriaceae

Ne Ctrl 3.87 + 0.03*® 408 + 0.03°7 5.79 + 0.03® 482 + 0,049 3.59 + 0.02°* 249 + 0.03** nd nd

Ne LAB 3.17 + 0,04 473 +0.03® 541 + 0.03% 3.56 + 0.02°° nd nd nd nd

Ti Ctrl 3.65 + 0.06® 414 +0.03% 459 + 0.03% 3.68 + 0.03¢ 3.07 + 0.05°* 2.08 + 0.04° nd nd

Ti LAB 3.96 + 0.05°¢ 410 + 0.06"* 434 + 0,03 3.17 £ 0,03 nd nd nd nd

Ne Ctrl, Nocellara Etnea spontaneously fermented; Ne LAB, Nocellara Etnea with Lpb. plantarum C11C8; Ti Ctrl, Tonda Iblea spontaneously fermented;
Ti LAB, Tonda Iblea with Lpb. plantarum C11C8. 2" Different lowercase letters within the same row indicate statistically significant differences among
treatments (P < 0.05); values labeled with ‘a’ represent the lowest values, while subsequent letters indicate increasing values. #= Different uppercase
letters within the same column indicate statistically significant differences among samples for the same parameter (P < 0.05); values labeled with ‘A’
represent the lowest values, while subsequent letters indicate increasing values. nd, not detected.

average values of 6.0 and 5.7 log units in control and inocu-  brines, generally revealed that the introduction of the micro-
lated samples, respectively. bial starter positively influenced microbiological safety by

Microbiological analyses for the detection of spoilage and reducing the presence of potentially pathogenic and altering
pathogenic microorganisms, performed on both olives and microorganisms.
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Regarding staphylococci, the initial concentration in olive sam-
ples was found to be about 2.6 log CFU g~ in all samples. In the
control samples (Ne Ctrl and Ti Ctrl), a progressive increase of
2.2 and 1.0 log CFU g™, respectively, was observed, indicating a
higher proliferation in samples without LAB addition. As a matter
of fact, in inoculated samples (Ne LAB and Ti LAB), a significant
decrease was observed as early as T7, reaching levels below the
detection limit (<1 CFUg™") by T150. A similar trend was
observed in brine samples, where a decrease in staphylococci
was detected starting from T90 in inoculated samples, while in
control samples, comparable levels were achieved at T150.

For Enterobacteriaceae, an initial concentration of 6.1 log
CFU mL™" in brine samples was detected. In inoculated samples,
they were found undetectable from T60 onward, whereas in the
control samples, an initial increase was observed, peaking at T14
(5.79log CFU mL™", Ne Ctrl), followed by a gradual decrease down
t0 4.7-5.3 log CFU mL™" by the end of fermentation. In contrast, in
olive samples, no Enterobacteriaceae were detected at any sam-
pling points (Table 2). Escherichia coli, sulfite-reducing bacteria,
Bacillus cereus, Listeria monocytogenes and Salmonella spp. were
not detected in any tested samples (both in olive and brine sam-
ples) at any sampling times.

Detection of Lcb. rhamnosus VB1 strain by qPCR

To confirm the Lcb. rhamnosus VB1 persistence, qPCR was per-
formed. In detail, the threshold limit was calculated based on
the distribution of standard curve values, with values between
9 and 3 log CFU mL™". The validity of the reaction was confirmed
from a slope value of —3.312, coefficient of determination (R?) of
99.9% and reaction efficiency value (E) of 100.4%. In Table 3, the
values of the quantitative reactions, expressed as log CFU mL™",
are reported.

At T150, all samples showed a value of 3 log CFU mL™". How-
ever, 7 days after inoculation (T157), a sudden increase in values,
higher than 7 log CFU mL™', was observed in the Ne LAB+BSH
sample, which maintained similar values until T210, slightly
decreasing at T240, with an average of around 6.5 log
CFU mL™". Similar values were also detected in the Ti LAB+BSH
sample, with a value of 7 log CFU mL™" up to T240.

TPC and RSA in brine samples

Results of TPC in brine samples during fermentation (from TO to
T150) and after the inoculum of the BSH probiotic strain (from
T180 to T240) are reported in Table 4. The results indicate a pro-
gressive increase in TPC during fermentation. In the case of the
Ne cultivar, the spontaneously fermented samples (Ne Ctrl)
achieved higher TPC values, compared to samples with starter
(Ne LAB) during the first 150 days (Table 4). However, starting
from T150, the Ne LAB samples exhibited a slight reduction in

Table 3. Detection of Lcb. rhamnosus VB1 in olive samples
expressed as log CFU mL™" (mean + standard deviation)

Days of sampling Ne LAB+BSH Ti LAB+BSH
150 3.26 + 0.03 2.88 +£0.15
157 7.79 + 0.05 6.83 +0.73
164 7.84 +0.08 647 +0.83
180 7.83 +0.25 7.25 + 0.09
210 7.58 +0.28 748 +0.24
240 6.53 + 041 736 +£0.16

TPC, compared to the control. In contrast, the Ne LAB+BSH sam-
ples displayed a significantly higher final TPC than both Ctrl and
LAB samples. Focusing on the Ti cultivar, Ti LAB samples main-
tained more constant TPC levels, compared to Ti Ctrl, whereas Ti
LAB+BSH showed significantly higher TPC values (Table 4).

Regarding the RSA (as measured by the DPPH assay), a similar
trend was observed, with an overall increase during fermentation.
Results obtained during fermentation (from TO to T150) and after
the addition of the BSH probiotic strain (from T180 to T240) are
reported in Table 5. In the Ne cultivar, the Ne Ctrl maintained rel-
atively stable antioxidant levels after 30 days, whereas the Ne LAB
+BSH samples showed an increase over time, reaching the high-
est antioxidant capacity value. In the Ti cultivar, Ti LAB exhibited
a more pronounced antioxidant peak compared to Ti LAB+BSH.
Furthermore, the addition of Lcb. rhamnosus BV1 (Ti LAB+BSH)
preserved and significantly enhanced the antioxidant levels
(Table 5).

Volatile organic compounds

The VOC detection in fermented olive samples led to the identifi-
cation of 40 compounds, classified into different chemical groups,
as: organic acids (3), esters (7), alcohols (5), aldehydes (9), phenols
(6), lactones (1), heterocyclic compounds (2), aromatic hydrocar-
bons (2), terpenes (3) and other molecules (1), as reported in
Table 6. The results revealed significant qualitative and quantita-
tive differences between inoculated samples, both with LAB and
with LAB+BSH, and control samples. Overall, in control samples,
27 compounds were detected, whereas in samples inoculated
with starter and in samples inoculated with starter plus probiotic,
22 and 34 compounds were revealed, respectively, clearly
highlighting the effect of probiotic strain on VOC profiles. Focus-
ing on the two cultivars, a noticeable difference was found, with
Ctrl samples showing 21 and 17 compounds, respectively, for Ne
and Ti. Furthermore, these differences are accentuated in the
samples inoculated with LAB and BSH, for which an inversion of
the aromatic structure has been recorded, with the Ne exhibiting
15 compounds and the Ti samples as many as 24. In detail, the
VOC profile of samples treated with starter (Ne LAB and Ti LAB)
showed an increase of propionic acid and octanoic acid ethyl
ester. In Ne LAB, the 2-methoxy-4-methylphenol level was found
to be 7.27% while in the Ne Ctrl the value was 12.17%. Ne samples
inoculated with LAB+BSH showed enrichment of aromatic alde-
hydes, such as benzaldehyde (5.78%) and phenylethyl alcohol
(6.56%), responsible for fruity and floral notes (Table 6). Notably,
in Ne LAB + BSH, the combination of esters and aldehydes con-
tributed to a more refined and complex aroma profile, with a
concurrent reduction in off-flavor compounds. Moreover, a higher
concentration of a-farnesene (3.13%), a terpene associated with
pleasant floral attributes, was detected. In contrast, spontaneous
fermentations resulted in less predictable VOC profiles, often
characterized by higher levels of phenols, such as guaiacol
(32.91%) in Ti samples and 4-ethylphenol (3.58% and 7.1% in Ne
Ctrl and Ti Ctrl, respectively) which impart undesirable smoky
and harsh notes (Table 6), with the latter found to a lesser extent
in Ti LAB and even lower in Ti LAB +BSH. Against the high levels of
propanoic acid found in control and LAB-inoculated samples,
reduced levels were recorded in samples inoculated with starter
plus probiotic, contributing to a more balanced aroma profile. In
Ti samples treated with the probiotic strain (Ti LAB+BSH), an over-
all increase in 9-octadecenoic acid and butanoic acid, 4-hydroxy
was observed, with guaiacol levels decreased to 21.6%, compared
to 32.91% found in the control sample (Ti Ctrl). Focusing on

J Sci Food Agric 2025

© 2025 The Author(s).

wileyonlinelibrary.com/jsfa

Journal of the Science of Food and Agriculture published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.

bu) Aq pouseA0B a2 SOILEE VO ‘88N J0'SBINI 0} AIRIGIT BUIIUO /3|1 UO (SUOIIPUOD-pUE-SWLLIBILI0D A3 1 AReJq|1pUI(UO//'SAIY) SUONIPUOD P SW | 8111 895 *[GZ0Z/60/2T] U0 ARRIqITaUIIUO AB]I *B1fE1BURILD0D - 9fEBU1Z aUail A 0BTOL BIS/Z00T OT/I0p/W0o" 8] 1 ARR.q 1B |UO'S Lo 108//:Say WoJy popeojumod ‘0 ‘0T00.60T



http://wileyonlinelibrary.com/jsfa

®)
SCl

et Butmess WWW.S0Ci.org IM Zingale et al.
|

ey ey |Ey oL alcohol content, a general decrease in samples inoculated with
hhNDQeXN |20 B LAB or with LAB +BSH was observed compared to spontaneously
Q| HHHHHH %é gx fermented samples, with the notable exception of phenylethyl
Nl ey ewouw § g £S5 alcohol, which was found at higher levels in Ti samples, in Ctrl,
) © = — M 2
§ § % § E § g2 g.i in LAB and in LAB +BSH with values of 25.93%, 27.44% and
S S a_g’_% 22.78%, respectively, contributing positively to the aroma profile
~c Q s . .
a €3 % © (Table 6). In addition, Ti Ctrl showed a high 4-ethylphenol content
2358 %8253 |033¢ (7.51%) that was found at lower concentrations in Ti LAB and Ti
F=20) — .
ol 223832238 2E =8 LAB+BSH, at 3.33% and 2.99%, respectively.
S| HH HHHH|O2ES
(o] = O [Ta)
M wn TN O Wn O < vwo ors
e+ i— g3 Sensory profile and overall acceptability
SAIQAER|8 s Sa The sensory profile of fermented olive samples based on the cul-
O 5 § g tivar (Ti versus Ne) and on treatment (LAB versus LAB+BSH) is pre-
g st vsae |[Ega sented in Table 7
NN O N O N SE-E :
@unwnmn=A ‘E S5 Results revealed that the cultivar, mainly Ne, significantly influ-
b3 o . .
B | H +H HHHH 28t enced all parameters (P < 0.05). The inoculum of strains
- N — &N m o T 3 . . s
Yexwao g§§ g influenced (P < 0.05) bitterness and overall acceptability. Color
QeS| Z2S g';g intensity was rated as moderate across all samples (mean: 2.82-
S S, ‘g 3.33). Samples inoculated with starter and probiotic strain (espe-
< © 2 < g S g ¢ cially Ne) exhibited a slight increase in color intensity compared
T8 U; & frrjgac s TE:. to the corresponding probiotic-free controls. This effect is likely
- o Coe— © o . op: . . . .
2l %% . uw. |z23¢8 due to improved color stability during fermentation, which is
TS X w@ g; =2 probably influenced by the metabolic activities of the probiotic
8@ g S 2588 strain
S © o o -2 5 € .
AR 5 3¢S g Odor intensity was slightly higher in samples without the probi-
S - &= é otic strain, where the biotransformation of volatiles could pro-
= < o o - U . . .
2 hy hi 5%3& duce a less intense but potentially more balanced aromatic
4 [} = . .
g ol o - o < z; QT profile. Texture (crispness) was the most highly rated parameter,
g o :" :;' ' ;;' ;' ' § Qe § with average scores exceeding 3.5 in all samples. Samples without
o SY N S& 2E the probiotic strain achieved slightly higher scores. This ma
s VR EF p ghtly hig y
4 ~N N O — . . . .
§‘ NN N N EJz 2 reflect the impact of the probiotic strain on the cellular structure
S e > of olives, likely related to changes in the metabolism of structural
< < SUcE® . . e s . .
= 33 o @ S=§8 sugars. Overall, samples with probiotic addition obtained higher
N B PR Q5 EB . . . L
'% 338 3 < g_ké g k= scores for taste intensity compared to their probiotic-free coun-
= - - o AN . . . ™
= Q| o wt  [ZT283 terparts. This positive effect can be attributed to the ability of
£ T ] N § S ‘g g B Lcb. rhamnosus VB1 to produce aromatic compounds that enrich
[] y — S o= . .. . .
= % 9 Qg ETQ the final flavor profile. Samples without the probiotic strain exhib-
c g = . . . . . .
£ E8ec ited a more intense bitterness, whereas in samples with the probi-
StE¢ p p
=) o . . . . .
o © 2859 otic strain, bitterness was moderate for both cultivars, suggestin
= < < o 3 SEZ33 99 g
2 re P % g2 g2 a certain effect of the probiotic in a more balanced flavor. Samples
S = = = = 298¢ 2 with the probiotic received higher overall ratings, indicatin
] O H H o H oy ~2 > © 3 p 9 9 9
% © =9 N %g ‘_Qé g greater overall acceptability, and improving the overall percep-
= g g = P 2 § Bee tion of the product. Ti samples obtained higher scores for all sen-
= ~ == . . . o .
° a A NN 5 s g sory attributes, confirming the strong potential for the Ti cultivar
— (9] = . .
g ECE23 to be processed into table olives.
= [ péy
[9) < Y Yo IS .~V g £
© 3 T T, 9 VT &
—~ xR R sy
T e Ao s ™ cezL e
2 - " 22228 DISCUSSION
£ Q| +#H Hu | ZELGE
o QR 5 Q3 gL g s S Several studies have already indicated that specific starter cul-
‘; <3 E N Eg3 g a% tures can enhance the debittering process and minimize the risk
o~ e . . . . . .
= s82e3] of harmful or spoilage microorganisms in table olive production.*
- wn S v 3 . . . .
S o o < < g &= o Furthermore, it has been widely documented that the microbial
5 “r’a “E\g “Eg 9 TEJ- §§ 8 g dynamics of fermentation are closely related to the proce2§i7n4g1;
o o ‘i’l ‘il C o h | 83 £2 & technology applied, such as the reduction of salt content.™ ’
2 T a9 g EL £ ¢ e Among the most effective strategies to lower the sodium content
9] ) { EE~ o . . . . R .
5 a2 Ko TG g 22 in table olives, the use of selected strains with f-glucosidase activ-
© " . . . . .
= 50 s o= g ity has been proven promising for ensuring a safer and healthier
= c o . . .
2 T |82z 0 product, in line with the recommendations of the WHQ.>'73042
: - Qlzgogg The present study investigated the effect of a selected strain of
< [0} — o $ + S g C U= p y g
K s|lEs<goa|Erdse p-glucosidase-positive Lpb. plantarum (C11C8) on the microbial
i e(YVYII1E5EII|VaLag - )
& S22 | 255588 composition of Sicilian table olives, fermented at a reduced salt
concentration (7%), for 150 days. It is well known that the
wileyonlinelibrary.com/jsfa © 2025 The Author(s). J Sci Food Agric 2025

Journal of the Science of Food and Agriculture published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.

BSUBD17 SUOWILIOD dANERID 3|qed!jdde au) Ag paueAoh a1e SaI. YO 138N O SBINI U0} AReIq1T BUIIUQ AB]IA UO (SUORIPUCD-PLE-SULLBILLIDAS | IM"ALIG 1[BUI|UO//SANY) SUORIPUOD PUe SWS L U1 39S *[SZ02/60/2T] UO AlqiTaulluo AB|IM ' elfelpUeIYa0D - 3febulz auall A 08T0L ©JSI/Z00T 0T/I0p/L0d A8 | ALl 1pul UO'S fUINO 108//:SdL Woa) papeojumod ‘0 ‘0T00260T


http://wileyonlinelibrary.com/jsfa

@ 5
SCl. 2
A sequential multi-strain inoculation approach for designing functional Sicilian table olives WWW.SOCi.org mects Besiness 5
________________________________________________________________________________________________________________________] g
g
. . . . =)
I f-glucosidase enzyme plays a crucial role in the hydrolysis of g
wyayii|StTE oleuropein, facilitating the debittering process. Based on previous g
— O N — N ™M - =2 . . . .
NemoANA|S Brx findings,'”?>*" the autochthonous p-glucosidase-positive strain E
IRENES S . 8 ) ) g
HHHHHH § = was exploited as a starter to guarantee both the microbiological g
218838315 g § = _i safety and the nutritional trait of two Sicilian olive cultivars. Over- g
- O O O . . e
NESR22838|SEgL all, results revealed that the experimental table olives exhibited a ’
NNNNRS[SE8c8 . . =
£33 % © more pronounced decrease in pH by the end of fermentation, z
o U <o %< |33 Q reaching values <3.68 and <4.28 in Ti and Ne samples, respec- §
- s 22 tively. Such faster brine acidification, compared to the control 3
o|©® —~—=—-——0[0%82{ samples, enhances the microbiological safety of the final product, 8
H+H HHHH S 59 El
~ Q2 v . . . . . .
e mogng| S g in agreement with previous studies.**** Samples inoculated with g
R} k3 . . -_ . o 5
S¥saocc= |8sEy the Lpb. plantarum starter showed a significantly shorter fermen- 2
- N O — — O 0 > a S
NN S= 93 tation time and the inhibition of spoilage microorganisms.* £
O - . . . . . . . . .
b < U o e @ g“—éf, g Microbiological data indicated a significant reduction in staphylo- %
! "ﬁ =) %2 IS 2LE cocci populations starting from day 60 of fermentation, with §
—<—-c—-c-oc|[8§gz2 values dropping below the detection limit by day 150. As reported 3
| +HHHHHH|TSTY 217 8
“l¥ncco~nw|sagE in previous studies,”' " a significant decrease in Enterobacteria- El
c n oomummm 5 = . .
o St mdn| SR8y ceae was observed in inoculated brine samples as early as 30 days &
%) oo o |lcI¥ e
- - - - . [e]
£ NN TN ES et of fermentation. Notably, as already reported, our results g
N e] . . . s
g - =55« highlighted a high prevalence of yeasts as part of the natural 3
= @ < o c = ‘g ] . . . .. . g
@ T P £35S >35 microbiota of table olives, coexisting with LAB throughout the 5
— o — V] Q ks
b Ra N s 28 E - L 10 - s
© ol == == 503 whole fermentation process.'” Yeasts were particularly abundant 3
wv _—
g Sl A PaHl13ss0 in the Ne cultivar, and this may be linked to the intrinsic character- 9
= 28 G 2 288 istics of the cultivar itself.*® Yeasts play a beneficial role in promot- 2
c o = — — > = . . . . . . g
] ISERN NN e ing bacterial growth, enhancing lactic acid production and §
(9 B -~ v . R . . . . . .
% 2 ﬁ o é inhibiting spoilage m|croorgan|sms,1whlle contributing to the fla- %
o <% 2 3 <ToS ¢ vor and texture of the final product.'® In this study, yeast popula- g
S s [N m 2 25 ve N
. Lo . . . . . n
5 % Q% 2 3 22 N tions exhibited variable trends, with significantly high cell 8
B C|8| 4| Hy | |8EetE densities after 30 days of fermentation. In LAB-inoculated sam- g
> - — o . . =
g £ I [’y o2 & ples, yeast populations were generally lower than in controls. 3
n oo o~ y . . . .
- &£ = o E S 5 5 & In recent years, growing consumer interest in functional foods 3
© o = ©n . . . . .
2 2 S 'o‘o 3;2\ has driven the food industry to explore innovative alternatives %
g 8 < 3 - sS¥5 g beyond traditional products, and table olives represent a promis- 2
2 Q “8 N9 g.‘u £ 2 ing option serving as natural carriers for probiotic microorgan- g
© K : S . Py . . . . . =
c N A - | 3§ R isms.>?° A critical aspect in developing a probiotic olive-based z
© + < (] . . . . a
g o o o9 g § g 5 product is the selection of strains able to adhere to the fruit sur- g
Q - M . . . 5
@ So N~g s S S face and remain viable over an extended period. To be success- g
3 N A £ g; s fully employed, a microorganism must possess pro- g
wv . . . . . .
2 Y ges8 £ g technological characteristics compatible with the production pro- 5
= < == 7= . N .. N .- . . ks
% %\’ g, 2 %@ B i g g g cess while ensuring its viability, up to the end of shelf life. In this g
2 33 T8 2 LG E o study, the probiotic Lcb. rhamnosus VB1, isolated from a human %
~ 2 > c 5 . .. s
£ 3 :" ;' [ H 4| Lo o 8 source, already characterized for BSH activity,>® probiotic and 2
Q0 < o T v = . . . :
@ 5S¢ %9 2SEE8 safety traits, according to EFSA,* was successfully applied. g
= — = C = . . . . ees =
= NI il _EZ_,; b EE 9 Indeed, the qPCR analysis applied here provided a rapid, sensitive g
v = . . . . . . . o
= £39% g and highly specific quantification of strain density.*® In detail, the :
- = © . s e . . . =
L o 2 5 3 g '_;% = tracking tool revealed that the probiotic strain survived in table a
Q = s . I P . ..
uE.. o § 2w gEeET§ olives, resisting the stressful conditions and maintaining a con- g
o < > = . - f
= gl +H+a | w5 |3 g 5 2 centration of about 6 log CFU mL™', considered adequate, <
o = = . . . =
£ QX A g9 g s % according to FAO/WHO guidelines for fermented foods.***° 32
= O un c > o . . . =}
< 82 § 10 £38¢g :’.)- Table olives, because of their natural content of phenolic com- 2
o c . . )
s S g g 238 pounds, are recognized as ‘functional foods'.>' Nevertheless, dur- g
B c > . . . .
& 2 @ < < 5 s £ L > ing storage, a decrease in total phenolic compounds and, in turn, &
% T 2 c = . . . e - . ]
2 83 27 2 s g £z a reduction in antioxidant activity have been described. Othman =
o) R - - a gy 2 _ 52 . : _ =
= oluw |l nwl|8587 4 and co workers. f.ound thaTt .the concentration of phenollc com o
5 TR *Q g g g3 pounds and antioxidant activity decreased even during the ripen- 3
= e 9 s g3 S ing stages of fruits. However, several studies have confirmed that H
© c > 5 . . 3
;é é% e o g the gse of star'Fer, p.artllcularly'belonglr.lg to the.Lpb. plantarum g
2 z r|8533228 species, results in a significant increase in TPC. This phenomenon =
) 0 Owc— g v - g .
" ol o X S|lZgess has been related to the activity of both g-glucosidase and esterase
o slE<<goa|[sE~gss enzymes on the main phenolic compounds present in olives, such
3 E|9225355|0s2ss 9 '
L9 . s h )
s Sl222:22|2555G¢ as oleuropein, WhI.Ch is hyd.rolyzedzl(?to smalller molecules that, in
turn, lead to an increase in TPC.~” Accordingly, results of the

________________________________________________________________________________________________________________________]
J Sci Food Agric 2025 © 2025 The Author(s). wileyonlinelibrary.com/jsfa
Journal of the Science of Food and Agriculture published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.



http://wileyonlinelibrary.com/jsfa

®)
SCl

et Butmess WWW.S0Ci.org IM Zingale et al.
|

Table 6. Volatile organic compounds, expressed as mean =+ standard deviation, in Nocellara Etnea and Tonda Iblea olives after 240 days
Ne Ti
Compound (area as %) Ctrl LAB LAB + BSH Ctrl LAB LAB + BSH
Acids
Propanoic acid 57.60 + 2.52° 63.68 + 3.11°¢ 54.47 + 0.64° 439 +0.39° 563 + 0.17° 484 + 0.63°
Butanoic acid, 4-hydroxy- n.d. n.d. n.d. n.d. nd. 0.52 + 0.18%
9-Octadecenoic acid, (E)- nd. nd. n.d. n.d. n.d. 9.21 + 0.56°
Esters
Propanoic acid, ethyl ester nd. 13.61 + 1.33° 6.21 + 0.34° n.d. n.d. n.d.
Octanoic acid, ethyl ester nd. 0.20 + 0.06° n.d. nd. 0.85 + 0.08° 0.64 + 0.05%
Hexanoic acid, ethyl ester 0.47 + 0.06° 0.34 + 0.04° n.d. n.d. n.d. nd.
Benzoic acid, ethyl ester 0.53 +0.11° n.d. nd. n.d. n.d. n.d.
Acetic acid, 2-phenylethyl ester 0.37 +0.10° n.d. n.d. n.d. nd. n.d.
Benzenepropanoic acid, methyl ester 0.32 + 0.03? n.d. n.d. n.d. n.d. n.d.
Benzenepropanoic acid, ethyl ester 0.78 + 0.08° 0.24 + 0.06° 0.35 + 0.07° 1.76 + 0.09° 1.65 + 0.08° 137 + 0.04°
Alcohols
3-Hexen-1-ol 0.44 + 0.06° 0.36 + 0.05° 0.31 % 0.06° n.d. nd. n.d.
Benzyl alcohol 2.28 + 0.53¢ 0.42 + 0.06° 0.97 + 0.16° 427 +036° 485 +0.12° 2.97 + 0.36°
1-Octanol 0.24 + 0.04° n.d. n.d. 0.65 + 0.02% n.d. 0.61 + 0.06
Phenylethyl alcohol 7.02 + 0.81¢ 2,64 + 0.54° 6.56 + 0.55° 2593 + 054> 2744 +017° 2278 +0.82°
Benzeneethanol, 4-hydroxy- n.d. n.d. n.d. 407 +035° n.d. 3.74 + 0.59°
Aldehydes
Benzaldehyde nd. nd. 5.78 + 0.46° n.d. n.d. 0.64 + 0.15°
Benzeneacetaldehyde nd. 1.07 £ 0.17° 1.04 + 0.07° n.d. n.d. 331 + 0497
Nonanal 0.83 + 0.08° n.d. n.d. 3.07 + 0.22a n.d. 503 + 0.34°
Vanillin 071 +0.15° 0.30 + 0.07° 0.33 + 0,057 1.06 + 0.05b 0.86 + 0.09° 141 +0.03°
Phenol 046 + 0.05° 0.30 + 0.08° 034 +0.11° nd. n.d. n.d.
2-Dodecenal nd. nd. nd. n.d. n.d. 0.35 + 0.12%
Decanal n.d. n.d. n.d. 0.42 + 0.02° 0.52 + 0.04° 1.12 + 0.14°
2,4-Decadienal, (E,E)- nd. nd. nd. 0.43 + 0.02° 0.40 + 0.02° 033 +0.12°
2-Undecenal n.d. n.d. n.d. n.d. n.d. 1.06 +0.11%
Phenols
Phenol, 2-methoxy- 7.67 +0.77° 3.09 + 0457 3.65 +0.10° 4.88 +0.17 3.08 + 0.08° 201 +0.29°
Phenol, 4-ethyl- 3.58 + 0.87° 0.38 + 0.04° 234 + 0.09° 7.51 £ 0.1 333 £ 003" 299 +0.19°
Phenol, 2-methoxy-4-methyl- 12.17 + 0.63° 7.27 +0.48° 17.03 + 0.69° n.d. n.d. n.d.
Guaiacol nd. nd. nd. 3291 £057° 2867 +049° 2160 + 0.60°
1,2-Benzenediol n.d. n.d. n.d. n.d. n.d. 1.16 + 0.07%
Eugenol n.d. nd. nd. 0.82 + 0.04° 0.50 + 0.02° 1.23 + 0.26°
Lactones
Butyrolactone 0.42 + 0.05° 0.12 + 0.03? nd. n.d. n.d. 0.29 + 0.04*
Heterocyclic
Pyridine, 3-ethyl 1.12 + 0.08% nd. nd. nd. nd. nd.
Benzothiazole n.d. n.d. n.d. n.d. n.d. 0.51 + 0.07°
Aromatic hydrocarbons
Benzene, 1,3-bis(1,1-dimethylethyl)- 0.17 + 0.01° 0.42 + 0.08° 0.17 + 0.04° nd. nd. nd.
Naphthalene n.d. 0.31 £ 0.10% 0.48 + 0.04° n.d. n.d. nd.
Terpenes
f-Guaiene n.d. n.d. 0.19 +£ 0.01% n.d. n.d. n.d.
Copaene 1.38 + 0.06° 1.20 + 0.25° 1.02 + 0.05° 0.59 + 0.02° 0.54 + 0.02° 0.61 + 0.06°
a-Farnesene n.d. 0.69 + 0.06° 3.13 + 0.24° n.d. n.d. n.d.
Other
Methoxyphenyl oxime 1.44 + 0.06° 3.36 + 0.40° 7.99 + 0.65¢ 6.74 + 0.23° 20.20 + 0.18° 21.97 + 0.71¢
Total compounds 21 20 15 17 16 24
Ne Ctrl, Nocellara Etnea spontaneously fermented; Ne LAB, Nocellara Etnea with Lpb. plantarum C11C8; Ne LAB+BSH, Nocellara Etnea with Lpb. plan-
tarum C11C8 and Lcb. rhamnosus VB1; Ti Ctrl, Tonda Iblea spontaneously fermented; Ti LAB, Tonda Iblea with Lpb. plantarum C11C8; Ti LAB+BSH,
Tonda Iblea with Lpb. plantarum C11C8 and Lcb. rhamnosus VB1. ¢ Different letters within the same row indicate significant differences at
P < 0.05; among samples of the same cultivar, values labeled with ‘a’ represent the lowest values, while subsequent letters indicate increasing values.
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Table 7. Sensory profile, expressed as mean + standard deviation, of olive samples after 240 days

Cultivar Treatment RS-

square Adj
Std Ti Ti Ne Ne Std
Sensory item Ti Ne error P LAB LAB + BSH LAB LAB + BSH error P
Green color® 294°  3.24° 0.12 0.027*  3.06 2.82 3.15 333 0.15 0.290 0.31
Odor intensity® 267° 3.8 0.14 0.002*  2.58 2.76 3.36 3.00 0.18 0.198 0.36
Crispness® 353 403° 0.13 0.001* 342 3.63 4.21 3.85 0.17 0.152 0.34
Taste intensity® 3.59°  3.97° 0.13 0.009* 345 3.72 3.93 4.00 0.16 0.388 0.37
Bitterness® 271° 3417 015 0.000* 267° 2.76° 3.72° 3.09° 020  0.046* 035
Overall 727 609° 024  <0001* 7.06° 7.48° 5.70° 6.48° 0.05* 047
acceptability°°

°Assessor scale: 1, low; to 5, high; °°assessor scale: 1, unsatisfactory; to 10, excellent; *P < 0.05. * < Different superscripts within rows mean significant
differences (P < 0.05); values labeled with ‘a’ represent the lowest values, while subsequent letters indicate increasing values.

present study highlighted a marked increase in TPC during fer-
mentation, with significant differences among different samples
(P < 0.05). In particular, the addition of Lpb. plantarum strain
C11C8 in Ne LAB and Ti LAB significantly affected the phenolic
content, especially in Ti cultivar, where the initial value, right after
30 days, increased by 41.33 times and after 60 days by 43.53
times. In Ne cultivar, the initial value increased by 22.3 times after
150 days. These data suggest that fermentation can differently
affect the kinetics of release or transformation of phenolic com-
pounds based on the cultivar.®®>® Interesting results were
obtained in samples added with the probiotic strain Lcb. rhamno-
sus VB1 (Ne LAB+BSH and Ti LAB+BSH), where a greater increase
in phenolic content up to 240 days was detected, compared to
samples inoculated with the starter alone or spontaneously
fermented.

According to previous studies, a positive correlation between TPC
and RSA has been found in different foodstuffs, such as vegetables
and fruits.>**° In the present study, the results of RSA, evaluated by
the DPPH radical scavenging assay, confirmed the correlation with
TPC. At the end of fermentation, Ti LAB+BSH showed slightly higher
RSA than Ti Ctrl, suggesting a stable maintenance of antioxidant
capacity, preventing its decline, according to previous findings.>®>’

Further studies are required to explore the role of microbiota in
modulating the functional properties of table olives.***® Results
on the sensory profile demonstrated that the addition of Lcb. rham-
nosus VB1 significantly modified the sensory attributes of final
products. A noticeable improvement in the overall flavor profile
was observed, with a reduction in bitterness and an increase in con-
sumer acceptance. The intensity of aromas and color was influ-
enced by the probiotic, suggesting the possibility of modulating
these attributes according to specific market preferences through
the optimization of fermentation conditions. Texture, a crucial
parameter for the perceived quality, remains high in all tested sam-
ples, confirming the effectiveness of the fermentation process.
However, the slight differences observed in samples inoculated
with the probiotic strain suggest further investigations into strain
selection. Results of the present study confirmed that the addition
of Lpb. plantarum and Lcb. rhamnosus VB1 profoundly reshaped the
VOC profile, enhancing the production of desirable aromatic com-
pounds and significantly reducing off-flavor molecules. In contrast,
non-inoculated samples showed a higher content of alcohol and
phenol compounds associated with bitter and pungent notes, such
as 4-ethylphenol, as previously reported.?

A correlation between sensory data and VOC profiles was found.
LAB samples exhibited a more intense odor compared to LAB
+BSH, suggesting that the probiotic can modulate the perception
of odor intensity. Regarding taste intensity, LAB+BSH samples
received higher scores for overall taste. As reported,> the fermen-
tation process using selected lactobacilli enhances a product's
overall perception, particularly in acidity and bitterness. Samples
with the probiotic showed a better balance of sweetness, acidity
and bitterness. In these samples, the addition of the probiotic
led to a more harmonious interplay of these flavors. Accordingly,
Ne LAB+BSH samples showed unique or increased levels of com-
pounds such as a-farnesene and 2-methoxy-4-methylphenol.

For both cultivars, LAB samples showed higher levels of propa-
noic acid, which contributes to a pungent acidic taste. It is inter-
esting to observe that in both Ne Ctrl and Ti Ctrl samples, a
higher presence of 4-ethylphenol, a phenolic compound consid-
ered an off-flavor, generally produced by microorganisms
through the decarboxylation of p-coumaric acid into
4-vinylphenol and its subsequent reduction,’® was observed.
Based on this finding, the probiotic strain seems to inhibit its pro-
duction. These findings suggest that the modulation of VOC
profiles through targeted microbial inoculation can be strategi-
cally used to meet different consumer preferences. Indeed, the
increase in esters, such as ethyl benzoate, in probiotic-enriched
samples may enhance fruity and sweet aromatic notes, contribut-
ing to a more balanced taste and masking residual bitterness - an
attribute often associated with higher consumer liking. Con-
versely, the reduction of off-flavor compounds like
4-ethylphenol, commonly perceived as undesirable, can improve
the overall sensory acceptance of the product. The ability to
reduce pungent acidic notes (e.g. from propanoic acid) while
enhancing pleasant aroma compounds offers the possibility of
tailoring flavor profiles to specific market segments, from tradi-
tional consumers accustomed to robust flavors to new consumers
seeking milder, more approachable products. These observations
strengthen the connection between analytical VOC profiles, sen-
sory perception and their potential impact on consumer accep-
tance and market positioning.

CONCLUSION

The present study proposes a biotechnological approach to
enhance natural green table olives' safety and sensory traits,
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optimizing the fermentation process and enriching the product
with a selected probiotic strain. Results exhibited the ability of
the probiotic strain to survive while maintaining the chemical,
microbiological and sensory characteristics of table olives. From
an industrial perspective, the use of a validated microbial starter
proved to be effective in enhancing product acidification and
reducing bitterness, while ensuring safety through microbial com-
petition. This competitive activity contributed to lowering the
presence of spoilage and potentially pathogenic microbial popu-
lations, even within a low-sodium brine fermentation. The feasibil-
ity of introducing targeted probiotic strains into large-scale
production without compromising sensory traits represents a
valuable innovation for producers, meeting the growing demand
for healthier, sustainable and microbiologically safe plant-based
foods, while remaining consistent with traditional processing
methods. The results will serve as the foundation for designing a
lower-sodium functional food capable of delivering beneficial
probiotic microorganisms, opening new perspectives in the func-
tional food sector.
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