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Abstract

This study aimed to utilize an “omics” approach to evaluate the ability of selected lactobacilli and yeasts to
improve the fermentation process of Bella di Cerignola table olives. Four types of fermentations were
performed at the pilot-plant scale: un-started fermented olives used as a control (Ctrl); olives started with a
commercial Lactobacillus plantarum strain (S); commercial L. plantarum strain and autochthonous yeast
Wickeramomyces anomalus DiSSPA73 (SY); and L. plantarum, W. anomalus DiSSPA73, autochthonous L.
plantarum DiSSPA1A7 and Lactobacillus pentosus DiSSPA7 (SYL). Compared to Ctrl, S, SY, SYL showed a higher
acidification (P < 0.05) of the brine, which reached a pH value of 4.49 after one day of fermentation. The
microbiota of unfermented olives and brine after one day of fermentation was primarily composed of
Enterobacteria that belonged to Hafnia alvei and Methylobacterium. However, L. plantarum and L. pentosus
dominated the total and metabolically active microbiota of the Ctrl brines and olives at the end of the
fermentation. The use of lactobacilli and W. anomalus DiSSPA73 as a starter culture markedly affected the
microbiota of the brines after one day of fermentation. The number of species (OTU) and the results of an
alpha diversity analysis indicated that the microbial diversity of the brines was markedly simplified by the S,
SY and, in particular, SYL fermentations. According to the lowest biodiversity, S, SY and SYL samples showed
the lowest abundance of Proteobacteria, including Enterobacteriacea, Lactococcus lactis, Propionibacterium
acidipropionici and Clostridium. The lactobacilli and W. anomalus DiSSPA73 used in this study markedly
affected the amounts of free amino acids, phenolic and volatile organic compounds. Both a texture profile
analysis and a sensory evaluation showed the highest appreciation for all of the started table olives. As shown
through microbiological, biochemical, and sensory analyses, an accelerated fermentation of Bella di Cerignola
table olives was achieved using the selected lactobacilli and yeast strains.

1. Introduction

For centuries, fermented foods (milk, meat, cereal and olive products) have been manufactured through
spontaneous fermentations performed by the indigenous microbiota activity present in both raw food
ingredients and the environment. The need to improve and standardize the food-making process as well as
the sensory, nutritional and functional properties and shelf-life of foods has also led to the development of
technologies to speed up the fermentation using selected microorganisms (Gobbetti et al., 2010). Overall,
many efforts studies have investigated the selection and commercialization of starter preparations for dairy,
cereal and meat products, but many vegetables, such as table olives, are still produced using the adventitious
microbiota (Heperkan, 2013). Table olives are the fermented fruit of the Olea europaea L., which is
traditionally cultivated in the Mediterranean countries (Spain, Italy, Greece and Turkey, mainly) and, more
recently, in America, Australia and the Middle East (I0C, 2012). Table olives are an important component of
the Mediterranean diet with potential beneficial effects on human health due to all of the above-described



antioxidant properties of phenolic compounds (Corsetti et al., 2012). Immediately after harvesting, olives are
inedible due to their high amount of oleuropein, a phenolic compound with a bitter taste (Garcia et al., 2004).
Several traditional protocols are used for the treatment of table olives, and these include the Spanish- and
Greek-type protocols, which are universally adapted to the production of table olives. Based on the Spanish-
type protocol, olives are treated with 2e3% NaOH aqueous solution to reduce their bitterness by the
hydrolysis of polyphenol compounds. After washing in water, the olives are brined with an initial
concentration of 8e12% NaCl and allowed to ferment for 30 e 60 days at room temperature (Garcia et al.,
2004). Based on the Greek-type protocol, olives are directly brined and allowed to ferment for 8e12 months
until they lose their bitterness. Overall, the fermentation period depends on the type of cultivar, NaCl content
and temperature (Tassou et al.,, 2002; Arroyo-Lopez et al., 2008; Panagou et al., 2008). In general, the
fermentation process of table olives is carried out by endogenous lactic acid bacteria and yeasts without the
addition of starters (Heperkan, 2013; Corsetti et al., 2012). The microbial composition of some table olives
during fermentation was previously characterized and reviewed (Botta and Cocolin, 2012; Heperkan, 2013).
The microbiota of processed olives and/or brines is composed of a complex association of bacteria, such as
lactic acid bacteria, Enterobacteriaceae, Clostridium, Staphylococcus, yeasts and, occasionally, molds. More
than twenty lactic acid bacteria species belonging to the Leuconostoc, Pediococcus, Enterococcus,
Streptococcus, Weissella, and, particularly, Lactobacillus genera have been isolated from olives and/or brines
(Botta and Cocolin, 2012; Heperkan, 2013). The most commonly isolated genera of yeasts are Candida, Pichia,
Debaryomyces, Saccharomyces, Issatchenkia, Rhodotorula and Wickerhamomyces. A single fermentation
process of table olives can harbor simple (few species) to very complex microbial consortia. The final
microbiota is a result of the complex interactions between the indigenous microbiota of the olives and the
house microbiota (e.g., fermentation vessels and pipelines) (Panagou et al., 2003). For example, some Gram-
negative bacteria, such as Enterobacteriaceae, are found at the beginning of the process but, due to
acidification of the environment by lactic acid bacteria, exhibit a decrease after a few weeks of fermentation
(Panagou et al., 2003; Abriouel et al., 2011). In addition to the above-mentioned acidification, lactic acid
bacteria are also necessary for the hydrolysis of bitter compounds (Greek-type table olives), to improve the
aroma and to stabilize the final product (Hurtado et al., 2012). Together with lactic acid bacteria, yeasts
contribute to the organoleptic quality and shelf-life of table olives (Arroyo-Lopez et al., 2008). The final
quality of table olives is also determined by the complex interactions between the indigenous olive
microbiota, the house microbiota and, if added, the starter culture (Heperkan, 2013). Increased studies are
investigating the selection of starter cultures for the fermentation of table olives to standardize the process
(Bevilacqua et al., 2015). However, the diffusion of starter cultures remains limited. The selection process is
complex and requires validation at the industrial level. A better knowledge of the microbial composition and
the relative metabolomics of table olives may undoubtedly help the selection and use of starter cultures in
table olive fermentation. As adapted for other fermented foods, “omics” approaches can aid in the design of
autochthonous multiple strain cultures for table olive fermentation. This study aimed to evaluate the ability
of selected lactobacilli and yeasts to accelerate the fermentation and improve the sensory properties of Bella
di Cerignola table olives.

2. Materials and method
2.1. Microbial strains and culture conditions

Lactobacillus plantarum DiSSPA1A7, Lactobacillus pentosus DiSSPA7 and Wickeramomyces anomalus
DiSSPA73 were previously isolated from cv. Bella di Cerignola table olives and genetically identified by partial
sequencing of the 16S rRNA (lactobacilli) and D1/D2 domain of 26S rDNA (yeasts) genes. DiSSPA1A7, DiSSPA7,
and DiSSPA73 were selected due to their ability to ferment table olives during the micro-fermentation
activities funded by the Ministero dello Sviluppo Economico and Fondo Europeo di Sviluppo Regionale
(PON02_00186_3417037, project PROINNO_BIT). All of the strains were able to grow in olive brine and to



hydrolyze oleuropein. In addition, L. plantarum DiSSPA1A7, L. pentosus DiSSPA7 and W. anomalus DiSSPA73
showed antimicrobial activity against some bacterial (Escherichia coli, Staphylococcus aureus, Listeria
monocytogenes, Clostridium butyrricum, Propionibacterium sp., Cellulomonas flavigena, S. aureus and
Bacillus cereus) and/or fungal (Penicillium roqueforti DPPMAF1; Penicillium sp., Aspergillus parasiticus CBS
971.97, Penicillium carneum CBS 112297, Penicillium bialowiezense CBS, Penicillium aethipicum,
Debaryomyces sp., Candida sp. and Pichia sp.) strains. The well-diffusion assay (Schillinger and Lucke, 1989)
was used to determine the inhibitory activity of L. plantarum DiSSPA1A7, L. pentosus DiSSPA7 and W.
anomalus DiSSPA73 toward bacteria, whereas to determine their antifungal activity, a method based on the
determination of the hyphal radial growth rate of fungi was used (Coda et al., 2011). In particular, the
water/salt-soluble extracts obtained from dough inoculated with the selected strains were sterilized by
filtration through 0.22-mm membrane filters (Millipore Corporation, Bedford, MA, USA) and added (30%,
vol/vol, final concentration) to sterilized potato dextrose agar (PDA) medium (Oxoid). After mixing, aliquots
of 15 ml were poured into Petri plates (90-mm diameter). The control plates contained PDA alone. The assay
was conducted by placing a 3-mm-diameter plug of growing mycelia onto the center of Petri dishes
containing the culture medium. The plates were incubated aerobically at 25°C. Three replicates were run
simultaneously. The radial growth of mycelia (colony diameter, mm) in all of the plates was measured eight
days after inoculation. Each datum point is the mean of at least four measurements of a growing colony. The
percentage of growth inhibition was calculated from the mean values as follows: Percentage of inhibition %
[(mycelial growth under control conditions - mycelial growth in the presence of water/salt soluble
extract)/mycelial growth under control conditions] x 100. L. plantarum DiSSPA1A7 and L. pentosus DiSSPA7
were propagated at 30 °C for 24 h in de Man, Rogosa and Sharpe broth (MRS, Oxoid, Basingstoke, Hampshire,
England). W. anomalus DiSSPA73 was propagated at 30°C for 24 h in Sabouraud dextrose broth (Oxoid).

2.2. Olive samples, inoculation and pilot plant fermentation

Natural green olives cv. Bella di Cerignola from the 2013/2014 crop were kindly provided by a local farm
(Puglia Conserve S.r.l.) sited in Modugno, southern Italy. Before processing, olives with mechanical or insect
damage were discarded. The remaining olives were washed with tap water and fermented according to the
Greektype protocol. Four different fermentation conditions were tested: (i) conventional fermentation by
indigenous bacteria and yeasts, which was used as the control (Ctrl); (ii) fermentation started with an
inoculum of a commercial L. plantarum strain (Sacco S.r.l.,, Como, Italy) as a starter (S); (iii) fermentation
started with an inoculum of a commercial L. plantarum strain and the selected autochthonous yeast W.
anomalus DiSSPA73 (SY); and (iv) fermentation started with an inoculum of a commercial L. plantarum strain,
W. anomalus DiSSPA73, L. plantarum DiSSPA1A7, and L. pentosus DiSSPA7 (SYL). The cells used for the
inoculation of the olives were cultured in MRS broth (lactobacilli) and Sabouraud dextrose broth (yeast)
supplemented with 4.5% NaCl to allow the strains to adapt to the saline environment of the brine (De Castro
et al., 2002). After 24 h at 30 °C, the cells were centrifuged at 10,000 rpm for 10 min, washed in sterile 20
mM potassium phosphate buffer at pH 7.0, harvested and resuspended in sterile brine (water containing 7%
NaCl). Each strain was inoculated into the container of olives at a final cell density of approximately 7 log
CFU/mL of brine. The fermentations were performed in a container with 25 kg of olives and 25 L of brine (7%
of NaCl) at room temperature (18 and 25 °C). Each fermentation condition was performed in triplicate. The
fermentations were monitored every 15 days for a total fermentation period of 90 days by determining the
pH, temperature, and contents of lactic and acetic acids.

2.3. Acidification and synthesis of organic acids

The acidification was monitored by a pH meter (Model 507, Crison, Milan, Italy) after 1, 15, 75 and 90 days
of fermentation. The concentration of organic acids in Ctrl, S, SY and SYL samples was determined by HPLC
using an AKTA Puri € fier™ system (GE Healthcare, Uppsala, Sweden).

2.4. Enumeration of cultivable bacteria and yeasts



Olive and brines samples (25 g) after 1, 75 and 90 days of fermentation were mixed with 80 ml of sterilized
physiological solution and homogenized. The lactic acid bacteria were enumerated using MRS agar
supplemented with cycloheximide (0.1 g/I) (lactobacilli and enterococci). The plates were incubated under
anaerobiosis (AnaeroGen and Anaerolar, Oxoid Ltd., Basingstoke, UK) at 30 °C for 48 h. Presumptive coliforms
were detected on VRBGA medium at 37 C for 24 h. The number of yeasts was estimated on Sabouraud
dextrose agar (SDA) (Oxoid) supplemented with chloramphenicol (0.1 g/1). The colonies were counted after
incubation at 30 °C for 48 h.

2.5. DNA extraction from olive and brine samples

The DNA from un-fermented olives and olive and brine samples after 1, 75 and 90 days of fermentation was
extracted. After homogenization with RNA later (Sigma), the olive and brine samples were mixed 1:1 with
distilled water in a sterile plastic pestle. The homogenate was subjected to mechanical disruption with the
FastPrep® instrument (BIO 101), and the total DNA was extracted using the FastDNA® Pro Soil-Direct Kit (MP
Biomedicals, lllkrich, France), according to the manufacturer's instructions. An aliquot of approximately 300
ml of each sample was diluted in 1 ml of PBSEDTA (phosphate buffer 0.01 M, pH 7.2, and 0.01 M EDTA). After
centrifugation (14,000 g and 4 °C for 5 min), the pellet was washed twice to decrease the content of PCR
inhibitors. The resulting pellet was re-suspended in 300 ml of PBS-EDTA and used for DNA extraction with a
FastPrep kit. The product obtained consisted of 50e100 ml of application-ready DNA. The quality and
concentration of the DNA extracts were determined using 1% agarose-0.5X TBE gels, which were stained with
Gel Red™ 10,000X (Biotium, Inc.) and analyzed through spectrophotometric measurements at 260, 280 and
230 nm using a NanoDrop® ND-1000 Spectrophotometer (ThermoFisher Scientific Inc., Milan, Italy).

2.6. RNA extraction from olives and brines samples

The RNA from olive and brine samples after 90 days of fermentation was extracted. An aliquot of
approximately 200 mg of the olive and brine samples was used for RNA extraction with the Stool total RNA
purification kit (Norgen, Thorold, TO). The total RNA was treated with RNase-free DNase | (Roche, Almere,
Netherlands; 10 U of DNase per 20 mg of RNA) for 20 min at room temperature. The quality and
concentration of the RNA extracts were determined using 1% agarose-0.5X TBE gels and spectrophotometric
measurements at 260, 280 and 230 nm obtained using a NanoDrop® ND1000 spectrophotometer. The total
RNA extracted (approximately 2.5 mg) was retrotranscribed to cDNA using random hexamers and a Tetro
cDNA synthesis kit from Bioline (Bioline, Freiburg, Germany), according to the manufacturer's instructions
(Gowen and Fong, 2010).

2.7. Bacterial tag-encoded FLX amplicon pyrosequencing (bTEFAP) and data analyses

For each sample, three DNA or cDNA samples were pooled and used for bTEFAP analysis. bTEFAP was
performed by Research and Testing Laboratories (Lubbock, TX), according to standard laboratory procedures
and using a 454 FLX Sequencer (454 Life Sciences, Branford, CT). The primers 28F (forward,
GAGTTTGATCNTGGCTCAG) and 519R [reverse, GTNTTACNGCGGCKGCTG, based on the V1eV3 region (E. coli
position 27e519) of the 16S rRNA gene] were used (Suchodolski et al., 2012). The bTEFAP procedures were
performed according to RTL protocols (http://www.researchandtesting.com, Research and Testing
Laboratories, Lubbock, TX). The raw sequence datawere screened, trimmed and filtered using default settings
with the QIIME pipeline (version 1.4.0, http://qiime.sourceforge.net). Chimeras were excluded using the
B2C2 (http://www. researchandtesting.com/B2C2.html) (Gontcharova et al., 2010). Sequences less than 250
bp were removed. The FASTA sequences for each sample, without chimeras, were evaluated using BLASTn
against a database derived from GenBank (http://ncbi.nlm.nih.gov) (Dowd et al., 2005).

2.8. Taxonomic identification



The sequences were first clustered into Operational Taxonomic Unit (OTU) clusters with 97% identity (3%
divergence) using USEARCH (Edgar, 2010). To determine the identities of bacteria, the sequences were first
queried using a distributed BLASTn NET algorithm (Dowd et al., 2005) against a database of high-quality 16S
bacterial sequences derived from NCBI. The database sequences were characterized as high quality based on
criteria originally described by the Ribosomal Database Project (RDP, v10.28) (Cole et al., 2009). Using a NET
and C# analysis pipeline, the resulting BLASTn outputs were compiled and validated using taxonomic distance
methods, and a data reduction analysis was performed as previously described (Dowd et al., 2008). Based on
the BLASTn derived sequence identity percentage, the sequences were resolved at the appropriate
taxonomic levels as follows: >97% (<3% divergence), species level (OTUs); 95e97%, genus; 90e95%, family;
85e90%, order; 80e85%, class; and 77e80%, phyla. Any match below these identity levels was discarded. The
percentage of each bacterial identification (ID) was individually analyzed for each olive or brine sample to
obtain relative abundance information regarding the relative numbers of reads within a given sample.
Divergences of 3 and 5% were indicative of sequences that differed at the species and genus levels,
respectively. Alpha diversity (rarefaction, Good's coverage, Chaol richness and Shannon diversity indexes)
and beta diversity measures were calculated and plotted using QIIME (Suchodolski et al., 2012; Chao and
Bunge, 2002; Shannon and Weaver, 1949). Final datasets at the species and other relevant taxonomy levels
were compiled into separate worksheets for compositional analyses among the samples (Finegold et al.,
2010). The differences in microbial communities between the olive and brine samples were also investigated
using the phylogeny-based unweighted UniFrac distance metric (Suchodolski et al., 2012)

2.9. Determination of phenolic compounds

The phenolic compounds from the olive samples were recovered by liquideliquid extraction using methanol
as the solvent and following the procedure reported by Montedoro et al. (1992), with some modifications.
Approximately 1 g of homogenized sample was added to 1 ml of hexane and extracted using 5 ml of
methanol/ water (70:30 v/v) for 10 min. The hydroalcoholic phase containing phenolics was separated from
the oily phase by centrifugation (6000 rpm and 4 °C for 10 min). The hydroalcoholic phases were collected
and subjected to another centrifugation (9000 rpm and room temperature for 4 min), and the hydroalcoholic
extracts were recovered with a syringe and then filtered through nylon filters (pore size 0.45 mm, Sigma,
Ireland) to obtain a clear supernatant liquid, which was stored at -20 °C. For HPLC analysis, the homogenized
sample was preliminary added with 0.25 ml of a methanol/water (70:30, v/v) solution of gallic acid (internal
standard, 100 mg kg-1 ). The HPLC analysis of the phenolic extracts was performed using an UHPLC binary
system (Dionex Ultimate 3000 RSLC, Waltham, MA, USA) equipped with a 7725 Rheodyne injector, a 20 ml
sample loop, a diode array detector (Dionex RS 3000, Waltham, MA, USA), and the Chromeleon software for
data acquisition. The stationary phase was a Nova-Pack C18 analytical column (150 x 3 mm i.d.) with a particle
size of 3 mm (Thermo Scientific, Waltham, MA, USA). The mobile phases for chromatographic analysis were
(A) water/ acetic acid (98:2, v/v) and (B) methanol at a constant flow rate of 1 ml/min, and the column
temperature was 30 °C. The gradient solver program was as follows: 0-16 min 95% A; 16-26 min 80% A; 26-
36 min 60% A; 36-45 min 40% A; and 45-55 min 0% A. The detection of phenolic compounds was conducted
at 280 nm. Spectra were recorded at wavelengths between 240 and 380 nm. The identification of phenolic
compounds was performed by comparing the peak retention times with those obtained by the injection of
pure standards. The phenolic compounds were quantified according using a gallic acid internal standard.

2.10. Determination of free amino acids and volatile organic compounds

Brine samples fermented for 75 and 90 days were centrifuged at 3000 g and 4 °C for 30 min. The supernatant
was filtered through Whatman No. 2 paper, and the pH of the extract was adjusted to 4.6 using 1 N HCI. The
suspension was centrifuged at 10,000 g for 10 min, and the supernatant was filtered through a Millex-HA
0.22- mm-pore-size filter (Millipore Co., Bedford, MA). The total and individual free amino acids (FAA)
contained in the brine samples were analyzed using a Biochrom 30 series amino acid analyzer (Biochrom Ltd.,
Cambridge Science Park, England) with a sodium cation-exchange column (20 by 0.46 cm [inner diameter])



(Siragusa et al., 2007). The volatile organic compounds (VOC) of table olives after 90 days of fermentation
were extracted by solid-phase micro-extraction (SPME) and analyzed using a gas-chromatographic system
equipped with a mass spectrometer (GCeMS). In particular, an aliquot of the sample (1 g + 0.05) was placed
inside 12-mL glass vials, which were then closed with a butyl rubber septa and an aluminum seal. The olive
sample was homogenized for 2 min using a laboratory vortex shaker. Before extraction, stabilization of the
headspace in the vial was achieved by equilibration for 5 min at 40 °C. The extraction was performed by
exposing a 50 x 30-mm polydimethylsiloxane/divinylbenzene/carboxen (PDMS/DVB/Carboxen) fiber
(Supelco, Bellefonte, PA, USA) in the headspace of the sample at 40 °C for 15 min. Once the extraction process
was completed, the fiber was removed from the vial and desorbed in the injection port of the GC in the
splitless mode. The GCeMS instrumentation included an Agilent 6850 gas chromatograph (Milan, Italy)
equipped with an Agilent 5975 mass spectrometer. The compounds were resolved on an HP-Innowax (30 m
x 0.18 mm, 0.18 mm film thickness) polar capillary column (Agilent) under the following conditions: injector
temperature, 220 °C; helium as the carrier gas at a flow rate of 15 mL/min for 7 min; oven temperature was
initially set to 40 °C/0.70 ml/min (linear speed of 36 cm/s), increased at 18 °C/min to 180 °C, and then
increased at 20 °C/min to 220 °C. The mass spectrometer was operated in the electron impact mode (electron
energy % 70 eV), and the ion source temperature was 250 °C. The mass range was m/z 20e250. The volatile
compounds were identified by comparison with the mass spectra present in the NIST and Wiley libraries,
guantified and expressed as a percentage of the integrated area. 2.11. Texture profile analysis Texture profile
analysis (TPA) was performed with a Texture Analyzer (Instron, Zwick Roell Z1.0., USA). The testxpert ||
program was used for processing the data. The TPA was performed in the compression mode, and twenty
uniform olives were used for each determination. A 50 kg load cell was used. The textures of the olive samples
were determined after 90 days of fermentation. The samples were subjected to a two-cycle compression,
and the measurements were obtained by pressing each olive with a flat rectangular plunger of 4 cm. The
plunger was disengaged and driven in a vertical direction in contact with the fruit, which was horizontally
positioned. The set parameters of each test were the following: pre-load 5 g; pre-test speed 2 mm/s; probe
speed 0.5 mm/s; force max 500 N. The test was stopped at 15% of deformation after the auto-triggering
signal. The hardness, cohesiveness (which accounts for the strength of the bonds in the olive flesh),
gumminess (defined as the energy required to disintegrate a semisolid food product to a state ready for
swallowing), chewiness (total amount of work necessary to chew a sample to a state ready for swallowing)
and springiness (the degree or rate at which the sample returns to its original size/shape after partial
compression between the tongue and palate), as reported by Szczesniak (1963) and Friedman et al. (1963),
were evaluated and calculated using the instrument software. 2.12. Sensory evaluation The sensory
evaluation of fermented table olives after 75 and 90 days of fermentation was performed by panelists chosen
through a selection process, which was implemented according to the COI/ OT/MO No 1/Rev. 2 2011 Method
for the sensory analysis of table olives, and based on his/her sensitivity and discriminatory power with regard
to the organoleptic characteristics of table olives. The first step was performed to provide an identification
of the sensory descriptors, to develop a common vocabulary for the description of the sensory attributes of
olives and to familiarize the panelists with the scales and procedures used. Each attribute term was
extensively described and explained to avoid any doubt in the relevant meaning. Based on the citation
frequency (>60%), seven descriptors were selected to be inserted in the card: “rheological characteristics,”
such as crunchiness (a property related to the noise produced by friction or fracture between two surfaces),
“taste” (bitter, acid, sweet, and salty), and “flavor” (olive flavor and off-flavor). The panelists were also asked
to provide their overall appreciation. A descriptive panel of eight judges, aged between 25 and 50 years, was
employed and trained by preliminary tasting sessions using standard solutions to ensure that each judge
could interpret the same descriptor in the same way as the other members of the panel. In particular, 3%
and 9% NaCl aqueous solutions were used for salty taste, 0.2% and 0.8% lactic acid aqueous solutions were
used for acid taste, an aqueous solution of quinine was used for bitter taste, Leerdammer cheese (soft) and
raw carrots (hard) were used to establish hardness, and peach compote and celery were used to establish
minimum and maximum values for crunchiness, respectively. With this aim, the panelists were asked to



repeatedly taste the same product without their knowledge to assess their ability to always equally detect
the intensity of each descriptor. For the profile test, the related identified sensations were quantified on a
non-structured line scale from 0 (absence of the attribute) to 10 (strong presence of the attribute). Each
sample was served in a cupping-glass with an alpha-numeric code to the panelists, who were in separated
booths subjected to conditions of normal daylight and room temperature at the sensory laboratory of the
DISSPA Department (University of Bari, Apulia). Water at room temperature was used to rinse the samples
before tasting. The results were averaged prior to data analysis.

2.13. Statistical analysis

The data (at least three replicates) were subjected to one-way analysis of variance (ANOVA), and pairwise
comparison of the treatment mean values was achieved by Tukey's procedure with a P value of less than 0.05
using the statistical software Statistica for Windows (Statistica 7.0).

3. Results
3.1. Acidification and cell density of cultivable microorganisms

After one day of fermentation, the pH of the brines ranged from 4.96 + 0.16 for the Ctrl olives to 4.49 £ 0.12
for the olives fermented with SYL (Fig. 1A). The pH values decreased during fermentation. However, a
difference of approximately 0.58 pH units was found between the Ctrl and SYL samples. According to the pH
values, the highest concentrations of lactic and acetic acids were found in the SYL samples (Fig. 1B). After
one day of fermentation, the cell density of the lactic acid bacteria ranged from 5.70 + 0.15 for the Ctrl olives
to 8.52 + 0.28 log CFU/g for the SYL samples (Fig. 2A). The yeast density ranged from approximately 3.84 for
the Ctrl samples and the olives started with a commercial starter (S) to approximately 6.90 log CFU/g for the
SY and SYL samples. With the exception of the SYL samples, all of the samples showed a density of
approximately 3.2 log CFU/g of presumptive coliforms. Similar data (P > 0.05) were found for the brine
samples (Fig. 2B). After 75 days of fermentation, the cell density of presumptive lactic acid bacteria in Ctrl
olive samples reached 7.65 + 0.12 CFU/g. The density of presumptive coliforms decreased after 75 and 90
days of fermentation. The lowest values were found in the S and, particularly, SYL samples.

3.2. Pyrosequencing analysis of the bacterial microbiota of the olives and brines

The DNA extracted from the brine samples (Ctrl, S, SY, and SYL) after 1, 75 and 90 days of fermentation were
subjected to pyrosequencing. In addition, the DNA extracted from un-fermented olives and at the end of the
fermentation (90 days) was studied. To compare the total bacteria with the metabolically active bacteria, the
RNA extracted from the brines and olives after 90 days of fermentation was pyrosequenced. The bacterial
community was analyzed using rarefaction curves, a species-level measure (OTU), a richness estimator
(Chao1) and a diversity index (Shannon). Moreover, satisfactory coverage of the diversity was found for all
of the samples analyzed with Good's coverage values above 99% (Table 1). The un-fermented olives showed
the lowest OTU, Chaol and Shannon index values. After one day of fermentation, the highest level of
biodiversity was found in the Ctrl and S brines. With few exceptions, the OTU, Chaol and Shannon index
values of the brines samples increased from 1 to 75 days of fermentation. Different trends were observed
among the brine samples after 90 days of fermentation. The lowest biodiversity was found for SY and,
especially, SYL brine samples. This result was also found for the metabolically active bacteria. Compared with
the brine samples, olives showed lower biodiversity. The microbial differences between the brines and olives
were confirmed using three phylogeny based beta-diversity measures. The olive and brine samples were
differentiated based on a bacterial principal coordinate analysis using an unweighted UniFrac distance matrix
(Fig. S1). In addition, both Adonis and Anosim statistical tests indicated that the brine and olive samples had
a significant (P < 0.05) influence on the microbial diversity. The surface of the un-fermented olives and the



Ctrl brines after one day of fermentation was characterized by a high level of Proteobacteria (mainly
belonging to the Enterobacteriaceae and Methylobacteriaceae families, with relative abundances of 99.66%
and 99.15%, respectively; Fig. 3A and Fig. S2).
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Fig. 1. Acidification of table olives. Decrease of pH (A) and concentrations of lactic and acetic acid (B) in the brines after 1, 75 and 90
days of table olive fermentation. Ctrl, table olives fermented by indigenous bacteria and yeasts; S, table olives fermented using
commercial Lactobacillus plantarum as a starter; SY, table olives fermented using commercial L. plantarum and the selected
autochthonous Wickerhamomyces anomalus DiSSPA73 as a starter; SYL, table olives fermented using commercial L. plantarum
starter, autochthonous W. anomalus DiSSPA73, L. plantarum DiSSPA1A7, and L. pentosus DiSSPA7 as a starter

Among Proteobacteria, the Enterobacteriaceae and Methylobacteriaceae families dominated in the un-
fermented olive surface and in the brines after one day of fermentation, and as expected, species belonging
to Firmicutes (Lactobacillaceae family) together with Proteobacteria dominated in the started brine samples
(S, SY, and SYL). With the exception of Ctrl, Firmicutes dominated in all of the samples after 90 days of
fermentation (Fig. 3A and Fig. S2). At the genus and species levels, the un-fermented olives showed high
levels of Hafnia (mainly Hafnia alvei, approximately 32% of the relative OTU abundance) and, particularly,
Methylobacterium sp. (approximately 53.3%; Fig. 4 and Table S1). On the contrary, a very low abundance of
lactic acid bacteria (mainly L. plantarum and L. pentosus) was found. Compared with un-fermented olives,
the Ctrl samples showed a dominance of H. alvei after one day of fermentation. As expected, L. plantarum
dominated in the S, SY, and SYL started samples with approximately 53, 42, and 76%, respectively. Within the
set of lactic acid bacteria, L. plantarum, L. coryniformis, L. pentosus, L. brevis, Lactobacillus paracasei, L.
paracollinoides, L. vaccinostercus and Lc. lactis were detected by analyzing the 16S rDNA in all of the brine
samples after 90 days of fermentation. With few exceptions, all of the above-mentioned species were found
in the metabolically active microbiota. The Ctrl brine samples also showed Propionibacterium acidipropionici
after 90 days of fermentation.
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Fig. 2. Enumeration of cultivable bacteria and yeasts. Cell density (log cfu/g ) of presumptive lactic acid bacteria, coliforms and yeasts
in the table olives (A) and brines (B) after 1, 75 and 90 days of fermentation. Ctrl, table olives fermented by indigenous bacteria and
yeasts; S, table olives fermented using commercial Lactobacillus plantarum as a starter; SY, table olives fermented using commercial
L. plantarum and selected autochthonous Wickerhamomyces anomalus DiSSPA73 as a starter; SYL, table olives fermented using
commercial L. plantarum, autochthonous W. anomalus DiSSPA73, L. plantarum DiSSPA1A7, and Lactobacillus pentosus DiSSPA7 as a
starter

3.3. Phenolic compounds

The total phenolics in the Ctrl and S, SY and SYL samples after 75 and 90 days of fermentation were
determined (Table 2). After 75 days of fermentation, oleuropein, the bitter-tasting secoroid glucoside that is
the most abundant biologically active coumarinlike phenolic compound in olives, was not detected. Eight of
the twelve detected phenolic compounds were identified as benzoic acid derivatives (vanillic, hydroxybenzoic
and 3,4 hydroxybenzoic acids), cinnamic acid derivatives (hydroxycaffeic acid), phenylalcohols
(hydroxytyrosol, tyrosol and 3,4 hydroxyphenylacetic acid) and glucosides (verbascoside). Compared with
the Ctrl olives, the S, SY and SYL samples showed a significantly (P < 0.05) higher amount of phenyl-alcohols.
Compared with the concentration obtained after 75 days of fermentation, the concentration of all of the
detected phenolic compounds showed a significant decrease at the end of the fermentation.

3.4. Concentration of free amino acids and volatile organic compounds

Overall, no statistically significant (P > 0.05) differences in the total and individual FAAs were found between
the brine samples after one day of fermentation. On the contrary, the amount of FAAs markedly differed
between the brine samples after 75 and 90 days of fermentation (Table 3). Compared with the Ctrl sample,
the S and SYL samples showed a higher amount of total FAAs. Overall, Ala was the FFA found at the highest
concentration in all of the samples. In addition, g-amino butyric acid, a decarboxylation product of Glu, was
also found at high level in all of the samples. The volatile compounds of the Bella di Cerignola table olive
variety fermented after 90 days of brining were analyzed by GCeMS (Table 4). Eighty-two compounds
encompassing several chemical classes, namely alkans (4), acids (12), aldehydes (8), alcohols (15), esters (27),
ketones (3), aromatic compound (11), terpenes (1) and furans (1), were characterized. Among these, 47



volatile compounds showed a significant (P < 0.05) difference between the unstarted (Ctrl) and started table
olives (S, SY, and SYL).

Tabsle 1 3.5. Texture profile analysis
Biodiversity measures of total (165 rDNA) and metabolically active bacteria

[ 165 rENA) in table olmves.

The hardness, which is defined as the
measurement of the maximum force of the first

OTs  Chao 1 Shannon index  Good's coverage (X)

Dives
165 rONA _ ~ bite, did not show significant (P > 0.05)

Un-fermented olives 21 21.75 1.39 99.97 i X
Brines differences among the tables olives fermented
165 rDNA . ars

1 Cied 31 4500 L.ES go.80 under the different conditions (Table 5). The

T15 ) 34.00 1.BE 99.96 -

kg W 3\ 158 g same trend was observed for cohesiveness and

nsn 1 a0 1A bl gumminess. Significantly lower values of

T75 Crl 7 49.00 290 99.88 . i K

755 51 G200 206 9468 chewiness and springiness were observed for the

T75 5Y 3B 387 215 9995 . ..

e 40 4350 253 9985 Ctrl sample. 3.6. Sensory evaluation A preliminary

Tad Crrl B4 5250 357 99.82 .

T90s % s4e0 319 ag.77 sensory evaluation was performed after 75 days

a0 5Y 47 3775 1E3 9992 of fermentation; nevertheless, the results are not

T90 5¥L el 50.50 LE9 99.94 A A
165 IRNA reported because the olives were judged to be

T90 Crrl B& 7243 3ID4 99.7E . .

o0 5 47 G1EE 279 99,35 scarcely acceptable for direct consumption. The

Ta0 5Y &5 55.25 1.54 99.70 . .

il e 1ee a0 B only exception was the SYL sample, which was
Olives judged acceptable for direct consumption after
165 rDNA X

T80 Curd 373833 1M gg.89 75 days of fermentation. After 90 days of

T90 5 37 36.33 197 99.94 . .

T90 5Y 31 3587 157 g99.83 fermentation (Fig. 5), the SYL sample showed the
e o amon saat highest overall appreciation. Compared with the

a0 Cud M 43 A7 S5 S, SY and SYL samples, the Ctrl olives were

Ta0 5 3 44.20 1.73 99.88 . .

90 5Y M 3WET 14l 99.88 characterized by lower values of crunchiness and

T90 5¥L 24 29.00 1.32 9983

olive flavor and the highest values for the
Ctrl, table olives by indigenous bacteria and yeasts; 5, table olives fermented by . . .
commercial Lactobocillus ploatarum starter; 5Y, table olives fermented by com- perception of bitter, acid and off-flavor taste.
mercial L plomtarum starter and selected autochthonous Wickerhamomices aman- . . .
alus DISSPATSE; 5YL, table olives fermented by commercial L ploniarum starter and Sweeter taste was percelved in the SYL OIIVGS
autochthonous W anomadies DESPATI, L ploararum DISSPATAT, and Lacrohocilfus f .
pentosus DISSPAT; T1, 1 day of fermentation; T75, 75 days of fermentation; TS0, 90 Compared with the other table olives. The Salty
days of fermentation. sensation did not show any evident differences

among the different samples.
4. Discussion

A correct fermentation of Greek-type table olives requires the presence and rapid growth of yeasts and,
especially, lactic acid bacteria (Hurtado et al., 2012; Arroyo-Lopez et al., 2012). However, autochthonous
lactic acid bacteria and/or yeasts prevail in the community of endogenous Gram-negative bacteria (e.g.,
Enterobacteriaceae) only after the second step of fermentation (Corsetti et al., 2012; Cocolin et al., 2013;
Arroyo-Lopez et al., 2012). The abbreviation/elimination of the fermentative step dominated by Gram-
negative bacteria may accelerate the fermentation processes and reduce the risk of developing unpleasant
odors and flavors (Bevilacqua et al., 2015). Overall, the majority of starter preparations for olive fermentation
are L. plantarum and/or L. pentosus (Hurtado et al., 2010). However, yeasts enhance the growth of lactic acid
bacteria that release nutritive compounds (Arroyo-Lopez et al., 2008). The results of this study showed that
the use of all of the strains together (SYL) allowed a rapid acidification of the brine, which reached a pH value
of 4.49 after one day of fermentation. This finding was consistent with other published data obtained using
lactic acid bacteria during Greek- or Spanish-style processing (e.g., L. plantarum, L. pentosus, L. paracasei,
and L. rhamnosus), which reached a pH of 4.5 after more than 10 days (Benincasa et al., 2015; Blana et al.,
2014; Aponte et al., 2012; De Bellis et al., 2010; Randazzo et al., 2014). pH values lower than 4.5 inhibit the
growth of Proteobacteria and other acid-sensitive bacteria that protect table olives from spoilage and
pathogens during fermentation/storage (Perricone et al., 2010). Compared with the brine samples, the olive
samples harbored the highest cell density of lactic acid bacteria, confirming the ability of L. plantarum and L.



pentosus to colonize the surface of olives (Blana et al., 2014; Sisto and Lavermicocca, 2012). With the
exception of the SY and SYL samples, the cell density of yeasts was 2e3 log CFU/ml lower than that of lactic
acid bacteria (Panagou et al., 2008; Blana et al., 2014). The lactobacilli used in this study inhibited W.
anomalus DiSSPA73 and indigenous yeasts after 75 and, especially, 90 days of fermentation. Some studies
have shown the inhibition of the growth/ survival of yeasts in fermented salads through the use of lactic acid
bacteria (Bonestroo et al., 1993). According to previous findings (Blana et al., 2014), presumptive coliforms
were not detected in both the S and SYL olives and brines after 75 days of fermentation. The Spanish-style
fermentation was associated with Enterobacteriaceae, such as Enterobacter, Citrobacter, Escherichia and
Klebsiella (Cocolin et al., 2013). This study provides the first demonstration of the application of next-
generation sequencing for investigating the incidence of a selected starter on the microbiota of table olives.
The microbiota of brines after one day of fermentation was dominated by H. alvei and Methylobacterium.
Previously, the genus Hafnia was not detected in table olives, including the Bella di Cerignola cultivar.
However, H. alvei has been associated with post harvest green olive deteriorations in Morocco (Faid et al.,
1994). Methylobacterium was recently detected in table olives by pyrosequencing (Cocolin et al., 2013). At
the end of the fermentation, L. plantarum and L. pentosus dominated in all of the samples tested in this
study. These results confirm the findings in previous studies of the ecology of lactic acid bacteria in table
olives, which showed that the first step of fermentation was dominated by Enterobacteriaceae and that the
following steps are mainly carried out by L. plantarum and L. pentosus (Hurtado et al., 2012). The use of
lactobacilli and W. anomalus DiSSPA73 as starters markedly changes the microbiota of brines after one day
of fermentation. Analyses of the number of species (OTU) and alpha diversity indicated that the microbial
diversity of the brines was markedly simplified in the S, SY and, especially, SYL samples. This finding confirms
the antimicrobial activities of W. anomalus DiSSPA73 and, especially, L. plantarum DiSSPA1A7 and L. pentosus
DiSSPA7. According to culture-dependent data, the lowest out level belonging to Proteobacteria, including
Enterobacteriaceae, was found for the SYL brine and olive samples. This finding is of particular relevance for
the sensorial quality of table olives because Enterobacteria are involved in gas pockets (Arroyo-Lopez et al.,
2010; Lanza, 2013). Interestingly, the use of commercial L. plantarum as a starter in the S, SY, and SYL samples
inhibited the growth of Lc. lactis and P. acidipropionici. In addition, the Ctrl samples showed approximately
11% of metabolically active Clostridium in the brine after 90 days of fermentation. Clostridium and
Propionibacterium can promote zapatera spoilage of table olives (Lanza, 2013). The lactobacilli and W.
anomalus DiSSPA73 used in this study markedly affected the amount of FAAs and phenolic and volatile
organic compounds. Two of the most representative volatile compounds found in inoculated olives,
particularly in the SY olives, were ethanol and acetic acid. The major content of ethyl acetate found in the S,
SY, and SYL samples was due to heterolactic fermentation, in which the acetic acid produced is esterified in
the aqueous phase with ethanol. It is well known that acetate esters are synthesized by an alcohol-acyl-
transferase that catalyzes the esterification of volatile alcohols with acetyl CoA molecules to produce volatile
esters and free CoAeSH (Salas, 2004). It has been shown that ethyl acetate is the major flavor compound in
heterofermentative metabolism (Hansen and Hansen, 1993; Hansen et al., 1989). The highest amount of
propionic acid was found in the Ctrl olives, confirming the inhibition of Clostridium and Propionibacterium
by the selected starters. According to the Ehrlich pathway, higher alcohols, such as isobutanol and isoamyl
and amyl alcohols, are obtained through the decarboxylation and deamination of leucine, isoleucine and
valine during alcoholic fermentation (Pietruszka et al., 2010). These three amino acids were found at low
values in the SY samples, which showed the highest amounts of isobutanol and isoamyl and amyl alcohols.
Moreover, a higher proportion of 1-hexanol and 3-hexen-1-ol, which are higher alcohols in the lipoxygenase
pathway, was found in the S, SY, and SYL samples compared with the Ctrl sample. Previous studies have
suggested that lipoxygenases, after their release due to the disruption of fruit cells during milling in olive oil,
produce 9- and 13-hydroperoxides of linolenic and linoleic acids (Angerosa, 2002). In agreement with
previous studies (Sabatini and Marsilio, 2008a; Sabatini et al., 2008b), the appreciable presence of 1-hexanol
and 3- hexen-1-ol in the inoculated olives may be due to a lipoxygenaselike metabolism of polyunsaturated
fatty acids affected by enzymes produced in the brine by lactic acid bacteria and yeasts together with other



different microorganisms. D-limonene was the only compound found in the S and SYL samples. Some
researchers have demonstrated that D-limonene is naturally present in citrus and other fruits, and it has been
recognized to exhibit insecticidal and antimicrobial properties (it is registered in 15 pesticide products)
(Malheiro et al.,, 2011). Both a texture profile analysis and a sensory evaluation showed the highest
appreciation for the started table olives. Interestingly, the SYL sample was judged ready-to-eat after 75 days
of fermentation.
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Talsle 2

Phenolic compounds (mg kg " gallic acid) found in Befla di Cerignala table olives fermented by indigenows bacteria and yeasts (Ctrl) or by commercial Lacrabacillus plantarim
starer (5), commercial L plantarum starter and autochithonowes Wickerhmnomices momzles DISSPATI (SY), commercial L planterem starter and autochthonous W anomalus
DISSPATI, L planterem DISSPALAT, and Loacrabacillus pertosus DRSSPAT (SYL) after 75 and 90 days of fermentation.

Phenolic compounds [aii] 5 Y SYL

75 days of fermentation

Hydrosytyrosel 12525 = 692 b 13900 = 4.74 b 249,35 = 3534 a 17149 + 323 b
Tyrosal 261 +035¢ 471 + 065 b 651 +0.54 a 4.36 + 030 b
Hydrosycaffeic acid 458 + 049 b 249 + 034 ¢ B04 +0.112a 1.05 +022d
3.4 Hydroxyphenylacetic acid n.d 074 + 021 b 119 + 018 a2 n.d

3.4 Hydrosybenzoic acid n.d n.d nd D.33=-5
Hydroxybenzodc acld 015 + 021 ¢ 147 + 040 & 08 +0.10 be 1.37 + 0.14 ab
Vanilic acid 173 + 007 d 310+ 0B C 599 +0.B4 a 5.06 +026b
Verbascoside 389 + 032 ¢ 244 1 045 ¢ 610+ 017 b 10.79 + 0.8E a
ML 233 +035¢ 3699+ 193 a 13890+ 1660 3521 +580a
Ml 005 + 007 ¢ 2550+ 1.95b 1854+ 1.54 b 4233 +2.79a
M 276+ 015¢C 2557 £ 305 a 508 + 11T b 3322 +277a
] n.d 401 + 1.06 a 537 +0.19a 306 + 026 a
90 days of fermentation

Hydrosytyrosoel BDI0+2D05¢ 108.74 = 1430 be 16047 = 582a 12852 + 1511 b
Tyrasol 222 + 042 b 3AZ + 046 & 328 + 022 a 244+ 001 b
Hydrosycaffeic acid 1.17 + D1Ed 257 +030¢ BO0 +0.16a 357 +045b
3.4 Hydroxyphenylacetic acid nd 541 +029a 413 +021b nd

3.4 Hydroxybenzoic acid n.d 105 + 010 a 0ES + 010 b nd
Hydrosybenzodc acid 1.14 + 013 b 123 + 016 b 251 +021a 123 + 022 b
Vanilic acid 182 + 010 b 215 + 0.35 ab 270 +0.33 a 1LEB4 + 013 Db
Verhascoside 460 + 0.E3 a 141 + 042 ¢ 308 + 004 b 370 +041 b
] 078 + 016 d 2748 £ 1.2Ba 6EG + 0.24 b 351 + 039¢
Ml 052 +005¢ 3270+ 346 a 623 +056 b B57T + 051
Ml 236 +0290b 221+ 032 b 514 +0.19a 235+ 032b
LA 159 + 026 ¢ 3.09 + 009 b 448 + 0.4E a 1.97 + 0B ¢

a-d: different bemters indicate significant differences for P < 0.05.
M. pot idenfied.
nd: not detected.

Table 3

Mean values” of free amino acids (mg L) found in brines of Bella di Cerignola table olives fermented by indigenows bacteria and yeasts (Cirl) or by commercial Lactobacillus
planterum starter (5), commercial L planterum starter and autochthonous Wickerhamomices anomals DISSPATS (5Y), commercial L plantarum stamer and autochthonous
W mnomalus DISSPATS, L pleaarum DISSPALAT and Locrobacillus penrosus INSSPAT (SYL) after 1, 75 and 90 days of fermentation.

Days of fermentation

1 75 50

Means” Crel 5 5y L Crrl 5 k1 SYL
Azp 141 2603 L 1005 13254 1839 138.08 153z 3.533
Thr L] 469 0 3326 5325 534 L] 169 i}
Ser 1137 o E218 128 420 o TEAS 259 124.62
Glu 384 1203 21.00 14.64 1753 13.20 15.50 13.67 13.74
Ghy 032 798 633 367 926 0z 689 370 7.0
Ala G604 48.16 13747 5547 166.20 44.96 44.65 115.32 92.67
Cys o 633 459 4.17 5345 BAG 4.30 4.06 447
val 087 20.89 18.62 1084 2252 16.36 19.47 15.59 17.81
Met o 360 ins 204 i53 282 355 284 276
lie o 14.18 12.69 767 1616 T80 13.17 9.86 12.00
Leu 027 11.88 10,95 634 14.33 &80 11.37 892 11.30
Phe o 289 L1& o 149 342 o i} o
GABA 054 11836 10194 T548 127.06 B5.74 117.02 91.39 98.27
His o 452 igd 0595 123 296 4.05 [} 1.06
Trp o 452 igd 0595 123 296 4.05 a 1.06
Orn o 090 0 o o o o [} i}
Lys o 155 0 o o o o a i}
Pro 130 2041 17.74 1727 2210 18.30 2015 16.93 19.19

Total 2635 =060 3JDB98 =06 42960+ 1422 30B07 = 1075 43308 £ 1355 23864+ 698 S01FD+ 1755 30306+ 978 41169+ 1341

4 Means values + 5D for three batches of each variant of brines analyzed in triplicare.
b mdean values in brines in the begin of fermentation.




Tabde 4

Volarile components ( percentage of the integrated area) thar mainly differentiated Bedla di Cerignola olives samples fermented by indigenous bacteria and yeasts (Corl) or by
cormmercial Lacrohacilius plantanm stamer (5], commercial L planceram starter and autochthonous Wickerfamomices anomalus DISSPATS (5Y ), commercial L plantorum stamer
and autochthonows W, anomalus DNSSPATS, L plantorum DESSPALAT, Lactebacilius pentosus DISSPAT (SYL) (SYL) after 90 days of fermentarbon.

Chemscal classes crrl 5 5Y SYL

Alkans

Octane 011 +0.01a 011 = D05 013 + 001a 017 + 0082
Hexadecane 010 + 001k 008 = 0.01c 0.13 + 0.02a 0l + 001 be
22 4.4.6.6.B-Hepramethyl-nonane 0.05 + 000k 010 = D.05a 014 + 007 0.15 + 0.02a
3.7-Dimethyl-13.6-0ctatriene (Z) 0.17 + b 026 + D.05b 047 + D08 030 + 0.14b
Acids

Aceric acsd o046 + 006D 1517 = 122a 1573 + 1.97a 15325 + 2432
Propanokc acid 6.90 +0.51a 125 =017k 067 + 0.39bc 0.51 + 0.0BC
Butanadc acid 206 +0.11a 021 = 003 0.09 + 0.01c 0,08 + 0.00c
Penramolc acid 1.09 + 0.05a 019 = D.06L 0.20 + DL0Gh 015 + 001h
Hixanoic acid L1# + 0152 138 =0.14a 130+ 0332 1% + 0042
Hepranoic acid 372 + 0LMb 485 = D.6Ta 4.55 + 0262 438 + 0.0E ab
Octanaéc acid D44 + 0.01a 051 = 0152 046 + 0.01a 045 + 0.02a
MNonanoée acid 0.39 + 0.07a 042 = D.20a 0.34 + 0.01a 039 + 0.03a
2-Methyl-propanole acsd 0.36 + 0.20a o 0.13 + 0U03b 013 + 003h
2-Methyl-buranoic acid 0.50 + 0.03c 053 = D01 067 + 0.16 ab 0.71 + 0.08a
2-Ethyl-hexanoic acid 0.39 + D.16a 033 = D.05a 03B +0.11a 034 + 0.06a
2 Methyl-2-propemnoic acid 0.13 + 0022 012 = D.OZa 014 + DuMa 016 + D.0Ba
Hexamal 011 +0.01a 004 = D.00b 005 + 001 002 + 0.03h
Octanal 0.06 + 0.03a 004 = D.00 ab 1] 002 + 0.03h
MNonanal 0.57 + 0.04a 003 =001 1] 1]
2-Methyl-propanal D 007 =001a 0.10 + 0.07a 007 + 0.02a
2-Methyl-buramal D o 0.57 £+ 027a 040 + 0.04a
3-Methyl-buranal D41 +0.13a 035 = D.05a 067 + D.38a 065 + 0.40a
Benzaldehyde 019 +0.51a 011 =001 013 + 001k 011 + 002k
Benzeneacetaldelyde 0.14 + 0023 014 = 0.0da 015 + 008a 012 + 001a
Alcohols

Ethanol 7.64 + 0.20c¢ 11.16 = 1.08hL 1549 + 0.72a 11.50 + 1L4Eb
1-Butanol 012 + 009 1] 0.20 + 0.0Sh o

1-Hexanol 0.31 + 002k 070 =011a 0.62 + 0.09a 0.73 + 0.03a
1-Ocramol 011 +0.01a 010 = D.04a 011 + 0.01a 007 + 0.07a
2-Buranol 1671 + 2.49 ab 2155 + 223a 1161 + 5.05b 2148 + 0072
2-Hexen-1-ol (E} 007 + 001k 006 = 001 011 + 0.01a 1]
2-Ethyl-1-hexanol 0.13 + 0.00a 006 = D.00a 1] 1]
2-Methyl-1-propanal o 0.09 + D00 017 + 0012 011 + 0.07h
3-Methyl-1-butanol 214 + 0490 221 =055 ab 333 + 0592 281 + 0.E5 ab
3-Hexen-1-ol (Z}- 162 + 008D 358 = D.55a 3.53 £+ 0.50a 354 +033a
3-Methyl-3-buten-1-ol 0.14 + 0.0Zb 022 + 002 ab 0.36 + 0.19a 028 + 0,11 ab
3-Methyl-2-buten- 1-ol 0.15 + 0.01c 033 = D.09b 0.57 + 0.0Ga 04T + 0,12 ab
3. 7-Dimethyl-1 G-octadien-3-ol D 004 = D.06L 0.14 + 0.09a 012 + 0.01a
Benzyl Alcohol 0.26 + 0.0Zb 038 + 0.0Ta 0.3E + 0.0Za 032 + 006 ab
Phenylethyl Alcohol o o o 016 + 005
Esters

Methyl acetare 0.75 + 0.13c 1.79 = 0.02b 209 + 0.19a 1.68 + 0.23b
Methyl proplonare 147 + 0.28 o o o

Methyl pentanoate 0.59 + 0052 o o 0l + 001h
Methyl hexanoate 041 + 009 009 £ 0.13¢ 0.24 + 0.01b o

Ethyl Acetate 453 + 0.25¢ 11.28 = 015k 1466 + 1.83a 10,55 + 1.52b
Ethyl propanoate 6.76 + 0.91a 1.84 = 0.37b 1.9E + 0.55b 1.39 + 0.00b
Cthyl butanaste 55 - 008a 1.55 = 015 0.9G r 0204 239 1 0.09k
Ethyl pentanoate 161 +0.12a 010 = D.05h 0.13 + Du0GD 0l + 002k
Ethyl hexanoate 0.91 + 0.05a 017 = D.00b 1] 014 + 0,190
Ethyl octanoane 0.07 + 003a 008 = 0.02a 006 + DuDa 0U0E + Ou0da
Ethyl benzenepropanoare 0.22 + 0.10a 015 = D.04a 016 + Du01a 014 + 0.03a
Butyl acetate o 0.04 = D.00a 004 + D002 003 + 000k
n-Propyl acetate 065 + 0.22h 1.54 = 0452 1.02 + 034 ab 120 + 0.04 ab
Hexyl acetare 0.05 + 003k 012 =0D01a 0.0B + 0.07 ab 1]
Phenyl-methyl acetare 003 + 001a 002 = D.01a 006 + D058 002 + 0.0Da
1-Methyl-propyl acetate 253 + 062a 339 + DEla 127 + 031b 332 + 050a
1-Methyl-propyl butanoare 0.04 + 0.00b 0.05 + 0.00a o o
1-Butamol-3-methyl acetate D44 + 0.0Ga 043 = D.0Ga 0.51 + 0.09a 047 + 0.02a
2-Methyl-propyl acetate 0.03 + 00le 005 =001k 0.09 + 0.0a 006 + 001k
2-Methyl-methyl butanoare 0.10 + 0.04a 010 = D.02a 0.14 + 0D.01a 012 + 0.01a
2-Methyl-ethyl butanoate 1L.E9 + D.B0a 083 = 0.25h 1.00 + 011k 099 + 0.20b
3-Methyl-ethyl butanoate 0.31 + 001k 046 = D.08 ab 061 + 0.18a .48 + 010 ab
2-Hydroxy-ethyl benzanoate 009 + 0032 o 0.12 + DuMa 012 + 003a
2-Hydroxy-methyl propancare 1.02 + 0.23b 204 = 1.24 ab 302 + 1.33a 1.76 + D.E1 ab
2-Hydroxy-3-methyl-ethyl butansate o o 011 + 0W02a 010+ 00la
3-Hexen-1-ol-acetate (Z}- 0.16 + 005k 027 = D.0Ga 0.23 + .06 ab 023 + 0.03 ab
Methyl salicylate 0.03 + 0.01a 002 = D.00a 0.04 + 0012 0.0 + 0.02a

[contnued an next page)



Table 4 (conrinued |

Chermical classes Crrl 5 5Y SYL
Ketones

2-Butanone 583 = D.6la 255 + 013k 298 + 1.25b 307 = 0.16b
3-Hydraxy-2-butanone 006 = 00D ab o 0U08 + ODZa 005 = 0.01b
G-Methyl-5-hepten-Z-one 004 = 00k 0.33 + 0.09a o 0.06 = 0.01b
Aromatic compounds

Phenol 031 =001a 0.0 + 0.03b 0006 + W0k 0.06 = 003
3-Methyl-phensl [i] 0.04 + 0.03a 0.04 + 0.00a 004 = 001
4-Ethyl-phenol 1.01 = D02a 0.23 + 0.07h 021 + 000k 0.17 = 0.07h
4-Ethyl-2-methoxy-phenol 0.21 = 0.00a o 0L + 000k 0.04 = 001D
2-Methoxy-d4-methyl-phenol 201 = D.E3a 1L.77 + 0433 213 + 003a 2.14 = 0.07a
2-Methoxy-phenoe 131 = D.75a 0.33 + 0.0db 015 + 004l 0.10 = 0.03b
1.3-Dirmethyl-benzene 006 = 02k 0,07 + 001 ab 0U09 + 00Za 007 =0.01a
1.2.3-Trimethyl-benzene 0.04 = D.DEa 0.03 + 0023 0u03 + 001a 0.02 = 0uDDa
1-Methoxy-benzene 0.15 = 0.02 il [i] 0
1.2-Dirmethoxy-benzens 007 = D02a 0.07 + 0.0Ga 011 + 009 0.04 = 0UDDa
Acetophenone 0.16 = 0.07a 0.03 + 0.01b 0.03 + 007D 0.04 = 000D
Terpenes

o-Limanens o 0.2 + 0.02b o 020 = 0.03b
Furans

cis-Linaboloside o 019 + 001a 0U09 + 001k 0.0E = 0.00b

a—c. Dara in the same row with different superscript letters are significantdy different (P < 0.05)
Mean valwes + 50 for 3 batches of each variant of olives analyzed in duplicate.

Table 5

Texture profile analysis of Belfa di Cerignola table olives fermented by indigenous bacteria and weasts (Crrl) or by commercial Lactobaciilus plantarim starter (5), comrmercial
L plentarum starter and autochthonous Wickerhamomices anomalis INSSPATI (5Y), commercial L plantarum starter and autochthonous W, anomalus DISSPATI, L plantariim
DISSPALAT, Locrabacillus pentosus DISSPAT (SYL) after 90 days of fermentation

sample Hardness (M) Cohesiveness Gurmnminess (N} Chewiness (N mm-1) Springiness
Crrl 3162 =534 a 0323 + 003 a 712+ 137a 305 =065 043 =004 b
s 3584 =537a 024 + 001 a B53+1.15a 382 =053 a 045 = 0.04 ab
sL 3049 = 1091 a 0325+ 003 a 737+ 239a 358 = 1.26 ab 049 =005 a
SYL 3206 =5.16a 0323 + 002 a 74T+ 1232 331 = 0.60 ab 045 = 0L aby

“Texture has been determined with a TPA test (see the Marerials and Merhods section ).
Data with different letters indicate significant differences for P =< 0,05

—Clrl —f N —5¥L

Crunchiness

Owerall g
appredation  Ether
OFf-Flavour + i
Olive flavour - " Sweet

Salty

Fig. 5. Sensory analysis of table olives. Ctrl, table olives fermented by indigenous bacteria and yeasts; S, table olives fermented using
commercial Lactobacillus plantarum as a starter; SY, table olives fermented using commercial L. plantarum and selected
autochthonous Wickerhamomyces anomalus DiSSPA73 as a starter; SYL, table olives fermented using commercial L. plantarum
starter, autochthonous W. anomalus DiSSPA73, L. plantarum DiSSPA1A7, and Lactobacillus pentosus DiSSPA7 as a starter. The data
are the mean values from three independent experiments.

5. Conclusions

Under the experimental conditions of this study, the use of the selected lactobacilli and yeast strains provided
more controlled and consistent fermentation and positively impacted the overall table olive quality. As



shown through microbiological, biochemical, and sensory analyses, the accelerated fermentation of Bella di
Cerignola table olives was achieved using the selected lactobacilli and yeast strains.

Acknowledgments

We thank the industrial plant Puglia Conserve S.r.l.) located in Modugno, Bari (Apulia region), Italy, for the
supply of olives and the table olive manufacturing and technical support provided. This work was funded by
Ministero dell’lstruzione, dell’Universita e della Ricerca, Ministero dello Sviluppo Economico and Fondo
Europeo di Sviluppo Regionale (PON02_00186_3417037, project PROINNO_BIT) and the 'Istituto Agronomico
Mediterraneo (IAM), project FOODING.

Appendix A. Supplementary data Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.fm.2015.06.002.

References

Abriouel, H., Benomar, N., Lucas, R., Galvez, A., 2011. Culture-independent study of the diversity of microbial
populations in brines during fermentation of naturally-fermented Alorena green table olives. Int. J. Food
Microbiol. 144, ~ 487e496.

Angerosa, F., 2002. Influence of volatile compounds on virgin olive oil quality evaluated by analytical
approaches and sensor panels. Eur. J. Lipid Sci. Technol. 104, 639e660.

Aponte, M., Blaiotta, G., La Croce, F., Mazzaglia, A., Farina, V., Settanni, L., Moschetti, G., 2012. Use of
selected autochthonous lactic acid bacteria for Spanish-style table olive fermentation. Food Microbiol. 30,
8elsb.

Arroyo-Lopez, F.N., Querol, A., Bautista-Gallego, J., Garrido Fernandez, A., 2008. Role of yeasts in table olive
production. Int. J. Food Microbiol. 128, 189e196.

Arroyo-Lopez, F.N., Bautista-Gallego, J., Rodriguez-Gomez, F., Garrido-Fernandez, A., 2010. Predictive
microbiology and table olives. In: Mendez-Vilas, A. (Ed.), Current Research, Technology and Education Topics
in Applied Microbiology and Microbial Biotechnology. Formatex Research Centre, Spain, pp. 1452e1461.

Arroyo-Lopez, F.N., Romero-Gil, V., Bautista-Gallego, J., Rodriguez-Gomez, F., Jimenez-Diaz, R., Garcia-Garcia,
P., Querol, A., Garrido-Fernandez, A., 2012. Yeasts in table olive processing: desirable or spoilage
microorganisms? Int. J. Food Microbiol. 160, 42e49.

Benincasa, C., Muccilli, S., Amenta, M., Perri, E., Romeo, F.V., 2015. Phenolic trend and hygienic quality of
green table olives fermented with Lactobacillus plantarum starter culture. Food Chem.
http://dx.doi.org/10.1016/ j.foodchem.2015.02.010.

Bevilacqua, A., de Stefano, F., Augello, S., Pignatiello, S., Sinigaglia, M., Corbo, M.R., 2015. Biotechnological
innovations for table olives. Int. J. Food Sci. Nutr. 66, 127e131.

Blana, V.A., Grounta, A., Tassou, C.C., Nychas, G.J.E., Panagou, E.Z., 2014. Inoculated fermentation of green
olives with potential probiotic Lactobacillus pentosus and Lactobacillus plantarum starter cultures isolated
from industrially fermented olives. Food Microbiol. 38, 208e218.

Bonestroo, M.H., De Wit, J.C., Kusters, B.J.M., Rombouts, F.M., 1993. Inhibition of the growth of yeasts in
fermented salads. Int. J. Food Microbiol. 17, 311e320.

Botta, C., Cocolin, L., 2012. Microbial dynamics and biodiversity in table olive fer mentation: culture-
dependent and -independent approaches. Front. Microbiol. 3, 245.



Chao, A., Bunge, J., 2002. Estimating the number of species in a stochastic abundance model. Biometrics 58,
531e539.

Cocolin, L., Alessandria, V., Botta, C., Gorra, R., De Filippis, F., Ercolini, D., Rantsiou, K., 2013. NaOH-
debittering induces changes in bacterial ecology during table olives fermentation. PloS ONE 8, e69074.

Coda, R., Cassone, A., Rizzello, C.G., Nionelli, L., Cardinali, G., Gobbetti, M., 2011. Antifungal activity of
Wickerhamomyces anomalus and Lactobacillus plantarum during sourdough fermentation: identification of
novel compounds and long term effect during storage of wheat bread. Appl. Environ. Microbiol. 77,
3484e3492.

Cole, J.R., Wang, Q., Cardenas, E., Fish, J., Chai, B., Farris, R.J., Kulam-SyedMohideen, A.S., McGarrell, D.M.,
Marsh, T., Garrity, G.M., Tiedje, J.M., 2009. The ribosomal database project: improved alignments and new
tools for rRNA analysis. Nucleic Acids Res. 37, D141eD145.

Corsetti, A., Perpetuini, G., Schirone, M., Tofalo, R., Suzzi, G., 2012. Application of starter cultures to table
olive fermentation: an overview on the experimental studies. Front. Microbiol. 3, 248.

De Bellis, P., Valerio, F., Sisto, A., Lonigro, S.L., Lavermicocca, P., 2010. Probiotic table olives: microbial
populations adhering on olive surface in fermentation sets inoculated with the probiotic strain Lactobacillus
paracasei IMPC2.1 in an industrial plant. Int. J. Food Microbiol. 140, 6e13.

De Castro, A., Montano, A., Casado, F.J., Sanchez, A.H., Rejano, L., 2002. Utilization of
Enterococcus casseliflavus and Lactobacillus pentosus as starter cultures for Spanish-style green olive
fermentation. Food Microbiol. 19, 637e644.

Dowd, S.E., Zaragoza, J., Rodriguez, J.R., Oliver, M.J., Payton, P.R., 2005. Windows.NET network distributed
basic local alignment search toolkit (W.ND-BLAST). BMC Bioinforma. 6, 93.

Dowd, S.E., Wolcott, R.D., Sun, Y., McKeehan, T., Smith, E., Rhoadsm, D., 2008. Polymicrobial nature of
chronic diabetic foot ulcer biofilm infections determined using bacterial tag encoded FLX amplicon
pyrosequencing (bTEFAP). PLoS ONE 3, e3326. Edgar, R.C., 2010. Search and clustering orders of magnitude
faster than BLAST.Bioinformatics 26, 2460e2461.

Faid, M., Akhartouf, R., Asehraou, A., 1994. Microorganisms associated with postharvest green olives
deteriorations in Morocco. Grasas Aceites 45, 313e317.

Finegold, S.M., Dowd, S.E., Gontcharova, V., Liu, C., Henley, K.E., Wolcott, R.D., Youn, E., Summanen, P.H.,
Granpeesheh, D., Dixon, D., Liu, M., Molitoris, D.R., Green lll, J.A., 2010. Pyrosequencing study of fecal
microbiota of autistic and control children. Anaerobe 16, 444e453.

Friedman, H.H., Whitney, J.E., Szczesniak, A.S., 1963. The texturometerda new instrument for objective
texture measurement. J. Food S. C. 28, 390e396.

Garcia, E., Luh, B.S., Martin, M.H., 2004. Olives. In: Barrett, D.M., Somogyi, L.P., Ramaswamy, H.S. (Eds.),
Processing Fruits Science and Technology. CRC Press, Florida, pp. 1e13 (Chapter 31).

Gobbetti, M., Di Cagno, R., De Angelis, M., 2010. Functional microorganisms for functional food quality. Crit.
Rev. Food Sci. Nutr. 50, 716e727.

Gontcharova, V., Youn, E., Wolcott, R.D., Hollister, E.B., Gentry, T.J., Dowd, S.E., 2010. Black box chimera
check (B2C2): a windows-based software for batch depletion of chimeras from bacterial 16 S rRNA gene
datasets. Open Microbiol. J. 4, 47e52.

Gowen, C.M., Fong, S.S., 2010. Genome-scale metabolic model integrated with RNAseq data to identify
metabolic states of Clostridium thermocellum. Biotechnol. J. 7, 759e767.



Hansen, A., Hansen, B., 1993. Flavour compounds in wheat sourdoughs. In: Benedito De Barber, C., Collar, C.,
Martinez-Anaya, M.A., Morell, J. (Eds.), Progress in Food Fermentation. Proceedings of Euro Food Chem. VII.
Valencia: IATA CSIC.

Hansen, A., Lund, B., Lewis, M.J., 1989. Flavour production and acidification of sourdoughs in relation to
starter culture and fermentation temperature. Leb. Wiss. Technol. 22, 145e149.

Heperkan, D., 2013. Microbiota of table olive fermentations and criteria of selection for their use as starters.
Front. Microbiol. 4, 143.

Hurtado, A., Reguant, C., Bordons, A., Rozes, N., 2010. Evaluation of a single and combined inoculation of a
Lactobacillus pentosus starter for processing cv. Arbequina natural green olives. Food Microbiol. 27,
731e740.

Hurtado, A., Reguant, A., Bordons, A., Rozes, N., 2012. Lactic acid bacteria from fermented table olives. Food
Microbiol. 31, 1e8.

International Olive Council (I0C), 2012. Trade Standard Applying to Olive Qil and Olive Pomace Oils [Online].
COI/T.15/NC No 3/Rev. 7, November. Available: http://www.internationaloliveoil.org/ [14 May 2013].

Lanza, B., 2013. Abnormal fermentations in table-olive processing: microbial origin and sensory evaluation.
Front. Microbiol. 4, 91.

Malheiro, R., de Pinho, P.G., Casal, S., Bento, A., Pereira, J.A., 2011. Determination of the volatile profile of
stoned table olives from different varieties by using HSPME and GC/IT-MS. J. Sci. Food Agric. 91, 1693e1701.

Montedoro, G., Servili, M., Baldioli, M., Miniati, E., 1992. Simple and hydrolyzable phenolic compounds in
virgin olive oil. 1. Their extraction, separation, and quantitative and semiquantitative evaluation by HPLC. J.
Agric. Food Chem. 40, 1571e1576.

Panagou, E.Z., Tassou, C.C., Katsaboxakis, C.Z., 2003. Induced lactic acid fermentation of untreated green
olives of the conservolea cultivar by Lactobacillus pentosus. J. Sci. Food Agric. 83, 667e674.

Panagou, E.Z., Schillinger, U., Franz, C.M.A.P., Nychas, G.J.E., 2008. Microbiological and bio-chemical profile
of cv. Conservolea naturally black olives during controlled fermentation with selected strains of lactic acid
bacteria. Food Microbiol. 25, 348e358.

Perricone, M., Bevilacqua, A., Corbo, M.R., Sinigaglia, M., 2010. Use of Lactobacillus plantarum and glucose
to control the fermentation of “Bella di Cerignola” table olives, a traditional variety of Apulian region
(Southern Italy). J. Food Sci. 75, M430eM436.

Pietruszka, M., Pielech-Przybylska, K., Szopa, J.S., 2010. Synthesis of higher alcohols during alcoholic
fermentation of rye mashes. Food Chem. Biotechnol. 74, 51e64.

Randazzo, C.L., Todaro, A., Pino, A., Pitino, I., Corona, O., Mazzaglia, A., Caggia, C., 2014. Giarraffa and Grossa
di Spagna naturally fermented table olives: effect of starter and probiotic cultures on chemical,
microbiological and sensory traits. Food Res. Int. 62, 1154e1164.

Sabatini, N., Marsilio, V., 2008. Volatile compounds in table olives (Olea Europaea L., Nocellara del Belice
cultivar). Food Chem. 107, 1522e1528.

Sabatini, N., Mucciarella, M.R., Marsilio, V., 2008. Volatile compounds in uninoculated and inoculated table
olives with Lactobacillus plantarum (Olea europaea L., cv. Moresca and Kalamata). Leb. Wiss. Technol. 41,
2017e2022.



Salas, J.J., 2004. Characterization of alcohol acyltransferase from olive fruit. J. Agric. Food Chem. 52,
3155e3158. Schillinger, U., Liicke, F.K., 1989. Antibacterial activity of Lactobacillus sake isolated from meat.
Appl. Environ. Microbiol. 55, 1901e1906.

Shannon, C.E., Weaver, W., 1949. The mathematical theory of information. AT&T Tech. J. 27, 359e423.

Siragusa, S., De Angelis, M., Di Cagno, R., Rizzello, C.G., Coda, R., Gobbetti, M., 2007. Synthesis of g-
aminobutyric acid (GABA) by LAB isolated from Italian cheese varieties. Appl. Environ. Microbiol. 73,
7283e7290.

Sisto, A., Lavermicocca, P., 2012. Suitability of a Lactobacillus paracasei strain as a starter culture in olive
fermentation and development of the innovative patented product “probiotic table olives”. Front. Microbiol.
3, 1e5.

Suchodolski, J.S., Dowd, S.E., Wilke, V., Steiner, J.M., Jergens, A.E., 2012. 16S rRNA gene pyrosequencing
reveals bacterial dysbiosis in the duodenum of dogs with idiopathic inflammatory bowel disease. PLoS ONE
7, €39333.

Szczesniak, A.S., Brandt, M.A,, Friedman, H.H., 1963. Development of standard rating scales for mechanical
parameters of texture and correlation between the objective and the sensory methods of texture evaluation.
J. Food Sci. 28, 397e403.

Tassou, C.C., Panagou, E.Z., Katsaboxakis, K.Z., 2002. Microbiological and physico-chemical changes of
naturally black olives fermented at different temperatures and NaCl levels in the brines. Food Microbiol. 19,
605e615. 3



