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Abstract Yeasts have a great importance in the
table olives quality and have been proved more and more
as starter cultures. Moreover, the addition of olive leaf
extract (OLE) could enhance the nutritional value of
table olives, but there are no studies in which added OLE
has been combined with yeasts during fermentation. The
aim of this work was to determine if the quality and
functional value of table olives increases when OLE and a
yeast starter are used during a Spanish-style olive fer-
mentation process. Several combinations were used: (1)
fermentations trials with OLE combined with a strain of
Saccharomyces cerevisiae; (2) fermentations with OLE; (3)
control fermentations, with no extract or starter culture.
During fermentation performed with the addition of OLE
and yeasts, the yeast number remained stable for most of
the time, resulting in a slight decrease of yeasts by the end
of the process. The phenolic profile of olive flesh and
brines of the trials was analysed during the fermentation.
The addition of OLE increased the concentration of phe-
nols in olive flesh and brines at the end of the fermentation;
in these fermentations, hydroxytyrosol was the most
abundant, at around 1700 mg/kg in olive flesh and
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3500 mg/L in brines olive flesh, whereas in the control
fermentation the concentrations were around 900 mg/kg
and 2500 mg/L, respectively. In spite of adding OLE, the
fermentation resulted in olives without bitterness. We can
conclude that yeast inoculation combined with OLE
improves safety, nutritional value and other properties of
the final product, without affecting its sensorial qualities.

Keywords Fermented table olives - Olive leaf extract
(OLE) - Saccharomyces cerevisiae - Phenolic compounds -
Food quality

Introduction

Many investigations have been focused on increasing the
quality of food products from a health perspective. Among
the various potential bioactive compounds, consumers are
particularly interested in phenols because of their antioxi-
dant properties. Different researchers have increased the
phenolic composition in commercial food commodities, by
adding spices to virgin olive oil, using microencapsulated
phenols in bread, or using nano-encapsulated phenolic
extracts in wines (Castafieda-Penalvo et al. 2016; Motilva
et al. 2016; Pasrija et al. 2015), by exposing table grapes to
Ultraviolet-C (Crupi et al. 2013), or even by incorporating
them into the food packaging materials (Licciardello et al.
2015).

A wide range of by-products from the food industry are
a potential natural source of phenolic compounds; this is
the case for residues obtained from the elaboration of vir-
gin olive oil and table olives, such as twigs and leaves.
Recently, extracts obtained from olive leaves have been
studied for fortifying food and beverages, so they are
considered of high added value to the food industry
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(Delgado-Adamez et al. 2014). Major phenolic compounds
in olive leaves include oleuropein, hydroxytyrosol, lute-
olin, apigenin, tyrosol, verbascoside, rutin, caffeic acid,
chlorogenic acid, quercetin and epicatechin, among others
(Delgado-Adamez et al. 2014; Difonzo et al. 2017; Martin-
Vertedor et al. 2016). Additionally, olive leaf extracts
(OLE) present potential health benefits, including anti-in-
flammatory and antitumoral activity, and they can act as
modulators of the human immune response (Magrone et al.
2018; Martin-Vertedor et al. 2016). All these healthy
qualities categorize OLE as a key functional food ingre-
dient, in particular as a phenolic compound source.

The usage of starter cultures in food is another known
strategy to improve its flavour, aroma and microbiological
parameters. Traditionally, lactic acid bacteria have regu-
larly been used in the fermentation of table olives, since
these microorganisms produce lactic acid, favouring
microbiological stability of the product. Lactobacillus
plantarum and L. pentosus are among the most common
species found in the traditional elaboration of fermented
olives (Zago et al. 2013). Yeasts constitute another
important microbial group often found in table olive fer-
mentations. The most common genera of yeasts in
table olives fermentation are Aureobasidium, Candida,
Cryptococcus, Issatchenkia, Pichia, Rhodotorula, Saccha-
romyces and Zygotorulaspora, among others (Bevilacqua
et al. 2012). Although this group is associated with olive
spoilage (Hernandez et al. 2018), several yeasts have been
analyzed recently to narrow down their contribution to
fermentation, and those which give optimal benefits have
been selected (Arroyo-Lopez et al. 2012; Hernandez et al.
2007, 2008).

A few recent works in the literature have evaluated the
possibility of enhancing the nutritional (El Sheikha and Hu
2018), probiotic activity and functional value (Ray et al.
2014) of foods during the fermentation process. Further-
more, other researchers have studied the addition of phe-
nolic-rich extracts obtained from olive leaves, to improve
the table olive quality (Caponio et al. 2018; Lalas et al.
2011), although no study has tested the use of OLE com-
bined with yeasts during fermentation to date. In the
studies above, OLE treatment increased polyphenol con-
tent, but did not affect the quality of the olives. Based on
the above, this present study aimed to increase the con-
centration of phenolic compounds and the quality of
table olives by using OLE during fermentation, in combi-
nation with a starter culture of yeasts. For this, OLE was
obtained and characterized by HPLC in order to determine
its phenolic profile. OLE was added during the process of
table olive fermentation, combined with a starter culture of
a Saccharomyces cerevisiae strain. In a second step, fer-
mentation evolution was monitored by physico-chemical,
instrumental and microbiological determinations. Finally,
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the quality of olives obtained was determined by sensorial
analysis.

Materials and methods
Plant materials

The olive fruits and leaves used in the study were obtained
from an official certified ‘Carrasquefia’ cultivar. Both were
collected from the experimental olive (Olea europaea L.)
orchard in ‘Finca La Orden-Valdesequera’ (Guadajira,
province of Badajoz, Spain) within the limits of the olive-
growing area ‘Tierra de Barros’. After harvesting, olive
fruits and leaves were immediately transported to the lab-
oratory to be processed. Then, leaves were vacuum-packed
(Gustav Miiller VS 100, Germany) in plastic bags and
stored at — 80 °C until they were used for the study. OLE
was obtained following the method described by Martin-
Vertedor et al. (2016); olive leaf samples were dried in an
oven (12 min, 120 °C), then they were grounded in a mill
until obtaining particles of 0.5-3 mm; and finally, phenol
compounds were extracted with hot ultrapure water (1:10
w/v, 3 h at 60-65 °C); the extract was filtered and cen-
trifuged at 21,036 g.

Microbial strains

In this work, a strain of S. cerevisiae named 2 was used as
the starter culture. This strain was obtained from an
industrial olive fermentation and selected in previous work
performed by our research group for its technological
properties in the fermentation of table olives and its
antimicrobial activity (Schaide et al. 2016).

Table olive elaboration process and analysis

Olive fruits were submerged in a solution of 2.5% NaOH
(W/v), at room temperature (25 °C), until the alkali reached
two-third of the flesh, measured from the epidermis to the
pit. After this lye treatment, the lye was removed by
flushing with tap water. Finally, the treated table olives
were placed in three different brines: the first one was a
control treatment (trial C), consisting of 30 kg of
table olives and 30 L of 8% NaCl (p/v) brine solution; the
second treatment, with a phenolic-rich extract added (trial
P), consisting of 30 kg of olives and 30 L of OLE in 8%
NaCl (p/v) brine solution; the last fermentation, with a
phenolic-rich extract and a starter culture added (trial
P + S), consisting of 30 kg of olives, 30 L of OLE in 8%
NaCl (p/v) brine solution and enough starter culture (S.
cerevisiae strain 2) to reach a concentration of 6 log;q cfu/
mL. Yeasts were counted using a Neubauer improved cell—
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counting chamber. Prior to inoculation, yeasts of S. cere-
visiae strain 2 were grown in YPD broth (Pronadisa, Lab.
Conda, Spain) 18 h at 25 °C; approximately 30 mL of the
culture of yeasts was obtained. Table olives were fer-
mented for 121 days, adjusting the temperature to 18 °C;
121 days was considered enough to finish the fermentation
by microorganisms and to obtain a final quality product
(Caponio et al. 2018; Aponte et al. 2010).These fermen-
tation processes were performed in duplicate. Table olives
were sampled through their fermentation, and physico-
chemical, microbiological, phenolic profile and antioxidant
activity measures were carried out. At the end of the fer-
mentation process, sensory analysis was performed to
determine the acceptance rate of the table olives in the
sample.

Microbiological analysis

Microbiological tests were performed periodically
throughout the fermentation process and in triplicate. For
this, brine samples were obtained, diluted in peptone water,
plated in the following culture media and incubated: YEPD
Agar (yeast extract peptone dextrose agar) (Pronadisa, Lab.
Conda, Spain), 48 h at 30 °C (yeasts); MRS Agar (Man,
Rogosa and Sharpe agar) (Pronadisa, Lab. Conda, Spain),
48 h at 37 °C in anaerobic environment (lactic acid bac-
teria); Pseudomonas Agar, 48 h at 30 °C (Pseudomonas
sp.) (Pronadisa, Lab. Conda, Spain); MYP Agar (mannitol
egg yolk polymyxin agar) (Pronadisa, Lab. Conda, Spain),
48 h at 37 °C (Bacillus cereus); VRBA Agar (Violet Red
Bile Agar) (Pronadisa, Lab. Conda, Spain), 48 h at 37 °C
(coliforms) and VRBG Agar (violet red bile glucose agar)
(Pronadisa, Lab. Conda, Spain), 48 h at 30 °C
(Enterobacteriaceae).

Physico-chemical analysis
General physico-chemical analyses

Different physico-chemical analyses were performed dur-
ing the fermentation. The pH was analysed with a Crison
pH meter, Model Basic 20 (Crison Instruments, Barcelona,
Spain). Titratable acidity was determined by titration with
sodium hydroxide (0.1 N) and expressed as g lactic acid/
100 mL of brine (Garrido Fernandez et al. 1997). Total
chlorides were determined by AgNO; titration according to
analyses following the Mohr Method, by titrating the brine
with 0.1 N AgNOj;, using K,CrO4 as indicator. Results
were expressed as g/100 g. These analyses were conducted
in triplicate.

Texture analysis

Texture analysis was carried out periodically during the
fermentation by wusing a texturometer (TA.TX2,
Stable Microsystems, Surrey, UK) fitted with a 30 kg load
cell. The puncture test was performed using a needle probe
with 2 mm diameter. The test speed was 0.5 mm/s and the
penetration depth was limited to 4 mm. Three parameters
were taken into account to evaluate the evolution of texture
during fermentation; hardness; distance and slope. The data
obtained in this determination were maximum force
expressed in kg, distance in mm, and the slope of the curve
obtained. The data for each measurement were the mean of
30 olives.

Surface colour analysis

Surface colour analyses of the olives were performed
periodically using a portable Minolta Chroma Meter CR-
300 colorimeter (Minolta, Osaka, Japan). to determine the
CIELAB space coordinates (L*: lightness; a*: red-green;
b*: yellow-blue). The data for each measurement were the
mean of 30 olives.

Determination of phenolic compounds

The phenolic profile determination was carried out on fresh
olive fruit and on olive fruit and brine during the
fermentation.

Extraction of polyphenols from olives

For the extraction of polyphenols, the methodology
described by Cabrera-Banegil et al. (2017) was used. A
portion of 2 g triturated and homogenized fruits was
weighed. To the homogenized sample, 10 mL of methanol,
containing sodium fluoride (2 mM NaF) to inactivate
polyphenol oxidases and prevent phenolic degradation
(Tomas-Barberan et al. 2001), was added. The solution was
sonicated for 30 min at 4 °C in a P-Selecta ultrasonic bath
(model 513; P-Selecta S.A., Barcelona, Spain). The sam-
ples were centrifugated for 10 min at 4 °C at 10,000 rpm in
a Thermo Scientific Sorvall Legend XT/XF centrifuge
(Thermo Fischer Scientific, USA).

Reversed phase HPLC analysis

Identification and quantification were performed following
the method proposed by Cabrera-Baiiegil et al. (2017). An
Agilent 1100 model HPLC system (Agilent Technologies,
Palo Alto, CA, USA) controlled by ChemStation for LC 3D
system Rev. B.03.02 software was used. Chromatographic
separation was performed with a Gemini-NX C18 column
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(150 x 4.6 mm i.d., 3 pm particle sizes; Phenomenex, San
José, CA, USA) heated to 35 °C. The mobile phase used
was composed of 0.1% aqueous TFA (A) and acetonitrile
(B) in the following gradient mode: initial conditions 10%
B; from 0 to 3 min 10% B; from 3 to 15 min 15% B; from
15 to 20 min the composition was kept constant at 15% B;
from 20 to 25 min 18% B and from 25 to 40 min 30% B.
Then, a period of 5 min was necessary for column equili-
bration. The flow was fixed at 0.500 mL/min for all the
experiments, and the injected volume was 5 pL. Chro-
matographic data processing was performed using Agilent
ChemStation software (Agilent Technologies, Santa Clara,
CA, USA). The quantification was done by the external
standard method.

Phenolic compounds were monitored and quantified by
DAD as follows: benzoic acids at 280 nm, cinnamic acids
at 320 nm, flavones and quercetin-3-rutin at 350 nm, and
anthocyanins at 515 nm. Fluorescence detection was used
for the analysis of hydroxytyrosol, tyrosol, PB1, catechin,
PB2 and epicatechin.

Sensory analysis

The sensory assessment of table olives was performed by a
panel of eight expert tasters belonging to the multidisci-
plinary team of the University of Extremadura and
CICYTEX research centre, who were trained following the
International Olive Council (IOC) directives (IOC 2011).
The panel evaluated olives according to an intensity scale
that varied from 1 (sensory sensation not perceived) to 11
(sensory intensity extremely perceived). The samples for
analysis were presented in standard tasting glasses con-
taining three olives at the bottom of the glass in a single
layer, being covered with the brine solution maintained at
28 °C £ 2 °C. Sensory analysis was performed following
the standardized norm of the IOC (2011) with slight
modifications. The sensory properties of the olive fruits
were colour, aspect, hardness, acidity, salty taste, bitter
taste, aromas, defects (off-flavours) and the global assess-
ment. Sensory analysis was performed in triplicate.

Statistical analysis of data

In the statistical treatment of the data, IBM SPSS version
19 for Windows software was used. Data were expressed as
mean = SD and were analysed using one-way analysis of
variance (ANOVA). When the difference between the
mean values was significant, a test comparison of means by
the Tukey method (univariate analysis) was performed.
The significance level was set at p < 0.05.
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Results and discussion
Monitoring the fermentation process
Evolution of microbiota through fermentation

It was observed that, in the inoculated trial with S. cere-
visiae strain 2 (P + S), the concentration of yeasts was
initially higher than in non-inoculated trials (C and P), as
shown in Fig. 1 (p < 0.05). In the case of the latter two
trials, the yeast concentrations reached values around 2.5
logig cfu/mL in trials C and P. On the other hand, trial
P + S showed a higher population (5.83 + 0.06 log10 cfu/
mL) due to the addition of S. cerevisiae at the beginning of
the fermentation (p < 0.05). In this case, it was twice as
concentrated as that of the non-inoculated trials. In trial
P + S, the concentration started to change during the first
week because of its highly concentrated yeasts (6 log, cfu/
mL), while those trials without a starter culture needed
2 weeks to reach higher concentrations. Yeast concentra-
tions in trial P + S maintained a stable stage during the rest
of the fermentation process, showing a slight decrease from
the 121st day of fermentation. On the other hand, in trial P,
the yeast population was also higher than in trial C. In spite
of the presence of phenolic compounds, the starter culture
of S. cerevisiae strain 2 was not inhibited by the OLE
concentration used in this study. Trials P and C showed
similar behaviour until the 26th day of fermentation
(p < 0.05), with exponential yeast growth. From this day,
the microorganism concentrations remained stable.

Furthermore, during the fermentation, the presence of
lactic acid bacteria and different bacteria groups that could
be related to the loss of quality in the final product was
analyzed. Lactic acid bacteria were not detected using
MRS medium. Thus, the growth of enterobacteria, col-
iforms, lactic acid bacteria, Pseudomonas, B. cereus and
aerobic mesophilic bacteria was studied. In this study, none
of these microorganisms were detected during the fer-
mentation process. Other studies indicated the presence
during fermentation of different kinds of microorganisms
that can affect the final product quality, such as Lacto-
bacillus (Sanchez et al. 2000), enterobacteria (Caponio
et al. 2018) and Pseudomonas (Grounta et al. 2016). In the
studies of Caponio et al. (2018), the addition of OLE had a
potential antimicrobial activity that we have no appreciated
in our work.

Results for the growth of yeasts during fermentation
agree with earlier studies (Pereira et al. 2015). At the
beginning of the fermentation, there was an exponential
growth of yeasts during the first 10 days. The yeast con-
centration levels stabilized in all the fermentations after
that period, and in the last phase of the fermentation, the
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yeast concentration growth slowed down. Other authors
(Panagou et al. 2003) indicated that olive fermentation
depends on the intrinsic microflora of raw materials, con-
tainers used for storage, and processes prior to fermentation
(storage, cooking, washing, etc.). Other studies have
reported the presence of different yeast species during
spontaneous fermentation of table olives, such as Saccha-
romyces, Candida, Zygoascus,  Wickerhamomyces,
Debaryomyces, Pichia and Yamadazyma (Grounta et al.
2016; Muccilli et al. 2011).

Evolution of physico-chemical parameters throughout
fermentation

General physico-chemical analyses The pH of the brines
under study started adjusting to around 3.8 in all the trials
(data not shown); they behaved similarly throughout the
fermentation process, with slight changes during fermen-
tation, to achieve pH 3.8 at the end of the process. The pH
in the process was controlled, by adding lactic acid, in
order to maintain adequate fermentation conditions.

With respect to free acidity conditions, initially all the
brines started with a low acidity levels (expressed as %
lactic acid); some differences (p < 0.05) were observed
between P and P + S, and the C trial, because of the
addition of OLE in the first two cases (Fig. 2). These sta-
tistical differences persisted during the fermentations pro-
cess, although in trial C a slight increase in acidity was
observed. During the following 71 days of fermentation,
the free acidity levels remained stable, although a slight
decrease in acidity was observed from this point until the
end of the fermentation. In other fermentation studies using
mixed starter cultures of S. cerevisiae and L. plantarum in
Taggiasca table olives (Pistarino et al. 2013), the process
started at pH values between 6.6 and 7.4 and ended with a
value of pH 4 after 100 days. They found that by using
these mixed starter cultures a rapid reduction of pH

Time (days)
C
—
60 - 1
*, 50
——C
—8— P45
40 ——P
30 + : . ’
0 25 50 75 100 125
Time (days)

Fig. 2 Colour evolution during the fermentation process (L*, a*, b*).
Results are expressed as the mean £ SD of three sample replicates

occurred during the first few days of the process, thus
reducing the presence of pathogenic and spoiling
microorganisms in the culture. In the study of Caponio
et al. (2018), with OLE combined with a L. plantarum
starter, rapid production of lactic acid associated with a
decrease in pH was found in the inoculated fermentations.
OLE addition did not influence pH significantly, nor acid
lactic production. Results found by Sanchez et al. (2000)
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xylanolytic activity, that can affect olive texture. However,
in this study, yeast inoculum did not have a negative effect
on the olive texture. This is also consistent with previous
results from our research group, since S. cerevisiae yeasts
did not show pectolytic activity (Hernandez et al. 2007).

Colour analysis Olive colour (CIELAB space) was also
measured during the fermentation in order to determine
whether the presence of yeasts and OLE affects this feature
(Fig. 2). At the beginning of the fermentation, the param-
eter ‘L*’ (brightness) presented values around 50 (Fig. 2a).
Values increased for all the trials after the 7th day; trials
P + S and P had the highest values for brightness by the
end of the fermentation. According to Lopez-Lopez et al.
(2016), parameter ‘L’” is related to the luminance of the
surface of the olives. As a result, with respect to this
parameter, olives of trials P + S and P could have better
quality than the other olives under study. The differences
between trial C and trials with OLE might be due to the
antioxidant action of polyphenols that are present in the
extract.

With respect to parameter ‘a*’ (—a* green hue; +a* red
hue), trials C and P + S had the lowest values at the
beginning of the fermentation (p < 0.05), with a gradual
increase throughout the process (Fig. 2b). This is particu-
larly observed in the change of table olive colour (from
green to brown). In the last stages, trials P + S and P
reached much higher values than in trial C (p < 0.05). For
that reason, olives fermented with OLE keep a greener
colour than control olives (without OLE). Ramirez et al.
(2015) produced olives with a more brownish tone com-
pared to the olive pigmentation obtained in this work. That
may be explained by the fact that the fermentation period
in that study was longer (6 months) than in our study
(4 months).

In relation to the parameter ‘b*’ (-b* blue hue; +b*
yellow hue), at the beginning of the fermentation, trials C
and P showed the highest values (Fig. 2c). There was a
gradual decrease in these values throughout fermentation;
by the end of the process, trial C showed the greatest los-
ses, as compared with the other trials (p < 0.05). This
implies that olives lose their yellowness (parameter +b*)
and acquire a bluer colour, inducing a brownish-tone end
result in the olives. In general, there were not significant
differences in the colour of the olives with the addition of
starter culture; S. cerevisiae strain 2 did not affect the
browning of olives throughout fermentation. This indicates
that OLE partially protect the pigmentation of the olives, so
the yeast strain used in this study did not affect the olive
colour negatively, as compared with non-inoculated fruits.
Rodriguez-Gémez et al. (2013), who determined the
instrumental colour in Manzanilla variety, did not find
differences between spontaneous fermentation and that

with L. pentosus inocula. They obtained similar values in
all the trials (around 49.9 for L*, 3.3 for a* and 34.1-35.3
for b* by the end of fermentation).

Phenolic profile during the fermentation process

The phenolic profile of olive flesh and brines during fer-
mentation was analysed. In previous studies, it was proved
that lye treatment affects the phenolic compounds in olives;
all of the compounds decreased, except for hydroxytyrosol
and epicatechin, whose concentrations remained constant,
and tyrosol, vainillin and p-coumaric acid which increased
significantly (Data not shown). The greatest decrease was
associated with oleuropein (from 4978 to 10 mg/kg). In
general, in our study, the final concentrations of all types of
phenols analysed were higher in trials with OLE than in the
Control trials. In olive flesh from trials with OLE, most of
the phenols diminished during the fermentation, except
vanillic acid, oleuropein, luteolin-7-O-g, verbascoside and
t-ferulic acid. In brines, none of the phenols had diminished
at the end of the fermentation, and the concentration of
some of them (PBI1, vanillic acid, epicatechin, verbas-
coside, p-coumaric acid or vainillin) increased in trials with
the addition of OLE with respect to the beginning of the
fermentation. In general, the main phenolic compound
detected was hydroxytyrosol, followed by tyrosol, PB1,
vanillic acid, luteolin-7-O-g and, p-coumaric acid
(Tables 2 and 3). These results contrast with those of
Caponio et al. (2018), for main phenolic compounds and
concentrations, probably due to the different varieties of
olive used in the two studies. They found that the most
abundant phenolic compounds were verbascoside, luteolin,
hydroxytyrosol and rutin in olive flesh; and verbascoside
and hydroxytyrosol in the brine; moreover, in this study the
concentrations were different to ours.

Table 2 shows the results obtained in olive flesh after
lye treatment and during fermentation. Overall, at the end
of the fermentation, the concentrations of most of phenolic
compounds were higher in trials with OLE (P + S and P)
than in trial C, with the only exception of verbascoside that
did not show differences between the trials. The evolution
of these compounds during the fermentation was different.
From day 13 to the end of the fermentation, olives from
trials P + S and P showed higher hydroxytyrosol, tyrosol,
PBI1, #ferulic acid and oleuropein concentrations than
those from trial C. In addition, overall, the evolution of
vanillic acid and p-coumaric acid concentrations was
similar in trials P 4+ S and P. The maximum concentrations
of hydroxytyrosol, PB1 and vanillic acid occurred after
13 days of fermentation for both treatments, while for p-
coumaric acid and epicatechin they took place at day 7 of
fermentation. The maximum tyrosol and oleuropein con-
centrations obtained in trial P were achieved after 41 and

@ Springer
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content in olive flesh in table olives with OLE. Indeed,
these compounds, oleuropein and hydroxytyrosol are rela-
ted to healthy effects. In the studies of Martin-Vertedor
et al. (2016), OLE showed in vitro antioxidant, antimi-
crobial and antitumoral activities after simulated digestion.
These results suggest that the consumption of OLE may be
useful for preventive and/or therapeutic purposes.

Sensorial analysis

Results of the sensory analysis did not show significant
differences between the table olives obtained (Fig. 3). This
is a good result since no differences in bitterness were
detected by tasters in spite of OLE being used during fer-
mentation. The values found were 2.33 &+ 1.51 for trial C,
2.44 £+ 1.23 for trial P 4+ S and 2.4 £ 0.84 for trial P. In
trial P, an increase in the bitterness of the fruit would be
expected, due to phenolic compounds, fact which was not
reflected in the study. Several authors have indicated that
the bitter taste of food is related to phenolic compounds,
such as flavonoids, mainly flavanols and flavonols phenols
(Lalas et al. 2011). These authors found differences in the
bitterness of treated table olives with an OLE; but this fact
did not affect the acceptability of the product. This is
consistent with our results; the addition of a phenolic
extract did not affect negatively to the sensory quality of
the product. Indeed, other investigations have attributed to
yeasts a role in contributing to the sensorial characteristics
of table olives (Aponte et al. 2010). The inoculation of
selected yeast strains would ensure the homogeneity of
olives during the process and would allow the acquisition
of green table olives with a high quality.

Conclusion

Inoculation of table olives fermentations inoculated with a
S. cerevisiae strain combined with OLE improved some
properties of the final product, including colour and sen-
sorial qualities, and did not affect the table olive texture.
Furthermore, the yeast strain inoculated is suitable for
industrial scale for obtaining a standardized—quality safe
product. Also, the fermentation process enriched in phenols
increased the content of these compounds in the final
product, without affecting its bitterness. In fact, all pro-
cessed table olives presented a high sensory quality. In
light of these results, the consumption of this product with
higher amounts of oleuropein and hydroxytyrosol would
allow acquisition of healthy effects thanks to their antiox-
idant properties, among others. In this sense, our results
confirm and complement those obtained in previous stud-
ies; however, further studies in vitro and/or in vivo are
required to prove the health properties of our table olives.

@ Springer

Acknowledgements This work was supported by the Junta de
Extremadura and the European Social Fund (ref. GR15166). Manuel
Cabrera-Bafiegil thanks to the sponsorship of the Comunidad
Auténoma de Extremadura and co-financed by the European Social
Fund (ESF) for the Grant to the formation of technologists in the year
2014 (TE14073).

Compliance with ethical standards

Conflict of interest The authors declare they have no conflict of
interest.

References

Aponte M, Ventorino V, Blaiotta G, Volpe G, Farina V, Avellone G,
Lanza CM, Moschetti G (2010) Study of green Sicilian
table olives fermentations through microbiological, chemical
and sensory analyses. Food Microbiol 27:162—170

Arroyo-Lopez FN, Romero-Gil V, Bautista-Gallego J, Rodriguez-
Gomez F, Jiménez-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(1):42-49

Bevilacqua S, Terlizzi A, Fraschetti S, Claudet J, Boero F (2012)
Taxonomic relatedness does not matter for species surrogacy in
the assessment of community responses to environmental
drivers. J Appl Ecol 49:357-366

Blanco P, Sieiro C, Villa TG (1999) Production of peptic enzymes in
yeasts. FEMS Microbiol Lett 175(1):1-9

Cabrera-Bafiegil M, Schaide T, Manzano R, Delgado-Adamez J,
Duran-Meras I, Martin Vertedor D (2017) Optimization and
validation of a rapid liquid chromatography method for deter-
mination of the main polyphenolic compounds in table olives
and in olive paste. Food Chem 233:164-173

Caponio F, Difonzo G, Calasso M, Cosmai L, De Angelis M (2018)
Effects of olive leaf extract addition on fermentative and
oxidative processes of table olives and their nutritional proper-
ties. Food Res Int. https://doi.org/10.1016/j.foodres.2018.10.020

Castafieda-Pefialvo G, Rodriguez-Robledo V, Sanchez-Carnerero C,
Santander-Ortega MJ, Castro-Vazquez L, Lozano MV, Arroyo-
Jiménez MM (2016) Improving green enrichment of virgin olive
oil by oregano. Effects on antioxidants. Food Chem
197:509-515

Crupi P, Pichierri A, Basile T, Antonacci D (2013) Postharvest
stilbenes and flavonoids enrichment of table grape CV Redglobe
(Vitis vinifera L.) as affected by interactive UV-C exposure and
storage conditions. Food Chem 141:802-808

Delgado-Adamez J, Baltasar MNF, Yuste MCA, Martin-Vertedor D
(2014) Oxidative stability, phenolic compounds and antioxidant
potential of a virgin olive oil enriched with natural bioactive
compounds. J Oleo Sci 63(1):55-65

Difonzo G, Russo A, Trani A, Paradiso VM, Ranieri M, Pasqualone
A, Summo C, Tamma G, Silletti R, Caponio F (2017) Green
extracts from Coratina olive cultivar leaves: antioxidant charac-
terization and biological activity. J Funct Foods 31:63-70.
https://doi.org/10.1016/].jf£.2017.01.039

El Sheikha AF, Hu DM (2018) Molecular techniques reveal more
secrets of fermented foods. Crit Rev Food Sci Nutr 8:1-22

Fadda C, Del Caro A, Sanguinetti AM, Piga A (2014) Texture and
antioxidant evolution of naturally green table olives as affected
by different sodium chloride brine concentrations. Grasas
Aceites. https://doi.org/10.3989/gya.037213

Garrido Fernandez A, Diez MJ, Adams MR. Chapman, Hall (Eds.),
Table Olives: Production and Processing (1997), pp. 134-197.
London, UK


https://doi.org/10.1016/j.foodres.2018.10.020
https://doi.org/10.1016/j.jff.2017.01.039
https://doi.org/10.3989/gya.037213

J Food Sci Technol (June 2019) 56(6):3001-3013

3013

Grounta A, Doulgeraki Al, Nychas GJE, Panago EZ (2016) Biofilm
formation on Conservolea natural black olives during single and
combined inoculation with a functional Lactobacillus pentosus
starter culture. Food Microbiol 56:35-44

Hernandez A, Martin A, Aranda E, Pérez-Nevado F, Cérdoba MG
(2007) Identification and characterization of yeast isolated from
the elaboration of seasoned green table olives. Food Microbiol
24(4):346-351

Hernandez A, Martin A, Cérdoba MG, Benito MJ, Aranda E, Pérez-
Nevado F (2008) Determination of killer activity in yeasts
isolated from the elaboration of seasoned green table olives. Int J
Food Microbiol 121(2):178-188

Hernandez A, Pérez-Nevado F, Ruiz-Moyano S, Serradilla MJ,
Villalobos MC, Martin A, Cérdoba MG (2018) Spoilage yeasts:
what are the sources of contamination of foods and beverages?
Int J Food Microbiol 286:98-110

10C (2011) Method for the sensory analysis of table olives COI/OT/
MO/Doc. N° 1/Rev. 2. Madrid, Spain: International Olive Oil
Council

Lalas S, Athanasiadis V, Gortzi O, Bogiatzis F (2011) Enrichment of
table olives with polyphenols extracted from olive leaves. Food
Chem 127(4):1521-1525

Licciardello F, Witternauer J, Saengerlaub S, Reinelt M, Stramm C
(2015) Rapid assessment of the effectiveness of antioxidant
active packaging t-Study with grape pomace and olive leaf
extracts. Food Packag Shelf Life 6:1-6

Lopez-Lopez A, Bautista-Gallego J, Moreno-Baquero JM, Garrido-
Fernandez A (2016) Fermentation in nutrient salt mixtures
affects green Spanish-style Manzanilla table olive characteris-
tics. Food Chem 211:415-422

Magrone T, Spagnoletta A, Salvatore R, Magrone M, Dentamaro F,
Russo MA, Difonzo G, Summo C, Caponio F, Jirillo E (2018)
Olive leaf extracts act as modulators of the human immune
response. Endocr Metab Immune Disord Drug Targets
18(1):85-93

Martin-Vertedor D, Garrido M, Pariente JA, Espino J, Delgado-
Adamez J (2016) Bioavailability of bioactive molecules from
olive leaf extracts and its functional value. Phytother Res
30(7):1172-1179

Motilva MJ, Macia A, Romero MP, Rubi6 L, Mercader M, Gonzélez-
Ferrero C (2016) Human bioavailability and metabolism of
phenolic compounds from red wine enriched with free or nano-
encapsulated phenolic extract. J Funct Foods 25:80-93

Muccilli S, Caggia C, Randazzo C, Restuccia C (2011) Yeast
dynamics during the fermentation of brined green olives treated
in the field with kaolin and Bordeaux mixture to control the olive
fruit fly. Int J Food Microbiol 148:15-22

Panagou EZ, Tassou CC, Katsaboxakis CZ (2003) Induced lactic acid
fermentation of untreated green olives of the Conservolea
cultivar by Lactobacillus pentosus. J Sci Food Agric 83:667-674

Pasrija D, Ezhilarasi PN, Indrani D, Anandharamakrishnan C (2015)
Microencapsulation of green tea polyphenols and its effect on
incorporated bread quality. LWT Food Sci Technol 64:289-296

Pereira EL, Ramalhosa E, Borges A, Pereira JA, Baptista P (2015)
YEAST dynamics during the natural fermentation process of
table olives (Negrinha de Freixo cv.). Food Microbiol
46:582-586

Pistarino E, Aliakbarian B, Casazza AA, Paini M, Cosulich ME,
Perego P (2013) Combined effect of starter culture and
temperature on phenolic compounds during fermentation of
Taggiasca black olives. Food Chem 138(2-3):2043-2049

Ramirez E, Gandul-Rojas B, Romero C, Brenes M, Gallardo-
Guerrero L (2015) Composition of pigments and colour changes
in green table olives related to processing type. Food Chem
166:115-124

Ray RC, El Sheikha AF, Kumar S (2014) Oriental fermented
functional (probiotic) foods. In: Ray RC, Montet D (eds)
Microorganisms and fermentation of traditional foods. Food
biology series. Science Publishers Inc., Boca Raton, pp 283-311

Rodriguez-Gémez F, Bautista-Gallego J, Arroyo-Lépez FN, Romero-
Gil V, Jiménez-Diaz R, Garrido-Fernandez A, Garcia-Garcia P
(2013) Table olive fermentation with multifunctional Lacto-
bacillus pentosus strains. Food Control 34(1):96-105

Romeo FV, De Luca S, Piscopo A, Perri E, Poiana M (2009) Effects
of post-fermentation processing on the stabilisation of naturally
fermented green table olives (cv Nocellara etnea). Food Chem
116:873-878

Sanchez AH, De Castro A, Rejano L, Montafio A (2000) Comparative
study on chemical changes in olive juice and brined during green
olive fermentations. J Agric Food Chem 48(12):5975-5980

Schaide T., Martin-Vertedor D., Hernandez A., Delgado-Adamez J.,
Coérdoba M.G., Pérez-Nevado F. (2016) Antimicrobial activity of
olive (Olea europaea) leaf extract to be used during the
elaboration process of green table olives. In: BromWalder Press
(ED) Microbes in the Spotlight. Recent progress in the under-
standing of benefical and harmful microorganisms, pp 155-159

Toivonen PMA, Brummell DA (2008) Biochemical bases of appear-
ance and texture changes in fresh-cut fruit and vegetables.
Postharvest Biol Technol 48(1):1-14

Tomas-Barberan FA, Gil MI, Cremin P, Waterouse AL, Hess-Pierce
B, Kader AA (2001) HPLC-DAD-ESIMS analysis of phenolic
compounds in nectarines, peaches and plums. J Agric Food
Chem 49:4748-4760

Unal K, Nergiz C (2003) The effect of table olive preparing methods
and storage on the composition and nutritive value of olives.
Grasas Aceites 54(1):71-76

Zago M, Lanza B, Rossetti L, Muzzalupo I, Carminati D, Giraffa G
(2013) Selection of Lactobacillus plantarum strains to use as
starters in fermented table olives: oleuropeinase activity and
phage sensitivity. Food Microbiol 34(1):81-87

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Effect of olive leaf extract combined with Saccharomyces cerevisiae in the fermentation process of table olives
	Abstract
	Introduction
	Materials and methods
	Plant materials
	Microbial strains
	Table olive elaboration process and analysis
	Microbiological analysis
	Physico-chemical analysis
	General physico-chemical analyses
	Texture analysis
	Surface colour analysis

	Determination of phenolic compounds
	Extraction of polyphenols from olives
	Reversed phase HPLC analysis

	Sensory analysis
	Statistical analysis of data

	Results and discussion
	Monitoring the fermentation process
	Evolution of microbiota through fermentation
	Evolution of physico-chemical parameters throughout fermentation
	General physico-chemical analyses
	Texture analysis
	Colour analysis

	Phenolic profile during the fermentation process

	Sensorial analysis

	Conclusion
	Acknowledgements
	References


