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Abstract: Spontaneous fermentation of table olives, as per a traditional Mediterranean process, is
still performed empirically; hence, final product quality is somewhat unpredictable. Our main
goal was to validate an endogenous (potentially probiotic) lactic acid bacterium strain in Cobrancosa
table olives as a vector for a more standardized process, further adding commercial value to the
olives themselves. The traditional Portuguese fermentation process typically consists of two stages:
sweetening, when olives are periodically washed with spring water to different proportions, and
salting, when water is no longer changed, but salt is gradually added to the brine, up to 7-10%
(w/w). Lactiplantibacillus pentosus 1106 was inoculated as follows: (plan A) 2020/21 harvest, with 0,
3,5, and 7% (w/v) NaCl, without sweetening; (plan B) 2020/21 harvest, with 5 and 7% (w/v) NaCl,
during salting and sweetening; and (plan C) 2019/20 harvest, with 5% (w/v) salt, and sweetening
and salting. Microbiological, physical, and biochemical evolutions were monitored for 8 months,
and final nutritional and sensory features were duly assessed. Compared to the control, lactic acid
bacteria (LAB) predominated over yeasts only if deliberately inoculated; however strain viability
was hindered above 5% (w/w) NaCl, and LAB inhibited enterobacteria. Degradation of (bitter)
oleuropein to hydroxytyrosol and verbascoside was faster upon inoculation. Color-changing olives
from the 2020/21 harvest exhibited higher fat content and lower water content compared to green
ones (2019/20 harvest), and different salt levels and inoculation moments produced distinct sensory
properties. The best protocol was plan C, in terms of overall eating quality; hence, the addition of
Lpb. pentosus 1106 provides benefits as a supplementary additive (or adjunct culture), rather than a
starter culture.

Keywords: table olives; lactic acid bacteria; probiotics; fermentation; starter culture; microbiological
profiles; physicochemical profiles; nutritional analysis; sensory analysis

1. Introduction

Traditional fermented foods are an important part of human cultural heritage and diet
and have been widely consumed since ancient times, as well as being used as a form of
preservation, increasing the safety of existing food resources. Table olives are among the
most well-known and widely consumed fermented vegetable products in Mediterranean
countries [1].
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Unripe olives are hardly edible due to their high content of phenolic compounds,
especially oleuropein, responsible for drupe bitterness [1]. Hence, table olives must undergo
a series of preliminary physicochemical and microbiological transformations prior to
consumption, such as fermentation in brine [2]. Several types of table olives have been
singled out according to the degree of ripeness, and their mode of preparation varies from
country to country [2,3]. Upon harvest, table olives may be readily submerged in brine,
typically solutions of 6-10% (w/v) NaCl [4], or may instead undergo alkaline treatment with
NaOH, controlled salt percentage, and low pH. Darkened table olives are treated directly
or preserved in brine, oxidized, washed, and packed in cans, hermetically sealed and
sterilized to prevent any fermentation, hence guaranteeing product safety, since the growth
of pathogens and spoilage microorganisms is avoided [5]. After having undergone either of
the above treatments, table olives are preserved in brine as per their specific characteristics,
in dry salt under modified atmosphere, or even in a solution of preservative or acidifying
agent(s); they may also be subjected to pasteurization to extend their shelf life [5]. Such
fermentation parameters as pH or temperature are germane, yet the presence of salt in the
medium is an important factor for food preservation in that it affects fermentation rate; at
the same time, the latter contributes to taste and texture improvement, even though a high
salt level will impair the healthy image built around this fermented food [6,7].

Cobrangosa cultivar, native to Portugal, has for ages been subjected to natural fer-
mentation after harvest and before full maturation; hence, a variable color, ranging from
green to color-changing, is normally found. Upon careful removal of rotten drupes, stalks,
and leaves, the olives undergo a first stage of processing, termed the sweetening stage
by the local producers, which holds bitterness removal as its major goal. During this
period, table olives are washed periodically with spring water in different proportions
and kept thereafter in water for 4-6 months. The period between consecutive renewals
of water ranges from 1 week up to 2 months. The salting stage (so named also by the
local producers) comes afterward; during this period, the water is no longer changed until
the product is ready for the market, but salt is gradually added to the brine, up to 7-10%
(w/w) by the time of sale [2,8]. A full characterization of this processing method and of
typical microbiological and physicochemical profiles throughout time has been reported by
Reis et al. [8]. The fermentation process starts spontaneously and is strongly influenced
by the olive cultivar itself, its indigenous microbiota, and such methodological factors as
fermentation temperature and salt concentration of brines [9]. This type of fermentation
leads to somewhat unpredictable and variable quality of the final product, in addition to
the susceptibility to the growth of undesirable microorganisms [10].

Diverse microbial populations are involved in olive fermentation, chiefly lactic acid
bacteria (LAB) and yeasts; LAB are primarily responsible for brine acidification due to lactic
acid production, which leads to a decrease in the pH and an increase in the microbiological
stability of the final product, thus supporting an extended shelf life [1].

Over the years, it has become important to retrieve starter cultures from the native
microbiota of olive fermentations and then study their technological characteristics and
probiotic potential. If ingested in appropriate quantities, probiotics can exert several
beneficial effects upon human health; this has led the food industry to consider them,
further driven by a growing demand by the market [2]. Appropriate microbial starters
should exhibit a few specific biotechnological and safety traits, namely: easy and rapid
adaptation to the brine environment (e.g., temperature, pH, and phenolic profile); rapid
dominance over indigenous microbiota; rapid brine pH reduction (e.g., via synthesis of
organic acids); strong enzymatic activity, suitable for enhancing the sensory features of the
final product; and rapid degradation of oleuropein (e.g., via adventitious 3-glucosidase
and esterase), thus making the product eventually edible [11].

In the latest decade, several studies have focused on the addition of starter cultures
with multifunctional potential to various types of table olives; this includes those treated
via the Spanish style [3,12] or even by natural fermentation [13,14], but not with Portuguese
cultivars, classically known for their unique bouquet. Since production of Cobrangosa table
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olives starts with a sweetening stage (thus making it different from other processes abroad),
testing of alternative strategies for inoculation appears logical, especially at distinct stages
throughout the fermentation process (sweetening, salting, and ready-to-eat).

Therefore, the main goal of this study was to assess and validate, at bench scale, the use
and viability of Lpb. pentosus i106 as a starter and/or potentially probiotic culture during
fermentation of Cobrangosa table olives; hence, three inoculation approaches were considered
(during sweetening, salting, and ready-to-eat times) in terms of their effects upon microbi-
ological and physicochemical profiles of the final product. The aforementioned LAB strain,
originally isolated from Cobrangosa table olives [8], was previously tested for its technological
properties (such as acid and salt tolerances, survival at different temperatures, and degra-
dation of oleuropein) and probiotic potential in vitro [15,16]. It is important to remember
that the definition of a dedicated microbial starter culture will aid in reducing spoilage risk
while allowing eventual optimization of processing and compression of the period taken by
fermentation and achievement of a final product with higher quality, i.e., bearing putatively
improved functional and sensory properties beyond basic nutritional features.

2. Materials and Methods
2.1. Bacterial Strains and Growth Conditions

Lactiplantibacillus pentosus strain 106, previously isolated from Cobrangosa table olives
and brines [8] and selected for its potentially probiotic features [15,16], was used in this
study. Prior to the experiments, and following the methodology reported by Blana et al. [17],
this strain was revived from a stock culture (in 15% glycerol) at —80 °C, subcultured in
10 mL of de Man Rogosa Sharpe (MRS) broth (VWR Chemicals, Leuven, Belgium) with 0 or
3% (w/v) NaCl, and incubated at 37 °C for 8-10 h. Afterwards, an aliquot was transferred
into 90 mL of fresh MRS broth with 0, 3, or 5%(w/v) NaCl (depending on the trial) to obtain
an initial Optical Density at 600 nm (ODggonm) of ca. 0.1 (UV-1800 spectrophotometer,
Shimadzu, Duisburg, Germany). After overnight incubation at 30 °C, a “working medium”,
prepared with mineral water, 2% peptone from meat (VWR), 2% glucose (Sigma-Aldrich,
St. Louis, MO, USA), and 0, 3, 5, or 7% (w/v) NaCl (depending on the trial), was inoculated
with an aliquot of the overnight culture to give an initial ODggonm of ca. 0.2 and incubated
for 5-6 h at 37 °C. Finally, trial vessels were inoculated to an initial ODggonm of ca. 0.1.
Initial LAB concentration should reach 108 CFU/mL in each vessel. Gradual increases in
NaCl concentration along the inoculum preparation are essential to allow adaptation of
the strain to the saline environment prevailing in actual brine [18]. For microbiological
monitoring of stock and working cultures, samples were serially diluted in 0.85% (w/v)
sterile saline solution and spread plated in triplicate on MRS agar. Counts were produced
by 48 h incubation at 30 °C by resorting to a colony counter (Scan® 100, VWR, Milano,
Italy). Results were set as means of three determinations.

2.2. Table Olives Samples

Olives of cultivar Cobrangosa were provided by a well-referenced producer (Tras-os-
Montes, northeast of Portugal) who resorts to the natural fermentation method; for the
experiments, 5 L vessels of 4 kg of olives with water were supplied (plan A, ten vessels;
plan B, six vessels) on the day following harvest, along with brine (5% salt) (plan C, four
sealed vessels). While table olives for plan A and B were harvested in 2020/21, those for
plan C came from an earlier harvest, 2019/20. All vessels were semi-covered and stored at
room temperature (ca. 20 °C).

2.3. Experimental Design

According to Figure 1, table olive fermentation from designs A and B were monitored
over 35 weeks (245 days), while those from design C were monitored over 10 weeks
(65 days). In plan A, the addition of strain Lpb. pentosus i106 to 4 independent trials was
considered: table olive water with no salt (A0), obtained exactly one week after harvest by
the producer, and brines with 3 (A3), 5 (A5), and 7% (w/w) (A7) commercial kitchen salt. In
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plan B, the addition of Lpb. pentosus i106 to the brine was tested at 5 (BS) and 7% (w/w) (B7)
salt, during the salting process of fermentation, i.e., obtained after sweetening in loco by the
producer. In plan C, the Lpb. pentosus i106 addition was assessed in ready-to-eat table olives
(C5), i.e., obtained after sweetening and salting in loco by the producer. Although only one
trial was inoculated at each inoculation time, salt was added to all vessels. It should be
stressed that no water renewal had been originally planned in plan A; however, by the time
of inoculation with 3% (w/w) salt, the water was found to be no longer transparent, most
likely due to the diffusion of semi-soluble compounds from the olive pulp. As suggested
by the producer, a new water renewal was carried out in trials A3, A5, and A7. The
concomitant addition of salt and of the potentially probiotic strain i106 was planned so as
to reach the best compromise between the results and conclusions reported in previous
work [8] and to minimize brine agitation, according to traditional practices followed by
the producers. Plan C lasted only one month because of the narrow availability to meet
of the taste panel members and because addition of said probiotic after packaging would
compromise its viability (should be used as a post-biotic, as further discussed in future
research). For each plan, a control trial was also monitored (AC, BC, and CC), differing
from experimental trials as per the addition of the potentially probiotic LAB strain. All
trials were run in duplicate.

2020/21 harvest
Week

12 3 45 6 7 8 9 101112 13 1415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

Plan A - without sweetening

;
Sweetening in loco by the producer Plan B - after sweetening
00 O o 0
ry ry

2019/20 harvest

Caption: Week

@ salt addition to plan A 12 3 45 6 7 8 910
. Salt addition to plan B IPlan Ce ready-tom
. Salt addition to plan C !

. Inoculated trial in plan A

. Inoculated trial in plan B

- Inoculated trial in plan C Nutritional and

sensory analysis
< Microbiological and physicochemical analysis >

Figure 1. Scheme of experimental design followed, showing the inoculation times of Lpb. pentosus 1106
under the different strategies (plans A, B, and C) and salt addition to vessels with Cobrangosa olives.

2.4. Microbiological Analysis

Under an aseptic environment, ca. 20 table olives and sufficient brine to cover them
were randomly collected from each vessel using previously sterilized utensils. Twelve
pitted olives (around 40 g) were placed in a sterile bag with a side filter, together with
100 mL of saline solution (0.85%), and rubbed in a Stomacher Star Blender LB 400 (VWR,
Milano, Italy) for 60 s; the filtered liquid was then poured into a sterile Falcon flask. Both the
filtered liquid and brine were directly used for further dilution and duly plated. The method
of Reis et al. [8] was followed for the enumeration of yeasts and LAB in the samples, while
the enumeration of Enterobacteriaceae by pour plating followed Abriouel et al. [19]. Lactic
acid bacteria and yeast growth was monitored by spread plating brine and pulp samples
from table olives in MRS agar with 0.4 g/L sodium azide (VWR) followed by incubation for
48 h at 30 °C and Rose Bengal with 0.1 g/L chloramphenicol (RBC) agar (VWR) followed
by incubation for by 5 d at 25 °C, respectively. To monitor Enterobacteriaceae growth, the
samples were pour plated in Violet Red Bile Glucose (VRBGA) agar (VWR) and incubated
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for 24 h at 30 °C. The results were expressed as log CFU/mL for brine and as log CFU/g
for olive samples.

2.5. Physicochemical Analysis

Physicochemical analyses of table olive brines included salinity (% w/v), pH, and
titratable acidity (lactic acid % (w/v)), as well as phenolic compound concentrations (mg/L),
namely oleuropein, verbascoside, hydroxytyrosol, and tyrosol; the techniques used were as
described elsewhere [9].

2.6. Nutritional Analysis

Prior to nutritional analysis, table olive pits were removed, and the pulp was milled
(8000 rpm; 20 s) in a Knife Mill Grindomix GM 200 (Retsch), thus generating a paste. All
procedures requiring sample weighing resorted to an Analytical Balance (KERN AES). Nu-
tritional composition of samples was determined according to AOAC Official Methods [20],
including moisture (925.40), total extractable fat (948.22), crude protein (920.152), total ash
(940.26), and total dietary fiber (985.29) after fat extraction. Carbohydrate content was
estimated by difference. Sodium chloride content was determined via titration with AgNOs
(Mohr method), according to Fernandez-Diez et al. [21]. The energy value, expressed in
kcal /100 g of pulp, was calculated following the Atwater system, using factor 4 for protein
and carbohydrates, 9 for extracted lipids, and 2 for dietary fiber. Fatty acids were evaluated
by gas chromatography, according to European Commission Regulation (EEC 2568/91, of
11th July) and as described by Rodrigues et al. [22]. The composition was expressed as
relative abundance in a percentage.

2.7. Sensory Analysis

Following Anagnostopoulos et al. [23], table olive samples from all plans were evalu-
ated by the end of the process by 12 panel members of a Mirandela local SME, consisting of
5 males and 7 females, aged from 40 to 60 years old, according to Regulation COI/OT/MO
No 1/Rev.3 [24]. The results were presented in radar charts.

2.8. Statistical Analysis

All graphics and calculations of means and standard deviations were produced in Excel
(Microsoft® Office 2021). A one-way analysis of variance (ANOVA), followed by Tukey’s
post hoc means multiple comparisons, were performed for physicochemical and nutritional
characteristics, as well as overall eating quality scores, at the 5% level of significance, using
IBM SPSS 27.0 software (IBM, Armonk, NY, USA). Letters in mean comparisons were
ascribed as proposed by Piepho [25].

3. Results
3.1. Microbiological Monitoring

Changes in viable numbers of LAB, yeasts, and Enterobacteriaceae in brine and table
olives, during fermentation of Cobrangosa table olives under the three alternative plans,
were investigated; see Figure 2 (Plan A), Figure 3 (Plan B), and Figure 4 (plan C).
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Figure 2. Evolution of viable numbers of (a) lactic acid bacteria, (b) yeasts, and (c) Enterobacteriaceae,
in (left) brines and (right) table olives, under plan A. Arrows indicate the moment of inoculation
with Lpb. pentosus i106 and the corresponding salt addition to all vessels.
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Figure 3. Evolution of viable numbers of (a) lactic acid bacteria and (b) yeasts, in (left) brines and
(right) table olives, under plan B. Arrows indicate the moment of inoculation with Lpb. pentosus i106
and the corresponding salt addition to all vessels.
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Figure 4. Evolution of viable numbers of (a) lactic acid bacteria and (b) yeasts, in (left) brines and
(right) table olives, under plan C. Arrows indicate the moment of inoculation with Lpb. pentosus i106
and the corresponding salt addition to all vessels.

Under plan A (Figure 2), LAB population numbers (Figure 2a) remained high, at
ca. 7 log CFU/mL in brine and ca. 6 log CFU/g in drupes, for the trials with early addition
of the potentially probiotic strain (A0 and A3). In batches where strain 1106 was added later
(trials A5 and A7), the LAB population was initially high and then underwent a substantial
decrease, before eventually recovering some time after the addition of the potentially
probiotic strain to levels similar to those of the other batches. Regarding the control batches
(AC), after some initial growth, LAB populations decreased and remained below the
detection limit (1 log CFU/mL in brine and 1.4 log CFU/g in drupes); however, by the end
of the experiment, some growth was observed in the brine. Regarding yeasts (Figure 2b),
and despite an initial increase, their population eventually stabilized at 6 log CFU/mL
and 5 log CFU/g in brine and drupes, respectively. As expected, the Enterobacteriaceae
population (Figure 2c) decreased with time, until reaching values below the detection limit,
both in brine and drupes.

Regarding plan B (Figure 3), while no Enterobacteriaceae counts were recorded, sub-
stantial differences were found between trials regarding the LAB populations (Figure 3a):
AC presented LAB counts below the detection limit throughout the whole experiment,
except by the end in the brine; some growth was observed, reaching ca. 3 log CFU/mL.
A5 showed LAB growth to 7-8 log CFU/mL in brine and 6-7 log CFU/g in drupes 7 days
after the addition of the potentially probiotic strain, followed by a plateau until the end
of the experiment; finally, A7 exhibited a slower growth, with some LAB growth after
30 days, but only reached 5 log CFU/mL in brine and 3 log CFU/g in drupes. Regarding
yeast populations (Figure 3b), no major differences were found between trials or during
the experiment for the drupe (4-5 log CFU/g); in brine, a growth of 1-2 log CFU/mL was
observed by 140 days, with numbers stabilizing at 6-7 log CFU/mL, also with no major
differences between trials.

Similar to plan B, none of the trials under plan C (Figure 4) held Enterobacteriaceae
cells, yet a substantial increase in LAB populations (Figure 4a) was observed along the
process after strain 1106 addition, both in brine (up to almost 8 log CFU/mL) and drupes
(up to almost 7 log CFU/g). Regarding the control trial (CC), LAB populations started
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to grow at 40 days of fermentation, reaching 2.5 log CFU/mL in brine and 3 log CFU/g
in drupes. Concerning yeast populations (Figure 4b), no major difference was observed
in brine among trials, nor throughout the experiment; on the other hand, a small growth
(2 log CFU/g) was detected in drupes when comparing the end to the beginning of the
experiment, but no differences were found among trials.

3.2. Physicochemical Monitoring
3.2.1. Salt Content, pH, and Total Titratable Acidity

Salt content, pH, and total titratable acidity in brine were ascertained under the
different plans at some noteworthy times of fermentation, i.e., at the beginning of each
experiment (time 0), one week after the addition of each salt level and Lpb. pentosus i106,
and finally at the end of the experiment.

Under plan A (Table 1), salt content among trials did not differ significantly (p < 0.05)
for each time of experiment, only differing within each trial throughout time as salt was
added. Regarding pH values, all trials began at 5.2, but two patterns of evolution were
detected afterwards: trials where Lpb. pentosus i106 was added with a low salt concentration
(A0 and A3) exhibited a significant (p < 0.05) decrease (3.8 and 3.6, respectively) when
compared to the control (4.4) at early stages of fermentation, then they approximated the
control (ca. 4.1) around 3 months and maintained that level (ca. 4.7) until the end; in trials
where Lpb. pentosus 1106 was added with a medium /high salt concentration (A5 and A7),
the pH profile was similar between the two trials and control (ca. 4.1) until ca. 3 months,
but after the salt content reached 5%, pH tended to increase (up to 5.1) in trials A5 and A7,
while the others stabilized (ca. 4.7, as mentioned before). At start, acidity was ca. 0.16%
in all trials; then it is increased until reaching a maximum value depending on the trial,
followed by a reduction down to ca. 0.20%. Trials A5 and A7 exhibited a decrease in TTA
at the early stages of fermentation (of 0.10% by 28 days), when LAB could not be detected;
this pattern was not found in the control, either for A0 or A3, where LAB were detected.

Table 1. Evolution in physicochemical features (salt content, pH, and total titratable acidity) of brine
at selected times of fermentation under plan A.

Fermentation (Days)

Trial
0 14 28 63 126 245 p-Value
AC 0.00 4 0.00 0.00 + 0.00 & 290+ 0.14 2B 5.00 & 0.00 € 6.70 + 0.28 P 5.50 + 0.00 2 <0.001
A0 0.00 £ 0.004 0.00 £ 0.004 3.80 + 0.28 B 5.00 + 0.00 € 6.75+0.35E 5.80 = 0.00 2bP <0.001
Salt (%) A3 0.00 £ 0.004 0.00 £ 0.004 3.00 + 0.00 2B 5.00 + 0.00 € 625+ 0.35E 5.65 + 0.07 2D <0.001
A5 0.00 £+ 0.004 0.00 £ 0.00 4 2.85 + 0.07 2B 5.00 £ 0.00 € 6.00 +0.00P 5.95+ 0.21 PP <0.001
A7 0.00 + 0.004 0.00 £ 0.004 3.00 + 0.00 2B 490+0.14€ 6.80 +£ 0.28 E 5.50 =+ 0.00 2P <0.001
p-value 1.000 1.000 0.006 0.486 0.124 0.023
AC 5.20 4 0.00 456 + 0.01 440+ 0.03P 444 +0.03 420 + (.07 3 456 +0.062 0.082
A0 520 +0.00 E 493 +0.01P 3.83 4+ 0.012A 3.954 0.04 2 422 4+ 0.062PB 4654 (.13 2bC <0.001
pH A3 5.20 4+ 0.00 P 462 4+0.01C€ 3.87 +0.11 2AB 3.61 +0.034 409400928  4.83+0.09ab<C <0.001
A5 5.20 4 0.00 € 460 +0.058 4.40 + 0.03bB 4544+ 0.03B 408 +0.022A 5,08 4+ 0.16 ><C <0.001
A7 5.20 +0.00B 460 +£0.014 442 +0.020A 460 +£0.018 4.39 + 0.08 PA 5.19 +0.14 <B <0.001
p-value 1.000 0.584 <0.001 0.532 0.030 0.010
AC 0.1540.04 2 0.18 4+ 0.01 bA 0.10 & 0.02 bA 0.23 4+ 0.032A (.40 & 0.06 2B 023 +0.014 0.006
A0 0.16 £ 0.01 4 0.40 & 0.00 4B 056 +£0.01C  0.54+0.03P5C 046+ 0.04PBC  0.27 4 0.04 BC <0.001
TTA * A3 0.17 +£0.02 4 0.18 £ 0.00°4  0194001PA 059 +0.01°°  0.42 + 0.04 @€ 0.19 + 0.03 B <0.001
A5 015+ 00148  016+0.012AB  011+0002* 020+0.02248 (051 +0.01"C 0.17 +0.03 B <0.001
A7 0.18 4 0.01 AB 0.20 & 0.00 <B 0.09 +0.0024  0.18 +0.032AB (.27 4 0.03 2B 0.14 +0.01 8 0.004
p-value 0.665 <0.001 <0.001 <0.001 0.015 0.090

* expressed as lactic acid g/100 mL of brine. Each value in the table represents the mean =+ standard deviation of
two independent assays. > Means followed by different lowercase letters in each column differed significantly
(p < 0.05) among trials for a given sampling time. A"F Means followed by different capital letters in each row
differed significantly (p < 0.05) among sampling times for a given trial, as per Tukey’s post hoc comparison.
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Plan B profiles for salt content, pH, and TTA (Table 2) were similar to those described
for plan A; however, a few differences were found, considering that plan B started after the
sweetening phase. The pH value at the beginning was slightly lower (4.17) than in plan
A, and the same happened at the end (4.2 for AC and ca. 4.75 for A5 and A7). The TTA
value at the beginning was almost one third of that under plan A (0.05%), and the same
ratio occurred at the end (0.11% for AC and below 0.10% for A5 and A7).

Table 2. Evolution in physicochemical features (salt content, pH, and total titratable acidity) of brine
at selected times of fermentation under plan B.

Fermentation Time (Days)

Trial
0 140 182 245 p-Value
BC 43540218 3.75 £+ 0.07 2A 6.50 £ 0.00 P 5.90 + 0.14 € <0.001
Salt (%) B5 43540214 4254 0.07bA 6.20 +£0.28 B 5.55 + 0.07 B 0.001
B7 43540218 3.75 £ 0.07 2A 6.50 = 0.00 P 5.60 + 0.00 € <0.001
p-value 1.000 0.009 0.253 0.057
BC 417 4+ 0.058 3.98 +0.02bA 4.01 +0.0124 417 + 0.04 2B 0.009
pH B5 419 +0.018 3.76 £ 0.02 24 424 +0.02b8 4.83 4 0.08 b€ <0.001
B7 418 4+ 0.04 € 398 +0.02PA  4.00+£00524B 471 +0.04°P <0.001
p-value 0.859 0.003 0.019 0.003
BC 0.05 £+ 0.00 A 021 +0.01€ 0.12 + 0.01 2bB 0.11 £ 0.01bB <0.001
TTA * B5 0.05 + 0.00 A 0.16 +0.02 B 0.15 + 0.01 bB 0.07 +0.01 34 0.003
B7 0.05 + 0.00 A 0.14 £ 0.02B 0.07 £0.0224B 0,07 + 0.01 2AB 0.038
p-value 1.000 0.130 0.017 0.032
* expressed as lactic acid g/100 mL of brine. Each value in the table represents the mean =+ standard deviation of
two independent trials. *® Means followed by different lowercase letters in each column differed significantly
(p < 0.05) among trials for a given sampling time. A° Means followed by different capital letter in each row
differed significantly (p < 0.05) among sampling times for a given trial, as per Tukey’s post hoc comparison.
Under plan C (Table 3), and after addition of Lpb. pentosus i106 to the final product, a
decrease in pH (3.6) and an increase in TTA (0.29%) were observed relative to the control
(4.04 and 0.14%, respectively, for pH and TTA). As happened under plans A and B, pH and
TTA tended to be different (4.46 and 0.07%) by the end of the process, but closer to those of
the control (i.e., 4.40 and 0.10%).
Table 3. Evolution in physicochemical features (salt content, pH, and total titratable acidity) of brine
at selected times of fermentation under plan C.
Fermentation Time (Days)
Trial
0 7 64 p-Value
Salt (%) CcC 5.10 £ 0.14 5.75 + 0.35 5.75 £ 0.21 0.104
? C5 5.00 & 0.00 A 6.00 + 0.00 € 5.75 4+ 0.07 B <0.001
p-value 0.423 0.423 1.000
o CcC 4.03 4 0.04 A 40440014 440+ 0.08 B 0.011
P C5 4104+ 0.03 8 358 +0.014 4.46 +0.09 € 0.001
p-value 0.192 <0.001 0.598
TTA * CcC 0.14 +0.03 0.14 + 0.02 0.10 + 0.03 0.228
C5 0.14 +0.01B 0.29 +0.01 € 0.07 £0.014 <0.001
p-value 0.771 0.005 0.312

* expressed as lactic acid g/100 mL of brine. Each value in the table represents the mean =+ standard deviation of
two independent trials. #~C Means followed by different capital letter in each row differed significantly (p < 0.05)
among sampling times for a given trial, as per Tukey’s post hoc comparison.
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3.2.2. Phenolic Composition

Under plan A (Figure 5), no trials differ from each other at the beginning of the
experiment. Notice that tyrosol (Figure 5c) is the phenolic compound with the lowest
concentration; it underwent little increase with time and reached merely 200-300 mg/L.
Trial AO presented higher tyrosol concentrations than the other trials. Regarding oleuropein
concentration (see Figure 5a), all trials, except A0, exhibited similar trends throughout
fermentation, i.e., a slight decrease at the beginning of the experiment (from ca. 300 to
50-180 mg/L), followed by a substantial increase (reaching maxima of 300-600 mg/L),
and finally a gradual decrease. Inoculated trials (except AQ) experienced oleuropein
concentrations below the control trial (AC) during most of the fermentation period.
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Figure 5. Evolution in phenolic profile, (a) oleuropein, (b) hydroxytyrosol, (c) tyrosol, and
(d) verbascoside, of table olive brine throughout fermentation under plan A. Arrows indicate the
moment of inoculation with Lpb. pentosus 1106 and the corresponding salt addition to all vessels.

Instead of presenting an initial decrease in its oleuropein content (as observed for the
other trials), trial AQ exhibited a substantial increase (up to ca. 850 mg/L), with higher
values of oleuropein throughout the whole experiment; under higher initial concentrations,
the reduction in oleuropein until the end of the experiment was more noticeable than
in the remaining trials. Similar to oleuropein, all trials exhibited analogous evolution
in hydroxytyrosol concentration throughout the fermentation process (see Figure 5b); it
increased from ca. 100 mg/L up to a maximum of 1126 mg/mL by 126 days but underwent a
substantial decrease afterwards. Once again, the higher values were associated with trial A0
during the whole experiment; however, by the end of the process, the control trial displayed
equivalent higher values as compared to the remaining trials. Moreover, it is possible to
identify an apparent correlation between oleuropein content decrease and hydroxytyrosol
increase throughout the experiment. Concerning verbascoside (see Figure 5d), the evolution
comprised once more an initial increase, beginning at 200 mg/L, until a maximum of
800-1000 mg/L was attained, followed by a substantial decrease; the higher, the larger the
salt concentration. The higher value corresponds to the control trial, but the maximum
verbascoside concentration was reached later than the previous phenolic compounds.
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Under plan B (Figure 6), no differences were found among trials at the beginning of the
experiment; no tyrosol was detected either, i.e., concentration was below the detection limit,
121 mg/L. Oleuropein content (Figure 6a) only differed throughout fermentation in trials
BC and B7, with an initial increase until a maximum of ca. 140 and 160 mg/mL, respectively,
was attained. A few weeks after inoculation, B7 underwent a substantial decrease, while
BC remained constant. Regarding trial B5, oleuropein concentration remained low over
time (ca. 50 mg/L). Nevertheless, inoculated trials reached final oleuropein concentrations
lower than the control trial. The behavior, observed for hydroxytyrosol concentration
(Figure 6b), reveals a substantial increase in all trials, followed by a stabilization until the
end of the experiment. A higher content was reported in B7, reaching ca. 250 mg/L, while
BC remained at ca. 150 mg/L, and B5 reached values very close to the detection limit
(140 mg/L). Verbascoside concentration (Figure 6¢) also increased with time in all trials,
from ca. 50 mg/L to 450 mg/L for BC and B7 and to ca. 300 mg/L for B5. Considering
all phenolic compounds, one realizes that the overall concentration of each compound is
much lower than the concentration values found under plan A.
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Figure 6. Evolution in phenolic profile, (a) oleuropein, (b) hydroxytyrosol, and (c) tyrosol, of table
olive brine throughout fermentation under plan B. Arrows indicate the moment of inoculation with
Lpb. pentosus 1106 and the corresponding salt addition to all vessels.

Finally, tyrosol was also not found under plan C (Figure 7). Regarding oleuropein
content (Figure 7a), it remained constant throughout the experiment in both trials (CC and
C5), at ca. 100-150 and 50-100 mg/L, respectively; one always noticed slightly lower values
for trial C5. According to Figure 7b, no major differences were found for hydroxytyrosol
content, either through time or within trials; nevertheless, as observed in the previous plans,
hydroxytyrosol concentration underwent a little increase until a maximum was reached (from
200 to 400 mg/L) and decreased afterwards to values from 200 to 300 mg/L, being higher
for the inoculated trial. Unlike oleuropein content evolution, verbascoside concentration
(Figure 7c) started increasing at the very beginning of the experiment, from ca. 50 mg/L to
500 and 250 mg/L for CC and C5, respectively, and remained constant afterwards.
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Figure 7. Evolution in phenolic profile, (a) oleuropein, (b) hydroxytyrosol, and (c) tyrosol, of table
olive brine throughout fermentation under plan C. Arrows indicate the moment of inoculation with
Lpb. pentosus 1106 and the corresponding salt addition to all vessels.
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3.3. Nutritional Composition

Table 4 exhibits the nutritional profile of the edible part of the olive drupes under the
three different plans and by the end of the experiment; this includes moisture, ash, salt,
proteins, fats, fiber, and carbohydrate contents, and also the energetic value per each 100 g.

Table 4. Nutritional profile of Cobrangosa table olives (content per 100 g of edible part of table olives)

under the different plans.

Content per 100 g of Edible Part of Table Olives

Energetic Value

Humidity Ashes Salt Proteins Fats Fiber Carbohydrates (Keal/100 g)
AC 66.97 =+ 0.42 abe 322 +0.04° 2.60 4+ 0.152 0.92 +0.13 2 22.21 4049 ¢ 378 £0.112 1.90 £ 0.06 218.73 + 4.50 b¢
A0 66.28 +0.812 3.29 4 0.05 2P 2.88 +0.01 % 1.03 4 0.05 2bc 22.82 + 0.06 446 +0512 2.134+0.252 226.92 +2.36 ¢
A5 67.90 + 0.29 2b¢ 3.46 + 0.01b¢ 2.95+0.08° 1.16 £0.1523b¢  20.69 4 0.48 b¢ 4.66 4 0.44 20 21440212 208.68 4 2.08 ®
A7 66.36 + 0.352 3.49 +0.09 294 +0.02° 0.89 +0.072 19.81 +1.30° 584 +1.15% 3.20 + 0.67 2b¢ 207.70 + 7.02°
BC 66.60 + 1.22 b 3.97 £ 0.03 de 3.70 £ 0.09 118 £ 0.172  21.08 + 0.32b¢ 4.80 4 0.50 @ 2.38 4+ 0.252 213.54 + 1.56 b
B5 67.86 +0.23 20 3.81+0.024 3.64 +0.02¢ 1.04 40122 21.34+0.02b¢ 3.64 £0.252 23240152 212.72 4 1.74 b¢
B7 67.12 +1.39 2 3.86 & 0.06 4 3.64 £+ 0.08 ¢ 1.13 4 0.02 abe 20.73 4 0.09 443 4+ 0.86 % 2.73 = 0.52 2bc 210.91 + 455
CcC 70.22 £ 0.02 ¢ 407 £0.02¢ 3.61 +0.06 1.3440.13°¢ 15.34 +0.44 2 598 +0.34° 3.47 £0.19" 167.89 4+ 2.99 2
C5 70.02 + 0.82 ¢ 412 +0.02¢ 4.02+0.064 1.47 £0.08°¢ 14.64 + 0.38 ° 9.41 +0.37°¢ 378 £0.15¢ 171.58 £ 5.142
p-value 0.003 <0.001 <0.001 0.009 <0.001 <0.001 0.002 <0.001

Each value in the table represents the mean =+ standard deviation of two independent trials. ¢ Means followed
by different lowercase letters in each column differed significantly (p < 0.05) among trials, as per Tukey’s post
hoc comparison.

All nutritional parameters revealed significant differences (p < 0.05) between harvest-
ing times (plans A and B from 2021 and plan C from 2020) and some between different
protocols of addition of Lpb. pentosus i106. Moisture and protein contents were signifi-
cantly (p < 0.05) higher in the 2019/20 harvest (green color) than in its 2020/21 counter-
part (color-changing), whereas fat was significantly (p < 0.05) lower in 2019/20 than in
the 2020/21 harvest. Regarding ash and salt content, the results did differ significantly
(p < 0.05) between plans: plan C led to the highest values, followed by plan B and, finally,
by plan A. Ash content in plan A was higher when the salt percentage added was higher,
but no differences were found between plans B and C. Concerning salt content, the control
had lower results under plan A conditions, and these were higher in trials A5 and A7;
under plan B, no differences were recorded, while the control was significantly (p < 0.05)
lower under plan C. Fiber content was similar in all trials, except for trials B5 and C5, which
exhibited the lowest and highest values, respectively. Regarding carbohydrates, plan A was
characterized by lower values, except under trial A7, and plan C was highest. Energetic
values also differed between harvests, with significantly (p < 0.05) lower values for the
2019/20 harvest.

From the fat content, the relative percentage of fatty acids was determined for the sake
of completeness (Table 5). Focusing on the lipidic fraction, the most abundant group of
fatty acids was monounsaturated (MUFA), comprising 65-70%, mostly oleic acid (64-68%);
saturated fatty acids (SFA) came second (16-18%), being chiefly composed of palmitic
(12-14%); next were polyunsaturated fatty acids (PUFA) at 8-12% levels, encompassing
mostly linoleic acid (8-11%); finally, trans fatty acids appeared at trace quantities. Although
statistical differences (p < 0.05) were recorded among trials for some of the fatty acids, no
pattern was found between harvests, plans, salt addition, or inoculation times.
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Table 5. Fatty acid profile (% relative of total peak area) of Cobrangosa table olives under the different plans.

Trial
Fatty Acid (%Relative) na
AC A3 A5 A7 BC B5 B7 cc C5 p-Value
Dodecanoic acid (C12:0) nd nd nd nd nd nd nd 0.02 £ 0.04 nd -
Myristic acid (C14:0) 0.01 == 0.00 0.02 = 0.00 0.02 =+ 0.00 0.01 = 0.00 0.01 = 0.00 0.01 = 0.00 0.01 = 0.00 0.01 = 0.00 0.01 == 0.00 0.474
Pentadecylic acid (C15:0) 0.01 = 0.00 0.01 + 0.00 0.01 =+ 0.00 0.01 = 0.00 0.01 4 0.00 0.01 = 0.00 0.01 = 0.00 0.01 =+ 0.00 0.01 = 0.00 0.106
Palmitic Acid (C16:0) 12.53 + 0432 12.41 +0.27° 12.73 £ 0282 12.72 £0.112 12.75 + 0.48 2 12.75 + 0.38 2 12.64 £0.372 14.10 + 0.04 ® 13.62 + 043" <0.001
Heptadecylic acid (C17:0) 0.15 =+ 0.02 0.15 + 0.02 0.14 £ 0.01 0.14 + 0.01 0.14 + 0.01 0.14 + 0.01 0.14 + 0.01 0.14 £ 0.01 0.13 £ 0.01 0.185
Stearic acid (C18:0) 4204 0.352> 3.87 +0.172 3.80 +0.4220 42540322 444 +1.08° 3.63 +0.65 2 3.38 4+ 0.39 20 3154022 3.85+ 0252 0.024
Arachidic acid (C20:0) 0.44 + 0.04 be 0.43 + 0.02 ¢ 0.45 +0.02¢ 0.41 + 0.03 abe 0.41 + 0.05 abe 0.37 + 0.04 0.39 + 0.02 abe 0.35+0.012 0.41 + 0.02 abe 0.002
Heneicosylic acid (C21:0) 0.04 +0.00 2 0.05 4+ 0.02 % 0.04 +0.00 0.04 +0.00 0.03 +0.002 0.04 +0.012 0.04 +0.012° 0.06 + 0.01° 0.06 + 0.01° 0.006
Behenic acid (C22:0) 0.09 4 0.01 20 0.10 +0.01 2 0.10 + 0.00® 0.09 +0.012° 0.08 = 0.00 20 0.08 £0.01° 0.08 + 0.00 2 0.08 4+ 0.00 0.09 +0.00 2 0.005
Lignoceric acid (C24:0) 0.06 +0.012b 0.07 +0.00 2 0.07 4 0.00 0.06 & 0.00 2° 0.06 + 0.00 2 0.06 + 0.00 2 0.05 +0.012 0.06 =+ 0.00 2 0.07 +0.00° 0.021
Y SFA 17.49 + 0.50 < 17.09 + 0.39 2 17.31 =+ 0.32 2b¢ 17.69 + 0.34 b¢ 17.90 =+ 0.66 ¢ 17.06 + 0.43 @ 16.70 £0.172 17.93 + 0.23 b 18.19 £ 0.39 <0.001
Pal(rgist_ockl’gf)dd 0.93 +0.182 0.98 + 0.05 2 0.95 +0.022 1.05 4 0.04 2 0.94 +0.122 1.09 + 0.21 2 1.05 4 0.04 2 1.37 4 0.09 be 127 +0.02°¢ <0.001
Ginkgolic acid (C17:1) 0.26 = 0.04 0.25 + 0.02 0.24 + 0.02 0.24 = 0.03 0.22 4 0.03 0.25 =+ 0.02 0.25 =+ 0.02 0.25 =+ 0.02 0.22 =+ 0.01 0.336
Oleic acid (cis-C18:1) 65.52 +0.82 2P 67.10 = 1.66 b¢ 66.72 + 0.84 2b¢ 64.80 + 1.68 20 64.94 + 1.66 2 67.06 + 0.94 b¢ 68.51 +0.52 ¢ 65.79 £ 0.15 2 64.19 +£0.822 <0.001
Eicosaenoic acid (C20:1) 0.22 +0.02° 0.21 4 0.012 0.22 £ 0.00° 0.21 4 0.012b 0.21 £ 0.012 0.21 + 0.01 2 0.21 4 0.012b 0.18 £0.012 0.20 4 0.02 2 0.009
Docosaenoic acid (C22:1) 0.02 == 0.00 0.02 + 0.00 0.02 £ 0.00 0.02 == 0.00 0.01 £ 0.01 0.02 =+ 0.00 0.01 £ 0.01 0.02 £ 0.02 0.02 == 0.00 0.729
Y MUFA 66.95 + 0.83 2 68.56 4 1.63 @ 68.15 + 0.83 2 66.32 +1.732 66.32 4+ 1.782 68.62 + 1.11 2 70.02 + 0.51° 67.62 4 0.09 2 65.90 4 0.842 <0.001
Linoleic acid (C18:2) 10.17 4+ 0.88 b¢ 8.24 + 0.662 9.12+£0.722 10.19 4 0.56 b¢ 10.72 +0.87°¢ 9.20 + 0.82 2b¢ 7.93 + 0272 8.79 + 0.34 2 10.12 4+ 0.50 b¢ <0.001
a-Linolenic acid (C18:3) 0.86 + 0.06 2 0.81 +0.022 0.87 +0.03 % 0.85 +0.10 2 0.76 + 0.07 2 0.74 4 0.06 2 0.84 +0.03 2 0.84 +0.02 % 0.95 + 0.05° <0.001
Y. PUFA 11.03 + 0.91 b¢ 9.04 + 0.66 2 9.99 =+ 0.72 2be 11.04 + 0.57 b¢ 11.49 +0.93¢ 9.94 + 0.83 2b¢ 8.77 +£0.292 9.63 + 0.34 % 11.07 + 0.54 b¢ <0.001
Palmitelaidic acid
(trans-C16:1) nd nd nd nd nd nd nd nd nd -
Elaidic acid (trans-C18:1) nd 0.01 + 0.01 0.01 = 0.00 0.01 = 0.01 0.01 £ 0.01 nd 0.01 £ 0.01 0.01 £ 0.01 0.01 == 0.01 0.957
Ll(ft‘r‘;ﬂ:}glfsf‘gd 0.01 + 0.00 0.01 + 0.00 0.01 + 0.00 0.02 + 0.01 0.01 + 0.00 0.02 + 0.01 0.01 + 0.00 0.02 + 0.02 0.01 + 0.00 0.382
Y trans 0.02 == 0.00 0.02 £ 0.01 0.02 £ 0.01 0.03 = 0.01 0.02 & 0.01 0.02 = 0.00 0.02 = 0.00 0.03 £ 0.02 0.02 £ 0.01 0.779

Each value in the table represents the mean + standard deviation of two independent trials. * Means followed by different lowercase letters in each column differed significantly
(p < 0.05) among trials, as per Tukey’s post hoc comparison.
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3.4. Sensory Assessment

Figure 8 pertains to the sensory analysis under plan A (Figure 8a), plan B (Figure 8b),
and plan C (Figure 8c) and encompasses table olive texture, flavor, saltiness, bitterness,
acidity, and abnormal flavors (typically “cooked” or “metallic” ones). The five trials under
plan A did not reveal sensory differences for salty (ca. 4.5) or abnormal flavors (ca. 4.5
points). Differences of texture between trials were found; it was better for trials with early
inoculation (ca. 4) and then decreased to 3 or 2 for A5 and A7, respectively. Flavor quality
was worse for trial A7 (4), when compared to the other trials, which proved essentially
equivalent to each other (6). The bitterness of drupes when the strain was added early
in the processing period under plan A was higher than that when the strain was added
later on; it was 6 for AC and AOQ, 5 for A3, 4 for A5, and 3 for A7. A similar pattern was
found for the acidity of table olives, i.e., 5 for AC and A0, 4 for A3, and 3 for A5 and
A7. Regarding plan B, in addition to salty (ca. 5) and abnormal flavors (ca. 4.5 points),
the texture did not exhibit major differences (ca. 5). The quality of the flavor was better,
and equal in BC and B5 (ca. 6.0), when compared to B7 (4.5). Bitterness decreased to
ca. 3 upon addition of Lpb. pentosus 1106, both in B5 and B7, with a value of 5 for the control.
Acidity also decreased (ca. 3.5) with the addition of strain i106 when compared to control
(ca. 5.5). No major differences between the two trials under plan C could be found for the
six sensory parameters. Figure 8d allows comparison of the overall eating quality (OEQ)
between plans. One found that points given to OEQ under plan C (green olives) were
statistically higher than those found under plans A and B (both with color-changing olives).
From Figure 8d, one finds better evaluations under plan B (i.e., when Lpb. pentosus i106
was added after sweetening) than under plan A. Under plan B, the highest value for OEQ
was obtained for B7; however, the opposite was observed under plan A, i.e., a lower OEQ
was observed for the last trial (A7).

(a) (b)

Texture Texture
8 7
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Abnormal 6 Abnormal 2
Fl
Flavours ] Flavour Flavours 4 avour
Acidity Salty Acidity Salty
Bitterness Bitterness
AC A0 A3 A5 A7 BC B5 B7
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Figure 8. Sensory analysis of Cobrangosa table olives fermented under (a) plan A, (b) plan B, and
(c) plan C and (d) overall eating quality under the different plans. Each column represents the mean
=+ standard deviation of two independent trials. a-d Means followed by different lowercase letters in
each column differed significantly (p < 0.05) among trials, as per Tukey’s post hoc comparison.
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4. Discussion

The maturation degree of table olives has a considerable impact upon nutritional
composition; therefore, plan C should be discussed separately from plans A and B. In
order to discuss all results obtained as a whole while focusing on the main objective of this
study, i.e., production of Cobrangosa table olives with a potentially probiotic character via
addition of an endogenous LAB culture, one should look for the plans that produced a better
sensory evaluation and (if possible) for the best results attained under each plan. Under
such circumstances, it will be easier to justify the profiles of the other parameters analyzed.

Besides varying, in general, with cultivar or processing method, the nutritional prop-
erties of table olives depend on some agriculture practices, preharvest factors (such as
irrigation and fruit ripening stage), agroclimatic conditions, and geographical origin [22,26].
In this study, it was possible to control cultivar and fruit ripening stage (which relate to the
harvest decision). Regarding cultivar, previous studies on cv. Cobrangosa found nutritional
values very similar to those in this study [27,28]. However, the color of the olive, which is
directly related to the maturation degree of the drupe, plays a role in the nutritional value
of the final product. As explained by Rocha et al. [26], since the maturation of olives occurs
gradually, the fat content of the olive flesh, and consequently the energetic value, increase
simultaneously along with a decrease in water content; this corroborates the results of this
study. Fiber content also differed between maturation degrees, being higher in the 2019/20
harvest olives (green olives); this happens because the activity against the cell wall leads to
fiber degradation, namely of cellulose and hemicellulose, during maturation [29]. Focusing
on the lipid fraction, the levels of oleic (64-68%), palmitic (12-14%), and linoleic (8-11%)
acid residues mimic in general olive-based products [22]. Once again, the degree of ripeness
of olives has been reported to affect the nutritional profile; in this case, this includes the fatty
acid profile. MUFA did indeed decrease, while PUFA increased with maturity [22,30]; other
studies showed that both MUFA and PUFA increase with ripening progress [31], which is
in agreement with the present study. Such observations might be due to the fact that fatty
acids respond in general more heterogeneously to stress and subsequent recovery [32]. It
must be kept in mind that said fatty acid composition is associated with nutritional and
health attributes, mainly owing to the richness in MUFAs, that are recognized to reduce
cardiovascular diseases and to decrease levels of SFAs, which are related to an increased
content of LDL cholesterol [33].

Based on overall quality sensory evaluation, the best plan was plan C. The first reason
for this is probably the shorter maturation time of the table olives; a similar preference for
green olives over color-changing olives was reported by Hurtado et al. [34] for Arbequina
natural table olives. Texture was one of the parameters differing among plans; this can
be explained by the hydrolysis of cell wall pectic polysaccharides during fermentation,
which results in the loss of structural coherence of olive tissues, eventually leading to softer
textures associated with negative sensory appreciation. Furthermore, salt added too soon
is more likely to soften the olives, as per the induced osmotic dehydration process that
gradually damages cell tissues [35]. Second, it is possible to infer that the sensory quality of
the final product is not affected when Lpb. pentosus 1106 is added to green table olives as an
additive at the packaging stage; this is apparent from the similarities between trials at their
final stage in terms of physicochemical and debittering processes (oleuropein depletion),
considering that the LAB strain grows substantially during the first week and remains
stable in number thereafter but also starts to grow after 40 days in the control trial. Focusing
on the differences between plans A and B, one may infer that the existence of a sweetening
stage had a positive impact upon the overall quality of the final color-changing table olives;
therefore, this stage should be maintained within the fermentation process for its lack of
interference with the addition of a potential probiotic LAB culture.

Under plan B, the control and the two protocols exhibited the same levels of texture
and salt, as expected due to the similar maturation degrees of table olives and times
of salt addition, as well as abnormal flavors; these consubstantiate good features. The
control appears to be preferred, mainly because of higher acidity and bitterness; these two
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sensory parameters can thus be claimed as possessing a higher relevance for the evaluation
of the sensory properties of this particular cultivar. The sensory analysis agrees with
results obtained for pH, TTA, and phenolic compounds; trials leading to higher acidity and
bitterness exhibited in fact lower pH, higher TTA, and higher phenolic content, namely
oleuropein. Although the addition of Lpb. pentosus 1106 produces an increase in LAB
numbers in both brine and drupes and consequently pH and biochemical profiles, the
spontaneous growth of LAB compensates once again for these variations at a later stage of
the process in the control in such a way that the final pH and biochemical concentrations
of the control contribute to a better overall sensory quality, mainly due to the lower pH
and the higher TTA and oleuropein levels. These two findings can be rationalized by
the fact that, in trials B5 and B7, Lpb. pentosus i106 helped accelerate the process of:
(i) the production of lactic acid, which is then converted to other organic acids with the aid
of yeasts and (ii) oleuropein degradation [11]. Finally, the scores for flavor were similar
between control and trial B5.

In the case where the sweetening stage is absent (plan A), no significant (p < 0.05)
differences are obtained in terms of overall eating quality; hence, the best moment to add
the strain is at the beginning (trial A0), based on the similarity of all sensory parameters to
those of the control and the poorer sensory assessment when strain addition occurs later in
the process; in this case, a true probiotic starter culture would be at stake.

Microbial evolution revealed that microorganism populations, either LAB or yeasts,
are at higher levels in brine than in drupes, with differences of ca. 1 log, irrespective of
the year of harvest; Anagnostopoulos et al. [23] reported similar differences. This finding
is probably related to the fact that LAB and yeasts are typically found in pores, lesions,
lenticels, or irregularities in the olive surface [11,36].

The dominant microbiota in control trials throughout the process were yeasts; LAB
were only detected at advanced stages of salting, as expected in view of previous findings
by Reis et al. [8]. However, this study concluded that yeast populations keep their growth
throughout the process, irrespective of an increasing salt content or the addition of higher
numbers of Lpb. pentosus i106 (inoculum up to 8 log CFU/mL in brine); on the other hand,
LAB take longer to adapt to the new environmental conditions when the percentage of
salt increases, as apparent under plans A and B. No matter the plan followed, potential
probiotic LAB strain i106 is present by the end of the process in high numbers in brine
(ca. 7-8 log CFU/mL) and drupes (ca. 6-7 log CFU/g), as intended. The results of plan
B help conclude that the optimum salt content is 5-6%, should the purpose be having
probiotic table olives throughout fermentation. This agrees with Penland et al. [37], who
showed that LAB populations were below detection limits in all fermentations due to the
high salt content in brines (8-10%). Tassou et al. [38] also claimed that 4 and 6% (w/w) NaCl
brines favored LAB growth when compared to 8% (w/w) NaCl brines. Plan C emphasizes
that the potential probiotic LAB 1106 was viable by 1 month of storage, which guarantees
the probiotic potential of table olives during (at least) that period; nevertheless, this is a
short time for typical commercial storage, namely for producers and wholesalers, meaning
that further monitoring will be necessary over time to ascertain strain viability and stability
in the longer run.

Spoilage or even pathogenic species may grow during the first stages of fermentation,
but they usually decay rapidly compared to the growth of yeasts and LAB, since they are
more sensitive to salt concentration and the acidification of brines brought about by the
metabolic activity of LAB [4]; this is consistent with results generated in this study. Under
plan A, before any sweetening or salting, either in brine or in drupes, those populations were
substantially higher at the beginning of the experiment and contracted upon addition of salt
and strain Lpb. pentosus 1106 in each trial to reach values below the detection limit, as long as
pH decreases and salt and titratable acidity increase. In this case, it seems that the addition
of potentially probiotic LAB 1106 helped reduce Enterobacteriaceae faster than in the control
(at lower salt contents) due to its own co-aggregation with such pathogens as Escherichia coli
AT(C25922, as reported previously by Coimbra-Gomes et al. [16]. Considering salt content
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and pH values at the initial period under plans B and C and the corresponding values under
plan A for the same time, Enterobacteriaceae were not expected, as effectively observed
in this study. Servili et al. [39] also observed this type of decrease in Enterobacteriaceae
populations as Lpb. pentosus populations increased in black table olives (cv. Itrana and
Leccino). Regarding the three groups of microorganisms, Anagnostopoulos et al. [40]
reported quite similar microbial evolutions along the fermentation of natural whole and
cracked Picual table olives, inoculated with a Lpb. plantarum strain; they also concluded
that inoculation accelerates and favors the elimination of unwanted microorganisms.

As stressed before, yeasts are not affected during Cobrancosa fermentation, yet the
time of salt addition and its concentration affect growth rate and biomass reached by the
potentially probiotic LAB strain i106; this is reflected by the physicochemical features and
the extent of degradation of oleuropein when compared to the control.

The pH profiles found were consistent with Lpb. pentosus i106 growth. At each time
of sampling, trials characterized by earlier inoculation with the potentially probiotic LAB
culture always exhibited lower pH and higher titratable acidity. Irrespective of the plans,
the pH profiles for trials A0 and A3 were similar, as expected from the tolerance to pH and
similar growth rate of these strains below 5% salt (unpublished data). Penland et al. [37]
reported a similar pH tendency in Nyons black table olives, beginning at 5.4, followed
by a decrease to 4.4, and remaining constant afterwards. On the other hand, the profiles
of pH for trials A5 and A7 looked the opposite; lower tolerance to higher salt contents
led to poorer adaptation of the strain to the environment, thus causing a lower growth
rate, which resulted in higher pH values and lower acidification. This was also found by
Anagnostopoulos et al. [23], with LAB growth apparently hampered by salt-tolerant yeast
species, thus resulting in a less acidic product.

In parallel, titratable acidity increased throughout the first days of fermentation, from
0.15-0.56, 0.05-0.21, and 0.14-0.29 g/100 g lactic acid under plans A, B, and C, respectively,
namely for those trials undergoing earlier inoculation. This is mainly due to: (i) LAB
activity in the synthesis of organic acids, such as lactic acid; (ii) diffusion and solubiliza-
tion of those compounds from the table olive tissues; and (iii) increase in free fatty acids
present in the drupes or produced by microorganisms [41]. Similar results were reported by
Lanza et al. [13], i.e., 0.17-0.30 g/100 g lactic acid. By the end of the experiment, how-
ever, titratable acidity suffered a significant (p < 0.05) decrease in all trials. Acidity de-
crease (or pH increase) is justified by yeast dominance over LAB populations, which
metabolize organic acids, as reported by Anagnostopoulos et al. [40], Aponte et al. [42],
Panagou et al. [43], Papadelli et al. [44], and Reis et al. [8]; in fact, under plans B and C,
characterized by a lower titratable acidity, yeast populations exist to quite similar numbers
as compared to LAB populations.

As mentioned before, green table olives received better sensory scores than the color-
changing ones; it was also emphasized that bitterness is an intrinsic requirement for good
quality Cobrangosa table olives. This agrees with the fact that, during the growth phase of
olives, the total phenol concentration (in particular oleuropein) increases to a maximum
level at the green maturation phase, followed by a substantial reduction; however, there
is continuous synthesis of these compounds until maturity [26]. In agreement with this
study, Sousa et al. [45] identified oleuropein as the main phenolic compound at the first
stages of maturation, which substantially decreased during ripening, while hydroxytyrosol
became predominant at intermediate and long maturation stages. Although oleuropein
is the major component responsible for bitter taste in olive fruits, it tends to disappear
throughout fermentation due to bacterial activity or endogenous and chemical hydrolysis,
e.g., by p-glucosidase enzymatic activity, thus leading to less bitter phenolic compounds
(e.g., hydroxytyrosol); this makes olives edible and thus increases acceptance by the con-
sumer [26,37]. This point was confirmed during some periods of fermentation but was
clearer in the trials where potentially probiotic Lpb. pentosus i106 culture was inoculated
earlier. Considering all phenolic compounds analyzed under all plans, the concentration
evolution throughout fermentation follows trends reported elsewhere [8]. Furthermore, the
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LAB strain 1106 has been previously proven to hold the ability to degrade oleuropein (un-
published data). A similar LAB debittering activity during fermentation was reported by
Lanza et al. [13]. Oscillations in phenolic compounds under plan A are also highly affected
by the washing and sweetening processes; as observed in Figure 5a, a substantial decrease
in oleuropein content by two weeks is observed in all trials but A0O. This is justified by the
lack of washing of said trial prior to inoculation. Although the goal here was to reproduce
an actual starter culture, this procedure led to higher phenolic compound concentrations
throughout the whole experiment for this trial, as outlined in Figure 5. The importance
of the sweetening process is once again highlighted by the much lower overall phenolic
concentrations found under plans B and C when compared to plan A, since both were
submitted to sweetening, whereas plan A was not; by washing the olives, the phenolics
that have diffused away from the flesh to the brine are necessarily eliminated [8].

5. Conclusions

The maturation degree of table olives plays an important role in the overall eating
quality of this type of cultivar, especially in terms of texture; drupes should accordingly be
processed at the final stage of green before turning color, which calls for the definition of an
index of maturation, aiming at future process standardization. Reduction in salt content
to 5% in the final product is also recommended, not only to reinforce growth and extend
viability of potentially probiotic Lpb. pentosus i106, but also to enhance health benefits
associated with low salt ingestion. To get the best sensory scores for Cobrancosa table olives,
an earlier sweetening stage must be present as part of their processing, as it is meant to
remove excess phenolic compounds and bring down the degree of bitterness to acceptable
levels. However, a potentially probiotic starter culture comprising strain Lpb. pentosus
1106 may not function in loco for this type of process because of the discarding of brine
already inoculated, meaning that such a strain is to act as a supplementary additive (or
adjunct culture). As a consequence, the best plan found was the addition of the potentially
probiotic culture to the ready-to-eat table olives, considering that it was possible to obtain a
final product with overall eating quality similar to that of the control (obtained via plain
fermentation by ill-defined, adventitious strains).

6. Future Research

Considering that yeasts were the dominant microorganisms over the whole fermen-
tation process, future studies should also resort to isolation and characterization of yeast
strains native in Cobrangosa cultivar in attempts to develop conditions suitable for yeast pro-
biotic strains, or even new starters, by combining both LAB and yeasts, thus mimicking the
adventitious microbiota of olives. Further technological studies could also look forward to
new fermentation strategies that favor the survival and dominance of other LAB probiotic
starter strains, already characterized within our research group; this includes (but is not
limited to) the use of post-probiotics, of biofilms, or of microencapsulated microorganisms,
considering that one major conclusion of this study points to the addition of the culture
during final packaging.
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