Research on
Characterization
and Processing
of Table Olives

Printed Edition of the Special Issue Published in Foods






































































































































































































































































































































































































































































































Foods 2019, 8, 562

Figure 8. Panel repeatability as assessed by multivariate analysis, using bootstrapping. (A) Projection
of the descriptors ‘loads on the correlation circle onto the first two Principal Components, and (B)
Projection of the samples’ scores and confidence ellipses according to sessions onto the first two
Principal Components.

4. Conclusions

Usually, the study of the panel performance is a previous, but superficial, task during the sensory
evaluation of products. However, a detailed investigation of the panel and panelist performance
is a convenient tool to uncover the details of their evaluation. In this work, such study allowed
for the assessment of the panel performance as a whole, as well as detecting the panelist with the
lowest discriminant power, those that have interpreted the scale in a different way than the panel and,
therefore, require further training or even discovery that the stored black ripe olive products are more
similarly perceived by the panelists over sessions. Besides, the study identified the descriptors of
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hard evaluation (skin green, vinegar, bitterness, or natural fruity/floral). Therefore, panelists would
require particular training on them or, in case of not reaching the appropriate level of discrimination, be
replaced by some other/s with higher sensitivity. In summary, the work has confirmed that such studies
are an essential tool for the appropriate panel control and training, which should be a permanent
concern of the panel leader.
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Abstract: This research aimed to study the influence of different brining processes with iodized and
noniodized salt on mineral content, microbial biodiversity, sensory evaluation and color change
of natural fermented table olives. Fresh olives of Olea europaea Carolea and Leucocarpa cvs. were
immersed in different brines prepared with two different types of salt: the PGI “Sale marino di
Trapani”, a typical sea salt, well known for its taste and specific microelement content, and the same
salt enriched with 0.006% of KIO3. PGI sea salt significantly enriches the olive flesh in macroelements
as Na, K and Mg, and microelements such as Fe, Mn, Cu and Zn. Instead, Ca decreases, P remains
constant, while iodine is present in trace amounts. In the olives fermented in iodized-PGI sea salt
brine, the iodine content reached values of 109 ng/100 g (Carolea cv.) and 38 g/100 g (Leucocarpa cv.).
The relationships between the two varieties and the mineral composition were explained by principal
component analysis (PCA) and cluster analysis (CA). Furthermore, analyzing the fermenting brines,
iodine significantly reduces the microbial load, represented only by yeasts, both in Carolea cv. and in
Leucocarpa cv. Candida is the most representative genus. The sensory and color properties weren’t
significantly influenced by iodized brining. Only Carolea cv. showed significative difference for
b* parameter and, consequently, for C value. Knowledge of the effects of iodized and noniodized
brining on table olives will be useful for developing new functional foods, positively influencing the
composition of food products.

Keywords: table olives; minerals; sea salt; PGI; iodized salt; functional food

1. Introduction

Table olives are a typical food product in the “Mediterranean diet”, edible as finger food directly or
as an ingredient for more complex dishes. In Italy, during the last five years, the average consumption
of table olives was approximately 115,000 tons/year with a per capita consumption of 1.9 kg/year. Italian
production covers only 50.9% of consumer demand; the remaining part is imported from Spain, Greece
and Tunisia. Italy is rich in typical table olive products [1], obtained by traditional methods, and many of
those have obtained or are likely to obtain to the recognition of the PDO (Protected Designation of Origin)
or PGI (Protected Geographical Indication) trademarks. Currently, four Italian PDO are recognized:
“Nocellara del Belice” (Reg. EC 134/1998), “La Bella della Daunia” (Reg. EC 1904/2000), “Oliva
Ascolana del Piceno” (Reg. EU 1855/2005) and “Oliva di Gaeta” (Reg. EU 2016/2252). The processing
of table olives also has long been part of Mediterranean traditional food and food industry. Table
olives can be produced using different processes that vary according to many parameters; the most
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applied processes in Italy are the “Sevillan-style” and “Castelvetrano-style” for green treated olives
and the “Greek-style” for green, turning color and black olives [2]. Referring to the new tendencies in
“functional foods” that are intended to produce foods that contain value-added compounds as vitamins,
microelements and other healthy substances (i.e., radical scavenging molecules), it appears to be quite
clear that table olives already have most of the characteristics required to properly join the group due
to their composition, i.e., high bio-phenol content with antioxidant and radical scavenging activity,
vitamins, MUFA, PUFA, minerals and other nutraceutical compounds. Table olives contain simple
and complex phenolic compounds (at least 30 different phenolic compounds) in amounts ranging
between 100 and 350 mg/100 g of e.p. (edible portion). This quantity is the same of 1 kg of extra virgin
olive oil. The polyphenol content and composition depend on several factors such as cultivar, stage of
ripening, location and processing [1,3]. The ratios MUFA/SFA (3.3-6.8), PUFA/SFA (0.2-0.8), cis-MUFA
+ cis-PUFA/SFA + TFA (3.5-7.3), oleic acid/palmitic acid (3.6-8.0) and w6/w 3 (6.7-23.5) are used to
assess the nutritional quality of the lipid fraction in foods having a regulatory influence on certain
thrombogenic and fibrinolytic markers during the postprandial state in healthy subjects [1].

Todine is an important micronutrient element and is required for the synthesis of T4 and T3 thyroid
hormones. An iodine-deficient diet causes a wide spectrum of illnesses, including goiter and mental
retardation. Adolescents and adults need iodine in amounts of 150 pg/day (Table 1). The oral intake
also includes iodine from water and beverages; however, food provides by far the most to the total
iodine absorption. The iodine contents in the principal categories of foods are summarized in Table 2.
The iodine content in sea fishes and seafood is high, reflecting the content in the water they inhabit [4].

Table 1. Intakes and allowances recommended by SINU [5], EFSA [6] and EU [7].

Mineral SINU-LARN ! EFSA-DRVs 2 EU-RDA 3
NaCl (g/day) 6
Sodium (g/day) 1.2-1.5 (AT %) 1.5 (A])
Potassium (mg/day) 3900 (AI) 3500 (AI) 2000
Calcium (mg/day) 1000-1200 (PRI %) 950 (PRI) 800
Magnesium (mg/day) 240 (PRI) 350 (AI) 375
Phosphorus (mg/day) 700 (PRI) 550 (AI) 700
Iron (mg/day) 10 (PRI) 11-16 (PRI) 14
Manganese (mg/day) 2.3-2.7 (Al) 3 (AI) 2
Copper (mg/day) 0.9 (PRI) 1.3-1.6 (AI) 1
Iodine (ug/day) 150 (AI) 150 (AI) 150
Zinc (mg/day) 9-12 (PRI) 7.5-16.3 (PRI) 10

1 LARN: Italian reference intake levels for nutrients; 2 DRVs: Dietary Reference Values for nutrients; 3 RDA:
Recommended Daily Allowance; * AL: Adequate Intake; > PRI: Population Reference Intakes.

Table 2. Iodine content in foods by FAO/WHO [8].

Food FAO/WHO (ug/g)
Fish (marine) 163-3180
Fish (fresh water) 17-40
Shellfish 308-1300
Eggs 93
Milk 35-56
Meat 27-97
Cereal grains 22-72
Legumes 23-36
Vegetables 12-201
Fruits 10-29

Todine content in vegetable foods is lower compared to those of animal origin due to a low iodine
concentration in soil. As consequence, 80% of the vegans suffer from iodine deficiency [9].
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Iodized salt has been used in food processing to prevent iodine deficiency disorders. In Italy,
current legislation requires the iodization of salt for direct human consumption or as an ingredient in
the preparation and storage of food products (Law n.55 of 21 March 2005). Moreover, table olives are
mostly fermented, so they contain a good quantity of yeasts and bacteria involved in the fermentation
processes [10-12] that could have a probiotic activity on human organisms [13-15]. Little information
is available on the effects of iodine in the fermentation process and associated microbiota [16].

In this work, we focused our research on a typical production, consisting of natural processing
fermented table olives obtained by two different cultivars, i.e., cv. Leucocarpa (white olives) and cv.
Carolea, using two different types of salt for brine preparation, i.e., the PGI “Sale marino di Trapani”,
a typical sea salt, well known for its taste and specific content in microelements, and the same salt
enriched with 0.006% of KIO3. The olive samples were analyzed by looking for differences in chemical
composition with regard to macro—micro element enrichment, in particular iodine content, to develop
anew functional food which is well characterized from the sensory point of view. We also investigated
the microbiological composition of the different fermentation brines, looking for differences in the
microbial pools involved in the fermentation process.

2. Material and Methods

2.1. Samples and Treatments

Fresh olives of Olea europaea “Carolea” and “Leucocarpa” cvs. were harvested in December at full
ripening (Carolea fruits were purple-black while Leucocarpa fruits were ivory-white). Two samples
for each cultivar were submerged in two different 8% brines prepared with (a) PGI “Sale marino di
Trapani” sea salt; (b) the same sea salt enriched with 0.006% of KIOj3 (corresponding to 3.7 mg of
iodine/100 g of salt). The Protected Geographical Indication (PGI) “Sale marino di Trapani” (Reg. EU
1175/2012) is a sea salt obtained through the fractional precipitation of the compounds contained in
seawater by evaporation, within the salt pans of Trapani (Sicily, Italy), without additives, bleaches,
preservatives or anticaking agents. It is very rich in mineral macro and microelements (Table 3).

Table 3. Composition of PGI “Sale Marino di Trapani” sea salt.

Composition Units of Measurement Pgrlapsailie,,l\s/[::;ﬁf ! Lmﬁt;s(/l;gfz')EU
Insoluble residue % 0.07 <0.2
Residual moisture % <0.1 <8

Sodium chloride (NaCl) g/kg 99.6 >97.0
Magnesium (Mg) g/kg 0.05 <0.70
Potassium (K) g/kg 0.07 <0.30
Calcium (Ca) g/kg 0.094 <0.40
Iron (Fe) mg/kg 6 <20
Copper (Cu) mg/kg <0.5 <1
Phosphorus (P) mg/kg <0.5 nd!
Zinc (Zn) mg/kg <0.5 <1
Manganese (Mn) mg/kg <0.01 nd!
Todine (I) mg/100 g 0.1 >0.07

! Data not available.

At the end of fermentation (after 8 months), representative samples were analyzed for the mineral
content, microbial biodiversity, sensory attributes and color change.

2.2. Mineral Composition

Representative samples were analyzed in order to quantify the minerals content, according to the
procedures described by Lopez, Garcia and Garrido [17]. Iodine levels were determined according to
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a method described by Amr and Jabay [18]. The analyses were carried out in duplicate and the results
expressed as mg/kg of olive fresh pulp.

2.3. Microbiological Monitoring

To study the microbial diversity (total microflora, yeasts, molds, and lactic acid bacteria), serial
dilutions with distilled water were prepared from each brine and plated on agar media. Total microflora
was grown on Plate Count Agar (PCA; Oxoid, Basingstoke, UK) incubating the plates at 30 °C for 72 h;
yeasts on Malt Extract Agar (MEA; Oxoid) at 30 °C for 48 h; lactic acid bacteria on Man, De Rogosa
and Sharpe (MRS; Oxoid) at 30 °C for 48 h in anaerobic atmosphere. Culture responses were expressed
as colonies forming units (CFU) per ml of brine.

At least five yeast colonies from each brine were isolated and subcultured in MEA. Biochemical
identification was carried out by API 20 C AUX (bioMerieux SA, Marcy-1'Etoile, France) and, in case of
uncertain classification, by RapID Yeast Plus System (Remel, Lenexa, KS, USA).

The API20 C AUX system consists of 20 cupules containing dehydrated substrates which enabled
us to perform 19 assimilation tests. After 72 h of incubation, in case of positivity, inoculum suspensions
generate turbidity changes. The API on-line database (apiweb™) was used for species identification
and an associated probability was assigned to each culture.

RaplID Yeast Plus system uses a qualitative micromethod with 18 conventional and chromogenic
substrates. Based on chromogenic changes, a microcode, which was entered into the Remel database
(ERIC™) for species identification with an associated probability for each culture.

2.4. Sensory Evaluation of Table Olives

The sensory characteristics of table olives were evaluated by tasters of the CREA-IT Panel,
according to the COI/OT/MO No 1/Rev. 2 [19]. The evaluated attributes were negative sensations
(abnormal fermentation, cooking effect, rancid, musty, or other defects), gustatory sensations (salty,
bitter, sour) and kinesthetic sensations (hardness, fibrousness, and crunchiness). The table olive profile
sheet uses a 10 cm intensity scale ranging from 1 (no perception) to 11 (extreme).

2.5. Determination of Color

The surface color of the fruits was measured using a Color-view spectrophotometer (Konica
Minolta Optics, 2970 Ishikawa-machi, Hachioji, Tokyo, Japan; Model CM-2600D). Color was expressed
in terms of CIE (Commission Internationale de I’Eclairage) L* (lightness), a* (redness/greenness),
b* (yellowness/blueness) and their derivative Chroma (C = v/a*? + b*?). The analysis of color was
made on 20 uniformly sized olive fruits.

2.6. Statistical Analyses

All data significance was evaluated by one-way ANOVA using the F-test (P < 0.05).

Mineral data are processed by principal component (PCA) and cluster (CA) analyses, carried
out in the Past PAleontological STatistics software (Version 2.12, Jyvind Hammer, Natural History
Museum, University of Oslo). For data preprocessing, the variables were rescaled from 0 to 1.

In order to elaborate the sensory data, a method was applied to calculate the median (Me),
the robust standard deviation (DSr), the robust coefficient of variation percentage (CVr%), and the
confidence intervals of the median at 95% (C.I.ypper and C.Ijower) contained in Annex 1 [19], taking
into account those attributes with a robust coefficient of variation of 20% or less.

3. Results and Discussion

In the fresh fruits of Carolea cv. (Figure 1), the main composition (expressed in mg/kg) was:
K (408), Ca (130), P (73), Mg (12), and Na (8). Fe, Mn, Cu, Zn, and I are <1. In the fresh fruits of
Leucocarpa cv. (Figure 2), the main composition (expressed in mg/kg) is: K (382), Ca (114), P (53), Na
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(9), Mg (9), and Fe (2). Mn, Cu, Zn, and I are <1. Variation in mineral levels of fresh fruits depends of
olive variety, ripening, and growing conditions (soil, water, fertilizers). With the addition of sea salts,
minerals infuse into the olive flesh. The results of analysis indicated that the Na, K, Mg, Fe, Mn, Cu,
and Zn contents increased during brining.

m fresh M PGl sea salt Wiodized PGl sea salt

7,66

mg/kg

Figure 1. Mineral composition of fresh and processed Carolea olives. Data are expressed in mg/kg.
Bars represent mean values of two replicates + SD. Significant differences are indicated by different
letters (P < 0.05).
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H fresh B PGl sea salt " iodized PGl sea salt

4500
4000

3500
3000
22500
£ 2000
1500

1000
500

250

mg/kg

Figure 2. Mineral composition of fresh and processed Leucocarpa olives. Data are expressed in mg/kg.
Bars represent mean values of two replicates + SD. Significant differences are indicated by different
letters (P < 0.05).
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At the end of fermentation (Figures 1 and 2), PGI sea salt brine principally enriched the olive flesh
of macroelements Na, K, and Mg, reaching values of 3624, 3897, and 212 mg/kg (Carolea cv.) and 3733,
3696, and 176 mg/kg (Leucocarpa cv.) respectively.

The sodium content (<450 mg/100 g of edible portion) was shown to be below the allowances
recommended by Italian Society of Human Nutrition [5], European Food Safety Authority [6], and the
European Parliament and the Council of the European Union [8] (Table 1). The consumption of
table olives would not be recommended only in cases of hypertension, and, in any case, there are
production technologies to reduce salt content (low-sodium olives) [20-22]. As reported by other
authors, the potassium concentration is higher in directly brined olives (571 to 1176 mg/kg) [17], which
are not subjected to lye treatments. Values reported by De Castro Ramos et al. [23] for green olives
ranged from 640 to 1090 mg/kg. Unal and Nergiz [24] found 3760 mg/kg for natural black olives. Biricik
and Basoglu [25] reported a concentration of 4123-7401 mg/kg for green olive brine. The K content of
different Turkish table olives varied between 2814 and 3386 mg/kg [26]. Despite daily intakes for K
being high (2000-3500 mg) (Table 2), our fermented olives may be considered a main source for the
daily allowance. From literature, magnesium concentration ranged from 51 to 197 mg/kg [17]. Its wide
interval of concentration reflects that its presence may be greatly affected by processing. De Castro
Ramos et al. [23] found 60-400 mg/kg in green olives and 47-360 mg/kg in Biricik and Basoglu [25].
The Mg content of different Turkish table olives varied between 83 and 156 mg/kg [26]. Sahan et al. [27]
found values for black olives that range between 36 and 125 mg/kg.

PGI sea salt also significantly enriches the olive flesh of the microelements Fe (3.8 and 4.6 mg/kg
for Carolea and Leucocarpa respectively), Mn (1.06 and 0.95), Cu (2.56 and 1.76), and Zn (1.78 and 1.80).
Instead, Ca significantly decrease (about 50 mg/kg for cultivars), P content remains practically constant,
while I content was not detectable (Figures 1 and 2). The decrease in calcium can be explained by the
subtraction of calcium ions from the olive flesh by Na+ and the formation of calcium salts (mainly
CaCl2) in brine [28].

Iron concentrations in natural table olives are relatively low. Values reported by other authors were
3.49-7.70 [17], 6.4-10.9 mg/kg (green olives) [24], and 3.23-15.10 mg/kg for Turkish cultivars [26,27].
Manganese contents were always low in the same order as those given by other authors, i.e.,
0.24-1.10 mg/kg [17], 1.40-2.72 [26], and 0.70-2.90 mg/kg for black table olives [29]. Copper
concentrations in directly brined olives ranged between 3.99 and 10.93 mg/kg [17], 0.53 and 7.19 mg/kg
for Turkish olives [26,27], and 7.00 and 30.00 mg/kg for black olives [29]. Zinc concentrations were like
iron and copper in the same order as those given by other authors: 2.18-4.10 mg/kg [26], 4.25-14.30 [27],
1.55-3.20 [17], and 1.00-6.80 for black table olives [29]. Differences among cultivars within elaboration
types were found. Analyzing the data present in the bibliography, phosphorus had a concentration
that ranged from 57 to 144 mg/kg. Its highest average concentration was found in directly brined
olives [17]. The P content varied between 116 and 250 mg/kg in different Turkish table olives [27].
The content of Ca in table olives ranged from 337 to 850 mg/kg [17], 422 to 850 mg/kg in green Turkish
olives [26], 460 to 860 mg/kg in the green Spanish cultivar [23], 270 to 450 mg/kg for Kalamata, or 110
to 230 mg/kg for natural black olives after fermentation [24]. We haven’t found data on iodine content
in either fresh and processed olives.

In the olives fermented in iodized PGI sea salt, the iodine content reached values of 109 n1g/100 g
(Carolea cv.) and 38 ug/100 g (Leucocarpa cv.). The iodine retention in olive flesh contributes to
meeting the recommended daily level for I (Table 1). Similar values were found in pickled vegetables
(carrots, cucumbers, turnips, and cauliflowers). In this case, the iodine content ranged from 1.6 to
1.8 mg/kg [18]. The addition of KIOj3 to the salt used for brining affects the redistribution of macro and
microelements and, in particular, of magnesium, iron and zinc. The magnesium and iron contents
significantly decreased (Figures 1 and 2); this decrease in the olive flesh can be explained by the
formation of Fe(I03)3 and Mg(IO3), tetrahydrate or decahydrate. The concentrations of the various
elements in the flesh depend on a favorable Ksp (solubility product constant) of the different salts that
can be formed. In contrast, the zinc content significantly increased in Carolea cv. (Figure 1), but not in
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Leucocarpa cv. (Figure 2). However, the attained values are in the same order as those given by other
authors [24,28]. The simultaneous presence of several counterions determined the final concentrations
of the different elements in the flesh, depending on the relative concentrations of I103~, K*, Mg**,
Fet**,and Zn*+.

The relationships between the two varieties and the three different processing steps were shown
by principal component analysis (PCA) and cluster analysis (CA).

PCA bi-plot (Figure 3) shows a good separation in relation to the processing steps for the variables
(minerals). The variance was determined to be 93.40% by summing PC1 and PC2, reaching a value
of 97.68% with PC3. In Figure 4 the influence of the variables on the construction of PC1 and PC2 is
represented. With PC1, the higher variance contribution (about 0.40) was due to Na, K, Mn, Cu, and Ca.
The latter is negatively correlated with other descriptors. With PC2, the major modules belonged to
I (>0.70), Mg (-0.47), and Zi (0.39). I and Zn contribute to segregate olives processed with iodized
brines. Magnesium is negatively correlated to the PC2.
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Figure 3. Bi-plot obtained by PCA of data-set based on mineral composition. CAR_fresh: Carolea fresh,
LEU_fresh: Leucocarpa fresh; CAR_PGI: Carolea fermented in PGI sea salt; LEU_PGI: Leucocarpa
fermented in PGI sea salt; CAR_PGI_I: Carolea fermented in PGI iodized sea salt; LEU_PGI_I:
Leucocarpa fermented in PGl iodized sea salt.
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Figure 4. Loadings of variables (minerals) on the first two components (PC1 and PC2). (a) loading plot
on PC1 and (b) loading plot on PC2.
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The new data matrix of PCs was subjected to Cluster Analysis. Using the Ward’s method of
clustering, the samples were grouped in three clusters (calculated at 1.0 of similarity distance) related
to the processing steps. The obtained dendrogram is shown in Figure 5. The samples fermented in
the iodized brines (CAR_PGI_I and LEU_PGI_I) were close to those fermented in simple sea salt,
but were grouped into a separate cluster; they were very different from the fresh samples. This
indicates considerable similarities between treatments but not between cultivars, i.e., the cultivar is
a nondiscriminant attribute.

From the literature, there is no evidence that the use of iodized salt in processed foods production,
including olives, could cause adverse changes in color and kinesthetic properties [18,30,31].

From our color data, Leucocarpa olives processed with PGI sea salt or with iodized PGI sea salt
showed significative differences for all color parameters established by CIE (Table 4). In contrast,
Carolea cv. showed significant differences only for b* and, consequently, for C values between PGI sea
salt and iodized PGI sea salt, respectively (Table 4).

Concerning sensory aspects (Figure 6), none of samples presented any defects. This is very
important because the occurrence of negative sensations has a negative impact on the gustative and
kinesthetic attributes [32]. Olives prepared with iodized sea salt were harder and more bitter than those
prepared with noniodized sea salt, but these differences were not significant (Table 5). The bitterness
level of Leucocarpa cv. is high, depending on the variety, but some groups of consumers prefer natural
olives with high bitterness values. The low level of hardness highlighted by a sensory evaluation could
be related to olive softening. From the data in our possession, there is no evidence that this level is
problematic for commercialization.
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Figure 5. CA dendrogram of data-set based on mineral composition. Dendrogram is obtained using
the Ward’s algorithm and the Euclidean distance similarity. CAR_fresh: Carolea fresh, LEU_fresh:
Leucocarpa fresh; CAR_PGI: Carolea fermented in PGI sea salt; LEU_PGI: Leucocarpa fermented in
PGI sea salt; CAR_PGI_I: Carolea fermented in iodized PGI sea salt; LEU_PGI_I: Leucocarpa fermented
in iodized PGI sea salt.
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Table 4. Change in color values of processed olives. NS = not significant; * = significant. Significant
differences are indicated by different letters (P < 0.05).

Carolea cv. Carolea cv. Leucocarpa cv. Leucocarpa cv.
Parameters (PGD) (lodized-PG) ~ ANOVA (PG (lodized-PG)) ~ ANOVA
L 26.79 +16.40 2 25.89 +13.872 NS 65.09 +3.252 62.45 +4.97° *
a 16.07 +6.33 2 1598 +5.08 2 NS 1123 +£1.752 11.56 +2.01° *
b 24.39 +13.672 20.05 +11.04 * 39.89 +3.00 ° 37.91+3.93° *
C 31.39+£9.552 27.28 +7.66 * 4148 +£3.00? 39.70 +3.80 *
Carolea natural olives (iodized PGl sea salt) Caroleanatural olives (PGl sea salt}
Abrormal fermentavon
fermentation 2,0
9,0
Crunchiness Other defects Crunchiness 8 Other defects
50
,0
Fibrousness salty Fibrousness safty
Hardness Bitter Hardness Bitter
Acid Acid
Leucocarpa natural olives (PGl sea salt) Leucocarpa natural olives (iodized PG sea salt)
Abnormal Abnormal
fermentation fermentation
9.0 9,0
Crunchiness 7.0 Other defects Crunchiness 7,0 Other defects
5,0 50
3,0 3,0
Fibrousness 1,0 Salty Fibrousness 10 Salty
Hardness Bitter Hardness Bitter
Acid Acid
Figure 6. Sensory profiles of processed table olives.
Table 5. Evaluation of sensory attributes. NS = not significant.
Median DSr Cvr CI CI Median DSr CVr % CI CI
% Upper Lower Upper Lower
Carolea natural olives (PGI sea salt) Carolea natural olives (iodized PGI sea salt) ANOVA
Salty 4.80 0.84 17.56 6.45 3.15 515 0.63 12.24 6.39 391 NS
Bitter 3.75 0.65 17.46 5.03 2.47 4.35 0.76 17.50 5.84 2.86 NS
Acid 7.00 0.55 7.83 8.07 593 7.00 0.44 6.31 7.87 6.13 NS
Hardness 3.60 0.71 19.78 5.00 2.20 3.95 0.77 19.48 5.46 244 NS
Fibrousness 4.60 0.39 8.54 5.37 3.83 4.10 0.34 8.38 4.77 3.43 NS
Crunchiness ~ 4.05 0.58 14.35 5.19 291 4.15 0.70 16.76 5.51 2.79 NS
Leucocarpa natural olives (PGI sea salt) Leucocarpa natural olives (iodized PGI sea salt)
Salty 4.00 0.29 7.37 4.58 3.42 4.15 0.40 9.66 4.94 3.36 NS
Bitter 6.05 0.36 5.95 6.76 5.34 6.75 0.47 7.03 7.68 5.82 NS
Acid 4.90 0.65 13.36 6.18 3.62 5.30 0.52 9.73 6.31 4.29 NS
Hardness 4.00 0.77 19.23 5.51 2.49 4.20 0.66 15.78 5.50 2.90 NS
Fibrousness 5.70 0.75 13.21 7.18 4.22 5.10 0.38 7.54 5.85 4.35 NS
Crunchiness ~ 4.85 0.86 17.72 6.53 3.17 4.70 0.45 9.58 5.58 3.82 NS

A microbiological analysis of the fermented brines showed that lactobacilli and aerobic bacteria
were absent; the total microflora consisted exclusively of yeasts. lodized brines significantly reduce the
microbial load both in Carolea cv. (8.7 X 10* vs. 3.5 x 10° CFU/mL) and in Leucocarpa cv. (1.4 x 102 vs.
3.1 x 10> CFU/mL) (Table 6).
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Table 6. Microbial monitoring. Data are expressed in CFU/mL. * = significant. Significant differences
are indicated by different letters (P < 0.05).

Carolea cv. Carolea cv. Leucocarpa cv. Leucocarpa cv.
Samples (PGD  (lodized-pGD ANOVA (®GD) (lodized-pGn ~ ANOVA
Total aerobic bacteria - - - - - -
LAB - - - - - -
Yeasts 3.5x10°2 8.7 x 10*P * 3.1 x 1022 1.4 x 102P *

At the end of fermentation, Candida was the most representative genus, followed only by the
genus Cryptococcus. As indicated in Table 7, the genus Candida was present in all four samples. In
the Carolea cultivar only, Candida krusei was present (Table 7). The Leucocarpa cultivar showed a
greater diversity in yeasts (Candida famata, C. boidinii, C. intermedia, C. krusei, and Cryptococcus albidus)
(Table 7), indicating that these microorganisms are more related to the cultivar than to the environment.
These yeasts have pectinolytic and cellulolytic enzymes and contribute to the degradation of the pectin
that forms the middle lamella, which leads to cell separation and acts on cellulose, hemicellulose,
and polysaccharides, giving texture to the pulp [33]. The low Ca content in processed olives (Figures 1
and 2) could be related to the loss of Ca?* bridging between residues of galacturonic acid of adjacent
pectic chains, which, in turn, is related to the softening of the olive fruit [34].

Table 7. Tentative identification of the isolated yeasts. Identification percentages are shown between
parentheses. I API 20 C AUX; % RapID Yeast Plus System.

Samples Microorganisms
Carolea natural olives (PGI sea salt)
1 Candida krusei [99.1] !
2 C. krusei [99.1] 1
3 C. krusei [99.1]
4 C. krusei [99.1] 1
5 C. krusei [99.1] 1

Carolea natural olives (iodized PGI sea salt)

1 C. krusei [99.1] 1
C. krusei [99.1]
C. krusei [99.1]
C. krusei [99.1] 1
C. krusei [99.1] 1

Q1 = W N

Leucocarpa natural olives (PGI sea salt)

1 Cryptococcus albidus [95.0] 2
2 Candida boidinii [99.0] 1

3 Candida famata [99.0] 2

4 C. boidinii [99.0] !

5 Candida intermedia [99.0] 2

Leucocarpa natural olives (iodized PGI sea salt)
1 C. boidinii [99.0] !
C. intermedia [99.0] 2
C. krusei [99.1] 1
C. boidinii [99.0] !
C. intermedia [99.0] 2

Q1= W N

C. boidinii contributes to the decline of olive tissue structural integrity [35] through its pectinolytic
enzymes that act on pectic substances that form the middle lamella, and on cellulose, hemicellulose,
and polysaccharides, that form the cell walls [36].

Each species of Candida requires a carbon source from different carbohydrates to provide energy
for cell growth. The need of different carbohydrates sources becomes the basic identification for the
assimilation method by every Candida species [37].

165



Foods 2020, 9, 301

C. krusei identified by API 20 C AUX, deriving from Carolea brine samples, showed a positive
reaction to glucose, p-Nitrophenyl phosphate, proline 3-naphthylamide, and histidine 3-naphthylamide.
Sample 3 of Leucocarpa (iodized sea salt) brine had the same profile. Cryptococcus albidus
and C. famata from Leucocarpa brine, identified only by RaplID, grew on glucose, threalose,
p-nitrophenyl-3,p-glucoside, p-nitrophenyl phosphate. Cr. albidus shows a positive reaction to
p-nitrophenyl-f,p-fucoside (not for C. famata), and C. famata uses proline 3-naphthylamide (not for
Cr. albidus). Sample 5 (PGI sea salt) and samples 2 and 5 (iodized PGI sea salt) of Leucocarpa were
identified as C. intermedia by RapID. These yeasts grow on glucose, glycerol, threalose, p-cellobiose,
L-arabinose, adonitol, p-sorbitol, N-acetyl-Glucosamine, p-nitrophenyl-§3,p-glucoside, p-nitrophenyl
phosphate, proline 3-naphthylamide, and histidine 3-naphthylamide. Four cultures from Leucocarpa
brine were identified by API as C. boidinii. These yeasts species showed a positive reaction to glucose,
glycerol, p-xylose, adonitol, xylitol, p-sorbitol, and g-nitrophenyl phosphate. Furthermore, sample 4 of
Leucocarpa (PGI sea salt) used histidine 3-naphthylamide; samples 1 and 4 of Leucocarpa (iodized sea
salt) used proline 3-naphthylamide and histidine 3-naphthylamide.

4. Conclusions

This research aimed to study the influence of different brining processes on mineral content,
microbial biodiversity, sensory evaluation, and color change of natural fermented table olives. Fresh
olives of Olea europaea Carolea and Leucocarpa cvs. were submerged in two different 8% brines
prepared with iodized and noniodized PGI sea salts. Noniodized sea salt brines principally enriched
the olive flesh with macroelements such as Na, K, and Mg, and microelements as Fe, Mn, Cu, and Zn.
In contrast, a decrease in Ca was observed, while the P content remained practically constant, and I was
present in trace amounts. In the olives fermented in iodized PGI sea salt, the iodine content reached
the values of 109 ug/100 g (Carolea cv.) and 38 ug/100 g (Leucocarpa cv.).

The addition of KIO; to the salt used for brining affects the redistribution of macro and
microelements and, in particular, of magnesium, iron, and zinc. The concentrations of the various
elements in the flesh depend on the favorable Ksp (solubility product constant) of the different salts
that can form.

The PGI sea salt enriches the olive fruit flesh with numerous microelements compared to simple
brine prepared with only NaCl (data not shown). Many Italian companies utilize PGI sea salt only,
instead of simple NaCl. The aim of our study was to determine whether the addition of KIO3 transfers
iodine to the olive flesh.

Analyzing the fermenting brines, iodine significantly reduces the microbial load, represented
only by yeasts, both in Carolea cv. and in Leucocarpa cv. Candida is the most representative genus.
The sensory and color properties were not significantly influenced by iodized brining. Only Carolea cv.
showed significant differences for the b* parameter and, consequently, for the C value.

This explorative research involved a small number of olive samples, but it compels us to undertake
further investigations concerning the side effects of different salts on the microorganisms involved
in the fermentation process, and the development of new functional foods that merge tradition and
innovation. The results obtained represent the first data on the enrichment of iodine in table olives.
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Abstract: For the first time, the bioaccessibility of the mineral nutrients in ripe table olives and their
contributions to the recommended daily intake (RDI), according to digestion methods (Miller’s vs.
Crews’ protocols), digestion type (standard vs. modified, standard plus a post-digest re-extraction),
and mineralisation system (wet vs. ashing) were studied. Overall, when the standard application
was used, Miller’s protocol resulted in higher bioaccessibilities of Na, K, Ca, Mg, and Fe than the
Crews’ method. The modified protocols improved most of these values, but the Crews’ results only
approximated the Miller’s levels in the case of Na and K. The bioaccessibility of P was hardly affected
by the factors studied, except that the modified Miller’s protocol led to higher levels when ashing. No
significant effect of the mineralisation system was found. The modified Miller’s protocol, regardless
of the mineralisation system, led to the overall highest bioaccessibility values in ripe olives, which
were: Na (96%), K (95%), Ca (20%), Mg (73%), Fe (45%), and P (60%). Their potential contributions
to the RDI, based on these bioaccessibilities and 100 g olive flesh service size, were then 29, 0.5, 4,
3, 33, and 1% respectively. The investigation has led to the development of a method for assessing
the bioaccessibility of the mineral nutrients not only in ripe but also in the remaining table olive
presentations and opens a new research line of great interest for producing healthier products.

Keywords: sodium; potassium; calcium; magnesium; iron; phosphorus; darkened by oxidation
olives; Miller’s protocol; Crews’ protocol; post-digest re-extraction

1. Introduction

The concentrations of mineral elements can be declared in the nutritional labelling of foods [1,2].
The Food and Drug Administration (FDA) and European Union (EU) standards also include
recommended daily intakes for minerals. A detailed description of the individual requirements
of these nutrients can likewise be found in the Dietary References Intakes Tables and Application
issued by the Health and Medicine Division of the National Academies of Sciences, Engineering and
Medicine [3].

Table olives are well known all over the world. The consolidated balance issued by the International
Olive Council established a global production of 3.28 x 10° t for the 2018/2019 season [4]. As with many
other vegetables, the fruit storage/fermentation process takes place in brine with a NaCl concentration
in an equilibrium >50 g/L [5]. As all the solutions used for processing are aqueous, marked leaching
of minerals from the flesh into the brine (except for Na, which moves in the opposite direction)
usually occurs [5]. As a result, the Na level increases while the contents of the other elements in
the final products, despite these losses, remain moderately high. The concentrations reported in the
literature depend on processing conditions, cultivars, and preparation styles and range between the
following values: Na, 571-17,221 mg/kg; K, 81-1176 mg/kg; Ca, 337-850 mg/kg; Mg, 13-133 mg/kg;
Fe, 4-132 mg/kg; and P, 57-118 mg/kg. [6]. The most significant differences were found among green
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(Spanish-style), directly brined (natural olives) and ripe olives (darkened by oxidation). However,
the concentrations of minerals only provide information on their potential contributions to the diet.
Assessment of their effective intake by consumers requires an estimation of their bioaccessibilities,
defined as the proportions of the elements converted into soluble forms in the gastrointestinal tract [7,8].

Several methods have been proposed to assess the mineral bioaccessibility in foods. Miller’s
protocol uses low amounts of food and reduced volumes of enzymatic solutions [7] and has been
slightly modified by Mesias, Seiquer, and Navarro for studying the calcium bioavailability of diets
rich in Maillard reaction products [8]. In contrast, the protocol developed by Crews, Burrell, and
McWeeny [9,10] is characterised by the use of relatively high amounts of samples and the addition of
substantial volumes of solutions (125 mL of intestinal juice) to mimic the liquids incorporated into
the food during its passage through the gastrointestinal tract. Apart from these differences, both
methodologies are based on a sequential enzymolysis [7,9,10].

At the moment, no information is available on the relative behaviour of both methods when
applied to table olives. The high proportion of fat in these fruits [11] may require high proportions of
bile salts. In addition, the abundant presence of Na might interfere in the solubilisation of the other
elements or require a more intense extraction to reduce its presence in the final solid residue as much as
possible. Therefore, the development of a method for studying the bioaccessibility of selected mineral
nutrients adapted to the high fat and Na contents of table olives is an essential first step in any study of
their actual contributions to RDI values and nutritional valorisation.

This work aimed to investigate the bioaccessibilities of mineral nutrients in table olives according
to digestion methods (Miller’s vs. Crews’ protocols), digestion type (standard vs. modified, standard
plus a post-digest re-extraction), and mineralisation systems (wet vs. ashing). This study may help the
selection/adaptation of a protocol compatible with the high fat and Na content of these products and
lead to results that approach the real bioaccessibilities of their minerals. Its development could facilitate
further studies on other presentations and promote the nutritional value of table olives. Furthermore,
as far as we know, this is the first time that an investigation on the bioaccessibility of mineral nutrients
in fermented vegetables is carried out. Therefore, the work represents pioneer information in this field.

2. Materials and Methods

2.1. Samples and Experimental Design

Samples were of the Cacerefia cultivar, picked at the green maturation stage (Caceres, Extremadura,
Spain). Fruits of size 201/290 were selected and processed as ripe olives, according to the standard
procedure, which consisted of three lye treatments, which progressively penetrated the flesh, followed
by immersion in tap water to remove the excess alkali, and aeration. After oxidation, the olives were
submerged overnight in a 0.1% ferrous lactate solution, packed in a 2.0% NaCl and 0.1% acetic acid
cover brine, and sterilised at 121 °C for 45 min to reach an Foigl o¢ (cumulative sterility value) of
15 [5]. The experiment consisted of a complete factorial design at two levels, with the variables being:
gastrointestinal digestion protocol (Miller vs. Crews), digestion type (standard vs. modified, that is
standard plus an additional post-digest re-extraction, using distilled-deionised water (onwards water),
and mineralisation system (wet vs. ashing). Due to the impossibility of running the complete design
simultaneously, each combination of variables (treatment) was carried out independently, with its raw
material from the same oxidation process batch. In this way, the experiment consisted of 23 different
treatments, illustrated in Figure 1 for Miller’s protocol. As an example, the first treatment consisted of
subjecting the olive sample to the Miller’s protocol, following the standard method, using the wet
mineralisation for both the supernatant solution and the solid residue (Figure 1). All treatments were
carried out in triplicate, using, for each, 100 g of homogenised olive flesh as raw material and one blank,
prepared with only the reagents and run in parallel to the sample. The blank was used to evaluate the
contribution of enzymes and other chemicals to the final mineral content in the digestion fractions.
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Sample Sample Sample Sample
Miller’s protocol ~ Miller’s protocol Miller’s protocol Miller’s protocol
Standard Standard Modified Modified
Solid Solid Solid solid
Sup]/rnatant residue Supernatant tesidug Supernatant residue  Supernatant  eidi
Wet Wet Ashing . W?t . . W?t X Ashing
mineralisation  mineralisation \L mineralisation mineralisation l,
l l Solubilisation l Solubiisation
Analysis Analysis  Analysis Analysis  Analysis Analysis  Analysis Analysis

Figure 1. In vitro gastrointestinal digestion of ripe olives. The effect of digestion protocol (Miller vs.
Crews), digestion type (standard vs. modified), and mineralisation system (wet vs. ashing) on the
mineral bioaccessibility. Schema of the experimental design for Miller’s protocol. A similar one for
Crews’ protocol can be obtained just by substituting Miller’s by Crews’.

The introduction of the post-digest re-extraction with water was due to the high levels of Na
and K in table olives, which could hardly be solubilised in the volume of liquid used in the standard
protocols. This modification may contribute to improving the solubilisation of these minerals and
evaluate the strength of the complexes formed by some of them with the flesh components; furthermore,
its application is in agreement with the intense nutrient exchanges between phases that take place
during the gastrointestinal passage of foods and the re-extraction steps used in other works [12].

2.2. Cleaning of the Material

All glassware used for the determination of the minerals was immersed in 10% (w/w) nitric acid
overnight and then rinsed several times with water.

2.3. In Vitro Digestion of Olives

2.3.1. Miller’s Protocol

This method was based on Miller, Schicker, Rasmussen, and Campen [7]. A flowchart of its
application is shown in Figure 2 (standard). Briefly, 2 g of homogenised olive pulp (an aliquot from
the 100 g ripe olive sample) was suspended in 18 mL of water. For the gastric digestion, its pH was
adjusted to 2.0 with 6 N HCl, and the mixture was added to 625 uL of simulated gastric juice (prepared
by dissolving 80 mg of pepsin in 5 mL of 0.1 N HCI). The suspension was then placed in a shaking
water bath incubator at 37 °C and 110 rpm for 2 h. For the intestinal digestion, the pH of the digest
was raised to 6.0 with 1 M NaHCOj; and 5 mL of simulated intestinal juice (prepared by dissolving
10 mg of pancreatin and 62.5 mg of bile salts in 25 mL of 0.1 M NaHCO3) was added. The pH was then
adjusted to 7.5 with 1 M NaHCO3, and the suspension incubated at 37 °C and 110 rpm for 2 h. After
the gastrointestinal digestion, the digestive enzymes were inactivated in an oven at 100 °C for 4 min.
The sample was then cooled in an ice bath and centrifuged at 15,550x ¢ and 4 °C (5804R centrifuge,
Eppendorf, Hamburg, Germany) for 40 min. The supernatant and the solid residue were separated
and weighed, and the mineral concentration in each fraction was analysed.
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Sample (2g olive fresh) —
<—Water (18 mL)
Adjust pH to 2.00 (6N HCl)
625 pL gastric juice! %l
Incubation (110 rpm, 37°C, 2 h)

Adjust pH to 6.00 (1M NaHCO,)

5 mL intestinal solutionZ
< Adjust pH to 7.5 (1M NaHCO,)

Incubation (110 rpm, 37°C, 2h)

Stanflard

Enzyme inactivation (100°C, 4min)

Moinfied

Centrifugate (15550g, 4°C, 40min)
i \
Supernatant Solid residue

\’

Mineral analysis Mineral analysis Residue

Water (10 mL)%l
Incubation (110 ipm, 37°C, 2h)

Centrifugate (15550g, 4°C, 40 min)

Supernatant Solid residue

Mineral analysis  Mineral analysis

Figure 2. In vitro gastrointestinal digestion of ripe olives. Schema of the Miller’s standard and modified
(standard plus a post-digest re-extraction) protocols. 1 gastric solution consisted of 0.8 g pepsin
dissolved in 5 mL 0.1 N HCI. ? Intestinal solution consisted of 0.1 g pancreatin and 0.625 g bile salts
dissolved in 25 mL 0.1 M NaHCOj3. Water stands for deionized-distilled water.

2.3.2. Crews’ Protocol

The procedure described in Crews, Burrell, and McWeeny [9,10] was followed (Figure 3, standard).
Briefly, 25 g of homogenised olive pulp (an aliquot of the 100 g ripe olive sample) was weighed and
suspended in 50 mL of simulated gastric juice, prepared by dissolving 10 mg/mL of pepsin in saline
hydrochloric acid (0.15 M sodium chloride; 0.02 M hydrochloric acid) at pH 1.8. The suspension was
incubated at 37 °C and 150 rpm for 2 h and 6 N HCI was added as necessary to maintain pH < 3.5.
After incubation, the suspension pH was adjusted to 7.4 with a saturated NaHCOj3 solution and was
added to 50 mL of simulated intestinal juice, prepared by mixing equal volumes of (a) 30 mg/mL
pancreatin plus 10 mg/mL of amylase and (b) 1.5 g/L of bile salts in 0.15 M NaCl. The mixture was again
incubated at 37 °C and 150 rpm for 2 h and centrifuged at 30,000 ¢ and 4 °C for 60 min (Sorvall RC6
plus centrifuge, Thermo Scientific, Langenselbold, Germany). The weights and mineral concentrations
in the supernatant and the solid residue were calculated as described in Miller’s protocol.
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Supernatant Solid residue

l

Mineral analysis  Mineral analysis |

Figure 3. In vitro gastrointestinal digestion of ripe olives. Schema of the Crews’ standard and modified
(standard plus a post-digest re-extraction) protocols. ! gastric solution consisted of 1% pepsin in saline
HCI (0.15 M NaCl; 0.02 M HCl) at pH 1.8. 2 Intestinal solution consisted of a mixture of equal volumes

of (a) 3% pancreatin, 1% amylase, and (b) bile salts in saline solutions (0.15 M NaCl). Water stands for
deionized-distilled water.

2.3.3. Modified Protocols

The modification consisted of adding 10 mL, or 125 mL, of water to the digested residues from
the standard Miller’s or Crews’ protocols, respectively, incubating the suspension again in a shaking
water bath at 37 °C and 110 rpm for 2 h, and centrifuging at 15,000x g (Miller’s protocol) or 30,000x &
(Crews’protocol) and 4 °C for 60 min (Sorvall RC6 plus centrifuge). The supernatant was combined
with that from the standard protocol to form the supernatant of the modified technique. The mineral
content in these supernatants and their respective re-extracted solid residues were determined. The
resulting methodology will be onwards referred to as the modified protocol.

2.4. Mineralisation

The analysis of most fractions requires previous mineralisation. Due to the diversity of samples
studied (olive paste, supernatant solutions, and post-digestion solid residues), evaluation of the effect
of the mineralisation system was considered of interest. Two options were assayed.
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2.4.1. Wet Mineralisation

For this process, 20-25 mL of the supernatants were concentrated to 15 mL in a flask, and then
added to 5 mL of 65% HNOj3. The container was then heated in a shaking sand bath at 180-220 °C until
the liquid was clear or pale straw-coloured and orange fumes ceased. Then, 5 mL of a mixture of HNOj3
(65%)-HClOy4 (60%) (1:4) was added, and the solution was heated at 180-220 °C until discolouration
and white fumes evolved. The samples were cooled, transferred into a 25 mL volumetric flask and
made up to volume with water.

For the homogenised olive flesh (raw material) and the solid residues of the digestions, 2.5 g of
the paste were weighed into a 50 mL Erlenmeyer flask and added to 5 mL of HNOj3 (65%). Then, the
suspensions were subjected to the same steps described above for liquids.

2.4.2. Ashing

This method was applied only to solids as the solutions were directly submitted to the analysis.
In short, 2.5 g of sample (homogenised olive flesh or solid residues from the digestions) was weighed
in a quartz capsule and placed in a muffle oven whose temperature was quickly brought to 100 °C,
followed by a slow increase up to 550 °C. After incineration for 8-10 h, the ashes, greyish-white in
colour, were moistened and dissolved (slightly warming the capsule) in three portions of 2 mL 6 N HCI
and filtered through a filter paper into a 25 mL volumetric flask, using a suction hood. After washing
the filter three times with 3 mL of water, the solution was made up to volume with water.

2.5. Mineral Analysis

Na, K, Ca, Mg, and Fe were analysed by atomic absorption spectrophotometry, using
an air-acetylene flame and the analytical conditions were recommended by the equipment
manufacturer [13]. The value for each triplicate was the average of three determinations.

To prevent interferences and ionisation of the air-acetylene flame, the aliquots for analysis and the
calibration standards were added to lantane (0.5%, w/v), when analysing Ca and Mg, or potassium
(0.1%, w/v) and sodium (0.1%, w/v), in the case of Na and K, respectively.

Phosphorus was analysed following the official method of the AOAC n° 970-39 Phosphorus in
Fruits and Fruit Products (spectrophotometric molybdovanadate method) [14]. This method is based
on the absorbance at 400 nm of the yellow phospho-molybdovanadate complex formed in the presence
of V5* and Mo®*. The value for each triplicate was also the average of three determinations.

Calibration curves were obtained daily from successive dilutions of the stock solutions.
Interpolation was always made after subtracting the signal of the blank from those of the samples.
Furthermore, samples of standard solutions were also periodically included in the determinations.

2.6. Apparatus and Reagents

The equipment included a GBC model 932 AA (GBC, Braeside, VIC, Australia) atomic absorption
spectrometer equipped with three hollow multi-element cathode lamps, (Na and K) (Photron, Narre
Warren, VIC, Australia), (Cu, Fe, and Mn) (GBC, Braeside, VIC, Australia) and (Ca, Mg, Cu, and
Zn) (Photron, Narre Warren, VIC, Australia); a Cary UV/Visible spectrophotometer model 1E (Varian
Australia, Mulgrave, Victoria); a shaking water bath incubator (WY-200 COD. 5312091, COMECTA,
S.A., Barcelona, Spain); and a shaking sand bath incubator (Combiplac-Sand 6000709; ]J.P. Selecta,
Barcelona, Spain).

All reagents were of analytical grade. The enzymes and bile salts were purchased from
Sigma-Aldrich (pepsin from porcine gastric mucosa Cat N° P7000; pancreatin from porcine pancreas
Cat N° P1750; x-amylase from porcine pancreas Cat N° A3176; and bile salts Cat N° B8756).
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2.7. Mineral Recovery and Bioaccessibility Estimation

The calculous were carried out independently for each treatment (the combination of factors).
Considering the concentrations in the raw material, the supernatant solutions (including that from the
modified protocols), the solid residue, and the blank, the amount of each mineral nutrient in them
(RM, S, SR, and B, respectively) were estimated. The amount of mineral in each of these fractions
was calculated taking into account the weight of each of them, which allows a correct mass balance.
Bioaccessibility and recovery (expressed as percentages) were estimated using the following formulae:

Bioaccessibility (%) = ((SR_NF)) x 100 1
R (%) = (S=B+SR)) 100 2
ecovery (%) = M 2)

An approach to the contribution of the ripe olives to the RDI of the minerals studied (Na, K, Ca,
Mg, Fe and P), based on their bioaccessible amount in 100 g olive flesh serving size, were also deduced.

2.8. Statistical Analysis

The effect of the different factors (digestion protocols, digestion type, and mineralisation system)
on bioaccessibility was studied by General Linear Model (GLM). The effects were considered significant
at p < 0.05 when the corresponding confidence limits (CL) of their averages did not overlap. The study
was carried out using Statistic v. 8.0 (StatSoft, Inc., Tulsa, OK, USA) [15].

3. Results and Discussion

Through processing, ripe olives are usually in contact with solutions containing Na (brine and
lye), Ca (mainly during storage and final packaging), and Fe (for fixing the colour) [5], which increase
their contents in the flesh. The concentrations of these minerals in the different samples used as raw
material were high. The Na ranged from 7085 to 7181 mg/kg (Tables 1 and 2), lower than the levels
reported for any other table olive presentation [6]. The Ca content, 1666-1711 mg/kg (Tables 1 and 2),
was higher than in green plain Spanish-style or directly brined olives [6]. However, the most notable
difference was found for Fe because its content was particularly high (102 to 105 mg/kg) with respect
to any other non-oxidized olive product (3.49-7.70 mg/kg) [6].

Regarding other mineral nutrients not intentionally incorporated during processing, their contents
suffer a progressive diminution during the elaboration [5]. However, the ripe olives of this experiment
still retained substantial levels of Mg (129 to 138 mg/kg), K (104 to 109 mg/kg), and P (91 to 100 mg/kg)
(Tables 1 and 2).

The differences among the mineral contents in diverse raw materials (ripe olive samples) were
relatively close since they came from the same batch; but, even in such circumstances, the use of
a specific raw material for each treatment (a combination of factors) was considered convenient to
eliminate this source of variability on bioaccessibility.

Most of the enzymes and bile salts used for the digestion also contained nutrient elements that
contributed to the mineral levels in the final fractions (see contents in the blanks) (Tables 1 and 2).
The levels were particularly high in Na, whose concentrations ranged from 1002 to 1309 mg/kg in
Miller’s protocol but was markedly higher (5008-6139 mg/kg) in Crews’ method. Furthermore, the
levels of P (25.9-28.1 mg/kg, Miller; 37.7-38.8 mg/kg, Crews) and K (18.4-20.3 mg/kg, Miller; 31.3-33.4
mg/kg, Crews) were also relevant, but not the presence of the other nutrients, which were low (Tables 1
and 2). In any case, the concentrations in the supernatants were always corrected by subtracting the
corresponding blanks.

175



Foods 2020, 9, 275

‘d[qe[reAe Jou ‘yN ‘sasayjuared ur 10118 prepuels ‘sjuswradxe juapuadspur 921y} Jo a8ereay

VN (G0) ¥ VN (8°0) 866 VN (£ 98¥ VN (9°0)8%6 Surysy d

(10>) 1'8¢ (1) T8e (1'0>) 1'sT F1Dect16 (1'0>) 6'ST 01 %€ (To)zee #0) w6 M
(ro>) 20 (90) 022 (ro>)ve #2901 (10>)90 ¥9)9LL (ro>)sv (rm ¢vot Sunysy a1
(10> %0 (£7€) 99 (10> o¢ (6°0) 8°T0T (10>) 60 (Crala (10>) 8% (80) 9201 M
(10>) 2¢ (80) T0S (10> ¥'8 (8°0) z'8z1L (10>) 8¢ (20 68F (To> 12t (6°0) £'6TT Surysy g
(10> 6¢ 9108 (10>) 106 (T0)¥'8etT (10> 6¢ (00 €8¢ (10> ¥21 F0) Feet M W
(Tro>) 21 (T'9) ve1L1 (royore (09) 78691 10>) 61 (F701) STSLT (zo)se6c (0'9) 90041 Sunysy e
(To>) ¥t (8'€9) 6'61F1 (1°0) 02 (9°¢) T9991 00zt (¥99) 2621 (9°0) 6 (0'8) 06891 M
(10>) 961 (10) 8% (To>) e (ST 0°Z0T (To) ¥61 (Te) 188 (10>) 692 (01 ¥£0T Sunysy ~
(T0>) 781 #o0)zs (10>) ToT (01) 8701 #0) g0z ZDoT1¥ (10) 08¢ (£°0) 7601 M

(9) 1111 (O (1) £621 (TT1) 8802 (9) g121 (68) €T (9) zsL1 (S) 1814 Surysy eN

(8) 2001 (1) T6T (1) ¥811 (0€) $01£ (8) 60€T (011) 680C (8) 1981 (02) Te1L M

anpIsay uonnjog BLIdJCIA anpIsay uonnjosg CLIDJRIA
el .&EM pIjos Eﬁaﬁwmsw ' mey el w>:n_“ pros u:m«mcuwmsm ' mey voneEsiERUN HUPUIR[Y
PIGIPOIN piepuejg

*35]/3ur ur SUONEIIUAdUOY) "SIUI[IISSIILOI] PUEL SILIIAODAI [EISUTLU JO SUOHLWITSD Y} 10J parmbar are Aoy
aours papraoid osfe axe syue[q pue (sa[dures) [erjew MeI dY) U SJUJU0D ], "SINPISAI PI[OS pue sjuejeusadns ay) Ul SUOHEIIUSIUOD [EIIUTL 3} U0 (SUTyse "SA Jom)
wd)SAS uonesIeIoUT pue (payrpows ‘sa prepuess) ad4) uonsa3rp ayy jo 10937 1000301d s, I[IA a3 Sursn “soarfo adir Jo uonsaSip reunsajuronsed onIA uf ‘[ d[qeL,

176



Foods 2020, 9, 275

‘d[qe[reAe J0u ‘yN ‘sasayjuared ur 1o11e prepue)s ‘sjuswradxe juspuadspur 921y} Jo a8ereay

VN (61) 068 VN [CRRA VN (L0)cLs VN (I'1) £¥6 Surysy d

(1°0) 8°8¢ (6'0) 665 (T0) T°6C (¥0) 1796 (T0) LL8 (£°0) 569 (€°0) 9°¢5 (80) 796 PM

(ro>) 90 v Tvie (ro>) e (01 £€ot (1'0>) 80 (€ 96ll (T0) €9 (9D 9701 Sunysy a1
(10>) 20 (6'T1) T'SCL (10> 2¢ (£'0) 01 (10>) ¢€0 (9 01EL (1°0>) 09 (12 £€0t M

(10> 19 (620 c6L (10>) 811 (1) g¢eet (10>) 99 (01 0°¢PL (To) g1 (£70) s¥eT Surysy 3
(10> €9 (o) ¥e8 (10>) 911 (01 9Cer (10> 19 (£79) €€91 (10>) 0T (12 0°zer M W
(too>)go  (rocr)zossc  (1'0>) g (€'8) 6'60LT (1'0>)90 (£97) 0°'s85¢ (ro>)z1 (€2)9T0sT Surysy e
(10>) 90 (9%) 0989 (10> ¥¢ (9%) 6'€691 (10>)90 (899) £'676C (To> ¢t (£'8) §0141 M

(zoere (To)zot (To)cse (£70) 0°s0T (T0>) 172€ (02 Teot (9°0) 8 (91) g0t Sunysy ~
(Troyere (TD o6l (1°0) 98¢ (€0) 97201 (To) ¥ee ((UraR w4 ns #0) £%F (80) 00T M

(€1) 8605 (0¢) 056 (1) 6g5€ (en) 2814 (£¢) 0018 (£2) 8¥14 (s8) 9209 (9) 9114 Surysy eN
(11) 800 (02) 186 (11) €99¢ (S2) 121L (€9) 6£19 (022) 0%6L (€9) 6€19 () otz M

oan] mwwvH GOEH- oS mmhuumz an mwvvu EOES oS mmhuuﬁz
el u\fhﬂ pIjos Eﬁaﬁwmsw ' mey el w>:n_“ pros u:m«mcuwmsm ' mey voneEsIERUN HUPUIRTY
PIGIPOIN piepuejg

“3¥/3w ur SUOTRIIUSDUOY) "SIYI[IQISSIIILOI] PUE SILIDA0DII [RISUIUI JO SUOTRWINSD 31} 10§ parmbar are £ai
2outs papraoxd os[e axe syue[q pue (sa[dwes) [PLID}EW MBI SY} UT SJUSJUOD Y] "SINPISAI PIOS pue sjuejeuradns 9y Ul SUOHRIUIDUOD [RISUIW Y UO (SUIYSE 'SA JoM)
WI9)SAS UOTJeSI[RISUTW pUe (payIpow ‘sa prepue)s) ad£) uonsaSip ay Jo 309537 1020301d smar) ayy Sursn “soarfo adix jo uonsalip [eunsajuronsed onIA uf *g d[qer,

177



Foods 2020, 9, 275

3.1. Mineral Linkage to Olive Flesh Components and Post-Digestion Extraction

The response of the mineral nutrients in foods to digestion is strongly related to their aqueous
solubility and linkage to the structural components of the products. According to the literature [16],
the bioaccessibility of Na is usually considered complete but, due to the high salt concentration in table
olives, its response could not be straightforward but requires investigation.

In the standard protocols, the concentration of Na in the solid residue was higher than in the
supernatant solution (average 2413 vs. 1806 mg/kg for Miller; average 7544 vs. 6108 mg/kg for Crews),
regardless of the mineralisation system (Tables 1 and 2). However, applying modified protocols, the
Na concentrations in both fractions reversed, being markedly higher in the supernatant fractions than
in the solid residues (average 1221 vs. 282 mg/kg, Miller; average 3596 vs. 966 mg/kg, Crews) (Tables 1
and 2). Hence, the application of one post-digest re-extraction to the standard protocols constitutes a
closer approach to reality [9,10]. Furthermore, this also means that Na is weakly linked to the ripe
olive flesh components.

The distributions of K in the two fractions of the digestion (standard or modified) followed a
similar trend to Na, regardless of treatments (Tables 1 and 2). This behaviour may also indicate that
K could be, in practice, completely bioaccessible when subjected to the conditions prevailing in the
gastrointestinal tract [16] and that it is weakly retained in the ripe olive flesh.

On the contrary, the concentrations of Ca in the supernatant solutions after digestion were very
low with respect to the solid fraction, regardless of the technique applied (Tables 1 and 2) Furthermore,
when the modified protocol was applied, the release was not improved despite the still high Ca levels in
solid residues (Tables 1 and 2). In consequence, no equilibrium between solid residues and supernatant
solutions could be expected even in the case of a large number of post-digest re-extractions. Such
behaviour means a strong Ca linkage to the olive flesh components, resistant to the digestive enzymes.
These data are in agreement with the literature reports on Ca absorption by olives [17]. Furthermore,
this flesh capacity for Ca bounding is used for improving texture during green olive fermentation and
ripe olive storage [5].

Magnesium is not added during processing; on the contrary, leakage through elaboration is
common [5]. After standard digestion, its concentrations in the supernatant solutions (Tables 1 and 2)
were markedly lower than the levels in the solid residues, regardless of digestion technique, following,
in this case, a similar trend to Na, K or even Ca. However, applying post-digest re-extraction, the
contents in the solid residues remained similar (Miller) or slightly decreased (Crews). Therefore, its
behaviour in the modified protocol was completely different from that followed by Na and K but
approached that of Ca, with a higher solubilisation. Therefore, Mg was retained in the olive flesh more
than Na and K but less than Ca, meaning that at least part of it can also be bound to the ripe olive flesh.

As inferred from the low concentrations of iron found in the standard and modified protocol
supernatants and its high contents in the solid residues, strong retention of iron by the ripe olive flesh
is evident (Tables 1 and 2). This behaviour is somewhat similar to that of Ca, although may have a
different origin since such absorption has been related to the formation of complexes between this
element and polymers from hydroxytyrosol and caffeic acid, which are produced during the ripe olive
darkening (oxidation) process [5].

Due to the relatively high content of P (not added during elaboration) in the raw material, it
is evident that there is a strong link between this element and the olive flesh, which has resisted
the successive alkali treatment and tap washings applied throughout processing [5]. The enzymes
used for the digestion produced a marked solubilisation of P (Tables 1 and 2), although still left a
sensible proportion of it in the solid residue, which was not solubilised by the post-digest re-extraction.
Therefore, P was relatively resistant to the digestion attack but weaker than that observed for Ca or Fe,
stronger than Na and K, and slightly weaker than Mg.

Hence, the application of a post-digestion extraction was useful not only for a more exhaustive
removal of some minerals (Na and K) from the solid residue but also for assessing the different linkage
degrees of the studied minerals and the olive flesh components. The results from the modified protocol
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re-affirm the hypothesis that the resistance to solubilisation of Ca, Fe (mainly) or Mg and P (in lower
proportions) was not just a matter of equilibrium between phases but was also related to their bounding
strength to the olive flesh. Crews, Burrell, and McWeeny [9,10] also observed similar behaviour for
some of these nutrients in the cereal food group [12].

3.2. Effect of Diverse Factors on the Mineral Bioaccessibility

The weights of the raw materials, blank solutions and the different digestion fractions required
for evaluating the mineral recovery are shown in Table 3. The markedly higher weights of olive
samples and digested fractions in the Crews’ technique are apparent. When applying the modified
protocols, the weights of supernatants are the sum of those from the standard supernatant solutions of
enzymes plus those from the post-digest re-extraction. From the data in Tables 1-3, the bioaccessibility
of the minerals were estimated (Equation (1)). Overall, the mineralisation system had scarce or no
effect on the bioaccessibility results. Regarding digestion methods, the bioaccessibilities of Na and K
(Figure 4a,b) were markedly higher in Miller’s than in Crews’ standard protocols, but the application
of the modified protocol considerably increased them to values greater than 90% (mainly in Crews’
methodology), with only slight differences between protocols in the case of Na and a significant
difference in favour of Miller’s for K. Hence, the notable increase in the recuperation of these elements
with the post-digest re-extraction means that they could be completely bioaccessible from ripe olives
(progressive dilution and absorption from the human gut), as confirmed by their weak interaction
with the flesh components and as already suggested in the literature for other foods [9,10].

In contrast, the bioaccessibility of Ca was always low (Figure 4c), although it was higher when
applying Miller’s protocol. However, the use of the modified protocols hardly led to any further
improvement. As a result, the potential contribution of ripe olives, and possibly other presentations, to
Cain the diet could be minimal, despite the relatively high proportion of this element usually present in
the product. However, this problem is not exclusive of olives because low bioaccessibility levels of Ca
have also been observed in other foods, such as school meals (0.75%), with the lowest bioaccessibility
found in vegetables [18] or milk, where calcium was partially soluble and ranged from 48% to 62% [19].

The highest bioaccessibility of Mg (Figure 5a) was observed using the standard Miller’s protocol
(above 70%) without any effect of post-digest re-extraction. The modified Crews’ protocol increased the
bioaccessibility versus the standard but without reaching Miller’s levels. Therefore, Crews’ conditions
were scarcely efficient for studying Mg bioaccessibility. According to the literature, Mg bioaccessibility
may be influenced by the compound used in the diet; the ingestion of citrate was more efficient that
oxide [20]. Mg absorption in healthy women is reported to be incremental (11-14%) when mineral
water was consumed alone or in combination with meals [21]. Furthermore, the mineralisation level
(sulfate, bicarbonate, or calcium) in mineral waters did not influence the Mg bioavailability [22].

Table 3. In vitro gastrointestinal digestion of ripe olives. Weights of the raw materials (samples), the
different fractions obtained after digestion, and the blank solutions, according to digestion protocols
(Miller vs. Crews), digestion type (standard vs. modified), and mineralisation system (wet vs. ashing).
The information allows estimation of the mineral recovery and bioaccessibility. Data are expressed in g.

Technique D]i-ig,s:t;)(fn Mineralisation Sample Weight s‘;ielf;:;(::nt Solid Residue Sfllzgtn
Standard Wet 2.011 (0.004) 24.020 (0.096) 2.163 (0.094) 26.406 (-)

Mill Ashing 2.030 (0.012) 24.070 (0.086) 1.599 (0.121) 26.345 (-)
ther » Wet 2.022 (0.002) 34.005 (0.088) 1.849 (0.086) 26.454 (-)
Modified Ashing 2.041 (0.009) 34.218 (0.109) 1.622 (0.021) 26.372 (-)

Standard Wet 25.060 (0.025) 123.160 (1.194) 14.533 (0.405) 136.530 (-)

Ashing 25.017 (0.038) 125.802 (1.931) 16.272 (0.265) 138.090 (-)

Crews » Wet 25.170 (0.067) 236.286 (0.850) 15.753 (0.469) 139.150 (-)
Modified Ashing 25407 (0.194)  244.145(1.659) 16424 (0594) 136,510 (-)

Average of three independent experiments; standard error in parentheses. Each digestion had its blank.
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Figure 5. Invitro gastrointestinal digestion of ripe olives. Effect of digestion protocol (Miller vs.
Crews), and digestion type (standard vs. modified) and mineralisation system (wet vs. ashing) on

Fe bioaccessibility (%) Mg bioaccessibility (%)

P bioaccessibility (%)

Miller's Protocol

bioaccessibility (%) of (a) Mg, (b) Fe, and (c) P.

The highest bioaccessibility of Fe (approx. 45%) was observed when applying Miller’s protocols
(standard or modified) (Figure 5b). The re-extraction had a limited effect on the Crews’protocol,
changing from approx. 27% (standard) to just above 30% (modified). As in the case of Ca and Mg,
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Miller’s protocol was more efficient (approx. 45% bioaccessibility) and reached an intermediate
level between them (approx. 20 and 70%, respectively). In previous studies by Crews, Burrell,
and McWeeny [12], high percentages of iron solubility were reported; about 25% (cereals) and 75%
(vegetables). The percentage solubility of iron in whole-meal bread was approx. 35%, while in crab it
was sensibly lower (5%) [9]. In selected foods (meat as well as bread, milk, and beverage substitutes),
the iron available was in general low (below 10%), reaching only slightly higher proportions in orange
juice (about 25%) and cheese plus orange juice (about 17%) [7]. Therefore, iron bioaccessibility in ripe
olives could be higher than in more common foods. Its low bioaccessibility has been related to the
presence of oxalic acid and egg proteins, while meat had a favourable effect [18].

Phosphorus bioaccessibilities (Figure 5c) were relatively high (about 60%) and improved (5-10%)
when applying the post-digest re-extraction only in the case of Miller’s protocol. A study of the in vitro
P digestible in meat and milk products showed better absorbability in foods of animal origin than,
for example, legumes [23]. However, legumes may be a relatively poor source of P, while in products
containing phosphates additives, the digestible P was easily available [24]. In general, P from plants
is not well absorbed because this element is stored in the form of phytic acid or phytate, which may
interfere with its absorption [25]. The relative high bioaccessibility of P in table olives may be related
to the low/absence presence of phytate.

3.3. Mineral Recovery during Digestion

The data in Tables 1-3 allow for a complete estimation of the mineral recovery, regardless of the
supernatant type and solid residue. The comparison of their sum with the weights of the minerals
initially present in the samples is straightforward (Equation (2)). The results show good overall
recovery for all the mineral nutrients analysed (Table 4).

3.4. Contribution of Ripe Olives to Daily Recommended Mineral Intake

The ripe olive minerals’ bioaccessibilities can be used for estimating the potential contribution of
the product to their RDI [2] (Table 5). Their values are affected by the three factors involved in the
experiment, similar to their bioaccessibilities (they are just linear combinations of these), and do not
require further comments. Overall, Miller’s protocol led to higher contributions. To emphasise that the
ripe olives have an outstanding contribution to the RDI of Fe in the diet, which reaches about 34%, far
above the 15% limit required to be considered as a significant source of this mineral and be declared in
the label. Furthermore, its impact is higher than that of Na (approx. 28%).
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4. Conclusions

The digestion protocols had significant effects on the bioaccessibility estimation of ripe olive
mineral nutrients. Overall, Miller’s protocol led to higher values than Crews’ protocol. The application
of a post-digest re-extraction improved (vs. standard digestion) the potential bioaccessibility of the
most soluble minerals. The application of this modification was useful to evaluate the strength of the
linkage between some elements and olive flesh components. Monovalent minerals (Na and K) were
hardly bound and were completely bioaccessible. In contrast, the noticeable presence of divalent (and
P) elements in the final solid residue indicated that at least some of them can still be strongly linked
to olive flesh even after digestion. Among these cations, Ca was the most vigorously retained and,
as a result, showed the lowest bioaccessibility (a maximum of approx. 20%); Mg was weakly bound
and showed a high bioaccessibility level (>70%). P reached intermediate values of 60-70%. Fe was
moderately retained and showed a bioaccessibility of about 45%. Based on these data, the contribution
of 100 g ripe olive flesh to RDI of Fe can be estimated as approx. 34%, which allowed consideration
of the product as a source of this element while maintaining a moderate Na level (about 28%) and a
negligible impact of the other elements.

The modified Miller’s protocol, which includes a post-digest re-extraction, uses less sample,
produces a lower volume of supernatant solutions (and solid residues), and, overall, leads to higher
bioaccessibility values; therefore, it is proposed for further studies on the bioaccessibility of mineral
nutrients in table olives in general.
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Abstract: Alkaline treatment is a key stage in the production of green table olives and its main
aim is rapid debittering of the fruit. Its action is complex, with structural changes in both the
skin and the pulp, and loss of bioactive components in addition to the bitter glycoside oleuropein.
One of the components seriously affected are chlorophylls, which are located mainly in the skin
of the fresh fruit. Chlorophyll pigments are responsible for the highly-valued green color typical
of table olive specialties not preserved by fermentation. Subsequently, the effect on chlorophylls
of nine processes, differentiated by NaOH concentration and/or treatment time, after one year of
fruit preservation under refrigeration conditions, was investigated. A direct relationship was found
between the intensity of the alkali treatment and the degree of chlorophyll degradation, with losses of
more than 60% being recorded when NaOH concentration of 4% or greater were used. Oxidation
with opening of the isocyclic ring was the main structural change, followed by pheophytinization
and degradation to colorless products. To a lesser extent, decarbomethoxylation and dephytylation
reactions were detected. An increase in NaOH from 2% to 5% reduced the treatment time from 7 to
4 h, but fostered greater formation of allomerized derivatives, and caused a significant decrease in the
chlorophyll content of the olives. However, NaOH concentrations between 6% and 10% did not lead
to further time reductions, which remained at 3 h, nor to a significant increase in oxidized compounds,
though the proportion of isochlorin e4-type derivatives was modified. Chlorophyll compounds of
series b were more prone to oxidation and degradation reactions to colorless products than those
of series 2. However, the latter showed a higher degree of pheophytinization, and, exclusively,
decarbomethoxylation and dephytylation reactions.

Keywords: chlorophyll; pigments; allomerization; table olive; alkaline treatment; phytyl-chlorin;
phytyl-rhodin

1. Introduction

Table olives may be considered one of the most nutritious and least caloric snacks, thanks to
their balanced fat composition, in which monounsaturated oleic acid predominates and includes
essential fatty acids, and to their fiber, vitamin and mineral content [1-3]. In addition, table olives
contain phytochemicals such as polyphenols [4], chlorophylls, carotenoids [5], and triterpenic acids [6],
which give them functional value. In fact, the table olive is recognized as an essential component of the
Mediterranean diet, having been explicitly included in the second level of its nutritional pyramid [7]
as an aperitif or culinary ingredient, with a recommended daily consumption of one or two portions
(15-30 g). According to the International Olive Council [8], worldwide table olive consumption for
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the 2018/2019 season will be around 2,667,000 t, which means an increase of around 21% in the last
10 years.

Unlike most fruits, olives must be processed to be edible, since the fresh fruit has an extremely
bitter taste, due to its high phenolic compound content, mainly oleuropein. These bitter components
can be totally or partially eliminated by various procedures including both hydrolysis—chemical
and/or enzymatic—and brine diffusion mechanisms [9]. Of all the procedures, alkaline treatment
is the most widely used [10], since it is the method applied to olives processed in the Spanish or
Sevillian style (green table olives) and in the Californian style (black table olives), which are two of the
main commercial table olive preparations worldwide. It is also the de-bittering method used in the
preparations called green ripe olives, which are widely consumed in the United States, as well as in
other table olive processing specialties—the Castelvetrano, Picholine and Campo Real styles [11].

Alkaline treatment is a key stage in the preparation of table olives, and can be more or less intense
depending on factors such as the variety and state of maturity of the olive, the temperature and quality
of the water [9], as well as the subsequent preservation system. In the processing of Spanish-style
green table olives, the fruits are treated with a diluted solution of NaOH in water, with a concentration
between 2% and 5%, until this solution (lye) penetrates two thirds or three quarters of the pulp towards
the stone, which usually takes 4-11 h [12]. Subsequently, after several washings with water, the olives
are put in brine (NaCl solution), where they undergo an acid-lactic fermentation. In the preparations
of olives in the Castelvetrano [13,14], Picholine [9], Campo Real [15] and green ripe styles [16,17],
the fruits remain in alkaline conditions for longer, and the lye can penetrate to the stone. After alkaline
treatment and washing, the fruits are kept in refrigerated conditions and/or subjected to heat treatment,
thus avoiding any fermentation process.

During the preparation of the olives, the fruits undergo changes in their composition that are
mediated by the different stages involved in the processing system. Thus, the way in which the alkaline
treatment is applied, the number and time of subsequent washings of the fruits, the presence or
otherwise of a fermentation stage, etc., will have an impact on the end product. The treatment with
NaOH causes structural modifications in both the epicarp and the mesocarp of the olive, which will
depend on the concentration and temperature of the alkaline solution, and which influence the
physical-chemical composition of the fruit [18]. The lye solution that penetrates the pulp hydrolyses
the oleuropein and ligstroside, producing non-bitter hydrolyzed phenols such as hydroxytyrosol and
tyrosol. In addition, this alkaline solution changes the composition of the polysaccharides in the cell
wall structure, reducing the firmness of the fruit [19]. The higher the concentration of the lye, and the
longer the treatment, the greater the loss of firmness. Chemical damage to the olive’s skin, and to its
cell structure, allows for more rapid diffusion of the remaining phenolic compounds, and of the sugars,
into the brine during the subsequent rinsing and fermentation stages.

Different treatment options with alkaline solutions have been studied to improve the
organoleptic quality of the end product and the characteristics of the washing water. Transporting
mechanically-harvested olives in low-grade lye, rather than resting prior to processing, avoids peeling
and superficial dark spots (damage). On the other hand, the addition of calcium and/or sodium salts to
the alkaline lye, and cooling it to 8 °C, gives rise to treatments that improve the texture and prevent the
breakage of the olive skin [12,20], while the replacement of NaOH by KOH improves the potential
use of the washing waters for agronomic purposes [21]. An inappropriate alkaline treatment—low
NaOH concentration and/or insufficient alkaline penetration—leads to the presence of antimicrobial
compounds in the brine, which inhibits the growth of Lactobacillus pentosus, negatively affecting the
fermentation processes [22].

Alkaline treatment and subsequent washing lead to a high loss of volatile compounds [23] and
bioactive substances in the olives, such as phenolic compounds and triterpenic acids, which are diffused
from the fruit into the wastewater [6,24]. In this regard, Garcia et al. [25] recently verified that black
ripe olives produced in the USA have lower contents in phenolic compounds and triterpenic acids
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than those produced in Spain, and they attribute these differences to the alkaline treatment used in the
former, which involves a higher number of alkali/washing cycles.

Chlorophylls (2 and b) and carotenoids are the pigments responsible for the color of the olives in
their green ripening state, and constitute another group of phytochemicals in olives that are affected by
their processing: they undergo certain structural transformations that can have an impact on both
the color and the functional value of the end product. All green table olive preparations are made
with fruits of the same chlorophyll and carotenoid composition; however, the transformation these
compounds undergo is different for each processing system, depending on whether or not they are
treated with alkali and/or fermented. Thus, in each case, an end product with its own composition of
pigments and a characteristic color will be obtained [26,27].

The transformations of chlorophylls and carotenoids during the processing of Spanish-style green
table olives, which includes alkaline treatment and fermentation, have been widely studied [28-31].
However, for specialties of table olives treated with alkali and preserved without fermentation,
only olives processed in the Castelvetrano style have been studied [27,32]. One of the main and most
highly-valued characteristics of these specialties of table olives is a typical bright green color. For some
years now, suspicions of the color adulteration of table olives by regreening practices—by addition of
E141ii coloring additive or Cu?* salts—have arisen. In this sense, several studies have been carried out
aimed to characterize the chlorophyll pigment profile of commercial bright green table olives [33-36].

In general, it is known that alkaline treatment causes the partial degradation of chlorophylls 2 and
b into more hydrosoluble derivatives, but with a green color similar to that of their respective precursors.
Depending on the conditions in which this treatment is carried out—essentially the volume of fruits
treated and the presence of oxygen—dephytylation reactions of the chlorophylls by the activation of
endogenous chlorophyllase may be caused, and/or oxidation reactions affecting the isocyclic ring of the
chlorophyll structure (allomerization reactions), originating mainly phytyl-chlorin or phytyl-rhodin
derivatives, depending on whether they are from series a or b, respectively [5,27]. The carotenoid
pigment fraction, however, is not affected, since they are alkali-stable compounds [37]. There are many
ways in which alkaline treatment can be applied to olives, even reusing a lye solution to treat several
batches. This is a very widespread practice aimed at reducing the polluting environmental impact of
NaOH solutions [10,38]. In this regard, Gallardo-Guerrero et al. [39] investigated, for a fixed treatment
time, the influence of three factors: concentration of NaOH, use of recycled alkaline solution and fruit
size. It was shown that the use of recycled solution significantly intensified the oxidizing capacity of
such treatment, to a greater extent than the concentration of alkali, and fruit size had a certain effect,
with the greatest transformation in the smaller ones.

The aim of this study was to advance knowledge of the complex action that the alkaline
treatment of olives has on the structural modifications of chlorophylls, bioactive components [40,41]
and pigments responsible for the characteristic bright green color of table olives not preserved by
fermentation. Specifically, the effect of nine combinations of two important parameters of the alkali
treatment (NaOH concentration and treatment time) on green table olives processed in the Campo
Real style—with penetration of the alkaline solution as far as the stone—and preserved for one year
under refrigeration conditions, was investigated. A direct relationship between the intensity of the
alkali treatment and the degree of degradation of the chlorophylls was shown.

2. Materials and Methods

All procedures were performed under dimmed green light to avoid any photo-oxidation
of chlorophylls.

2.1. Raw Material and Preparation of Samples

The study was carried out on olives of the Verdial variety (Olea europaea L.) collected from olive
trees in an orchard located in Paterna del Campo (Huelva, Spain). Around 5 kg of fruits were picked at
the end of August in the intense green ripening stage. Green table olives were processed at laboratory
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scale, according to the Campo Real-style [15]. The experimental design consisted in the treatment of
the fruits with an alkaline solution that included 3% NaCl, and NaOH in a concentration equal to
or greater than 2%. Glass containers (370 mL of capacity) were filled approximately with 200 g of
fruits and 150 mL of alkaline brine. Nine samples were prepared, increasing in the NaCl solution the
percentage of NaOH from 2% to 10% (Table 1). Treatment time was adjusted for each sample in order to
achieve a penetration of the alkaline solution into the fruits until reaching the stone. Longitudinal cuts
were carried out on the fruits every 30 min for controlling the alkaline penetration. It was visible to the
naked eye by the turn of the flesh greenish color to dark brown. The applied times varied from 3 h,
in those samples processed with alkaline solutions of NaOH concentration >6% (Table 1, samples E, F,
G, Hand I), to 7 h in the sample treated with the lowest concentration of NaOH (sample A), which was
considered the standard treatment.

Table 1. Sample codes and conditions (NaOH concentration and time) of the alkaline treatments
applied to each sample.

Sample Code A B C D E F G H I
[NaOH] (%w/v) 2 3 4 5 6 7 8 9 10
Time (h) 7 6 5 4 3 3 3 3 3

After alkaline treatment, olive fruits were washed twice with tap water. The first one was dynamic
under running water, and the second by immersion for 20 h. Finally, the fruits were placed in 6% NaCl
brine and kept for 12 months in a refrigerated chamber at 4 °C to avoid fermentation.

2.2. Chemicals and Standards

Ammonium acetate was supplied by Fluka (Zwijndrecht, The Netherlands). Solvents used
for chromatography were HPLC grade (Prolabo, VWR International Eurolab, Barcelona, Spain).
Analysis grade solvents were supplied by Scharlau (Microdur, Sevilla, Spain). The deionized water
was obtained from a Milli-Q® 50 system (Millipore Corporation, Milford, MA, USA). For all purposes,
analytical grade (American Chemical Society) reagents were used (Merck, Madrid, Spain). Standards of
chlorophylls a and b were supplied by Sigma Chemical Co. (St. Louis, MO, USA), and standards
of pheophytin a2 and pyropheophytin a were provided by Wako chemicals Gmbh (Neuss, Germany).
Standards of pheophorbide a, pyropheophorbide a, and chlorine ¢5 and rhodin g7 sodium salts,
were purchased from Frontier Scientific Europe Ltd. (Carnforth, Lancashire, UK). The C-13 epimers
(chlorophylls a” and b’) were prepared by treatment of the respective chlorophyll with chloroform,
and 132-OH-chlorophylls (a or b) were obtained by selenium dioxide oxidation of the corresponding
chlorophyll at reflux-heating for 4 h in pyridine solution under argon [42]. Pheophytin b was prepared
from a solution of chlorophyll b in ethyl ether by acidification with 13% HCI (v/v), and shaking the
mixture for 5 min [43]. Standards purity, evaluated by HPLC, was >95% in all cases with the exception
of rhodin g7 sodium salt (~90%).

2.3. Pigment Extraction

Previously to the pigment analysis, the fruits were washed several times by immersion in water
until the pH of the wash water was neutral. Pigments were extracted with N,N-dimethylformamide
(DMF) according to the method of Minguez-Mosquera and Garrido-Ferndndez [44], slightly modified
as described in detail in Gandul-Rojas et al. [34]. The technique is based on the selective separation of
pigments and lipids between DMF and hexane, respectively, which allows obtaining a fat-free pigment
extract. From a homogenized triturate prepared with 5 destoned fruits (ca. 30 g), two samples of 2 g
each were weighed to carry out the pigment extraction in duplicate. In this methodology, the fat-free
pigments dissolved in the DMF phase are subsequently transferred to hexane/diethyl ether (1:1, v/v)
mixture by adding a cold solution (4 °C) of 10% NaCl. In this way, the pigment extract may be
concentrated to dryness without exceeding 30 °C. The dry residue was dissolved in 1 mL of acetone
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for its subsequent analysis by HPLC. Similarly, solvent of the hexane phase was evaporated and the
remaining residue eluted in a known volume of hexane. In this way, casual losses of pheophytin a
in the hexane phase can be quantified by direct absorbance measurement at 670 nm using the molar
absorption coefficient EmM = 53.4.

2.4. Pigment Analysis by HPLC

Separation, identification and quantification of pigments were carried out by HPLC (HP 1100
Hewlett-Packard, Palo Alto, CA; fitted with an HP 1100 automatic injector and diode array detector).
A stainless-steel column (20 X 0.46 cm i.d.), packed with a multifunctional endcapped deactivated
octadecylsilyl (C18) Mediterranea™ Seal8, 3 um particle size (Teknokroma, Barcelona, Spain) was
used. The column was protected by precolumn (1 X 0.4 cm i.d.) packed with the same material.
Solutions of pigment extract were centrifuged at 13,000x g prior to injection into the chromatograph.
Pigment separation was performed using an elution gradient (flow rate 1.250 mL-min~!) with the
mobile phases (A) 0.5 M ammonium acetate in water/methanol (1/4, v/v) and (B) methanol/acetone
(1/1, v/v). The gradient scheme is a modification of that of Minguez-Mosquera et al. [45], as previously
described by Gandul-Rojas and Gallardo-Guerrero [32]. The on-line UV-Vis spectra were recorded from
350 to 800 nm with the photodiode-array detector. Data were collected and processed with a LC HP
ChemStation (Rev.A.05.04). Pigments were identified by co-chromatography with the corresponding
standard and from the spectral characteristics as described in detail in previous publications [27,33,46].

Spectrophotometric detection of pigments was performed by absorbance at different wavelengths.
For each pigment, the wavelength closest to its absorption maximum in the red region was chosen:
626 nm for the Mg complex of 15>-Me-phytyl-rhodin g7 ester; 640 nm for the Mg complex of both
152-Me-phytyl-chlorin es and 15?-Me-phytyl-isochlorin e4 esters; 650 nm for chlorophylls b and
v, 132-OH-chlorophyll b and the Mg-free chlorophyll derivatives of the series b; and 666 nm for
chlorophylls a and a’, 132-OH-chlorophyll a and the Mg-free chlorophyll derivatives of the series a.

Pigments were quantified using external standard calibration curves (amount versus integrated
peak area) prepared with the pigment standards listed in Section 2.2. Calibration curves for chlorophylls
a and b were used for their respective epimers and 132-OH-derivatives. Calibration curve obtained
for pheophytin a was used for pheophytin a’. For pigments with chlorin- and rhodin-type structures,
calibration curves obtained for chlorine e and rhodin g7 sodium salts were used, respectively.
The calibration equations were obtained by least-squares linear regression analysis over a concentration
range according to the levels of these pigments in green table olives. Injections in duplicate were
made for five volumes of each standard solution (range of concentrations between 2 and 2500 ng;
R? < 0.9983). Limit of detection (LOD) and limit of quantification (LOQ), defined as a signal-to-noise
ratio of 3.3 and 10, respectively, were LOD 0.30-1.19 ng and LOQ 0.90-3.6 ng.

2.5. Statistical Analysis

Analyses in this study were performed in duplicated. Statistica software for Windows (version 6,
StatSoft, Inc., Tulsa, OK, USA, 2001) was used for data processing. Data were expressed as mean values
+ standard deviation (SD). The data were analyzed for differences between means using one-way
analysis of variance (ANOVA). Post hoc comparisons were carried out according to Duncan’s multiple
range-test and the differences were considered significant when p < 0.05.

3. Results and Discussion

The alkaline treatments, which the olives were subjected to, caused—to a greater or lesser
extent—the transformation of the chlorophylls @ and b present in the fresh fruit. Figure 1 shows the
HPLC chromatograms resulting from the separation of pigments from the olives, before (fresh fruit)
and after having been subjected to alkaline treatment. All the alkali-treated samples showed a similar
qualitative pigment profile, and the chromatogram corresponding to sample A (standard alkaline
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treatment) was selected by way of representation. Table 2 shows the chromatographic and spectroscopic
characteristics of the different pigments identified, and Figure 2 shows the structure of each.
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Figure 1. HPLC chromatograms at 640 nm of pigment extracts from: (a) fresh fruits; (b) fruits
after alkaline treatment (sample A). Peaks: (1) pheophorbide a; (2) pyropheophorbide a; (3) Mg-152-
Me-phytyl-rhodin g7 ester; (4) 15>-Me-phytyl-rhodin g7 ester; (5) Mg-15?-Me-phytyl-chlorin e4 ester;
(6) 152-Me-phytyl-chlorin ¢g ester; (7) chlorophyll b; (7) chlorophyll b’; (8) 132.-OH-chlorophyll b;
(9) chlorophyll a; (9) chlorophyll a’; (10) 132-OH-chlorophyll a; (11) Mg-152-Me-phytyl-isochlorin e,
ester; (12) pheophytin b; (13) 152-Me-phyty1-isochlorin ey ester; (14) pheophytin a; (14”) pheophytin a’;
(15) pyropheophytin a.

Table 2. Chromatographic and spectroscopic characteristics in the HPLC eluent of chlorophyll pigments.

Spectroscopic Characteristics

Peak

Pigments 1 k2 Absorption Maxima (nm)

No Soret Q3

Series a
Pheophorbide a 1 7.6 2.7 410 666
Pyropheophorbide a 2 8.9 33 410 666
Mg-152-Me-phytyl-chlorin es ester 5 149 6.2 416 638
152-Me-phytyl-chlorin e ester 6 15.1 6.3 400 662
Chlorophyll a 9 188 81 432 666
Chlorophyll a’ 9 196 85 432 666
132-OH-chlorophyll a 10 202 88 434 664
Mg-15%-Me-phytyl-isochlorin ¢ ester 11 21.0 9.2 416 638
152-Me-phytyl-isochlorin ey ester 13 261 117 400 662
Pheophytin a 14 263 118 410 666
Pheophytin a’ 14 26.8 120 410 666
Pyropheophytin a 15 29.6 134 410 666

Series b
Mg-15?-Me-phytyl-rhodin g7 ester 3 13.1 5.4 450 626
15%-Me-phytyl-rhodin g7 ester 4 140 58 426 650
Chlorophyll b 7 164 70 466 650
Chlorophyll b 7 169 72 466 650
132-OH-chlorophyll b 8 176 75 466 646
Pheophytin b 12 240 107 436 654

1 t,: Retention time (min); 2 k.”: Retention factor = (tr — tm)/tm where tm is the retention time of an unretained
component; > Q: maximum in the red region of the spectrum.
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Isocyclicring (IR) type (ring V)

Pigment IR Ri R: Rs Rs Rs
Series a
Chlorophyll 2 1 CHs Mg Phytyl H COOCHs
Chlorophyll @ 1 CH: Mg Phytyl COOCH: H
13%-OH-chlorophyll a 1 CH: Mg Phytyl OH COOCHs
Pheophytin a 1 CH: 2H Phytyl H COOQCH:
Pheophytin a’ 1 CH: 2H Phytyl COOCHs H
Pyropheophytin a 1 CH: 2H Phytyl H H

Mg-15>-Me-phytyl-chlorin es ester 2 CHs Mg Phytyl CH:COOCH: COOH
Mg-15*-Me-phytyl-isochlorin es ester 2 CHs Mg Phytyl CH:2COOCHs  H

15*-Me-phytyl-chlorin esester 2 CHs 2H Phytyl CH:=COOCH: COOH
15%-Me-phytyl-isochlorin es ester 2 CHs 2H Phytyl CH:COOCH:  H

Pheophorbide a 1 CH: 2H H H COOCH:
Pyropheophorbide a 1 CH: 2H H H H
Series b
Chlorophyll b 1 COH Mg Phytyl H COOQCH:
Chlorophyll b’ 1 COH Mg Phytyl COOCHs H
13-OH-chlorophyll b 1 COH Mg Phytyl OH  COOCH:
Pheophytin b 1 COH 2H Phytyl H COOCH:

Mg-15-Me-phytyl-thodin g7ester 2 COH Mg Phytyl CH:COOCH: COOH
152-Me-phytyl-rhodin grester 2 COH 2H Phytyl CH.=COOCH: COOH

Figure 2. Structures of chlorophyll pigments present in green table olives.

Once olive fruits were alkali-treated, a greater presence of chlorophyll epimers (2" and
b’) regarding their respective precursor was evidenced. Moreover, as expected from previous
studies [27,32], chlorophylls 2 and b underwent allomerization reactions after the alkaline treatment
of the olives, which produced, as well as the hydroxylated derivatives—132-OH-chlorophyll 2 and
132-OH-chlorophyll b—oxidized chlorophyll derivatives of the chlorin- and rhodin-types, which are
characterized by their open isocyclic ring (V) of the chlorophyll structure (IR 2 in Figure 2). In series a,
the compounds Mg-15?-Me-phytyl-chlorin ¢4 ester and Mg-152-Me-phytyl-isochlorin e, ester were
detected, whose structures differ only in the C-13 substitute, which in the former is a carboxyl
group, while in the latter it is a hydrogen. With respect to series b, Mg-152-Me-phytyl-rhodin g7
ester was detected. In addition to these allomerization reactions, evidence of pheophytinization
reaction was found, by substitution of the Mg ion by 2 H in the porphyrin ring, which gave rise
to the formation of the magnesium—free derivatives of the previous compounds, i.e., the esters
152-Me-phytyl-chlorin es and 15?>-Me-phytyl-isochlorin ey in series a, and 152-Me-phytyl-rhodin g7
in series b. This modification also affected the original chlorophylls a and b, with the formation of
pheophytins 2 and b, respectively. Although the pheophytinization reaction typically occurs under
acidic conditions, it is also fostered by temperature increase [47]. Therefore, the heat generated during
the alkaline treatment of the fruits, due to the alkaline hydrolysis reactions produced by the hydroxyl
ions diffusing inside the olive [48], must have fostered the pheophytinization reaction. This same factor
even caused decarbomethoxylation due to loss of the -COOCH3 group at C-13?, since pyroderivatives
(pyropheophytin a and pyropheophorbide a) were also produced. The dephytylated derivatives
pheophorbide a and the previously mentioned pyropheophorbide a were also detected, though at much
lower proportion. In plant foods, pheophytins, pheophorbides and pyroderivatives are the chlorophyll
compounds that originate widely during thermal processing or fermentation of fruits, vegetables and
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green algae [47] while chlorophyll derivatives with phytyl-chlorin or phytyl-rhodin structures are
specifically associated with the processing of alkali-treated table olives [26,27,31]. In another field,
this type of derivatives has also been identified during the senescence of microalgaes incubated under
oxic conditions [49], and more recently as secondary metabolites of digestion in mice from a diet rich
in chlorophylls [50]. Its presence in the liver indicates the existence of alternative metabolic pathways
that modify the structure of the chlorophyll macrocycle increasing its polarity and, as indicated by the
authors [50], to facilitate probably a greater metabolism and/or excretion.

As mentioned above, the profile of chlorophyll derivatives identified in the olives was practically
the same in all the treatments tested. However, differences were found both in the total chlorophyll
pigment content of the fruits and in the proportion of each of the derivatives after the alkaline treatment,
with some of the precursor pigments even disappearing in the more intense procedures (Table 3).
The outstanding presence of oxidized chlorophyll derivatives showed that the alkaline treatment was
responsible for their formation in the fruit processing, as has been shown in previous studies carried
out in mildly alkaline conditions [46]. Sample A, which had been subjected to the mildest alkaline
treatment conditions, and normally used in the preparation of olives in the Campo Real style, did not
show significant variation with respect to the total amount of chlorophyll pigments present in the fresh
fruit (p < 0.05). However, for the rest of the samples, as the olives were subjected to a more intense
alkaline treatment, in general, lower pigment content was found, which showed a transformation of
the chlorophylls into colorless products (Figure 3). Thus, the increase in NaOH concentration from 2%
to 3% caused about 16% destruction of chlorophyll pigments in the fruits (sample B), despite the fact
that the treatment time required was reduced from 7 to 6 h. This effect was much more pronounced in
sample C, which had been treated with 4% NaOH. The process was shortened to 5 h but a significant
decrease of 68% in pigment content was noted, compared to sample B. However, the effects produced
on the total chlorophyll content of the olives by the treatments with 5% and 6% NaOH, with time
reduction at 4 and 3 h, respectively (samples D and E), were not significantly different from those of
sample C. The alkaline treatments from sample F, in which the NaOH concentration was increased from
7% to 10% (samples F-I), did not lead to further reductions in the time needed for the total penetration
of the alkaline lye, which was maintained at 3 h. In these samples, the quantity of pigments continued
to decrease more gradually and, in some cases, not significantly.
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Figure 3. Total content (umol/kg destoned fruit) of chlorophyll pigments in green olives.
Abbreviations: FF fresh fruit; A-I: fruits with different alkaline treatments (see Table 1 for description
of samples). Data represent mean values + SD (n = 2). Different letters above the error bars indicate
significant differences according to the Duncan’s multiple-range test (p < 0.05).
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In a previous study, Gandul-Rojas and Gallardo-Guerrero [32] noticed that the chemical treatment
of olives with NaOH transformed the different chlorophyll pigments into their allomerized derivatives
characterized by an open isocyclic ring, and that the degree of this transformation increased when the
contact time between the fruit and the alkaline brine was prolonged. In the present study, olive fruits
were treated with different concentrations of NaOH. In each sample, the fruits were maintained in
the alkaline solution for the time needed to achieve the same alkali penetration in all of them—this
was until the fruit stone was reached, which is characteristic for the processing of Campo Real-style
table olives [15]. Under these conditions, the treatment time could be excluded as an independent
variable, allowing the in-detail analysis of the influence of NaOH concentration on modifications
of chlorophyll compounds. The results showed that the standard treatment (sample A), caused the
formation of chlorophyll derivatives with open isocyclic ring by 12%, while the rest of the pigments
(88%) maintained a closed isocyclic ring structure (Figure 4).
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Figure 4. Percentage composition (with respect to total chlorophyll content) of chlorophyll pigments
with: (e) closed isocyclic ring; (¢) open isocyclic ring, in green olives. Abbreviations: FF, fresh fruit;
A-I: fruits with different alkaline treatments (see Table 1 for description of samples). Data represent
mean values + SD (n = 2). Different letters above the error bars indicate significant differences according
to the Duncan’s multiple-range test (p < 0.05).

The increase of 1% in the concentration of NaOH in the alkaline brine, in spite of reducing
the necessary treatment time by 1 h, caused an increase of 37% in the amount of these oxidized
derivatives present in the olives (sample B). From the treatment of the fruits with alkaline brine of
NaOH concentration equal or higher than 4% (samples C-I), the percentage of open isocyclic ring
chlorophyll derivatives was already higher than the corresponding percentage of closed isocyclic ring
derivatives, reaching around 73% in most of the samples, and without significant differences (p < 0.05)
among them. This result suggested that there was a concentration of NaOH above which an increase
in the strength of the alkaline treatment did not lead to detecting higher percentages of oxidized
chlorophyll derivatives with open isocyclic ring (Figure 4), although degradation to colorless products
did occur (Figure 3). Therefore, it was observed that the samples subjected to the mildest treatments
(samples A-C), were those which showed the greatest differentiation, both in the total chlorophyll
pigment content, and in the relationship between the chlorophyll derivatives with closed and open
isocyclic ring, with no significant differences being found in this relationship from sample C.

Among the chlorophyll compounds with open isocyclic ring, two groups of derivatives could be
distinguished according to the Rs substituent of their structure (Figure 2). One of them was formed by
the chlorophyll derivatives with a-COOH group in Rs, that is, those with chlorine ¢¢- and rhodin g7-type
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structures. The other group included the derivatives in which the R5 substitute was an H, corresponding,
therefore, to compounds with isochlorin es-type structure. To facilitate an understanding of the results,
the opening of the isocyclic ring was referred to as type O (O-ring), for the first group and type Iso
(Iso-ring), for the second. Figure 5 shows the percentage composition represented by each of these
groups of derivatives, with respect to the total content of chlorophyll compounds.
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Figure 5. Percentage composition (with respect to total chlorophyll content) of chlorophyll derivatives
with open isocyclic ring: (e) O-type; (¢) Iso-type, in green olives. Abbreviations: FF fresh fruit;
A-I: fruits with different alkaline treatments (see Table 1 for description of samples). Data represent
mean values + SD (n = 2). Different letters or numbers above the error bars indicate significant
differences according to the Duncan’s multiple-range test (p < 0.05).

The number of Iso-ring derivatives was minimal (less than 1%), in samples A and B, while that of
O-ring derivatives was 11% and 36%, respectively. However, from the C sample—NaOH treatments
with alkaline brine of concentration >4%—the presence of Iso-ring compounds increased considerably,
being in some cases equal to or higher than those of O-ring (samples C-E), and reaching about 42% of
the total chlorophyll compounds. However, from the E sample, a certain tendency to decrease the
proportion of the Iso-ring derivatives was observed, as the NaOH concentration increased, but no
parallel decrease of the O-ring derivatives was noticed. It is likely that the latter are precursors of the
Iso-ring derivatives, and these, in turn, represent the step prior to the formation of colorless products,
detected in the samples treated with higher NaOH concentration (Figure 3).

On the other hand, the influence of the alkaline treatment on the degradation of the chlorophyll
pigments was evaluated, depending on whether they were of series a or b. To this end, the data
were calculated with respect to the total content of each of the series (Figure 6). It was observed
that the evolution of the formation of chlorophyll derivatives with open isocyclic ring was similar
for both series, increasing as the concentration of NaOH in the alkaline brine increased, as had been
previously seen globally (Figure 4). However, it was noted that, in all the samples, the percentage
of oxidized derivatives corresponding to series b was greater than that of series 4, reaching 100%
in sample I, as opposed to the 62% quantified for series 2. However, in none of the samples were
detected Iso-ring derivatives of series b (Table 3) which, as mentioned above, are likely to be the step
prior to the formation of colorless products. At the same time, it was found that the total content
of chlorophyll derivatives of series b decreased in a much higher proportion than those of series
a in most of the samples. Therefore, it could be that the Iso-ring derivatives of the series b were
immediately transformed into uncolored compounds, making their detection impossible. Already in
sample C, the series b derivatives decreased by about 90%, with respect to the initial fresh fruit content,

197



Foods 2020, 9, 701

fluctuating this value between 82% and 95%, in the D-I samples. In series 4, on the other hand, the
total content of chlorophyll derivatives decreased only 63% in sample C, remaining around this value
until sample G. It was in samples H and I, where the degradation of derivatives of series a reached
values close to those of series b, although they continued to be lower. As regards the hydroxylated
derivatives (132-OH-chlorophyll 2 and 13?-OH-chlorophyll b), a significantly higher percentage was
also observed in series b (12%—-21%) than in series a (1%—4%) (Table 3). All these results pointed to
higher sensitivity in series b than series 4, for the transformations and/or degradations of the isocyclic
ring, caused by the alkaline treatment. A similar result was previously found during processing of
Castelvetrano-style table olives [27].

1
a 234
100 g e 100 ---mmmmmmm e By g
23 ac T 24 2
80 T~ c' """"""""""""""""""""""" 80 "””””””””'3”3, """ 'c”'”c'"B'c"zﬁ
= a I T 3z P ac
oo l-g T 46 S e 1 BB
e d 23453 223473
0. Td i d T d TR 40 g a -
B E e B 1
20_ ......... - |- - - -
0 -
FF A B C D E F G H I FF A B C D E F G H I
Samples Samples
() ()
b b
1
100 -y b bbb -
80 _............2...an ................
. B
2 60 oo -7
0 -1t -
a
204+—-—-=N-B-8B-8BBBB
FF A B C D E F G H I FF A B C D E F G H I
Samples Samples
© @

Figure 6. Percentage composition (with respect to total chlorophyll content) of chlorophyll pigments
(e) with Mg and closed isocyclic ring; () Mg-free and with closed isocyclic ring; (e)with Mg and open
isocyclic ring; (¢) Mg-free and with open isocyclic ring, of (a,b): series a; (c,d): series b, in green olives.
Abbreviations: FF, fresh fruit; A-I: fruits with different alkaline treatments (see Table 1 for description
of samples). Data represent mean values + SD (n = 2). Different letters or numbers above the error
bars indicate significant differences (for the lower and upper data set, respectively) according to the
Duncan’s multiple-range test (p < 0.05).

However, in the case of the substitution reaction of Mg by 2 H in the porphyrin ring
(pheophytinization), the result was the opposite, as expected from previous kinetic studies carried out
with chlorophylls a and b [47], and in real fermented olive system [29]. This reaction was much more
pronounced in all the chlorophyll compounds of series a, both in the chlorophyll (closed isocyclic ring),
and in the derivatives with open isocyclic ring. Overall, for series a, Mg-free derivatives were recorded
at from 37% in sample A to 90% in sample C, and varying in the rest of the samples between 61%
and 80%, although without following any particular pattern. In series b, however, pheophytinization
was not generalized, and was detected only in certain samples (A, B, C and D), and at a much lower
proportion than in series a (Figure 6), with a maximum value of 32% recorded in sample B.
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Likewise, in series a it was noted that part of the initial chlorophyll (closed isocyclic ring
structure), which had not been transformed by the alkaline treatment into allomerized derivatives,
was transformed into Mg-free derivatives. This transformation represented a greater proportion as
the NaOH concentration in the alkaline brine increased, to the extent that the precursor pigment,
chlorophyll 2, was not detected in sample I (Figure 6a). On the other hand, in the derivatives with open
isocyclic ring, this pattern was somewhat different. A higher percentage of Mg-free compounds was
recorded in samples A to E, and the derivatives with and without Mg remained at similar percentages
from sample F (Figure 6b). With respect to series b, in general, only the Mg-free derivative with open
isocyclic ring was detected, except in the sample that had a higher percentage of this compound
(sample B), in which a small amount of the Mg-free derivative with closed isocyclic ring (pheophytin b)
was also detected (Figure 6¢,d).

The alkaline treatment of the olives also caused the dephytylation reaction at C-17° in the
chlorophyll derivatives of series a, with a minority presence of pyropheophorbide a in most samples.
It highlighted that, in general, this was the only dephytylated derivative found, with the exception
of sample B, in which a small amount of pheophorbide a was also detected (Table 3). The recorded
percentages of pyropheophorbide a are shown in Figure 7. In samples A-F they varied between 0%
and 1%, without following any particular pattern, and increased slightly to 2% in samples G and H,
and more markedly in sample I, in which it reached 11%. Dephytylated chlorophyll derivatives can be
formed by an enzymatic route, through the action of the endogenous enzyme chlorophyllase, or by a
chemical route, through the non-specific acid or alkaline hydrolysis of esters [46]. However, according to
Minguez-Mosquera and Gandul-Rojas [46], the limited presence of oxygen in the alkaline medium may
foster a certain degree of specific de-esterification of phytol by chemical action, limiting other parallel
oxidation reactions at C-13. In this study, the observed increase of pyropheophorbide a from sample G,
treated with an alkaline brine of 8% NaOH, did not seem, in principle, to be related to the activity of
chlorophyllase, since, although this enzyme has optimal activity at pH 8.5 [51], strongly alkaline values
promote its destabilization [52]. By contrast, since other reaction conditions were equal, the increase
in NaOH concentration could foster specific chemical hydrolysis, as discussed before, especially in
sample I. Nevertheless, and given the demonstrated thermal stability of chlorophyllase [51], it cannot
be ruled out that the heat generated by the hydrolytic reactions inside the fruit could have fostered
competition between thermal activation of chlorophyllase, and strongly alkaline pH destabilization,
resulting in an initial enzymatic formation of dephytylated derivatives
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Figure 7. Percentage composition (with respect to total chlorophyll content) of: (e) pyropheophorbide a;
(*) pyropheophytin a, in green olives. Abbreviations: FF, fresh fruit; A-I: fruits with different
alkaline treatments (see Table 1 for description of samples). Data represent mean values + SD (n = 2).
Different letters or numbers above the error bars indicate significant differences (for the lower and
upper data set, respectively) according to the Duncan’s multiple-range test (p < 0.05).
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On the other hand, the presence of pyropheophorbide a and pyropheophytin a in all the
samples showed that, during the treatment of the olives with alkali, in series a, there was also
the decarbomethoxylation reaction at C-13?, which led to the formation of the pyroderivatives.
In general, this reaction was more pronounced during the more intense alkaline treatments (Figure 7).
In sample A, which was subjected to the standard alkaline treatment, only 2% pyroderivatives was
produced, a percentage that increased to 11% in sample B, and up to values between 20% and 25%,
without a fixed pattern or significant differences, in samples C-G. In alkaline treatments with more
concentrated NaOH solutions, samples H and I, up to 26% and 31% pyroderivatives, respectively,
were recorded. The formation of pyroderivatives is normally associated with the heat treatment of
vegetables. Tarrado-Castellarnau et al. [48] showed an increase in the internal temperature of fruits
during the alkaline treatment of green olives. The characterization of the heat transfer process led
them to hypothesize that this increase could only be the result of the heat released inside the fruit,
as a result of alkaline hydrolysis reactions and, to a lesser extent, the dilution of the solution with the
water in the pulp. This heat generated must be the origin of the pyroderivatives, and a higher reach
of the hydrolysis reactions of all the components of the olives, as the concentration of NaOH in the
alkaline solution was increased, might explain the greater formation of them in olives subjected to
more intense treatments.

4. Conclusions

All the treatments caused various types of reactions in the chlorophylls, oxidation with an
opening of the isocyclic ring being the main one, as well as pheophytinization and degradation
to colorless products. To a lesser extent, decarbomethoxylation and dephytylation reactions were
detected. The increase in NaOH concentration from 2% to 5% reduced the time needed for the
total penetration of alkaline brine from 7 to 4 h, but fostered greater formation of chlorophyll
derivatives with open isocyclic ring, and caused a significant decrease in the chlorophyll content of
the olives. However, NaOH concentrations between 6% and 10% did not lead to further reductions
in the treatment time, which remained at 3 h, nor to a significant increase in oxidized compounds,
although the proportion of derivatives with open isocyclic ring of isochlorin e4 structure was modified,
suggesting that these compounds might represent the stage prior to the formation of colorless products.

The chlorophyll compounds of series b were more sensitive than those of series a to the isocyclic ring
oxidation reactions caused by the alkaline treatment, as well as to the degradation to colorless products.
However, series a showed a higher degree of pheophytinization and, exclusively, decarbomethoxylation
and dephytylation reactions. The first two transformations were fostered by the heat generated inside
the fruit as a result of alkaline hydrolysis reactions. Dephytylation in a small proportion of chlorophylls
could be the result of alkaline hydrolysis of phytol, under limited oxygen conditions, and/or thermal
activation of chlorophyllase, prior to their destabilization due to a highly alkaline pH.

Therefore, a direct relationship between the degradation of chlorophyll pigments and the intensity
of alkali treatment in the processing of green table olives was evidenced, with losses of more than 60%
being quantified at NaOH concentration of 4% or higher. In spite of the advantage that this increase
entails in reducing the necessary treatment time, the parallel negative effect on the intensity of the
green color, and the functional value of the product, must be taken into account when optimizing the
efficiency of the process.
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Abstract: The Clostridium sp. is a large group of spore-forming, facultative or strictly anaerobic,
Gram-positive bacteria that can produce food poisoning. The table olive industry is demanding
alternative formulations to respond to market demand for the reduction of acidity and salt contents
in final products. while maintaining the appearance of freshness of fruits. In this work, logistic
regression models for non-adapted and acid-adapted Clostridium sp. strains were developed in
laboratory medium to study the influence of pH, NaCl (%) and time on the probability of germination
of their spores. A Clostridium sporogenes cocktail was not able to germinate at pH < 5.0, although
the adaptation of the strains produced an increase in the probability of germination at 5.0-5.5 pH
levels and 6% NaCl concentration. At acidic pH values (5.0), the adapted strains germinated after
10 days of incubation, while those which were non-adapted required 15 days. At pH 5.75 and with
4% NaCl, germination of the adapted strains took place before 7 days, while several replicates of the
non-adapted strains did not germinate after 42 days of storage. The model was validated in natural
green olive brines with good results (>81.7% correct prediction cases). The information will be useful
for the industry and administration to assess the safety risk in the formulation of new processing
conditions in table olives and other fermented vegetables.

Keywords: Clostridium; logistic regression; acid-adapted strains; predictive models; table olives;
fermented vegetables

1. Introduction

The Clostridium sp. is a foodborne pathogen that may be present in a wide variety of low acid
fermented foods, being able to produce illness after its ingestion. Though there are some species for
commercial use in foods such as C. acetobutylicum, most of them are considered spoilage or pathogenic
bacteria for humans like C. perfringens, C. botulinum, C. butyricum, C. tetani, C. difficile, and C. sordellii [1].

Their spores are ubiquitously present in warm-blooded animals, and distributed in the
environment, soil and water, so that they can contaminate foods during processing. In the case
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of C. botulinum, it can produce highly toxic neurotoxins, causing potentially fatal human diseases after
the germination and growing of vegetative cells [2]. Therefore, to avoid the production of neurotoxin,
it is essential to prevent its germination. The toxin types are classified as A, B, C, D, E, F and G.
Human botulism has been mainly described with the strains of C. botulinum that produce toxin types
A, B and E. Botulism outbreaks caused by different home-prepared or preserved foods have been
widely reported in the literature, most of them due to improperly pasteurized or packed home-canned
vegetables [3,4]; home-made oil condiments and sauces [5-7]; fishery products [8,9]; cheese [10,11];
or meat products [12,13]. Although it is not usual, several outbreaks in table olives have also been
reported to be mainly associated with black table olives [14]. According to the last report on the trends
and sources of zoonoses, zoonotic agents and food-borne outbreaks in the European Union (EU) in
2017, five strong-evidence outbreaks and 26 human cases associated with botulism were reported.
Botulism cases involved hospitalization rates higher than 50%, C. botulinum being reported as the agent
with one of the highest fatality rates [15].

The food industry requires alternative formulations with reduced acidity and salt content for
canned or fermented vegetable foods, given the increasing demand by consumers for healthier and
more convenient foods. However, the changes could represent a risk for the population. In the specific
case of the table olive industry, salt reduction below 6% is necessary to respond to market demand.
Also, excessively low pH can affect the green appearance of fruits by the degradation of chlorophylls
into pheophytins. Thus, research has been oriented to study the influence of these environmental
factors on the survival, growth and toxin production of Clostridium sp., to assess the risk associated
with new packaging conditions. Temperature, pH and Knack, together with a combination of different
preservatives (sodium lactate, sorbic acid, lysozyme or nisin), have been widely studied in culture
media and different commodities [16-20], with most of them focused upon the growth and germination
probability in different formulations, or after thermal processing.

Food safety assurance in canned or fermented, acidic foods from vegetable origins (olives,
tomatoes, pickles, etc.) is typically achieved by lowering the pH below 4.6 (acidic) to prevent the
proliferation of the Clostridium strains. However, this limit could be compromised by acid-adapted
strains that could persist in contaminated products, provided the pH levels and oxygen conditions
allow their germination and the subsequent production of neurotoxins. Furthermore, the survival
ability of C. botulinum to grow, and the production of toxin in acidic environments (pH < 4.6) has been
described in earlier studies, performed in both culture media and food model matrices [21-24]. Such
ability can be partly explained by the implementation of a pH-inducible acid tolerance response (ATR)
in sporulated bacteria at acidic pH (5.0). This tolerance produces a remarkable cell elongation [25],
and increases resistance to stress at sublethal growth conditions. More recent works have studied the
role of the cold shock protein-coding genes (csp), which are involved in growth at low temperature.
Specifically, strains of C. botulinum having the genes cpsB or cspC develop adaptation mechanisms
against NaCl, pH and ethanol stresses [26].

Therefore, a better understanding of the microbial behavior (germination and toxin production)
of acid-adapted Clostridium sp. against environmental conditions is of particular interest for food
safety assurance in the table olive industry. To this aim, microbial predictive models in foods can be
effectively applied by scientists, food operators, public administration and governmental authorities,
to maintain microbial quality and ensure safety [27].

The development of the probability models of Clostridium sp. could be useful to estimate the
possibility of germination and toxin production at low infection doses, thus assisting manufacturers in
the decision-making process for food quality and safety assurance [28]. Previous works have been
oriented to establish food formulations for nonthermal preservation treatments by using inhibitory
factors and their interactions to assess the C. botulinum growth probability [18-21,29,30]. Nevertheless,
dedicated probability models using acid-adapted strains of Clostridium sp. have not been found in
the literature.
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In this work, logistic regression models for non-adapted and acid-adapted Clostridium sporogenes
strains to study the influence of pH, NaCl and incubation time on the probability of germination of
their spores, were developed. The factor ranges have been selected so that the model could be applied
to table olive processing.

2. Materials and Methods

2.1. Strains and Culture Conditions

In the present study, C. sporogenes strains were used as a non-toxigenic equivalent of proteolytic C.
botulinum, since it also causes food spoilage [16]. Thus, its use is highly recommended in challenge test
studies, as microbial responses can be extrapolated to C. botulinum behavior [31]. Three strains of C.
sporogenes were obtained from the Spanish Type Culture Collection (CECT), namely CECT 485 (ATCC
19404; NCTC 532); CECT 892 (ATCC 3584; NCIMB 10696); and CECT 4990 (CIP 79.39). Freeze-dried
pellets were resuscitated using a small volume (2-3 mL) of Liver Broth (LB, Oxoid, Basingstoke,
Hampshire, England, UK) incubating at 37 °C overnight. The use of cooked meat media for the
resuscitation of sporulated bacteria has been suggested by other authors [16]. Frozen stock cultures
were maintained in LB at —80 °C in Eppendorf tubes with 15% glycerol until use. Activation of
vegetative cells was carried out by transferring 0.1 mL to 10 mL screw-cap tubes of LB, incubating at
the same conditions above. Then, 0.1 mL of LB was transferred to 10 mL screw-cap tubes of Fluid
Thioglycollate Medium (FTM, Oxoid, Basingstoke, Hampshire, England, UK), incubating at 37 °C
for 48 h, until the medium became turbid. Enumeration of colonies was done by pouring 1 mL into
tryptose sulphite cycloserine (TSC) agar with D-cycloserine (Oxoid, Basingstoke, Hampshire, England,
UK) incubating in anaerobic jars at 37 °C for 48-72 h. Enumeration was also done using a Thoma cell
counting chamber (Hirschmann Instruments™ 8100103) where the morphology of the cells and spores
were visualized.

2.2. Preparation of Inoculum

To obtain the suspension of spores, 1 mL of vegetative cells in FTM was transferred to sterile
100 mL flasks of FTM to produce more vegetative cells incubating at 37 °C for 48 h. Flasks were then
stored at room temperature to enhance sporulation. Sporulation was daily checked by Gram staining
together with enumeration in a Thoma cell counting chamber, and spores were harvested after one
week, where a high population of spores (80%) was achieved [16]. Before inoculation, the FTM flasks
were heated at 87 °C for 15 min to activate sporulation and to destroy vegetative cells. Sporulated
cultures were washed twice with phosphate-buffered saline (PBS) (Medicago AB, Uppsala, Sweden) by
centrifugation at 4100 rpm (Jouan C4 i, Thermo Electron Corporation, France) for 10 min and finally
re-suspended in saline solution (0.85%). The cocktail of C. sporogenes spores was prepared by mixing
volumes of 4 mL from each strain suspension (1 x 10° spores/mL approx.) in a sterile test tube.

2.3. Acid Adaptation of C. sporogenes Strains

From the 10 mL tubes of FTM, the gradual acid adaptation of C. sporogenes strains was achieved
by using decreasing pH levels (6.5, 6.0, 5.75 and 5.5). The pH of each prepared broth was aseptically
adjusted with hydrochloric acid (IM). One ml of the grown culture at pH 7.2 (alkali) was transferred
to a sterile tube of FTM at pH 6.0, incubating at 37 °C in anaerobic jars until visible turbidity was
observed. Further, the same transfer was repeated to the subsequent tubes at the decreasing pH levels.

When an acid-adapted culture was obtained at pH 5.5, 1 mL of vegetative cells in FTM was
transferred into sterile 100 mL flasks of FTM with their pH adjusted to 5.5. Inoculum preparation of
acid-adapted spores was then carried out as explained above, using modified pH media.
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2.4. Experimental Design

A full factorial design, including 32 combinations of eight pH and four NaCl levels, was achieved
for non-adapted and acid-adapted strains (pre-incubated at pH 5.5). The influence of pH (4.0, 4.5,
5.0,5.5,5.75, 6.0 and 7.0) and NaCl (0%, 2%, 4% and 6%) was assessed. The sodium chloride (NaCl)
percentage was calculated considering the salt content of the initial Differential Reinforced Clostridial
Medium (DRCM, Oxoid, Basingstoke, Hampshire, England, UK) (0.5%). The pH was measured with
a pH/mv-meter digit 501 (Crison, Barcelona, Spain), and its adjustment was aseptically performed
using hydrochloric acid (HCI) (1IM). Once modified, all media were sterilized, and subsequently, the
NaCl concentrations and pH values were verified. Temperature was not initially considered as a
model variable, so that it was assumed that table olives can be eventually stored at relatively high
temperature conditions during summer periods. Microbial responses were recorded daily for 42-days
incubation, so a total of 1344 growth/no growth data (32 pH and NaCl combinations x 42 time points)
were obtained for the development of the logistic regression models.

2.5. Inoculation Procedure and Germination Assessment

For assessing the germination probability of the C. sporogenes cocktail, for each physiological state
condition (non-adapted and acid-adapted), DRCM was used. In this culture, medium Clostridia can
reduce sulphite to sulfide—forming iron sulfide. Iron (III) citrate is included in the formulation as
an indicator of sulphite reduction. For assessing germination, microtiter plates of 10 x 10 wells each
were inoculated with 300 uL medium + 100 uL of inoculum. Eight wells per condition were inoculated
with two blanks (400 uL of uninoculated DRCM). Appropriate dilutions of the initial inoculum were
made in such a way that a concentration of 1 x 10° spores/well was reached. Afterwards, microtiter
plates were covered with a lid and sealed with paraffin. Incubation was done in 2.5 L anaerobic jars
using AnaeroGen™ sachets (Thermo Scientific) for the gas generation, so that oxygen concentration
was reduced below 1% and CO, reached 9%-13% [32]. Then, the anaerobic jars were tightly closed
and incubated at 30 °C for 42 d. Germination was visually recorded daily when the medium darkened,
indicating that the sulphite reduction had occurred and iron sulfide had been formed. At the end of the
experiments, the microbial concentration of C. sporogenes was confirmed by pour plating the volume of
the well (400 pL) onto Sodium polyanethol sulfonate (SPS) and tryptose sulphite cycloserine (TSC)
(Oxoid, Basingstoke, Hampshire, England, UK). Positive germination was verified if there was a 1-log
increase in the microbial concentration with respect to the inoculation moment. Contaminated and
turbid wells which did not show blackening were discarded.

2.6. Development of Logistic Regression Models

The whole dataset was implemented in an Excel spreadsheet, and a polynomial logistic regression
equation was fitted to the model data observed. Generally, this type of model contains a right-hand side
term (which is a polynomial equation) and a left-hand side term, named “logit p”, logit p = ln(l’%p) [33].
The equation used in this study was a second-order linear logistic regression model, as follows:

Logitp = ln(l%j)
= by + by = time + by * pH + b3 * NaCl + by * time » NaCl + bs
+NaCl * pH + bg * time * pH + by * time * NaCl « pH + bg *pHZ + b
+NaCI? + by * time?

M

where p is the probability of germination, and by—by are the coefficients to be estimated. Time units
were set in days.

From the observed conditions, a dataset was selected for model development (training), and
internal validation was made using conditions within the model range domain. Conditions selected
are represented in Table 1. The logistic regression models were fitted in R v3.4.0 (R Project for Statistical
Computing) by using the glm function. A forward stepwise process was used by adding the significant
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variables (p < 0.05) at each step. With this procedure, a biologically consistent model was obtained,
in accordance with the data observed. For assessing predictions, the cut-off value was established at
0.125, thus considering that germination was produced if there were at least 1 out of 8 positive wells.

Table 1. Experimental design for the selection of training (gray) and validation (white) conditions for
the development of the logistic regression models (experimental time from 1 to 42 days).

pH
NacCl (%, w/w) 4.00 4.50 5.00 5.50 5.75 6.00 6.50 7.00
0

2
4
6

2.7. Assessment of Model’s Performance

Once the model was obtained, its performance was evaluated using the goodness of fit statistics
and predictive performance indices, which was determined by (i) the likelihood ratio test (-2/nL),
where L is the likelihood at its optimum; (ii) Akaike Information Criterion (AIC = —2InL + 2k, where
k is the number of parameters in the model); (iii) the determination coefficient (Rz—Nagelkerke),
which quantifies the proportion of variation explained by the logistic regression model; and iv) the
Hosmer-Lemeshow (HL) statistic. The —2InL and the AIC can be used to rank models based on the
same dataset, where lower values indicate better fitting models. The HL statistic indicates if the model
fits the data adequately. This statistic divides the number of times in which growth occurred (observed
events) into approximately ten groups (based on the predicted probabilities), and then, compares
the observed and the expected number of events in the groups through a contingency table by using
the Pearson coefficient. Lower values of the HL statistic indicate a better fit. The area under the
Receiver Operating Characteristic (ROC) curve, ¢, is a measure of discrimination, obtained from a plot
sensitivity (the proportion of observed events that were correctly predicted to be events), against the
complement of specificity (the proportion of observed non-events that were correctly predicted to be
non-events). The closer the value of ¢ is to 1, the higher is the discrimination. For a better illustration
of the adjustment of the developed model to the data observed, predicted germination probabilities at
0.125, 0.5 and 0.9 were calculated maintaining constant the pH and NaCl terms, and then were plotted
in contour graphs.

2.8. Validation of the Logistic Regression Models in Table Olive Brines

The logistic regression models for the non-adapted and acid-adapted C. sporogenes strains were
validated in brines from fermented table olives. Brines were obtained from directly brined green
Alorena fermentations. First, brines were centrifuged at 4000 rpm for 10 min, and the supernatant was
filter-sterilized using a bacteriological filter with a pore size of 0.22 um &, (Millipore filter Unit-Express
plusPES, Billerica, MA, USA). Then, sterilized brines were adjusted to the different pH, and the NaCl
conditions explained in Section 2.4. The studied combinations included three pH levels (5, 5.5 and 6)
and two NaCl concentrations (4% and 6%). Afterwards, the adjusted brines were aseptically transferred
into 7 mL sterile, screw-cap tubes and inoculated with 0.1 mL of a spore suspension of the C. sporogenes
cocktail. Finally, the tubes were incubated anaerobically at 30 °C for 13 d. Germination of C. sporogenes
was daily assessed through plate counting in TSC and SPS agars.

3. Results

3.1. Performance of the Logistic Regression Models

Logistic regression models were developed for estimating the probability of germination of
non-adapted and acid-adapted C. sporogenes strains. Estimation of the significant coefficients together
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with their corresponding standard errors and P-values, are represented in Table 2. It should be
remarked that for the pH, the In-transformed term was used for the logistic model of non-adapted
strains for improving accuracy.

Table 2. Parameter estimates of the logistic regression models for the acid-adapted and non-adapted C.
sporogenes strains.

Lower Upper

Coefficient Estimate S.E. Wald df P-Value C1005%) C.I(95%)
time 3175 0527 36289 1 <0001  -4208 2142
vH 2089 8.639 5851 1 0016 3965  37.831
. NaCl 1291 0410 9903 1 0002 0.487 2095
s::;j;:’i?’stfiiis Time  pH 0.726 0113 41182 1 <0001 0504 0.948
pH? -1616 0714 5126 1 0024 3016 0217
NaCP2 0328 0075 19331 1 <0001 0474 0182
constant 68996 25954 7067 1 0008 - -
time 3610 0382 89462 1 <0001 4358 2862
NaCl 6566 1620 16424 1 <0001 9741  -3390
NomAdaptedc,  TmexNacl 0059 0014 17743 1 <0001 0032 0.087
eporogenes Stezins NaCP2 0343 0062 30180 1 <0001  -0466 0221
In(pH) x time 2364 0248 91015 1 <0001 1878 2850
In(pH) x NaCl 4514 0943 22927 1 <0001 2666 6362
constant —-3.565 0.555 41.218 1 <0.001 - -

It should be noticed that the linear pH term was not significant (P > 0.05) for the model of
the non-adapted strains. The performance statistics obtained indicate reasonable goodness of fit
of the models obtained, mainly due to the high values of R?>-Nagelkerke (>0.921) and AIC values
(Table 3). The HL statistics gave P-values higher than 0.05 for both models, thus indicating a good
adjustment to the observed data. These values are in line with other logistic models published in
the literature [18,19,34]. However, a higher degree of accuracy was obtained for the logistic model
of acid-adapted strains, given the lower values of AIC and log-likelihood in comparison to that of
non-adapted strains.

Table 3. Goodness of fit statistics for the logistic regression models of the acid-adapted and non-adapted
C. sporogenes strains.

Goodness of Fit/Predictive Acid-Adapted C. sporogenes Non-Adapted C. sporogenes
Power Strains Strains
Coefficient Coefficient

—2InL! 119.848 195.89

AIC? 133.848 209.89
Hosmer-Lemeshow (df = 8) 2.065 6.044
p-value 0.979 0.642
Nagelkerke R? 0.950 0.921

1 log-likelihood, 2 Akaike Information Criterion.

Through the calculation of the area under the ROC curve, the corrected classified cases were
calculated for model and validation data. Their percentages were estimated considering a cut-off value
of 0.125 for the probability of germination (>1/8 germinated wells). The classification percentages
of observed vs. predicted conditions are shown in Table 4. The logistic models provide a certain
margin of safety, since most of the misclassified cases were considered as fail-safe (i.e., germination
was predicted, while no germination was observed). These findings can be translated positively into
an industrial context, since by using the model, safe formulations can be designed in such a way that
the germination of C. sporogenes is prevented.
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Table 4. Classification tables of observed vs. predicted conditions of the training and validation
datasets for the acid-adapted and non-adapted C. sporogenes strains.

ACID-ADAPTED C. SPOROGENES STRAINS

Training Estimated Probability Total Correct Prediction (%)
Observed response  No germination Germination
No germination 292 32 324 90.12
Germination 1 683 684 99.85
Total 293 715 1008 96.83
Validation Estimated Probability Total Correct Prediction (%)
Observed response No germination Germination
No germination 92 12 104 88.46
Germination 0 232 232 100.00
Total 92 244 336 96.43
NON-ADAPTED C. SPOROGENES STRAINS
Training Estimated Probability Total Correct Prediction (%)
Observed response No germination Germination
No germination 311 55 366 84.97
Germination 0 642 642 100.00
Total 311 697 1008 94.54
Validation Estimated Probability Total Correct Prediction (%)
Observed response  No germination Germination
No germination 89 26 115 77.39
Germination 0 221 221 100.00
Total 89 247 336 92.26

According to the proportion of correctly classified cases (Table 4), for the acid-adapted strains,
32 training and 12 validation conditions were misclassified as fail-safe, while only one case was
considered fail-dangerous for the training dataset. For the validation dataset, all misclassified cases
were fail-safe. Regarding the logistic model for the non-adapted strains, all deviations were fail-safe.
For the training and validation datasets, 55 and 26 cases were misclassified, respectively. However, the
average proportion of correctly classified cases was higher than 92%.

3.2. Effect of Environmental Factor on the Probability of Germination of Non-Adapted and Acid-Adapted
C. sporogenes Strains

The observed responses confirmed the high sensitivity of C. sporogenes to low pH values, since
the microorganism was not able to germinate at pH < 5.0 at any tested condition. Overall, the
acid-adaptation of the strains produced a faster germination of spores at close to the limiting conditions
of the pH and NaCl levels, as observed at moderately acidic pH (5.0-5.5) combined with a high (>4%)
NaCl concentration. The main advantages of logistic regression models are that they can set the level of
stringency required at certain environmental conditions. Contour plots representing the germination
responses of both non-adapted and acid-adapted strains of C. sporogenes as a function of pH (5.0, 5.5
and 5.75) and incubation time (0-30 days), is shown in Figure 1. Lines of constant probabilities were
then compared graphically with the experimental data at values of p = 0.125, p = 0.500 and p = 0.900.
The homologous germination responses at NaCl concentrations of 0%, 2%, 4% and 6% as a function
of pH and incubation time (0-30 days), are represented in Figure 2. A narrower transition between
germination and non-germination boundaries was obtained for the acid-adapted strains. This result
indicates that small changes in pH and NaCl formulations can govern the germination responses of
acid-adapted C. sporogenes strains. The more abrupt germination/no-germination transition in the
case of the acid-adapted strains produced fewer intermediate conditions, where binary responses
were observed. These combinations are represented in Table 5. For non-adapted strains, intermediate
conditions were observed at pH 5, 5.5 and 5.75. For the acid-adapted strains, these conditions were
mainly observed at pH 5.0 and 5.5. All binary responses implied positive germination in > 1/8 wells,
so that all of this model’s predictions yielded probabilities higher than 0.125.
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Figure 1. Contour plots for the observed germination responses and predicted probabilities (p = 0.125,
p =0.500 and p = 0.900) for the non-adapted (panels a,c,e) and acid-adapted strains (panels b,d,f) of

C. sporogenes at pH levels 5.0, 5.5 and 5.75.
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Figure 2. Contour plots for the observed germination responses and predicted probabilities (p = 0.125,

p =0.500 and p = 0.900) for the non-adapted (panels a,c,e,g) and acid-adapted strains (panels b,d,f,h) of
C. sporogenes at NaCl concentrations of 0%, 2%, 4% and 6% w/w.

The results showed that at acidic pH values (5.0), the acid-adapted strains germinated at 10 days’
incubation at NaCl concentrations < 2% (Figure 1b), while the germination time of the non-adapted
strains increased until 15 days at these NaCl concentrations (Figure 1a). According to the model’s
predictions, the growth boundary is set at pH 5.0, NaCl 3.95% and 10 d incubation for non-adapted
strains, while this boundary is shifted to an increased NaCl concentration of 4.92% (pH 5 for a 10-days
incubation) for the acid-adapted strains.
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Table 5. Environmental conditions where a binary response was observed for C. sporogenes strains for
the model and validation datasets after 42 d incubation at 30 °C.

Non-Adapted Strains Acid-Adapted Strains
pH 1\(1(;)()31 Germination  Dataset pH l\(I;Sl Germination Dataset
5.0 0.0 5/8 Training 5.0 0.0 6/8 Training
5.0 2.0 2/8 Validation 5.0 2.0 7/8 Validation
5.0 4.0 3/8 Training 5.0 4.0 5/8 Training
5.0 6.0 4/8 Training 5.0 6.0 7/8 Training
5.5 6.0 5/8 Training 5.5 0.0 7/8 Validation
5.75 0.0 5/8 Training
5.75 4.0 5/8 Training
5.75 6.0 4/8 Validation

As expected, as pH increases, higher NaCl concentrations are required to prevent germination.
At pH 5.5, germination of non-adapted strains occurred after 15-days incubation, regardless of NaCl
concentration (Figure 1c). For acid-adapted strains, the presence of NaCl activated the germination of
spores, since at concentrations > 2%, it occurred after 24 h incubation at pH 5.5 (Figure 1d). Using
pH 5.5 and 6% NaCl, the models predicted germination after 9.26 and 6.20 days of incubation for the
non-adapted and acid-adapted strains, respectively.

At pH 5.0, NaCl concentrations > 4% delayed germination for more than 10 days (Figure 1a,b).
However, by increasing the pH to 5.5, both 2% and 4% NaCl concentrations produced germination
in 24 h for acid-adapted strains, while non-adapted ones delayed germination after the 15t day of
incubation (Figure 1c,d).

NaCl concentrations of 2% and 4% produced a faster germination of C. sporogenes in comparison
to conditions in the absence of NaCl and pH levels < 6.0. For instance, in the case of the non-adapted
strains, germination was produced, in the absence of NaCl, after 20 days of incubation at pH 6.0
(Figure 2a), but the pathogen was germinated on the 5th day in the presence of 2% NaCl (Figure 2c).
For the acid-adapted strains, germination was produced at more limiting conditions, since at pH 5.5
and 2% and 4%, germination was observed after 24 h incubation (Figure 2d,f). However, when NaCl
was not added, germination of all wells took place > 20 days at pH 5.5 (Figure 2b).

The evolution of germination probabilities in comparison with the observed responses at
representative pH and NaCl conditions are shown in Figure 3. Overall, predictions given by the
logistic models indicated earlier germination for the acid-adapted strains at all assayed conditions.
At pH 5.0 and 2% NaCl, the logistic model predicted germination (p > 0.125) after 5.08 and 3.73 days
for the non-adapted and acid-adapted strains, respectively. The observations indicated that 7 out of
the 8 wells showed germination for the acid-adapted strains, while the probability was reduced to
two out of eight germinated wells for the non-adapted strains at the end of the incubation period
(Figure 3a). When increasing pH and NaCl concentrations (Ph 5.5, 4% NaCl, and pH 5.75, 6% NaCl),
germination responses occurred in a shorter period, since all wells of the acid-adapted strains led
to positive germination after 7 days’ incubation (Figure 3b,c). On the contrary, the increase in NaCl
concentration gave fewer germinated wells in the case of non-adapted strains (7 and 3 out of 8 wells,
respectively). The incubation times predicted by the model for the germination of acid-adapted and
non-adapted strains predicted were 1.33 and 3.95 days (pH 5.5 and NaCl 4%), and 4.38 and 6.8 days
(pH 5.75, NaCl 6%), respectively.
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Figure 3. Evolution of predicted probabilities of germination and observed responses over experimental
time for the non-adapted and acid-adapted strains of C. sporogenes at different combinations of pH and
NaCl (panels a—c).

3.3. Germination of C. sporogenes Strains in Table Olive Brines

Validation at different pH and NaCl levels was also performed in formulated brines anaerobically
stored at 30 °C for 13 d. Overall, 208 conditions for the non-adapted and the acid adapted C. sporogenes
strains were assessed. Regarding the non-adapted strains, non-germination and germination responses
of C. sporogenes were produced in 59 and 45 conditions, respectively. The logistic regression model was
able to correctly predict microbial evolution in 87.5% of the cases, though there were 10 fail-safe (9.61%)
conditions (germination was predicted by the model, but not observed) and three fail-dangerous
(2.88%) (no germination predicted, but observed). The results agreed with those obtained in DRCM,
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since germination was observed at pH 5.0 and 2% Knack, as well as at pH 5.5 and 4% NaCl. On the
contrary, when NaCl increased up to 6%, germination was only observed at pH 6.0.

For the acid-adapted strains, the logistic model was able to predict 81.73% of cases, results
that were more conservative than those provided for the non-adapted strains, as confirmed by the
increased number of fail-safe conditions (17, 16.34%). However, only two conditions were classified
as fail-dangerous (1.92%). Such behavior can be explained by the more difficult germination of
C. sporogenes in brines than in DRCM. Nevertheless, acid-adapted C. sporogenes strains were able to
germinate at pH 5.0 and 4% Knack, as well as at pH 5.5 and 6% NaCl, thus confirming their higher
resistance to stringent conditions when compared with the non-adapted strains.

For assessing the model’s application, the predicted time required for germination (Pred; model)
was calculated, at a probability of 0.125, at the studied conditions, and their results compared with those
observed in brines (Obs; pyine) (Table 6). Predictions were conservative in most cases and provided a
reasonable estimation of the germination time at different pH and NaCl conditions. Therefore, the
presence of antimicrobial compounds in brines (organic acids, polyphenols, etc.) may have limited the
germination of the acid-adapted C. sporogenes strains in table olive brines with respect to that observed
in DRCM. Further studies are needed to confirm the effect of environmental factors and preservatives
on the germination ability and microbial resistance of spore-forming bacteria in brines.

Table 6. Comparison between the observed time to germination in table olive brines (Obs; prine)
of non-adapted and acid adapted C. sporogenes strains and those predicted (Pred; model) by the
logistic models.

Non-Adapted C. sporogenes Strains Adapted C. sporogenes Strains
pH NaCl (%)  Obs; prine  Pred; model pH NaCl (%)  Obs prine  Predi model
5.0 2 8 5.07 5.0 2 6 3.72
5.0 4 >13 9.96 5.0 4 10 6.70
5.0 6 >13 >13 5.0 6 >13 >13
5.5 2 3 1.37 5.5 2 2 1
5.5 4 8 3.93 55 4 1 1.34
55 6 >13 9.26 5.5 6 >13 6.18
6.0 4 1 1.18 6.0 4 1 1
6.0 6 3 4.93 6.0 6 3 3.30

4. Discussion

In the present study, the acid-adaptation of C. sporogenes strains have influenced the subsequent
germination responses as a function of different pH and NaCl conditions. Overall, acid-adapted
spores produced faster germination at more limiting conditions when compared to the non-adapted
ones. There are several studies in literature dealing with C. sporogenes behavior against various
environmental conditions in different culture media using non-acid-adapted cells [18,35], as well as
in food matrices such as meat products [2,16,20,31] or dairy [19,36]. However, although the growth
ability of C. botulinum (or C. sporogenes as a surrogate) at low pH has been extensively reported, there
are very few studies dealing with the effect of acid adaptation.

Crosthwait [37] found that acid adaptation of C. sporogenes in FTM and tomato serum produced
germination at lower pH values (4.85) than those initially observed without any adaptation (5.4).
However, it was observed that adaptation ability was maintained by continuously sub-culturing at
pH 5.0. In our study, C. sporogenes could germinate at pH 5.0, while no germination was observed at
pH 4.5 during the 42-days incubation period. Lund et al. [21] reported minimum values for pH of 4.6
to produce the growth of vegetative strains of proteolytic C. botulinum, though this effect was time- and
strain-dependent. Other authors have confirmed these results, such as Wong et al. [24], who found
spore germination and outgrowth in anaerobically-acidified media at pH < 4.6. The effect of acid pH
upon the germination and subsequent growth of C. sporogenes or C. botulinum strains in culture media
is variable depending on several factors, such as the inoculum size, the redox potential or the presence

216



Foods 2020, 9,127

of antimicrobial preservatives [18,30]. It is also recognized that the physiological state and properties
of spores may vary between different batches of the same strains, thus increasing the variability of the
probability of germination at acidic pH.

Besides, it is reported that the addition of NaCl at high levels delays the germination and
outgrowth of Clostridial strains. The relative effect of NaCl on the inhibition of Clostridium sp. may
differ according to other factors that produce a synergistic effect or have higher significance than NaCl
itself [18]. Whiting and Call [38] found that the time to the growth of proteolytic C. botulinum was
delayed at temperatures <20 °C and pH levels <5.5, having NaCl no or little effect at concentrations
<3%. However, when NaCl is added to food matrices, the inhibitory effect is usually enhanced.
Taylor et al. [36] found that NaCl at 1.6% or 2.4% produced inhibition on C. sporogenes in canned butter
samples. The same conclusion about the effect of NaCl was found by Knanipour et al. [19] in high
moisture cheese. This result can be attributed by the effect of added food preservatives or the physical
properties of foods, which can interfere with the growth of Clostridium sp.

Our results have confirmed previous findings in which pH and NaCl combinations could delay
or inhibit the germination of spores. Montville [22] described the interaction of pH and NaCl on
the growth of C. botulinum, reporting that germination was produced at pH 5.0 in the absence of
NaCl, while concentrations up to 6% inhibited it at all of the pH levels tested. However, according to
our results, the acid-adapted spores germinated faster at pH 5.0 than the non-adapted cells at NaCl
concentrations of 0% and 2% (Figure 2a,b). The germination responses of acid-adapted cells were more
marked at pH 5.5 when NaCl concentration ranged between 2% and 4% (Figure 2¢,d), as well as at
pH 5.75 and increased levels of NaCl (4% and 6%) (Figure 2e,f). The inhibitory effect of acid conditions
is usually linked to the undissociated form of the acid, which dissociates into H+ and the anion in the
bacterial cell. The increased concentration of protons causes a decrease in the intracellular pH, thus,
disrupting cell metabolism. It is plausible that the interaction between increased NaCl concentrations
and acidic pH could contribute to the increase of the turgor pressure of the cell, which in turn, may
delay or prevent the germination of non-adapted spores [39]. Zhao et al. [30] reported that proteolytic
C. botulinum did not grow at pH values < 5.5 and NaCl concentrations > 4% in a 14-day incubation
period. These results match with those found in our study, since no germination was observed in 10 d
at pH 5.5 and NaCl > 4% for non-adapted strains and pH 5.5 and 6% NaCl for the acid-adapted ones.
Sensitivity to the pH of Clostridium strains can produce a shift in the inhibitory pH-NaCl combinations.
Montville [22] found that 6% NaCl at pH 5.5 inhibited the growth of proteolytic C. botulinum with
intermediate pH sensitivity. Likewise, Graham et al. [40] did not obtain growth at pH less than 5.1 or
5% NaCl for non-proteolytic Clostridium strains. However, in our study, germination was produced at
6% NaCl and pH 5.0 for both non-adapted and acid-adapted strains (Figure 3a,b). Potential inter-strain
specific differences and the use of a strain-cocktail may explain the variability in the environmental
conditions allowing germination.

The effect of oxygen concentration on Clostridium sp. growth has been recently studied by
Couvert et al. [41], finding that total inhibition for C. sporogenes growth is reached at the 3.26%
oxygen level in the gaseous phase. Nevertheless, when other conditions are suboptimal, much lower
concentrations of oxygen and lower redox potentials may be inhibitory.

The effect of the redox potential of the culture media in the presence of acid-adapted spores of
Clostridium sp. is a matter of research for further studies, since it would allow a better understanding
of the microbial behavior under suboptimal conditions.

Table 7 presents a comparison table of the observed growth responses of Clostridial strains
published in earlier studies, with predicted germination probabilities found by the logistic regression
models developed in this study. Though microbial responses were highly variable depending on
the observation time, the strains used and the NaCl and pH combinations, predicted germination
probabilities were higher for the acid-adapted strains when the outcome (p) was between 0 and 1.
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The model’s predictions were mostly in agreement with the reported responses, since more than
68% of conditions have been corrected, classified by the models. Additionally, there was a 25% of
conditions (8 out of 32) classified as fail-safe by the non-adapted and acid-adapted logistic regression
models of C. sporogenes; i.e., no germination was predicted while growth was observed for non-adapted
C. sporogenes strains. The fail-safe predictions obtained could probably be attributed to the variability
in microbial behavior against the studied environmental factors, or the physiological differences of
the strains used. Inoculation level (10° spores/well) used in the present study may influence on the
location of the germination boundary which is experimentally found at more limiting conditions
when the inoculum size is large [42,43]. However, as many studies have pointed out, it is necessary
to employ high inoculation levels to know the extent of a preservation system in a specific food
under foreseeable conditions likely to occur in practice [18]. As the inoculation level usually used in
these cases may exceed the actual contamination that could occur in food, the models’ predictions
tend to be fail-safe. If germination is not observed under certain combinations of factors using such
inoculum size, the implementation of such formulations in foods remains safe, since the germination
probability will be unlikely. However, bias to the fail-safe is more preferred than for the fail-dangerous
zone, since the model can provide conservative formulations of pH and NaCl for food operators.
Finally, the percentages of fail-dangerous predictions were 6.25% and 3.12% for the non-adapted
and acid-adapted logistic regression models of C. sporogenes i.e., germination was predicted while no
growth was observed.

Overall, it should be remarked that the predictions provided in Table 7 may be taken with
caution, since as described above, the comparison with external literature data is subjected to different
variability sources that could not be considered by the logistic regression models here developed.
Further, most of these studies are referring to growth kinetics of C. sporogenes in different matrices, and
not to germination probability, so that the comparison with our results can be limited.

The results shown in the present study could have important implications in low-acid, fermented
vegetables such as table olives, in which Clostridium sp. may not be present during their shelf-life [44].
However, the risk of cross-contamination and its survival increase in some elaborations such as black
ripe table olives (Californian style), in the case of an insufficient heat treatment due to their high
pH packaging levels (>6.0), or in green table olives with a reduced NaCl content [14]. Also, some
specialities, such as Alorefia de Médlaga table olives, might be exposed to similar risk when, to prevent
the transformation of chlorophylls to pheophytins (loss of freshness, favored in acidic medium [45]),
the packaging pH levels are set close to the Clostridium sp growth limits. Besides, dressing such as
herbs or spices are vehicles of contamination of the Clostridium sp. in the final product [46].

Anaerobic fermentation may produce the outgrowth and toxin production of Clostridium sp., but
also this could happen in microaerophilic environments given the tolerance of this microorganism to
low-oxygen concentrations [41]. It is widely reported that a constant monitoring of pH < 4.6 guarantees
the inhibition of Clostridium sp. in table olives. However, as above mentioned, C. botulinum was
reported to survive and grow at this pH level in culture media. Thus, the risk of toxin production is
not negligible.

Besides, the present study demonstrated that the adaptation of strains to acidic pH produces
faster germination at moderate pH (5.0-5.75) and NaCl concentrations (4%—6%) in comparison to
non-adapted cells. Although no germination was observed at pH 4.5, it could be plausible that
acid-adapted cells could survive at this pH and produce germination at shorter incubation periods
than non-adapted ones. Further research is needed to elucidate the metabolic pathways involved in
acid adaptation and the subsequent germination of Clostridium strains.

In summary, the logistic models developed in this study successfully describe the observed
data and quantify the effect of pH, NaCl and incubation time on the probability of germination of
C. sporogenes in a laboratory medium, with good prediction results in natural green olive brines. This
study provides the first guidance to food operators and the table olive industry on the selection of
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alternative formulations, although further studies should be carried out to validate these results under
real table olive fermentation/packaging.
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Abstract: A user friendly spreadsheet (Excel interface), designated MoS (Micro-Olive-Spreadsheet),
is proposed in this paper as a tool to point out spoiling phenomena in Bella di Cerignola olive brines.
The spreadsheet was designed as a protected Excel worksheet, where users input values for the
microbiological criteria and pH of brines, and the output is a visual code, much like a traffic light:
three red cells indicate a spoiling event, while two red cells indicate the possibility of a spoiling event.
The input values are: (a) Total Aerobic Count (TAC); (b) Lactic Acid Bacteria (LAB); (c) yeasts; (d)
staphylococci; (e) pH. TAC, LAB, yeasts, and pH are the input values for the first section (quality),
while staphylococci count is the input for the second section (technological history). The worksheet
can be modified by adding other indices or by setting different breakpoints; however, it is a simple tool
for an effective application of hazard analysis and predictive microbiology in table olive production.

Keywords: table olives; Bella di Cerignola; brines; microbiological quality; user-friendly
spreadsheet; producers

1. Introduction

The olive tree is an iconic species in Mediterranean cultural history and diet. Its multiple uses in
the food industry (olive oil and table olives) and its omnipresence in many traditional agro-systems
have made this species an economic pillar and cornerstone of Mediterranean agriculture [1]. Its role
as a symbol of Italy, in particular of the Region of Apulia, has increased due to the emergence of the
Xylella outbreak. Table olives represent one of the most popular fermented foods in the Mediterranean
basin and in Italy, but their production is increasing worldwide, as suggested by the International
Olive Council (IOC) statistics for the period 2013-14/2017-18, with a duplication of amounts produced
compared to the beginning of the millennium [2]. European Union (EU) covers 31% of world production,
with Spain, Italy, and Greece being the major producing countries (97% of EU production) [2]. The olive
fruit cannot be consumed directly because of the presence of oleuropein. The bitterness can be removed
by alkaline treatment, or by brining/salting, fermentation, and acidification [3]. The trade standard
applying to table olives describes the type of preparation of table olives that are treated, natural olives,
dehydrated and/or shriveled olives, and olives darkened by oxidation; however, some traditional
processes are still applied, such as the Castelvetrano system [3].
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In Italy, table olive production is mainly located in Southern regions (Apulia, Sicily, etc.); however,
fermentation still relies upon natural microbiota [4]. The three main techniques for table olive
production used in Italy concern 82% green olives, 16% black olives and 2% processed at the cherry
ripened stage [5].

The microbial ecosystem is complex and can be affected by several intrinsic (pH, water activity,
diffusion of nutrients from the drupe, and concentration of phenols) or extrinsic factors (temperature,
oxygen availability, and salt) [6]; if these variables are not controlled, a microbial spoilage could occur.
In traditional fermentations, the modulation of salt and pH is the only way to counteract spoilage.
Lactic acid bacteria (LAB) and yeasts represent the microbiota normally involved in fermentation [4],
but members of Staphylococcus and Pseudomonas are detected at the beginning and throughout the
process [7-9], along with some pathogens, such as Clostridium botulinum, Listeria monocytogenes, and
Staphylococcus aureus [10-13]. Enterobacteriaceae can be also found at the beginning of fermentation
and are quickly inhibited by the pH decrease by LAB [14]. LAB species encountered during table olive
fermentation are Lactiplantibacillus plantarum, L. pentosus, and to a lesser extent, L. paraplantarum [5].
They are responsible for the rapid and safe acidification of brines [5]. Besides, different yeast species
are recovered, such as Wickerhamomyces anomalus, Pichia membranifaciens, Saccharomyces cerevisiae,
Debaryomyces hansenii, and Candida boidinii [5].

In Italy the most important varieties for table olive production are, among others,
Bella di Cerignola [15], Nocellara Etnea [4], Tonda di Cagliari [16], Giarraffa [17], Termite di Bitetto,
Cellina di Nardo [18], and Leccino [19], treated by either Spanish or natural styles. Bella di Cerignola
(formerly Bella della Daunia, variety Bella di Cerignola, Protected Denomination of Origin-PDO) is
one of the most important variety of olives in the region of Apulia. It is processed through Spanish
and natural styles between October and December [8]. The fermentation of table olives still relies
on natural processes led by the indigenous microbiota from the raw materials (olives, salt, water)
or that are acquired during processing at factory facilities (fermenters, tanks, pipelines, pumps) and
fermenter yards [20]. However, a part of the microbial diversity associated with this fermentation has
been “domesticated” by the continuous replication of peculiar processing conditions and know-how.
This might represent a significant contribution to “terroir” aspects [20].

The production of table olives from Bella di Cerignola through Spanish style relies upon a
three-step protocol, similar to that reported by Mastralexi et al. [2] for Greek PDO table olives “Prasines
Elies Chalkidikis”, with some differences in the duration of each step, such as the amount of salt and
lye. The three steps are as follows: (a) sorting and size grading, debittering and neutralization; (b)
brining (6-10% NaCl) and fermentation (ca. 2 months); (c) storage in plastic tanks filled in brine until
packaging and thermal treatment. Traditionally, fermentation is divided into four steps or phases [21];
in the first phase, Gram negative bacteria prevail, and pH decreases from 9.0 to around 6.0. This phase
lasts until the growth of LAB (normally 48-72 h). The second and the third steps are characterized
by the growth of LAB, along with the strong acidification of the brine. At the end of this third step,
there is a potential fourth step, characterized by an increase in pH and volatile acidity, and a decrease
in lactic acid [21]. The duration of this last step, usually referred to as the post-fermentation stage,
is quite variable (from a month to a year), and depends on demand and market prices. If pH and
NaCl are not strictly controlled, a microbial spoilage can occur due to a variety of microorganisms
(Aerobacter, bacilli, propionibacteria, oxidative yeasts, moulds, etc.) [3,5,21]. Although new trends have
been exploited in table olive production (the use of probiotics, the combinations of yeasts and LAB as
starter cultures, low-salt fermentations, the study of a biogeography of olives, models to optimize the
amounts of preservatives, the use of starter cultures able to degrade oleuropein) [3,22], to the best of
our knowledge there are no user-friendly tools used in the post-fermentation stage in order to control
the microbiological quality of batches and to help producers to perform corrective strategies.

Therefore, this paper represents a first approach to design a user-friendly worksheet that can be
used by producers of Bella di Cerignola olives as a tool to focus on the microbiological stability of
olives during their storage in tanks before pasteurization. The specific aims of this research were: (a) to
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link the idea of spoiled samples from olive producers to olive microbiology; (b) to design a simple
quality management tool requiring few data; (c) to validate the tool.

2. Materials and Methods

2.1. Samples

Olives (cv. Bella di Cerignola) and brines from Spanish style processing were collected after
the fermentation and/or olive storage in tanks during winter and spring from four different factories
located in Cerignola (Foggia County, Southern Italy). Eighty-nine different samples were analyzed to
assess microbiota, pH, NaCl amounts (brines) and sensory scores (olives); of which, 77 samples were
used to design the user-friendly worksheet, and 12 for the validation.

2.2. Microbiological Analyses

Olive brines were serially diluted in saline solution (0.9% NaCl) and plated on the following
media: (a) Plate Count Agar (PCA), incubated at 30 °C for 24—48 h for total aerobic count (TAC);
(b) PCA, incubated at 30 °C for 24-48 h, after a heat-shock of dilutions at 80 °C for 10 min (aerobic
spore-forming bacteria); (c) MRS agar, supplemented with 0.17 g/L cycloheximide (Sigma-Aldrich,
Milan, Italy), incubated at 30 °C under anaerobic conditions for 48-72 h for lactic acid bacteria (LAB);
(d) Pseudomonas Agar Base, added to CFC selective supplement (containing the cetrimide), incubated
at 25 °C for 48-72 h for pseudomonads; (e) Baird Parker Agar Base, added with Egg Yolk Tellurite
Emulsion (37 °C for 2448 h) and Mannitol Salt Agar (37 °C for 2448 h) for staphylococci; (f) Violet
Red Bile Glucose Agar (VRBGA), incubated at 37 °C for 18-24 h for enterobacteria; (g) SPS Agar,
incubated under strict anaerobic conditions at 37 °C for 24 h for clostridia; (h) Sabouraud Dextrose
Agar, supplemented with 0.1 g/L chloramphenicol (C. Erba, Milan), incubated at 25 °C for 2—4 days for
yeasts. All media and supplements were purchased from Oxoid (Basingstoke, UK) [8,23].

2.3. pH and NaCl Amount

The pH of brines were measured using a pH-meter Crison (Crison Instruments, Barcelona, Spain),
whereas salt amounts were evaluated by means of refractometer Sper Scientific model 106 ATC
(Scottsdale, AZ, USA).

2.4. Sensory Score

The producers were asked to analyze olives and brines; each producer analyzed his own samples.
Before sensory evaluation, a meeting with all producers was done in order to define the sensory
properties of Bella di Cerignola olives and what they meant by “good quality”. The focus of this
meeting was to document the “Sensory Analysis of Table Olives” [24] and the definition of negative
defects (abnormal fermentation, musty, rancid, cooking effect, soapy, metallic, earthy, winery/vinegar),
along with the attributes of olives (acid, bitterness, salty taste, hardness, fibrousness, crunchiness
of texture).

The output of this consensus panel was to define “spoiled” samples as those with at least one of
the negative attributes or if the other attributes showed negative changes. Producers were asked to
score (0 vs. 1) odor, color, taste, and finally to give a score of 1 (spoiled) or 0 (non-spoiled); in case of
doubts the output could be “acceptable with some problems (spoilage is beginning)”. Scores were
confirmed by five researchers of the laboratory of Predictive Microbiology, usually consuming green
table olives.

2.5. Data Analysis

Microbiological count, pH, and salt analyses were repeated twice for each batch, and all results were
analyzed through t-test (p < 0.05) using the software, Statistica for Windows (Statsoft, Tulsa, OK, USA).
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2.6. Spreadsheet Design

The spreadsheet (MoS, Micro-Olive-Spreadsheet) was designed as a protected Excel spreadsheet,
where users can input values for microbiological criteria and the pH of brines (Spreadsheet S1,
Supplementary Materials). The input values are: (a) Total Aerobic Count (TAC); (b) Lactic Acid Bacteria
(LAB); (c) yeasts; (d) staphylococci; (e) pH. TAC, LAB, yeasts, and pH are the input values for the
first section (quality), while staphylococci count is the input for second section (technological history).
Microbial concentrations refer to the values of the brines, as log CFU/mL (decimal logarithm).

The spreadsheet is designed based on four different cells with “If” functions. The possible outputs
of “If” are “1” (true or yes) or “0” (false or no). The functions are:

Quality

e LAB < 1% TAC. The function was evaluated through the exponential values of cell count, rather
than with a logarithm;

e  Yeast>5;

° pH >4.5.

Technological process
e  Staphylococci > 4.
Salt
o salt<8%.

In the cells containing the output of the “If” function, there is a conditional formatting linked to
the output: if the results of function are true (or 1), the cells becomes red, while if the results are false
(0) the cells become green.

3. Results

3.1. Data

Seventy-seven samples were analyzed in the first step; 12 were randomly selected and used for
the validation. First, the samples were analyzed by producers and researchers to cluster them in
two groups: spoiled and non-spoiled. In case of doubts (different clustering between producers and
researchers), the samples were grouped as suggested by the producers. Samples were grouped as
follows: 32 spoiled and 45 non-spoiled. This grouping was used for statistics to cluster microbiological
data from brines, as shown in Figure 1.

Figure 1A reports the TAC count in the brines, with mean values of 7.25 + 0.21 log CFU/mL (mean
+ standard error) in the spoiled samples and 6.03 + 0.27 log CFU/mL in the non-spoiled samples.
The difference was significant (t-test, p < 0.05); LAB level was 5.79 + 0.19 log CFU/mL in the non-spoiled
samples and 4.30 + 0.28 log CFU/mL in the spoiled samples, as shown in Figure 1B.

In order to see if it is possible to use TAC and LAB to describe spoiled and non-spoiled samples, the
ratio LAB/TAC was analyzed as an index of the qualitative composition of bacterial microbiota (aerobic
vs. lactic acid bacteria), as shown in Figure 1C. The ratio was evaluated by using the exponential values
of cell counts to avoiding a possible “masking” exerted by logarithmic values. In spoiled samples this
index was 0.26% (0.13-0.39%, 95%-confidence interval) thus suggesting that, in these batches, bacterial
microbiota were mainly composed of aerobic microorganisms—in fact, their count was at least 99%
higher than LAB. On the other hand, in the non-spoiled samples the ratio of LAB/TAC was 184%,
with a confidence interval of +181%.

Yeasts were 5.87 + 0.19 log CFU/mL in the spoiled samples and 3.68 + 0.28 log CFU/mL in
the non-spoiled samples, as shown in Figure 1D. Enterobacteria were generally below the detection
limit and they were found in only five samples with concentrations ranging from 1.21 to 2.09 log
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CFU/mL. Clostridia, bacilli, and pseudomonads were found only in 3-6 samples (ca. 1 log CFU/mL.
Staphylococci were found in most samples and were at 2.09 + 0.45 log CFU/mL and 2.42 + 0.38 log
CFU/mL in the spoiled and non-spoiled samples, respectively; the difference was not significant (t-test,
p > 0.05), as shown in Figure 1E.

NaCl content varied from 6 to 8.5%; the pH was 4.2 + 0.3 in the non-spoiled samples and 4.6 + 0.6
in the spoiled samples (t-test, p > 0.05).
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Figure 1. Total Aerobic Count (TAC) (A), Lactic Acid Bacteria (LAB) (B), ratio LAB vs. TAC (C), yeasts
(D), and staphylococci in brines (E). sp, spoiled samples, no-sp, non-spoiled samples. 0 Mean; 0O, Mean
+ SE; o Outliers; * extremes; bars denote 95% confidence interval.

3.2. MoS

As a result of the microbiological analyses of the first phase, a user-friendly spreadsheet was
prepared on Microsoft Excel—the spreadsheet was called MoS. The main idea was a spreadsheet where
a user could input his/her own values on the quality and technological parameters in brines (TAC,
LAB, yeasts, staphylococci, and pH) and preview the classification of the batch’s quality.
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The spreadsheet is organized in three parts: (a) microbiological quality; (b) technological history;
(c) salt, as shown in Figure 2. Users can only add values in the yellow cells reading, “Please input your
values here”. The other sections of spreadsheet are protected.

The main outputs of the spreadsheet are a preliminary evaluation of microbiological quality and a
focus on the technological history of a batch to point out an incorrect handling of olives.

Microbiological quality is based upon three criteria: the difference between TAC and LAB, yeast
count, and pH. Each criterion is reported as a question, as shown in Figure 3:

1.  Are LAB asmall proportion of TAC in brines? This criterion was written as follows: LAB/TAC <
1%; both TAC and LAB in the equation were used as exponential values. However, user does not
convert his/her values, because there is a function set in the protected cell of the “If” function, as
shown in Table 1.

2. Are yeasts higher than the break-point? The threshold for yeasts in brines was set to 5 log
CFU/mL.

3. Thelast criterion was on pH; although the results of the first phase did not show a clear difference
between the spoiled and non-spoiled samples, a criterion on pH was added because of its role in
the beginning of microbiological spoilage in the post-fermentation phase.

Table 1. Decision criteria for MoS (Micro-Olive-Spreadsheet) and respective equations and outcomes.

Decision Criteria (Questions) Equations Yes No
Quality
Are LAB a small proportion of bacterial microbiota? LAB < 1% TAC Not acceptable Acceptable
Is yeast concentration > breakpoint? Yeast > 5 Not acceptable Acceptable
Is pH > breakpoint? pH> 4.5 Not acceptable Acceptable
Technological Process
Is handling incorrect? Staph > 4 ;r;;otilriencgt -
Possible
Is salt too low? Salt < 8% corrective -
measures

TAC, total aerobic count; LAB, lactic acid bacteria; staph, staphylococci. Bacterial concentrations of brines are

reported as log CFU/mL.

After entering the values of TAC, LAB, yeasts, and the pH of brine, MoS answers the three
questions, with one of two codes: 0 for “no”, and 1 for “yes”. To help users understand the impact of
the answers, a visual code was added, like a traffic-light. If the answer is yes (hazard), the cell assumes
a the color red, while for 0 (no risk), the cell becomes green.

Legends show the key for the correct evaluation of the results:

1.  Three red cells: There is probably microbiological spoilage.

2. Twored cells: A correction strategy is required, because a spoilage could start or have started.

3. Onered cell: No spoilage and no action required; however, advice was added for pH. If pH is
>breakpoint, reduce it to the break-point or, better, to 4.3.

The second section of the worksheet, as shown in Figure 4, is a focus on the technological
history of olives; staphylococci are generally indicator microorganisms, mainly for use in GMP (Good
Manufacturing Practices).
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The results of the first phase showed that staphylococci could be a significant part of the bacterial
microbiota of brines. For this section, an arbitrary threshold was set, because the advice is that a
high number of these microorganisms could be the result of incorrect handling; the breakpoint was
set to 4 log CFU/mL. Staphylococci do not play a role in the definition of the microbiological quality,
according to the criteria reported above. They are hygiene indicators and are normally transferred to
olives by food handlers. The break point (4 log CFU/mL) could be modified to fit HACCP plans and
regional regulations; however, the meaning for this last criterion is the following: if staphylococci count
is higher than the threshold (4 log CFU/mL, as in this paper, or lower if required by other regulations)
corrective measures are required because there is a serious hygiene problem in the factory.

The last section of MoS is on salt, as shown in Figure 5. The analysis of the results of the first part
did not show a significant difference between spoiled and non-spoiled samples. However, a criterion
on salt was added as advice for producers to perform corrective measures when NaCl <8%.

PAY ATTENTION TO RED COLOUR: SALT
If the cell is red, consider to correct
salt amount in the brine!
Please input your value here Questions Output

|—|:> SALT IN BRINE 9 Is salt too low? 0

Figure 5. Section of spreadsheet for salt concentration in brine.

3.3. Validation

Twelve samples, not used for the spreadsheet design (Sections 3.1 and 3.2), were used for a
preliminary validation. They were randomly selected after their collection in the factories (three per
factory) and analyzed as reported above for the sensory scores and microbiology. The results are in
Table 2. Figure 6 shows the output of the spreadsheet for two samples.

Five samples (1, 6, 8, 9, and 12) were recorded as acceptable or non-spoiled by the panelists (both
producers and researchers). The combination of parameters on the spreadsheet (ratio of LAB/TAC,
yeast count, and pH) gave the same result. Samples 2, 3, 10, and 11 were judged as not-acceptable or
spoiled by the panelists. Generally, the spreadsheet returned the same output, except for sample 3,
because two parameters (yeast count and pH) were in the hazard zone, while the ratio of LAB/TAC
was lower than 1%. Finally, samples 4, 5, and 7 were recorded as doubtful samples by the panelists
and were included in the attention class by the spreadsheet, because at least two parameters were out
of range.

For all of the samples NaCl was recorded as acceptable by the producers (8-10%), enterobacteria
and pseudomonads were always below the detection limit, and bacilli and clostridia were found only
in two samples, but their level was very low (1-1.2 log CFU/mL).

Staphylococci were found in almost all samples, but their level was <2 log CFU/mL in brines,
except for the samples 3, 5, 10, and 11, showing a count of staphylococci in the range 3.2-4.1 log
CFU/mL; coagulase positive staphylococci were found in samples 3 and 4, both within range, according
to the spreadsheet.
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Table 2. Decision on the samples used for the validation.

Sample Decision by Panel Comments TAC LAB Yeasts pH Spreadsheet
1 Typical odor of 201 665 418 405
Spanish-style olives
2 Not acceptable Off-odors 599 373 601 515 | Notacceptable
3 Not acceptable Off-odors 614 593 614 527 Attention
Acceptable, but the sample has X q
4 Films on the surface ~ 5.45 5.08 7.26 5.35 Attention
some problems
5 AeapiEtly brt oyl Strong odor 553 223 346 467 Attention
some problems
T Accepble - Tot 766 300 425 | Acceplable’ |
7 Acceptable, but the sample has Fruity odor is too 480 763 58 485 -
some problems strong
8 - 4.56 6.12 4.53 4.43
- 4.31 5.99 3.56 4.36
10 Not acceptable Films on the surface 780 579  6.01  4.67 | Notacceptable
11 Not acceptable Off-odors 599 234 531 489 | Notacceptable
12 - 553 648 283 443 ﬁ

TAC, total aerobic count; LAB, lactic acid bacteria. The unit of counts is log CFU/mL.

TAC (Total Aerobic Count)

LAB (Lactic Acid Bacteria)

YEASTS

pH

TAC (Total Aerobic Count)

LAB (Lactic Acid Bacteria)

YEASTS

pH

QUALITY

Please input your values here; the
concentration of bacteria and yeasts of
brines should be reported as log
cfu/mL

5.99

3.73

6.01

5.15

QUALITY

Please input your values here; the
concentration of bacteria and yeasts of
brines should be reported as log
cfu/mL

4.64

7.66

3.1

4.23

232

Output

Output

Questions

Are LAB a small proportion
of TAC (<1%)?

Are yeasts > breakpoint? (5
log CFU/mL)

Is pH > breakpoint? (4.5)

Questions

Are LAB a small proportion
of TAC (<1%)?

Are yeasts > breakpoint? (5
log CFU/mL)

Is pH > breakpoint? (4.5)

Figure 6. Traffic light for spoiled (sample 2) and acceptable samples (sample 6).
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4. Discussion

The post-fermentation stage is a critical step for the production of table olives, as they are usually
stored in tanks filled with brine for several months and, when the temperature increases (February and
March), spoilage can occur.

Predictive microbiology is experiencing an increase in interest by olive producers, because they
need tools to predict olive shelf life and/or to act with corrective measures when problems occur.
An interesting example of a predictive tool is the Decision-Making System for Safety and Quality
Management in Alorefia de Malaga [25]. Other applications of predictive microbiology rely upon
the use of the theory of Design of Experiments or neural networks (among others [13,26]). However,
during the project BiotecA we met several producers of Table Olives of Apulia and they shared with us
the idea of a user-friendly spreadsheet where they could enter the values of brine to understand the
microbiological scenario.

The idea is to develop this project into a tool similar to Risk Ranger [27], which is an educational
and research tool developed by Australia Food Safety. Users have to answer some questions related to
the technology, preparation, cooking, and storage of a food—the output is a risk rank (from 0 to 100).
The benefit of this kind of tool is that it works in a spreadsheet with an Excel interface (user-friendly)
and the output is understandable for non-expert users.

The first part of this research was aimed at understanding if there was a connection between the
idea of spoilage by producers and the microbiological profile of olives. The preliminary results showed
a link with some indices, such as yeasts, pH, and the ratio of LAB/TAC. Yeasts exert a dual role in table
olives—they can cause spoilage due to the production of CO,, bad odors and flavors, the clouding of brines
or the softening of fruits [5,28,29]. In the post-fermentation stage, oxidative yeasts, such as Pichia anomala
and P. membranifaciens, could prevail. In addition, film-forming yeasts (Debaryomyces, Candida, Pichia,
and Endomycopsis) are often associated with pickled products and vegetable brines [30], representing the
cause of olive defects and consequent product losses. Salt is the main factor able to control the yeasts and
LAB during olive fermentation [31]. Yeasts dominate fermentations at salt levels > 10% NaCl; however, this
process leads to a final product with a milder taste and less self-preservation characteristics [31], while salt
reduction to 6-8% enables a mixed fermentation by lactic acid bacteria and yeasts that coexist until the end
of fermentation, resulting in a product with better characteristics [32]. However, this practice, often used
by Bella di Cerignola producers, could be responsible for the survival and/or growth of some oxidative
yeasts, as reported by Fuccio et al. [5]. The analysis performed in the screening step suggested that yeasts
could play a negative role in olive quality; therefore, they were set as a negative criterion in MoS. To the
best of our knowledge, there is no evidence on the critical threshold of yeasts on vegetables; however,
the breakpoint in MoS was set to 5 log CFU/mL because this was related to spoiled samples and is the
critical threshold associated with spoilage in many foods [33].

The analyses of the first part also suggested a link between spoilage and the ratio of LAB vs. TAC.
Aerobic plate counts are poor indicators of safety in some products, such as those that are fermented,
which commonly show a high aerobic count. However, TAC gives information about the hygienic and
sensorial quality, the adherence to good manufacturing practice, and the shelf life of the product [7,34].
The link of the ratio of LAB/TAC with the spoilage suggests that the negative effects of some aerobic
bacteria could be counteracted by LAB [3,7]. TAC in table olives include Bacillus spp., Aerobacter
spp., and Pseudomonas spp. All of these bacteria, along with some fungi, release degrading enzymes,
which act on pectic substances and cellulose, hemicellulose, and polysaccharides, causing the loss of
the structural integrity of the olive drupe [21,35].

pH is a key variable for olive safety and quality. An incorrect acidification of brine is a common
problem for small farms where fermentation takes place without the use of starter cultures and the final
pH of brine is around 5.0 [8]. Codex Alimentarius standard [36] sets the breakpoint for olive safety at 4.3;
however, a pH of 4.5 is generally accepted by producers as safe, at least during storage in tanks. Another
factor to control during the post-fermentation stage is salt. Although, the differences between spoiled
and non-spoiled samples were not significant, salt could play a crucial role in the post-fermentation
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stage, mainly in spring when the increase in temperature requires additional corrective or control
measures. Salt level in brines was at 6-8%; this amount could assure correct lactic fermentation and
the dominance of LAB in the first stages. However, it could not be enough in post-fermentation to
protect olives from abnormal fermentations [37], therefore, advice (third section) to perform corrective
measure was added to MoS.

Eventually, the worksheet could be improved by adding in a revised version salt as a primary
criterion; however, this criterion, as well as the advice of lowering pH to 4.3 or, better, to 4.1 to assure the
microbiological stability of olives, could be the result of some changes in the habits of olive producers
in Apulia.

Therefore, as a preliminary step the spreadsheet was developed for yeasts, LAB/TAC, and pH at
4.5 and the preliminary validation showed a good agreement between spoilage status, as revealed
by the producers, and microbiological profile. Further investigations are required for a validation on
batches from other olive producers, as well as for other olive varieties. Moreover, it was not possible
to link the quality with other genera/groups of microorganisms, because in our samples they were
detected occasionally.

Finally, another criterion we suggest for quality assessment is staphylococci count. In many
foods the presence of staphylococci usually indicates post-processing contamination from human skin,
mouths, and noses, or food handlers [38]. Due to their high salt tolerance, they can grow in table olives
despite the low pH and the olive phenols may represent natural inhibitors [32].

In conclusion, this paper represents a first structured approach to design a user-friendly spreadsheet
for the quick evaluation of the microbiological profile and quality of Bella di Cerignola olives during
their storage in tanks. The spreadsheet is based upon four criteria (TAC, LAB, yeasts, and pH) and
has two main benefits: (i) it is user-friendly; (ii) it gives an output on possible spoiling events in
brines. In addition, the use of staphylocci as an indicator of microorganisms offers the possibility of
analyzing and highlighting possible incorrect handling. Some issues to be addressed for an effective
scaling up of the worksheet are the following: (a) The tool has been designed as an Excel spreadsheet,
because this is the common software suite used by producers; however, the tool should be also
designed in Apple Numbers, Open Office, or Google Sheet for a wide application; (b) It is based on
lab data. The latter are not mandatory, but producers of the Apulia Region usually obtain them from
experts or laboratories once or twice a month. The tool could be modified by adding screening criteria
physico—chemical parameters (pH, salt, and temperature), available for producers many times per
week, and microbiological counts as indices for the confirmatory classification of samples; (c) Safety is
not a criterion in the tool, because producers of the Apulia region rarely have these data, since they are
time-consuming and expensive, but the worksheet could be improved by pointing out some indicators
(physico—chemical or microbiological) linked to safety.

The spreadsheet could be modified by adding other criteria or by setting different breakpoints,
depending on regional and/or national regulations, as well as on the HACCP plan of each producer;
however, it is a simple tool for an effective application of Hazard Analysis and Predictive Microbiology
in table olive production and to improve a sector with many critical points.

The tool was developed for Bella di Cerignola olives, but a similar approach could be used to
design a general tool for olives and to improve their performances by entering results from different
seasons and places.
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