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Abstract 16 

Knowledge of the microbial biodiversity through the different stages of black ripe olive 17 

processing is minimal. This study applied a metagenomic approach to evaluate the 18 

bacterial and fungal communities present in samples of two olive cultivars collected 19 

from an industrial producer. High-throughput sequencing and analysis of the V2-V3 20 

region of the bacterial 16S rRNA genes showed that genus Acetobacter and the lactic 21 

acid bacteria (LAB) Lactobacillus and Oenococcus were the most abundant during most 22 

of the process. Other LAB genera (Enterococcus, Lactococcus, Weisella, Leuconostoc 23 

and Streptococcus), as well as Enterobacteriaceae and Vibrio were also detected, 24 

increasing their abundance in the last step before packaging. Some genera, such as 25 

Pseudoalteromonas, Alteromonas, Marinomonas and Oenococcus, had never been 26 

previously detected in table olives. The fungal community was characterized by the 27 

presence of Pichia membranifaciens, Kregervanrija fluxuum and members of the family 28 

Dispodascaceae. Although black ripe olives are sterilized before trading, the 29 

consequences that these findings may have on the quality of this product are discussed. 30 

Keywords: table olives; DNA-sequencing; safety; lactic acid bacteria; yeast. 31 
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1. Introduction 38 

Black ripe olives are those table olives called “darkened by oxidation” according 39 

to the Trade Standard for Table Olives issued by the International Olive Council (IOC, 40 

2004). Spain and the United States are the main producers and consumers of this kind of 41 

commercial table olive. This preparation may account for around 30% of the world table 42 

olive production, which rose to about 2,500,000 tons in the last five years (IOC, 2016). 43 

Processing includes the preservation stage: previous storage of the fruits for several 44 

months (Figure 1). Olive fruits are kept in underground fiberglass tanks with acidic 45 

cover solutions with or without salt for at least 6 months to more than 18 months (de 46 

Castro, García, Romero, Brenes, & Garrido, 2007). Then, olives are treated with a 47 

diluted sodium hydroxide solution (lye). After lye treatment, olives are put in water and 48 

air is bubbled throughout the mixture for 24 - 30 hours (Washing 1). The acid solutions 49 

for preservation or a mix with water can be used for this washing step. Throughout this 50 

operation, both the epicarp and the flesh of the olives darken progressively, which 51 

become brown to black due to the polymerization of hydroxytyrosol and caffeic acid 52 

under the effect of oxygen (Brenes-Balbuena, García-García, & Garrido-Fernández, 53 

1992). After this first washing step, a ferrous gluconate or lactate solution is added 54 

(Ferrous Gluconate step) to retain the dark color formed (Garrido, García, Brenes & 55 

Romero, 1995). Subsequently, the product can undergo pitting, slicing, or other 56 

modifications, and is washed again with water (Washing 2 stage) before it being canned 57 

and sterilized at least for 15 minutes at 121 ºC, as appropriate for a low-acid food 58 

(Sánchez-Gómez, García-García, & Rejano-Navarro, 2006). A single lye treatment 59 

followed by a single water wash has been proposed in order to reduce the high volume 60 

of wastewater generated during the darkening process (García, Brenes, & Garrido, 61 
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1991). This new process gives rise to a product which is richer in bioactive substances 62 

than the traditionally processed product (Romero, García-García, & Brenes, 2016). 63 

Black ripe olives are referred as safe as they are a sterilized product, providing 64 

they have been correctly manufactured and manipulated by the end user. However, in 65 

most companies the period between the initiation of the washing 2 stage and the 66 

packaging and sterilization may last for more than 30 h, which is long enough for the 67 

growth of some microorganisms that affect on the organoleptic characteristics of the 68 

final product. Black ripe olives have a long history of microbial safety. However, 69 

botulism outbreaks due to Clostridium botulinum have been associated with this 70 

product. The most severe outbreaks took place in the United States in 1919–1920 and 71 

the products implicated were olives darkened by oxidation that were improperly 72 

sterilized (Horowitz, 2011). Also, other botulism outbreaks have been reported due to an 73 

incorrect storage or manipulation in Italy (Fenicia, Ferrini, & Aureli, 1992) and Finland 74 

(Jalava et al., 2011).  75 

The microbiota in the preservation phase consists of mainly yeasts, acetic acid 76 

bacteria under acidic conditions without NaCl, and the presence of lactic acid bacteria 77 

(LAB) when the temperature rises in spring and summer (de Castro et al., 2007). Also, a 78 

high microbial load has been observed in solutions after lye treatment, color retention 79 

with ferrous gluconate, and water washing steps. While the microbiota in the 80 

preservation step is very well characterized, there is not any study regarding the 81 

microbiota present in the rest of the phases of the black ripe olive processing.  The pH 82 

values in these phases are close to neutrality and olives remain a variable time period 83 

before sterilization.  84 
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High-throughput sequencing has revolutionized the field of food microbial 85 

ecology. It is a new culture-independent tool to study the microbial communities in 86 

foods. Recently, metagenetics studies have been carried out to study the microbial 87 

ecology in several table olive elaborations (Cocolin et al., 2013; De Angelis et al., 2015; 88 

Medina et al., 2016a; Randazzo et al., 2017). Therefore, the aims of this work were to 89 

carry out a physicochemical characterization and to evaluate the bacterial communities 90 

using high-throughput sequencing techniques in order to obtain the necessary 91 

information regarding the process so as to design new strategies to improve the quality 92 

and safety in the black ripe olives. 93 

2. Material and Methods 94 

2.1. Sampling 95 

Industrial samples were obtained from a renowned table olive producer in the 96 

province of Seville (Spain). Three samples from each stage depicted in Figure 1 were 97 

withdrawn (only two samples of Washing 2 stage were available), transported to the 98 

laboratory in sterile containers and kept at 4 ºC (chemical and microbiological 99 

analyses), and -20º C (HPLC and genetic analyses), until they were examined. Two 100 

samples belonged to cv. Hojiblanca (H1, H2) and the third to cv. Manzanilla (M), the 101 

most important cultivars used for black ripe olive processing in Spain. Since after the 102 

alkaline treatment is presumable that the microbial growth should initiate and reach 103 

higher populations in the surrounding liquids than in the fruits, the research was carried 104 

out with the liquids in which the olives were submerged. Taking into account the reality 105 

of the industrial practice, the objective of the sampling plan was to cover the greatest 106 

diversity of cases. With this aim, the preservation stage samples corresponded to olives 107 
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preserved with salt (2.7 g NaCl 100 mL
-1

) in the case of sample M, whereas 108 

preservation samples H1 and H2 corresponded to acidified water (2 mL acetic acid 100 109 

mL
-1

) without salt. Moreover, all M and H1 samples came from olives preserved for 6-7 110 

months, whereas samples H2 came from olives kept for 18 months (Table S1). 111 

2.2. Chemical analyses 112 

The pH values of the solutions were measured with a Crison Basic 20 pH-meter. 113 

2.2.1. Organic acids 114 

Organic acids were analyzed by HPLC as described by Sánchez, de Castro, 115 

Rejano, & Montaño (2000). Duplicate samples (1 mL) were acidified with 10 µL of 116 

concentrated phosphoric acid and finally the samples were filtered through 0.22 μm 117 

before injection into the HPLC system. The chromatographic system consisted of a 118 

2695 Alliance that includes a quaternary pump, an automatic injector, a column heater 119 

module (30 ºC), with the detection being performed with a 410 refractive index (40ºC of 120 

internal temperature). The entire system was operated with Millenium 32 software 121 

(Waters, Milford, USA). A Spherisorb ODS-2 (5 μm, 25 cm, 4.6 mm i.d., Waters Inc.) 122 

column was used and the separation was achieved by isocratic elution using water 123 

acidified with phosphoric acid (pH 2.5) as mobile phase. The flow rate was 1.2 mL min
-124 

1
 and the volume injected was 20µL. Quantification of organic acids was made by using 125 

the reference compound obtained from a commercial supplier. All analyses were carried 126 

out in duplicate. 127 

2.2.2. Sugars 128 
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Glucose, fructose, sucrose, ethanol and mannitol were analyzed by HPLC as 129 

described by Sánchez et al. (2000). The HPLC system is the same as described above. 130 

An Aminex HPX-87C carbohydrate analysis column (BioRad Labs) held at 65 ºC was 131 

used. Deionized water was used as eluent at 0.7 mL min
-1

. Sample analysis were 132 

performed in duplicate. 133 

2.2.3. Phenolic compounds 134 

The analysis of phenolic compounds was carried out as described elsewhere 135 

(Medina, Brenes, Romero, García, & de Castro, 2007) with variations.  The 136 

chromatographic system consisted of a Waters 717 plus autosampler, a Waters 600 E 137 

pump, a Waters column heater module, and a Waters 996 photodiode array detector 138 

operated with Empower 2.0 software (Waters Inc.). Chromatograms were recorded at 139 

280 and 260 nm. The evaluation of each compound was performed using a regression 140 

curve with the corresponding standard. Standards were purchased from Sigma and 141 

Extrasynthese (Fenay, France) companies or isolated by semi-preparative HPLC 142 

(Medina et al., 2007; Medina, Romero, de Castro, Brenes, & García, 2008). The 143 

analyses were performed in duplicate. Total polyphenols are the sum of hydroxytyrosol 144 

(Hy), Hy-glycol, Hy 1-Glucoside, Hy 4-glucoside, tyrosol (Ty), Ty -glucoside, vanillic 145 

acid, caffeic acid, ester of caffeic acid, p-coumaric acid, verbascoside, the dialdehydic 146 

form of decarboxymethyl elenolic acid linked to Hy (HyEDA), luteolin, luteolin -7-147 

glucoside, oleuropein, rutin, comselogoside, apigenin, secoxyloganin, secologanoside, 148 

and ligustroside. Samples were run in duplicate. 149 

2.3. Microbiological analysis 150 
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Both culture dependent and independent techniques were applied to investigate 151 

the microbiota present in the different process stages. The viable and culturable 152 

populations of Enterobacteriaceae, lactic acid bacteria (LAB), yeast and molds, and 153 

mesophilic aerobic bacteria were determined by plating the brines and their decimal 154 

dilutions (in 0.9 % NaCl) with a Spiral Plater (Don Whitley Sci. Ltd., Shipley, England). 155 

The culture media used were VRBG agar (Biokar diagnostics, Beauvais, France); De 156 

Man, Rogosa, Sharpe MRS agar (Biokar) with and without 0.02 % sodium azide 157 

(Sigma-Aldrich); oxytetracycline-glucose-yeast extract (Oxoid Ltd., Basingstoke, 158 

England) agar; and Standard Methods Agar (PCA) (Laboratorios Conda S.A., Madrid, 159 

Spain) for the aforementioned groups, respectively. MRS plates were incubated under 160 

anaerobic conditions (AnaeroGen, Oxoid). VRBG plates were incubated at 37 ºC and all 161 

others at 32 ºC for up to five days, and the numbers of colony forming units were 162 

counted with a Scan 500 (Interscience, St Nom la Bretèche, France) colony counter.  163 

2.4. Microbial DNA extraction, preparation of libraries and MiSeq sequencing 164 

Culture-independent methods were applied to assess the whole microbiota in the 165 

samples. Microbial genomic DNA was extracted as described by Medina et al. (2016b) 166 

and sent to the Sequencing and Bioinformatic Service of FISABIO (Valencia, Spain). 167 

16S rRNA gene amplicons were amplified following the 16S rRNA gene Metagenomic 168 

Sequencing Library Preparation Illumina protocol (Part # 15044223 Rev. A). The gene-169 

specific sequences used in this protocol target the 16S rRNA gene V3 and V4 region 170 

(Klindworth et al., 2013). Illumina adapter overhang nucleotide sequences were added 171 

to the gene-specific sequences. The primer pair were: forward primer PCR_1 (5-172 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG-173 

3´) and reverse primer PCR_1 (5'-174 
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GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGTATCTAA175 

TCC- 3´). In addition, Intergenic transcribed spacers (ITS) of fungal organisms were 176 

amplified with primers ITS1_KYO2_F (5´-177 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTAGAGGAAGTAAAAGTCGT178 

AA-3´) and ITS2_KYO2_R (5´-179 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGTTYRCTRCGTTCTTCATC-180 

3`) according to the work of Toju, Tanabe, Yamamoto, & Sato (2012). The multiplexing 181 

step was performed using Nextera XT Index Kit (FC-131-1096). 1 μL of the PCR 182 

product was run on a Bioanalyzer DNA 1000 chip to verify the size; the expected size 183 

on a Bioanalyzer trace is ~550 bp. Libraries were sequenced using a 2x300 pb paired-184 

end run (MiSeq Reagent kit v3 (MS-102-3001) on a MiSeq Sequencer according to 185 

manufacturer’s instructions (Illumina). Quality assessment was performed by the use of 186 

prinseq-lite program (Schmieder & Edwards, 2011) applying the following parameters: 187 

minimum sequence length of 50 bp, trim_qual_right of 20, trim_qual_type of mean and 188 

trim_qual_window of 20 bp. Bioinformatic analysis was carried out using an ad-hoc 189 

pipeline written in RStatistics environment (R Core Team, 2012), making use of several 190 

Open Source libraries such as gdata, vegan, etc. Taxonomic affiliations of 16S rRNA 191 

dataset and ITS sequences have been assigned using the RDP_classifier from the 192 

Ribosomal Database Project (Cole et al., 2009; Wang, Garrity, Tiedje & Cole, 2007); for 193 

16S rRNA assignation, we used the proper RDP training set, while for ITS sequences 194 

we used the UNITE fungal classification database (https://unite.ut.ee/) also included in 195 

the RDP_classifier. 196 

2.8. Statistical analysis 197 
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Data were expressed as mean values and standard deviations (SD) were 198 

calculated. Statistica software version 7.0 was used for data processing (Statistica for 199 

Windows, Tulsa, OK, USA). 200 

3. Results and Discussion 201 

3.1. Chemical and microbiological characteristics of the ripe olive processing stages 202 

California-style black ripe olives, as a low-acid canned food, require sterilization 203 

temperatures above 110 ºC to guarantee their microbiological safety (Tang et al., 2016).  204 

Spanish industry usually applies a sterilization process autoclaving for 15 minutes at 205 

121 ºC, at least. This final heat treatment could explain the lack of microbial studies 206 

between the initial preservation step and the final product (to the best of our 207 

knowledge). However, sensorial characteristics of this product can be influenced by the 208 

growth of certain microorganisms during the several steps of black olive processing. 209 

The chemical parameters and the population of monitored microorganisms of the three 210 

samples at each processing stage are presented in Table 1 and 2, respectively. Despite 211 

the different cultivars and origins, the samples presented similar values for each stage, 212 

which justifies that the mean values are shown.  Meaningful differences among the 213 

successive stages were found, which can be explained according to the industrial 214 

procedure.  215 

The pH values at the preservation stage are clearly acidic in order to keep the 216 

olives in good condition. Acetic acid, rather than lactic acid, is responsible for this acid 217 

environment. Acetic acid is customarily added to the initial olive cover liquids, either 218 

brine or water, in order to prevent potential spoiling microorganisms, for instance 219 
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Enterobacteriaceae. Significant amounts of ethanol and mannitol were found, whereas 220 

the concentrations of sucrose, glucose and fructose were low (Table 1). The main 221 

phenolic compound detected in these preservation solutions was hydroxytyrosol, 222 

originating from the hydrolysis of the bitter glucoside oleuropein. It has to be said that 223 

two of these preservation samples (H1 and H2) were acidified water, but the third (M) 224 

was a brine (2.7 g NaCl 100 mL
-1

). However, few differences among the main chemical 225 

characteristics were found and the standard deviations were low (Table 1). Scant 226 

microbial populations were detected in the preservation samples (Table 2). No 227 

Enterobacteriaceae, lactic acid bacteria, or molds were detected at the time of sampling. 228 

The predominant microbiota were mesophilic aerobic bacteria, and yeasts were also 229 

present. Despite of the high ethanol concentration, which is a product of the yeast 230 

metabolism, the yeast population was very low at the time of sampling, but these results 231 

are in agreement with previous studies (De Castro et al., 2007).  232 

The most noteworthy chemical characteristic of the lye treatment samples was 233 

their high pH values, which is obvious taking into account that 3 % NaOH 234 

concentrations are used in this second stage. The lye facilitates diffusion through the 235 

olive epidermis between the flesh and the surrounding liquid and it explains why acids, 236 

sugars, ethanol and polyphenols were detected in the samples, albeit their 237 

concentrations were lower than in the preservation samples. No viable microorganisms 238 

were detected in the second stage samples (lye).  239 

On the contrary, all the microbial groups examined by culture technics were 240 

detected in the Washing 1 stage (Table 2). This step lasts for 24-30 hours, and a mixture 241 

of water with preservation liquids is currently applied by the industrial producer with 242 

the aim of reducing the olives' high pH values due to the anterior lye treatment. As a 243 
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consequence, the pH values of the Washing 1 samples (Table 1) were suitable for 244 

microbial survival or even growth. Aerobic mesophiles organisms were the most 245 

abundant, reaching more than 10
6 

cfu mL
-1

 in two of the three samples. Yeast and LAB, 246 

which constitute the normal microbiota in aged preservation liquids, presented 247 

populations ranging from 4.2 x 10
3
 to 1.7 x 10

5 
cfu mL

-1
. Molds were also detected and 248 

a low number of Enterobacteriaceae. In relation to the chemical characteristics in this 249 

stage (Table 1), in general the monitored compounds presented values between the 250 

concentrations detected in stages 1 and 2. As it has been said above, the Washing 1 step 251 

is carried out with mixtures of water and preservation liquids, which justifies these 252 

results, and in some way the important standard deviations, as a consequence of the 253 

liquid variabilities applied in this stage.  254 

Once the olives have been oxidized (blackened) during the Washing 1 step, the 255 

next stage aims to retain color by using the agent ferrous gluconate (E-579). The olives 256 

stayed in this solution for 7-12 hours and, as it was observed in the previous stage 3, the 257 

pH values and the low but remaining substrate concentrations allowed the existence of 258 

diverse microbiota dominated by mesophilic aerobic bacteria (around 1 x 10
7 

cfu mL
-1

), 259 

followed by lactic acid bacteria, yeasts and, to a lesser extent, molds and 260 

Enterobacteriaceae.  261 

However, this “initial” colonization increased dramatically throughout the fifth 262 

and last stage (Washing 2) before packing. Counts above 1 x 10
8 

cfu mL
-1

 were recorded 263 

for aerobic mesophiles and LAB, whereas yeasts and molds also displayed higher 264 

numbers than in the previous stage, and it was noteworthy that Enterobacteriaceae 265 

reached values close to 1 x 10
7 

cfu mL
-1

 during this Washing 2 stage (Table 2). 266 
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3.2. Molecular ecology of the bacterial and fungal communities 267 

The results obtained by using culture dependent techniques highlighted the 268 

importance that the black ripe olive processing could have on both the final product's 269 

quality-sensory properties and on the safety consequences should the product be 270 

marketed without any thermal treatment. In addition, these results justify the suitability 271 

of applying DNA sequencing methods to unveil what microorganisms are present 272 

through the different stages and their importance. 273 

The high throughput sequencing of the 16S-PCR products generated a mean of 274 

53,017 high quality sequences per sample with an average length of 460 bp (Table S2). 275 

Across all taxa, a total of 24 predominant bacterial OTUs were classified at genus level 276 

(Table S4). Also, ITS sequencing showed an average of 60,534 sequences per sample 277 

with an average length of 477 bp (Table S3). Table S5 in Supplementary material shows 278 

the main 15 fungal OTUs assigned at family or species shared among all samples in the 279 

different steps. The microbial community was also analyzed using diversity estimator 280 

(Shannon, Simpson and Chao1) (Tables S2 and S3). The least biodiversity was found in 281 

the preservation stage and the highest in samples from the second washing step. 282 

A change of bacterial (Figure 2) and fungal (Figure 3) genera and species was 283 

observed through the different steps of black ripe olive processing in the samples 284 

studied. In relation to bacteria, a very significant difference was found in the 285 

preservation stage between sample M (which contained 2.7 g NaCl 100 mL
-1

), and the 286 

samples H1 and H2 that contained no salt. Almost all the DNA in sample M belonged to 287 

the genus Lactobacillus, whereas Acetobacter prevailed in samples H1 and H2 (Figure 2 288 

and Table S4).  It is in some way surprising that LAB were not detected in this stage by 289 
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cultural methods (Table 2). Taking into account that the same methodology was used for 290 

the successive stages and viable LAB were recovered from them, the most reasonable 291 

explanation is that this group of bacteria lost viability in the preservation liquids but 292 

their DNA was present and available for sequencing. Nevertheless, the fact that both 293 

LAB and acetic acid bacteria may be present during the preservation stage confirms 294 

previous findings (de Castro et al., 2007). With regard to the yeast species, 295 

Kregervanrija fluxuum and Pichia membranifaciens predominated in the preservation 296 

liquids, the first species in the salt containing M sample and the second in the H1 and 297 

H2 samples (Figure 3 and Table S5). Pichia membranifaciens has long been cited in 298 

olive environments, both in Spanish-style green olives (González-Cancho, 1960) and in 299 

directly brined olives (Duran, García, Brenes, & Garrido, 1994). On the contrary, 300 

Kregervanrija fluxuum has been found in wine, beer and cider (Kurtzman, 2006), but to 301 

the best of our knowledge, it has never been referenced in table olives. 302 

Proceeding to the second stage, no DNA was obtained from lye treatment 303 

samples and microbiological results of this step have not been attained either by 304 

sequencing or by cultivation (Table 2). 305 

Acetobacter (64.6 – 76.4 %) and Lactobacillus (22.0 – 31.7 %) were also the 306 

most abundant bacterial genera found in the Washing 1 stage (Figure 2 and Table S4). 307 

However, it is important to highlight that Vibrio (up to 8.3 % relative abundance in 308 

sample H1) and Enterobacteriaceae (up to 1.6 %) were firstly detected in this stage. 309 

Low numbers of viable Enterobacteriacea were already detected by cultural methods in 310 

this stage (Table 2), and although this family is frequently found in olive brines and 311 

other environments without causing side effects, it is well known that certain species or 312 

strains can cause illnesses. Fortunately, the usually hard characteristics achieved during 313 
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the time that olives are kept in brine (low pH, low aw, antimicrobial phenolic 314 

compounds) prevent the presence of these microorganisms in the preservation step. 315 

However, this was not the case in the Washing 1 samples, since neither pH values nor 316 

salt concentration were limiting factors. The genus Vibrio also includes pathogenic 317 

species and this possibility cannot be ruled out. A new species of Vibrio has been 318 

described in Spanish-style green olive fermentations (Lucena-Padrós, González, 319 

Caballero-Guerrero, Ruiz-Barba, & Maldonado-Barragán, 2015) and Vibrio spp. have 320 

also been found in fermented cucumbers (Breidt et al., 2013). The most probable origin 321 

of this species is the salt, which is almost always from marine sources in Spanish olive 322 

industries, and other microorganisms from saltern habitats have been found in olive 323 

brines (Lucena-Padrós & Ruiz-Barba, 2016). As regards yeasts found in this step, 324 

Pichia membranifaciens and Kregervanrija fluxuum were still present, but the highest 325 

relative abundance corresponded to the family Dipodascaceae (Figure 3 and Table S5). 326 

Within this family, Geotrichum candidum, Galactomyces geotrichum and Dispodascus 327 

australiensis have been identified as sequences with 99 % of similarity (data not 328 

shown). Likewise, other species such as Magnusiomyces capitatus (Dipodascaceae) and 329 

Dekkera anomala (Pichiaceae) were present in low quantities.  330 

Yeasts are the predominant microorganisms in black ripe olive preservation and 331 

natural olive elaboration (Brenes, García, Durán, & Garrido, 1986). In this study, a total 332 

of 15 yeast taxa have been detected and many of them have been described as common 333 

yeast in green natural olives, Spanish-style Green olives (Arroyo-López et al., 2012), 334 

and in cracked green olives (Mateus, Santo, Saúde, Pires-Cabral, & Quintas, 2016). 335 

Yeasts play a dual role in the elaboration of table olives. They are in part responsible for 336 

the aroma production in the final products, but can also provoke negative effects such as 337 
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excessive CO2 release, the formation of gas-pockets in the fruits, or different unwanted 338 

enzymatic activities (Arroyo-López et al., 2012). 339 

Once the olives have finished the washing after the lye treatment, they are kept 340 

in the ferrous gluconate solution. Ferrous gluconate acts as a color retention agent after 341 

polyphenol polimerization has darkened the olives. The microbiota in this fourth stage 342 

was similar to the previous third in both bacteria and yeasts. The most marked 343 

difference was that Oenococcus took the place of Lactobacillus as the most abundant 344 

LAB in the gluconate solutions. In fact, Oenococcus was more abundant than 345 

Acetobacter in the sample M (63.7 % vs 35.5 %, respectively), whereas Acetobacter 346 

surpassed LAB in the H1 and H2 samples (80-96.4 % vs 3.1-19.2 %, respectively) 347 

(Figure 2 and Table S4). Oenococcus is an important genus in wine-making, where it is 348 

applied as a starter culture to perform the malolactic fermentation (Mills, Rawsthorne, 349 

Parker, Tamir, & Makarova, 2005). Although it has been cited in olive mill wastes 350 

(Ntougias, Bourtzis, & Tsiamis, 2013), this is the first time it has been reported in table 351 

olive samples. Apart from that, Dipodascaceae, Pichia membranifaciens, and 352 

Kregervanrija fluxuum remained the yeasts detected more abundantly. 353 

As it was previously said, the highest microbial diversity was found in samples 354 

from the Washing 2 step. The high number of bacteria detected by cultural methods was 355 

mirrored in more than 20 genera identified by sequencing (Figure 2 and Table S4). 356 

Within LAB, Enterococcus, Streptococcus and Lactococcus unveiled compared to the 357 

previous stages, Lactobacillus and Leuconostoc stayed present, but Oenococcus faded 358 

dramatically. Altogether, LAB accounted for approximately 13.4 – 31.6 % in this 359 

Washing 2 stage. An important decrease was also detected in the relative abundance of 360 

Acetobacter, although the figures are still notable (7.9 -10.5 %). However, the most 361 
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striking result was that between 54.1 and 74.3 of the readings belonged to 362 

Gammaproteobacteria, with Enterobacteriaceae (21.3-27.8 %) and Vibrio (14.2-31.2 %) 363 

being the most abundant, but other six genera were found. Among them, 364 

Pseudoalteromonas, Alteromonas and Marinomonas have never been detected before in 365 

table olives, and Shewanella has been found recently in Nocellara Etnea table olives 366 

(Randazzo et al., 2017). Suspiciously, all these genera, along with Vibrio, share sea 367 

water, coast and salt marshes as main habitats (Gauthier, Gauthier, & Christen, 1995). 368 

The genus Acinetobacter (2.9-3.9 % relative abundance) has been described in table 369 

olives with alkaline treatment by Cocolin et al. (2013). Acinetobacter is not considered 370 

pathogenic for healthy human beings, but some strains are opportunistic pathogens 371 

responsible for respiratory and urinary diseases in immunosuppressed patients 372 

(Bergogne-Bérézin & Towner, 1996). Going back to Enterobacteriaceae, it has to be 373 

mentioned that, apart from the pathogenic species included in this family, these bacteria 374 

cause table olive spoilages such as gas-pocket formation in the olive fruits and produce 375 

metabolites that generate off-odours and off-flavours in the final products (Garrido-376 

Fernandez, Fernández-Díaz, & Adams, 1997).  377 

Less significant were the differences found among the yeasts detected in the 378 

Washing 2 step when comparing with the previous steps. Dipodascaceae, Pichia 379 

membranifaciens, and Kregervanrija fluxuum were the predominant taxa. 380 

4. Conclusions 381 

The microbial ecology of the different black ripe olive processing stages had not 382 

been studied before this work. Our findings have confirmed that a high diversity of 383 

bacteria and, to a lesser extent, yeasts can be present in the different solutions used 384 
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throughout the process. Although ripe olives are finally sold after a sterilization 385 

treatment, the microbial growth through the previous steps may have sensorial effects 386 

and compromise the product quality. 387 

5. Acknowledgements 388 

This research was supported by the Spanish Government (Projects AGL2013-389 

42739-R and AGL2016-76820-R), and partially financed by the European Union 390 

(European Regional Development Funds, ERDF). The authors gratefully thank Mrs. 391 

Alejandra Expósito for her skilful experimental work in the laboratory. 392 

6. References  393 

Arroyo-López, F. N., Bautista-Gallego, J., Domínguez-Manzano, J., Romero-Gil., V., 394 

Rodríguez-Gómez, P., García-García, A., et al. (2012). Formation of lactic acid bacteria-395 

yeasts communities on the olive surface during Spanish-style Manzanilla fermentations. 396 

Food Microbiology, 32, 295-301. https://doi.org/10.1016/j.fm.2012.07.003 397 

Bergogne-Bérézin, E., & Towner, K. J. (1996). Acinetobacter spp. as nosocomial 398 

pathogens: microbiological, clinical, and epidemiological features. Clinical 399 

Microbiology Reviews, 9, 148-165. 400 

Breidt, F., Medina, E., Wafa, D., Pérez-Díaz, I., Franco, W., Huang, H. Y., et al. (2013). 401 

Characterization of cucumber fermentation spoilage bacteria by enrichment culture and 402 

16S rDNA cloning. Journal of Food Science, 78, M470 – M476. DOI: 10.1111/1750-403 

3841.12057 404 

https://doi.org/10.1016/j.fm.2012.07.003


19 
 

Brenes, M., García, P., Durán, M. C., & Garrido, A. (1986). Study of different methods 405 

for preservation of black ripe olives. Grasas y Aceites, 37, 123–128. 406 

Brenes-Balbuena, M., García-García, P., & Garrido-Fernández, A. (1992). Phenolic 407 

compounds related to the black color formed during the processing of ripe olives. 408 

Journal of Agricultural and Food Chemistry, 40, 1192-1196. DOI: 10.1021/jf00019a023 409 

Cocolin, L., Alessandria, V., Botta, C., Gorra, R., de Filippies, F., Ercolini, D., et al. 410 

(2013). NaOH-Debiterring induces changes in bacterial ecology during table olives 411 

fermentation. Plos One, 8, e69074. https://doi.org/10.1371/journal.pone.0069074 412 

Cole, J. R., Wang, Q., Cardenas, E., Fish, J., Chai, B., Farris, R. J., et al. (2009). The 413 

Ribosomal Database Project: improved alignments and new tools for rRNA analysis. 414 

Nucleic Acids Research, 37, D141-D-145. https://doi.org/10.1093/nar/gkn879 415 

De Angelis, M., Campanella, D., Cosmai, L., Summo, C., Rizzello, C. G., & Francesco 416 

Caponio, F. (2015). Microbiota and metabolome of un-started and started Greek-type 417 

fermentation of Bella di Cerignola table olives. Food Microbiology, 52, 18-30. 418 

https://doi.org/10.1016/j.fm.2015.06.002 419 

De Castro, A., García, P., Romero, C., Brenes, M., & Garrido, A. (2007).  Industrial 420 

implementation of black ripe olive storage under acid conditions. Journal of Food 421 

Engineering, 80, 1206–1212. https://doi.org/10.1016/j.jfoodeng.2006.09.010 422 

https://doi.org/10.1371/journal.pone.0069074
https://doi.org/10.1093/nar/gkn879
https://doi.org/10.1016/j.fm.2015.06.002
https://doi.org/10.1016/j.jfoodeng.2006.09.010


20 
 

Duran, M. C., García, P., Brenes, M., & Garrido, A. (1994). Lactobacillus plantarum 423 

survival in aerobic, directly brined olives. Journal of Food Science, 59, 1197-1201. 424 

DOI: 10.1111/j.1365-2621.1994.tb14675.x 425 

Fenicia, L., Ferrini, A. M., & Aureli, P. (1992). Epidemia di botulismo da olive nere. 426 

Industrie Alimentari XXXI, April, pp. 55-58. 427 

García, P., Brenes, M., & Garrido, A. (1991). Effect of oxygen and temperature on the 428 

oxidation rate during the darkening step of ripe olive processing. Journal of Food 429 

Engineering, 13, 259-271. https://doi.org/10.1016/0260-8774(91)90046-U 430 

Garrido, A., García P., Brenes, M., & Romero, C. (1995). Iron content and colour of ripe 431 

olives. Die Nahrung, 39, 67–76. DOI: 10.1002/food.19950390109 432 

Garrido-Fernandez, A., Fernández-Díaz, M. J., & Adams, R. M. (1997). Tables Olives: 433 

Production and Processing. Chapman & Hall, London. 434 

Gauthier, G., Gauthier, M., & Christen R. (1995). Phylogenetic analysis of the genera 435 

Alteromonas, Shewanella, and Moritella using genes coding for small-subunit rRNA 436 

sequences and division of the genus Alteromonas into two genera, Alteromonas 437 

(emended) and Pseudoalteromonas gen. nov., and proposal of twelve new species 438 

combinations. International Journal of Systematic Bacteriology, 45, 755–761. 439 

http://dx.doi.org/10.1099/00207713-45-4-755  440 

https://doi.org/10.1016/0260-8774(91)90046-U
http://dx.doi.org/10.1099/00207713-45-4-755


21 
 

González-Cancho, F. (1960). Estudios sobre el aderezo de aceitunas verdes. XVII. 441 

Levaduras presentes en la fermentación. (Studies on green olive pickling. XVII. Yeasts 442 

present in the fermentation). Grasas y Aceites, 11, 9-18. 443 

Horowitz, B. Z. (2011). The ripe olive scare and hotel Loch Maree Tragedy: Botulism 444 

under glass in the 1920s. Clinical Toxicology, 49, 345–347. 445 

http://dx.doi.org/10.3109/15563650.2011.571694 446 

IOC, International Olive Council (2004). Unified qualitative standard applying for table 447 

olives in international trade. Madrid, Spain.  448 

IOC, International Olive Council. World Table Olive Figures. (2016). 449 

http://www.internationaloliveoil.org/estaticos/view/132-world-table-olive-figures 450 

Accessed 06.09.17.Jalava, K., Selby, K., Pihlajasaari, A., Kolho, E., Dahlsten, E., Forss, 451 

N., et al. (2011). Two Cases of Food-Borne Botulism in Finland Caused by Conserved 452 

Olives. http://www.eurosurveillance.org/ViewArticle. aspx?ArticleId=20034 Accessed 453 

06.09.17. 454 

Klindworth, A., Pruesse, E., Schweer, T., Peplies, J., Quast, C., Horn, et al. (2013). 455 

Evaluation of general 16S ribosomal RNA gene PCR primers for classical and next-456 

generation sequencing-based diversity studies. Nucleic Acids Research, 41 (1): e1. 457 

https://doi.org/10.1093/nar/gks808 458 

Kurtzman, C. P. (2006). New species and new combinations in the yeast genera 459 

Kregervanrija gen. nov., Saturnispora and Candida. FEMS Yeast Research, 6, 288-297. 460 

https://doi.org/10.1111/j.1567-1364.2005.00019.x 461 

http://dx.doi.org/10.3109/15563650.2011.571694
http://www.internationaloliveoil.org/estaticos/view/132-world-table-olive-figures
https://doi.org/10.1093/nar/gks808
https://doi.org/10.1111/j.1567-1364.2005.00019.x


22 
 

Lucena-Padrós, H., González, J. M., Caballero-Guerrero, B., Ruiz-Barba, J. L., & 462 

Maldonado-Barragán, A. (2015). Vibrio olivae sp. nov., isolated from Spanish-style 463 

green-olive fermentations. International Journal of Systematic and Evolutionary 464 

Microbiology, 65, 1895-1901. doi: 10.1099/ijs.0.000196 465 

Lucena-Padrós, H., & Ruiz-Barba, J. L. (2016). Diversity and enumeration of halophilic 466 

and alkaliphilic bacteria in Spanish-style green table-olive fermentations. Food 467 

Microbiology, 53, 53-62. https://doi.org/10.1016/j.fm.2015.09.006 468 

Mateus, T., Santo, D., Saúde, C., Pires-Cabral, P., & Quintas, C. (2016). The effect of 469 

NaCl reduction in the microbiological quality of cracked green table olives of the 470 

Mancanilha Algarvia cultivar. International Journal of Food Microbiology, 218, 57-65. 471 

https://doi.org/10.1016/j.ijfoodmicro.2015.11.008 472 

Medina, E., Brenes, M., Romero, C., García, A., & de Castro, A. (2007). Main 473 

antimicrobial compounds in table olives.  Journal of Agricultural and Food Chemistry, 474 

55, 9817–9823. DOI: 10.1021/jf0719757 475 

Medina, E., Romero, C., de Castro, A., Brenes, M., & García, A. (2008). Inhibitors of 476 

lactic acid fermentation in Spanish-style green olive brines of the Manzanilla variety. 477 

Food Chemistry, 110, 932–937. https://doi.org/10.1016/j.foodchem.2008.02.084 478 

Medina, E., Ruiz-Bellido, M. A., Romero-Gil, V., Rodríguez-Gómez, F., Montes-479 

Borrego, M., Landa, B. B., et al. (2016a). Assessment of the bacterial community in 480 

directly brined Aloreña de Málaga table olive fermentations by metagenetic analysis. 481 

https://doi.org/10.1016/j.fm.2015.09.006
https://doi.org/10.1016/j.ijfoodmicro.2015.11.008
https://doi.org/10.1016/j.foodchem.2008.02.084


23 
 

International Journal of Food Microbiology, 236, 47-55. 482 

https://doi.org/10.1016/j.ijfoodmicro.2016.07.014 483 

Medina, E., Pérez-Díaz, I. M., Breidt, F., Hayes, J. S., Franco, W., Butz, N., et al. 484 

(2016b). Bacterial ecology of fermented cucumber rising pH spoilage as determined by 485 

non-culture based methods. Journal of Food Science, 81, M121-M129. DOI: 486 

10.1111/1750-3841.13158 487 

Mills, D. A., Rawsthorne, H., Parker, C., Tamir, D., & Makarova, K. (2005). Genomic 488 

analysis of Oenococcus oeni PSU-1 and its relevance to winemaking. FEMS 489 

Microbiology Reviews, 29, 465-475. https://doi.org/10.1016/j.fmrre.2005.04.011 490 

Ntougias, S., Bourtzis, K., & Tsiamis, G. (2013). The microbiology of olive mill wastes. 491 

BioMed Research International, 2013, 784591. 492 

http://dx.doi.org/10.1155/2013/784591 493 

Randazzo, C. L., Todaro, A., Pino, A., Pitino, I, Corona, O., & Caggia, C. (2017). 494 

Microbiota and metabolome during controlled and spontaneous fermentation of 495 

Nocellara Etnea table olives. Food Microbiology, 65, 136-148. 496 

https://doi.org/10.1016/j.fm.2017.01.022 497 

R Core Team (2012). R: A Language and Environment for Statistical Computing. ISBN 498 

3-900051-07-0. R Foundation for Statistical Computing. Vienna, Austria. http://www.R-499 

project.org/ 500 

https://doi.org/10.1016/j.ijfoodmicro.2016.07.014
https://doi.org/10.1016/j.fmrre.2005.04.011
http://dx.doi.org/10.1155/2013/784591
https://doi.org/10.1016/j.fm.2017.01.022
http://www.r-project.org/
http://www.r-project.org/


24 
 

Romero, C., García-García, P., & Brenes, M. (2016). Enrichment of black ripe olives in 501 

bioactive compounds using a single alkali treatment. Journal of Food Science, 81, 502 

C2686 -C 2691. DOI: 10.1111/1750-3841.13530  503 

Sánchez, A. H., de Castro, A., Rejano, L., & Montaño, A. (2000). Comparative study on 504 

chemical changes in olive juice and brine during green olive fermentation. Journal of 505 

Agricultural and Food Chemistry, 48, 5975−5980. DOI: 10.1021/jf000563u 506 

Sánchez-Gómez, A. H., García-García, P., & Rejano-Navarro, L. (2006). Elaboration of 507 

table olives. Grasas y Aceites, 57, 86–94. http://dx.doi.org/10.3989/gya.2006.v57.i1.24 508 

Schmieder, R., & Edwards, R. (2011). Quality control and preprocessing of 509 

metagenomic datasets. Bioinformatics, 27, 863-864. 510 

https://doi.org/10.1093/bioinformatics/btr026 511 

Tang, S., Avena-Bustillos, R. J., Lear, M., Sedej, I., Holstege, D. M., Friedman, M., et 512 

al. (2016). Evaluation of thermal processing variables for reducing acrylamide in 513 

canned black ripe olives. Journal of Food Engineering, 191, 124-130. 514 

https://doi.org/10.1016/j.jfoodeng.2016.07.011 515 

Toju, H., Tanabe, A. S., Yamamoto, S., & Sato, H. (2012).  High-coverage ITS primers 516 

for the DNA-based identification of ascomycetes and basidiomycetes in environmental 517 

samples. PloS One, 7 (7), e40863. https://doi.org/10.1371/journal.pone.0040863 518 

http://dx.doi.org/10.3989/gya.2006.v57.i1.24
https://doi.org/10.1093/bioinformatics/btr026
https://doi.org/10.1371/journal.pone.0040863


25 
 

Wang, Q., Garrity, G. M., Tiedje, J. M., & Cole, J. R. (2007). Naïve Bayesian classifier 519 

for rapid assignment of rRNA sequences into the new bacterial taxonomy. Applied and 520 

Environmental Microbiology, 73, 5261-5267. doi: 10.1128/AEM.00062-07 521 

 522 

 523 

Figure captions 524 

Fig. 1. Flowchart with the detailed stages of the black ripe olive processing from which 525 

samples were collected. 526 

Fig. 2. Relative abundance (%) of the bacterial genera or family obtained by 527 

pyrosequencing analysis through the different stages of black ripe olive processing. M: 528 

cv. Manzanilla; H1 and H2: cv. Hojiblanca. 529 

Fig. 3. Relative abundance (%) of the fungal genera or family obtained by 530 

pyrosequencing analysis through the different stages of black ripe olive processing. M: 531 

cv. Manzanilla; H1 and H2: cv. Hojiblanca. 532 

 533 

 534 
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Table 1. Chemical characteristics of samples at the different stages of black ripe olive processing (mmoles L
-1

).  535 

Stage pH Lactic Acid Acetic Acid Ethanol Sucrose Glucose Fructose Mannitol 
Total 

Polyphenols 

Preservation 
3.9 ± 0.0* 1.1 ± 1.1 118.2 ± 5.0 125.9 ± 4.3 0.6 ± 0.0 8.3 ± 2.1 2.6 ± 0.5 31.8 ± 3.2 15.1 ± 1.0 

Lye treatment 
14.2 ± 0.1 2.2 ± 1.1 38.3 ± 0.0 47.8 ± 0.0 0.1 ± 0.1 1.7 ± 0.4 1.7 ± 0.4 5.0 ± 1.8 1.9 ± 0.2 

Washing  1 
6.4 ± 0.9 4.4 ± 2.2 68.3 ± 6.7 28.2 ± 4.3 0.0 ± 0.0 2.9 ± 1.6 1.5 ± 0.1 5.4 ± 2.8 3.9 ± 1.1 

Ferrous 

gluconate  
6.2 ± 1.2 2.2 ± 1.1 24.9 ± 3.3 6.5 ± 0.0 0.0 ± 0.0 0.3 ± 0.3 1.1 ± 0.1 0.9 ± 0.4 1.2 ± 0.4 

Washing 2 
6.4 ± 0.3) 124.3 ± 2.2 44.9 ± 6.7 6.5 ± 0.4 0.0 ± 0.0 0.0 ± 0.0 1.4 ± 0.2 0.0 ± 0.0 2.3 ± 0.7 

* Data are the mean of samples belonging to the same stage ± Standard Deviation. 536 

 537 

 538 

 539 

 540 

 541 

 542 

 543 
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Table 2. Viable microbial population in samples during black ripe olive processing (Log cfu mL
-1

). 544 

Stage Enterobacteriaceae LAB Yeast Molds 
Aerobic 

mesophiles 

Preservation 
<1.30 ± 0.00* <1.30 ± 0.00 1.65 ± 0.14 <1.30 ± 0.00 3.36 ± 1.23 

Lye treatment 
<1.30 ± 0.00 <1.30 ± 0.00 <1.30 ± 0.00 <1.30 ± 0.00 <1.30 ± 0.00 

Washing 1 
1.70 ± 0.43 4.49 ± 0.81 4.48 ± 0.67 3.61 ± 1.04 5.95 ± 1.16 

Ferrous 

gluconate  1.55 ± 0.21 5.90 ± 0.96 4.01 ± 1.18 3.81 ± 0.50 6.96 ± 0.19 

Washing  2 
6.90 ± 0.35 8.23 ± 0.21 5.80 ± 0.54 4.08 ± 0.16 8.32 ± 0.08 

 * Data are the mean of samples belonging to the same stage ± Standard Deviation. The detection limit of the 545 

plating method is 1.30 cfu mL
-1

. 546 

 547 
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Fig 3. 24 
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Table S1. Characteristics of samples collected from black ripe olive processing. 1 

 2 

Sample Cultivar 
Preservation 

time (months) 

Type of cover 

solution 

M Manzanilla 6 - 7 NaCl 

H1 Hojiblanca 6 - 7 Acid water 

H2 Hojiblanca 18 Acid water 

 3 

 4 

 5 

 6 

 7 

 8 
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Table S2. Number of reads and genus diversity estimators for 16s rRNA amplicons from black ripe olive processing samples. 9 

 10 

Stage Sample 
Reads      

(bp) 

Mean Length 

(bp) 
Shannon Simpson Chao1 

Preservation 

M 20495 464.82 0.07 0.02 18 

H1 41707 464.74 0.22 0.07 49 

H2 64410 464.77 0.33 0.12 53 

Washing 1 

M 56168 464.20 1.23 0.67 55 

H1 51002 463.66 1.54 0.73 52 

H2 86299 465.19 1.46 0.72 6 

Ferrous 

Gluconate 

M 47799 453.27 0.78 0.47 32 

H1 54937 459.93 0.98 0.57 47 

H2 81621 456.45 0.77 0.49 24 

Washing 2 
M 26814 465.54 2.68 0.87 10 

H1 51939 440.23 2.85 0.91 13 

 11 

 12 

 13 

 14 
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Table S3. Number of reads and genus diversity estimators for ITS rRNA amplicons from black ripe olive processing samples. 15 

 16 

Stage Sample 
Reads      

(bp) 

Mean Length 

(bp) 
Shannon Simpson Chao1 

Preservation 

M 24696 507.64 0.59 0.38 14 

H1 21988 505.20 0.30 0.14 18 

H2 30697 489.42 0.72 0.43 8 

Washing 1 

M 146773 441.23 0.68 0.30 1 

H1 116392 457.57 1.14 0.60 1 

H2 57589 419.52 1.13 0.54 2 

Ferrous 

Gluconate 

M 65964 432.97 0.63 0.28 17 

H1 89709 504.31 0.76 0.36 17 

H2 52842 476.93 1.23 0.65 2 

Washing 2 
M 22989 507.59 0.73 0.32 1 

H1 36237 505.52 1.01 0.53 17 

 17 

 18 

 19 

 20 

 21 
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Table S4. Relative abundance (%) of the more representative bacterial OTUs at genus and family level in samples analyzed. 22 

 
Processing stage 

 

Preservation Washing 1 Ferrous Gluconate Washing 2 

Taxonomy M H1 H2 M H1 H2 M H1 H2 M H1 

g__Bacteroides - - - - - - - - - 0.1 0.3 

g__Dysgonomonas - - - - - - - - - 0.1 0.2 

g__Prevotella - - - - - 0.1 - - - 0.5 0.5 

g__Aerococcus - - - - - 0.4 - - - 0.1 0.1 

g__Alkalibacterium - - 0.1 - - 0.1 - - - - - 

g__Enterococcus - - - - 0.3 - - - - 12.6 5.2 

g__Lactobacillus 99.3 0.9 4.1 22.2 22.0 31.7 0.2 - - 3.3 2.6 

g__Leuconostoc - - - - 2.0 0.1 0.1 5.6 1.0 0.8 0.6 

g__Oenococcus 0.3 1.7 - 0.8 0.9 1.3 63.7 13.1 1.8 - - 

g__Weissella - - - - - - - 0.5 0.3 0.1 0.3 

g__Lactococcus - - - - - - - - - 8.1 1.5 

g__Streptococcus - - - - - - - - - 6.7 3.2 

g__Veillonella - - - - - - - - - 0.1 0.1 

g__Acetobacter 0.1 96.6 95.0 76.4 64.6 64.7 35.5 80.0 96.4 10.5 7.9 

g__Comamonas - - - - - - - - - 0.2 0.2 

g__Arcobacter - - - - - - - - - 0.3 0.5 

g__Alteromonas - - - - - - - - - 2.8 3.0 

g__Shewanella - - - - - - - - - 3.2 9.6 

f__Enterobacteriaceae - 0.2 - - 1.6 0.8 0.2 0.1 - 27.8 21.3 

g__Marinomonas - - - - - - - - - 0.9 2.6 

g__Acinetobacter - - - - - - - - - 2.9 3.9 

g__Pseudomonas - - - - - - - - - 0.1 0.2 

g__Pseudoalteromonas - - - - - - - - - 2.2 2.5 

g__Vibrio - 0.1 0.3 0.1 8.3 0.3 - - - 14.2 31.2 

Unclassified and minor groups 0.3 0.5 0.4 0.6 0.3 0.6 0.2 0.7 0.5 2.3 2.5 

 23 
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Table S5. Relative abundance (%) of the more representative fungi OTUs at family and species level in samples analyzed. 24 

 25 

 

Processing stage 

 

Preservation Washing 1 Ferrous Gluconate Washing 2 

Taxonomy M H1 H2 M H1 H2 M H1 H2 M H1 

sp_Candida apicola - - 0.1 - - - - - - - - 

sp_Candida bituminiphila - - 0.2 - - 0.3 - - 0.1 0.8 1.1 

sp_Candida etchellsii - - 0.1 - - - - - - - - 

sp_Candida magnoliae - - 0.1 - - - - - - - - 

sp_Candida pararugosa - - 0.2 - - - - - - - - 

sp_Cyberlindnera jadinii - - - - - - - - 0.1 - - 

sp_Dekkera anomala 0.1 - 1.1 0.1 0.3 0.7 - - 0.1 - - 

f_Dipodascaceae 0.2 0.9 1.7 89.5 59.6 70.5 90.9 85.0 50.4 88.9 67.2 

sp_Kregervanrija fluxuum 75.1 6.3 25.9 2.0 7.6 9.3 2.1 1.7 15.2 1.8 4.1 

sp_Magnusiomyces capitatus - - 0.2 - 1.2 2.6 - 0.1 0.2 0.5 0.4 

sp_Pichia membranifaciens 24.5 92.6 70.1 8.0 30.7 13.9 6.7 12.7 32.6 7.2 25.5 

sp_Pichia terricola - - - - - - - - 0.1 - 0.1 

sp_Thichosporon cutaneum - - - - - - - - - 0.1 - 

sp_Thichosporon guehoae - - - - - - - - - 0.1 0.1 

sp_Thichosporon veenhuisii - - - - - - - - - 0.1 0.8 

Unclassified and minor groups 0.1 0.3 0.4 0.4 0.6 2.6 0.3 0.5 1.2 0.7 0.7 
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Highlights 

 Microbiota present in black ripe olive processing determined for the first time 

 Microbial diversity increased throughout the successive stages 

 High-throughput sequencing found out taxa never before cited in table olives 

 

*Highlights (for review)




