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Table olives fermentation is the result of a complex set of dynamics involving diverse microbial populations such as
lactic acid bacteria, yeasts and moulds. Their metabolic activities determine the characteristics such as flavour,
texture and safety of the final product. This chapter offers an overview on the main microbiota characterizing table

olives and their role during fermentation.
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| Introduction

Table olives are the most widespread fermented food in the Mediterranean countries. Their fermentation provides

preservation, enhanced nutritional and technological characteristics, as well as health benefits.
The main aim of fermentation is the removal of bitter compounds such as oleuropein. The main technologies are:

» Treated olives (Spanish-style): olives are debittered through an alkaline treatment, followed by washing steps.
After washing, olives are brined with an initial concentration of 8-12% NaCl and allowed to ferment for 30-60
days at room temperature;

» Natural olives (Greek-style): olives are directly brined and allowed to ferment for 8-12 months and bitterness is
removed through the enzymatic activities of indigenous microorganisms especially Lactobacillus plantarum and
Lactobacillus pentosus. It is a 2-step process. Initially, oleuropein is converted into oleuropein aglycon and
glucose by microbial B-glucosidase and then endogenous esterase can hydrolyse the oleuropein ester bond,

forming hydroxytyrosol and elenoic acid as shown in Figure 1 2],
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Figure 1. Oleuropein hydrolysis in natural olives.
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Olive fermentation is a complex process involving a wide array of microorganisms and mainly lactic acid bacteria
(LAB), yeasts and occasionally moulds. These microorganisms and their metabolic activities determine the

characteristics (flavour, texture and safety) of the final product [,

The microbial ecosystem in natural fermentations is quite complex and it is mainly influenced by (a) the indigenous
olive microbiota, (b) intrinsic factors prevailing in the brine such as pH, water activity, diffusion of nutrients from the
drupe (depending on the structure of the olive skin) and levels of antimicrobial compounds such as oleuropein and
other polyphenols and, (c) extrinsic factors such as temperature, oxygen availability and the quantity of salt added
in brine. Microbial dynamics are strongly influenced by the technology used. The fermentation process in Spanish-
style olives begins at an alkaline pH and the microbial population is mainly composed of Enterobacteriaceae and
yeasts, which are able to drop the pH value below 7.0, creating the optimal conditions for LAB growth. The
development of LAB induces a further lowering of pH (about 4) (Figure 2). Regarding natural olives, the microbial
population starts to grow at an acidic pH because organic acids (acetic, citric, and lactic) are which prevent the

growth of Gram-negative bacteria &1,
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Figure 2. Different steps and microbial evolution during Spanish-style olives fermentation.

| Yeasts associated to table olives

Several yeast species have been reported in different table olives cultivars and the main are reported in Table 1.
Some species e.g. Saccharomyces cerevisiae, Wickerhamomyces anomalus, Candida boidinii, Pichia manshurica
(ex Pichia galeiformis), and Pichia membranifaciens are associated to different cultivars, suggesting that they can
be considered a part of the usual microbiota of table olives. The number of yeasts present on olive drupe is
generally limited and the dominant species are not the same ones prevailing in brines. In addition, the yeast biota

originating from olive surface is not necessarily involved in the fermentation process. In fact, at the end of
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fermentation the most common recovered species are S. cerevisiae, W. anomalus, P. kuyveri and P.

membranifaciens.

Yeasts can have both a positive and a negative role during olive fermentation. Concerning the negative aspects,
some authors reported high pH value and low free acidity during table olive fermentations dominated by yeasts 4!
Bl These microorganisms are responsible of the so called “Alambrado” alteration inducing the formation of gas
pockets because of CO, production €. The growth of yeasts may also favour the clouding of brines in packed
olives. Finally, they possess a wide array of enzymatic activities e.g. proteases, xylanases and pectinases causing
the softening of drupes (for a review see Arroyo-Lopez et al. Zl). Despite these negative aspects, yeasts exert a lot
of positive actions during table olive fermentation and the main are: i) release of aroma compounds such as esters,
higher alcohols which impart a desirable flavour to the final product; ii) degradation of polyphenols thanks to their
B-glucosidase activity; iii) release of anti-microbial compounds active against fungi and spoilage yeasts; iv)
enhancement of LAB growth through the release of vitamins, amino acids and purines; v) antioxidant action. In this
context, it is important to remark that some yeast species isolated from table olives are able to degrade phytate
complexes and mycotoxins, which have a negative impact on human health, and to produce bioactive compounds
such as carotenoids, tocopherols, and glutathione. Finally, K. lactis and S. cerevisiae isolated from table olives are

able to reduce cholesterol content 2,

Table 1. Main yeast species associated to table olives.

Olive cultivar Yeast species References

Candida mycetangi, Candida hellenica, Candida
membranaefaciens, Candida famata, Candida
pelliculosa, S. cerevisiae, Zygosaccharomyces mrakii,

— Aureobasidium pyllylans, i.<loeck'er-a .fapiculate, [8][g]
Cryptococcus saitoi, Candida boidinii, W. anomalus,
Candida aaseri, Meyerozyma sp., Zygoascus hellenicus,
Pichia kudriavzevii, Schwanniomyces etchellsii, Candida

atlantica

Wickerhamomyces anomalus Nakazawaea molendini-
Bosana olei, Candida boidinii, Zygotorulaspora mrakii, [19]

Saccharomyces cerevisiae

Spanish-style green table Candida thaimueangensis, Saccharomyces cerevisiae
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olives and Hanseniaspora sp.

Itrana bianca, Itrana nera,
Peranzana, Nocellara del S. cerevisiae, P. manshurica, W. anomalus, Candida
Belice, Cellina di Nardo boidinii, Candida ishiwadae

and Bella di Cerignola

S. cerevisiae, I. occidentalis, G. candidum, C. apicola, C.
Alorefia de Malaga (12][13][14]

diddensiae, P. manshurica, P. membranifaciens
Gordal and Manzanilla C. tropicalis, P. galeiformis, W. anomalus [14]

C. boidinii, C. sorbosa, C. diddensiae, K. lactis, P.

membranifaciens, W. anomalus, P. kluyveri,
Arbequina 4 [15][16]

R. glutinis

C. boidinii, H. guilliermondii, S. cerevisiae, P.
Hojiblanca and Manzanilla . o [L2)[17]
manshurica, P. membranifaciens

D. hansenii, W. anomalus, P. membranifaciens, S.
Kalamata [14][18][19]

cerevisiae

| Lactic acid bacteria associated to table olives

Olive fermentation represents a stressful environment for microorganisms because of the high content of
polyphenols and salt as well as the low temperature characterizing the process. Therefore, only few adapted
strains are able to grow up. The main LAB genera isolated from table olives are: Lactobacillus, Enterococcus,
Pediococcus, Leuconostoc, and Lactococcus. In particular, Lb. brevis, Lb. casei, Lb. coryniformis, Lb. fermentum,
Lb. helveticus, Lb. paraplantarum, Lb. plantarum, Lb. pentosus, E. casseliflavus, E. durans, E. faecalis, P.
acidilactici, P. ethanolidurans, P. parvolus P. pentosaceus, Leu. cremoris, Leu. mesenteroides, Leu.
paramesenteroides, Leu. pseudomesenteroides, L. lactis are the dominant species in most fermentations (for a
review see Hurtado et al. [29), Lactic acid bacteria are able to face these conditions and are considered the main
microbial groups involved in table fermentation. In fact, they play important roles during table olive fermentations.

First of all, they produce lactic acid which favour pH decrease and free acidity increase. The release of this acid is
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essential to inhibit the development of pathogens and spoilage microbes. Moreover, LAB produce volatile
compounds involved in the definition of the organoleptic characteristics of the final product, and finally yet
importantly, they are the main responsible of oleuropein degradation 2. The development of LAB during table olive
fermentation is influenced by several factors including: a) the pH of the fruit, the residual NaOH in treated olives
and the washing process of the olives; b) the amount of NaCl in the brine and its effect on water activity; c) the
temperature of the fermentation; d) the availability of nutrients and their diffusion through the olive skin; e) the
polyphenol content of the fruit; f) the aeration of the vats; g) the size and kind of vats where the fermentations take
place 29,

Recent studies revealed that some LAB strains isolated from table olives present probiotic traits. Lb. pentosus
isolated from different table olives cultivars (i.e. Nocellara del Belice and Alorefia green table olives) adhere to
human intestinal epithelial Caco-2 and vaginal cells and auto-aggregate and/or co-aggregate with pathogenic
bacteria (for a review see Perpetuini et al. [&). Benitez-Cabello et al. 21l showed that different strains of Lb.
pentosus and Lb. plantarum isolated from table olives, favored the release of pro-inflammatory (IL-6) and anti-
inflammatory (IL-10) interleukins on macrophages, suppressed the secretion of IL-8 and showed anti-proliferative
activity on the HT-29 cell line. A probiotic Lb. pentosus strain survived for 200 days in packed olives, confirming the

possibility to incorporate probiotic strains and thus produce functional table olives 22,

| Moulds associated to table olives

Few data are available concerning the occurrence of moulds during olive fermentation. The main species
associated to this niche are: Aspergillus fumigatus, Penicillium commune, Galactomyces geotrichum, Rhizomucor
variabilis var. regularior, Penicillium chrysogenum, Penicillium citrinum, Penicillium verrucosum, Mucor fragilis,
Rhizopus oryzae, Mycocladus corymbiferus, Penicillium crustosum, Penicillium expansum, Penicillium roqueforti,
Mucor circinelloides, Aspergillus niger, and Lichtheimia corymbifera 231241251261 They can develop on the brine
surface and produce a thick layer on the top during fermentation. Their role is not completely understood and they
are usually considered as spoilage microbes responsible of flesh softening, production of mouldy odour and taste
and release of toxic compounds. Regarding this last aspect, moulds are associated to mycotoxins production.
Moreover, the occurrence of P. citrinum and P. verrucosum during fermentation is associated to the accumulation of
ochratoxin A and citrinin, while the contamination by aflatoxin B1 is mainly related to the development of A. flavus
(231[24](271[28]  However, some strains of A. fumigatus, A. niger, R. variabilis, R. oryzae and M. fragilis have p-
glucosidase activity. Further studies are necessary to better investigate the role of moulds during olive fermentation

and eventually select suitable strains to be used as starter cultures.

| Microbial biofilm communities on olive surface

Biofilms are defined as functional consortia of microorganisms attached to a surface which are embedded in the
extracellular polymeric substances (EPS) produced by the microorganisms 22, The presence of biofilms on olive

surface were firstly described by Nychas et al. BY who revealed the presence of LAB and yeasts on the epidermis
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of fermented Greek black olives. Starting from this point several studies demonstrated the presence of
polymicrobial communities adhered to both biotic (olive skin) and abiotic (glass slides, vessels) surfaces during
olive fermentation process. The main species detected on olive surface were P. manshurica (ex P. galeiformis), P.
membranifaciens, Candida sorbosa, Geotrichum candidum, and Lb. pentosus HBLB2IE3IB4] Apjotic surfaces were
mainlycolonized by species belonging to Candida genus, W. anomalus, D. hansenii and P. guilliermondii, while
among LAB, Lb. pentosus was the most abundant species detected 32, This feature is particularly interesting since
it can turn olives into a carrier for delivering different probiotic strains into the human gastro intestinal tract.
Lavermicocca et al. 381 used table olives as carrier for the probiotic Lb. paracasei strain IMPC2.1 and the strain
was recovered in human faeces after fermented olive intake. The formation of complex microbial communities on
olive surface could be due to a high availability and concentration of nutrients at the olive/brine interface. However,
the mechanisms regulating this process are poorly understood. Some studies revealed a peculiar genetic structure
of Lb. pentosus strains — isolated from table olives — which could favour its adhesion on olive epidermidis. Some of
them are involved in the glycolytic pathway (e.g. enolase 1, glucose-6-phosphate isomerase, phosphoglycerate
mutase and glucosamine-6-phosphate deaminase) while others in stress response (small heat shock protein) and
transcription (transcription elongation factor GreA) BZ38 However, further research is needed to investigate the
development and significance of the microbial association on and within both green and black olives during

fermentation.

*Corresponding author: Dr. Giorgia Perpetuini, Faculty of BioScience and Technology for Food, Agriculture and

Environment, University of Teramo, Via R Balzarini, 1 - 64100 Teramo, Italy. E-mail address: gperpetuini@unite.it
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