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a  b  s  t  r  a  c  t

Table  olive  production  is  expanding  worldwide.  This  production  is  associated  with  the  generation  of
enormous  amounts  of  polluting  and  difficult  to handle  wastewater  streams.  Thus,  research  on different
technologies  to  decompose  their  organic  load  is  currently  needed.  The  economic  benefit  of  the  potential
detoxification  routes  is  expected  to increase  if processes  for  upgrading  Table  olive processing  wastew-
aters  are  designed.  This  makes  biological  treatment  of  particular  interest.  The  current  review  analyzes
a  relevant  number  of scientific  studies  dealing  with  promising  technologies  for  biological  treatment  of
table  olive  processing  wastewaters  from  laboratory  to pilot-scale  systems.  Concise  details  of  the  vari-
ous technologies  involved  such  as  anaerobic  digestion,  lactic  acid fermentation  and  fungal  fermentation
are  determined.  The  most  significant  advances  in the  manufacturing  of  value-added  products  (e.g.  bio-
gas,  platform  chemicals,  natural  antioxidants)  from  table  olive  processing  wastewaters  through  different
microorganisms,  bioreactor  design  modifications,  and  operational  conditions  are  critically  discussed.
Future  prospects  of valorizing  table  olive  wastewaters  are  presented.

©  2016  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Table olives are considered predominant constituents of the
Mediterranean diet. Their nutritional properties are related to the
presence of high content of unsaturated fatty acids, biophenols,
minerals, fibers and vitamins [1,2]. According to the Interna-
tional Olive Council (IOC), the world table olive production for the
2013/2014 season accounted for approximately 2.7 million tonnes.
The European Union (EU) contributed 30% of the total production.
The EU’s largest producers are Spain, Greece and Italy (72, 16 and
9% of the total EU production, respectively). Other main produc-
ing countries are Egypt (15%) and Turkey (16%) [3]. This situation
is clearly illustrated in Figs. 1 and 2. Also, in Fig. 2 the interna-
tional trade and consumption of table olives for the same period is
presented (based on IOC statistical data). Noticeably, low- or even
non-producing countries such as USA, Russia and Brazil consume
significant amounts of the product.

The main commercial types of table olives are the Spanish-style
green olives (∼50% of total production), Californian-style black ripe
olives (∼25% of total production), and naturally black olives in
brine (∼25% of total production) [4], the manufacturing of which
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generates considerable quantities of different types of wastes [4–6].
The fact that table olive production is expanding worldwide results
in the continuous increase of table olive processing wastewater
(TOPW) generation. On the other hand, table olive industry is forced
to follow environmental regulations towards the elimination of
organic pollutants in TOPWs. The prospect of the sustainable val-
orization of TOPWs for the production of high value-added products
is an economically and environmentally attractive alternative. This
approach is in line with the circular economy model promoted by
the EU [7].

The present review is focused on the current knowledge about
bioremediation and biovalorization of TOPWs. Particular attention
is given to the most significant advances in the manufacturing
of value-added products (e.g. biogas, chemical feedstocks, natural
antioxidants) from TOPWs through different biological treatments.
While excellent reviews dealing with the bio-based valorization
of olive mill wastes are available [e.g. 8–10], no detailed review is
available up to now on this issue. Moreover, future prospects of
valorizing TOPWs are presented.

To develop innovative and economically feasible valorization
strategies for TOPWs, it is important to identify the critical pro-
cessing steps that contribute mostly in the generation of these
streams and to determine the volume/composition of the latter.
Thus, in the next paragraphs a careful review of the different
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Fig. 1. Table olive producing countries in 2013/2014. 85,000–572,000 (red bullets), 15,000–85,000 (blue rhombus), 1000–15,000 (green squares) tonnes of olives [3]. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 2. Table olive production, consumption and trade in different countries in 2013/2014 [3].

manufacturing processes of table olives and the waste streams
derived is presented.

2. Table olive processing

The processing stages that take place during the production
of the main commercial types of table olives are shown in Fig. 3
[11–13].

For the Spanish-style and Californian-style processes, olive bit-
terness is removed by means of lye treatment using 1–2% w/v  NaOH
aqueous solution (debittering stage) [5,13]. In this step, the hydrol-

ysis of oleuropein takes place with the concomitant formation of
elenolic acid glucoside and hydroxytyrosol (Fig. 4) [14]. After this
step, fruits are washed with water several times for the removal of
the alkali from the flesh [4,12,15].

Upon the Californian-style process, olives are treated with lye
immediately or stored before treatment. During storage, olives are
immersed into acidified brine (4–6% NaCl) or acidified water (2.4%
acetic acid) under aerobic and anaerobic conditions, respectively
[16]. A mild fermentation may  take place for the period of storage
[17]. In this process, debittering is exhaustive by applying sequen-
tially three to five lye treatments [12]. Between the treatments,
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