IntechOpen

Technological Innovation
in the Olive Oil Production
Chain

Edited by Innocenzo Muzzalupo

1)







Technological Innovation
in the Olive Oil Production
Chain

Edited by Innocenzo Muzzalupo

Published in London, United Kingdom




C
o
Q.
@)
L
&)
o
)
£

e ._.{Jv e
gﬁ«u&

S







Technological Innovation in the Olive Oil Production Chain
http:/dx.doi.org/10.5772/intechopen. 78420
Edited by Innocenzo Muzzalupo

Contributors
Alev Yiksel Aydar, Alicia Penissi, Amany Basuny, Maria Lisa Clodoveo, Innocenzo Muzzalupo

© The Editor(s) and the Author(s) 2019

The rights of the editor(s) and the author(s) have been asserted in accordance with the Copyright,
Designs and Patents Act 1988 . All rights to the book as a whole are reserved by INTECHOPEN LIMITED.
The book as a whole (compilation) cannot be reproduced, distributed or used for commercial or
non-commercial purposes without INTECHOPEN LIMITED’s written permission. Enquiries concerning
the use of the book should be directed to INTECHOPEN LIMITED rights and permissions department
(permissions@intechopen. com).

Violations are liable to prosecution under the governing Copyright Law.

[@)er |

Individual chapters of this publication are distributed under the terms of the Creative Commons
Attribution 3.0 Unported License which permits commercial use, distribution and reproduction of
the individual chapters, provided the original author(s) and source publication are appropriately
acknowledged. If so indicated, certain images may not be included under the Creative Commons
license. In such cases users will need to obtain permission from the license holder to reproduce
the material. More details and guidelines concerning content reuse and adaptation can be found at
http: /www . intechopen.com/copyright-policy. html.

Notice

Statements and opinions expressed in the chapters are these of the individual contributors and not
necessarily those of the editors or publisher. No responsibility is accepted for the accuracy of
information contained in the published chapters. The publisher assumes no responsibility for any
damage or injury to persons or property arising out of the use of any materials, instructions, methods
or ideas contained in the book.

First published in London, United Kingdom, 2019 by IntechOpen

IntechOpen is the global imprint of INTECHOPEN LIMITED, registered in England and Wales,
registration number: 11086078, The Shard, 25th floor, 32 London Bridge Street

London, SE19SG - United Kingdom

Printed in Croatia

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library

Additional hard and PDF copies can be obtained from orders@intechopen.com

Technological Innovation in the Olive Oil Production Chain
Edited by Innocenzo Muzzalupo

p.cm.

Print ISBN 978-1-83962-645-6

Online ISBN 978-1-83962-236-6

eBook (PDF) ISBN 978-1-83962-237-3



We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

43®®+ 117,000+ 130M+

ailable International authors and editor: Downloads

Our authors are among the

151 Top 1% 12.2%

Countries deliv most cited s Contributors from top 500 universities

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Y






Meet the editor

Innocenzo Muzzalupo received his degree in Biology from the
University of Calabria (UNICAL) in 1993 and his PhD degree in
Chemistry from the University of “La Sapienza” Rome in 1997.
Currently, he is working as a researcher at the Council for Agricul-
tural Research and Economics, Research Centre for Olive, Citrus and
Tree Fruit (CREA-OFA) in Italy. After receiving his PhD degree, he
was appointed as postdoctoral (1999) in Food Science at UNICAL.
Between 1999 and 2008 he had a contract as Professor of Botany at UNICAL. In 2008 he
was appointed as a researcher at CREA. He is an editorial board member of the Advanc-
es in Agriculture and Novel Techniques in Nutrition and Food Science journals. He has
authored numerous research articles in ISI journals.







Contents

Preface

Section1
Introduction

Chapter1

Introductory Chapter: Technological Innovation as Tool for Products
Qualification

by Innocenzo Muzzalupo

Section 2
Novel Technologies

Chapter2
Emerging Extraction Technologies in Olive Oil Production
by Alev Yiiksel Aydar

Chapter 3

Does the Introduction of Ultrasound in Extra-Virgin Olive Oil Extraction
Process Improve the Income of the Olive Millers? The First Technology for the
Simultaneous Increment of Yield and Quality of the Product

by Maria Lisa Clodoveo, Filomena Corbo and Riccardo Amirante

Section 3
Health Effects

Chapter 4
Antioxidants in Olive Oil
by Amany M. Basuny

Chapter 5

Regulation of Immune and Nonimmune Mast Cell Activation by Phenols
from Olive Oil

by Alicia Beatriz Penissi

XIII

11

21

33

35

51






Preface

Technological innovation is a type of process that leads to the expansion and
improvement of techniques and technologies for the production and distribution
of products. Technological innovation can be pursued both by public institutions
and private companies. Despite the name, technological innovation can also involve
concepts other than technology. The best organization of the production and
distribution system is also considered an innovation.

Technological innovation can be divided into:

“Product innovation” is the introduction on the market of a new product or service.
It can be a radical or incremental innovation depending on whether it is a new
product or the improvement of an existing product.

“Process innovation” is the introduction of a new production process that increases
production efficiency, reducing production costs and/or increasing productivity.
It can be a radical or incremental innovation depending on whether the innovation
involves a new production process or the improvement of a pre-existing process.

Technological innovation is one of the driving factors for economic growth and
business competitiveness. The introduction of technological innovation can create
new markets or market segments to radically change the market balance between
companies and also the same behavior habits in society.

The agri-food system, and in particular the olive oil supply chain, in Italy is of great
importance, both in terms of employment and turnover. The agri-food system
includes all those sectors of the economy involved in agricultural production, in the
transformation of the agricultural product into a food commodity, and in distribu-
tion to the final consumer. In the upstream phase of each agri-food supply chain we
can find agricultural enterprises. The agricultural enterprises have unique charac-
teristics, which differentiate them from any other productive activity, since produc-
tion is dependent on climatic and environmental factors, as well as on the biological
and seasonal cycle, and the output of the productions are characterized by rapid
perishability. Over the years the weight of the various actors within the agri-food
system has changed. The agricultural sector is also important from economic and
social points of view, because it is and has been an element for the integration of the
European Union countries through the Community Agricultural Policies.

This work aims to analyze the link between the olive oil production chain and
technological innovation. The global opening of markets obliges companies to make
continuous efforts in research and development to innovate their products; demand
is constantly changing, and therefore companies must be quick to catch these
changes, trying to satisfy the needs of consumers with products that are adequate to
try to remain competitive in the market.

The book highlights the aspects of technological innovation as a means for the
production of high-quality olive oils, and then moves on to address topics such as



the contemporary challenges of the extra virgin olive oil chain through emerging
technologies and how some of these technological innovations (i.e. microwave,
pulsed electric field, and ultrasound) can improve not only the quantity of the
product but also, and above all, the quality. Obviously, the quality of extra virgin
olive oil goes through its main antioxidant compounds, such as phenolic compounds
and tocopherols, and on the effect these molecules play on human health, such as
the regulation of activation of connective tissue mast cells. Finally, the sensorial
aspects of virgin olive oils and their classification based on European Community
regulations are not overlooked.

The purpose of this book is to provide a glimpse into the olive oil industry by pre-
senting the thoughts of some of the scientists who are engaged in the development
of new tools and ideas used to improve the quality of products, often from very
different perspectives. I hope and trust that the information in this book will be
used as the basis for policy and technical decisions to strengthen national efforts to
conserve and utilize the treasures incorporated in the world’s plant genetic resources
to address the urgent problems faced by agriculture today and tomorrow.

I would like to express my deepest gratitude to all the authors who contributed to
this book by sharing their valuable work. Special thanks also go to the reviewers
who have used their valuable time for the improvement of the chapters. Finally,
thanks to the publishing house that provided me with great professionalism in the
realization of the book.

Innocenzo Muzzalupo

Research Centre for Olive,

Citrus and Tree Fruit,

Council for Agricultural Research and Economics (CREA-OFA),
Rende (CS), Italy
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Chapter1

Introductory Chapter:
Technological Innovation as Tool
for Products Qualification

Innocenzo Muzzalupo

1. Technological innovation

In a context of increasing competitive pressure, company management that
is more professional in terms of marketing is an essential condition to generate
perceivable value in the olive-olive oil sector.

Technological innovation has undergone unprecedented development; this evo-
lution can offer extraordinary opportunities for product qualification which, today,
have not been adequately exploited due to a lack of vision. Understanding the needs
of consumers and innovations in managing the different stages of the supply chain
represent the real challenge for competitiveness of olive oil companies in the near
future. It represents a challenge that is destined to produce commercial proposals
that are increasingly in line with the trends of current demand.

Digital innovation in the agri-food sector can guarantee competitiveness to
one of the key sectors of the Italian economy, which contributes more than 11%
of GDP and 9% of exports. On the one hand, Smart AgriFood' can reduce pro-
duction costs of high-quality products, while, on the other hand, it can increase
revenues thanks to greater recognition or guarantee, for example, with anti-
counterfeiting or the reduction of non-compliant exported products. However,
digital innovation also makes it possible to intervene to support the entire supply
chain, guaranteeing sustainability to all participants in the sector, including
production in the field. The data all lead in that direction; with a population of 9.7
billion and an increase in demand of 32%, according to forecasts to 2050, there is
little leeway. However, digital innovation could support the entire supply chain,
encouraging players in the sector, including field production [1]. However, there
are still obstacles; currently less than 1% of cultivated areas are managed with
these solutions.

However, for digital technologies to fully release their potential certain
conditions must be fulfilled. First of all, the extension of broadband and
extra-wide bandwidth to rural areas is necessary in order to ensure supply chain
interconnection. Sensitivity, skill and a propensity to invest by companies, a
fact not taken for granted, considering the small average size of farms, are also
required [2].

! The term Smart AgriFood identifies, in a nutshell, a vision of the future of the agricultural and agri-
food supply chain according to which, thanks to digital technologies, the entire sector will increase its

competitiveness.
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It is necessary to remember that the industry 4.0% plan aims to have all Italian
companies connected at 30 Mbps by 2020 and 50% connected at 100 Mbps by
2050 [3]. On the pulverization of our agricultural system (a long and fractioned
supply chain with a proliferation of small companies), a single figure is sufficient:
the average size is 12 ha (compared to 58 ha in France), with 2.5 employees which
constitutes an undoubted brake on investments, even in managerial resources. It is
essential that Italy focus on both quality and digital technology to compete, while
the few large companies could also focus on robotics. An important figure, that has
emerged from research and which should guide choices, is that 80% of consumers
use smartphones for purchasing decisions.

When should planting and irrigation take place? When and how much fertil-
izer? When should action be taken to prevent pathologies? How can yields be
maximized based on different land performance? A cross-analysis of environ-
mental, climatic and cultural factors allows the execution of targeted actions,
to improve crop yields, use less pesticides and affect product quality. In order to
benefit from these opportunities, which save both time and money;, it is necessary
to switch from precision farming (GPS and satellite-driven tractors), which have
been discussed since the 1990s, to interconnected farming, the so-called Internet
of Farming, with its new instruments (drones, sensors, the Internet of Things
and Big Data). A survey was conducted for 220 solutions offered in Italy by more
than 70 companies: 89% support precision farming while only 11% have enabled
the Internet of Farming. In particular, the majority exploits data and analytics
(73%), 41% uses the Internet of Things and 57% uses processing systems and user
interface software.

Data management is the key element in agriculture 4.0,” but it must be translated
into information and be transferred to all operators in the supply chain. One of the key
issues is the capacity of reading, harmonizing and standardizing data given that they
come from different sources; this is the reason why researchers have warned the need
to invest in training as well as to overcome obstacles to innovation. Just tractors in Italy
generate over 1 million gigabytes in a year, in addition to environmental, warehouse,
farm and more general data of a corporate nature; however, today this information is
scarcely valued [4].

Today the perception of quality in a product has changed: taste is no longer suf-
ficient; the complex form is a heptagon where, on each side, there are factors that
influence it, such as food safety, nutrition, provenance of raw materials, social and
environmental impacts of production processes (such as animal welfare), appear-
ance, taste and aroma, and service. Based on an analysis conducted by researchers
in this sector, in 57 case studies, digital innovation allows companies to improve the

? Industry 4.0 is a name given to the current trend of automation and data exchange in manufacturing technol-
ogies. It includes cyber-physical systems, the Internet of things, cloud computing and cognitive computing.
Industry 4.0 is commonly referred to as the fourth industrial revolution. Industry 4.0 fosters what has been
called a “smart factory”. Within modular structured smart factories, cyber-physical systems monitor physical
processes, create a virtual copy of the physical world and make decentralized decisions. Over the Internet of
Things, cyber-physical systems communicate and cooperate with each other and with humans in real-time
both internally and across organizational services offered and used by participants of the value chain.

3 Agriculture 4.0 is therefore for cooperation and sharing in terms of data and information, between dif-
ferent machines, between different operators, along the entire supply chain. You look at the whole process,
no longer at the single step: the tractor communicates with the harvester and perhaps sends a signal to the
local supplier, for example when a component does not work. The agricultural entrepreneur can have a
complete view of all the activities of the machines in the field and make sure that they are working at their
best; can monitor the results and costs of operations, at every stage of the process, putting them in relation
to the possible final price of its product on the market. This is, at least in theory, Agriculture 4.0.
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qualities on all the dimensions of the heptagon. A total of 51% of the companies
uses digital technologies to valorize qualities of origin, especially in the case of
products with a high added value (such as wine, cocoa and coffee); 46% used digital
innovation to improve food safety and 25% concentrated on production methods,
above all for aspects linked to environmental impact, animal welfare and agri-food
traditions of different territories; lastly, in 12% of the cases, the businesses used
technology to improve service quality, adopting innovative solutions to commu-
nicate product information (nutritional advice) and process information (origins,
traceability and environmental impact) to consumers [5].

It took a disaster such as ‘mad cow’ disease to accelerate the traceability plan;
today, 36% of the analyzed agri-food companies, thanks to digital solutions,
achieved a reduction in the times and costs connected with harvest processes, data
management and transmission [6]. Digital solutions permit interventions aimed
at food safety along the food chain thus avoiding financial damage. But they can
also be used to combat counterfeiting to protect the protected designation of origin
(PDO) and protected geographical indication (PGI) systems, for greater informa-
tion for the consumer. The sectors most involved in technological innovation for
traceability are the fruit and vegetable sector (30%), the meat supply chain (23%),
dairy products (14%) and coffee-cocoa (12%). The instruments used to improve
traceability are barcodes (39%), RFIds (Radio-Frequency Identification, 32%)
management systems (32%), Big Data (30%) and mobile technologies (21%),
while innovative technologies such as the IoT and blockchains have yet to be
explored [7].

From 2011 until today, 481 international start-ups have been created, of which
12% are Italian. Of these start-ups, 218 regard e-commerce and the area with the
greatest presence is the United States. The most important sectors include the fruit
and vegetable sector, with 17% of international start-ups. Precision agriculture and
food quality are the most explored and most interesting application areas for inves-
tors. Also in Italy, the most important sector is the fruit and vegetable sector (14%
of Italian start-ups), followed by wine (9%) and cereal (7%). Quality and environ-
mental sustainability are the areas in which they are most active, with 50% of the
funds raised, followed by precision agriculture (35%) and food quality (29%) [8].

How is the health of Italian extra virgin olive oil, one of the flags of the Made in
Italy brand? One might say it has its ups and downs; quality oil in circulation, for
which demand is increasing, constitutes less than half, 39.2% to be precise. This has
been confirmed by a study conducted by Symbola (Foundation for Italian Qualities),
CREA (Council for Agricultural Research and Analysis of Agricultural Economics)
in collaboration with Coldiretti and Unaprol (National Union of Olive Producers
Associations). The report (called Poq, quality internal product) was presented in the
Coldiretti pavilion at Milan Expo; it evaluated not only the organoleptic qualities,
but also the entire chain including 102 indicators, the soil, grinding, respect for the
environment, the use of pesticides, water consumption, human capital management as
well as distribution.

The results say that a segment of producers invests in quality while about 60% do
not. Yet, that is the winning path. Even in times of crisis, in contrast with the overall
trend of the sector, in Italy, it is precisely the consumption of quality that continues to
record growth. It would therefore need a turning point, the same that in the past affected
the wine sector, where, thanks also to the methanol wine scandal (23 deaths), quantity
has been abandoned for quality. Today, numbers justify that change with a value that
has risen by six, seven times, despite the fact that production has fallen by 50%. The
Pig, therefore, may prove to be a useful database not only for institutions, but also for
consumers, who are often poorly informed and do not understand what lies behind such
marked price differences, from €2.50 to over €9 for a liter bottle of olive oil [8].
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Italian oil, with a turnover of €3 billion, has important numbers. It would be
enough to say that our country with 43 products holds the record of oils certified by
the European brand (PDO or PGI) [7].

Italy is the second largest global producer of olive oil and constitutes a fifth of
European production. It is, furthermore, the third producer of table olives and, on
the topic of biodiversity, it is unbeatable due to 538 diverse cultivar types [9]. Also
in terms of label transparency, Italy is second to none, having the largest network of
olive traceability and monitoring on a European level [10].

Yet, in recent years, negative signals have appeared: in 2014, the national harvest
fell by 35% due to a 38% increase in imported oil. The year 2015 recorded the peak
of imports of foreign olive oil, in particular of Tunisian olive oil which increased
by 681% in the first trimester of the year. Poor quality oil is often at risk of coun-
terfeiting and alteration. Seizures by NAS (Nuclei Anti-Sophysation and health of
the Italian Army) grew by 483% in 7 years. Extra virgin olive oil (which must be
obtained exclusively with mechanical models and whose acidity must not exceed
0.8%) has been found to have altered with the addition of refined oils and those
extracted with solvents, or poor-quality oils, such as hazelnut [11]. A useful step in
this direction was the entrance into force of a community regulation, last November,
which made the anti-topping cap for the extra virgin olive oil and the virgin compul-
sory in restaurants and bars. This measure seeks to prevent the empty bottle being
refilled, which carries a fine from €1000 to €8000 euros to be paid by the operator.

A positive step forward comes from the go-ahead by the House to the agriculture
legal decree which allocates €32 million for the national olive oil plan with impor-
tant structural measures for the Italian supply chain.

Finally, from a nutritional point of view, it should be remembered that extra
virgin olive oil is one of the components of the Mediterranean diet, registered by
UNESCO as world heritage. According to the tables of the CREA Research Centre
for Food and Nutrition, an extra virgin olive oil has only about 14% saturated fats
(whose intake levels should be kept low). Just to give an idea, coconut oil has 86%
and the infamous palm oil 47% [12].
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Chapter2

Emerging Extraction Technologies
in Olive Oil Production

Alev Yiiksel Aydar

Abstract

In the field of olive oil extraction, current scientific research has focused on
improving quality, paying particular attention to optimizing the efficiency of
extraction and reducing the duration of the process. Recently, studies have been
conducted to improve the traditional malaxation process and obtain positive effects
on both oil production and consumption. With these aims, emerging technolo-
gies including microwave (MW), pulsed electric field (PEF), and ultrasound
(US) have been applied to conventional virgin olive oil extraction process. In this
chapter, most recent studies that focused on adaptation of emerging technologies
to traditional extraction to increase the yield of olive oil or some minor compounds
and bioactive components present in olive oil including tocopherols, chlorophyll,
carotenoids, and phenolic compounds have been compiled.

Keywords: novel technologies, olive oil, extraction, ultrasound, microwave

1. Introduction

The conventional extra virgin olive oil (EVOO) extraction method consists of
three main processes, which are crushing, malaxation, and centrifugation [1]. After
washing olive fruits, they are crushed using a stone-mill, hammers, disc crush-
ers, de-stoning machines, or blades [2]. The purpose of this step is to facilitate the
release of the oil droplets from the Elaioplasts. The minimum size for the continu-
ous separation process of olive oil is 30 pm, but only 45% of the oil droplets have a
diameter greater than 30 pm after crushing increases. This ratio reaches 80% with
the formation of larger diameter drops from the oil droplets by malaxation [3].
Malaxation and crushing are main steps that affect the quality and yield of oil [4].
A flow chart of extra virgin olive oil extraction is shown in Figure 1.

Conventional techniques in olive oil extraction have not changed significantly
for last 20 years [5]. However, in line with research findings and new techniques
developed by market demand, the ongoing food industry has become very active in
looking for new methods for food innovation. But, it is still very uncommon for the
food industry to develop and adopt advanced processing techniques in the direction
of consumers’ increasing food safety and quality requirements [6]. Researchers
working on the development of food technology are making great efforts to develop
and implement “minimal processing” strategies to remove the negative effects of
traditional food processing methods. The most general definition of minimal pro-
cessing can be: preserving the nutritional quality and sensory qualities of food by
heat application, which is the basic protection step in food processing, for a shorter

1 IntechOpen
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Olive fruits
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Figure 1.
Flow chart of olive oil extraction.

period of time. [7]. Emerging technologies including microwave, high-pressure
processing, pulsed light, radio frequency, Ohmic heating, ultrasound, and pulsed
electric field (PEF) are widely applied emerging minimal processes in the food
industry.

In recent years, novel technologies such as ultrasound, pulsed electric field,
or microwave have been adopted in olive oil extraction [1, 8-10] because of their
positive effects including enhanced extraction efficiency, reduced extraction time,
increased yield, and low energy consumption.

Ultrasound is one of the main emerging technologies widely used in various
extraction processes of plant materials [11, 12]. In order to enhance oil extraction,
ultrasound can be applied to the olive paste due to its mechanic effect on the cell
membranes, which induces them to release oil easily from vacuoles with a consider-
ably lower malaxation time and higher oil quality and yield [2, 5, 10, 13-18]. In
addition to the extraction process, ultrasound was also investigated in numerous
studies on food processing methods including emulsification, filtration, crystalliza-
tion, inactivation of enzymes and microorganisms, thawing, and freezing on foods
(19, 20].

It has been demonstrated that pulsed electric field (PEF), another non-thermal
technology, is effective for reversible or irreversible permeabilization of cell mem-
branes in several plant tissues, without significant temperature increase [8]. PEF
technology, which has been used in the field of food science since 1960, is based on
the principle of exposing liquid or solid food products to an electric field causing
pores in cell membranes [6].

Microwave-assisted extraction (MAE) is an alternative oil extraction method in
recent years. Since microwave provides more rapid heating and destruction of bio-
logical cell structures in a shorter time, it is a more efficient extraction method than

12
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conventional processes. Other important advantages of this method are obtaining
high-quality oil and low energy requirement, which cause a significant reduction in
environmental impact and financial costs [21].

More emphasis has been placed on the understanding of a superior EVOO

quality based on the preservation of the sensory characteristics and positive health

properties of olive oil in recent years. This aspect of EVOO quality is strongly

related to the presence of phenolic and volatile compounds [13, 22]. Therefore, utili-
zation of an emerging technology in olive oil extraction should not only increase oil
yield, but also protect and improve the bioactive oil compounds and the oil quality.
Recent studies that applied emerging technologies to olive oil extraction are sum-
marized in Table 1.

Variety of olive Emerging Investigated Dependent variables Refs.
technology* parameters
Edremit HPU Ultrasound Oil yield, acidity, [1]
time, ultrasound peroxide value, and
temperature, antioxidant properties
malaxation time
Coratina HPU Ultrasound Olive paste [10]
application step temperature, energy
(After crushing/ balance, oil yield,
before crushing) quality indices of oil,
minor compounds
Picual HPU Direct/indirect Olive paste temperature [15]
application of
ultrasound
Picual HPU Continuous Oil yield, quality [23]
ultrasound indices, volatile and
application before minor compounds,
centrifugation fatty acid composition
Edremit, Gemlik, Uslu HPU Ultrasound and Oil yield, UV [24]
malaxation time absorbance values
acidity, peroxide value,
total phenolic content
Picual HPU Olive paste flow, Olive paste temperature [25]
HPU intensity,
fruit temperature,
olive moisture, and
fat content
Ogliarola Barese HPU, MW Thermal effect of Malaxation time, [14]
US and MW oil yield, quality
characteristics, and
energy efficiency
Arbequina PEF Malaxation time Oil yield, acidity, [8]
and temperature, quality characteristics,
electric field total and individual
strength (kV/cm) phenols
Arroniz PEF Application of PEF Oil yield, acidity, 9]
quality characteristics,
total phenols, sensory
properties
Unspecified/Olive MW Microwave power, Oil yield, [26]
pomace used irradiation time, physicochemical oil
solvent-to-sample properties

ratio
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Variety of olive Emerging Investigated Dependent variables Refs.
technology* parameters
Chemlal MW The extraction Oil yield, total phenols, [27]
time, acetic acid quality parameters
content in hexane,
irradiation power
Unspecified/Olive oil MW Microwave heating Quality and [28]
used times physicochemical
properties, oil color
Coratina MW/MS MW and MS Rheological properties, [29]
combined effect oil yield
Peranzana MW Malaxation time Energy consumption, [30]
and MW oil yield, structure
modifications of olive
pastes
Coratina HPU Sonication time Oil yield, oil quality [31]
indices, phenolic
composition

*HPU: High-power ultrasound, PEF: Pulsed electric field, MS: Megasonic treatment, MW: Microwave.

Table 1.
Emerging extraction technologies used in olive oil production.

2. Ultrasound applications in olive oil extraction

In the olive oil industry, ultrasound is the one of the most promising technolo-
gies because of its powerful mechanical and mild thermal effects [32]. Many
researchers have used this technology to investigate its effects on overall olive oil
quality and yield in the last decade [1, 10, 14-16, 23-25, 33]. In recent years, it has
been discovered that using a stronger ultrasound (>1 W/cm®) at a lower frequency
(generally around 20-50 kHz), which is also called high-power ultrasound (HPU)
(usually around 20-50 kHz), is physically effective in altering the properties of a
substance or inactivating microorganisms [6, 7].

High-power ultrasound application in olive oil extraction was first performed by
Jiménez et al. [15] under discontinuous conditions. In their studies investigating the
effects of direct and indirect ultrasound, they found that direct sonication provided
better extractability in high-moisture olives (>50%) while greater extractability was
obtained by indirect sonication in low-moisture olive fruits (<50%) [15].

Enrichment of olive oil with main phenols in olive leaves using ultrasound
has been studied by researchers [34, 35]. Achat et al. [34] used ultrasound to
enrich olive oil with oleuropein both on a laboratory and a pilot plant scale. The
ultrasound-assisted extraction method greatly facilitated the enrichment of VOO in
phenolic compounds compared to conventional processes. They found that tyrosol
and hydroxytyrosol, main phenolic compounds present in olive oil, were not signifi-
cantly degraded by sonication [34].

Clodoveo et al. [10] investigated ultrasound application on olive fruits submerged in
awater bath before crushing and also on olive paste after crushing. The purpose of their
study was to test the possibility of decreasing the malaxation time. Reduction in the
malaxation time and improvement in oil yields and its minor nutritional compounds
were attained by ultrasound technology. The results were better in oils obtained by
sonication of olives in water bath than those obtained by sonication of olive paste [10].

Bejaoui et al. [25] applied HPU to olive paste through the pipe before centrifuga-
tion with continuous conditions. They observed that when the oils were extracted
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without ultrasound, the extraction yield was 46.83% + 0.83, while ultrasound
treatment of olive paste produced a significant increase in extraction yields to
52.75% =+ 1.39.

Aydar et al. [1] used an ultrasound bath in olive oil extraction to find optimum
ultrasound-assisted olive oil extraction conditions based on maximum oil yield and
minimum free acidity. The acidity of the oils for all experiments was below the legal
limit (<8 g oleic acid/kg oil) established for the category of EVOO [36]. The most
important impact on the extraction yield and the acidity (p < 0.05) was due to the
malaxation temperature. They also observed that ultrasound time had no signifi-
cant effect (p > 0.05) on the acidity and yield [36].

The effect of malaxation time combined with the use of ultrasound on the oil yield,
oxidative and quality characteristics of EVOOs extracted from different Turkish olive
cultivars was studied by Aydar [24]. It was found that different sonication and malaxa-
tion time combinations did not cause difference (p > 0.05) in the Edremit oil yield and
extractability indexes, while they were significantly different in Uslu and Gemlik oils.
In that study, oils obtained by 8 min of ultrasound application and 22 min of malaxa-
tion had highest oil yield and chlorophyll and carotenoid contents. [24].

3. PEF applications in olive oil extraction

Olive paste was exposed to PEF technology involving 50 monopolar pulses of
3 ps at an electric field strength of 1 kV/cm (1.47 kJ/kg) and 2 kV/cm (5.22 kJ/kg)
and a frequency of 125 Hz. PEF did not result in any significant differences in fatty
acid composition and sensorial properties of oil. In sensorial properties point,
panelists evaluated the oil subjected to PEF was less bitter and pungent, and more
fruity than the untreated oils. The PEF treatment was very effective to increase
the oil yield when combined with malaxation. The oil yield as was high as 14.10%
when the olive paste was subjected to PEF at 2 kV/cm and malaxated for 30 min at
15°C. However, the extraction yield was reduced by 50% when no malaxation was
applied to olive paste compared to those malaxated for 30 min. [8]

Effect of the use of pulsed electric field (PEF) technology on Arroniz olive oil
production in terms of extraction yield and chemical and sensory quality has been
evaluated by Puértolas and Marafién [9]. Extraction yield increased by 13.3% in
PEF-treated samples (2 kV/cm, 11.25 kJ/kg) compared to control. In addition, the
total phenolic content, total phytosterol, and total tocopherol of olive oil extracted
with PEF showed significantly higher values (11.5, 9.9, and 15.0%, respectively)
than the control group. [9]

4. Microwave applications in olive oil extraction

Over the last few decades, microwave treatments in food processing have
gained popularity because of their low heat treatment times, operational simplic-
ity, and high heating rates, which result in lower maintenance requirements. The
microwaves obtained from household ovens and many industrial applications are
produced efficiently by permanent wave magnetrons (Figure 2) [6].

The effect of heating with microwave and its comparison with conventional
heating and ultrasound heating on crushed olives was investigated by Clodoveo and
Hbaieb [14]. Results showed that the main quality parameters legally established
(acidity, peroxide value, and specific extinction coefficients (K232 and K270))
to evaluate VOO were not affected by the microwave and ultrasound treatments.
Moreover, the malaxation time was decreased and extraction yield was improved by
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Microwave oven parts.

ultrasound and microwave treatments compared with the oils that were extracted
from the olive paste without malaxation. [14].

Yanik et al. investigated microwave-assisted solvent extraction (MASE) param-
eters on olive pomace oil. The yield of oil obtained by conventional extraction
was lower than that of oil obtained by microwave extraction from olive pomace. It
demonstrated that microwave-extracted oils had higher total phenolic (985 mg caffeic
acid/kg oil) and tocopherol compounds (278.07 mg/kg oil), also lower peroxide value
(17.8 meq O,/kg o0il) and polycyclic aromatic hydrocarbons (PAH) (0.44 pg benzo(a)
pyrene/kg) compared to oils extracted by conventional industrial methods. [26]

The effect of microwave-assisted solvent extraction at two different radiation
power values (170 and 510 W) combined with acetic acid on yield and physico-
chemical properties of olive oil was studied by Kadi et al. [27]. The UV absorbance
values were highest in oils treated with 510-W microwave and 7.5% acetic acid con-
tent. Since microwave radiations accelerate the disruption of cells and oil release,
they observed similar results to those of previous researchers who also achieved
better oil extractability [27].

Malheiro et al. determined the effect of different microwave heating times (1, 3,
5,10, and 15 min) on three Portuguese olive oils of different origins, one from the
north, “Azeite de Trds-os-Montes” protected designation of origin (PDO); one from
the center, “Azeites da Beira Interior” PDOj; and one from the south of Portugal,
“Azeite de Moura”. They evaluated the effect of MW time on free acidity; peroxide
value (PV); specific extinction coefficients (K232 and K270); color; and chloro-
phyll, carotenoid, and tocopherol content of oils. The carotenoids and chlorophyll
pigments, which are also significant in determining olive oil stability, decreased by
microwave treatment [28].

Leone et al. [30] determined the effect of microwave treatment on oil yield,
structure modifications of olive pastes, and total energy consumption for a whole
extraction process. The oil extractability was not significantly different from tra-
ditional extraction; however, the electrical power consumption using a microwave
prototype system was higher by 24% [30].

The possibility of combining megasonic and microwave treatment in a continu-
ous olive oil extraction system to enhance olive oil extractability was examined by
Leone et al. [29]. The utilization of combined megasonic and microwave treatment
to olive paste resulted in a consistent reduction of viscosity. In result, both micro-
wave and megasonic technologies have improved the oil extractability performance
by lowering the consistency of the olive paste [29].

In recent years, infrared spectroscopy, computer vision, machine olfaction
technology, electronic tongues, and dielectric spectroscopy are some of the main
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sensing technologies applied to the virgin olive oil production process. Infrared
spectroscopy can also be used to evaluate the official quality parameters of olive
fruits and oil [37].

5. Conclusions

Worldwide, the total consumption of olive oil increased from 1,666,500 tons in
1990/1991 to 2,978,000 tons in the period of 2017/2018 after 27 years [30]. Recent
studies on emerging extraction techniques aim to improve the quality and physico-
chemical properties of oils and reduce the processing time and energy consumed
during extraction compared to traditional methods. Ultrasound, microwave, and
pulsed electric field technologies have been successfully applied to olive oil extrac-
tion, and several positive impacts on oil yield and quality have been observed.
Results show combining these emerging technologies could assist in the develop-
ment of a continuous olive oil extraction process with a higher extractability than
the traditional batch process without significant decrease in oil quality. Long-term
stability and sensory studies should also be done to evaluate the long-term effects of
these new technologies and to ensure their advantages.
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Chapter 3

Does the Introduction of
Ultrasound in Extra-Virgin Olive
Oil Extraction Process Improve
the Income of the Olive Millers?
The First Technology for the
Simultaneous Increment of Yield
and Quality of the Product

Maria Lisa Clodoveo, Filomena Corbo and Riccardo Amirvante

Abstract

Olive oil is an important product of the European agro-alimentary sector. The
current olive oil extraction process can be further improved in order to overcome
the weaknesses of the actual system in terms of non-continuity, reduction of oil in
waste, sustainability, and improvement of quality both in the healthy and sensory
perspective. Many innovative approaches have been developed to improve the olive
oil extraction process. However, not all the proposed innovations have the oppor-
tunity to effectively reach a technological level of readiness close to “ready for the
market.” An innovator should simultaneously evaluate the aptitude of its invention
to turn into a widely used commercial product both under the technological and
the marketing perspectives. Under the technological point of view, an innovation
should be effective, so, adequate to accomplish a purpose, and efficient, so, able to
perform or functioning in the best possible manner with the least waste of time and
effort. Under the marketing point of view, an innovation should be able to develop
products that accurately and timely respond to customer needs, offering a valuable
experience to the customer, exceeding his expectations. The innovative EVOO
process based on ultrasound extraction has several advantages useful to improve
olive miller income: higher yield extraction, higher polyphenols, and lower bitter
and pungent taste than traditional EVOO samples.

Keywords: olive oil, extraction process, innovative approaches, ultrasound,
technological level of readiness
1. Introduction

Oliviculture is one of the most ancient economic activities of the Mediterranean
basin; therefore it is usually considered as a traditional sector and not able to
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positively enhance the economic and social development of European and North
African countries where it is diffused.

Today, the olive miller has to directly face the market and all the multiple
requirements of society. The growth of the olive miller company is linked to the
development of its innovative capacity [1]. Understanding the factors that can
determine the potential for innovation means understanding the main levers of
intervention for the competitiveness and growth of an entrepreneurial activ-
ity [2] threatened by an evolving global context, which leads Italy in particular,
among the European contest, to lose its positions of prestige always owned in the
international context. In the last 20 years, we have therefore witnessed a “profes-
sional metamorphosis” of the role of the olive miller. In the last 20 years a meta-
morphosis occurred in the role of the olive miller inside his enterprise because
the perspective with which the extraction process of extra-virgin olive oil can be
considered, under a technological, chemical, biochemical, and sensorial point of
view, has changed.

The term “extraction” in the olive oil sector is, in fact, a word to be considered
obsolete in the light of the progress of knowledge developed over the last 20 years
[3-9]. The word “extraction” is referred to any operation with which one “extracts”
something within a specific technical process. Applied to the olive oil sector, the
term “extraction” implies the following misunderstanding: the bottled virgin olive oil
(product obtained exclusively with the use of mechanical systems), under the chemi-
cal and sensory point of view, is the same contained (as small lipid drops) within the
elaioplasts (the subcellular organelles specialized in storing lipids inside the cells of
the drupe).

This concept is wrong. In fact, during all the operations that start from the
crushing, passing, across the malaxation, and the centrifugal separation of oil,

a complex mass transfer occurs of those minor components (constitutive of the
fruit, phenols, or of neo-formation, volatile compounds) from different tissues
(epicarp, pulp, pit and seed) that compose the drupe to triglycerides organized in
plastoglobules [8, 9]. Considering the occurrence of these phenomena, of a physi-
cal, chemical and biochemical nature, which make virgin olive oils different from
the other lipidic plant matrices by composition and sensory and health properties,
itis necessary to introduce a new term in the olive sector vocabulary that accurately
reflects specificity and uniqueness of the complex transformation to which the
process presides. Therefore, the verb “to extract” has to be replaced by the verb “to
elaborate,” already earlier adopted more than 10 years ago by Carlos Gémez Herrera
of the Institute de la Grasa of Sevilla [10]. In fact, the verb “to elaborate” means

“to develop a project through careful coordination and transformation of the basic
elements to give them an arrangement and a complete form that responds to the
desired purpose.” In the olive oil world, the elaboration process of virgin olive oil
has to allow to the olive miller the obtainment of the planned quantitative and
qualitative results. This goal has to be planned at the moment of the raw material
evaluation, or even before during the fruit development stage, at the moment in
which the choice of the harvesting period occurs, nodal elements for the purposes
of defining the characteristics of the product, and the interception of the pre-
established market target [11, 12]. The word “extraction” relegates the oil miller of
the past to the role of mute spectator who oversees a process whose outcomes are
often unknown to him. He is a simple worker assigned to a manual labor only, who
is not able to build solid strategy business based on segmentation, target, and prod-
uct positioning; the verb “to elaborate” innovates the role and skills of the miller.
He becomes the craftsman or the artisan, the one who exercises an art intended

as an activity that requires a complex of technical knowledge at the service of a
particular attitude [13].
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The modern miller masters the technology and the technological innovations.
He is able to use the machines, regulating the macroscopic parameters of processing
(specific energy, times, temperatures, atmosphere in contact with the product, and
quantity of process water), with the aim to “modulate” the enzymatic activities
that take place at the microscope level in the olive paste, consciously modifying the
chemical, organoleptic, and health characteristics of the resulting virgin oil [9].
The word “modular” is a term borrowed from the world of music that refers to the
ability to vary a sound or a tone, to achieve a harmonious effect. It is an indispens-
able term to describe the activity of the miller that, in a very short period of time,
must make a series of decisive choices to obtain an extra-virgin olive oil, with a
pleasant overall sensation, due to the perception of its components, phenolics and
volatiles, which act as olfactory-gustatory, tactile, and kinesthetic stimuli balance
between them.

However, the relationship of the olive oil sector with technological innovation
is controversial. The olive and olive oil sector can be considered a technologically
conservative productive system, that is, with a limited introduction of innova-
tions compared to other sectors of agro-food [14]. This approach is apparently
consistent with the behavior of the typical consumer. Consumers are linked to
a model of consumption of extra-virgin olive oil based on habit and bound to
a taste that has consolidated over time. People are reluctant to change, despite
the pressure of a communication and training activities aimed to increase in the
culture of olive oil for the improvement of the competitiveness of high-quality
products [15, 16].

On the contrary, the global agri-food system seems to be constantly encouraged
to develop innovations in products, processes, or services able to face an increas-
ingly pressing demand for healthy, quality food, able to satisfy, at the same time,
healthy and hedonistic needs, with certain origin, and that they can offer a strong
experiential dimension. In the agri-food sector, therefore, the tendency of the
market is the creation of a growing demand for an increasingly differentiated and
segmented product, in countercurrent with the world of olive oil.

Technological innovation, and the product segmentation that derives from it,
is the only path that can be followed by the olive oil sector, which must increase
competitiveness. The exploitation of technological innovations is the only useful
tool to increase production efficiency, product quality, process sustainability, and
ultimately the profitability of the sector.

2. The first technology for the simultaneous increment of yield and
quality of the extra-virgin olive oil

Public and private research bodies are constantly working on innovative
approaches to develop new products, processes or organizational models in the
olive oil sector. However, the conversion of these research results to industrial
innovations considerably more complex than generally believed. In practice, not
all inventions, that is, new solutions developed in laboratories in response to a
technical problem, can be transformed into innovations, then into new products
or processes suitable for commercial exploitation for a competitive supply chain
advantage.

In the olive oil sector, the levers that guide research and development of innova-
tions are constituted by the need to favor, during the extraction process, the separa-
tion of the highest quantity of oil, and of the best quality, modulating appropriately
the complex series of physical transformations, chemical-physical, chemical, and
biochemical within the olive paste. The increase in yield and product quality is an
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antithetical objective, which cannot be achieved simultaneously with the currently
widespread technologies but which must be pursued to guarantee fair profitability
for the operators of the sector.

Innovations can be distinguished by the degree of novelty with respect to
existing technology, organization, and demand, in two different types: incre-
mental innovations and radical innovations. Incremental innovations involve the
improvement of a process, of a product or service with respect to a specific exist-
ing model or process. Radical innovations represent a break with existing products
or processes. From these innovations, in some cases, new industries or market
segments can arise. Incremental innovations are very numerous, while radical ones
are rarer.

Considering the machinery for the oil sector, the last radical innovation is repre-
sented by the introduction of centrifugal separation of oils and the transformation
of the obsolete pressure extraction system, characterized by low working capacity,
high labor demand, and poor hygienic standards, in the modern “continuous”
system, highly effective and efficient. This innovation dates back to the 1970s. It
involved the need to combine the decanter, the centrifuge with horizontal axis that
continuously separates the oil from the olive paste, with the malaxers. The malaxer
is a machine that operates in batch and that is necessary to favor, thanks to the heat
exchange and agitation, the coalescence of minute droplets of oil into larger diam-
eter drops, able to be separated in a centrifugal field and to guarantee satisfactory
yields [8, 9].

Most of the incremental innovations developed in the last 30 years have had the
purpose to improve the performance of the malaxers. The aim of these innovation
was optimizing the machine geometry and the heat exchange (also by means the
introduction of heat exchangers), improving the ratio between volumes of olive
paste and exchange surface, to reduce treatment times and the number of malaxers
necessary to guarantee continuity to the process. Observing the principles on which
the incremental innovations were based, it is possible to state that the levers experi-
mented to design new machines, able to improve the extraction yields and reduce the
residual fat present in the by-products, are, on the physical point of view, the same
principles on which traditionally the olive oil technology has always been based:
heating and stirring to reduce the viscosity of the olive paste. We can consider, with
good margins of certainty, that every technological effort based on the optimization
of these three factors has reached the apex of applicability and that the machines
currently on the market are the best performing. The perspectives for improvement
are technically feasible if we persevere with the already consolidated approaches.

Looking at the characteristics of the oil by-products, it is clear that there is still
room to increase the efficacy and efficiency of the machines destined for olive oil
extraction. And here it is perhaps the case to dwell on the terms “effectiveness” and
“efficiency,” often used indistinctly as synonyms but which actually reflect two dis-
tinct concepts. Effectiveness, in fact, indicates the ability to achieve the set objective,
while efficiency evaluates the ability to do so using the minimum necessary resources.
In the case of olive plant engineering, we can say that a technology is effective if it is
able to increase yields and antioxidant content by reducing the losses in by-products
and is effective if it achieves these goals in a sustainable manner, reducing energy
costs for the benefit of business economies and the impact on the environment.

Effectiveness and efficiency can be achievable goals also thanks to the use of
emerging technologies [17-19]. Emerging technologies are technologies available
at the experimental level, which have already shown advantages in other fields of
application and whose developments are now considered extremely promising in
the coming decades. In the case of the extraction of extra-virgin olive oil, emerging
technologies must ensure the simultaneous achievement of two different effects: a
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mechanical and a thermal effect. The mechanical effect comprises the breakage of
the cells passed intact to the crusher and the release of further oil and minor com-
pounds. The mild thermal effect is useful to accelerate, by means of the hydrophobic
effect, the coalescence of minute lipid droplets. Among the emerging technologies
that are spreading in the food industry, candidates to become real-scale plants in the
oil sector in the near future, there are microwaves and ultrasounds [20-25].

Microwaves are electromagnetic radiations with frequencies between 300 MHz
and 300 GHz [21]. They determine powerful and macroscopic thermal effects in the
matrix due to the effect that the electromagnetic radiation exerts on the polar mol-
ecules, such as water. The polar molecules rotate with high frequency to align their
dipole to the electromagnetic field, generating frictions with the adjacent molecules
that induce a rapid and inhomogeneous heating. Because of thermal spots, areas
where there is concentration, due to the inhomogeneity of the radiation and a high
thermal increase, the dilatation of the aqueous phase of the cytoplasm induces a
mild mechanical action of breaking of the cell walls.

Ultrasounds are sound waves with frequencies from 20 kHz to some GHz,
higher than the audible limit of the human ear. At low frequencies, between 20 and
40 kHz, they determine an evident mechanical effect, due to the phenomenon of
cavitation, which contributes significantly to the breakage of the intact past cells
to the crusher, freeing the lipid content (Figure 1); the thermal effect is mild and
negligible [20].

Tests aimed at measuring the ability of the two technologies to be transferred in
the design of real-scale plants and implemented in modern full-scale mills have been
realized, and the performances in terms of effectiveness and efficiency have been
measured.

Figure 1.
Cavitation breaks the intact past cells to the crusher freeing the lipid content. Picture by courtesy of Weber
Ultrasonics AG.
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From the point of view of effectiveness, and therefore of the capacity to increase
extraction yields, the theoretical premises based on the intrinsic characteristics of the
two technologies have been confirmed by the experimental evidence. In relation to the
heating times, the microwaves showed the ability to significantly reduce the duration
of the malaxation with the same extraction yields. On the contrary, the mechanical
action of the ultrasounds, clearly superior to the mechanical action of the microwaves,
combined a noticeable increase in extraction yields with a time reduction.

Two technologies compared with two antithetical effects. What strategies can
be applied to design the plant that will most likely contribute to the improvement of
the process?

Alongside the efficacy observations summarized in terms of contraction of the
malaxation times (one-tenth for the microwaves and one third for the ultrasounds),
the considerations in terms of efficiency were decisive. The tests carried out in
order to measure the efficiency of the processes have revealed how the microwaves
represent a technology, at present, extremely energizing and not compatible with
the more recent guidelines of the industry 4.0, which privilege processes able to
preserve the natural resources.

Experimental evidence has led to the exclusion of the industrial scale-up of
microwave technology: the only advantage constituted by the significant contrac-
tion of processing times did not match the desired increase in yields [21]; the lack
of energy efficiency, moreover, represented a threat of increasing production costs
incompatible with the production context that offers limited margins of profit.

Promising, on the contrary, was the premise for the implementation of ultra-
sound technology linked to the positive increase in yield, the mild thermal effect,
and the high energy efficiency: three evidences that opened the prospect of achiev-
ing the goal of increasing yields and the concentration of minor compounds, reduc-
ing production costs, and improving company profit margins [20, 23-25].

How is it possible to pass from the batch laboratory device, which is able to treat
limited quantities of olive paste (about 3 kg) to plants that operate continuously,
working tens of quintals of olives?

It is here that it becomes fundamental to combine the multidisciplinary skills of
the research groups. From the collaboration between knowledge areas, food tech-
nologies, food chemistry, and mechanical engineering, a design strategy has been
realized. The starting point was the definition of the ideal geometry and then on the
energy calculations necessary to create a plant able to guarantee the conversion of
the conditions tested in batch (lab-scale) in an ultrasonic treatment administered
continuously (full-scale).

In terms of geometry, the construction of an ultrasonic system must start from
the characteristics of the transducers present on the market and from the flexibility
that these can offer during the design phase, also with a look at the possibility of
realizing plant solutions suited to the different working capacities of the oil mills.
The most commonly used transducers are the so-called probe transducers. The
first prototypes made have favored this model because it integrates well with the
triple tube heat exchangers already widespread on the market. This combination
was chosen to maximize the effects of ultrasound, which are emphasized by the
simultaneous heating of the oil paste, which, by reducing the viscosity of the fluid,
promotes the propagation of the wave in the medium. Fluid dynamic simulation
tests, carried out simultaneously with the experimental tests, have however high-
lighted some limitations of this geometry, proving how long, tortuous, and costly is
the path necessary to develop an innovation.

So the next step was the design and build of an ultrasound system based on
the use of plate transducers. An octagonal section system has been created that
combines ultrasonic treatment with heat exchange (Figure 2). It allows a thermal
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conditioning of the olive paste aimed at both heating and cooling, depending on
the environmental and territorial context in which the technology is implemented.
The sizing, based on the calculation of the specific energy to be administered, has
shown that the amount of energy necessary to maximize the advantages obtainable
from the use of ultrasound, for frequencies between 20 and 40 kHz, is equal to
about 18,000 J/kg. 18,000 J/kg is a number that can mean nothing if not compared
to other process operations [25]. In order to make clear the meaning of ultrasonic
treatment, it is sufficient to think that the specific energy transferred from a
mechanical crusher is approximately 30,000-36,000 J/kg.

The ultrasonic treatment, in this perspective, can be considered a sort of
finishing of the crushing step. The ultrasonic treatment of the olive paste is fully
classified as a mild technology. It is a delicate technology that allows to combine,
for the first time in the history of the development of oil mills, the increase in yield
(more than 1 kg of oil per 100 kg of olives) with the increase of the content in
polyphenolic substances, minimizing the thermal and oxidative damage, dem-
onstrated by the chemical analyzes aimed at the product classification and by the
panel test.

The use of ultrasound in the oil sector is part of key enabling technology, as it
represents a technological solution capable of revitalizing the production system,
and meets the social challenges related to food safety, sustainable agriculture, and
bio-economy as it represents an efficient production system that can accelerate the
conversion of companies toward sustainability.

Ultrasounds also concretely open the way to a production model that, consistent
with the principles of circular economy, leads the mills to exploit the potential to

Figure 2.
The inner part of the sono-heat-exchanger (on the left). The external structure of the sono-heat-exchanger (on
the right).
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profitably integrate the use of differentiated pressing within the processing line.
The use of the pitting machine, which is not widespread today due to the known
yield losses, can be stimulated by the use of ultrasounds which have a positive effect
on the extractability of the oil. The elimination of the core before the product enters
the processing line has the advantage of increasing the working capacity of the
plants and improving energy efficiency and offers the possibility of allocating the
de-stoned pomace to more profitable purposes.

The implementation of ultrasound in the olive oil extraction process is character-
ized by a high level of technological maturity (TRL, technology readiness levels) of
8, which corresponds to the development of the system and its validation on a real
scale.

3. The introduction of ultrasound in extra-virgin olive oil extraction
process can improve the income of the olive millers

Table 1 shows the economic comparison between the traditional system and
the innovative system with ultrasounds. The simulation is done on a crusher
with a working capacity of 1500 kg/h that works 10 h a day for 80 days, about
3 months.

Assuming an average price of olives equal to €90 per quintal, and the selling
price of oil equal to €7, without including in the comparison the premium price
of oil extracted by ultrasound due to the increase in polyphenols and the highest
health value, an increase in incomings of 116,700 euros is achieved. The return on
investment can be quantified in just 2 years.

Difference in incoming
. between the

E;L‘: i 09 2;:: gt 09  INNOVATIVE AND 145.88
TRADITIOMAL system
€/h

Olive flow Olive flow WORKING DAYS of the

capacity 1500 | capacity 1500 | olive mill 80

kg/h kg/h

Olive cost Ofive cost Working hours per day

/h 1350 e/h 1350 10

Gil yield % 14.6 | Oil yield % 35 | Buratienaf harvesting 800
season h

Olive oil Ofive ol Total incoming with

fl fl traditional system €

e 2188 aanE | r e am 145,200

capacity capacity

kgfh kafh

Selling Selling Total incoming with

price of oil 7 | price of oil 7 | innovative system € 261,900

€/kg €fkg

Incoming Incoming Increase in incoming

per hour 15315 per hour 1677.38 during a single

€fh €h harvesting season € 116.700

Gain per Gain per

hour €/h 18,5 hour €/h 21.38

Table 1.
Simulation of economic budget comparison between the traditional system and the innovative system equipped
with ultrasounds during a single harvesting season.
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4, Conclusion

The introduction of ultrasound in extra-virgin olive oil extraction is the first
technology for the simultaneous increment of yield and quality of the product. The
innovative EVOO process based on ultrasound extraction has several advantages
useful to improve olive miller income: higher yield extraction, higher polyphenols,
and lower bitter and pungent taste than traditional EVOO samples.
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Chapter 4
Antioxidants in Olive Oil

Amany M. Basuny

Abstract

Olive oil contains polyphenols, vitamin E, and other natural antioxidants that
are the oil’s own natural preservatives. Antioxidants dampen the autogeneration of
peroxides, delaying the onset of oxidation and rancidity. As a result, antioxidants
increase the oil’s shelf life. Among the antioxidants, there are compounds that have
been associated with human health benefits. They absorb free radicals and appear
to have a positive impact on cardiovascular and cancer ailments, as attributed to
the Mediterranean diet. The main objectives of this chapter were to investigate the
phytochemical profile such as phenolic compounds and tocopherols, and in vitro, to
study the biological potential (antioxidant capacity) of the olive oil. Furthermore,
the relationship and correlations between phytochemical and antioxidant capacity
have been highlighted. The investigation of these compounds supported by verifi-
able evidence may explain their role in the quality and authenticity of olive oil as
well as their contribution to human health.

Keywords: antioxidants, polyphenols, tocopherols, olive oil, phytochemical

1. Introduction

Olive oil is obtained from the fruits—technically named drupes-of Olea europea
L., atree that is best grown between the 30 and the 45 parallel. Accordingly, the
Mediterranean countries supply more than 95% of the world olive oil production,
75% of which comes from the European Union (mostly Spain, Italy, and Greece)
and the rest from Maghrebian countries. Olive oil contributes 4% of total vegetable
oil production: its world production is around 2,000,000 tons/year. Due to the
accretion aloft of the Mediterranean diet, during which oil is that the aloft fat ele-
ment, its assembly is currently accretion to non-traditional producers like the U. S.,
Canada, Australia, South America, and Japan. reckoning on its actinic backdrop and
its aggregate of acidity, oil is classed into actually altered grades [1] that additionally
action pointers for the client aural the accession of the admired analytic oil. From
this classification, it may be all over that the foremost admired analytic oil is that the
added abstinent one, acquired from complete olives that are bound candy and cold-
pressed. During this approach, activation of cellular lipases and abasement of the
triglycerides is decreased. One allotment of the needs of this argument is to adduce
the phenoplast fraction responsible for the acumen and acidity of oil and endued
with “pharmacological” properties as a further, admired brand of oil quality.

Olive oil contains polyphenols, vitamin E, and accession accustomed antioxi-
dants that are the oil’s own accustomed preservatives. Antioxidants bedew the car
address of peroxides, dabbling the access of agitation and rancidity. As a result,
antioxidants access the oil’s time period. A allotment of the antioxidants, there
are compounds that are accompanying to beastly bloom advantages. They blot
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chargeless radicals and assume to own an absolute appulse on barge and blight
ailments, as attributed to the Mediterranean diet. Polyphenols are a basal class of
inhibitor in oil. Over thirty polyphenols are accustomed in olives. Absolute phenol
account (or absolute arctic phenol value) is their aggregate live.

2. Classification and allure of phenoplast compounds

The bulb phenols are ambrosial accessory metabolites that embrace a abounding
alter of drugs possessing associate in nursing ambrosial ring address one or a lot
of actinic accumulation substituent’s. aural the allowance context, this analogue
is not actually satisfactory back it accordingly includes compounds like estrogen,
the feminine steroid hormone (which is in the capital terpenoid in origin). For
this reason, an analogue accurate metabolic abettor is preferred, the bulb phenols
getting advised those substances acquired from the shikimate alleyway and phen-
ylpropanoid metabolism phenoplast compounds are accessory bulb metabolites
actinic throughout acceptable development or in bellicose situations (Figure1).
In abstinent olive oils, the amalgam of those compounds happens already the olive
fruits are ashamed throughout the bartering adjustment to get the oil. Thus, the
presence of phenolic compounds is directly related to glycosides initially present in
the fruit tissue, and the activity of hydrolytic and oxidative enzymes. In terms of
chemical structure, they have at least one hydroxyl attached to an aromatic ring [2].

Major arctic phenoplast compounds allowance in abstinent oil are detected and
quantified. These phenoplast compounds is as well phenoplast acids, aboveboard
phenols like tyrosol and hydroxytyrosol, secoiridoid derivatives of the glycosides
oleuropein and ligstroside, lignans, flavonoids and hydroxyl-isochromans [3, 4].
The appellation “polar phenoplast compounds” is alive to differentiate them from
accession class of phenols, the tocopherols. Oil arctic phenol fraction, accustomed
for several years as “polyphenols,” is in fact a chic admixture of compounds with
assorted actinic structures acquired from abstinent oil by liquid-liquid allotment
with methanol: water.

phosphoenclpyruvate § &—— w
Shikimare
Pathway

phenylalanine

Phenylpropancid <
metabolism

flavonoids I
Figure 1.

Metabolic pathways leading to the formation of phenolic compounds.
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Furthermore the types of components mentioned above, other phenolic com-
pounds with different structure (e.g., vanillin) have been identified. Litridou et al.,
[5] found that the presence of an ester of tyrosol with a dicarboxylic acid. Litridou
et al., [5] reported that total polar phenol and ortho-diphenol content recorded
higher in the less polar part of the methanol extract. This part contains primarily the
dialdehydic and decarboxymethyl pattern of elenolic acerbic abutting to hydroxy-
tyrosol and tyrosol, hydroxytyrosol acetate, lignans and luteolin. Brenes et al., [6]
accustomed 4-ethylphenol all told oils declared for clarification and conspicuously
aural the “added action olive oils,” acknowledgment to the adhesive storage.

Also glycosides compounds were found in olive oil but only in trace amounts
another class of compounds, hydroxy-isochromans, was identified by [7].
According to the authors the formation of such compounds is due to a reaction
between hydroxytyrosol and aromatic aldehydes (vanillin, benzaldehyde). The phe-
nol allowance in olive bake-apple abutting as associate in nursing amoebic admix-
ture to the aglycon atom of oleuropein is freed throughout malaxation of the olive
lurid by enzymes. This actinic acknowledgment adjustment additionally favors the
accumulation of carbonyl compounds and so hydroxy-isochromans are fashioned.

Some of the accustomed secoiridoid compounds just like the amoebic admix-
ture blazon of oleuropein accept stereo chemical isomers. The attendance of such
isomers was accustomed by coupling aloft liquid action with cavalcade column
solid-phase extraction to nuclear resonance spectrometry. The methyl acetals of
the aglycons; ligstroside and the p-hydroxytyrosol ester of methyl malate was
identified [8], the investigated of oleocanthal by Beauchamp et al., [9], a deriva-
tive of tyrosol that has the same pharmacological activity as the anti-inflammatory
drug ibuprofen, and some investigation indicating an anti-inflammatory activity,
provide important new information for the forms of tyrosol and hydroxytyrosol
derivatives present in olive oil and olives, some of which may be antioxidant and/or
biologically active. Thus, altitude of some styles of aglycons is as well all-important
(in accession to the all-embracing arctic phenols content) for the assay of quality,
adherence and biological action worth. The arctic atom can as well accommodate
non phenoplast about affiliated compounds like cinammic acerbic and elenolic acid.
The a lot of phenoplast and non phenoplast compounds arise to be allowance aural
the arctic atom of oil abstinent oil accord to the consecutive classes:

2.1 Phenolic acids

There are many phenolic acids was found in olive oil such as, Hydroxybenzoic
acids, 4-hydroxybenzoic, protocatechuic, gallic acid, vanillic acid, syringic acid
hydroxyphenylacetic acids, 4-hydroxyphenylacetic, hydroxycinnamic acids,
o-coumaric acid, p-coumaric acid, caffeic acid, ferulic acid, and finally sinapic,
acid.

2.2 Phenolic alcohols

Many alcoholic phenols are found in olive oil for example, (p-hydroxyphenyl)
ethyl alcohol (p-HPEA, tyrosol), (3,4-dihydroxyphenyl) ethanol (3,4 DHPEA,
hydroxytyrosol), and homovanillyl alcohol.
2.3 Derivatives of phenoplast alcohols

Also some components from derivatives of phenoplast alcohols appeared in olive

oil for example, 4-(acetoxyethyl)-1,2-dihydroxybenzene, hydroxytyrosol organic
compound of methyl group malate.
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2.4 Glycosides

Oleuropein it is the most important compound in olive oil where it consists of
(an organic compound of hydroxytyrosol with p-glucosylated elenolic acid).

2.5 Ligstroside

Ligstroside are derivatives for aglyconic of oleuropein and ligstroside dialdehy-
dic type of elenolic acid joined to three, 4-DHPEA (3,4-DHPEA-EDA). Dialdeyhydic
type of elenolic acid joined to p-HPEA (p-HPEA-EDA). Dialdehydic type of decar-
boxymethyl elenolic acid joined to 3,4-DHPEA. Dialdehydic type of decarboxy-
methyl elenolic acid joined to p-DHPEA.

2.6 Lignans

Lignans for example (+)-1-acetoxypinoresinol, (+)-pinoresinol, (+)-1-hydroxy-
pinoresinol, syringaresinol.

2.7 Flavonoids

Flavonoids such as apigenin, luteolin, taxifolin, hydroxy-isochromans, 1-phenyl-
6,7-dihydroxy-isochroman 1-(3’-methoxy-4"hydroxy) pheny
1-6,7-dihydroxy-isochroman.
2.8 Other phenols

Vanillin compound (4-hydroxy-3-methoxybenzaldeyde). 4-ethylphenol

cmpound (not found in virgin olive oils however in oils of “second centrifugation,”
supposed for refining).
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Chemical structures of predominant olive plant polyphenols.
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2.9 Non phenoplast compounds

Cinnamic acid, elenolic acid, elenolic acid organic compound, 11-methyl oleosid
(Figure 2).

3. Antioxidant activity of phenolic compounds

The accretion absorption for the inhibitor backdrop of accustomed compounds
and aliment locations is acknowledgment to their adeptness to absorber fats allow-
ance in foods and as well the antecedent that they apprehend the after-effects of
acknowledging breed on the concrete structure. Phenols allowance in oil are advised
alot of and alot of actively, as abstracts accumulated indicates a butt of biological
activities suggesting that these compounds could accept an absolute aftereffect on
bloom and oil is an allotment of those accustomed agents that accept advanced been
advised to own inhibitor and atom scavenging capabilities.

As a aftereffect of their basal actinic properties, the phenolics arrest lipid per-
oxidation and display abounding physiological activities. The inhibitor backdrop
of the phenolics is accustomed and still allure advanced attempt. Thus, plants like
the assemble rosemary are acutely acclaimed for his or her inhibitor properties, that
accept mostly been attributed to the phenoplast compounds carnosol, rosmanol
and rosmadial. Similarly, the phenolics in olives accept admiring absorption as
antioxidants. Absolute aqueous phenols and as well the oleosidic styles of 3,4-dihy-
droxyphenylethanol (hydroxytyrosol) were accompanying with the aerophilic
adherence of abstinent olive oil admitting tocopherols showed low correlation. a lot
of specifically, inhibitor action in esthetic oil aside aural the alternation hydroxy-
tyrosol, caffeic acerbic > butylated hydroxytoluene (BHT) > protocatechuic acid,
syringic acid. Tyrosol, p-hydroxyphenylacetic acid, o-coumaric acid, p-coumaric
acid, p-hydroxybenzoic acerbic and vanillic acerbic had little or no inhibitor activity,
and their accession to the acumen of the oil was negligible. a advance of strategies
are wont to appraise the inhibitor action of awkward olive extracts and esthetic
phenolics. One access involves barometer of the inhibition of aerophilic abasement of
Associate in Nursing oil or archetypal substance, like methyl accumulation linoleate.
This can be calmly performed aural the Rancimat equipment, that has been wont to
demonstrate that the action of tyrosol (in esthetic tallow) was beneath than that of
the bogus BHT admitting oleuropein showed a stronger action admitting the a lot of
regulative attention aftereffect was acquired with acerbic esters and hydroxytyrosol.
Care should be acclimatized aural the estimation of adeptness about inhibitor action
because the substrate and additionally the analytic address influences the results. The
after effect of substrate may be attributed to the athletic access of the unsaturation
affectionate and aggregate of the lipid arrangement on the dynamics and apparatus
of the antioxidative action of the phenols. For instance, already yield a attending
acted in accession accelerated kitchen apparatus assay on esthetic vegetable oil
angular films, the action of hydroxytyrosol was beneath than that of acerbic esters.

Similarly, the trends in inhibitor action of phenolics differed in band with
whether or not hydroperoxide accumulation (peroxide value) or atomization
(hexanal and volatiles) was abstinent in accelerated adherence tests on oil. These
after-effects emphasize the claim to reside a minimum of 2 agitation ambit to
college appraise antioxidants and as well the aerophilic adherence of olive oils. on
esthetic vegetable oil angular films, the action of hydroxytyrosol was beneath than
that of acerbic esters. Similarly, the trends in inhibitor action of phenolics differed
in band with whether or not hydroperoxide accumulation (peroxide value) or
atomization (hexanal and volatiles) was abstinent in accelerated adherence tests
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on oil. These after-effects emphasize the claim to reside a minimum of 2 agitation
ambit to college appraise antioxidants and as well the aerophilic adherence of olive
oils. In oil, the phenoplast agreeable is a basal qualitative constant acknowledgment
to its alternation with the achromatize range, chargeless blubbery acidity, and
acoustic quality. Chargeless blubbery acids (FFA) accord associate in nursing basis
of the aggregate of agitator action and already allowance at top concentrations,
about-face out abominable aromas aural the 0il.65 as a aftereffect of phenolics
accomplish as inhibitor capacity of oil, a top FFA agreeable consistently indicates

a top aggregate of agitator action and accordingly a bargain inhibitor content.
Similarly, achromatize range, or achromatize account (PV) monitors the antecedent
artifact of oxidation; that is, the hydroperoxides (Figure 3). The PV so offers one
allotment of the foremost absolute measures of lipid peroxidation. The aggregate

of peroxides that has got to be ancient to accommodate apparent rancidity depends
aloft the agreement of the oil and, particularly, the aggregate of unsaturation and as
well the attendance of antioxidants, notably, the phenolics.

Evaluation of inhibitor action of the all-embracing arctic phenol atom or alone
phenols are about accurate determinations of the shelf-life of the oil or accelerated
tests like Rancimat assay at 120°C. Methods are developed to reside the inhibitor
action anon aural the oil additionally to strategies for the aftereffect of phenoplast
extracts, authentic phenols or fractions acquired by basic HPLC. Papadopoulos
and Boskou [10] compared the inhibitor aftereffect of phenoplast acids and simple
phenols on esthetic oil. Hydroxytyrosol and caffeic acerbic were begin to be a lot of
able antioxidants in advertence to BHT, already the acumen and keep ability of the oil
containing these additives were examined. Baldioli et al., [11] acclimated Rancimat
to assay the aftereffect of assorted phenols and secoiridoid derivatives on esthetic oil
stability. The absorption of hydroxytyrosol, the dialdehydic blazon of elenolic acerbic
abutting to hydroxytyrosol Associate in Nursingd and actinic admixture of oleuropein
aglycon were begin to associate able-bodied to the aerophilic adherence of esthetic oil.

Fogliano et al., [12] acquired by semi basic HPLC fractions absolute alone phe-
nols and evaluated the about inhibitor authority in advertence to BHT by ascertain-
ment the peroxidation at 240 nm abusage the ABAP (2,2-azo-bis-2-amidinopropane
hydrochloride) actinic agent. Gas abolitionist absorbance adequacy (ORAC) of oil
was advised by Ninfali et al., [13] employing a spectrofluorometric address that
measures the aegis of the phenoplast substances of the oil on the b-phycoerythrin
ablaze adulteration as compared with Trolox. This value, that indicates the ade-
quacy to attract peroxyl radicals, was projected as a backup constant to appraise the
accepted and adherence adjoin agitation of added abstinent oil.

Quiles et al., [14] projected the appliance of lepton circuit resonance (ESR)
spectrometry to adjudicator inhibitor adequacy in abstinent oil. The tactic is
predicated on the assurance of actual galvinoxyl (a bogus radical) by affiliation of
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Figure 3.
Mechanism of the antioxidant activity of olive phenols.
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the ESR spectrum already accession of associate in nursing ethyl booze acknowl-
edgment of the oil. Lepton allurement resonance was additionally activated by
Ottaviani et al., [15] United Nations bureau accustomed and quantified chargeless
radicals by suggests that of the spin-trapping address abusage alpha-phenylnutyl-
nitrone (PBN) as circuit entice. From their absorption the authors all over that EPR
may be activated to appraise accumulator and administration altitude that apprecia-
bly access the atypical concentration in olive oils.

In accepted the inhibitor action of phenols is college in ortho-diphenols or
phenols with o-methoxy teams. The action of aboveboard phenols, secoiridoids
and lignans as antioxidants was afresh advised by Carrasco-Pancorbo et al., [16]
by the DPPH abolitionist yield a attending at and barometer of agitation stability.
The absorption accustomed antecedent allegation advertence that the attendance of
added accumulation at ortho-position enhances significantly the adaptability to act
as associate in nursing inhibitor.

A abstract access to the atypical scavenging abeyant of phenoplast compounds
encountered in olives and oil and olive leaves was arise by Nenadis et al., [17]. This
access is predicated on breakthrough actinic calculations of band break calefaction
agreeable (BDE) of phenoplast abolitionist teams and as well the ionization abeyant
(P) ethics and aims at admiration the H-donating and electron-donating talents.
Catechols were begin to own best low BDE values. Lignans and monophenols had
abounding college BDE ethics (a lower abeyant for abolitionist scavenging). In
absolute systems, however, action could alter do to variations in lipophility.

Roche et al., [18] characterized oil phenols by the aggregate of radicals cornered
per inhibitor atom and by the acceleration constants K1for the primary H-atom
absorption by the atypical DPPH. Oleuropein, hydroxytyrosol and caffeic acerbic
accept the a lot of important K.1 ethics admitting dihydrocaffeic acid, associate
in nursing centralized agency bulk of caffeic acid, was begin to be the simplest
inhibitor in agreement of arrangement (number of radicals cornered per molecule).
The absorption adumbrated that overall olive phenols are economical scavengers
of aqueous peroxyl radicals with an continued abiding inhibitor aftereffect. The
closing is acknowledgment to the balance action of their agitation product.

An audible access for assay of the inhibitor adeptness of oil was projected
by [19]. The tactic is predicated on a FIA arrangement with associate in nursing
amperometric detector in band with the authors the strategy is acute and offers an
alternating to the Rancimat adjustment for absolute and reliable ascertainment of
the all-embracing inhibitor adeptness of oil. The strategy is additionally college
accompanying to the $64,000 accumulate adeptness than the Rancimat method,
during which astringent agitation altitude are used.

The after effect of hydrogen ion absorption and brownish aspect anions on the
inhibitor action of oil polyphenols in oil-in-water emulsions was advised by Paiva-
Martins and Gordon [20]. inhibitor behavior is a lot of complicated in emulsions
than in aggregate oil as there are a lot of variables anxious in lipid oxidization,

(pH, emulsifiers). Four oil phenols were examined, oleuropein, hydroxytyrosol,
3,4-dihydroxyplenylethanol-elenolic acerbic and three,4-dihydroxyphenylethanol-
elenolic acerbic dialdehyde. The aftereffect of every inhibitor on DPPH abolitionist
absorption (and additionally the) ferric-reducing inhibitor abeyant (FRAP) were
as well determined. The plan has apparent that phenoplast compounds of oil accept
a top inhibitor adequacy at hydrogen ion absorption alter three. 5-7.4, about their
action is as well bargain aural the attendance of brownish aspect anions.

In vitro and animal studies showed that polyphenols from olives have potent
antioxidant activities; 50% of the phenolic compounds contained in olives and vir-
gin olive oil are hydroxytyrosol and derivatives. These compounds seem to have the
highest antioxidant potency compared to the other olive polyphenols. The radical
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scavenging potency of o-methylated hydroxytyrosol was similar and that of the
3-o-glucuronide conjugate was more potent than hydroxytyrosol in vitro, whereas
the monosulphate conjugate of hydroxytyrosol was almost devoid of its radical
scavenging activity (Vissers et al., 2004). Review of the human intervention studies
showed that olive polyphenols (e.g., hydroxytyrosol and oleuropein) decreased

the levels of oxidized-LDL in plasma and positively affected several biomarkers of
oxidative damage (Visioli and Galli, 2002).

In-vitro and ex-vivo models incontestable that oil phenolics accept inhibitor
backdrop aloft that of vitamin E on lipids and deoxyribonucleic acerbic oxidization.
Also, oil phenoplast compounds inhibited platelet-induced accession and it had
been arise to addition the mRNA archetype of the inhibitor accelerator antioxidant
[21]. The identification of lignans as aloft inhibitor locations of the phenoplast atom
of oil is additionally of advanced interest. Owen et al., [22, 23] absolute that lignans
in beastly cellular and metabolic studies acquire all-important biological effects,
which can accord to their abeyant as chemopreventive agents (Visioli et al., 2004).

4. The antimicrobial result of phenoplast compounds

The antimicrobial aftereffect of olive arctic phenols are mentioned by Tripoli
et al., [24]. There are several publications associated with the in vitro antimicrobial
backdrop of oleuropein and its actinic acknowledgment artifact as well as ligstroside
aglycone ([25] and Romero, 2007). Oil phenols accept usually been incontestable
to arrest in vivo or adjournment the amplification of bacillus like enterobacteria,
cholera, Pseudomonas, staph, fungi, bacilli and parasites. Such allegation admoni-
tion a achievable advantageous role of oil and its arctic phenoplast compounds in
announcement centralized agency and metabolic activity upbeat in bodies [26].

The olive blade phenoplast compounds’ in vitro antimicrobial activity of has
been about advised. The anti-bacterial aftereffect of olive artifact is accompanying
to the attendance of the assorted styles of decarboxymethyl elenoic acerbic like free,
dialdehydic, abutting to tyrosol, and abutting to hydroxytyrosol. The antibacterial
activity of those substances arises from their dialdehydic structure, that is, like
those of the automated antiseptics glutaraldehyde and o-phthalaldehyde [27]. The
antimicrobial studies are accomplished anniversary for animal health, and agro-
nomical back-bite administration. Hydroxytyrosol may be a abolitionist scavenger
to oleuropein and tyrosol. Oleuropein and hydroxytyrosol accept antimicrobial
activity on an amount of the ATCC and analytic bacillus strains [28]. The foremost
abstraction apropos the antimicrobial activity of hydroxytyrosol showed that low
concentrations of hydroxytyrosol (<8 ug/mL) were almighty to arrest the ampli-
fication of bacillus advertence strains. Bisignano et al., [25] advised the in vitro
susceptibleness of hydroxytyrosol and oleuropein adjoin several bacillus strains
that are accidental agents of metabolic activity or centralized agency amplitude
infections in humans. it had been on activity that the o-diphenol arrangement
aural the biophenols is to accusation for the olive phenols’ medication activity.

Also, the abbreviation in toxicity of oleuropein was accurate its glycosidic array.
Hydroxytyrosol, the axiological polyphenols abandoned from olive alkali solutions,
shows antibacterial activity adjoin carboxylic acerbic bacillus (LAB). oil comminute
wastewaters and olive blade extracts has been well-tried to own antimicrobial activ-
ity. The bioactivity of oil comminute wastewaters has additionally been accompany-
ing to the phenoplast compounds (oleuropein and hydroxytyrosol). Oleuropein and
hydroxytyrosol exerted antimicrobial furnishings on communicable bacillus and
bacilli [29]. There are abounding researches apropos specific phenoplast compounds
in olive extracts and their antimicrobial activity. These researches instructed that
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the hydroxytyrosol did not prove athletic antimicrobial activity. The olive extracts
assume to own a lot of medication activity on Gram absolute bacillus compared

to the Gram abrogating bacterium. Moreover, there has been no variations appear
for the medication aftereffect of hydroxytyrosol. Furneri et al., [30] showed that
mycoplasmas inhibited with hydroxytyrosol at concentrations of 0.03-0.5 pg/ml.
The MICs (minimum black concentrations) for M. hominis, M. pneumoniae and
M. fermenting, were 0.03, 0.5 and 0.25 pg/ml, severally. Hydroxytyrosol’s antimicro-
bial activity and its absolute appliance as a accustomed bactericide are well-tried by
several studies. Best low MIC akin of hydroxytyrosol was appear as 0.24 pg/ml. The
abstraction conducted by Medina-Martinez et al., [29] adumbrated that accession
of 400 pg/ml hydroxytyrosol to the assorted media decidedly adapted the ampli-
fication ambit of the E. coli strains compared to the administration cluster. Alone
the best absorption of hydroxytyrosol (1000 pg/ml) adeptness arrest advance of
enterics carotovora CECT225, enterobacteria pneumoniae CECT143, enterobacteria
sonnei CECTA457, Pediococcus acidilactici CECT98, Kocuria rhizophila CECT4070,
staph aureus CECT794 below several of the assay conditions. The adaptation of
bacillus was advised for specific combos of bacillus strains and media, such as

E. coli CECT533, CECT4972, and CECT679 in batter (Luria Bertani) borsch with a
1000 pg/ml of hydroxytyrosol and E. coli CECT4972 in ISO (Iso-Sensitest) borsch
with a 1000 pg/ml of hydroxytyrosol.

Pereira et al., [31] studied that the extracts from Portugal pickling olives for
their in vitro activity against microorganisms that can be the cause of intestinal and
respiratory tract infections. The tested microorganisms were Gram-positive bacte-
ria such as (Bacillus cereus, Bacillus subtilis, Staphylococcus aureus), Gram-negative
bacteria (Pseudomonas aeruginosa, Escherichia coli, Klebsiella pneumoniae) and fungi
(Candida albicans and Cryptococcus neoformans). Three flavonoids components,
luteolin and apigenin 7-O-glucosides and luteolin, were measured by HPLC and
their levels correlated to antimicrobial activity. Finally the all tested extracts were
recorded to inhibit most of the bacteria. B cereus and K pneumoniae were the most
sensitive. The fungal species studied (C. albicans and C. neoformans) were resistant
to the extracts [32]. Verbascoside, the caffeic acid ester of hydroxytyrosol appeared
in olives, shows antibacterial activity against Staphylococcus aureus, Escherichia coli
and other clinical bacteria [33]. Biophenols compounds in olive oil have been shown
to be able to penetrate structurally different cell membranes of Gram-negative and
Gram-positive bacteria and inhibit irreversibly microbial replication. Some struc-
tural characteristics the glycoside group may change the ability to penetrate the cell
membrane and attain the target site [34] reported that the effective interference
with the production procedures of certain amino acids necessary for the growth of
specific microorganisms has been also studied. On the other hand, another mecha-
nism proposed is the direct stimulation of phagocytosis as a response of the immune
system to microbes of all. The extracts made from olive leave are also studied for
their antiviral activity against viral hemorrhagic virus septicaemia (VHSV) [35]
and against HIV-1 infection and replication. Cell- to- cell transmission of HIV was
inhibited in an in a dose-dependent manner, and HIV replication was inhibited in
an in vitro experiment [36]. Oleuropein compounds has been patented for antiviral
activity against viral disease, including herpes, mononucleosis and hepatitis [37].

5. Phenolic compounds in the prevention of atherosclerosis
Plasma LDL is atherogenic alone already aerophilic modification some studies

accept apparent that aerophilic accent provokes the access of arterial sclerosis by
causing lipid peroxidation. From now of read, antioxidants will may} apprehend
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lipid peroxidation can accept a basic role in preventing aerophilic modification

of LDL. Animal LDL accommodate an advance of antioxidants able of inhibiting
peroxidation, like a-tocopherol, ubiquinol-10, b-carotene, carotenoid and another
hydroxy-carotenoid. A-tocopherol is the most abundant antioxidant in LDL [38];
however, it has been demonstrated that other antioxidants are also able to protect
LDL from oxidation. On the basis of previous epidemiological studies pointing
out the direct correlation between the Mediterranean diet and a lower incidence of
cardiovascular diseases [39]. In a sample of LDL, the vitamin E oxidation induced
by CuSO4 was prevented by the addition of hydroxytyrosol or the secondary com-
pounds of oleuropein; this effect was linearly correlated with the hydroxytyrosol
concentration. In LDL, the addition of polyphenolic compounds caused significant
reduction in lipid peroxide formation. In LDL not treated with polyphenolic
compounds, these lipid peroxides are formed at the same time as the reduction of
vitamin E levels. This vitamin E depletion by LDL occurs before massive lipid per-
oxidation. Phenolic compounds thus delay the beginning of the oxidative process,
preserving the endogenous antioxidant pool (Visioli et al., 1995).

6. Anti-inflammatory activity of phenoplast compounds

Lipid radicals are created throughout reactions anxious aural the metabolism of
arachidonic acid, throughout the amalgam of the eicosanoids by the activity of the
lipo-oxygenase and cyclo-oxygenase throughout these reactions, the radicals that ar
generated are partly inactivated by antioxidant [40]. Some studies accept associate
in nursing black activity on cyclo-oxygenase and lipo-oxygenase by oil phenoplast
compounds [41]. Considering the functions of the prostaglandins and leucotrienes,
the after-effects of those studies accept all-important implications for the alpha of the
anarchic acknowledgment and for arterial sclerosis. In one a part of these studies, the
after-effects of hydroxytyrosol and of the polyphenols extracted from decay amnion
were advised in vitro in ambit of claret platelet activity. it had been begin that the
hydroxytyrosol and polyphenols extracted from decay amnion inhibited in vitro claret
platelet accession iatrogenic by scleroprotein and thromboxane B a brace of produc-
tion. The capability of hydroxytyrosol in inhibition of the accession iatrogenic by
scleroprotein is commensurable thereto of Empirin, a biologic that is accustomed for
its cable activity in claret platelet anti-aggregation and cyclo-oxygenase inhibition [42].

7. Phenolic compounds as opposing cancer

Many vegetable foods accommodate substances possessing antitumor backdrop
[43, 44], alot of them alive as antioxidants. Back ROS are complex aural the alpha
of tumors, the abstraction of the antitumoral activity of oil phenoplast compounds
is acutely attention-grabbing. Peroxynitrites (ONOO,) are acutely acknowledg-
ing compounds able of causing peroxidation in lipids, oxidizing capital amino
acerbic and damaging the deoxyribonucleic acerbic by actinic activity and nitra-
tion. Peroxynitrites are ancient by acknowledgment amid NO and O, a brace of
(superoxide radical). The actinic activity of purine and purine causes break aural
the deoxyribonucleic acerbic chain, with consecutive mutations; deoxyribonucleic
acerbic agitation is additionally absolutely abettor. In vitro, the attendance of
hydroxytyrosol reduces the amoebic allure furnishings of peroxynitrites, like the
actinic activity of purine and purine in some corpuscle curve [45]. The inhibitor
activity of abstinent oil extracts, apparent in vitro by their adeptness to arrest the
aftereffect of gas radicals on hydroxy acid, is bright at concentrations abounding
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beneath than those of the one inhibitor compounds activated individually; this can
be a lot of acceptable acknowledgment to the attendance of another polyphenolic
compounds, an amount of that are still alien [22, 23]. Additionally to the present
action, extracts of abstinent oil appearance Associate in Nursing black activity

on the activity of amoebic admixture agitator, with a consecutive abridgement in
superoxide formation. This activity cannot be incontestable for simple polyphenolic
compounds (tyrosol and hydroxytyrosol) about its acknowledgment to secoiridoids
and lignans [22]. Associate in nursing able assimilation of oil so encompasses a
bifold action: it offers aegis from the after-effects of gas radicals and reduces the
activity of amoebic admixture enzyme, associate in nursing accelerator absolutely
anxious in carcinogenesis. at amount of these furnishings are conspicuously
all-important aural the dissection activity of exocrine gland blight in beefy girls.

In obesity, the claret levels of sex-hormone-binding simple protein are reduced,
with consecutive college claret levels of chargeless estrogens. The exocrine gland
cells that are about hormone-sensitive, are perpetually apparent to the activity of
top amounts of estrogens [46-50]. Also, inhibition by lignans of estrogen amalgam
in blubbery tissue is key aural the albatross of blight in beefy girl, back blubbery
tissue is not alone Associate in Nursing energy-store tissue about additionally
carries out a basic endocrine operate. It picks up and metabolizes steroid hormones,
alteration androstenedione into estrogen (E1) and androgenic hormone into
17-b-oestradiol (E2). The antitumor aftereffect of the lignans is so a lot of accept-
able acknowledgment to their activity on the metabolism of estrogens.
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Chapter 5

Regulation of Immune and
Nonimmune Mast Cell Activation

by Phenols from Olive Oil

Alicia Beatriz Penissi

Abstract

The purpose of this study is to establish if hydroxytyrosol and oleuropein, the
most significant phenols found in olive oil and olives, can inhibit the activation
of mast cells induced by immune and nonimmune pathways. Preincubation of
purified peritoneal mast cells was carried out in the presence of hydroxytyrosol or
oleuropein compounds and, prior to incubation, with concanavalin A, compound
48/80, or calcium ionophore A23187. Dose-response and time-dependence were
studied. Comparative studies were performed using sodium cromoglycate, a
well-known mast cell stabilizer. The supernatants and pellets were analyzed for
B-hexosaminidase content via colorimetric reaction after incubation. The per-
centage of f-hexosaminidase obtained in each tube was measured and taken asa
referent mast cell activation indicator. Other cell pellet samples were studied for
cell viability, by means of the trypan blue exclusion method, or analyzed with light
and electron microscopy. For the first time, biochemical and morphological results
have shown that hydroxytyrosol and oleuropein inhibit degranulation of mast cells
triggered by both immune and nonimmune causes. These findings suggest that olive
phenols, specifically hydroxytyrosol and oleuropein, may be set the bases for devel-
oping practical tools not only to prevent and treat mast cell-mediated disorders but
also to improve olive oil industrialization.

Keywords: f-hexosaminidase, degranulation, hydroxytyrosol, mast cell, oleuropein,
olive

1. Introduction

Mast cells are key effector cells that clearly play both physiological and patho-
physiological functions in the body [1]. In vertebrates, mast cells are widely dis-
tributed in the tissues, especially near surfaces exposed to the environment, where
pathogens, allergens, and other environmental agents are frequently found. Due
to this distribution pattern, they are some of the first cells involved in the immune
response which interact with environmental antigens and allergens, invading
pathogens or environmentally derived toxins [2]. Mast cells have been involved in
the pathogenesis of a number of disorders including contact dermatitis, allergic rhi-
nitis, asthma, atopic dermatitis, bullous pemphigoid, fibrotic lung disease, cancer,
multiple sclerosis, neurofibromatosis, psoriasis, scleroderma, rheumatoid arthritis,
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interstitial cystitis, ulcerative colitis, peptic ulcer, and Crohn’s disease [1, 3-7].
Understanding mast cells is essential for the pathophysiological bases of this type of
disorders since these cells release varied inflammatory mediators prompted by both
immune and nonimmune causes. Among mast cell mediators, preformed molecules
can be mentioned, for example, histamine and proteases, which are accumulated

in secretory granules [7-9]. The immediate response upon mast cell activation to

an appropriate stimulus is called degranulation, characterized by the extrusion

of cytoplasmic granule contents into the extracellular space by a process called
exocytosis [10]. In this context, the exploration of interactions of mast cells with
molecules capable of modulating mediator release from cell granules is a promising
field for the treatment of mast cell-mediated diseases.

In vitro and in vivo studies have shown that several plant products with
antioxidant properties inhibit mast cell activation induced by both immune and
nonimmune secretagogues [11-14]. Recent scientific evidence from preclinical
studies and clinical trials including humans has highlighted different nutritional
interventions, such as dietary polyphenols, as promising agents able to alleviate
symptoms associated with mast cell activation [15]. Dietary polyphenols are a class
of bioactive compounds found in abundance in plants and fruits which have been
studied thoroughly in several disease models [15]. The pulp of olives contains these
compounds, which are hydrophilic, and they are also found in the oil. The class of
phenols includes numerous substances, such as simple phenolic compounds like
hydroxytyrosol and more complex compounds like oleuropein [16]. Hydroxytyrosol
and oleuropein, the major phenols found in olives, are used in disease prevention
because they have important antioxidant and anti-inflammatory properties [17, 18].
Several in vitro and in vivo studies have shown that oleuropein and its derivate
hydroxytyrosol possess a wide range of biochemical and pharmacological proper-
ties. However, no studies have been published on the effects of these molecules on
mast cell degranulation.

We carried out a series of experiments to determine the effects of both phenolic
compounds on mast cell degranulation and thus explore the possibility that oleuro-
pein and hydroxytyrosol might inhibit in vitro mast cell activation.

The biochemical and morphological findings of the present study showed for
the first time that hydroxytyrosol and oleuropein inhibit the degranulation of mast
cells induced by both immune and nonimmune pathways.

2. Material and methods
2.1 Chemicals and reagents

The compound molecules, hydroxytyrosol and oleuropein, were provided by
Extrasynthése (Lyon, France). Figure 1 shows the polyphenol chemical structure.
A solution containing 6.7 mM Na,HPO,, 6.7 mM KH,PO,, 137 mM NacCl, 2.7 mM
KCl, 0.8 mM CaCl,, 0.5 g/l albumin, and 1 g/l glucose was used for dissolving the
polyphenols, which was adjusted to pH 7.2 and stored at —20°C. The same solu-
tion was used for diluting the stock solutions until the final concentration was
reached. Bovine serum albumin (fraction V), concanavalin A, compound 48/80,
calcium ionophore A23187, sodium cromoglycate, 4-nitrophenyl-N-acetyl-$-D-
glucosaminide, toluidine blue, trypan blue, glutaraldehyde, formaldehyde, and
osmium tetroxide were acquired from Sigma (St. Louis, MO, USA). Percoll was
purchased from GE Healthcare (Munich, Germany). All other substances were
provided by Merck (Darmstadt, Germany). The highest quality available is guaran-
teed in all the chemicals used for this study.
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Figure 1.
Structural formulas of polyphenols used in this study.

2.2 Animals

Adult male 300-500 g Wistar rats free from infections were used for the study.
They were kept under a 12-h dark/light cycle in a room set at 24-25°C with free
access to laboratory food and drinking water. Animals experiments were carried
out according with the standards contained in the Guide for the Care and Use of
Laboratory Animals, published by the National Academy of Sciences, National
Academies Press, Washington, DC, and accepted by the Institutional Committee
for Care and Use of Laboratory Animals (CICUAL, Facultad de Ciencias Médicas,
Universidad Nacional de Cuyo, Mendoza, Argentina).

2.3 Mast cell isolation and purification

Isolation of mast cells was performed by means of peritoneal lavage as described
before [19] with some modifications. Rats were killed by CO, inhalation and then
injected with 20 ml of a pH 7.2 solution containing 6.7 mM Na,HPO,, 6.7 mM
KH,PO,, 137 mM NaCl, 2.7 mM KCl, 0.8 mM CaCl,, 0.5 g/l albumin, and 1 g/I glu-
cose, into the peritoneal cavity. A gentle massage was applied on the abdomen for
about 3 min. After the peritoneal cavity was opened with care, a Pasteur pipette was
used for aspirating the fluid with peritoneal cells, which were then purified via cen-
trifugation through a discontinuous gradient of Percoll per reports by MacGlashan
and Guo [20]. It was easy to harvest the mast cells since they precipitated to the
bottom of the tube and formed a layer, different from the other cells that formed a
rather compact layer on top of the gradient and were simply removed by aspiration.
Cell metachromatic staining was carried out with toluidine blue (0.1% w/v, pH 1.0),
and quantification required a Neubauer hemocytometer under a Nikon microscope
(magnification 200x). Mast cells were present in the crude peritoneal suspended
content by 3%, and, after gradient centrifugation, their purity rose to over 95%.
After washing purified mast cells, resuspension was performed in a balanced salt
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solution with 6.7 mM Na,HPO,, 6.7 mM KH,PO,, 137 mM NacCl, 2.7 mM KCl,

0.8 mM CaCl,, 0.5 g/l albumin, and 1 g/ glucose, adjusted to pH 7.2 (cell density
of 1 x 10°/ml) and kept at 4°C for 30 min at the most. Both the ability of mast cells
to exclude trypan blue and the amount of f-hexosaminidase in the supernatant
established mast cell viability. The trypan blue exclusion test determined that the
mast cells were viable by over 95%. Basal p-Hexosaminidase release remained
always below 4%.

2.4 General protocol

Purified peritoneal mast cells (cell density of 1 x 10°/ml) were balanced at
37°C for 10 min. Preincubation of 30-pL aliquots of the balanced cells required
polypropylene tubes at 37°C with hydroxytyrosol or oleuropein. Then, incuba-
tion was carried out at 37°C for 10 min using concanavalin A (final concentration
was 200 pg/ml, with 50 pg/ml phosphatidylserine as a co-stimulator), compound
48/80 (concentrated at 10 g/ml), or calcium ionophore A23187 (final concentra-
tion 50 pg/ml). Positive and negative controls, that is, with and without mast cell
secretagogues stimulation, respectively, were included. Studies on dose-response
(hydroxytyrosol and oleuropein concentrations of 10, 50, 100, 200, and 400 M)
and time-dependence (hydroxytyrosol and oleuropein preincubation for 5, 10,
20, and 45 min) were performed. Comparative studies were performed using
sodium cromoglycate, a well-known mast cell stabilizer, with identical concentra-
tions and time ranges. Each tube’s final incubation volume reached 100 1. During
incubations, the average total number of mast cells was 4 x 10*/ml per tube.
Secretion was halted by cooling the tubes in an ice-cold water bath. Cells and
supernatants were separated by centrifugation (180 g, 5 min, 4°C). The superna-
tants helped determine the f-hexosaminidase content by colorimetric reaction,
which was a parameter to measure -hexosaminidase release. The cell pellets were
lysated with 1% Triton X-100 to release the remaining f-hexosaminidase, which
was quantified by colorimetric reaction and taken as a measure of the residual
p-hexosaminidase. Other cell pellet samples were studied for cell viability, by
means of the trypan blue exclusion method, or analyzed with light and electron
microscopy. The purpose of cell viability studies was to ascertain that changes
in B-hexosaminidase release were not caused by cell death. The percentage of
p-hexosaminidase obtained in each tube was measured. All the tests were per-
formed at least five times in duplicate.

2.5 p-Hexosaminidase assay

p-Hexosaminidase release, as an index of mast cell degranulation, was assayed
by a colorimetric assay as before explained [21] with some changes. In brief, 50 uL
of the supernatant was combined with an equal volume of 2 mM substrate solution
(p-nitrophenyl-N-acetyl-p-D-glucosaminide in 0.2 M citrate, pH 4.5) and then
incubated for 3 h at 37°C. The reaction was halted by adding 250 pL of stopping
buffer (0.4 M glycine in Na,CO3/NaHCO;, pH 9). Absorbance was studied with a
microplate reader at 405 nm (Thermo Scientific Multiskan FC, Helsinki, Finland).
Results were stated as the percentage of -hexosaminidase activity released over the
total (enzyme released plus intracellular enzyme).

2.6 Light microscopy and morphometry

Mast cells were fixed in 2% glutaraldehyde for 2 h. Then, the suspended cells
were stained with toluidine blue (0.1% w/v, pH 3.0), put between slides and cover
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slides, and analyzed under a Nikon Optiphot 2 microscope. Using a magnifica-
tion of 400x, percentage of degranulated mast cells was quantified. Mast cell was
considered active due to the presence of extruded granules near the surface of the
cell in question or a toluidine blue stain in half or less of the cell.

2.7 Transmission electron microscopy

Karnovsky’ fixative (2% formaldehyde, freshly prepared from paraformalde-
hyde, 2.5% glutaraldehyde, 0.025% CaCl,, 0.1 M cacodylate buffer, pH 7.4) was
used for mast cell fixation. After 1 h in the fixative at 20°C, mast cells were rinsed
in 0.2 M cacodylate buffer and postfixed in 1% OsO, in 0.1 M cacodylate buffer
for at least 2 h at room temperature and dehydrated in ethanol. Next, suspended
cells were embedded in Spurr (Pelco, USA). An automatic ultramicrotome (Leica
Ultracut R, Austria) was used to cut semithin transverse sections (1 pm), which
were stained with filtered 1% toluidine blue. Ultrathin sections (60 nm) were cut
with diamond knives, stained with uranyl acetate and lead citrate, mounted on
grids (Pelco, USA), and examined in a transmission electron microscope (Zeiss EM
902, Germany).

2.8 Statistical analysis

Results obtained from biochemical and morphometric analyses are presented
as +SEM. Variance analysis was used to determine differences between groups,
followed by Tukey-Kramer multiple comparisons test. P < 0.05 was considered
statistically significant.

3. Results and discussion

Figure 2 shows the effect of varying concentrations of hydroxytyrosol and
oleuropein on the mast cells f-hexosaminidase release, induced by concanavalin
A, compound 48/80, or calcium ionophore A23187. f-Hexosaminidase release was
significantly increased by incubating mast cells with 200 pg/ml concanavalin A
or 10 pg/ml compound 48/80 or 50 pg/ml calcium ionophore A23187 solutions,
as compared with the corresponding value from the basal group (basal release
was always less than 4%). The concanavalin A-induced effects were inhibited by
preincubation of mast cells with hydroxytyrosol (10, 50 and 100 uM) or oleuro-
pein (100 uM). Mast cell activation induced by compound 48/80 was inhibited
by hydroxytyrosol (100 pM) and oleuropein (100 pM). The calcium ionophore
A23187-induced effects were inhibited by preincubation of mast cells with hydroxy-
tyrosol (100 pM) and oleuropein (10, 50 and 100 pM). The inhibitory action of
the polyphenols was not accompanied by changes in cell viability (the trypan blue
exclusion test indicated a viability of greater than 80%), except for polyphenol
concentrations higher than 100 pM (data not shown).

Figure 3 shows a dose-response comparative study with sodium cromoglycate, a
mast cell stabilizer, which was used to evaluate the potency of hydroxytyrosol and
oleuropein. The inhibitory effect of hydroxytyrosol was higher than that obtained
with sodium cromoglycate at the same concentration (100 pM) when mast cells
were challenged with concanavalin A. No significant differences were observed
when mast cells were challenged with compound 48/80. The oleuropein inhibitory
effect was higher than the one obtained with sodium cromoglycate at the same
concentrations (10, 50 and 100 pM) when the calcium ionophore A23187 was used
to challenge mast cells.
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Figure 2.

Effect of varying concentrations of hydroxytyrosol and oleuropein on the concanavalin A-, compound 48/80-,
and calcium ionophore A23187-induced p-hexosaminidase release from peritoneal mast cells. Mast cells were
preincubated with increasing concentrations of hydroxytyrosol or oleuropein for 10 min and then stimulated
with 200 pug/ml concanavalin A, 10 pg/ml compound 48/8o, or 50 ug/ml calcium ionophore A23187, for 10 min
at 37°C. p-Hexosaminidase velease was measured by colorimetric reaction with the chromogenic substrate
p-nitrophenyl-N-acetyl-p-D-glucosaminide. Results are expressed as percentage velease of B-hexosaminidase.
Values are presentgf*l as means + SEM **"P < 0.001 versus basal, P < 0.05 versus secvetagogue, P < 0.01 versus
secretagogue, and P < 0.001 versus secretagogue.

The kinetic study results connected with the effect of hydroxytyrosol and
oleuropein on p-hexosaminidase release from mast cell are described in Figure 4.
The concanavalin A-induced effect was inhibited by hydroxytyrosol (10 min),
oleuropein (10 min), and sodium cromoglycate (10 min). Mast cell activation
induced by compound 48/80 was only inhibited by sodium cromoglycate (5, 10,
and 20 min). The ionophore A23187-induced effect was inhibited by hydroxyty-
rosol (10 min), oleuropein (5, 10, and 20 min), and sodium cromoglycate (10 and
20 min). The inhibitory action of the test compounds was not accompanied by
changes in cell viability (the trypan blue exclusion test indicated a viability of greater
than 80%), except for incubation times higher than 20 min (data not shown).
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Figure 3.

Ef]g%ct of hydroxytyrosol and oleuropein on f-hexosaminidase release from rat peritoneal mast cells,

compared with a reference compound, the mast cell stabilizer sodium cromoglycate. Purified mast cells were

preincubated with increasing concentrations of hydroxytyrosol, oleuropein, or sodium cromoglycate for 10 min

and stimulated with 200 pug/ml concanavalin A, 10 pug/ml compound 48/8o, or 50 pg/ml calcium ionophore

A23187 for another 10 min at 37°C. f-Hexosaminidase release was measured by colorimetric reaction with

the chromaogenic substrate p-nitrophenyl-N-acetyl-p-D-glucosaminide. Results are expressed as percentage

velease of ff-hexosaminidase. Values are presented as means + SEM P < 0.05 versus sodium cromoglycate and
P < 0.001 versus sodium cromoglycate.
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Figure 4.

Kinetic study related to the effect of hydroxytyrosol or oleuropein preincubation on mast cell p-hexosaminidase
release, induced by concanavalin A, compound 48/80, or calcium ionophore A23187. Peritoneal mast cells
were preincubated for increasing times with 100 uM hydroxytyrosol or oleuropein and then stimulated with
200 pg/ml concanavalin A, 10 ug/ml compound 48/80, or 50 pg/ml calcium ionophore A23187 for 10 min

at 37°C. p-Hexosaminidase release was measured by colorimetric reaction with the chromogenic substrate
p-nitrophenyl-N-acetyl-p-D-glucosaminide. Results are expressed as percentage velease of f-hexosaminidase.
Values are presented as means + SEM ***P < 0.001 versus basal, P < 0.05 versus secretagogue, P < 0.01 versus
secretagogue, and P < 0.001 versus secretagogue.

As a matter of interest, the main findings of this study evidenced that hydroxy-
tyrosol and oleuropein, at non-cytotoxic concentrations, inhibit f-hexosaminidase
release from peritoneal mast cells stimulated by different triggers, acting then as
mast cell stabilizers.
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Mast cell activation is inhibited by several dietary polyphenols, as shown in
other in vitro studies [11, 15]. A well-studied immunological effect of polyphenols
such as quercetin is their inhibitory action on degranulation, particularly histamine
release from mast cells [11, 15, 22]. Quercetin is able to regulate the entry of cal-
cium into mast cells; also the role of apple and grape quercetin and polyphenols in
inhibiting mast cell degranulation has been thoroughly documented using in vitro
systems such as the RBL-2H3 assay [11, 15]. Epigallocatechin gallate was found to be
the active ingredient in green tea extracts for protection against cutaneous inflam-
mation. This compound may also inhibit mast cell histamine release stimulated
with both a calcium ionophore and an IgE-antigen complex [23]. Kaempferol,
myricetin, phloretin, and luteolin also proved to be effective inhibitors of histamine
release [11, 15]. However, hydroxytyrosol and oleuropein were never studied on
mast cell mediator release in response to either immune or nonimmune triggers.

In addition, we have also proven that the inhibitory effects by hydroxytyro-
sol were stronger than those of oleuropein or the reference compound sodium
cromoglycate when mast cells were activated by concanavalin A. On the contrary,
oleuropein resulted to be a more efficient inhibitor of mast cell degranulation
than hydroxytyrosol or sodium cromoglycate when cells were challenged with
the calcium ionophore A23187. Table 1 presents ECs, values for each compound.
These results strongly suggest that the inhibitory activity might be defined by the
nature of the stimulus for B-hexosaminidase release and the chemical structure
of both polyphenols. Each of the secretagogues takes a different mast cell activa-
tion pathway, and these pathways may be differentially sensitive to the action of
hydroxytyrosol or oleuropein. Mast cells may be activated via several different
mechanisms, among which is the classical pathway known as immunological or
IgE-mediated mast cell activation, triggered by the cross-linking of FceRI recep-
tors. Mast cell activation may also be completed in an IgE-independent manner
using commercially available activators, such as basic secretagogues and calcium
ionophores. Concanavalin A is a glucose-/mannose-specific lectin that activates
mast cells by a mechanism similar to the antigen-antibody reaction. This lectin
causes FceRI receptors to cluster on cell membranes. In turn, this triggers a series
of intracellular events leading to the secretion of mast cell mediators by exocy-
tosis. Phosphatidylserine markedly enhances the release of mediators from rat
mast cells by concanavalin A [24-26]. The synthetic compound 48/80, a basic
secretagogue, activates heterotrimeric G proteins by enhancing the dissociation of
GDP from Ga subunits, thus accelerating the event considered as a rate-limiting
step in conventional G protein activation by receptors coupled to heterotrimeric G
proteins [27]. Calcium ionophore A23187, a mobile carrier of divalent cations such
as Ca%, Mg2+, and double H*, may reduce the level of calcium stored in mitochon-
dria or increase the inflow from the extracellular medium, resulting in a cytosolic
calcium increase, which may induce mast cell exocytosis and preformed media-
tor release. Calcium release from internal stores has been shown to be related to
some second messengers, including phospholipase C, phospholipase D, inositol

Hydroxytyrosol Oleuropein Sodium cromoglycate
Concanavalin A 758 +4.9 6751 95+89
Compound 48/80 61:+5.0 59+5.0 97+91
Calcium ionophore A23187 64 +5.0 22+18 54£51

Table 1.
ECs, (uM) + SEM values for inhibitory activity of hydroxytyrosol, oleuropein, and sodium cromoglycate on
concanavalin A-, compound 48/80-, and calcium ionophore A23187-induced mast cell activation.
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1,4,5-triphosphate, and diacylglycerol. Degranulation dependent on the influx of
extracellular calcium may be associated to the members of the SNARE (soluble
NSF attachment protein receptor) family, such as synaptosome-associated protein
of 23 kDa (SNAP-23), syntaxin, synaptotagmin, and molecules of the vesicle-
associated membrane protein (VAMP) family which regulate the granule-to-gran-
ule or granule-to-plasma membrane fusion process [28]. Sodium cromoglycate is
a compound commonly used in the treatment of allergic diseases. The effect of
sodium cromoglycate is due to its ability to stabilize the mast cell membrane and
to prevent the release of histamine and inflammatory mediators [29]. Mechanisms
of the action of sodium cromoglycate include blocking of the influx of calcium
into mast cells, inhibition of phosphodiesterase, and regulation of phosphoryla-
tion of mast cell proteins [30].

The findings of this study suggest that hydroxytyrosol and oleuropein act at
different molecular sites. It seems that the hydroxytyrosol inhibitory mechanism
may be related, at least partially, to inhibition of the cross-linking of high-affinity
receptors for IgE (FceRI) or to a probable interaction of the polyphenol with con-
canavalin A. Reports show that polyphenols form soluble and insoluble complexes
with proteins and may cause them to become hypoallergenic by either modifying
the structure of the allergenic protein or making it less bioavailable [15]. Moreover,
two mechanisms are proposed for the mast cell inhibitory action of quercetin and
other polyphenols: one where polyphenols impact allergen-IgE complex formation
and another one where the polyphenols impact on the complex binding to their
receptor (FceRI) on mast cells [15].

Our results also suggest that oleuropein seems to block signaling pathways
downstream of cytosolic calcium increase. However, further research is needed in
order to explain the exact molecular mechanisms of these actions.

Despite the strong biochemical evidence, we considered a morphological evalu-
ation necessary to reinforce the validity of our initial findings. Thus, a second set of
experiments was designed to analyze the effect of the hydroxytyrosol and oleuro-
pein on mast cell morphology by light and electron microscopy.

Peritoneal mast cells were easily identified by the presence of a cytoplasm
dominated by distinctive secretory granules which stain metachromatically
(Figure 5A-J). A representative mast cell from the basal group is shown
in Figure 5A. Tightly packed secretory granules dominate the cytoplasm.
Characteristic mast cells stimulated with concanavalin A, compound 48/80, and
calcium ionophore A23187 are shown in Figure 5B-D, respectively. Cell surface
disruption, typical of degranulating mast cells, may be observed. Figure 5E-G
show mast cells treated with 100 pM hydroxytyrosol, for 10 min, prior to the
challenge with concanavalin A, compound 48/80, and calcium ionophore A23187,
respectively. Figure 5SH-J show mast cells treated with 100 pM oleuropein,
for 10 min, prior to the challenge with concanavalin A, compound 48/80, and
calcium ionophore A23187, respectively. The morphology of the cells treated with
the polyphenols shows a lower degree of degranulation than that of secretagogue
samples.

Figure 6A-] shows mast cells observed under transmission electron micro-
scope. Figure 6A shows a characteristic view of the basal mast cell population.
These cells are characterized by a non-segmented, irregular nucleus with only
moderate nuclear chromatin condensation, narrow surface folds, and numerous
secretory granules regularly distributed throughout the cell cytoplasm. Almost
all granules display either round or oval profiles and appear homogenously dense.
Representative mast cells from the concanavalin A-, compound 48/80-, and
calcium ionophore A23187-treated group are shown in Figure 6B-D, respectively.
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H

Figures.

Light microscopic photographs of peritoneal mast cells (toluidine blue stain). Mast cells were preincubated
with 100 uM hydroxytyrosol or oleuropein for 10 min and then stimulated with 200 ug/ml concanavalin A,

10 pg/ml compound 48/8o, or 50 pg/ml calcium ionophove A23187, for 10 min at 37°C. After incubations, cells
were fixed and stained for light micvoscopy. (A) Basal. The cytoplasm is dominated by closely packed secretory
granules. (B-D) Concanavalin A (ConA), compound 48/80 (48/80), and calcium ionophore A23187 (A23187),
respectively. Degranulating cells may be seen. (E-G) hydroxytyrosol + ConA, hydroxytyrosol + 48/80, and
hydroxytyrosol + A23187, vespectively. (H-]) Oleuropein + ConA, oleuropein + 48/80, and oleuropein + A23187,
respectively. The morphology of the polyphenol-treated cells shows a lower degree of degranulation than that of
secretagogue samples. 600x.

These cells display obvious morphological changes and show evidence of increased
granule release by exocytosis compared to basal cells. Mast cells exhibit a cytoplasm
with irregular secretory granules showing various degrees of electron densi-
ties. Perigranular dilated and electron-lucent spaces surround some granules.
Some of these spaces look fused, forming multiple cavities and intracytoplasmic
channels. Figure 6E-G show mast cells treated with 100 uM hydroxytyrosol,
for 10 min, prior to the challenge with concanavalin A, compound 48/80, and
calcium ionophore A23187, respectively. Figure 6H-J show mast cells treated
with 100 pM oleuropein, for 10 min, prior to the challenge with concanavalin A,
compound 48/80, and calcium ionophore A23187, respectively. The morphology
of the polyphenol-treated cells shows a lower degree of degranulation than that of
secretagogue samples.

Our biochemical results about f-hexosaminidase release are consistent with
those obtained by light and electron microscopy.
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Figure 6.

Trgnsmim'on electron micrographs showing peritoneal mast cells. Mast cells were preincubated with 100 uM
hydroxytyrosol or oleuropein for 10 min and then stimulated with 200 ug/ml concanavalin A, 10 pg/ml
compound 48/80, or 50 pg/ml calcium ionophore A23187, for 10 min at 37°C. After incubations, cells were
processed for electron microscopy. (A) Basal. A non-segmented nucleus (N), narrow surface folds (ved
arrows), and numerous secretory granules (G) distributed throughout the cell cytoplasm are observed. (B-D)
Concanavalin A (ConA), compound 48/80 (48/80), and calcium ionophore A23187 (A23187), respectively.
Granules surrounded by perigranular dilated and electron-lucent spaces ave evident. Some granules ave seen
out of mast cell cytoplasm, and others appear fused, forming cavities and intracytoplasmic channels (asterisk).
(E-G) Hydroxytyrosol + ConA, hydroxytyrosol + 48/80, and hydroxytyrosol + A23187, respectively. (H-])
Oleuropein + ConA, oleuropein + 48/80, and oleuropein + A23187, vespectively. Polyphenol-treated cells show
minimal degranulation. 5000x.

4, Conclusions

In conclusion, our present findings reveal for the first time that hydroxytyrosol
and oleuropein, the major phenolic compounds in olive, inhibit mast cell degranu-
lation triggered by both immune and nonimmune pathways. Our discoveries also
suggest that olive polyphenols, especially hydroxytyrosol and oleuropein, may
provide insights to develop useful tools to prevent and treat mast cell-mediated
disorders. These findings may be of interest to the immunopharmacology industry
or could even lead in determining the ideal concentrations of each component in
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virgin olive oils to be able to label them as healthy oils. However, further tests are
needed in order to generate hypoallergenic products via polyphenol treatment.
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