
Review

Membrane composition and dynamics: A target of bioactive virgin olive
oil constituents☆

Sergio Lopez a, Beatriz Bermudez a, Sergio Montserrat-de la Paz a, Sara Jaramillo b, Lourdes M. Varela a,
Almudena Ortega-Gomez a, Rocio Abia a, Francisco J.G. Muriana a,⁎
a Laboratory of Cellular and Molecular Nutrition, Instituto de la Grasa, CSIC, 41012 Seville, Spain
b Laboratory of Phytochemicals and Food Quality, Instituto de la Grasa, CSIC, 41014 Seville, Spain

a b s t r a c ta r t i c l e i n f o

Article history:
Received 7 October 2013
Received in revised form 3 January 2014
Accepted 7 January 2014
Available online 16 January 2014

Keywords:
Virgin olive oil
Oleic acid
Minor constituent
Phospholipid
Membrane
Health/disease

The endogenous synthesis of lipids, which requires suitable dietary rawmaterials, is critical for the formation of
membrane bilayers. In eukaryotic cells, phospholipids are the predominant membrane lipids and consist of hy-
drophobic acyl chains attached to a hydrophilic head group. The relative balance between saturated, monounsat-
urated, and polyunsaturated acyl chains is required for the organization and normal function of membranes.
Virgin olive oil is the richest natural dietary source of the monounsaturated lipid oleic acid and is one of the
key components of the healthy Mediterranean diet. Virgin olive oil also contains a unique constellation of
many other lipophilic and amphipathic constituents whose health benefits are still being discovered. The focus
of this review is the latest evidence regarding the impact of oleic acid and the minor constituents of virgin
olive oil on the arrangement and behavior of lipid bilayers. We highlight the relevance of these interactions to
the potential use of virgin olive oil in preserving the functional properties of membranes to maintain health
and inmodulating membrane functions that can be altered in several pathologies. This article is part of a Special
Issue entitled: Membrane Structure and Function: Relevance in the Cell's Physiology, Pathology and Therapy.

© 2014 Elsevier B.V. All rights reserved.
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1. Introduction

Virgin olive oil plays a pivotal role as the main source of fat in the
Mediterranean diet, a diet that has traditionally been linked to longevity
in Mediterranean populations and is associated with a significant
improvement in health status, as measured by reduced mortality from
several chronic diseases [1–8].

More than 90% of olive oil is formed in the mesocarp of the drupe
from the fruit of the olive tree (Olea europaea L.). Virgin olive oil (for
olive oil classification anddefinitions see Ref. [9]) is obtained exclusively
from fresh and healthy olives by physical procedures under low thermal
conditions (b27 °C) and is the only edible fat that can be consumed as a
natural fruit product with no additives or preservatives. Spain is by far
the largest producer of virgin olive oil in the world, accounting for ap-
proximately 50% (~1,600,000 tons) of total global production in 2012
[10]. More recently, due to the increasing recognition of the unique
health properties of virgin olive oil, interest in virgin olive oil production
has extended to countries outside the Mediterranean region, such as
western Africa, Argentina, Australia, Azerbaijan, Brazil, China, India,
Japan, Mexico, New Zealand, South Africa, and the USA.

The main bioactive constituents of virgin olive oil include monoun-
saturated oleic acid and a variety of compounds present in lower quanti-
ties (“minor constituents”) [3,4,9,11–15; and references within the
manuscript]. Almost all fatty acids (FAs) exist as a complex in the form
of triacylglycerol, an ester derived from glycerol and 3 FAs (saponifiable
fraction, N98%). The triacylglycerol content of virgin olive oil is responsi-
ble for its hydrophobicity. The minor constituents (unsaponifiable frac-
tion, up to 1.5%) contribute to the specific properties of virgin olive oil,
including its oxidative stability and unique flavor, as well as its color
(the pigments in virgin olive oil include carotenoids and chlorophylls).

Cells can simultaneously acquire or import a spectrum of precursors
through endocytosis of circulating lipoproteins of endogenous or exog-
enous (dietary) origin, which affects the biogenesis and remodeling of
membranes. In this review, we will address the impact of the bioactive
constituents of virgin olive oil on the modulation of membrane compo-
sition and function in the context of health and disease, as well as the
potential therapeutic applications of these bioactive constituents.

2. Virgin olive oil: major and minor bioactive constituents

2.1. Oleic acid

FAs are carboxylic acids and often contain a long, unbranched ali-
phatic chain. FAs are categorized as saturated (SFA), monounsaturated
(MUFA), and polyunsaturated (PUFA), based on their structural and
chemical properties. SFAs do not contain any double bonds or other
functional groups along the chain, which is fully saturated with hydro-
gen atoms. The principal dietary SFAs are palmitic (16:0) and stearic
(18:0) acids, which are composed of 16 and 18 carbon atoms, respec-
tively. MUFAs contain one pair of carbon atoms linked by a cis double
bond. Oleic acid (18:1n − 9), which contains 18 carbon atoms with a
double bond at the 9th carbon from the methyl end of the FA molecule,
is the major dietary MUFA and represents 55 to 83% of the total FAs in
virgin olive oil (Table 1). Carbon chains containing 2 or more cis double
bonds, with the first double bond located between either the 3rd and
4th or the 6th and 7th carbon atoms from themethyl end of the FAmol-
ecule, belong to the n − 3 or n − 6, respectively, PUFA families. These

families cannot be synthesized by the human body (double bonds can
be introduced into all positions of the FA chain with the exception of
the n − 3 and n − 6 positions) and therefore must be obtained from
the diet as α-linolenic acid (18:3n − 3) and linoleic acid (18:2n − 6)
or their long-chain PUFA derivatives. Of these FAs, eicosapentaenoic
acid (20:5n − 3), docosahexaenoic acid (22:6n − 3), dihomo-γ-
linolenic acid (20:3n − 6), and arachidonic acid (20:4n − 6) are the
most metabolically significant. The concentrations of SFAs (palmitic +
stearic acids) and PUFAs (α-linolenic + linoleic acids) in virgin olive
oil range from 8 to 25% and from 3 to 21% of the total FAs, respectively.
Some parameters, such as the area of production, altitude, climate, fruit
variety, and stage of maturity of the fruit can greatly affect the FA com-
position of virgin olive oil [16].

Oleic acid is the primary component of virgin olive oil (~83% oleic
acid in position sn − 2 of the triacylglycerols) and is also found in pea-
nut oil (~59% oleic acid in position sn − 2 of the triacylglycerols) and
canola oil (~37% oleic acid in position sn − 2 of the triacylglycerols).
However, stearoyl-CoA desaturase 1 (SCD1, similar to the mouse
orthologue mScd1), which is anchored in the endoplasmic reticulum
(ER) of hepatocytes and adipose tissue cells [17], plays a central role
in partitioning endogenous and exogenous (dietary) FAs into metabol-
ically active or inactive pools and is the rate-limiting enzyme for the bio-
synthesis of MUFAs (mainly oleic acid) from SFAs. SCD1 catalyzes the
insertion of a cis double bond into the 9th carbon atom of palmitic and
stearic acids. Oleic acid is a key component of triacylglycerols andmem-
brane lipids [18]. Importantly, oleic acid is the most common FA in na-
ture, as well as in our diet (generally, oleic acid supplies an amount of
calories equivalent or greater than the amount provided by SFAs and

Table 1
Chemical structure and range of major fatty acids in virgin olive oil.

Fatty acid Regulationsa

(%)

16:0, palmitic acid 7.5–20.0

16:1n − 7, palmitoleic acid 0.3–3.5

18:0, stearic acid 0.5–5.0

18:1n − 9, oleic acid 55.0–83.0

18:2n − 6, linoleic acid 3.5–21.0

18:3n − 3, α-linolenic acid ≤1.0

MUFAs, monounsaturated fatty acids 53–87
SFAs, saturated fatty acids 8–26
PUFAs, polyunsaturated fatty acids 3–22

a International Olive Oil Council (www.internationaloliveoil.org).
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