The Open Biotechnology Journal, 2008, 2, 235-246 235

Ancient Procedures for the High-Tech World: Health Benefits and
Antimicrobial Compounds from the Mediterranean Empires

Carla C.C.R. de Carvalho** and Maria José Caramujo?

!1BB-Institute for Biotechnology and Bioengineering, Centre for Biological and Chemical Engineering, Instituto Supe-
rior Técnico, Av. Rovisco Pais, 1049-001 Lisboa, Portugal and “Centre of Environmental Biology, Faculdade de Cién-
cias, Universidade de Lisboa, Campo Grande C2, 1749-016 Lisbhoa, Portugal

Abstract: This paper reviews the benefits of the Mediterranean diet and methods developed for food processing and pres-
ervation during the time of the ancient empires. In Antiquity, trees and herbs were harvested for culinary and medicinal
purposes, and from the everyday handling of products and keen observation, a great body of wisdom was derived by phi-
losophers and physicians. With modern day techniques, the suspected properties of compounds have been investigated
and the beneficial properties tested. From these studies it is apparent that olive oil, herbs, essential oils and metals, when
used with the backing of scientific knowledge can improve human health and the standards of living while respecting the
environment. Nowadays, proliferation of disinfectants and antimicrobial agents in domestic, industrial and medical envi-
ronments has contributed to the appearance of resistant microbial strains and of new pathogens. Since regulators have re-
stricted the use and concentrations of many preservatives, sanitizers, and antimicrobial agents, the food industry is facing
a problem to extend the shelf-life of products, and to keep the manufacturing environment clean. The application of natu-
ral compounds and simple techniques developed by ancient Mediterranean civilizations may prove as useful as more

modern synthetic substances, thus avoiding potential threats to human health and the environment.

INTRODUCTION

Human civilization has flourished in a panoply of envi-
ronments as the result of the judicious use of chemicals and
engineering techniques. Ancient civilizations relied on nature
as a source of products and procedures in the battle against
bacteria, virus, and parasites. In the XX century, natural
products such as penicillin were found to possess remarkable
antimicrobial activity and therapeutic properties [1]. How-
ever, the first penicillins discovered had a narrow spectrum
of activity and low chemical stability and were destroyed by
some bacterial strains able to produce the enzyme penicil-
linase [2]. In the last half of the XX century, synthetically
modified penicillins, semi-synthetic pharmaceuticals using
natural compounds as building blocks, as well as many other
totally synthetic drugs have been also designed and pro-
duced. The use of modern chemicals is widespread, yet natu-
ral and ancient products (or chemicals extracted from these
products) have claimed a renewed attention in the last dec-
ades. The increased interest in natural products derives, in
part, from both the real and imagined effects of synthetic
additives and preservatives upon human health and, in part,
from the ethical awareness of consumers towards the release
of these and other synthetic chemicals into the environment.

In Antiquity, trees and herbs were harvested for culinary
and medicinal purposes, and gardens with these useful spe-
cies were planted. Egyptians, Greeks and Romans, all had
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their gardens and profited from the knowledge acquired
when conquering the empires of one another. Amongst the
Greeks, several authors mentioned fragrant gardens and their
plants and uses: Herodotus (ca. 440 B.C.) in his “Histories”
[3, 4], Hippocrates (ca. 460-370 B.C.) in the medical writings
compiled under the name of Corpus Hippocraticum, and
Theophrastus (ca. 370-288/5 B.C.) in his botanical work
“Enquiry into Plants” [5-7].

The interest in the properties of plants and herbs was also
documented during the Roman times by Pliny, the Elder
(23/24-79 A.D.) in his encyclopaedic “The Natural History”
[8], and by the Greek physician Discorides (40 - 90 A.D.)
whose Herbal or De Materia Medica detailed the medicinal
use of an enormous number of plants [9]. This major source
of herbal knowledge was the precursor to all modern phar-
macopeias and remained in use until the XVI century [10].
Galen of Pergamon (131-201 A.D.) incorporated some of
Discorides’ knowledge when writing his medical works [11].
However, after the fall of Rome, much of this herbal wisdom
was retained only in the eastern parts of the former Roman
Empire. In the late 10th and early 11th centuries, the Persian
physician and Islamic scholar Ali ibn Sina (known in the
West as Avicenna) wrote a series of volumes known as 'The
Canon of Medicine' that were a compilation of the total
medical knowledge available at the time [12]. This medical
encyclopaedia, which included the Hippocratic and Galenic
traditions, Syro-Arab and Indo-Persian practice, plus notes
based on Ibn Sina’s own observations, became the definitive
medical canon and was included in the curriculum of Euro-
pean medical schools until the 17th century. In this canon
were also described methods of distillation and the effects on
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the human body of more than 800 plants, thus continuing the
tradition of Hippocrates who recommended the use of herbs,
olive oil and aromatic oils as conducive to good health.

Never before in human history has the food been so well
preserved as in the last century. The access to refrigerating
systems at home, the addition of preservatives to food, the
use of sterile procedures and packages, and the understand-
ing of food contamination during food processing, have all
contributed to the access of even exotic food and beverages
and their storage. However, these new techniques and addi-
tives are adding a selective pressure on micro-organisms,
leading to an emergence of stronger pathogens. An example
of this is Saccharomyces cerevisiae Meyen ex E.C. Hansen
1883 [13] which has been used for centuries to make bread,
beer and wine. Always considered as a non-pathogen, it has
in the last decades been implicated in human infections e.g.
pneumonia, endocarditis, peritonitis and vaginitis [14, 15].
Most of these infections are opportunistic, occurring in im-
munocompromised patients but not all, accounting already
for ca. 5% of all vaginal infections [16]. The subtype of S.
cerevisiae known as S. cerevisiae Hansen CBS 5926 (for-
mely known as S. boulardii; molecular typing is required to
distinguish this subtype from S. cerevisiae strains) has been
used in Europe as a probiotic agent for the re-equilibration of
the intestinal tract. Septicemia and fungemia have recently
been described in both immunocompromised and immuno-
competent patients using this biotherapy, suggesting that this
yeast can transit from the intestinal tract to the bloodstream
[17, 18].

Listerioses caused by Listeria monocytogenes are usually
sporadic, but several outbreaks have been reported, mainly
via food-borne transmission [19, 20]. The first tetracycline
resistant strains of L. monocytogenes were isolated in 1988
[21], as well as the first multi-resistant strain [22]. Transfer-
ence by conjugation of enterococcal and streptococcal plas-
mids and transposons, conferring antibiotic resistance, from
Enterococcus and Streptococcus to Listeria has been de-
scribed (for a review on antibiotic resistance in Listeria spp.
see [23]). Microbial resistance to antimicrobial agents has
become an important problem, especially in healthcare units.
Examples of an observed increased resistance in bacteria
include the pathogens meticillin-resistant Staphylococcus
aureus (MRSA), ciprofloxacin-resistant Pseudomonas aeru-
ginosa, ciprofloxacin- or ofloxacin-resistant Escherichia
coli, and multidrug-resistant strains of Mycobacterium tuber-
culosis. MRSA infections outside healthcare units were ex-
tremely rare, but increasing number of cases of community-
acquired MRSA have been observed [24]. However, many of
the most important pharmaceutical companies have stopped
the development of new anti-infective agents [25], mainly
due to the relatively low return of investment [26].

Other pathogens are becoming more resistant and infec-
tious as noted by Skovgaard in his review of the impact of
new food technologies on the emergence of pathogens [27].
Additionally, carcinogenic effects of synthetic antioxidants
(e.g. BHT, butylated hydroxytoluene, and BHA, butylated
hydroxyanisole) used in industrial food processing have been
observed in animals [28]. BHA has caused tumours in the
forestomach of rats, mice and hamsters and tumours in fish
[29, 30]. However, the US Food and Drug Administration
(FDA) currently permits the use of BHA and BHT as food
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additives after toxicity evaluations by FASEB [31] failed to
establish that such problems could exist in humans, which do
not possess forestomachs.

Phenolic and terpene compounds present in essential oils
of e.g. oregano, thyme, sage, rosemary, coriander and garlic
are known to possess antimicrobial activity. Most of these
compounds may be classified as “Generally Recognised As
Safe” (GRAS) and can be added to foods to seafood to the
demands of increasingly health- and nutrition conscious con-
sumers. Herbs, fruits, seeds and their oils are beginning to be
considered as a valid alternative to artificial drugs used in
medicine and as natural preservatives of food. Here we pre-
sent an account of the present knowledge regarding these
natural products and the active substance contained in them.
We focused on their application in medicine and as antimi-
crobial agents in food.

HEALTH BENEFITS DERIVING FROM THE MEDI-
TERRANEAN DIET

Olive QOil

The origin of the olive tree Olea europaea subsp. eu-
ropaea L. (Family Oleaceae) is not known and its history is
mingled with that of the ancient Mediterranean. It is assumed
that people started to collect and squeeze olives in stone
mortars since ca. 5000 BC [32] and charred olive remains or
olive pressing devices, indicative of olive oil production and
dating from the fourth century B.C. have been found
throughout the Mediterranean region [33, 34]. Biblical refer-
ences to olive oil identify it as a constant presence in daily
dishes (Leviticus 2, 4-5, 14-15). The existence of olive oil
amphorae stored in the Minoan palaces, and of Syrian docu-
ments indicating that by 2000 B.C. olive oil was worth five
times more than wine and two and a half time more than
seed oils, suggest that olive oil was a valuable and nutritious
food and trade commodity in those days [35, 36]. In antig-
uity, it was recognised that the place of origin of olives was a
good indicator of oil quality and was thus mentioned when
evaluating or trading olive oil [8]; a possible precursor to the
European “Protected Designation of Origin” for wine and
food [37]. The importance of olive oil for the Romans is
highlighted by its presence in the rations of soldiers during
war campaigns (44-70 mL per soldier per day) and the fact
that when reduced to eating butter, Romans considered it a
hardship [38]. The medical properties of olive oil were rec-
ognised from Hippocrates to Galen [5, 11] and Hippocrates
referred to olive oil as "the great therapeutic”, purportedly
beneficial for more than 60 therapeutic uses [39]. However,
the mode of action of olive oil or the active components of
olive oil ascribing it therapeutic properties were only clari-
fied in the 20th century. Epidemiological as well as bio-
chemical studies have confirmed the beneficial health effects
of olive oil, and the benefits of a Mediterranean diet are rec-
ognised [40].

The role of dietary fats and their involvement in heart
diseases elicited great interest in the scientific community
during the last few decades. It is now apparent that the thera-
peutic value of olive oil derives from its unique composition
in mono-unsaturated fatty acids (mainly oleic acid, C18:1w9)
as well as non-vitamin antioxidants such as phenolic com-
pounds (Fig. 1), squalene, and vitamins. Oleic acid is be-
lieved to retard the progression of atherosclerosis when it is
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Fig. (1). The three most common phenolic compounds in olive drupe, leaves and oil.

included in low density lipoproteins (LDL) because these
lipoproteins become resistant to oxidation [41]. However,
the non-lipid components of olive oil are potent free radical
scavengers, inhibit chemically induced LDL oxidation, po-
tentiate the macrophage response to endotoxin challenge by
increasing their production of NO, inhibit the enzyme xan-
thine oxidase, potentiate the activity of o-tocopherol (vita-
min E), and protect cells against cancer ([42-44]; see also
Table 1). The indirect effect of phenols also include: inhibi-
tion of phospholipase A2, thus preventing the release of ara-
chidonic acid from membrane phospholipids, reducing the
production of chemotactic and inflammatory compounds
[45]; inhibition of lipoxygenase and cyclo-oxygenase [46];
inhibition of platelet aggregation and eicosanoid producion
by activated leukocytes, thus having an antiatherogenic ef-
fect [47, 48]; and reduction of the bioavailability of food
carcinogens and inhibition of their metabolic activation [49].

Extra-virgin olive oil (EVO) obtained by cold-pressing of
olives has abundant non-lipid compounds (e.g. polyphenols,
and principally hydroxytyrosol) as opposed to the refined oil
that retains only a low amount of these compounds. The im-
portance of anti-oxidants present in EVO has been shown in
epidemiological studies regarding the protection of LDL in
the blood stream against oxidation, in men with peripheral
vascular disease (Fontaine stage I1) [50]; and in studies
showing that the scavenging of the hydroxyl radical in the
plasma was significantly higher among extracts of olive oil
relative to other seed oils of equivalent fatty acid composi-
tion [51].

The presence of antioxidants in the diet may reduce oxi-
dative stress through inhibition of lipid peroxidation, a factor
that is currently linked to a host of diseases such as cancer
and heart disease (Table 1). Polyphenols present in extra-
virgin olive oil possess an array of potentially beneficial
lipoxygenase-inhibitory, prostaglandin-sparing, and antioxi-
dant properties [52]. This suggests that they may be able to
reduce 5-lipoxygenase-driven cellular recruitment of leuko-
cytes and the damaging consequences of their ability to re-
lease reactive oxygen species (ROS) whilst leaving unim-
paired the generation of prostaglandins, which promote mi-
crovascular blood flow and act as immunomodulators. The
enzymatic system xanthine oxidase and its substrate, xan-
thine, is likely to play a key role in the small intestine physio-
pathology. Reactive oxygen metabolites have been impli-

cated as mediators of the tissue injury observed in several
diseases of the gastrointestinal tract, and their formation
from xanthine oxidase is considered a primary mechanism of
cellular damage. It was shown that certain types of polyphe-
nols have the ability to protect human intestinal Caco-2 cells
from H,0,-induced oxidative injury ([53], see also references
therein). In this study, the phenol (3,4-dihydroxyphenyl)
ethanol offered complete antioxidant protection from a con-
centration of 100 umol/L when oxidative stress was induced
by xanthine oxidase while (p-hydroxyphenyl)ethanol was
ineffective up to a concentration of 500 umol/L. The study
demonstrated that the ortho-dihydroxy moiety of the mole-
cule was essential in this type of antioxidant activity, and
confirmed previous observations on the relationship between
the chemical structure and the antioxidant activity of poly-
phenols [54]. The high content of squalene in olive oil was
also proposed as a major factor ascribing olive oil its inhibi-
tory action in carcinogenesis [55]. Squalene is a hydrocarbon
of the triterpene type, and is a key intermediate in the bio-
synthetic pathway of steroids in both plants and animals.
Squalene has a strong inhibitory activity of HMG-CoA redu-
tase, which reduces the availability of farnesyl pyrophos-
phate for farnesylation (phenylation) of the ras oncogene,
yet, to our knowledge, it is not fully established how squa-
lene inhibits the activity of this enzyme. Squalene also seems
to lack the ability to decrease -NO synthesis induced by
phorbol 12-myristate 13-acetate (PMA) in macrophage cul-
tures, and the ability to inhibit the formation of O, or H,0,
[44].

Oxidant metabolites are continuously formed in living
systems, and endogenous defense mechanisms are in place to
counteract the effect of these oxidant molecules. However,
the endogenous defense mechanisms seem to be insufficient
for the complete prevention of oxidative damage, and differ-
ent sources of dietary antioxidants may be required. Phe-
nolics from olive oil (as well as from other foodstuffs present
within the Mediterranean diet) may in this way help to pro-
tect against those factors causing degenerative disorders.

Spices and Herbs

Rosemary

Spices and herbs were common in ancient Egypt, China
and India where they were used widely. Rosemary, Rosmari-
nus officinalis L. (Family Lamiaceae) is, among the herbs and



238 The Open Biotechnology Journal, 2008, Volume 2

shrubs with known antioxidant properties, the most widely
used for millennia throughout the Mediterranean area. In
antiquity, it was employed in multiple uses including me-
dicinal uses (Pliny HN 29.99-100 [8]; Discorides 3.89 [9]).

Rosemary is used both for direct human consumption as
an herb and, because of its potent antioxidant properties, it is
used by the food industry as a safe and broad spectrum pre-
servative for numerous types of processed and raw foods.
The latter application derives from its ability to safely kill a
wide range of micro-organisms ([56]; see Table 3), at con-
centrations that do not produce human or animal toxicity.
Because of its strong antioxidant properties, rosemary ex-
tracts have preservative powers comparable to the commer-
cial preservatives butylated hydroxytoluene (BHT) and buty-
lated hydroxyanisol (BHA) [57, 58]. The principal antioxi-
dant active compounds of rosemary are phenols and terpenes
like carnosic acid, carnosol, rosmanol, and rosmarinic acid,
although the relative amount may vary with location and
harvest season [59, 60]. Various studies of extracts of rose-
mary leaves have demonstrated that the biologically active
constituents act as free radical scavengers, and are involved
in the regulation of the activity of certain enzymes ([61-64],
see Table 1). Pérez-Fons et al. proposed other forms of anti-
oxidant activity for diterpenes which prevent the penetration
and propagation of free radicals into biological membranes
through its capability to increase lipid order (i.e. by having
rigidifying effects) [65]. Rosemary extracts are also effective
inhibitors of xanthine oxidase which is one of the most im-
portant enzymes producing O, in living biological systems
[66]. Additionally, carnosol and carnosonic acid has been
reported to possess anticarcinogenic properties [67].
Carnosol ability to inhibit the protein kinase C activation
may be related to its ability to promote isotropic structures in
the phospholipid layer of biological membranes where pro-
tein kinase C association and activation occurs, resulting in
cancer chemopreventive activity [65]. The anticarcinogenic
activity of carnosic acid is probably related to its ability to
further decrease the membrane fluidity of tumour cells,
which contain less cholesterol and more unsaturated phos-
pholipids than normal cells [68].

Myrrh and Frankincense

Myrrh and frankincense are aromatic gum-resins of sev-
eral shrubs of the Family Burseraceae, belonging to the ge-

Table 1.
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nus Commiphora and certain trees of the genus Boswellia,
respectively [69-71]. Both resins were used in antiquity for
religious and medicinal purposes. Myrrh was the main in-
gredient for ancient Egyptian Kyphi incense, and in the 5th
century BC, Herodotus noted that myrrh was used by the
Egyptians for their embalming [3]. Moses was instructed by
God to use myrrh as one of the main ingredients in a holy oil
for anointing the priests (Exodus 30:22-33).

Although the chemical composition of myrrh is known in
detail [69], clinical studies regarding the use of myrrh are
scarce despite its numerous traditional medical uses
throughout Africa, China and the Middle East ([72], see Ta-
ble 1). The majority of the published research studies on the
plant and its extracts have originated from India. Several
pharmacologically active components have been identified in
the plant, including guggulsterones (E- and Z-stereoisomers)
and gugulipid [73-75]. Guggulsterones are reputed to lower
blood lipids, including cholesterol. Studies have shown that
guggulsterones act as antagonist ligands of the farnesoid X
receptor (FXR). FXR is a nuclear hormone receptor that is
activated by bile salts and induces bile salt export pump
(BSEP) but inhibits cholesterol 7a-hydrolase (CYP7AL)
gene transcription in the liver [76, 77]. Guggulsterones an-
tagonize FXR activated genes thus inhibiting bile acid secre-
tion from hepatocytes and bile acid sythesis. As a result,
there is an increase of hepatic cholesterol and a decrease of
intestinal cholesterol which lowers cholesterol in the plasma
[76, 77]. Whole myrrh extracts are also reported to have the
ability to reduce lipid peroxidation in liver homogenates of
mice and reduce lead genotoxicity in bone marrow chromo-
somes of mice [78]. Additionally, triterpenes identified as
myrrhanol A and myrrhanone A isolated from myrrh have
been noted for their anti-inflammatory capability [79].

Frankincense is a rich source of terpenes and boswellic
acids [71, 80, 81]. Several studies reported the antioxidant
properties of essential oils, and anti-inflammatory and anti-
cancer activity of essential oils or individual components
obtained from the resin (see [70] for an updated list of refer-
ences). Boswellic acids inhibit the 5-LOX (lipoxygenase)
system, which is involved in the enzymatic pathways which
produce inflammatory molecules (leukotrienes and throm-
boxanes) from common fatty acids and potentially have anti-
cancer activities [71]. Drug products that inhibit these en-

Medical Protective Properties of Total Extracts or Compounds Present in Olive Oil, Rosemary, Myrrh and Frankincense

Olive Oil

Therapeutic Action
peutt ! (from Olea europea)

(Rosemarinus officinalis L.)

Frankincense
(Boswellia sp.)

Rosemary Myrrh

(Commiphora sp.)

a-tocopherol [50]; Phenols [82-86];

Anti-Atherosclerosis Hydroxytyrosol [87]

Guggulsterones
[72,75, 76]

Antithrombotic Phenols [47, 48]

Anti-inflamatory Flavonoids [45]

Total extracts [77];
Triterpenes (myrrhanol
A, myrrhanone A) [79]

Essential oils [80];

Rosemary Acid [59] Boswellic acids [81]

Rheumatology/Antiarthritic Phenols [43]

Boswellic acids [81]

Phenols [42, 49]; Hydroxytyrosol [88];

Anti-carcinogenic Squalene [55]

Phenols, terpenes [63, 64-66]

Essential oils [80];

Total extracts [78] Boswellic acids [81]
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zymes are mainly used in the treatment of inflammatory dis-
orders, in particular arthritis.,

ANTIMICROBIAL AGENTS
Olive Qil

In the 16th century BC, the Phoenicians started dissemi-
nating the culture of olive trees throughout the Mediterra-
nean, and later, the Roman Empire was responsible for ex-
panding olive groves and oil mills in the Mediterranean ba-
sin [89]. Several techniques were used in the Roman period
to preserve olives: half-ripe olives were harvested with
stems, salted for five days and placed in jars filled with oil,
green olives were kept in strong brine or with spices and
vinegar; half-ripe or ripe olives were smashed, seasoned with
vinegar and spices such as coriander seeds, cumin, fennel
and mint and placed in jars covered with oil [90]. In Mediter-
ranean countries some of these recipes are still used, and
cheese, pepper and fish are equally preserved by immersion
in olive oil as in Roman times. The role of vinegar in the
recipes was not fully understood in Roman times, but it is
now known that slight acidification of the oil is enough to
prevent botulism which can occur when an anaerobic envi-
ronment allows the growth of Clostridium botulinum [91].
Nowadays, acidity and sterilisation are the two most used
methods to control the growth of pathogenic spore-forming
micro-organisms, such as C. botulinum.

Olive oil is mainly composed by the monounsaturated
oleic acid (approximately 72% [55]) and linoleic acid (ca.
21% [92]). Dilika and co-workers have observed antibacte-
rial activity of oleic and linoleic acids, isolated from Heli-
chrysum pedunculatum, against Gram-positive strains, such
as Bacillus cereus, B. subtilis and Staphylococcus aureus but
were inactive against Gram-negative bacteria [93]. MIC var-
ied between 0.01 and 1.0 mg/mL. The lack of an outer mem-
brane in Gram-positive bacteria and a relatively high exclu-
sion limit of the cell wall (30 000D in the vegetative cells of
Bacillus megaterium) are responsible for their higher suscep-
tibility to preservatives when compared to Gram-negative
bacteria (for a review on the mode of action of preservative
agents and microbial resistance mechanisms see [94]).

Together with fatty acids, olive oil contains ca. 0.7%
squalene [55], sterols (e.g. B-sitosterol, A5-avenasterol and
campesterol [95]) and phenolic compounds. The latter can be
divided into simple phenols, secoiridoids and lignans and all
contribute to the unique flavour of virgin olive and prevent
oxidative rancidity. The discrepancies in the total phenol
content reported, which varied between 100 and 800 mg/kg
in extra-virgin olive oil and 62 in refined oil, can be the re-
sult of inaccuracies in the analytical methods [96]. Neverthe-
less, type and total content of phenolic compounds is af-
fected by cultivar, local environmental conditions and the
degree of ripeness [97].

In olives, the most common phenolic compounds include
the glycoside oleuropein, hydroxytyrosol and tyrosol, which
are related structurally (Fig. 1). Oleuropein is the major phe-
nolic compound (up to 14% in dried fruit) in olives but when
the flesh of the unripe fruit is crushed (malaxation) [98] or as
the fruit ripens [99] its abundance decreases and the concen-
tration of the hydrolysis product of oleuropein, i.e. hy-
droxytyrosol, increases and becomes the most abundant phe-
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nol in olive oil [100]. In virgin olive oil, the main phenolic
compounds are aglycones of oleuropein and ligstroside, fol-
lowed by hydroxytyrosol, tyrosol, hydroxytyrosol acetate
and lignans [101]. During the process to obtain oil from ol-
ives, hydrolytic enzymes (glycosidades and esterases) are
released from the pulp and can modify oleuropein, glucosi-
dic and ester bonds [102]. Since many of the phenolic and
terpenic compounds present in olive oil, have a glycosidic
and an ester function they will also be affected by these en-
zymes during pressing of the olives. As a result, the glycosi-
dic parts will partition to the aqueous phase, while the phe-
nolic and terpenic partition between the aqueous and organic
phase according to their polarity and hydrophobicity, thus
influencing the properties of the olive oil.

The resulting mill waste waters, known as “Amurca” by
the Romans, were used at the time as a fertilizer, as herbicide
and a pesticide [103]. It was also applied in furniture, belts
and shoes to protect and hydrate; in food preservation to seal
jars containing fruits; it was also used as a combustible and
to feed livestock [104]. Amurca was even employed to pro-
duce hardened plaster with insect repellent properties. Olive
mill waste water is nowadays a serious environmental prob-
lem in the Mediterranean area due to its high content on mi-
crobial growth-inhibiting constituents, in particular phenolic
compounds. Several studies to solve the waste water prob-
lem are underway, including the production of high-valued
compounds from the waste water using lipolytic yeasts [105].

The majority of the published studies have described
antimicrobial activity of polyphenols in olives, olive mill
wastewaters and olive leaves while only simple phenols have
been tested in olive oil [106]. An olive extract, rich in bio-
phenols, showed a higher and dose-dependent antimicrobial
activity against Escherichia coli, Salmonella poona, Bacillus
cereus, Saccharomyces cerevisiae and Candida albicans
than the isolated quercetin, hydroxytyrosol and oleuropein
[107]. The authors ascribed the results to the possible pres-
ence of other compounds in the extract. The extract was also
more effective against Gram-positive bacteria.

The phenolic compounds of virgin olive oil presented a
strong bactericidal effect against eight strains of Helicobac-
ter pylori, which is responsible for ulcers and some types of
gastric cancer; among the strains tested three were resistant
to antibiotics [108]. The secoiridoid aglycones, in particular
decarboxymethyl ligstroside aglycone, were the most effec-
tive phenolic components against H. pylori. In vitro, the
compounds inhibited bacterial growth at concentrations as
low as 1.3 ug/mL (much lower than the concentrations nec-
essary with phenolic compounds from tea, wine and plant
extracts) and were stable for hours in the acidic environment.
Nevertheless, in vivo confirmation of their bioactivity is still
required.

Table 2 contains several examples of the observed antim-
icrobial properties of the three most common phenolic com-
pounds in olive oil, against several micro-organisms. Oleu-
ropein, the first secoiridoid ever isolated, was effective in
killing both Gram-positive and Gram-negative pathogenetic
bacterial strains and enveloped viruses [109]. The antibacte-
rial effect of oleuropein may derive from the partition of this
compound to membranes that contain significant amounts of
negatively charged phospholipids in bacterial membranes
[110]. One study has presented the role of oleuropein as an
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internal radical scavenger, preventing lipid peroxidation in
membranes containing phosphatidylcholine and linoleic acid
[111], whilst another study has proposed a superficial loca-
tion for oleuropein in phospholipid bilayers, where it would
act as antioxidant [112]. This is in accordance with a lower
antimicrobial activity of oleuropein when compared to hy-
droxytyrosol (Table 2). This latter compound is effective
against mycoplasmal infections at low concentrations [113]
and, hydroxytyrosol is absorbed by the human body after
virgin oil consumption, as indicated by its presence in urine
and plasma samples [114]. Tyrosol is generally less active as
antimicrobial agent than the previously mentioned phenolic
compounds, it showed nearly no effect on H. pylori [108]
and concentrations higher than 100 mM were needed to in-
hibit Lactobacillus plantarum growth [115].

The aldehydes present in olives and olive oil also show
antifungal and antibacterial activities. A study has shown
that, contrary to most plant secondary metabolites, long
chain saturated and unsaturated aldehydes from the olive
fruit were more effective against fungi than against Gram-
positive bacteria [116]. The aliphatic aldehydes hexanal,
nonanal, (E)-2-hexenal, (E)-2-heptenal, (E)-2-octenal and
(E)-2-nonenal inhibited the growth of Tricophyton menta-
grophytes and Microsporum canis at concentrations between
1.9 and 125 ug/mL, with the unsaturated aldehydes exhibit-
ing the most broad spectrum of activity [117]. Bisighano et
al. [109] suggested that the presence of a double bond on the
molecule of aldehydes in olives is important for their antimi-
crobial properties. The work of Battinelli et al. [117] also
showed that (E)-2-octenal and (E)-2-nonenal inhibited elas-
tase activity, thus inhibiting a virulence factor essential for
microbial colonization of human epidermis. The same study
also showed a low toxicity of olive aldehydes to human re-
constructed epidermis, supporting the idea that the use of
olives and olive oil in skin diseases may, by the action of
these compounds, be effective in the topical treatment of
fungal cutaneous infections.

In general, all the studies concerning extracts of olive
leaves, fruits and oil, as well as those carried out with the
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several isolated compounds show the antimicrobial proper-
ties of these components.

Spices and Herbs

Herbs were at the base of Hippocrate’s medicine and the
knowledge of their properties was used by the Romans, who
were responsible for carrying these commodities to the rest
of Europe. The herbs of widespread use in Roman times in-
cluded several species of the family Apiaceae such as dill
(Anethum graveolens L.), and of the family Lamiaceae such
as rosemary, thyme (mainly Thymus vulgaris L.), and mint
(various species of the genus Mentha). The Roman soldier
received ca. 880 g per day of wheat which was cooked with
salt and oil to make puls, baked to make “military bread”,
panis militaris, or double-baked to make hardtack, buccela-
tum [118]. Additionally, they received ca. 620 g of various
products including vegetables, fruits, nuts and cheese, ca.
160 g of meat or fish, half-pint of sour wine or vinegar, olive
oil and salt. Although this diet was quite adequate, the sol-
diers also used their pay to buy additional foodstuffs, such as
fish sauce, spices, wine and vinegar, to improve the variety
of their rations [38]. These products, provided by local set-
tlers and merchandisers, probably contained a large number
of herbs which are still part of the diet in the Mediterranean
area (e.g. thyme, rosemary, mint and dill).

The word lavender originates from the Latin word
“lavare” which means “to wash”. However, the word
“lavare” was also used as a medical term referring to cleans-
ing wounds. This suggests that the lavender, mostly the
flower stems of the shrubs of Lavandula angustifolia P. Mill.
and some related species (Family Lamiaceae), added to the
water of communal baths and personal soaps was used as
prophylactic agent against diseases. Lavender was probably
added to baths and soaps as disinfectant and to body lotions
for fragrance purposes. Herbs and higher plants contain ter-
penes and terpenoids which have been used as fragrances
and flavours for centuries are now known to have a role in
the prevention and therapy of diseases, can be used as natural
insecticides and antimicrobial agents, as well as food pre-

Table2. Minimum Inhibitory Concentration (MIC) of Phenol Compounds Present in Olives and Olive Oil to Several Micro-
Organisms
Phenolic Compound Micro-Organism MIC (ng/mL) Reference
Simple Phenols
Hydroxytyrosol Micoplasma pneunmoniae 0.5 [113]
M. hominis 0.03 [113]
M. fermentans 0.25 [113]
Hemophilus influenza 0.97 [109]
Samonella typhi 3.94 [108, 109]
Staphilococcus aureus 7.85 [109]
Tyrosol Lactobacillus plantarum >13816 [115]
Secoiridoids
Oleuropein Hemophilus influenza 500 [109]
Samonella typhi 125 [109]
Staphilococcus aureus 62.5 [109]
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servatives [119]. Other compounds, including carotenoids,
phenolic compounds and flavonoids have also been isolated
from herbs and spices and described to have anti-oxidant and
antimicrobial activity [120].

Rosemary is widely used in southern countries of Europe
and has been used as a fragrance of food and nutraceutical
products, storage compartments, soaps and cosmetic prod-
ucts. Several microorganisms are affected by extracts of
rosemary (Table 3; [121]). Crude aqueous and methanolic
extracts of rosemary are able to inhibit growth (MIC of 16
and 4 mg/mL, respectively) of Streptococcus sobrinus and
the synthesis of the water-insoluble glucan produced by this
bacterium during dental plaque formation [122]. The diter-
penes extracted from rosemary leaves (carnosol, carnosic
acid and rosmadial) affect lipid polymorphism and fluidity of
phospholipid membranes [65].

The antimicrobial effect of the essential oils of both
cumin (Cuminum cyminum L.; Family Apiaceae) and rose-
mary was also ascribed to the presence of terpenes (o-
pinene; 1,8-cineole and linalool), which are the major con-
stituents of these plants [123].

Thyme has been used as an aromatic plant since ancient
times and was largely used in Roman culinary. The most
important compounds in its oil extract are the phenols thy-
mol and carvacrol and the terpenes p-cymene and v-
terpinene. QOil extract of thyme is effective against Aspergil-
lus flavus, has a fungitoxic effect against several food con-
taminating fungi, and is able to arrest aflatoxin B1 produc-
tion at 0.6 pg/mL [124]. At 0.6%, thyme oil extract also in-
hibited E. coli O157:H7 growth in minced beef meat [125].
Curiously, the essential oils of several plants and herbs, in-
cluding thyme, caused an inhibitory effect against herpes
simplex virus type 2, causing a 90% reduction in plaque
formation, but no effect was observed when the oils were
added to the cells prior infection with the virus [126].
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Several herbs belonging to the family Lamiaceae such as
basil (Ocimum basilicum L.), marjoram (Origanum majo-
rana L.), oregano (Origanum vulgare L.), rosemary and
thyme, along with other spices and herbs such as clove
(Syzygium aromaticum L. Merr. et L. M. Perry Syn Eugenia
caryophyllata; Family Myrtaceae), garlic (Allium sativum L.;
Family Alliaceae), and horseradish (Armoracia rusticana
P.G. Gaertn., B. Mey. & Scherb.; Family Brassicaceae), in-
hibit Vibrio parahaemolyticus, that when present in seafood,
especially in warm environments, cause gastroenteritis in
humans [127]. Reduction of the incubation temperature from
30°C to 5°C resulted in only little differences of the MIC,
which ranged between 0.063 and 2%. Marjoram is also able
to kill several common pathogens at MIC ranging 0.069-2.3
mg/mL [128].

Gurierrez and co-workers [129] showed that combina-
tions of plant essential oils, including basil, lemon balm,
marjoram, oregano, rosemary, sage and thyme, can result in
additive antimicrobial effects, thus decreasing the amount of
oil required and the adverse sensory impact in food. The
antimicrobial activity of a mixed oregano and cranberry ex-
tract against V. parahaemolyticus was also higher than indi-
vidual extracts at the same phenolic concentration [130]. One
set of phenolic compounds may damage the cellular mem-
branes, increasing the effect of the other set. Furthermore,
the survival of this bacterium in the presence of lactic acid
was overcome by the combined action of oregano and cran-
berry extracts added to the acid. The phenolic damage
caused to the bacterial membranes, can affect the proton mo-
tive force and therefore make the cells more susceptible to
acid. Nevertheless, the combinations of essential oils should
be tested as the effectiveness may be influenced by the food
composition. Films of whey protein isolate, aimed at the
food packaging industry, containing 1.0-4.0% (wt/vol) of
oregano or garlic essential oils were able to inhibit growth of
E. coli, S. aureus, Salmonella enteritidis, Listeria monocyto-

Table3. Minimum Inhibitory Concentration (Mic) of Oil Extracts of Cumin, Marjoram, Rosemary and Thyme Against Several

Common Pathogens

Herb Micro-Organism MIC Reference
Cumin Staphylococcus aureus 0.001 [123]
(Cuminum cyminum) Listeria monocytogenes 0.002
Bacillus subtilis 0.069 [128]
Enterococcus faecalis 2.3
Marjoram Escherichia coli 0.920
(Origanum majorana L.) Klebsiella pneumoniae 0.920
Salmonella choleraensius 0.920
Staphylococcus aureus 0.782
B. subtilis 2.5-20 [121]
E. faecalis 2.5-20 [65]
Rosemary E. coli 10-20
(Rosemarinus officinalis L.) K. pneumoniae 10-20
S. aureus 5-20
C. albicans 2.5-10
Streptococcus sobrinus 4-16 mg/mL
Thyme Aspergillus flavus 0.007 [124]

(Thymus vulgaris L.)
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genes and Lactobacillus plantarum cells [131]. An increase
in shelf-life of rye bread could be also achieved by active
packaging with allyl isothiocyanate, the active component of
mustard essential oil that provides the “bite” of yellow and
brown mustard [132].

In a review by Burt, the mode of action of essential oils
as antibacterial agents was discussed [133]. Among the pos-
sible mechanisms conferring antimicrobial properties to es-
sential oils are the following: damage of the cell wall, cyto-
plasmic membrane and membrane proteins; leakage of ions
and other cell content; and depletion of proton motive force.
However, as the oils contain several compounds, the antimi-
crobial effect can be the result of several mechanisms acting
upon different cell components.

The Peculiar Castor Oil, the Seed Oil of Ricinus commu-
nis L. (Family Euphorbiaceae)

In 2003, Charlwood [134] pointed out that Herodotus [3]
who is widely known in malariology for describing the use
of mosquito nets (impregnated with fish odour) and towers
to avoid mosquito bites may, inadvertently, also have de-
scribed the first known use of a repellent lamp against mos-
quitoes. According to Charlwood, Herodotus states: “The
Egyptians who live in the marsh-country used an oil ex-
tracted from the castor-oil plant (consisting primarily of rici-
noleic acid). This plant, which grows wild in Greece, they
call Kiki, and the Egyptian variety is very prolific and has a
disagreeable smell. (...) The country is infested by swarms
of gnats [mosquitoes], and the people have invented various
methods of dealing with them (...)". In fact, a study from
2003 has reported the insecticidal properties of Ricinus
communis L foliage flavonoids against a species of Coleop-
tera [135].

Honey

Natural sun drying was probably the most common
method to preserve food produce such as cereals, fruits,
vegetables, spices, seeds and fish, especially in the Mediter-
ranean area. In this process, water necessary for the growth
of micro-organisms is removed from the food by osmotic
action. Furthermore, a hard outer-layer is generally created
which retards the entrance of micro-organisms e.g. when a
plum is transformed into a prune or a grape becomes a raisin.
In these cases, the sugar concentration in the product in-
creases to microbial inhibitory concentrations. During the
Roman period, honey was the only sugar known. Jars of
fruits preserved in honey have been found in Pompeii.
Honey contains sugars (mainly fructose and glucose), miner-
als (e.g. potassium, calcium and manganese), phenolic and
flavonoid compounds. The reduced moisture content of
honey is an important factor to prevent its fermentation and
granulation.

Honey has been proven to be an effective antimicrobial
agent against H. pylori, S. aureus, B. subtilis, Candida tropi-
calis and C. albicans [136] and also against methicillin-
resistant S. aureus [137]. Strains of the latter bacterium were
not detectable after 24h in contact with honey, which may be
applied topically to wounds. The antimicrobial properties of
honey irradiated at 25 and 50 kGy and stored in a cool dark
place, could be maintained for up to two years [138]. When
S. interitidis was incubated with honey at dilutions up to 1:8,
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bacterial adherence to intestinal epithelial cells was pre-
vented in vitro, but attachment occurred when epithelial cells
were incubated with honey [139]. The prevention of bacterial
adherence was, therefore, the result of an effect of honey on
S. interitidis cells.

Copper, Silver and Sulphur

Copper was used throughout the Roman Empire in water
piping systems, cutlery, and cookware to improve public
health, long before the existence of micro-organisms was
acknowledged. Metallic copper was also added to medicinal
plasters and pills in addition to plant and animal compounds
[140].

Nowadays, it is known that pure copper is able to inhibit
a 107 cfu/mL population of meticillin-resistant Staphylococ-
cus aureus (MRSA) within 45 min [141] as well as E. coli
[142]. Recent studies have shown that copper surfaces are
much more effective to completely kill the three most preva-
lent strains of epidemic MRSA in the UK than stainless steel
surfaces [141]. On the latter surface, viable organisms were
still present after 72h at 22°C. Similar results had been ob-
served about 20 years ago, showing that streptococci and
staphylococci could grow on stainless steel but not on brass
doorknobs [143]. However, stainless steel is still the pre-
ferred material by hospital administrations. If copper and
brass are to be re-introduced in hospital and health-care envi-
ronments as an antibacterial surface, common cleaning prod-
ucts and procedures should nonetheless be re-tested as the
most often used products may react with copper [144].

Along with copper, silver was used by the Greeks and
Romans to keep water. Phoenicians preferred silver contain-
ers to preserve water, wine and vinegar, and carried them
during their long journeys in the Mediterranean area. This
metal was used by the Romans in cutlery and to make dishes
and cups to prevent diseases and wealthy people used silver
vessels to keep food. Silver acts against a broad spectrum of
bacteria, yeasts and fungi strains. The antimicrobial activity
is due to the binding of the positively charged silver ions
with negatively charged microbial cells (leading to mem-
brane ruptures, protein denaturation and cell death) and to
reaction with the sulfhydryl groups on cell walls leading to
interferences in the respiration of microbial cells [145, 146].

Nowadays, the application of silver coatings has spread
to implanted devices to prevent infections in tissue pockets,
dressings, medicine textiles and films [147]. Silver is also
used in tablets for rapid water purification. These tablets
have been developed because of the presence of military
personnel from developed countries in third world conflicts
and by tourism in remote areas. Silver based tablets present
advantages over decolourised iodine tincture as some people
are allergic to iodine and thyroid abnormalities related to
iodine have been reported [148].

Although the European drinking water directive 98/83/
EC does not state the limit for silver, many European coun-
tries limit its concentration to 0.05-0.1 mg/L. In the US, the
Environmental Protection Agency limits the concentrations
of copper to 1.0 mg/L and of silver to 0.1 mg/L.

Wine can easily turn to vinegar within 6 months after
being made in the absence of preservatives. Sulphites have
been added to wines since ancient times to preserve wine and
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even today most of the wines produced contain these com-
pounds. The Greeks and the Romans used sulphur candles to
sterilise wine barrels and amphorae, added egg’s yolk, mus-
tard seed or other sulphur containing substances. Sulphur can
both prevent wine oxidation and growth of undesired mi-
crobes. A recently published paper demonstrated that to con-
trol the yeast Dekkera bruxellensis, which is responsible for
considerable economic losses in the wine industry, relatively
high doses of molecular sulphur dioxide is required [149].
The yeast presented three survival patterns and was able to
resume growth after an initial decline during which no colo-
nies are detected in agar plates.

CONCLUDING REMARKS

In the 1950’s it was remarked that the peoples from the
Mediterranean area presented a rate of cancer incidence
much lower than the rest of the developed world countries.
By the 1970’s, results from two decades of both epidemiol-
ogical and biochemical studies confirmed the beneficial
health effects of the typical Mediterranean edible products,
and the benefits of the Mediterranean diet were recognised
[40]. Subsequent studies, such as those referred in this re-
view have clarified the action mechanisms of the various
products and components used during millennia in this area.
We consider that humanity can learn from the ancient civili-
zations to prevent cardiovascular diseases, obesity and prob-
lems associated with it, and cancer. Furthermore, the use of
natural compounds and preservatives may reduce the use of
synthetic chemicals thus allowing for the enhancement of
human health, decrease of environmental risks, and the re-
duction in bacterial resistance to antimicrobials.
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