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Abstract

Herbs contain secondary metabolites such as vitamins, flavonoids,
terpenoids, carotenoids and phytoestrogens. Some can be found in most herbs, while
other are specific to certain botanical families. Parsley, cilantro, basil and chives are
rich in f-carotene, lutein and zeaxanthin. Celery, parsley and thyme contain flavones:
apigenin and luteolin, while lovage is rich in kaempferol and quercetin. Herbs are
mainly studied for their health benefits, but they can to be used in food industry for
their antioxidant and antimicrobial activity. They contain antioxidants and
antimicrobials such as chlorophylls, lutein, cysteine, beta-carotene, vitamin B2, vitamin
C, vitamin E, flavonoids. Herbs can delay the growth of spoilage bacteria, increasing
thus the shelf life of food. They contribute to food security by controlling the pathogen
development and reduce the need for conventional antibiotics by helping the immune
system fight infections.
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INTRODUCTION

Herbs consist of leafy plants,
seeds or flowers used for food
flavoring, perfume processing or
medical purposes. Generally, the
term refers only to the leafy parts of
the plant while roots, seeds and bark
are called “spices” (HEDGES and
LISTER, 2007). Plants produce a
wide range of organic compounds:
carbohydrates, lipids, nucleic acids
and proteins — primary metabolites.
Other biocompounds do not seem to
directly participate in growth; they
are secondary metabolites and
include: alkaloids, amines,
cyanogenic glycosides, terpenes,

flavonoids, glucosinolates, non-

proteinogenic amino acids,
phenylpropanoids, polyacetylenes,
saponins and steroids

(PARTHASARATHY et al., 2008).
These compounds exert essential
biochemical functions in plants and
can have medicinal applications
(HEDGES and LISTER, 2007;
THOMPSON and THOMPSON,
2009).Wild and cultivated herbs
contain many bioactive compounds:
vitamins, flavonoids, terpenoids,
carotenoids and phytoestrogens
(CALUCCI et al., 2003). Some can
be found in most herbs, while other
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are specific to certain botanical
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families (table 1).

Table 1

Major bioactive compounds of some botanical families of herbs

Botanical Family

Representatives

Bioactive Compounds

Alliaceae chives, garlic organosulfur compounds,
flavonoids

Asteraceae tarragon terpenoides

Apiaceae coriander, dill, fennel, lovage, | polyacetylenes, terpenoides

parsley

Brassiciaeae

horseradish, wasabi

glucosinolates, flavonoides

Lamiaceae basil, lemon balm, marjoram, terpenoides, flavonoides,
mint, oregano rosemary, sage, | phenolic acids
thyme

Lauraceae bay leaves terpenoides

Source: BLASA et al. (2010), BRAVO (1998), HEDGES and LISTER (2007),
THOMPSON and THOMPSON (2009)

Carotenoids are fat-soluble
yellow, orange and red pigments
found in vegetables, fruits, algae,
fungi and bacteria (BLASA et al.,
2010). Often they are found in
plants together with chlorophylls, so
leafy dark green vegetables are rich
in carotenoids. These pigments help
plants capture light in
photosynthesis and protect against
the negative effects of radiation
(HEDGES and LISTER, 2007).
Chemically, carotenoids are lipids
with a long carbon chain and
conjugated double bonds that
confers  antioxidant  properties.
Herbs contain  high  amounts
compared to the fruits and
vegetables traditionally considered
sources of carotenoids.

Parsley, cilantro, basil and
chives are richer in [-carotene,
lutein and zeaxanthin than carrots,
spinach, pumpkins, peppers and

apricots, the main vegetables and
fruits known as the richest source of
carotenoids. (HEDGES and
LISTER, 2007).

Chlorophylls a and b are
green pigments essential in plant
photosynthesis.

They absorb visible light at
slightly  different  wavelengths.
Chlorophylls showed antimicrobial
activity, SMITH (1944), NEVIN
and BIBBY (1954) cited by

MOWBRAY  (1957)  observed
bacteriostatic activity on
Staphylococci,  Streptococci  —

including Staphylococcus aureus
and Streptococcus pyogenes — and
some anaerobic microorganisms.
MOWBRAY (1957), MAEKAWA
et al. (2007) and KAKKAR (2012)
reported antimicrobial activity of
chlorophyll extracts on various
bacteria (Staphylococcus aureus,
Bacillus subtilis, Escherichia coli,
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Klebsiella oxytoca) and yeast
(Cadida albicans).

Phenolic compounds are
secondary metabolites with a role in
plant  defence and  growth
mechanism (BLASI et al., 2010).
They are antioxidants, thus
enhancing and protecting the colour
of plant products, contributing to
organoleptic quality.

Their chemical structure
allows them to react with free
radicals and chelate  metals
(HEDGES and LISTER, 2007).
Polyphenols prevent oxidation by
rapid donation of a hydrogen atom
(BRAVO, 1998):

ROO® + PPH — ROOH + PP°*

RO® + PPH — ROH + PP°*
Intermediate phenoxy
radicals are stable, thus a new chain
reaction can not easily begin. They
may end oxidative chain reactions
by reacting with free radicals
(BRAVO, 1998):

ROO* + PP* — ROOPP

RO® +PP* — ROPP

Phenolic acids and
flavonoids are the main classes of
phenolic compounds, both found in
herbs. Flavonoids are some of the
most powerful plant antioxidants
and quercetin is the strongest
flavonol.

Herbs are richer in
flavonoids than other vegetables
(HEDGES and LISTER, 2007).
Celery, parsley and thyme contain
flavones: apigenin and luteolin,
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while lovage is rich in kaempferol
and quercetin. The type and amount
of phenolic compounds vary with
species, environmental factors, with
crop technology, ante and post-
harvest treatments, and processing.

Essential oils, also called
volatile oils, are responsible for the
characteristic aroma of each herb
(BLASA et al, 2010). They
produce the smell, while oleoresins
give the taste (PARTHASARATHY
et al., 2008). They are not true oils
and are not made of one molecule of
glycerol and three fatty acids, but
may consist of terpenes, alcohols,
ketones, acids, oxides, lactones,
esters and phenols (HEDGES and
LISTER, 2007). Nonetheless, they
are soluble and liquid at room
temperature, similar to other oils.

Volatile oils are complex
mixtures of many compounds: the
desert parsley (Lomatium dissectum)
contained over 45  flavour
compounds, myristicin, apiol being
major constituents. Celery stalks
contain apiol (23%), 3-butilftalida
(22%) and sedanolide (24%), the
latter two giving its strong flavour
(Parthasarathy et al., 2008).

Terpenoids are responsible
for many plant biological processes,
and they are known for their
antioxidant and  antimicrobial
activity (table 2). Recently it was
shown they are absorbed through
skin, suggesting they could be used
transdermal transport of
pharmaceuticals.
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Bioactive terpenoids found in herbs

Table 2

Compound Herb source Compound Herb source
carvenone mint, dill citral lemongrass
. coriander, rosemary, sage, .
cineole eugenol basil, bay leaves
thyme
farnesol lemongrass myristicin parsley, dill
eraniol lemongrass, coriander, lemon s-Dinene coriander, cumin,
g balm, basil, rosemary, thyme P rosemary, thyme
. mint, dill, coriander, cumin, thyme, basil,
limonene carvacrol
thyme oregano
linalool rosemary, lemongrass thymol thyme
. carnosol,
menthol mint L rosemary, sage
carnosic acid
perillyl alcohol mint, lemongrass, sage y-terpinene thyme, rosemary

Source: BLASA et al. (2010), BRAVO (1998), HEDGES and LISTER (2007),
THOMPSON and THOMPSON (2009)

Herbs are mainly studied
for their health benefits. They have,

however, antioxidant and
antimicrobial activity (DAGLIA,
2012). Herbs and their extracts

delay rancidity of foods, prolong
shelf-life by affecting the alteration
flora and protect foods against
potentially pathogenic
microorganisms.
ANTIOXIDANT ACTIVITY OF
AROMATIC HERBS

The human body uses
oxygen and nutrients for energy.
Oxygen helps the immune system
against  diseases and  harmful
elements. As a result, compounds
are oxidized to form molecules that
can react with tissues and free
radicals are generated (KHAN,
2010). Free radicals can have
external sources, as well.

They can damage cellular
components, interfering in normal
processes: they may damage DNA,
leading to cancer, or oxidise blood
fats, contributing to atherosclerosis
and other cardiovascular (HEDGES
and LISTER, 2007).

Research shows that free
radicals are the main cause of over
sixty health problems, including
premature aging (KHAN, 2010).

To counteract the damage
caused by free radicals, the human
body produces antioxidant enzymes:
catalase, superoxide dismutase and
glutathione peroxidase. Antioxidant
enzymes can be also taken as
nutritional supplements. It seems,
however, that it is more effective to
ingest the compounds that will in-
vivo generate the enzymes (KHAN,
2010).
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Minerals: zinc, selenium,
copper, magnesium are some of the
most important components of
enzymes. Vitamins have antioxidant
activity as well. Thus, antioxidants
are found in food, on a large scale.
They reduce the number of free
radicals formed in the body, lower
their energy and quench free radical
chain reactions, thereby decreasing
their risk. Consequently, a diet rich
in antioxidants reduces exposure to
free radicals and decreases oxidative
stress (KHAN, 2010).

Herbs contain antioxidants:
lutein, cysteine,  beta-carotene,
vitamin B2, vitamin C, vitamin E
and flavonoids. Secondary
metabolites are, however, promoters
of health with preventive rather than
curative role (BLASA et al., 2010).

Epidemiological studies
showed that diets rich in fruits and
vegetables protect against chronic
diseases and age-related conditions
(HEDGES and LISTER, 2007).
These effects are due to the intake
of antioxidant compounds. Most
herbs have high antioxidant activity,
trapping free radicals, reducing
metals and peroxidation processes.

Phenolic acids have been
studied mainly for their antioxidant
activity, but flavonoids have other
beneficial health effects in addition
to their antioxidant properties such
as allergic, anti-inflammatory,
antimicrobial and anticarcinogenic
activity (BATRA and SHARMA,
2013; CHAHAR et al., 2011;
HEDGES and LISTER, 2007). They
detoxify enzymes, inhibit cancer
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cell proliferation and promote cell
differentiation (CHAHAR et al.,
2011). Some flavonoids have a
positive effect against
cardiovascular disease by inhibiting
platelet aggregation and protecting
against oxidation of low density
lipoprotein (PETERSON et al.,
2012). Herbs contain other phenolic
antioxidants. Rosemary contains
phenolic  diterpenee:  carnosol,
rosmanol, rosmarinic and carnosic
acids are its most active phenolic
antioxidants (ZHANG et al., 2012).

Carotenoids contain
conjugated double bonds that gives
its antioxidant properties (MULLER
et al.,, 2011). This may trap the
reactive oxygen species — singlet
oxygen and hydroxyl free radicals
and appear to act synergistically
with other carotenoids and other
antioxidants (HEDGES and
LISTER, 2007). They have many
health benefits such as protecting
against peroxidative processes of
the skin and eyes, inhibiting tumour
growth, helping intercellular
communication processes,
enhancing the immune system and
recycling vitamin E in the body
(BAKAN et al.,, 2014). Lycopene
has antioxidant activity against
singlet oxygen and reduce the
incidence of some cancers (cervical,
gastrointestinal tract, prostate) and
cardiovascular disease (JABEEN et
al., 2013).

However,  few  studies
focused on carotenoids from herbs
mainly because they are consumed
in small quantities, having minor
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nutritional contribution. Moreover,
carotenoids contribute to antioxidant
activity to a lesser extent compared
with polyphenols.

Most herbs have antioxidant
activity to various levels. Many
studies showed that oregano and
marjoram  have the  highest
antioxidant capacities (HOSSAIN et
al., 2011; POLISSIOU and
DAFERERA, 2015; ROBY et al.,
2013). Herbs from Lamiaceae
family including many plants
widely used (basil, lemon balm,
marjoram, mint, oregano, rosemary,
thyme) are very rich in flavonoids,
phenolic acids and terpenoids with
high levels of bioactivity and it has
been studied thoroughly studied.
Apiaceae family containing cilantro,
dill, lovage and parsley is rich in
flavonoids, but  second in
importance and  less  studied
(HEDGES and LISTER, 2007).

ANTIMICROBIAL ACTIVITY OF
AROMATIC HERBS

Research mainly focused
on the antioxidant activity of herbs,
although they show important
antimicrobial activity. They were
successfully used alone or in
conjunction  with  preservation
methods to extend shelf life, or as
antimicrobial agents. The efficacy
is, however, dependent on pH,
temperature, amount of available
oxygen, concentration of essential
oils and active compounds
(TAJKARIMI et al., 2010).
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Many studies concluded
that herb secondary metabolites
have antimicrobial effects against
pathogens (CEYHAN et al., 2012;
CHAN et al., 2012; SOLORZANO-
SANTOS and MIRANDA-
NOVALES, 2012; WENDAKOON
et al., 2012). Phenolic compounds
with a high content of eugenol,
carvacrol and  thymol show
bactericidal ~ properties  and/or
bacteriostatic (TAJKARIMI et al.,
2010). KALLIO et al. (2012) have
shown that vitamin C may increase
the antimicrobial effect of quercetin,
against Staphylococcus aureus and
Escherichia coli because vitamin C
is able to stabilize quercetin. A 5
mM  solution of vitamin C
completely inhibited the growth of
S. aureus by increasing oxidative
stress on bacterial cell. AKTHAR et
al. (2014) showed that oregano
inhibits the growth of Salmonella
typhimurium and Listeria
monocytogenes, while parsley and
coriander have a  moderate
antilisterial activity.

Herbs are added in small
amounts in food: 0.05-0.1% (500-
1000 ppm) and although some can
be effective at these concentrations,
but most require higher
concentrations. At 0.3% sage and
rosemary are bacteriostatic and
become bactericidal at 0.5%
(TAJKARIMI et al., 2010). Herbal
extracts could be used to increase
concentration of active compounds.
They enhance the antimicrobial
activity due to a higher content of
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saponins, flavonoids, thiosulfinates
or glucosinolates.

Essential oils exert
antimicrobial activity by affecting
the structure and function of
microbial cell membrane
(TAJKARIMI et al., 2010). The
compounds in the oils are
hydrophobic and  affect the
phospholipids of double layered
microbial.  They  disrupt the
enzymes, compromise the genetic
material and oxidize unsaturated
fatty acids inside the microbial cell.
Essential oils can also coagulate
cytoplasm and destroying lipids and
proteins (VIUDA-MARTOS et al.,
2011).

In general, Gram-negative
bacteria are resistant to vegetal
antimicrobial agents because of
their  lipopolysaccharide  outer
membrane that restricts their
diffusion within the cell. Gram-
positive bacteria are more likely to
be affected by  secondary
metabolites (TAJKARIMI et al.,
2010).

The main volatile aroma
compounds  have  antimicrobial
effects. Oregano, sage and thyme,
rich in terpenes, carvacrol, thymol,
p—cymene, and have antimicrobial
and anti-fungal activity, with
potential applications in the food
industry. Several essential oils are
synergistic: blends of oregano and
thyme and oregano, sage and
marjoram proved effective against
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Bacillus  cereus, Pseudomonas
aeruginosa, Escherichia coli O157:
H7 and L. monocytogenes
(AKTHAR et al., 2014). Different
combination of carvacrol and
thymol have enhanced antimicrobial
activity against pathogens. Vacuum
packaging and oregano and
coriander essential oils enhanced
antimicrobial activity against L.
monocytogenes and  Aeromonas
hydrophila. Similar results were
obtained using modified atmosphere
packaging and oregano essential oil
to increase the shelf life of chicken
(TAJKARIMI et al., 2010).

An antagonistic effect was
reported when mixing carvacrol and
p-cymene with salt in the rice
contaminated with Bacillus cereus
(AKTHAR et al., 2014). Oxygen is
another  antagonist factor: the
sensitivity ~ of  microorganisms
increased by  lowering its
concentration (TAJKARIMI et al.,
2010).

However, the reported
antimicrobial activity depends on
intrinsic and extrinsic characteristics
of the food product: pH, fat content,
protein, water, antioxidants,
preservatives, packaging  and
physical structure of product, the
time and temperature of incubation.
The employed procedure may also
affect the results: the extraction
method, the amount of inoculum,
the inoculum growth phase, and the
culture medium used
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CONCLUSIONS

In conclusion, most herbs
have antioxidant and antimicrobial
activity to various levels because of
their high content of flavonoids,
phenolic acids and terpenoids.
Herbs from Lamiaceae family are
extensively studied, while, Apiaceae
family were less considered for
research. Herb extracts have shown
the ability to slow the growth of
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spoilage bacteria, increasing thus
the shelf life of food, becoming a
safe and environmentally friendly
alternative of conventional
preservatives. They contribute to
food security by controlling the
pathogen development and reduce
the need for conventional antibiotics
by helping the immune system fight
infections.
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