Agriculture 2012, 2, 228-243; doi:10.3390/agriculture2030228

agriculture

ISSN 2077-0472
www.mdpi.com/journal/agriculture

Review

Aromatic Plants as a Source of Bioactive Compounds

Efterpi Christaki L% Eleftherios Bonos %, Ilias Giannenas ' and Panagiota Florou-Paneri !

' Laboratory of Nutrition, Faculty of Veterinary Medicine, Aristotle University of Thessaloniki,

54124, Thessaloniki, Greece; E-Mails: igiannenas@vet.auth.gr (I1.G.); ppaneri@vet.auth.gr (P.F.-P.)
Animal Production, Faculty of Technology of Agronomics, Technological Educational Institute of
Western Macedonia, 53100, Florina, Greece; E-Mail: eleftherios.bonos@gmail.com

* Author to whom correspondence should be addressed; E-Mail: efchris@vet.auth.gr;
Tel.: +30-2310999973; Fax: +30-2310999984.

Received: 19 July 2012; in revised form: 29 August 2012 / Accepted: 10 September 2012 /
Published: 20 September 2012

Abstract: Aromatic plants, also known as herbs and spices, have been used since antiquity
as folk medicine and as preservatives in foods. The best known aromatic plants, such as
oregano, rosemary, sage, anise, basil, etc., originate from the Mediterranean area. They
contain many biologically active compounds, mainly polyphenolics, which have been
found to possess antimicrobial, antioxidant, antiparasitic, antiprotozoal, antifungal, and
anti-inflammatory properties. Currently, the demand for these plants and their derivatives
has increased because they are natural, eco-friendly and generally recognized as safe
products. Therefore, aromatic plants and their extracts have the potential to become new
generation substances for human and animal nutrition and health. The purpose of this
review is to provide an overview of the literature surrounding the in vivo and in vitro use of
aromatic plants.
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1. Introduction

The growing interest of consumers in substances of natural origin in addition to the increasing
concern surrounding potentially harmful synthetic additives has resulted in the use of aromatic plants,
their extracts and essential oils, as functional ingredients in the pharmaceutical, food and feed
industries [1]. Such industries are currently looking for efficacious, safe and cost effective substances
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with clearly defined modes of action and proven benefits. Plant derived components have considerable
potential to fulfill such demands. Although there is still a lack of knowledge, especially regarding the
consistency of in vivo trial results and mechanisms of action of various components within the
aromatic plants [2], they could be applied as new generation compounds for human and animal health
and nutrition. It is also important to take into consideration that improved animal health can translate
to improved food safety and quality, which benefits the consumer.

2. Aromatic Plants

Aromatic plants, also known as herbs and spices, have been used in the Middle East since
approximately 5000 BC for their preservative and medicinal properties, in addition to enhancing the
aroma and flavor of foods [3—5]. Their use continues undiminished today and according to the World
Health Organization (WHO) nearly 80% of the planet’s population, especially in developing countries
still depends on plant produced medicines for their healthcare [6,7]. Additionally, feed additives
derived from plants, also called phytogenics or phytobiotics or botanicals, can be included in animals’
diets to improve their productivity and the properties of the resulting feed and animal products [8].
Among these natural additives, aromatic plants, their extracts and their essential oils have been
examined due to their advantages over the antibiotics as growth promoters. They are residue free and
generally recognized as safe (GRAS) [8-10].

Currently, there is an increasing interest in using herbs and spices in animal nutrition, in order to
replace the use of antibiotics and ionophore anticoccidials, especially after the ban of antibiotic feed
additives within the European Union countries in 2006 and discussions to restrict their use outside
Europe [11,12].

Many herbs and spices can be found worldwide, with many originating from the Mediterranean
area, either in the wild or cultivated, such as rosemary, oregano, sage, thymus, peppermint and
garlic [13—-16]. They contain chemical substances such as polyphenols, quinines, flavonols/flavonoids,
alkaloids, polypeptides or their oxygen-substituted derivatives [17-19]. Some of these substances can
act synergistically, so their bioactivity is enhanced [20]. Some bioactive compounds show therapeutic
value, such as antioxidant and antiseptic activities [4,21]. Thus, they may reduce the risk of cancer or
cardiovascular diseases [22,23] and may find application as treatments in curing or managing a wide
range of ailments such as respiratory diseases and stomach or inflammatory disorders [16]. Generally,
the bioactive components in the aromatic plants possess the ability to protect the body from damage
caused by free radicals induced oxidative stress by quenching singlet oxygen and inducing cytochrome
or other enzymes [4,24]. Moreover, herbs and spices can inhibit oxidative rancidity and delay the
development of off-flavor in some products [25,26]. They also contain antimicrobial compounds
which contribute to the retardation of microbial growth on foods and especially snack foods and meat
products [2,4,27].

3. Essential Oils

Aromatic plants contain odorous, volatile, hydrophobic and highly concentrated compounds called
essential oils (or volatile or ethereal oils). These are obtained from various parts of the plant such as
flowers, buds, seeds, leaves, twigs, bark, wood, fruits and roots [9,18]. The essential oils are complex
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mixtures of secondary metabolites consisting of low-boiling-point phenylpropenes and terpenes [11].
The most important families from the point of essential oils are: Asteraceae or Compositae, Lamiaceae
or Labiateae and Apiaceae or Umbelliferae [28].

Detailed compositional analysis of volatile compounds of the oils can be obtained by gas
chromatography and mass spectrometry [9]. It was found that there are valuable mixtures of mainly
terpenoids like linalool, geraniol, borneol, menthol, thujanol, citronnillol, a-terpineol and a variety of
low molecular weight aliphatic hydrocarbons like phenols (thymol, carvacrol, eugenol, gaiacol) and
aromatic aldehydes (cinnamaldehyde, cuminal and phellandral) [29].

The oils are usually extracted by steam distillation, while currently the use of supercritical carbon
dioxide extraction has become increasingly popular [30]. Depending on type and concentration,
essential oils exhibit cytotoxic effects on living cells, although non-genotoxic. The cytotoxic activity
of essential oils is mostly due to the presence of phenols, aldehydes and alcohols [1]. Such cytotoxic
activity is of great interest for applications against some human or animal pathogens and parasites, as
well as for the preservation of agricultural and marine products [29]. It has been known for centuries
that aromatic plants—mainly their essential oils or components—can act versus a large variety of
organisms including bacteria, viruses, fungi, protozoa, parasites and insects [31-35]. Moreover, the
essential oils can exhibit hypolipidemic [36], antioxidant [37], digestive stimulant [38], and
antitoxigenic [39] activities and can also contribute in odor and ammonia control [10].

There are more than 3000 plants used for their essential oils of which about 300 are used
commercially as flavors and fragrances [40]. As shown in Figure 1, the food industry uses the oils in
soft drinks, food confectionary, efc., and the cosmetic industry uses them in perfumes, skin and hair
care products, aromatotherapy, etc., while the pharmaceutical industry utilizes them for their
functional properties [30].

Figure 1. Activities and uses of aromatic plants.
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4. Modes of Action
4.1. Antimicrobial Activity

As already mentioned the antimicrobial properties of the aromatic plants are partially attributed to
their essential oils [41,42]. It is suggested that the hydrophobicity of the essential oils and their
components is an important characteristic that enables the essential oils to accumulate in the lipid
bilayer of the bacterial cell membrane and mitochondria, disturbing the cell structures and rendering
them more permeable [43,44].

Moreover, the antimicrobial mechanism of some essential oils is the disruption of cell homeostasis
leading to growth inhibition and cell death [45,46]. Nevertheless, it has been proposed that the
chemical structure, such as the presence of the functional hydroxyl (—OH) group and the aromaticity
are also responsible for the antibacterial activity [2,47,48].

The antimicrobial activity of the essential oils has been examined in studies against Gram-negative
bacteria, demonstrating high antimicrobial capacity [49,50]. Clinical studies using the essential oils are
scarce; they have been tested mainly topically on skin and mucous membranes [51]. Additionally,
there is little information as regards safety in relation to the oral administration of essential oils [43].
Currently, essential oils represent a source of natural antimicrobial substances, which may be used
in the food industry as biopreservatives to prevent food spoilage and to increase the shelf life of
products. Furthermore, the essential oils could reduce side effects caused by the use of chemical
preservatives [50].

It is generally accepted that phenolic compounds—having the hydroxyl group attached to a phenyl
ring—have the greatest antimicrobial activity among the secondary metabolites found in essential
oils [52,53]. Such examples are the monoterpenes carvacrol and thymol and the phenylpropene
eugenol [54]. In addition, non-phenolic secondary metabolites found in essential oils have a variable
antimicrobial capacity. Some researchers [52] reported that the antimicrobial activity of the
monoterpenes p-cymene and vy-terpinene seems to be limited, compared with the phenolic
monoterpenes, while others [55] reported that cinnamaldehyde, a non-phenolic phenylpropene exhibits
strong antimicrobial activity.

The chemical composition of the essential oils can be influenced by the plant’s natural origin,
environmental and genetic factors, species and subspecies, geographical location, season of collection,
plant part used and method of isolation [9,56].

Some aromatic plants and their extracts have been reported to stimulate the growth of certain
bacteria, i.e., to have a prebiotic-type effect [11]. Prebiotics are known for their ability to increase the
endogenous intestinal populations of Lactobacillus and Bifidobacterium, resulting in beneficial health
effects [42,57]. Generally, there are very few in vivo studies of the prebiotic effects of aromatic plants.
However, they have been used in ruminants to manipulate rumen metabolism [11,54].

4.2. Antioxidant Activity

Aromatic plants and their essential oils are good sources of natural antioxidants, such as phenolic
compounds, e.g., eugenol, thymol, carvacrol [58,59]. Polyphenols generally occur as glycosides,
although the bioactivity is attributed to aglycon structures and mainly to catechol in aglycons [60]. It is
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considered that the antioxidant activity of these compounds is due to their high redox properties and
chemical structure, which can be responsible for neutralizing free radicals, chelating transitional
metals and quenching singlet and triplet oxygen by delocalization or decomposing peroxides [61-63].
The above properties are linked to the beneficial health functionality of the phenolic antioxidants
because they contribute to the delay of many oxidative-stress related diseases, such as cardiovascular
diseases, cancer, diabetes and Alzheimer’s [64,65]. Moreover, plant phenols exhibit in vitro
antioxidant activity, inhibiting lipid peroxidation by acting as chain-breaking peroxyl-radical
scavengers [66,67]. Therefore, they can play a protective role for highly unsaturated lipids in feed
against oxidative damage [24,67], partly substituting the use of a-tocopheryl acetate or preservatives.
Lipid oxidation in food products is considered as one of the main factors limiting product quality and
acceptability, because of the production of reacting oxygen species (ROS) and off-flavors from
polyunsaturated fatty acids [67,68].

Essential oils may also affect lipid metabolism in animal tissues by showing beneficial effects on
the antioxidative enzymes (superoxide-dismutase and glutalthione peroxidase) activity, as well as on
polyunsaturated fatty acid composition [69]. Consequently, flavonoids are important substances in
nutrition, although they are generally considered as non-nutrients [70].

Flavonoids may also act as pro-oxidants, especially those compounds that possess multiple
hydroxyl groups [67,71]. After penetrating the inner cells membrane, flavonoids can be oxidized by
ROS converting into pro-oxidants, which are able to oxidize lipids, proteins and DNA [19,29]. This
mechanism may lead to late apoptosis or necrosis of damaged cells, thus playing a “protective” role by
eliminating potential mutants [29].

5. In vivo Use of Aromatic Plants

Apart from in vitro experiments examining the biological activities of herbs and spices, many in
vivo experiments have examined their beneficial impact as dietary supplements in nutrition. A
summary of these results is presented in Table 1.

Table 1. Use of aromatic plants in animal nutrition.

Aromatic plant Addition Effect References
Chickens broilers

Oregano Essential oil No effect on performance [72]
Improved performance [73]
Anticoccidial effect [74]

Improved antioxidant capacity of products [72,75,76]
Oregano Dried Improved performance [77]
Anticoccidial effect [78]
Improved antioxidant capacity of products [77]
Anise Essential oil Improved performance [79]
Anise Seeds Improved performance [80]
Cinnamon Extracts Improved performance [81]
Cinnamon Essential oil Improved performance [82]
Rosemary Extracts Improved antioxidant capacity of products [83]
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Table 1. Cont.
Aromatic plant Addition Effect References
Sage Extracts Improved antioxidant capacity of products [83]
Artemisia annua Dried leaves Anticoccidial effect [84]
Sophora flavescens Extracts Anticoccidial effect [85]
Sideritis scardica Dried Anticoccidial effect [86]
Blend Essential oils Anticoccidial effect [87]
Blend Essential oils Anticoccidial effect [88]
Blend Extracts Anticoccidial effect [89]
Laying hens
Mixture Essential oils Improved performance [90]
Saffron Dried Improved antioxidant capacity of products [91]
Oregano Dried Improved antioxidant capacity of products [91]
Rosemary Dried Improved antioxidant capacity of products [91]
Turkeys
Oregano Essential oil No effect on performance [92]
Oregano Dried leaves Improved feed conversion [93]
Garlic Dried Improved performance [94]
Laying quail
Oregano Dried plant No effect on performance [95]
Anise Seeds No effect on performance [96]
Rabbits
Oregano Essential oil No effect on performance [97,98]
Improved antioxidant capacity of products [97,98]
Improved health and carcass composition [99]
Inhibition of microbial growth [98]
Oregano Dried Improved performance [100]
Sage Extracts Improved health and carcass composition [99]
Ruminants
Various plants Essential oils Improved feed utilization [44]

Inhibition of ruminal methanogenesis

[44,101,102]

5.1. The Use of Aromatic Plants in Poultry Nutrition

5.1.1. The Use of Aromatic Plants as Performance Enhancers in Poultry Nutrition

Dietary oregano oil (50 and 100 mg/kg of feed) had no effect on performance of chickens [72].
Furthermore, dietary oregano oil (100 and 200 mg/kg) did not improve the performance of
turkeys [92]. Nevertheless, dehydrated oregano plants (5 g/kg) exerted a growth promoting effect
(better body weight gain and feed conversion ratio) when incorporated in chicken diets [77]. Dried
oregano leaves (1.25, 2.5, and 3.75 g/kg) improved feed conversion ratio in early maturing female
turkeys [93]. In addition, the dietary inclusion of dried oregano (10 or 20 g/kg diet) had no effect on
the performance parameters of laying quail [95]. Furthermore, Basset [73] reported that oregano
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essential oil improved the performance of chickens when supplemented through drinking water at 150
or 300 mg/L. These inconsistent results might be attributed to differences in the environmental
conditions and/or the composition of the oregano supplement [77]. Due to the fact that the essential oil
has much higher content of active substances, it is usually added in much lower percentages in the feed
compared to dried plants. The major constituents of oregano are carvacrol, thymol, y-terpinene and
p-cymene, ranging between 802 and 984 mg/kg of the total plant [103,104].

In addition, anise (Pimpinella anisum) essential oil dietary supplementation at 400 mg/kg diet in
broilers, resulted in significant better body weight gain and feed conversion ratio [79]. Similar
results were reported by Soltan er al. [80] when broilers were fed anise seeds at 0.5-0.75 g/kg diet.
Christaki et al. [96] found that anise seeds (10 or 20 g/kg diet) had no effect on the performance of the
laying Japanese quail. Anise contains a number of bioactive compounds, anethole (main compound),
pseudoisoeugenol, coumarins, scopoletin, umbelliferon, estrols, terpene hydrocarbons, polyenes and
polyactylenes [105]. The use of powdered garlic (4/lium sativum) as a feed additive (0.5%) in broiler
chickens improved their performance [94]. The main bioactive compound of garlic is allicin, which
exhibits remarkable antimicrobial activity [106]. Furthermore, the dietary addition of cinnamon
extracts [81] or cinnamon essential oil [82] improved the performance of broilers compared with
control groups. The findings of Bozkurt et al. [90] in laying hens showed that the essential oil
mixture of six different plants (oregano, laurel, sage, myrtle, fennel and citrus) is an effective
performance enhancer.

Still more work needs to be done in this area, since many other aromatic plants are possible
candidates as performance enhancers in poultry nutrition.

5.1.2. The Use of Aromatic Plants as Anticoccidials in Poultry Nutrition

Coccidiosis, which is caused by protozoa of the genus Eimeria, is an intestinal parasitosis common
in poultry. Coccidiosis is considered as one of the most severe health and welfare problems
and is mainly controlled with the use of anticoccidial substances and on a lesser scale with
vaccinations [89,107]. Certain dietary factors may diminish the negative effects of avian coccidiosis,
including the use of herbs and spices [108]. Allen et al. [84] reported that dried leaves of Artemisia
annua could protect chickens against caecal lesions caused by Eimeria tenella infection. Youn and
Noh [85] found that Sophora flavescens extracts were more effective than Artemisia annua against E.
tenella infection in chickens. Evans et al. [87] who investigated an essential oil blend from clove,
thyme, peppermint and lemon, found a reduction of coccidia oocyste excretion in chicks fed the diets
which contained the essential oil mixture. Aromatic plants of the Labiatae family and especially
oregano exhibit coccidiostatic action against E. tenella, when the essential oil or ground leaves,
flowers and stems of the plant are incorporated into chicken diets [74,78]. Another aromatic plant of
the Mediterranean flora, belonging to the Labiatae family, Olympus tea (Sideritis scardica), exerted a
coccidiostatic effect in broiler chickens challenged with 6 x 10* sporulated oocysts of E. tenella,
although this effect was considerably lower than that exhibited by the commercially used anticoccidial
lasalocid [86].

Analogous results were reported by Christaki ef al. [88] in which a blend of herbal extracts from the

plants Agrimonia eupatoria, Echinacea angustifolia, Ribes nigrum and Cinchona succirubra
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were fed to chickens experimentally challenged with 6 x 10* sporulated oocysts of E. tenella. Also,
Azcrewska-Wlosek and Swiarkiewicz [89] concluded that treatment with a herbal extract mixture
containing Allium sativum, Salvia officinalis, Echinacea purpurea, Thymus vulgaris and Origanum
vulgare partly alleviates the negative impact of FEimeria experimental infection (E. acervulina,
E. tenella, E. maxima and E. necatrix) in broiler chickens.

These studies are important considering the need to find alternative solutions to chemical
anticoccidials is of special urgency because European Union countries are planning to ban the use of
chemical anticoccidials in livestock nutrition at the end of 2012 [109].

5.1.3. The Use of Aromatic Plants as Antioxidants in Poultry Nutrition

Some herbs of the Labiatae family have been extensively studied for their antioxidant activity. It
has been shown that dietary supplementation with extracts of rosemary and sage [83] or oregano
essential oil could improve the oxidative stability of raw and precooked broiler meat products
during refrigerated storage [72,75] or frozen storage at —20°C for a period of up to 9 months [76].
Giannenas et al. [77] reported that the dietary combination of dehydrated oregano and a-tocopheryl
acetate supplementation in broiler diets exhibited antioxidant activity higher than that presented by
a-tocopheryl acetate supplementation alone. As regards the effect of aromatic plants on egg yolk, it
was reported [91] that saffron, oregano or rosemary had an antioxidative effect on hen egg yolks but
this was not as strong as a-tocopheryl acetate.

For the above in vivo trials, particularly important is the improved oxidative stability of the poultry
meat products or egg yolk, observed may have resulted from the action of antioxidant compounds such
as the phenolic isomers thymol and carvacrol found in the extracts and essential oils from the aromatic
plants [58,67].

5.2. The Use of Aromatic Plants in Rabbit Nutrition

There are a limited number of in vivo trials dealing with the use of aromatic plants in rabbit
nutrition. According to Ayala [100] dietary supplementation with dried oregano improved rabbit
performance, while Pogany-Simonova et al. [99] reported that oregano and sage extracts improved
rabbit health and carcass amino acid composition. Other researchers [97,98] found that oregano
essential oil had no effect on performance parameters of rabbits and significantly increased the
antioxidative capacity of raw and thermally treated carcasses during refrigerated storage. Additionally,
dietary oregano essential oil was effective in inhibiting microbial growth on rabbit carcasses during
refrigerated storage [98]. These carcasses also exhibited noticeably less slime and off-odors than the
controls. It is possible that oregano essential oil components entered the circulatory system, were
distributed and retained in tissues and thus are responsible for the exhibited antioxidant and
antimicrobial activities. The bioavailability of any of these components cannot be directly
demonstrated, since an analytical method capable of identifying and quantifying them at trace levels in
tissues has not yet been developed [98].
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5.3. The Use of Aromatic Plants in Ruminant Nutrition

Evidence for in vivo antimicrobial activity of aromatic plant essential oils has not yet been
confirmed in ruminants, although oils have been used to manipulate ruminal metabolism in order to
improve feed efficiency and animal productivity [11,54]. Nevertheless, results from in vitro batch
culture studies provide evidence that essential oils or their components have the potential to improve
nitrogen and/or energy utilization in ruminants by altering microbial populations [44]. These responses
are only observed with high doses of essential oils, which also can inhibit the process of ruminal
fermentation causing a decline in total volatile fatty acid production, although rumen microbial
populations adapt after long term exposure to these substances [44,54]. Also, the fact that some
aromatic plants derived substances show a strong bactericidal activity against pathogenic bacteria such
as Escherichia coli and Salmonella spp. [110], has prompted some researchers to examine their
potential to reduce ruminal methanogenesis [44,101,102], limiting the release of this important
greenhouse gas into the atmosphere.

In vivo research using novel aromatic plants in rumen nutrition has the potential to benefit animal
production and health, as well as the environment.

6. Conclusions

Aromatic plants, their extracts and essential oils contain a variety of functional bioactive
compounds, which have possible applications in the food, feed, pharmaceutical and cosmetic
industries. However, aromatic plants and their extracts should be standardized and properly controlled
in their extraction and composition, in order for the study of these plants to yield meaningful data. /n
vitro studies using standardized extracts should be completed prior to in vivo experimental research, to
confirm the efficacy of the extracts. In this way, viable alternative methods for enhancing performance
or improving shelf-life of the animal products may be developed, satisfying the consumer’s demands
for natural, safe and high quality foods.
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