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AN ABSTRACT OF THE THESIS OF
Shadi Salim Atallah for

Master of Science
Major: Plant Science

Title: Production, Postharvest and Economic Potentials of Origanum syriacum as New
Crop in Lebanon

The potential of Origanum syriacum of becoming a new crop in Lebanon is
investigated at the production, postharvest and economic levels. Three irrigation
schemes were tested on growth parameters of cultivated oregano plants: 16 liters per
plant irrigated once in three weeks (low), once in two weeks (medium) and once a week
(high). Results showed that the medium irrigation scheme was the most appropriate
with a considerable increase of the herbage (56.34%) and hydro-distilled essential oil
yields (55.22%) when compared with the lowest level and no significant difference
when compared with the highest level. GC/MS analysis of the oil proved no change in
the essential oil composition due to irrigation. Drying oregano leaves in three different
conditions (air-drying, oven-drying at 30ºC and freeze-drying) proved air-drying to be
the most appropriate drying technique for oregano. Descriptive sensory analysis showed
that air-dried samples were characterized by a strong, warm, bitter, pungent and
astringent flavor as well as strong, pungent, and camphoraceous aroma with a grayish
green color, while freeze-dried samples had an undesired earthy/musty aroma and ovendried oregano leaves had a brown color. Finally, a cost-benefit analysis confirmed the
economic potential of Origanum syriacum in three of four different economic feasibility
scenarios: zaatar production, herbal tea and zaatar production, spice production and
essential oil production. Net Present Values ranged from (-677,406) to 562,301 USD
and Benefit Cost Ratios from 0.5341 to 5.1993 for a ten dunum five year life cycle
oregano production farm with the latter scenario having the highest economic
feasibility.
Keywords: Origanum syriacum, Lebanon, irrigation level, essential oil, drying, sensory
analysis, economic feasibility
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CHAPTER I
INTRODUCTION

With the human population increasing at local and global levels, mounting
pressures are being exerted on natural resources leading to the tragedy of the commons.
Overexploitation is the main feature of this concept whereby a “commoner” (user of
common resources) uses “commons” (shared resources) near its carrying capacity (the
maximum amount of use it can support). At that level, additional utilization would
degrade its value to its current users. Much controversy has developed over whether
commoners are caught in an inevitable cycle of overexploitation and destruction of
resources, or whether the sustainable use and management of natural resources are
possible. Hardin (1968) suggested that governmental intervention and laws could
become the major method of solving such overexploitation.
Plant biodiversity in Lebanon, source of income in rural areas, is threatened by
loss of habitat and overexploitation (Ministry of Environment 2004). The Lebanese
government reacted by issuing regulations to regulate wild harvesting of some traded
plants. Another proposed solution is the cultivation of those plants that are high
demand. Origanum syriacum is among the plant species with economic potential in
Lebanon figures. This species has also the potential of being a new crop alternative to
crops with low market value (wheat barley), those that are water demanding and highly
perishable (common vegetables such as tomatoes and potatoes), or even subsidized
crops with no economic feasibility (tombac and tobacco and sugar beet). Some effort
has been locally made on the domestication of oregano but some cultivation,
postharvest and economic features are still not addressed.
1

This study intends to answer a key production question related to the impact of
irrigation during the dry season, in addition to the post-harvest handling matter and its
effect on the quality of the end product and finally, it investigates the economic
potential of the species. This is specifically done through:
• Determining whether irrigation is beneficial or not for the production of
Origanum syriacum cultivated plants. This includes the effect of different irrigation
levels on the growth characters of the plant, on plant material production, on herbage
and essential oil yields as well as essential oil quality
• Determining at the postharvest level, the drying technique that provides an
oregano spice that conserves the organo-leptic quality in the best way
• Determining the costs and revenues of oregano cultivation in order to study
the economic feasibility of different oregano production scenarios and identify the
opportunities and challenges of each scenario

2

CHAPTER II
LITERATURE REVIEW

A. Sustainable Use of Biodiversity
Biological diversity in Lebanon is subjected to various human pressures that
are destroying natural habitats of living species and therefore threatening their
sustainability. Main human threats to species occur through urban and agricultural
expansion, over grazing, intentionally induced forest fires (prescribed fires), timber and
non-wood wild harvest (MoE 2004) (Médail and Quézel 1999). The latter category,
non-wood wild harvests, plays an economic role in developing countries and emerging
economies as it provides cash income to marginalized communities. This has led in
many instances to over-exploitation of wild species and has brought a number of
organizations to recommend that threatened species be brought into cultivation systems
(Schippmann et al. 2002 and references therein).

1. Wild Harvesting v/s Cultivation of Medicinal and Aromatic Plants
Wild harvesting is the harvesting of biological materials from wild sources.
The term "wild" when applied to plants or plant species refers to those that grow
spontaneously in self-maintaining populations in natural or semi-natural ecosystems and
can exist independently of direct human action. The term is contrasted with "cultivated"
or "domesticated" plants or plant species that have arisen through human action, such as
selection or breeding, and that depend on management for their continued existence.”
(Heywood 1999). Domestication is a long and complex process involving initial
biological and ecological studies, an investigation into propagation methods and a
3

selection procedure that may occur at any time during the process (Johnston and
Webber 1998). Many plants are found in various stages of domestication as a result of
human selection: completely wild, semi-domesticated through selection, fully
domesticated through selection and breeding, escaped from cultivation, and naturalized.
Although 5 000 higher plant species have been cultivated, only a few hundred species
have been fully domesticated and entered world trade (Heywood 1999).
Non-wood forest products (NWFPs), including medicinal and aromatic plants
(MAP), suffer from uncontrolled wild harvesting. This occurs primarily when
competition for extra income sets in without adherence to good harvesting practices
(GHPs) (Hüsnü and Ba er 2000).
Excessive harvesting from the wild may affect the physiology of individuals,
change demographic and genetic patterns of populations, and alter ecosystem-level
processes. For example, Origanum onites (Kitiki 1997), wild harvested in Turkey to be
exported to the USA, and O. vulgare in Albania (Xhuveli and Lipe 1997) are suffering
from genetic erosion. An example of the direct effect on the ecological level of the
harvested plant is the alteration of the plant's rate of survival, growth and reproduction.
The changes in these vital rates can affect, in turn, the structure and dynamics of
populations. For example, harvesting MAP leaves may alter the carbon content,
carbon:nitrogen ratios and chlorophyll content on the long run making the plant more
susceptible to herbivores, and decreasing photosynthetic capacity. Moreover, targeted
harvesting of MAP in forest lands may alter the forest structure, composition and
regeneration potentials (Moegenburg and Levey 2002). Finally, intensive collection
from the wild can induce total extinction of a species from certain areas, as was reported
for Origanum dictamus in Greece (Skoula and Kamenopoulos 1997).

4

As demand for MAP is increasing, the pressure of wild crafting is expected to
increase. Legal restrictions to control wild crafting may result in shrinkage of supply
and inflation of prices which would drive further wild crafting despite legal risks for the
collector (Husnu and Baser 2000). On the other hand, limiting wild harvesting bears the
risk of depriving certain communities and consequently the country of economic
benefits. Therefore, sustainable harvesting seems to be not only essential for
conservation of the plant species, but also for the livelihoods of many rural
communities. This can only take place through integrated development and
environmental protection policies, appropriate natural resource management practices,
and organized trade.
Since a consistent supply of MAP material in terms of quantity and quality
cannot be achieved through wild harvesting, the ideal situation would be to cultivate all
plants in demand. This would be the only safe way to insure market supply while
avoiding exploiting from the wild (Husnu and Baser 2000). Bernath (1997) reported that
cultivation of oregano became more and more popular because the content of chemical
compounds extracted from plants gathered in the wild was not homogeneous and the
supply of the material not consistent. A study in Greece showed that cultivated oregano
(Origanum vulgare) had higher prices in the spice market than wild oregano probably
due to the heterogeneity of the wild plant material and presence of other plants in the
harvest. In contrast, the value of another oregano species (Origanum dictamus) used in
the distillery industry, was higher for wild than cultivated plants although no scientific
results could identify qualitative differences between wild and cultivated material
(Skoula and Kamenopulos 1997). Cultivation contributes towards conservation of
species especially in cases when the wild population drain rate is higher than the natural

5

regeneration rate. On the other hand, cultivation is criticized to cause the loss of
incentives to conserve wild populations (Schippman et al. 2002). In addition, cultivation
might affect the genetic diversity of the flora and fauna in adjacent habitats when grown
plants are not indigenous to the region (WHO 2003). Also, some MAP are found
unsuitable for cultivation.

2. Social Impact of Medicinal and Aromatic Plants
MAP, wild harvested or cultivated, can be successfully utilized to “develop
sustainable livelihoods of dependent communities, and create socially acceptable
employment opportunities for women and other marginalized community members”
(Karki et al. 2003). For instance, exploitation of wild oregano (Origanum compactum)
in Morocco is considered to have a meaningful contribution to the welfare of local
communities (Bejilali 1997). MAP can be not only poverty reducing but also socially
and gender equitable. A study in South Asia showed that the MAP sub-sector has
immense commercial potential to benefit collectors and growers provided that national
and global markets can be tapped properly (Karki et al. 2005).
In terms of local income-earning opportunities, small-scale cultivation is said
to be preferable to large-scale production systems where local communities risk unfair
wages and unequal employment opportunities (WHO 2003). Also, it requires low
economic inputs and provides local markets (Schippmann et al. 2002).

3. Medicinal and Aromatic Plants in Lebanon
Wild harvesting and domestication/cultivation target plants with economic
potential whether it is for the personal use of the harvester or for resell in local or

6

international markets, fresh or processed. In arid and semi-arid lands, such plants have
been surveyed (Survey of Economic Plants for Arid and Semi-Arid Lands, SEPASAL)
and 195 of the 224 reviewed taxa are published by the Kew Gardens, England (Royal
Botanic Gardens 1999). Many of the plants listed occurr in Lebanon including oregano
species. A more recent survey targeting ethnopharmacologically important plants
showed that oregano was one of the most frequently recommended medicinal plants by
herbalists, naturopaths and other traditional practitioners in Moroccan and Canadian
socio-economic settings (Haddad et al. 2003).
Recently, a technical report evaluating the quality of wild harvested oregano,
sage and rosemary from Lebanon at Rutgers University, concluded that the oregano
sample tested was the most promising. It was evaluated as superior quality exceeding
international standards in terms of essential oil yield and total phenolics in the oil
(Juliani et al. 2003).

B. Uses of the Genus Origanum
1. Taxonomy and Distribution
The genus Origanum belongs to the family Labiatae (sub-family Nepetoideae),
tribe Mentheae. It was first described by Linneus in 1754 and the taxonomy was revised
by Ietswaart (1980) on the basis of morphological variation. This resulted in the
distinction of 10 sections consisting of 42 species or 49 taxa (species, subspecies and
varieties). Sections of the genus Origanum include Amaracus, Anatolicon,
Brevifilamentum, Longitibus, Chilocalyx, Majorana, Campanulaticalyx, Elongatispica,
Origanum, and Prolaticorolla.
Forty-six taxa out of 49 have a very local distribution within the
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Mediterranean. Three are restricted to Morocco and South Spain, two occur in Algeria
and Tunisia, three are endemic to Libya, nine are restricted to Greece, South Balkans
and Asia Minor, 21 are found in Turkey, Cyprus, Syria and Lebanon, and finally eight
are locally distributed in Israel, Jordan and Sinai Peninsula (Kokkini 1997).
In Lebanon, three species represent the genus Origanum: O. syriacum, O.
libanoticum and O. ehrengergii, the last two reported as endemic to the country (Post
and Dinsmore 1933; Mouterde 1983). Origanum syriacum is found as three different
varieties: O. syriacum var. syriacum present in Israel, Jordan and Syria, O. syriacum
var. bevanii present in Cyprus, Syria, Turkey and Lebanon and O. syriacum var.
sinaicum found in the Sinai Peninsula. Mouterde (1935) identified three hybrids of O.
syriacum. Those are: O. barbaræ = O. syriacum x O. ehrenbergii, O. symeonis = O.
syriacum x O. laevigatum and O. adonidis = O. syriacum x O. libanoticum.
O. syriacum is found in Southern Turkey, Mediterranean Syria, Jordan,
Palestine, Egypt, Cyprus and Lebanon. In Lebanon, it is ubiquitous on the coast and on
the Mediterranean side of Mount Lebanon where it is considered as one of the most
abundant plant species in the Lebanese flora. It is present but to a lesser extent in the
oriental mountains of Lebanon (Mouterde 1935).
The plant has a height of 0.5 to 1m, is shrubby at base with erect and stiff hairy
branches. Leaves are nearly sessile or petiolated, opposite, ovate to abovate-oblong,
obtuse, entire, nerved and thick. The limb is obovate to elliptic, 1 to 3 cm, generally
obtuse with entire margin, pubescent with well marked nerves. It is grayish in color.
Inflorescence forms in dense spikes that are oblong, at length cylindricoprismatic, in short-peduncled cymes, and paniculate. They are held with peduncles
ovate to cylindrical rarely longer than 1 cm. Bracts are woolly, 4-ranked, obovate, and
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as long as the calyx. The latter is 2 mm long, has a white corolla and is entire or
obsoletely retuse. Corolla is bilabiate, white, 5 mm long barely exserted. Style and
stamens are exserted (Post and Dinsmore 1933; Mouterde 1983). Flowering occurs from
May to October, June to December (Mouterde 1983), June to November (Viney 1994),
April to September (Noun 2003).
Reported habitat of O. syriacum in Lebanon extends from sea level to 2000 m
altitude, on all soils, calcareous or not, mainly rocky, terrace walls, etc. (Post and
Dinsmore 1933; Mouterde 1983). O. syriacum grows well on calcareous soil under
Quercus and Pinus (Noun 2003 and references therein) and is accompagnied by
Spartium junceum, Calycotome villosa, Stachys distans, Teucrium divaricatum, and
Poterium spinosum (Abi Saleh and Safi 1988).

2. Economic Importance of the Genus Origanum
Origanum genus comprises several species and sub-species known from
ancient times as aromatic, medicinal, culinary and ornamental (Ietswaart 1980).
Origanum plants are used all over the world as a spice, under the vernacular name
‘oregano’. They are of great economic importance, not only as spice but also for the
therapeutic values of its essential oil which was found to have antimicrobial, cytotoxic
and antioxidant properties (Kokkini 1997). Different species are thus grown for
different purposes: fresh market, dried leaves industry and essential oil production.
Sometimes, different harvests from the same field serve different purposes: spring and
fall cuts for dried leaves and summer cuts for essential oil (Putievsky 1997).
Confusion on the botanical identity has led to the designation of some species
as “oregano” even if they belong to other genera or even other families than the
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Labiatae. L.H. Bailey Hortorium of the Cornell University refers to oregano as the plant
species that comes from the Mediterranean area, and is Origanum vulgare” (Olivier
1997). On the other hand, Calpouzos (1954) argues that “the condiment name oregano
should be understood to refer, not to any species but to a particular spice flavor
furnished by plants of several genera in different parts of the world”. Families other
than the Labiatae family including species known colloquially as oregano are the
Compositae, Rubiaceae, Schrophulariaceae, Umbelliferae and Verbenaceae. Species
that have achieved economic importance are the Greek oregano or Origanum vulgare L.
subsp. viride (syn. O. hieraclroticum) (Kokkni 1997 and references therein) (Skoula and
Kamenopoulos 1997), Turkish oregano or Origanum onites L., Spanish oregano or
Thymus capitatus (syn. Coridothymus capitatus L.), and Mexican oregano or Lippia
graveolens (syn. Lippia citriodora) which belongs to the Verbenaceae family.
According to their oil composition and flavor profiles, chemiovarieties were defined as
marjoram, thyme and oregano types (Kokkini 1997 and references therein).

3. Oregano Spice
The world market for imported spices and culinary herbs is valued at over US$
2.3 billion (UNCTAD/WTO 2006). Main spice exporters include India (30% of exports
to the US), China, Indonesia, Malaysia, Mexico, Sri Lanka, Madagascar, Hungary,
Syria and Turkey (Furth and Cox 2002). In terms of quantity imported, the USA is the
major importer of spice products followed by Germany and Japan. In 2001, the
European Union was reported to have the largest imports in terms of value, worth 2.2
billion USD distributed as follows: 44% retail sales to consumers, 41% sales to the food
manufacturing sector and 15% to the catering sector (Peter 2001) as opposed to 176
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million USD import value for the US. Use of spices has increased in the late nineties,
due to renewed interest in ethnic food that largely uses spices: frozen dinners, sauces,
soups, snacks, fast food and regular restaurants (Olivier 1997). In addition to their
seasoning properties, the ability of spices to act as antioxidants in food has also
contributed to the increase in their use (Diaz-Maroto et al. 2003). There are around 40 to
50 spices of global economic and culinary importance (Heyes 2005). Eighty five
percent of traded spices are imported in whole form and then processed and packaged
by importing countries.
With respect to oregano spice, there are two main market designations,
Mediterranean and Mexican. The latter has a stronger flavor and larger and darker
leaves. Turkey seems to hold the largest share of the Mediterranean oregano market.
Moroccan and Israeli types of oregano are found to be in between the Mexican and the
Mediterranean and therefore have more limited industrial applications. The USA and
Western Europe are the main importers of oregano. Nevertheless, Japan and to a lesser
extent Far East countries are having increasing demands in oregano. Big firms buying
raw oregano and selling it processed or simply packaged include American well-known
household brand names such as McCormick & Co, Schilling, Spice Islands, French’s,
Durkee, Tone’s, Dixa, Migros, Coop, the first being the giant by far. Its worldwide
market share was increased significantly in 2000 through the acquisition of the French
company Ducros, the largest spice company in Europe (Furth and Cox 2002). In
Switzerland, first quality oregano is sold at the rate of 4-5 Swiss Francs / Kg (Rey
1997). Ludwig Muller Co. in New York is the leading American company selling
Mediterranean oregano (among others) in America (Olivier 1997).
A new niche market, the organic wild certification, is expected to increase. For

11

the year 2005, the International Trade Center recorded 2,216 hectares of organic
oregano (Origanum vulgare) harvested area with a tonnage of 13 t ranking 165 among
the 390 most harvested wild NTFPs (UNCTAD/WTO 2006).
Like oregano, the name ‘zaatar’ designates a universally employed condiment
in the Arab world. The following zaatar species are commonly known among Arab
population in the Holy Land: Satureja thymbra L.-zaatar rumi or frangi (Roman or
European hyssop), savory; Thymbra spicata L.- zaatar hommar or sahrawi (donkey or
desert hyssop); and Coridothymus capitatus L.- zaatar farsi (Persian hyssop), Spanish
oregano (Fleisher 1988). However, the zaatar par excellence used by the overwhelming
majority and the only zaatar without a name attached is Majorana syriaca (L.),
previously called Origanum maru L. (Fleisher 1988) and now synonym of O. syriacum
var syriacum (Akgül and Bayrak 1987). Fleisher (1988) could prove that the carvacrol
type of M. syriaca is the real za’atar and that carvacrol is the basis connecting oregano
and za’atar, carvacrol being an essential oil component responsible of the characteristic
pungent warm odor and flavor of oreganos (Dudai et al. 1988). Moreover, they found
that the Biblical hyssop is the carvacrol chemotype of M. syriaca.

4. Oregano Essential Oil
Primary markets for essential oils are the flavor and fragrance industries which
include drink companies (alcoholic and nonalcoholic flavorings), food companies
(processing and flavoring) and perfume and toiletries and household products
companies (household antiseptics) in addition to whole industries (paint, petroleum,
mining and manufacturing). Niche market opportunities exist for essential oils by
producing pharmaceutical products required in aromatherapy and phytotherapy,
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botanical pesticides and veterinary products.
Major producers of essential oils are mostly countries with low cost labor
economies such as Brazil, China., Egypt, India, Mexico, Guatemala and Indonesia.
Major consumers of all market classes of essential oil products are the U.S., Western
Europe and Japan; they account for approximately 78% of total world consumption
(40% for the US, 30% for Western Europe and 8% for Japan). In 2002, the forecasted
annual growth for these products was 3.5% to 4% for the following few years. In this
same year, the US imported 421 million dollars of essential oils (IIED and TRAFFIC,
2002). The forecasted increasing US demand for plant derived chemicals, essential oils
included, is presented in Fig. 1.
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Fig. 1. Plant-derived Chemicals Demand in the US.
Source: Stanford Research Institute (SRI). Potential export markets for Lebanese Herbs
and Spices. National Workshop. 9 October 2003. Beirut, Lebanon, 2003.
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The major component of commercial essential oils of oregano is carvacrol
(Taylor and Francis 2003). Worldbid International, a leading on-line business to
business import export marketplace, displays on its site offers to sell and buy oregano
oil. One common feature of the requested oregano oil is a cavacrol content of 65-70% at
least and a thymol content not exceeding 5% (Worldbid 2006). Thymol in higher
amounts is harmful for human consumption and is only approved for use as a pesticide
(fungicide) in sealed treatment cabinets (HSE 2006). It is listed by the International
Occupational Safety and Health Information Center among the Substances with Risk
and Safety Phrases (ILO 2006). Therefore, oregano essential oils with high thymol are
considered of an inferior grade.

Thymol

Carvacrol

Fig. 2. Thymol and carvacrol molecular structures (Wikepedia, 2006) (Permission
granted to copy, distribute and/or modify under the terms of the GNU Free
Documentation License).

Sample of GC/MS profile of marketable oregano essential oil is represented in
Table 1 (Origanum Oil 2006).
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Table 1. Certificate GC/MS analysis for marketable oregano essential oil
Compound

Percentage

Carvacrol
Cymene
Terpinene
Terpinol
Caryophillene
Pinene
Myrcene
Thymol
Linalool

75.6
3.1
3.3
2.4
1.4
1.2
1.1
0.8
0.3

Four oregano sources are considered essential oil-rich with a carvacrol type.
Those are Origanum vulgare subsp. hirtum (as opposed to subspecies viridulum and
vulgare that were found relatively carvacrol poor by Kokkini et al. (1991), Origanum
onites L., with a profile very comparable to that of Origanum vulgare subsp. hirtum
(Skoula 1996), Coridothymus capitatus (L.) and Satureja thymbra L. (Kokkini and
Vokou 1989). In 2003, one liter of organic oregano essential oil had a reported retail
price of 240 USD as compared to prices of 130, 176 and 224 for sage, bay and basil,
respectively (SRI, 2003). Today, oregano essential oil in 0.45 oz containers sells at 30
USD (Mothernature 2006).
The essential oil of oregano is produced by distillation of the leaves and
flowers of the plant. It contains four main groups of chemicals: phenols such as
carvacrol and thymol, terpenes such as pinene and terpinene, alcohols such as linalool
and borneol and esters such as linalyl acetate and geranyl acetate. However, the
components that define to which group belongs the oil are mainly carvacrol and thymol
(fig. 2). According to Russo et al. (1998) (Jercovic et al. 2001), there are two main
chemotypes of oregano (either the thymol or the carvacrol chemotype) but there are also
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two intermediary chemotypes (thymol/carvacrol and carvacrol/thymol). Pasquier (1997)
defined five oregano groups depending on the oils chemical compositions: (1) thymol
rich (>55%) and poor in carvacrol (<6%); (2) carvacrol rich (>50%) and poor in thymol
(<2.5%); (3) balanced presence of thymol and carvacrol (30-45%); (4) -terpinene rich
(>45%), very poor in thymol (<1%) and poor in carvacrol (13-15%); (5) carvacrol rich
(45-60%) and very poor in thymol (14-22%).

5. Economic Potentials of Origanum syriacum
Oregano is one of the major NWFPs in Lebanon whose overexploitation led
the Ministry of Agriculture to issue regulations and decisions to control wild collection.
Decision 92/1 (27/2/1996) prohibited the export of oregano/thyme "zaatar", myrtle
"hembless", and chamomile "babounij". Decision 340/1 (1/8/1996) came in the same
year to permit the export of thyme and sage "mariamieh" all year-round and restricted
their harvest season to the period from 1 August to December 31. Moreover, the
Decision required the express permission from the Ministry of Agriculture for the
harvesting of sage, and called on forests guards to monitor harvesting periods and
practices (as an example, thyme and sage should not be harvested with their roots)
(UNDP 2006).
Besides the traditional aromatic (culinary) and human medicinal use of O.
syriacum many other potential uses have been published for this species.
The petrolium ether (PE) extract of Origanum syriacum showed the highest
and widest range of antimycotic activity against eight phytopathogenic fungi when
compared with PE extract of eight other Lebanese wild plant species. Its ability to
completely inhibit mycelial growth in some fungi and a nearly completely inhibit spore
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germination in other fungi proves the possibility to use Origanum syriacum extract to
control plant diseases (Abou-Jawdah et al. 2002). Its essential oil exhibited a strong
antifungal activity against Aspergillus niger, Fusarium oxysporum and Penicillium
species (Daouk et al. 1995).
Essential oil of Origanum syriacum was also shown to have interesting
fumigant ovicidal activity against eggs of two stored-product insects, the confused flour
beetle (Tribolium confusum) and the Mediterranean flour moth (Ephestia kuehniella):
the oil caused 77 and 89% mortality of the two insects, respectively (Tunc et al. 2000).
Another insecticidal property of the oil of Origanum syriacum, was proved against the
domestic mosquito Culex pipiens molestus. Thymol, carvacrol, and pinene were found
the most toxic to the larvae (Traboulsi et al. 2002).
The oil of Origanum syriacum var bevanii Iestwaart insured a 99% mortality
of two greenhouse pests, the carmine spider mite (Tetranychus cinnabarinus) and the
cotton aphid (Aphis gossypii) (Tunç and ahinkaya 1998).
Nematicidal activities have also been reported whereby Origanum syriacum
induced a high mortality in root-knot nematodes. Carvacrol and thymol were the most
effective oil components against Meloidogyne incognita (Oka et al. 2000).
The allelochemical property of Origanum syriacum essential oil confers to it
the potential use as a bioherbicide: when applied at 20-80ppm, it strongly inhibited
germination of several species including wild wheat and, when mixed with the top 0.5
cm of the soil, it inhibited germination of wild wheat and Amaranthus seeds (Dudai et
al. 1999). Finally, the essential oil of O. syriacum subsp hirtum was found to have a
repellent effect on snails (Vokou et al. 1998).
In addition to its pesticidal properties, Origanum syriacum was also found to
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have antioxidant properties. Its water soluble extract was the most effective chelator of
iron (II) when compared with water extracts of black thyme (Thymbra spicata L.),
savory (Satureja cuneifolia Ten.), Spanish oregano (Coridothymus capitatus L.), sweet
marjoram (Majorana hortensis), Toka oregano (Origanum minutiflorum) and Turkish
oregano (Origanum onites L.) (Dorman et al. 2004). The antioxidant activity of the oil
was found slightly lower than those of ascorbic acid or BHT (butylated hydroxytoluene)
(Alma et al. 2003). Other recent studies confirmed that essential oil and extracts from
Origanum syriacum var. bevanii have the potential to be used as natural preservatives in
the food industry (Tepe et al. 2004).

C. Cultivation, Postharvest Handling and Processing of Oregano
1. Cultivation
The biological lifetime of domestic oregano cultivations can last for several
decades (Chiapporo 1997). However, the economic lifespan, calculated as the period
from start of crop production till the time where variable costs become equal to gross
income, is much shorter (Kitiki 1997). Many factors affect the oregano lifespan: winter
frost, disease, number of cuts, cutting technique, etc. Under favorable conditions, the
economic crop lifespan was 3 to 4 years in Italy (Marzi 1997) and 5 to 6 years in
Hungary (Bernath 1997). In Turkey, O. onites had an establishment period of one year
during which gross expenditures and gross income were equivalent (Kitiki 1997).

a. Propagation and Plantation
Like most perennial crops, oregano can be propagated either sexually or
asexually. Sexual propagation of oregano could be done by producing seedlings from
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seeds (De Mastro 1997). Planting would be done in October by seeding with inter-row
distances of 25 cm in April with a 5-10 mm depth to be followed by transplanting to the
field in May at a 10-12 cm height stage with a spacing of 50-60 cm between rows and
20-25 cm within rows (Bernath 1997; Marzi 1997).
Asexual propagation could be done through stem cuttings in January
(Chiapparo 1997) or by splitting of the clump (Pasquier 1997). In the case of stem
cutting, 1000 ppm of IBA (indole butyric acid) was found to increase the number of
cuttings produced and the weight of the rooting system (Kitiki 1997).
Plantations of oregano plants in different studies had different density patterns:
50 cm (between rows) x 40 cm (within the row) (De Mastro and Marzi 1997); 100 cm
(between rows) x 50 cm (within the row) (Leto and Salamone 1997); 115 cm (between
rows) x 50cm (within the row), distance between the rows to become 50-60 at field
maturity.
The distance of 45 cm between rows was found to be the most adequate for
mechanization (Kitiki 1997).

b. Soil, Irrigation, Fertilization and Pest Management
Origanum syriacum grows on all soils. O. vulgare grows on limestone, brown
and rendzinas soils in central Europe (Baricevic 1997) and is cultivated on light, dry and
well-drained alkaline soils in South Eastern Europe (Bernath 1997).
Irrigation is necessary at the time of planting and during the dry period (JuneSeptember) in order to ensure a vegetative regrowth after the summer harvest (Marzi
1997). The favourable effects of irrigation during dry months in enhancing herb and
essential oil yields of various mint species and aromatic grasses have been reported in
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the literature (Ram et al. 2006 and references therein). However, increased yields due to
higher irrigation regimes are sometimes coupled with decreased quality of agricultural
produce either through the dilution effect of the main aromatic component of the
produce or through shortening the postharvest life of it (Yuan et al. 2003). In the case of
aromatics in particular, higher moisture regimes are suspected to cause a dilution of oil
concentration in the leaves which would lessen the increase in essential oil yield (Ram
et al. 2006 and references therein). Also, the quality of the essential oil might be
reduced as the oil content of certain constituents might be reduced (Singh et al. 2002).
As for fertilization, reported applications on oregano plantations include P2O5
and K2O at a 100 Kg/ha rate for each (Leto and Salamone 1997).
Finally, weed control is necessary in Origanum fields especially against the
Avena species; tilling takes place in autumn, spring and summer. Selective herbicides,
although not advisable on MAPs, have been used in Origanum fields, namely
phenmedipham (1 kg/ha) and alloxydim-sodium (0.7 kg/ha).

c. Plant Growth, Harvesting and Yield
Number of branches calculated on 62 biotypes in Italy varied between 87 and
595 branches per plant and plant height varied between 37 and 52 cm. The two
parameters were positively correlated between each other (Leto and Salamone 1997).
Best harvesting time of Origanum differs depending on whether the essential
oil or the herb is sought. In general, the plant is harvested at full blooming when the
essential oil is sought and at the beginning of blooming for herb production. Still,
indices for the most adequate harvesting time slightly differ among authors: Kitiki
(1997) recommends harvesting of O. onites for essential oil production to be done when
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half of the plants have started flowering whereas Xhuveli and Lippe (1997) advise
harvesting to be done when the upper half of the branches are half flowered.
Herbage yield differs mainly depending on the density used and the number of
harvests per year. A Sicilian firm, ‘Bioagricola A. Bosco’, published a fresh yield of
10.2 t/ha with a density of 17,000 plants per hectare and two cuts per year (Chiapporo
1997). In another study in the same region, the evolution of the yield over time was
monitored. For a density of 20,000 plants per hectare and again two harvests per year,
the dry yield increased from 2t/ha the first year to 8.5 t/ha the second year then
decreased to 5.8 t/ha in the third year (Leto and Salamone 1997). In Slovania, the dry
yield reached 9.6 t/ha in the third year for a plant density of 63500 plants/ha and two
cuts per year (Baricevic 1997). A study in Israel could reach three harvests per year in
the case of O. vulgare L. and O. syriacum L (Putievsky et al. 1997).
As to essential oil yield, it ranged from 42.8 to 60.7 ml/Kg of dry matter (DM)
in inflorescence and from 24.2 to 48.7 ml/Kg of DM in leaves. In Albania, O.
heracleoticum and O. vulgare contained 0.7-1.1% of essential oil (Xhuveli and Lipe,
1997).

2. Postharvest Handling of Oregano: Drying for Spice Production
After harvest, oregano plants are dried in the shade or by artificial means
without exceeding 40ºC in order to preserve the color and the fragrances of the herb
(Bernath 1997). High temperatures during drying were found to significantly alter oil
content (Marzi 1997). Both dried leaves and inflorescences are used as herbal tea in the
Mediterranean (Kitiki 1997 and references therein) or as a culinary mixture in the
Middle East (with sesame seeds and sumac) (Mountain Valley Growers 2006).
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However, oregano is predominantly used as a spice made of ground dried leaves or as
an essential oil worldwide.

a. Oregano Spice
The definitions of spice and culinary herbs are not unanimous. The
International Standards Organization (ISO) defines spices and condiments as
“Vegetable products or mixtures thereof, free from extraneous matter, used for
flavoring, seasoning and imparting aroma in foods” (ISO 1985). Rosengarten uses the
term ‘spice’ to cover the use of spices, herbs and certain aromatic vegetables. Also, the
U.S. Food and Drug Administration does not differentiate between culinary herbs and
spices; all are grouped together as ‘spice’ (Prakash 1990). However, a distinction could
be made between herbs and spices. Herbs may be defined as the dried leaves of
aromatic plants commonly separated from stems and leaf stalks whereas spices could be
defined as the dried parts of aromatic plants with the exception of the leaves (Peter
2001). Others add to this definition that herbs can also be fresh whereas spices cannot
(SRI 2003).

b. Classification of Oregano Spice
There are nearly 200 plants officially listed as herbs and leafy spices. Of these,
only 20 to 30, oregano among them, are considered commercially useful culinary herbs
and spices (Prakash 1990). The ISO document number 676 lists 109 herb and spice
plant species (Origanum vulgare, among them) useful as ingredients in food as well as
their parts used to prepare the spice (Herbs and Spices 2006). Classification of spices is
either taxonomic or based on the degree of taste: hot, mild, aromatic spices herbs and
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aromatic vegetables. Herbs and spices are also classified according to their major flavor
compound (the major chemical aromatic constituent of the essential oil), the part of the
plant from which the commercial product is produced and also the medicinal property
of the spice. Based on some of these classification criteria, oregano spice falls in the
Labiatae family spices (although spices of other families are sometimes called oregano
as well); it is a carvacrol-thymol spice and is considered an herb of which leaves and
flowers constitute the commercial product (Peter 2001).

c. Drying of Oregano for Spice Production
The term drying refers to the removal of moisture from a substance. Herbs and
spices have been historically traded as dried products for preservation reasons. Sun
drying was the most widely used. With advance of preservation methods, some herbs
and spices are traded frozen or fresh but the industry remains dominated by the trade of
dried products. Drying is considered to be the most common but also the most energyconsuming among food preservation processes.

i. Purposes of Drying Oregano
Oregano, like any other food commodity is dried in order to avoid deterioration
or spoilage by inhibiting microorganism growth and preventing certain biochemical
changes. Drying also reduces the cost or difficulty of packaging, handling, storing, and
transporting the material, thus reducing its weight and also usually but not necessarily
its volume (Van Arsdel 1964). The moisture content of the plant material should be kept
as low as possible in order to reduce damage from mould and other microbial
infestation. Some MAP can contain up to 75-80% water and water levels in the part
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used need to be lowered to less than 15% or even 9% (Diaz-Maroto et al. 2002). Kitiki
(Padulosi 1997) mentions that moisture content of O. onites required in Turkey is 7% as
a minimum and 12 % as a maximum.

ii. Drawbacks of Drying Oregano
Considerable changes in the physical and chemical structures of oregano spice
are induced by drying thus affecting its quality. Physical changes include reduction in
volume, loss of porosity, viscosity, color, structural integrity, etc. (Ratti et al. 2001).
Chemical changes include mainly loss of volatile aromatic compounds and loss of
essential oil, deterioration of pigments or the formation of new volatiles as a result of
oxidation reactions, esterification reactions, etc. For this reason, choice of the drying
technique is a key point.

d. Different Drying Techniques for Oregano
MAP in general can be dried in a number of ways: in the open air (shaded from
direct sunlight); placed in thin layers on drying frames, wire-screened rooms or
buildings; by direct sunlight, in drying ovens/rooms and solar dryers; by indirect fire;
baking; lyophilization; microwave; or infrared devices. The method and temperature
used for drying may have a considerable effect of the resulting plant materials. Shade
drying is preferred to maintain or minimize loss of color of leaves and flowers. Lower
temperatures should be employed to preserve volatile substances.
In case of natural drying in the open air, MAP materials are spread out in thin
layers in drying frames and stirred or turned frequently. In order to secure adequate air
circulation, the drying frames should be located at a sufficient height above the ground.
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Uniform drying avoids mould formation.
Drying directly on bare ground should be avoided. Insects, rodents, birds and
other pests, and livestock and domestic animals should be kept away form drying sites.
For indoor drying, the duration of drying, drying temperature, humidity and
other conditions should be determined on the basis of the plant part concerned (root,
leaf, stem, bark, flower, etc.) and any sought volatile natural constituents, such as
essential oils.

i. Air-Drying
Air-drying is an ancient process used to preserve foods in which the solid to be
dried is exposed to a continuously flowing hot stream of air (30-60°C) where moisture
evaporates. It offers dehydrated products that can have an extended life of a year but,
unfortunately, the quality is drastically reduced as compared to the original food product
(Ratti 2001). Also, it does not offer control over drying conditions (Diaz-Maroto et al.
2003).
Air drying of aromatic herbs, including oregano, is an effective method that
inhibits the growth of microorganisms and delays the onset of some biochemical
reactions in the final product (Yousif et al. 2000). The shape of the leaves is affected by
air-drying. Oregano leaves that were air dried showed significant changes in their
botanical structures such as the severe shrinkage of the cuticle and its associated
structures and the underlying epidermal layers. Cells of the palisade and mesophyll
were collapsed; this induced the shrinkage of the leaves (Yousif et al. 2000). Color is
also affected by air-drying through enzymatic activity of polyphenol oxidase favored by
the combination of heat and atmospheric oxygen resulting in the browning effect known
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to appear in air-dried food materials (Yousif et al. 2000). Di Cesare et al. (2004) found
that air-drying at room temperature preserved the highest chlorophyll content in oregano
leaves when compared to drying at 35 and 50 ºC. The aroma and flavor of the plant
product get also affected through reductions in the total quantities of essential oils. In
the case of air-dried oregano, such reduction amounted to 6-17% (Diaz-Maroto et al.
2002). Finally, the composition of the oil could also change in the dried plant product
through a decrease in monoterpene hydrocarbons (Jerkovi et al. 2001).

ii. Convection Oven Drying
A convection oven is an oven having a fan that shortens drying time by
circulating hot air uniformly around the product to be dried. Drying in a convection
oven gives the advantage of controlling drying temperature and evacuating humidity.
Losses in volatiles vary with drying temperature and drying time employed
(Venskutonis 1997). In some cases, this drying technique induced increases in the
quantities of certain compounds originally present (Diaz-Maroto et al. 2002 and
references therein) or the formation of new compounds as a consequence of oxidation
reactions, hydrolysis of glycosylated forms, or the release of substances due to the
rupture of cell walls (Diaz-Maroto et al. 2002 and references therein). Temperatures as
high as 60 ºC made thyme leaves undergo significant changes in their oil gland
trichomes botanical structure whereas sage leaves were more resistant (Venskutonis
1997). The highest contents of thymol and carvacrol were found in non-blanched
oregano dried at 35ºC followed by blanched oregano dried at room temperature.
Blanching and drying interactively affected thymol and carvacrol contents and therefore
the components contents could not be related exclusively to the drying method (Di
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Cesare et al. 2004). Oven-drying spearmint at 45ºC was preferred to air-and freezedrying for being fast, simple, inexpensive and for offering control over drying
conditions without altering the chemical composition (Diaz-Maroto et al. 2003). Finally,
oregano drying temperature in Sicilian production firms does not exceed 29ºC
(Chiapporo 1997).

iii. Freeze-Drying
Freeze-drying is a method that avoids the damage caused by the transformation
of water from the liquid to the gas status thus producing a product with superior
physical and chemical properties. It is based on the dehydration by sublimation of a
frozen product. The process consists in four main operations: freezing, vacuum,
sublimation and condensation. Due to the absence of liquid water and the low
temperatures required for the process, most of deterioration and microbiological
reactions are stopped, which gives a final product of excellent quality. The solid state of
water during freeze-drying protects the primary structure and the shape of the product
with minimal reduction in volume (Ratti 2001). Freeze-drying operates at low
temperatures insuring the preservation of temperature sensitive active components.
Freeze-dried spices have been reported to retain features that are closer to the
characteristic appearance and aroma of the fresh plant (Pääkkönen et al. 1985; DiazMaroto et al. 2002 and references therein).
In the case of oregano, freeze-drying preserved better the quality (in terms of
color, rehydration, and structure) of oregano leaves than air-drying and vacuummicrowave could produce a plant material with similar qualities to that of freeze-drying
in a more rapid process (Yousif et al. 2000).
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Freeze-dried basil retained to larger extents the characteristic volatile
compounds when compared with microwave-drying and air-drying at 50ºC (Di Cesare
et al. 2003). Tambunan et al. (2001) confirmed that the quality of freeze-dried products
was higher than when oven-dried at 35-40ºC and slightly inferior to the raw material.
Pääkkönen et al. (1985) failed to find significant differences in aroma and flavor
intensities of air-and freeze dried dill. In other cases, freeze-drying produced greater
losses in the volatiles contributing to bay leaf aroma than air-drying and oven-drying at
45ºC (Diaz-Maroto et al. 2002). In the case of spearmint, freeze-drying caused
expansion of the surface layer of cells, causing volatiles, mainly sesquiterpenes, to be
lost. Diaz-Maroto et al. (2002) and other authors such as Diaz-Maroto et al. (2003)
concluded that the results of freeze-drying do not justify its high cost.

iv. Other Techniques
Microwave-drying operates like oven-drying except that water is evaporated by
through transfer of energy from the microwaves to water molecules instead of heating
the air around the product. Low temperature and absence of air inhibit oxidation and
therefore preserve structure, color, and sensory qualities of products in the best way
(Yousif et al. 2000). In the case of rosemary, it preserved the green color but caused
greater losses in volatile compounds when compared with the oven-dried plant
(Jaganmohan et al. 1998 cited by Diaz-Maroto et al. 2003). Di Cesare et al. (2003)
confirmed this green color preservation by detecting a higher chlorophyll pigments
retention in microwave-dried basil (for 1 min at 270W, 2 min at 440W, 1 min at 650 W,
and 1 min at 1100W) when compared with plants air-dried at 50 ºC and others freezedried. Microwave-drying of herbal drugs (leave, flower, herb and root drugs) showed a
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significant better color (Kartnig et al. 1994) and lower remaining moisture (Kartnig et
al. 1995) than air-drying.
Unlike the previous drying processes where energy is supplied at a constant
rate, newly developed intermittent drying processes are variants of these processes
where heat input is time-varying in a way to match the drying kinetics of the material
being dried, which makes them more thermal efficient. This technology applies for
materials that dry in the falling rate period where internal diffusion of heat and moisture
dictates the overall drying rate. It allows a tempering period (where little or no heat is
supplied) during which the moisture and heat diffuse within the material. This period is
followed by a higher rate of drying that comes along with the increase of moisture
content at the surface of the biomaterial being dried. This technology, still at the
research stage, besides being more thermal efficient, is supposed to improve quality of
dried bioproducts (Chua et al. 2003).

e. Quality Specifications: International Standards
As herbs and spices have always been vulnerable to adulteration, international
quality specifications were established for them. These same specifications are used to
evaluate the quality of a dried herb.
Since the US and the EU are the main importers of herbs and spices, major
international set of standards follow theirs. Main test types that make up the range of
these standards are: cleanliness, ash level, acid insoluble ash (AIA) or sand content,
volatile oil determination, moisture content, water availability, microbiology, pesticide
levels, mycotoxin levels, bulk density/bulk index and mesh/particle size. Testing
procedures are established by the International Standards Organization (ISO).
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The American Spice Trade Association (ASTA) standards are recognized and
endorsed by the United States Food & Drug Administration (USFDA) and are broadly
comparable to those set by the European Spice Association (ESA). This latter draws
both on national standards as those of AFNOR (Association Française de la
Normalisation) and BSI (British Standards Institute) and international standards issued
by ISO (International Standards Organization). As an example, ISO 7925 for dried
oregano limits the total percentage of extraneous matter to 1%, the moisture content to
12%, total ash on dry basis to 10%, acid-insoluble ash to 2% and sets a minimum of
volatile oil content of 1.8% (ml/100g) (ISO 1999).
Quality assurance (QA) systems for raw spice materials are planned and
documented using Hazard Analysis and Critical Point (HACCP) principles (Peter,
2001).

f. Quality Specifications: Descriptive Sensory Analysis
Recent research pointed out new laboratory techniques for the measurement of
the organo-leptic quality of spices (quality perceived by human senses). However, these
attempts remain incapable of replacing the consumer’s senses. The scientific basis of
smell and taste is still not understood as compared to that of sight and hearing. The true
tastes detected physiologically are very few: sourness, sweetness, saltiness, bitterness,
astringency and pungency. An area of ‘sensory biophysics’ that would integrate
concepts and notions of chemistry, physics, mathematics, botany, and physiology is still
needed to understand those tastes and quantify the data especially as related to spices
and herbs (Prakash 1990). Descriptive sensory analysis is defined by the Sensory
Analysis Center (2006) as “a set of comprehensive and informative tools used to
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provide complete sensory descriptions of products, determine how ingredient or process
changes affect product characteristics, and identify key sensory attributes that promote
product acceptance”. Aroma and color are specifically important quality factors in herbs
consumer acceptability.
Sensory analysis is used in research as a reference to other analysis methods:
the one yielding results directly correlated with those of the sensory analysis would be
the most reliable (Aishima 1982).
Recent research emphasized the important contribution of descriptive sensory
evaluation (Drake et al. 2001 and references therein), that requires the development of a
list of key attributes for color, aroma and flavor. Different research groups use different
descriptive vocabulary making universal interpretation impossible. Especially when
ethnic food is concerned, development of a local lexicon is mandatory. Nevertheless,
some international bodies have set descriptors for some food products. Concerning
oregano, ISO, AFNOR and BSI mention color, aroma and flavor attributes for ground
dried oregano leaves. ISO and AFNOR standards for dried ground oregano use the
following descriptors: light grayish green and olive green for the color, strong and
aromatic for the aroma and aromatic, fragrant, warm, pungent, bitter and musty for the
flavor (ISO 1985).
In a previous study of aroma and flavor profiles for Mexican, Turkish and
Israeli oregano attributes used to describe oregano spice were: hay, mint, medicinal and
earthy/musty for the aroma and hay, mint, musty, bitter, and green for the flavor
(Olivier 1997).
Commercial companies use the following descriptors: light to dark green for
the color, aromatic, bitter and camphoraceous for the aroma and pungent, astringent,
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earthy/musty, green, hay and minty for the flavor (McCornick 2006).
Quality evaluation through sensory analysis of color, aroma and flavor
involves the use of trained sensory panelists. Those panelists would be trained on a
selected set of descriptive terms. Use of those terms improves assessor’s performance
in aroma and flavor assessment. In addition, inclusion of reference sensory standards in
the training process of sensory attributes prior to the evaluation allows good
discrimination of aromas and flavors (Lillo et al. 2004).
No sensory differences could be noted between freeze-dried and air-dried
samples of dill (Pääkkönen et al.1985), but in the case of spearmint, some assessors
were able to detect a stronger spicy aroma in the freeze-dried samples than in the airdried ones (Diaz-Maroto et al. 2003).
Novak et al. (2003) compared human sensory analysis, GC analysis and a new
instrumental sensory evaluation method in a parallel quality investigation of oregano
spice. The instrumental and human sensory analysis could distinguish well varieties of
O. majorana on the basis of their complex aroma, thing that the GC could not do.

3. Postharvest Handling of Oregano: Essential Oil Extraction
a. Essential Oils
Essential oils, also called volatile oils, ethereal oils or essences, are the odorous
oily components of aromatic plants, trees and grasses. Nature of essential oils and
extraction processes are detailed in Appendix I.
Putievsky (1994) grouped the factors that affect yield and composition of
essential oils in the following sections:
• Genetics: origin, variation, hybridization
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• Morphogenesis: leaf position and age, harvest, flowering
• Environment: temperature, day length and light
• Agricultural practices: nutrition, irrigation, plant growth regulators,
micropropagation, harvesting and distillation.
Table 2 displays the list of factors influencing yield and composition of
essential oils. A compiled literature on the effect of each factor on specific MAP species
is presented in Appendix II.

Table 2. Factors influencing yield and composition of essential oils.
Genetics
Morphogenesis:

Environment:

Agricultural
practices

Factor
Provenance: origin/site
Variation (genetic diversity)
Hybridization
leaf position and age
Harvest date
Flowering
Organ
Temperature
Day length
Light level
Light intensity
Season
Altitude
Cultivation vs Wild
Nutrition
Planting density
Irrigation
Strip intercropping
Plant growth regulators
Micropropagation
Harvest date
Distillation
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b. Chemistry of Oregano Essential Oil
Mostly all Origanum species have a high content of essential oil rich in
phenolic compounds such as carvacrol and thymol. This trait characterizes oregano taxa
as either carvacrol types or thymol types referring to a higher carvacrol or thymol
composition in the oil (Leto and Salamone 1997) as confirmed by GC/MS analysis
(Appendix III). Regardless of the origin of the plant material, oregano species have both
carvacrol-rich and carvacrol free chemotypes (carvacrol content is less than 3%)
(Bernath 1997). Other major essential oil compounds are p-cymene and -terpinene who
are the biogenetic precursors (via enzymatic hydroxylation) of the two phenolic
terpenes, which are thymol and carvacrol respectively. Those four components having
the same carbonic structure, an inter-conversion depending on the ripening stage was
referred to in the same study (Leto and Salamone, and references therein).
When comparing the chemical composition of different Origanum accessions,
De Mastro (1997) found that O. vulgare subsp. glandulosum had carvacrol as its
predominant component (79-83%) whereas O. vulgare subsp. gracile happened to be a
thymol type oregano with 79% thymol content in its oil. Furthermore, some accessions
had low thymol (4%), low carvacrol (<6%) but high linalool contents (23-70%) and
others had terpineol as their major component (26-68%). Terpinen-4-ol was also a
major component in few accessions.
A Sicilian study on Origanum vulgare subsp. hirtum showed that essential oil
was higher in the inflorescences than in the leaves and that leaves had more carvarol
and thymol precursors than carvacrol and thymol isomers. The oil was a thymol-type
(Leto and Salamone 1997).
The chemical composition of Origanum syriacum L. grown in Turkey was
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49.02% monoterpenes, 36.60% oxygenated monoterpenes and 12.59% sesquiterpenes.
The major components were -terpinene, carvacrol, p-cymene and -caryophyllene
(Alma et al. 2003). In the case of hydrodistilled essential oil from Origanum syriacum
var. sinaicum cultivated in Egypt, thymol (24-29%), cis-sabinene hydrate (18-20%), terpinene (13-15%), p-cymene (5-8%) and terpinen-4-ol (4-8%) were characterized as
the main constituents (Baser et al. 2003).
Origanum syriacum var. bevanii, the variety the Lebanese oregano is identified
as, is reported to have mainly carvacrol, thymol and -terpinene in its oil (Baser et al.
1993; Tumen and Baser 1993). A more recent study confirmed carvacrol being the
main component of Origanum syriacum var. bevanii oil (Tepe et al. 2004). The volatile
oil of Origanum syriacum from Lebanon analyzed by gas-liquid chromatography was
characterized by equal proportions (30%) of thymol and carvacrol at the pre-flowering
stage. After flowering and maturation, the percentage of carvacrol increased to 62% and
thymol decreased to 14% (Daouk et al. 1995).
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CHAPTER III
MATERIALS AND METHODS

A. Experimental Plot
Field experiments were carried out at the Agricultural Research and Education
Center (AREC) of the American University of Beirut (AUB) located at 36.0ºN and
33.5ºE and 950 meters above sea level, representing a dry continental climate with hot
summers and cold winters.

B. Plant Material
Rooted cuttings were planted in June 2003 with a spacing of 100 cm between
rows and 40 cm between plants and a final density of 2500 plants / dunum. These
cuttings were taken from Origanum syriacum mother plants collected by division from
the wild (from Deir al Kamar, Chouf, Mount Lebanon) and treated with rooting
hormone (NAA, naphtalenacetic acid at 250 ppm).

C. Irrigation Schemes Experiment
The irrigation system consisted of drip laterals laying along plant rows with
inline emitters discharging at a rate of 4 liters per hour and spaced at 40 cm intervals.
The system was operated at 1 bar through a control unit which consisted of a pump, and
mesh filters, control valves, and pressure gauges. Each year, irrigation started on April
1st and ended on October 15 thus covering a dry period of 28 weeks. Watering schemes
consisted of irrigating three one dunum plots each at a defined frequency.
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During the first growing season irrigation frequency consisted of one, two, or
three irrigations per week delivering each time four liters per plant for four hours (16
liters). During the second and third growing seasons, the amount of water applied
remained the same but at different frequencies namely once a week, once every two
weeks, and once every three weeks.
The discharge rate (4 liter/hour), irrigation time (4 hours) and irrigation
frequency (once a week, once in two weeks and once in three weeks) were selected to
reflect local agricultural practices of Beqaa farmers.

D. Data Collection on Agronomic Characteristics
Before the onset on the treatments twenty plants were randomly selected and
marked from each irrigation scheme plot for future data collection. At each sampling,
data was taken on the selected plants. Cuts were made at 10 cm above the ground (fig.
4). Plant sampling occurred in October 2003, June 2004, October 2004, and June 2005.
Data was taken on plant height which was determined by measuring the tallest portion
of the haulm (Yuan et al. 2003) on each plant, number of branches (starting 10 cm
height), fresh and air-dry weight of leaves and stalks, and fresh and dry weight of
inflorescence. For dry weight measurement, plant parts were air-dried at 25ºC and
45%RH for one week on a laboratory bench (Dunford and Vazquez 2005). For June
2004, October 2004, and June 2005, data also included dry matter content. For this
purpose five samples of each plot were oven-dried at 65ºC for 96 hours and then
weighed for the calculation of dry matter content (AOAC 1990).
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Fig. 3. Oregano plantation: regeneration of plants after harvest.

E. Extraction of Essential Oils
The operating conditions were: 50 g of air-dried plant material per sample;
1:20 plant material/water ratio; 3 hour hydro-distillation (D’Antuonio et al. 2000; Ram
et al., 2006). The distillation unit used is a modified Clevenger type apparatus (Jerkovic
et al. 2001) (Appendix VI). Oil was separated from condensate using a separatory
funnel, measured in a measuring cylinder, then stored at 4ºC in tightly closed glass vials
wrapped with aluminum foil to avoid contact with light and oxygen (Guenther, 1949)
(fig. 4). The oil percentage was expressed as volume of essential oil per air-dry weight
of oregano plant material (v/w).
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Fig. 4. Tightly closed essential oil glass vials wrapped with aluminum foil.

F. Analysis of Essential Oil
Oil samples were analyzed by GC-MS technique. The identification of the
components was based on the comparison of their mass spectra with those of Wiley 275
and NBS75 libraries. The mass spectrometer employed was a Hewlett Packard 7972
series mass selective detector in the electron impact ionization mode (70 eV). GC-MS
analysis was performed using a Hewlett-Packard 6890GC equipped with HP-5 capillary
column (30m long, 250µm i.d, 0.25µm film thickness), with helium as a carrier gas. The
temperature was 350ºC, at 1.0 ml/minute initial flow for the column, 35-290ºC for the
oven at 4 ml/min, and 300ºC for the injector in a split ratio (100:1). Results were
recorded as percent of total peak areas (D’Antonio et al. 2000).

G. Statistical Analyses
The irrigation scheme experiment followed a CRD (completely randomized
design) where in each of the three different plots, twenty samples were randomly chosen
out of 426 for all the variables except for the essential oil content where four samples
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were randomly chosen. Data was taken on the twenty plants over time. The design is
bifactorial with the irrigation scheme (low, medium, high) as a first factor and the
season (October 2004, June 2004 and June 2005) as a second factor thus yielding nine
treatments (combination of three water quantities and three seasons). Percentages were
arcsine transformed prior to statistical analyses and original data is presented. Results
were analyzed using the SPSS 11.0 software package.

H. Drying Methods Experiment
Three drying techniques were tested for their effect on the color, aroma and
flavor of whole oregano leaves: air-drying (25ºC, 45%RH), oven-drying at 30ºC and
freeze-drying.
For postharvest drying experiment, equal amounts of leaves were randomly
collected from each irrigation treatment plot separately, mixed to eliminate the effect of
irrigation treatments and subjected to the three drying treatments. Samples were
triplicate and contained 100g of fresh leaves for air and oven drying, and 30 g of fresh
leaves for freeze-drying.
Air drying consisted of placing the leaves at room temperature for 10 days in a
shaded place (Jerkovic et al. 2001) (Appendix VI). Oven-drying was carried out at 30ºC
in a convection oven for 47 hours (Jerkovic et al. 2001) and freeze-drying was
performed for 48 hours (Venskutonis 1997) with an initial temperature of 0ºC. Moisture
content of dry samples was determined (in triplicate) using a laboratory oven at 105ºC
for 24 hours (AOAC 1990; Park et al. 2002). Samples were dried to a constant weight.
Air-drying produced plant material with 19.31% moisture content whereas oven-drying
and freeze-drying respectively led to plants with 8.63% and 4.83% moisture content.
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I. Sensory Analysis
1. Sample Preparation
Dried leaves were stored in paper bags at -20ºC prior to analysis. They were
put for 20 minutes at room temperature before analysis. Approximately 1 g of whole
leaves were presented in a glass Petri dishes (Pyrex®) at room temperature (21-23ºC) for
each assessor during the terminology generation, training of panelists and evaluation
sessions

2. Training of Panel and Sensory Evaluation
Five experts in French, Italian, and Mediterranean cuisines and agro-food
industry in Lebanon participated in two round table discussion sessions for orientation
and terminology development. They were requested to discuss and record the
appropriate terms they use for evaluating the color, aroma and flavor of oregano spice.
Terminology development was conducted as described by Gacula (1997). Chemical and
non-chemical references (Table 5) were used to help the experts agree on terminology
(Civille and Lyon 1996). An assortment of eight oregano spices available on the
Lebanese retail market as well as air-dried samples from the experiment were provided
to the panel as a material to discuss perceived sensory properties. References were
presented at room temperature in covered containers. A group leader served to
summarize, resolve confusion and bring the group to consensus on final terms to be
used. The final consensus of terms was the following: yellowish green, grayish green
(olive green) and brownish green for the color, strong, pungent, nature-like
(mountainy), earthy/musty, camphoraceous, with a green note for the aroma and strong,
fragrant, bitter, warm, pungent, astringent for the flavor. The definition of terms and
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their corresponding references are listed in Table 5. Subsequently, fifteen assessors
aged 24 to 28 years, six males and nine females, graduate and research assistants at
FAFS-AUB with limited sensory evaluation experience were trained to use consensus
descriptors selected by the experts. A linear universal intensity scale (Meilgaard et al.
1991) ranging from 0 to 15 (0 denoting an absence of the attribute and 15 a very high
intensity of the attribute) in equal increments marked at 0, 5, 10 and 15 was used to
evaluate the intensities of oregano attributes. Assessors were asked to respectively look
at, sniff and taste oregano leaves in order to rate the score of the color, aroma and flavor
attributes (Fig. 6). Spring water and non-salted biscuits were provided to the assessors
for clearing their palate between samples. After five training sessions aimed at
comprehending the descriptors selected by experts, five outliers/inconsistent assessors
left the group. Inconsistency from the group was defined as being more than 2 units
away from the group on the 15 cm intensity scale during group evaluation of sensory
attributes. The final assessment was done by the remaining best ten assessors. Those
consisted of six females and four males. Samples prepared as already described were
presented in a random sequence. Analysis of variance was performed for the resulting
data. Correlation between sensory attributes was tested.

Fig. 5. Assessor at the organoleptic laboratory in FAFS-AUB scoring the color, aroma
and flavor attributes of dried oregano samples.
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Table 3. Terms, definitions and preparations used as references for sensory evaluation.
Term

Definition of term
The chemical feeling factor on the tongue described
as puckering/dry and associated with tanins or aluminium (sensation given by
Astringent unripe banana or red wine)
Taste on tongue stimulated by solutions of caffeine,
Bitter
quinine, and other alkaloids
Cooling medicinal aroma of camphor. Similar but not
Camphor identical to menthol and eucalyptus in nature
Aromatic characteristic of damp soil, wet foliage, or
Earthy
slightly undercooked boiled potato
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Green
Aromatic associated with a combination of oregano,
spices
thyme, marjoram, and basil
Perfumey/
Fragrant
Having a light fragrant aromatic characteristic of perfumes
Irritating sharp sensation upon exposure to certain volatiles (sensation given by
mustard or vinegar)
Pungent

Preparation of corresponding
reference
steep 6 bags of tea for 1 h
0.1% solution of quinine
d-camphor (ICN Biomedicals Inc)
wet soil
combine same amounts of the four
spices in a container (Petri dish), mix
well, and let stand covered for aroma
evaluation
Linalool (ICN Biomedicals Inc)
Mustard oil-horseradish

Source: Civille Gail Vance and Brenda G. Lyon. Aroma and flavor lexicon for sensory evaluation. ASTM Data Series Publication DS 66,
1996.

J. Financial Analysis
Financial analysis includes projects costs and benefits. Four production
scenarios are considered separately: zaatar production, zaatar and herbal tea production,
spice production and essential oil production. Discounted cost-benefit analysis (CBA)
technique is determined through Net Present Value (NPV) and Benefit to Cost Ratio
(CBR). The discount rate (DR) is taken as 10%. It is used to transform costs and
benefits into discounted costs (D costs) and discounted benefits (D benefits) by
multiplication of this rate by the costs/benefits. By doing so, the time value of money
would have been taken into account. The NPV is the sum of discounted costs less the
sum of discounted benefits displayed in currency terms and the BCR is the sum of
discounted benefits divided by the sum of discounted capital costs thus, the ratio of
benefits per dollar of cost. For each project/scenario appraisal, acceptability requires
that NPV > 0 and BCR>1. NPV and BCR are used to rank the projects/scenarios in
order of priority. Sensitivity analysis is done at 50% reduction in production/prices at
year 2 and year 4 for each scenario.
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CHAPTER IV
RESULTS AND DISCUSSION

A. Effect of Irrigation Levels on Crop Growth, Plant Material Production, Yield
and Essential Oil Composition
1. Crop Growth
Crop growth was measured by plant height, number of branches per plant and
the dry matter content per plant.
Table 4 shows that increasing irrigation frequency and quantity from once in
three weeks (low irrigation scheme) to once in two weeks (medium irrigation scheme)
and then from once in two weeks to once a week (high irrigation scheme) significantly
enhanced the growth attributes such as plant height (that was increased, respectively,
from 52.6 cm to 66.3 cm and then to 71.3 cm) and number of branches (that was
increased from 78.2 branches per plant to 125.5 and then decreased to 103.6 at the high
irrigation scheme). The increase of plant height with higher irrigation schemes was
previously reported in Mexican oregano (Dunford and Vazquez 2005). Irrigation
frequency and quantity beyond the medium level had a negative effect on dry matter (it
decreased from 50.1 % to 48%). This contradicts with previous findings on Mexican
oregano where more water induced a higher amount of dry matter (Dunford and
Vazquez 2005).
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Table 4. Growth characters of oregano as influenced by different levels of irrigation at
three consecutive seasons (* Low: 16 liters per plant given once in three weeks;
medium: 16 liters per plant given once in two weeks; high: 16 liters per plant given
once a week)
Plant height (cm)
Irrigation scheme*
Jun-04
Low
Medium
High
Oct-04
Low
Medium
High
Jun-05
Low
Medium
High
Average 3 seasons

a–c

Low
Medium
High

Number of
branches

Dry matter (%)

70.9 ±
78.8 ±
84.5 ±

7.01
6.73
9.62

57.2 ±
70.4 ±
66.3 ±

23.15
25.74
33.30

45.5 ±
47.0 ±
43.2 ±

5.60
1.44
1.82

25.1 ±
52.5 ±
51.1 ±

9.51
12.37
11.07

74.1 ±
103.8 ±
96.1 ±

28.73
38.73
46.26

28.8 ±
29.7 ±
27.4 ±

3.40
2.52
0.81

61.8 ±
67.6 ±
78.5 ±

9.45
4.89
8.68

103.5 ±
202.3 ±
148.5 ±

38.34
89.71
69.93

54.5 ±
48.1 ±
43.7 ±

2.17
1.45
2.99

52.6 ±
66.3 ±
71.3 ±

21.72 a
13.78 b
17.56 c

78.2 ±
125.5 ±
103.6 ±

35.83 a
80.48 b
61.60 c

50.8 ±
50.1 ±
48.0 ±

6.88 a
5.25 a
4.87 b

Different superscripts in the same column indicate statistical differences at the 0.05 level according to
the Duncan test.

It was concluded from the correlation among variables that plant height was a
better indicator for the yield than the number of branches. It was positively correlated
with fresh (0.604; p<0.01) and dry (0.646; p<0.01) weight of leaves, fresh (0.548;
p<0.01) and dry (0.551; p<0.01) weight of flowers, leaf (0.359; p<0.05) and flower
(0.57; p<0.01) essential oil yield.
Dry matter was negatively correlated with plant height (-0.590; p<0.05) and
highly positively correlated with essential oil content of the leaves (0.784; p<0.01).

46

2. Plant Material Production
As expected, plants that received more water produced a higher amount of
fresh and dry plant material. Table 5 shows that moving from the low to the medium
irrigation regime had a significant positive effect on fresh (increase from 186.2 to 372.6
g/plant) and dry weight (increase from 102.8 to 210.5 g/plant) of leaves. This effect
became non significant beyond the medium irrigation scheme. On the other hand, fresh
and dry weight of flowers significantly increased between the low and the medium
irrigation schemes (from 12.09 to 30.10 and from 5.83 to17.09 g/plant, respectively)
and then between the medium and the high irrigation schemes (from 30.10 to 62.23 and
from 17.09 to 31.05 g/plant, respectively). These results as well as those of growth
characters (Table 4) indicate that water stress significantly reduced the production
capacity of oregano plants. However, this is not true in the case of essential oil
production: essential oil content, whether from leaves or from flowers, was not affected
by different irrigation schemes. This came in contradiction with previous findings on
Mexican oregano where essential oil content varied between 0.7 to 2.2% with increasing
moisture levels (Dunford and Vazquez 2005) and results recorded on menthol mint
where higher moisture levels lead to lower essential oil contents. As herbage production
positively responded to irrigation, it caused mutual shading among leaves, senescence
of lower ones thus leading to lower essential oil contents (Ram et al. 2006 and
references therein). This did not occur in the case of the present study, probably due to
the leaf area of Origanum syriacum that is lower than the one of Mentha arvensis, thus
limiting the mutual shading effect. In terms of production, non published data (Noun
2003) on similar research done on O. syriacum in Lebanon reported a dry weight of
leaves of 48.4 g (as opposed to 210.5 g in this study) and a dry weight of flowers of
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65.8 g (as opposed to 17.09 g in this study). This difference in the production per plant
basis is probably due to different planting densities: 6,890 as compared to 2500 plants
per dunum in the present study.
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Table 5. Effect of irrigation on plant material production: herb (leaves and flowers) weight (fresh and dry) and essential oil content (* Low:
16 liters per plant given once in three weeks; medium: 16 liters per plant given once in two weeks; high: 16 liters per plant given once a
week)
FW (g)

49

Irrigation scheme*
Jun-04
Low
Medium
High
Oct-04
Low
Medium
High
Jun-05
Low
Medium
High
Av. 3 seasons
Low

Leaves
DW (g)

EO (ml/100g)

FW (g)

Flowers
DW (g)

EO (ml/100g)

282.7
397.0
484.2

± 87.5
± 144.1
± 190.6

155.0
228.9
250.6

±
±
±

11.90
78.84
95.02

2.35
1.80
1.90

± 0.44
± 0.16
± 0.60

21.60
75.45
151.2

± 21.16
± 33.64
± 57.18

11.90
44.78
77.93

± 5.08
± 19.40
± 29.33

2.60
2.20
2.00

±
±
±

0.36
0.58
0.32

93.7
342.9
313.3

± 47.6
± 174.9
± 152.5

38.6
180.3
136.8

±
±
±

21.27
113.81
78.17

0.75
0.52
1.20

± 0.30
± 0.36
± 0.00

2.12
12.88
10.45

± 5.59
± 20.09
± 28.44

0.74
5.63
3.99

± 1.91
± 9.43
± 11.11

0.00
0.40
0.00

±
±
±

0.00
0.56
0.00

182.2
377.9
430.0

± 85.5
± 141.8
± 156.7

114.7
222.2
228.9

±
±
±

57.56
88.37
85.76

2.52
3.55
2.35

± 1.50
± 0.66
± 1.23

8.02
1.98
25.09

± 14.99
± 8.88
± 22.33

4.87
0.86
11.22

± 9.05
± 3.88
± 9.87

0.32
0.00
0.60

±
±
±

0.71
0.00
1.20

186.2

± 107.75 a

102.8

±

66.32 a

2.08

± 1.12 a

12.09

± 15.36 a

5.83

± 07.58 a

1.00

±

1.28 a

210.5 ± 95.70 b
1.84 ± 1.36 a
30.10 ± 39.81 b
17.09
Medium
372.6 ± 153.36 b
205.4 ± 98.58 b
2.02 ± 0.92 a
62.23 ± 74.37 c
31.05
High
409.2 ± 179.61 b
a–c
Different superscripts in the same column indicate statistical differences at the 0.05 level according to the Duncan test.

± 23.41 b
± 38.40 c

0.83
1.15

±
±

1.06 a
1.12 a

The positive effect of watering frequency on growth and development was
recorded also for Salvia reflexa whereby leaf extension, top and dry weight, stem
height, total leaf production, branch production and inflorescence production increased
proportionally with increasing watering frequencies (Weerakoon and Lovett 1986).

3. Herb and Essential Oil Yield
Yield was represented by four categories: dry yield of leaves, dry yield of
flowers, total dry yield, and total essential oil yield as they respectively reflect spice,
herbal tea, zaatar and essential oil yields.
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Table 6. Effect of irrigation on herbage and essential oil yield (* Low: 16 liters per plant given once in three weeks; medium: 16 liters per
plant given once in two weeks; high: 16 liters per plant given once a week)
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a–c

Irrigation
scheme*
Jun-04
Low
Medium
High
Oct-04
Low
Medium
High
Jun-05
Low
Medium
High
Average 3
seasons
Low
Medium
High

Leaves

dry (Kg/du)
Flowers

387.5 ± 125.91
572.3 ± 197.12
626.5 ± 237.57

Yield
Total

l/du
EO

29.8 ± 12.72
112.0 ± 48.51
194.8 ± 73.34

417.3 ± 128.43
684.2 ± 231.95
821.4 ± 300.06

8.0 ± 1.53
16.8 ± 2.90
18.8 ± 9.27

96.5 ± 53.19
450.7 ± 284.54
342.0 ± 195.43

1.9 ± 4.79
14.1 ± 23.59
10.0 ± 27.79

98.4 ± 52.20
464.8 ± 301.38
352.0 ± 187.72

1.0 ± 0.32
2.3 ± 1.83
5.9 ± 0.00

286.8 ± 143.90
555.5 ± 214.41
572.3 ± 214.41

12.2 ± 22.63
22.2 ± 9.72
28.1 ± 24.70

298.9 ± 147.19
557.7 ± 217.57
600.4 ± 224.57

8.9 ± 6.42
21.0 ± 4.52
17.2 ± 7.47

256.9 ± 107.67a
526.2 ± 232.03b
513.6 ± 215.80b

14.6 ± 13.38a
42.7 ± 27.27b
77.6 ± 41.94c

271.5 ± 109.27a
568.9 ± 250.30b
591.2 ± 100.02b

6.0 ± 2.76a
13.4 ± 3.08b
14.0 ± 3.09b

Different superscripts in the same column indicate statistical differences at the 0.05 level according to the Duncan test.

Table 6 shows that all yields significantly increased with an increase in
irrigation scheme from the low to the medium level. Yield of dry leaves, total dry yield
and essential oil yield significantly increased by 2 folds whereas yield of dry flowers
responded by increasing by 5.3 folds. However, increasing the irrigation scheme from
medium to high did not induce significant change in yield of dry leaves, total dry yield
and essential oil yield, but it significantly increased yield of dry flowers by 1.8 times.
It is noteworthy that even if essential oil content was not significantly affected
by irrigation scheme (Table 5), magnitude of increase in herbage yield was high enough
(2.3 times) to make the essential oil yield significantly increase by 2.2 folds beyond the
medium irrigation scheme. It is understandable from the yield response to additional
water that irrigation schemes used in this experiment did not cause any moisture stress.
However, it would be expected to see a decrease in yields caused by water and aeration
stress somewhere beyond the high irrigation scheme. This issue needs further
investigation under the same conditions of this experiment. Figures obtained for the dry
herbage yield (568.9 Kg/du) are 1.38 times lower than reported non published figures
(787.3 Kg/du) in growing conditions where planting density is 2.7 times higher (6,890
as compared to 2500 plants per dunum in the present study), and irrigation frequency
was biweekly (as opposed to once in two weeks) (Noun 2003).

4. Interaction Effects of Season and Irrigation Levels
a. Fresh and Dry Leaf Production and Essential Oil Content
The interaction effect of season and irrigation levels on fresh and dry leaf
production and essential oil content was not significant. This was reflected in a non
significant interaction effect also on the yields of leaves, leaves and flowers, and
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essential oil. Therefore, it was possible to analyze the effect of season alone on those
variables (Table 7).

Table 7. Effect of season on fresh (FW) and dry weight (DW) of leaves, total dry yield,
essential oil (EO) content of both leaves and flowers and total essential oil yield
FW
(g/plant)
season
Oct-04 252.8 a
Jun-05 325.9 b
Jun-04 387.9 c

a–c

Leaves
DW
(g/plant)
119.9 a
186.2 b
211.5 b

EO content
(ml/100g)
0.7 a
3.0 b
2.0 c

Flowers
EO content
(ml/100g)
0.2 a
0.3 a
2.3 b

Leaves and flowers
dry yield
EO yield
(Kg/du)
(l/du)
308.55 a
2.37 a
479.33 b
16.4 b
640.95 c
14.5 b

Different superscripts in the same column indicate statistical differences at the 0.05 level according to
the Duncan test.

Production of leaves in the fall season was significantly lower (Table 7) than in
the summer season. Same applies for essential oil production in leaves, total dry yield
and essential oil yield. Significant decrease (4.8 folds) of essential oil content in wild
oregano (O. vulgare subsp. hirtum) in autumn has been reported in Greece as compared
to the summer. Similar results were obtained in Israel on O. vulgare subsp. hirtum
(Kokkini et al. 1997 and references therein). This is explained by longer day-length in
the summer reported to increase herbage and essential oil yields in both vegetative and
flowering parts of Origanum syriacum (Dudai et al. 1992). However, essential oil
content in the flowering part of the plant was not significantly higher in June 2005 than
in October 2004. All variables, except leaves’ essential oil content, were higher in June
2004 than in June 2005. In the latter season, the difference between leaves’ essential oil
content and flowers’ essential oil content became 10 folds. This is probably due to
colder conditions that delayed flowering in June 2005, making the flower yield and
consequently the flower essential oil content lower. In fact, only two out of twelve
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individual plants on which data was taken had flowered in that season at the time of
data taking. This was reflected by a lower average of flower essential oil content in that
season. Since that was not the case with the leaves, leaf essential oil content still showed
higher in June 2005 (3.017%) than in June 2004 (2.017%). Those values are close to
those reported in the literature on Origanum syriacum where leaf essential oil content
varied between 0.65 and 1.70% of fresh weight (Dudai et al. 1992). Age seemed to be
the overriding factor in the case of the leaves. The latter produced higher essential oil in
June 2005 than in June 2004 despite harder environmental conditions. Another
possibility is that there was no reallocation of oil from leaves to flowers in June 2005 as
flowering was late at particular date of sampling.

b. Plant Height, Plant Branching, Dry Matter, Fresh and Dry Weight of Flowers, and
Total Flower Yield
Plant height, number of branches per plant, dry matter, fresh and dry weight of
flowers, and total flower yield were all significantly affected by the interaction between
irrigation levels applied and season. Plant height (Table 4), fresh and dry weight of
flowers (Table 5) and flower yield (Table 6) reached their peak at both the high
irrigation scheme and June 2004 season. The combination of high water supply at high
frequency and warmer weather conditions (June 2004 as compared to June 2005)
seemed to be ideal for plant height and flower yield. Lower fresh and dry weights of
flowers and flower yield in June 2005 are probably due to colder conditions discussed
above since lower temperatures were the main environmental factor differing between
the two seasons.
On the other hand, plant branching was favored the most at the low irrigation
scheme and the June 2005 season. The low irrigation scheme and June 2005 season
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insured the best conditions for dry matter accumulation in oregano plants.

5. Essential Oil Composition
Effect of the three irrigation levels was evaluated on sixteen oregano essential
oil components (Appendix IV). Carvacrol and thymol are of special interest due to their
antioxidant and antimicrobial properties (Dunford and Vazquez 2005). GC/MS analysis
of the essential oil revealed that concentrations of those two components were not
statistically different among the three irrigation levels (Table 8). Similarly, Dunford and
Vasquez (2005) found that the amount of water received by Mexican oregano plants
grown under controlled conditions had no significant effect on the thymol and carvacrol
content of the oil. This was also noted in peppermint where oil composition was again
found not significantly affected by irrigation treatments (Clark and Menary 1980).
However, Singh et al. (2002) found that some patchouli (Pogostemon patchouli) oil
constituents were reduced probably due to the dilution effect and Ram et al. (1995)
found that linalool and linalyl acetate in the oil of bergamot mint (Mentha citrata) were
increased at the highest soil moisture level.

Table 8. Effect of irrigation on the thymol and carvacrol concentration (%v/w) (* Low:
16 liters per plant given once in three weeks; medium: 16 liters per plant given once in
two weeks; high: 16 liters per plant given once a week) (1).

a–b

Irrigation scheme*
Low
Medium
High

thymol (%v/w)
56.120 ±
63.800 ±
64.450 ±

2.156 a
2.601 a
1.911 a

carvacrol (%v/w)
8.335 ±
6.978 ±
7.171 ±

2.156 a
0.691 a
0.371 a

Same superscripts in the same column indicate no statistical differences at the 0.05 level according to
the Duncan test.
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According to Pasquier (1997), the Origanum syriacum grown in this
experiment would be classified as thymol rich and poor in carvacrol. This comes in
contradiction with previously reported findings in Lebanon on the oil of this species
where the percentage of carvacrol was 62% after flowering and maturation while the
concentration of thymol was 14% (Daouk et al. 1995). A plausible explanation for this
discrepancy is difference in ecotypes whereby the mother plans used to produce rooted
cuttings in this experiment are of a thymol chemotype.
The very high amount of thymol led to the analysis of new samples freshly
extracted as opposed to samples that were extracted and stored in aluminum wrapped
glass vials at 4ºC. Results were considerably different (Table 9): both carvacrol and
thymol were lower (2 and 3.2 times, respectively) in the freshly extracted essential oil as
compared to the stored one.

Table 9. Effect of irrigation on the thymol and carvacrol concentration (%v/w) (* Low:
16 liters per plant given once in three weeks; medium: 16 liters per plant given once in
two weeks; high: 16 liters per plant given once a week) (2)
Irrigation
scheme*
Low
Medium
High

thymol (%v/w)
17.21
10.89
13.26

carvacrol
(%v/w)
3.02
5.57
4.78

The probable increase in thymol or carvacrol in the stored essential oil is not
mentioned in the literature. The only reported way thymol is increased in an essential oil
is through biosynthetic pathways whereby -terpinene gave rise to p-cymene, which in
turn yielded thymol (Poulose and Croteau 1978). The results are surprising and
necessitate further investigations to understand (1) if carvacrol would have increased
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and thymol decreased if harvesting was done in late August and (2) whether there was a
real chemical change in the essential oil stored and what could be the nature of it.
In summary, the medium irrigation scheme increased oregano herbage and
essential oil yield by the double as compared to the low scheme. Essential oil
composition was not altered. Beyond that level, there was no significant increase in the
yield except for the flowers’ yield. This scheme seems to be optimal during summer
irrigation in oregano plots.

B. Effect of Drying Techniques on Aroma, Flavor and Color of Oregano Spice
1. Aroma and Flavor
Results indicated that air-drying preserved more aroma and flavor than oven
and freeze-drying. Air-dried samples were characterized by a strong, warm, bitter,
pungent and astringent flavor as well as strong, pungent, and camphoraceous aroma
(Fig. 7).
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Fig. 6. Effect of air, oven and freeze drying on oregano spice sensory attributes.
AR=aroma and FL=flavor

The descriptors shown in Fig. 6 were found significantly (p<0.05) higher in
air-dried samples than in oven and freeze-dried samples (except for the earthy/musty
descriptor) (Table 10).
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Table 10. Mean scores for oregano aroma (AR), flavor (FL) and color descriptors
(number of assessors using each descriptor n=10)

a–c

Descriptor
Strong AR
Pungent AR
Nature-like AR
Earthy/musty AR
Camphoraceous AR
Green AR
Fragrant AR
Strong FL
Pungent FL
Fragrant FL
Bitter FL
Warm FL
Astringent FL
Green FL
COLOR

Mean
10.2a
10.5a
8.7a
5.6a
9.2a
6.8a
7.9a,c
12.2a
12.8a
7.8a
10.5a
12.0a
9.3a
7.5a
6.5a

Air-drying

oven-drying
Mean
7.2b (3.82)
7.3b (3.85)
6.7a (4.33)
8.9b (4.21)
5.3b (3.73)
6.3a (3.46)
5.7b,c (3.36)
8.6b (2.88)
9.3b (2.55)
6.8a (3.72)
8.7b (3.22)
8.8b (3.06)
7.4b (3.11)
7.4a (3.44)
12.7b (0.98)

(3.95)*
(3.46)
(3.54)
(3.62)
(3.57)
(3.23)
(3.64)
(2.28)
(1.79)
(3.85)
(3.32)
(1.72)
(3.44)
(3.91)
(1.44)

freeze-drying
Mean
7.6b
(3.65)
b
7.1
(3.40)
8.4a
(3.90)
8.2b
(3.52)
5.7b
(3.37)
7.8a
(4.17)
7.2c
(3.59)
7.5 b (3.38)
8.2b
(3.50)
7.3a
(4.03)
b
7.8
(3.42)
8.0b
(3.64)
6.6b
(3.09)
8.5a
(3.83)
2.5c
(1.25)

Different superscripts in the same row indicate statistical differences at the 0.05 level according to the
Duncan test.
*
Standard deviation between parentheses

The descriptors were also found to be significantly (p<0.01) positively
correlated among each other. On the other hand, oven and freeze-drying yielded a spice
with a significantly (p<0.05) higher earthy/musty aroma than air-drying did. More
delicate attributes such as ‘green’ and ‘fragrant’ were not significantly different among
samples but they were significantly (p<0.01) positively correlated between each other
and significantly (p<0.05) negatively correlated with harsh attributes such as ‘pungent’
and ‘warm’.
The earthy/musty aroma found in freeze-dried oregano is reported to be
associated with the component 3-methyl-2,4-nonanedione (Diaz-Maroto et al., 2003 and
references therein). It is also said to be characteristic of dried herbs such as parsley, bayleaf and spearmint (Diaz-Maroto et al. 2003) and specifically related to freeze-drying
rather than air and oven-drying in the case of basil (Diaz-Maroto et al. 2004 and
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references therein).
Low scores of aroma and flavor attributes in the freeze-dried oregano samples
as compared to air-dried ones, coincide with results reported by Diaz-Maroto et al
(2003) where freeze-drying of mint was believed to cause loss of sesquiterpenes (DiazMaroto et al. 2004). Previous studies had detected variations in the chemical
composition of herbs after oven (Venskutonis 1997) and freeze-drying (Diaz-Maroto et
al. 2003) through gas chromatographic analysis. Also, scanning electron micrographs of
the upper epidermis of fresh and dried spearmint leaves revealed expansion of the
structure of the epidermis in dried samples, probably as a result of differences between
the internal leaf steam pressure and the vacuum pressure in the freeze-dryer. The
expansion effect might be the reason behind the release of volatiles into the air, this
being one of the main ways of loss of volatile compounds in plants (Diaz-Maroto et al.
2003).
In the case of oregano, pungency and warmth are related to carvacrol content in
the essential oil (Dudai et al. 1988) and consequently, oven and freeze-drying would
have caused release of this component from the spice to cause the detected loss in
aroma and flavor.

2. Color
The 15cm scale (Meilgaard et al. 1991) in the case of the color implicated the
yellowish green at its left (lower numbers), grayish green towards its middle and
brownish green at its right (higher numbers). Results indicated that air-drying, ovendrying and freeze-drying yielded grayish green, brownish green and yellowish green
colors respectively. Experts consulted in the first phase of descriptors’ determination
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agree that the colors they avoid are yellowish and brownish green whereas their
preferred color is the grayish green.
Oven-drying, even at 30ºC controlled temperature caused a brownish color,
which is in accordance with previous findings where chlorophyll was affected at 35ºC
and 50ºC (Di Cesare et al. 2004). It is published that the combination of heat and
atmospheric oxygen boost the enzymatic activity of polyphenol oxidase that results in
the browning effect of food products (Yousif et al. 2000). This could be avoided by
drying oregano plants away from heat at a stable temperature of around 20ºC. Freezedrying was expected to conserve the original grayish color the most, but in this
experiment, it caused a yellowish color. This might be due to operational instrumental
error as the equipment used is primarily dedicated to the drying of liquids. Surprisingly,
air-drying gave the best results.
The results of the sensory analysis indicated that air-dried oregano had the
profile required by ISO and AFNOR and also the profile of commercially available high
quality oregano spice (Ducros 2006). It also met the requirements of the experts who
helped in the development of the oregano spice lexicon. Oven and freeze-drying both
yielded comparable results. Even at 30ºC, oven-drying caused losses in the organoleptic
quality of oregano herb and results obtained by freeze-drying did not justify the high
cost of this treatment. Air-drying is inexpensive and yielded the most desirable results;
it is therefore recommended. However, in the cases where time is a limiting factor for
the production on an industrial level, oven-drying would be advised since it can be
completed in a shorter time and under more closely monitored conditions than other
drying methods.
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C. Economic Potential of O. Syriacum: Oregano Farm Feasibility Study
1. Project Inputs and Outputs
a. Project Inputs
Project life cycle is dictated by the crop life span which is between three and
six years. In the case of this study, a life span of five years is assigned for the project.
Depreciation will not be taken into account as assets are supposed to have a salvage
value equal to zero at the end of the fifth year. References for key unit prices are found
in Appendix V.

i. Land and Physical Structure
Land lease rate for irrigated lands in the Beqaa valley is 150 USD per du per
year. The total area is 10 du. Two greenhouses, 300 sqm each, would be constructed
next to the planting plot of oregano with a black mesh to shade the interior where the
plants are to be dried. Steel structures with netted racks can be used for plant drying.
Total cost of the greenhouses with their steel structures is 7000 USD with a yearly
maintenance fee of 100 USD. A hangar with an area of 200 sqm would shed an office, a
packaging facility and a storage room. Office equipment would cost 1000 USD with a
yearly maintenance cost of 100 USD. One telephone line would cost 300 USD and the
monthly bill would be evaluated at 200 USD. The hangar with its electricity, airconditioning and plumbing installations would cost 2500 USD. Maintenance for
electricity, air-conditioning and plumbing is estimated at 250 USD per year. The bimonthly tri-phased electricity (covering light, drying fans, grinder, etc.) bill would be
400 USD thus costing 2400 USD per year. Electricity counter installation would cost
800 USD.
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ii. Machinery, Equipment and Farm Tools
Land preparation would cost 30 USD per du including incorporation of
manure. Composted cow manure from an organic farm would be applied the first year at
a rate of 750 Kg per du at a cost of 225 USD per du which constitutes a cost of 225*10=
2250 Kg for the ten du.
A drip irrigation system would cost 750 USD per d including the pump and the
reservoir. Its longevity is 4 to 5 years. Five workers are required to install a drip
irrigation system for ten du in two working days. With a daily cost of 20 USD for
specialized labor, total labor cost for this activity would be 200 USD. Yearly
maintenance for the drip irrigation system is estimated at 50 USD.
Twenty five (one per harvester and five spare) herb harvesting shears would be
needed for the project life cycle (four years). The wholesale unit price of high quality
harvesting shears is 15 USD which implicates a 375 USD investment at year 1 (for the 5
years) for the harvesting tools.
Ten wheel burrows would be used for transporting plants from the field to the
drying unit. With 50 USD being the unit cost, the total cost would be 500 USD with a
25 USD maintenance cost for all ten.
Since air-drying technique gave the best organoleptic results in our experiment,
drying would be done in the greenhouses mentioned in the land and physical structure
section. Four fans for a better air circulation, avoidance of accumulated humidity and
reduction of temperature in hot days would be needed. An axial fan used to accelerate
drying, covering a flow range of 1000 to 35000 m3/h., would cost 200 USD, installation
inclusive, with a 20 USD yearly maintenance foreseen fee.
A van would be needed for the transportation of the produce to the market.

63

Second-hand van purchase cost is 6,000 USD with a 100 USD yearly maintenance and
100 yearly insurance. Gas needed for yearly transportation of farm manager and for
marketing the produce once in spring and once in fall would be 2,000 USD.

Zaatar scenario:
Three herb grinders with a volume capacity of 100 liters each, would cost 1500
USD with a 90 USD (30 USD per grinder per year) maintenance fee. Since there was no
significant difference in oregano productivity between the 200 and 400mm/week
irrigation levels, the dry yield of the first would be taken into account. In that case, the
average dry production would be 1149 Kg/du (calculated as the sum of spring 2004
average dry production-684.2 Kg/du- and fall 2004 average dry production
-464.8kg/du-), i.e. a yield of 11,490 Kg for the ten dunums.
In case oregano would be sold for local zaatar mixtures, packaging would be in
kraft paper bags. Each 200 liter bag that can fit 60 Kg of oregano costs 1.25 USD.
Thus, there would be a need for 192 bags per year costing 240 USD.

Oregano herbal tea and zaatar scenario:
In this case, irrigation level would be chosen to be 400 mm/week since this
treatment significantly increased flower yield. Spring and fall dried flowers
(194.8+10=204.8 Kg/du) would be sold for herbal tea and ground dried leaves
(626.5+342=968.5 Kg/du) for zaatar. For the herbal tea, paper tea bags with a capacity
of 30 g have a unit cost of 1.5 USD including labeling. In order to pack 2,048,000 g of
dried flowers, there would be a need for 68,266 bags costing 102,399 USD. A sealing
machine would cost 250 USD with a yearly maintenance cost of 25 USD.
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For the zaatar, two herb grinders with a volume capacity of 100 liters each
would cost 1000 USD with a 60 USD maintenance fee. In case oregano would be sold
for local zaatar mixtures, packaging would be in kraft paper bags. Each 200 liter bag
that can fit 60 Kg of oregano costs 1.25 USD. There would be a need for 160 bags per
year costing 200 USD.

Oregano spice scenario:
Three herb grinders with a volume capacity of 100 liters each, would cost 1500
USD with a 90 USD (30 USD per grinder per year) maintenance fee. Since there was no
significant difference in oregano productivity between the 200 and 400mm/week
irrigation levels, the dry yield of the first would be taken into account. In that case, the
average dry production would be 1149 Kg/du (calculated as the sum of spring 2004
average dry production-684.2 Kg/du- and fall 2004 average dry production
-464.8kg/du-), i.e. a yield of 11,490 Kg for the ten dunums.
Packaging would be in glass spice jars of 10 g capacity. It was chosen to be so
because it is believed that Lebanon can only compete with a premium product rather
than a wholesale product, the latter being supplied by his large scale production
competitors such as Turkey. This packaging would let the product compete with
premium quality competitors such as Ducros®. In order to package 11,149 Kg of ground
spice, 1,149,000 glass spice jars would be needed. Wholesale unit price of imported
glass spice jars (with sifter fitment caps) added to unit labeling cost would be 0.3 USD.
The total cost of glass containers needed yearly is 352,470 USD.
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Oregano essential oil scenario:
Essential oil yield did not increase when irrigation level increased beyond 200
mm/week. Therefore, figures pertinent to this treatment will be accounted for. For the
ten-dunum herbage yield of 6,842 Kg in spring and 5,577 Kg in fall, there would be a
need for a 1,200 liters alembic (450 Kcal) locally manufactured costing 3,500 USD. A
steam boiler costs 7,500 USD; it needs a water reservoir that costs 180 USD and a
diesel reservoir that costs 50 USD. Diesel consumption is 10 liters for the first warm up
thirty minutes and 1 liter for each additional ten minutes (6 liters per hour). Each
distillation round takes two hours and a half of operation in addition two half an hour
warm up. A round consumes therefore 25 liters. With an approximation of 300 plants
fitting in the 1200 liters distillation unit, 100 rounds would be needed for the ten
dunums in the summer and 50 rounds in the fall. Yearly consumption is therefore 3,750
liters of diesel costing 2,060 USD at a rate of 0.55 USD per liter (16,500 LL per 20
liters including delivery). Foreseen yearly maintenance fee for the distillation unit is 100
USD (50 for the steam boiler, 30 for the alembic, 15 for the water reservoir, and 5 for
the diesel reservoir).
Bottling would be in 10 ml glass vials, cobalt blue color for a better
preservation from light, cylindrical shape with a reducer cap costing 0.23 USD each
including labeling. With spring (16.8 l/du) and fall (2.3 l/du) essential oil yields
summing up to 19.1 l/du, 19,100 vials would be needed to bottle 191 liters of oregano
essential oil thus costing 4,393 USD. Bottling would be done using a multichannel
pipette for 150 USD.
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iii. Plant Material
Plant material consists of oregano cuttings ready for transplanting in the field.
Spacing would be 40 cm between plants and 100 cm between rows. Each dunum would
then require 2500 seedlings each for 0.33 USD. Plants for five dunums would cost
2500*0.3*10=7500 USD. Labor for plantation would cost 30 USD per du, 300 USD for
the 10 du plot.

iv. Labor
Labor related to specific tasks and predetermined hours are mentioned in
specific sections. One skilled farm manager would be hired for the project life cycle
with a monthly salary of 400 USD (400*12=4800USD per year). His/her insurance
would cost 400 USD per year.
During the first year, a consultant would be hired for the establishment of the
farm (5 days), and during harvesting-drying processes of the summer (3 days) and fall
harvests (2 days). Given that a technical assistance man-day costs 50 USD, the
consultant would cost the farm 500 USD for the first year. For the subsequent years,
two visits per year would be foreseen costing 100 USD per year.
Weeding is supposed to be done 4 days a year with 2 workers for each dunum
at a daily wage of 10 USD. Weeding would then require 80 man-days yearly for the ten
dunums thus costing 800 USD yearly.
Harvesting and drying requires 3 workers per dunum for 3 days for the summer
harvest and 2 days for the fall harvest. For the 10 du, 150 man-days at a 10 USD daily
rate would cost 1,500 USD.
Threshing (separation of dried leaves and flowers from stems) is manual,
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grinding mechanical and packaging manual. The three step process would require 30
man-days for each season thus costing 600 USD per year.

v. Quality Control
The produced spice would be analyzed for its physical (color, aroma, taste,
particle size), chemical (moisture, volatile oil, ash, acid-insoluble ash) and foreign
material (stems, foreign seed, other) characteristics in order to comply with market
requirements. Essential oil samples would be analyzed as well for their constituents.
One sample per dunum would be analyzed twice a year (once per harvest) totaling 10
samples per year with a laboratory cost of 40 USD per sample or 800 USD as a total.
The process of organic certification from local certification body would cost 200 USD
for the farm if no transition is needed.

vi. Marketing
Marketing expenses would include recruiting a sales consultant for 6 months
during the first year and 3 months the second year for a monthly salary of 1,200 USD
thus costing the project 7,200 USD the first year and 3,600 USD the second year.
Edition of brochures would cost 3,000 USD and participation in two exhibition food
fairs yearly would cost 2,000 USD for each of years 2, 3 and 4. Part of the selling would
be on farm, in two main food fairs and online. Set-up of website would cost 1000 USD
for the first year and 100 USD per year for necessary updates. Another part of the
produce would have other marketing channels.
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Zaatar scenario:
Zaatar would be sold to mills in Lebanon.

Oregano herbal tea and zaatar scenario:
Herbal tea would be sold in specialized pharmacies across the country as well
as branches of a supermarket chain. The average yearly cost of a shelf would be 200
USD inducing a cost of 1,800 USD. Another part would be sold in fairs and through emarketing.

Oregano spice scenario:
The premium quality of organic oregano spice jars, as well as their big
quantity, makes their marketing in Lebanon limited. Therefore, main marketing of spice
jars would be to niche European and Gulf markets. One million spice jars would be
destined to be exported. Their weight would be 35,000 Kg. With a shipment cost of 0.95
USD per Kg and a fixed paper cost of 150 USD, shipment cost would be 33,250 USD.
Distribution of the product in the three import countries would be taken care of by a
local marketing agency with the charge of 3,000 USD for three outlets in each country
or 9,000 USD for the total.

Oregano essential oil scenario:
The case of essential oil would be similar to the case of the spice, major part of
it destined to the export market. A minor part would be sold in specialized pharmacies.
However, since the number is less, shipping and marketing costs would be less. The
total 19,100 vials would weigh 191 Kg and therefore cost 191*0.95 USD/Kg= 181.45
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USD and the fixed 150 USD for administrative costs. Distribution would cost 2,000
USD.

b. Project Yearly Outputs
The experiment showed yield results for the first year. Forecasting of the
subsequent years will be based on results obtained by Marzi (1997). Yield in terms of
spice will be obtained from the yield of (leaves + stems) by using the leaf/leaf+stem
ratio obtained by Marzi (1997) (Table 11).

Table 11. Evolution of total plant, leaves, flowers and essential oils yields and
leaf/leaf+stem ratio over 5 years

year 1
year 2
year 3
year 4
year 5

total
plant

1
4
2.4
2.4
2.4

essential
leaves flowers oil
leaf/leaf+stem
1
1
1
0.5882
1.9
5
4
0.3166
0.6
4.25
2.4
0.2307
0.6
4.25
2.4
0.2307
0.6
4.25
2.4
0.2307

Source: Marzi V. Agricultural practices for oregano. Paper presented at the IPGRI
International Workshop on Oregano. 8-12 May 1996. CIHEAM, Valenzano (Bari),
Italy. 1997.

Zaatar scenario
Yearly outputs in the zaatar production scenario are presented in Table 12 for a
unit (Kg) selling price of 7.67 USD. Organic premium prices are a common
characteristic of organic farming systems (Stockdale et al. 2001).
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Table 12. Production of zaatar and subsequent benefits over 5 years.

year 1
year 2
year 3
year 4
year 5

Zaatar yield (Kg) and benefit
(USD)
Yield
unit price
Benefit
2872.5
7.67
22,032
11,490
7.67
88,128
6,894
7.67
52,877
6,894
7.67
52,877
6,894
7.67
52,877

Oregano herbal tea and zaatar scenario:
Yearly outputs in the herbal tea and zaatar production scenario are presented in
Table 13 for a unit (30 g bags) retail shelf price (RSP) of 3 USD and 30% retail profit
margin amounting to a unit supplier net profit of 2.1 USD.
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Table 13. Production of herbal tea and zaatar and subsequent benefits over 5 years.
herbal tea and zaatar yields (Kg) and benefits (USD)
flowers
Number of unit
total
unit price benefit
yield
units
price
benefit benefit
7.67 38,753.68
409.6
13653.33
2.1 28,672
67,426
7.67 73,632.00
2,048
68266.67
2.1 143,360
216,992
7.67 23,249.76
1,741
58026.67
2.1 121,856
145,106
7.67 23,249.76
1,741
58026.67
2.1 121,856
145,106
7.67 23,249.76
1,741
58026.67
2.1 121,856
145,106

leaves
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year 1
year 2
year 3
year 4
year 5

yield
5,052.632
9,600
3,031
3,031
3,031

Oregano spice scenario:
Yearly outputs in the spice production scenario are presented in Table 14 for a
unit (10 g glass spice jar) RSP (retail shelf price) of 1.87 USD and a 30% profit margin
amounting to a unit supplier net profit of 1.309 USD.

Table 14. Production of spice and subsequent benefits over 5 years
spice yields (Kg) and benefits (USD)
year 1
year 2
year 3
year 4
year 5

yield
Number of units
1411.68
141,168
3039.36
303,936
1328.832
132,883
1328.832
132,883
1328.832
132,883

unit price
1.309
1.309
1.309
1.309
1.309

benefit
184,789
397,852
173,944
173,944
173,944

Oregano essential oil scenario
Yearly outputs in the essential oil production scenario are presented in Table
15 for a unit (5 ml glass vial) RSP of 25 USD and a 30% profit margin amounting to a
unit supplier net profit of 17.5 USD.

Table 15. Production of essential oil and subsequent benefits over 5 years.

year 1
year 2
year 3
year 4
year 5

Essential oil yields (liters) and benefits (USD)
yield
Number of units
unit price benefit
47.75
4,775
17.5
83,563
191
19,100
17.5
334,250
115
11,500
17.5
201,250
115
11,500
17.5
201,250
115
11,500
17.5
201,250
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c. Financial Analysis
First year investment and other years’ costs are detailed in the project inputs
section and summarized in Appendix II. Tables 16, 17, 18 and 19 show the net present
value (NPV) and benefit cost ratio (BCR) at 10% discount rate (DR) respectively for the
following production scenarios: zaatar, herbal tea and zaatar, spice and finally essential
oil.
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Zaatar scenario

Table 16. Zaatar scenario project NPV and BCR at 10% DR.

25,585

Total
costs
34,225
25,825

240

18,385

18,625

240

14,885

15,125

240

14,785

15,025

240

14,785

15,025

Total investment
34,225
240

Total O&M

Revenues
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0
22,032
88,128
52,877
52,877
52,877

DF (10%)
0.909090
0.826446

D cost
31,113.6
21,343.0

D benefit
0.0
18,208.3

NPV at 10%
-31,113.61
-3,134.65

0.751315

13,993.2

66,212.1

52,218.87

0.683013

10,330.6

36,115.7

25,785.09

0.620920

9,329.3

32,832.4

23,503.05

0.564472

8,481.2

29,847.6

21,366.38

94,590.9

183,216.0

88,625.15

BCR at 10%

1.9369

Oregano herbal tea and zaatar scenario

Table 17. Oregano herbal tea and zaatar scenario project NPV and BCR at 10% DR.
Total
invest
ment
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year 0
year 1
year 2
year 3
year 4
year 5

34,175
200
200
200
200
0

Total
O&M
129,979
122,779
119,279
119,179
118,979

Total
costs
34,175
130,179
122,979
119,479
119,379
118,979

Revenues
67,426
216,992
145,106
145,106
145,106

DF
(10%)
0.909090
0.826446
0.751315
0.683013
0.620920
0.564472

D cost
31,068.2
107,585.9
92,396.0
81,605.7
74,124.8
67,160.3
453,940.9

D benefit
55,723.7
163,029.3
99,109.1
90,099.1
81,908.1
489,869.4

NPV at
10%
-31,068.2
-51,862.2
70,633.4
17,503.4
15,974.3
14,747.8
35,928.5

BCR at 10%

1.0791

Oregano spice scenario

Table 18. Oregano spice scenario project NPV and BCR at 10% DR
Total
investment
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year 0
year 1
year 2
year 3
year 4
year 5

34,225
0
0
0
0
0

Total
O&M

Total
costs

420,305
413,105
409,605
409,505
409,505

34,225
420,305
413,105
409,605
409,505
409,505

Revenues
184,789
397,852
173,944
173,944
173,944

DF (10%) D cost
0.909090
0.826446
0.751315
0.683013
0.620920
0.564472

31,113.61
347,359.39
310,371.98
279,765.54
254,269.84
231,154.11
1,454,034.4
7

D benefit

NPV at 10%

BCR
at 10%

152,718.06
298,912.34
118,806.09
108,005.38
98,186.58

-31,113.61
-194,641.33
-11,459.64
-160,959.45
-146,264.47
-132,967.53

776,628.44

-677,406.02 0.5341

Oregano essential oil scenario

Table 19. Oregano essential oil scenario project NPV and BCR at 10% DR
Total
investment

78

year 0
year 1
year 2
year 3
year 4
year 5

43,955
0
0
0
0
0

Total
O&M

Total
costs

34,779.5
27,429.5
23,929.5
23,829.5
23,829.5

43,955.0
34,779.5
27,429.5
23,929.5
23,829.5
23,829.5

Revenues

DF (10%)

D cost

D benefit

NPV at 10%

BCR at
10%

83,563
334,250
201,250
201,250
201,250

0.909090
0.826446
0.751315
0.683013
0.620920
0.564472

39,959.1
28,743.3
20,608.2
16,344.1
14,796.2
13,451.1
133,901.9

0.0
69,059.9
251,127.0
137,456.4
124,960.2
113,600.0
696,203.4

-39,959.1
40,316.6
230,518.9
121,112.2
110,164.0
100,148.9
562,301.5

5.1993

NPV and BCR results show that the spice production scenario is not
economically feasible. The total costs breakdown (Table 20) shows that this is mainly
due to the high operation and maintenance (O&M) costs generated by the price of
premium spice jars. A lower product positioning, i.e. lower value spice jar, might make
this scenario economically feasible.
All other three scenarios have a positive NPV beginning the first year and a
BCR higher than 1. This means that those three projects are economically feasible
starting the first year. This is confirmed by a study on Turkish oregano (O. onites) that
had an establishment period of one year during which gross expenditures and gross
income were equivalent (Kitiki 1997). Comparing NPVs and BCRs of the three scenario
projects (Table 20) would tell which is the most economically feasible. The essential oil
scenario had the highest NPV (562,301.5 USD) and BCR (5.1993) followed by the
zaatar scenario in the second position (NPV=88,625.15 USD; BCR=1.9369) and the
herbal tea and zaatar scenario in the third position (NPV=35,928.5 USD; BCR=1.0791).
The essential oil scenario is highly economically feasible due to the high value
added of essential oils in general. However, it is hypothetical to an oregano chemotype
having at least 70%. Oregano populations in Lebanon would have to be surveyed in
order to find such a chemotype. Another option would be to plant an oregano species
commercially available with high carvacrol.
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Table 20. Comparison of different scenarios in terms of total investment, total operation
and maintenance (O&M), total cost (TC) and total benefits (TB)
Scenario
Zaatar
Herbal tea
and zaatar
Spice
Essential oil

Total
Investment
(USD)
35,425.00

Total
O&M
(USD)
88,425.00

TC (USD)

TB (USD)

NPV
(USD)

BCR

123,850.00

268,791.32

88,625.15

1.9369

34,975
34,225
43,955

610,195
2,062,025
133,797

645,170
2,096,250
177,752

719,735
1,104,473
1,021,563

35,928.5
-677,406.02
562,301.5

1.0791
0.5341
5.1993

The herbal tea and zaatar scenario had a lower NPV and lower BCR than those
of the zaatar scenario alone. Processing oregano flowers into herbal tea did not generate
more cash (NPV) nor did it give higher benefits per costs (BCR). This is mainly due to
high production costs due to imported packaging material and high retail profit margins.
An alternative would be the use of a cheaper packaging material (paper bags) and direct
selling. Finally, the zaatar scenario had a high BCR (1.9369) with a NPV (88,625.15)
that makes oregano cultivation for zaatar production a promising agricultural activity to
promote in rural areas of Lebanon. However, since zaatar market is limited to the
country and the region, this scenario bears the risk of market saturation if all farmers opt
for the same activity at the same time.

d. Sensitivity Analysis
Sensitivity analysis would account for scenarios that would impair the
economics of the project. In the case of this study, it would be done a 50% drop in the
production due to unfavorable climatic conditions in year 2 and year 4 or a 50% drop in
the market prices in the same years either due to competition or due to failure to meet
product specifications. This is applicable for all scenarios.
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Table 21. Sensitivity analysis for the four production scenarios at 50% decrease in
production/price and 100% increase in packaging costs.
Production
scenario
Zaatar
herbal tea and
zaatar
herbal tea and
zaatar
herbal tea and
zaatar
Spice
Essential oil

Decision
criterion
NPV
BCR
NPV
BCR
NPV
BCR
NPV
BCR
NPV
BCR
NPV
BCR

original scenario
88,625.15
1.9369
35,928.5
1.0791
35,928.5
1.0791
35,928.5
1.0791
-677,406.02
0.5341
562,301.5
5.1993

50% decrease in
production/price
39,102.9
1.4134
-90,635.7
0.8003
-90,635.7
0.8003
-90,635.7
0.8003
-880,864.88
0.394193
374,257.9
3.795016

Results (Table 21) show that the herbal tea scenario was the most sensitive to a
50% decrease in production/price. It made the scenario economically not feasible with a
negative NPV (- 90,635.7 USD) and a BCR lower than 1 (0.8003). Other scenarios
remained economically feasible. However, the zaatar scenario happened to be more
sensitive to a 50% decrease in production/price since in underwent a 55.87% decrease in
its NPV as compared to 33.44% in the case of the essential oil scenario.
Finally, choosing among the three feasible projects would take into accout the
processing expertise required and the marketing efforts. For instance, the zaatar scenario
requires low investments costs, simple processing and few if no marketing efforts and
therefore fits small farmers. The essential oil project has the highest economic
feasibility but has probably the most questionable technical and marketing feasibilities.
Above all, there is the problem of market specification in terms of carvacrol and thymol
contents. For instance, the plant material used for this experiment happened to be
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thymol rich and poor in carvacrol and had therefore no market value. If the essential oil
scenario is targeted, the chemotype of the plant material used should be analyzed prior
to propagation and plantation. Also, this scenario requires a relatively medium
investment level but a specific expertise in the essential oil extraction, and a regional
niche market identification as well as other challenges ranging from product acceptance
to management of supply and quality consistency, baring in mind that essential oil yield
and composition are related to environmental conditions. This project thus requires
more entrepreneurship.
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CHAPTER IV
CONCLUSIONS AND RECOMMENDATIONS

Irrigating oregano plants during dry seasons was found to be the most
beneficial at the medium irrigation scheme (16 liters per plant, once in two weeks).
Herbage and essential oil yields increased by 2 folds at this level as compared to the low
irrigation scheme (16 liters per plant, once in three weeks). Summer irrigation did not
alter the composition of the essential oil.
As for the drying technique that preserves the best organo-leptic quality of
oregano spice, air-drying was clearly better than oven and freeze-drying. All attributes
required by international standards related to the aroma (strong, pungent, and
camphoraceous), flavor (strong, warm, bitter, pungent and astringent) and color (grayish
green) were found in air-dried samples during descriptive sensory analysis. Freeze-dried
samples had an undesired earthy/musty aroma and oven-dried oregano leaves developed
a brown color.
Finally, a cost-benefit analysis confirmed the economic potential of Origanum
syriacum. Production of premium quality spice had no economic feasibility. Production
of zaatar and herbal tea was found to be sensitive to a 50% decrease in production/
prices that would make it lose its economic feasibility.
The two scenarios that were not affected by the sensitivity analysis were zaatar
production and essential oil production, with the second being less affected and still
having the highest NPV and BCR.
A chemotype geographical survey at the national level is necessary to
determine oregano populations in Lebanon with the highest carvacrol content. This
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would be done on the morpho-anatomy but also at the molecular and chemical levels.
Then, based on the literature developed in the present work, agronomical factors
affecting carvacrol content in the oil, mainly harvesting date, should be investigated.
Those are two key points in making oregano supply consistent in terms of quality.
Addressing them would enable oregano meet international market standards and
become a new economic crop in Lebanon.
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APPENDIX I
ESSENTIAL OILS AND THEIR EXTRACTION

The word essential is derived from quintessence, which the Oxford English
Dictionary defines as, “An extract of a substance containing its principle in its most
concentrated form”. Essential oils are also commonly defined as complex mixtures of
fragrance and flavor substances originated from plants (Frank et al. 1995). The term
'volatile oil' is sometimes preferred since it refers to the fact that most components of
the oil, which are present in extracellular spaces in the epidermis or mesophyll, have
low boiling points and can be recovered from the plant tissues by steam distillation
(Hay and Waterman 1993). Essential oils should be differentiated from concretes,
which are solvent extractions of plant tissues (normally using petroleum ether, hexane,
or toluene), that can further be extracted in methanol to give absolutes (Guenther 1949).
Essential oils are found in specialized structures located in the flowers, buds,
leaves, fruits (seeds or epidermis), wood, bark, resins and roots of a plant and
sometimes in more than one of these parts (Groom 1994). Those structures could be oil
cells, cavities (ducts)-these are clusters of cells just below the epidermis, e.g. skins of
citrus fruit, or the leaves of eucalyptus-, or glandular and guard trichomes (hairs)
originating from epidermal cells, e.g. the glands on lavender florets, or the modified leaf
hairs of mint, geranium, and oregano.
Trichomes could be fragile, very long and densely branched or umbrella
shaped. Depending on their shape, they serve different functions in plants:
• Attraction of pollinating insects by attractive volatile aromas
• Reduction of competition from other plant species (allelopathy) by chemical
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inhibition of seed germination and establishment. In this case, trichomes are fragile with
spaces filled with substances (aromatic, toxic, irritant…)
• Protection against insects by an anaesthetic effect, against infectious
microflora by fungicidal and bactericidal properties, and against browsing animals by
adverse taste and effects on the nervous system (glandular trichomes are named “the
first line of plant defense” due to their anti-herbivore and water economy functions). In
that case, trichomes are very long, or densely branched
• Reduction of leaf temperature and water loss through an increased
reflectance to incident solar radiation and their umbrella shape (peltate) that opens in
dry conditions to prevent transpiration and closes in wet conditions.
Those shapes are expected to be adaptation responses of MAPs to the selective
effect of the climatic-topographic diversity found in their habitats such as pollinators,
plant competitors, herbivores and climatic conditions (Kokkini et al. 1994). They are
also expected to explain the variation of essential oil amount and content among species
or even within same species grown in different environmental conditions. Werker et al.
(1985) reports that contribution of the capitate hairs (small and shrunken glandular
trichomes) to the total essential oil distilled is negligible whereas the role of peltate
hairs (large and round glandular trichomes) in flowers is a good criterion for the
selection of a highly essential oil productive chemotype.
Different extraction processes include the following (ASTA 1968; Guenther
1972; Heath 1981):
• Hydro distillation, also known as water distillation, is a process in which
water and plant material are boiled together in a common tub
• Steam distillation uses dry steam to vaporize and extract the oil. Steam
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distillation is used by commercial ventures seeking to process large quantities of
essential oils economically
• Solvent extraction uses organic solvents to extract both essential oils and
oleoresins which are then separated. Supercritical extraction is another form of solvent
extraction in which carbon dioxide is used instead of the liquid solvent under extremely
high pressure to extract both essential oils and oleoresins which would be separated
later on.
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APPENDIX II
FACTORS INFLUENCING YIELD AND COMPOSITION OF
ESSENTIAL OILS
i. Genetics: Site/Origin
Medicinal plants derived from the same species can exhibit significant
differences in quality when naturally grown or cultivated at different sites, owing to the
influence of soil, climate and other factors. These differences may relate to physical
appearance or to variations in their constituents, the biosynthesis of which may be
affected by extrinsic environmental conditions, including ecological and geographical
variables (WHO 2003).
In Greece Origanum vulgare grown in the Mediterranean climatic zones were
characterized by numerous sessile glands rich in essential oils (ssp. hirtum), whereas
those of the continental type climate had few of those glands and were consequently oilpoor (ssp. viridulum and ssp. vulgare) (Kokkini et al. 1994). Production plant material
originating from such different climatic zones would have different essential oil
contents.

ii. Morphogenesis
Each stage of the life cycle of annual and perennial plants has a specific effect
on the essential oil yield and composition, and on types and numbers of trichomes.

α. Leaf Age
It was found that young leaves of Pelargonium graveolens have a higher
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content and amount of essential oil per unit of leaf area when compared with older
leaves (Ravid and Putievsky 1984). On the other hand, Venkatachalam et al. (1984)
found that young leaves had juvenile glands with unfilled extracellular cavities as
compared to mature leaves that had sessile glands with filled cavity.

β. Harvest date
In a study on Thymbra spicata var. spicata and Satureja thymbra, the oil
content and its concentration in phenolic compounds were the lowest in the Spring and
the highest in the full bloom period of June/July. It was proposed from this that a close
relationship exists between maturity stages of plants and the essential oil production and
phenolic compounds (Müller-Riebau et al. 1997).
The most critical factor in choosing harvest date is flowering. Flowering is
accompanied by the appearance of floral leaves like calyx, bracts and peduncles, which
have differences in essential oil composition and differ from the content of true leaves.
Dudai et al. (1988) found that leaves, calyxes, and corollas of two chemotypes of O.
syriacum had the same types of glandular hair on leaves and flowers but the distribution
of the hairs on the different plant organs varied. Chemical analysis revealed pronounced
quantitative differences in essential oil components between different organs of the two
chemotypes of O. syriacum: -terpinene, γ-terpinene (precursor of thymol), and pcymene (precursor of carvacrol) had the highest percentages in the leaves whereas the
percentages of +β pinene, caryophellene, thymol and carvacrol were the highest in the
corolla. The peltate hairs on the corolla and stamens became fully developed with the
approach of flower maturity due to calyx enlargement (as compared to the stage where
the flower is not completely developed). Dudai et al. (1992) found a lower essential oil
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content in leaves of reproductive shoots compared to vegetative ones. Findings of
Putievsky et al. (1997) were with accordance of those of Dudai et al. (1988): γ-terpinene
(precursor of thymol) was the highest at the vegetative stage (leaf stage) in O. vulgare
(21%) and O. syriacum (8%). However, thymol in this experiment was the highest at
seed formation in O. vulgare (68%) and at the vegetative stage in O. syriacum (58%).
Another study on Origanum syriacum revealed that carvacrol and thymol were at equal
levels of 30% in the plant at the preflowering stage in early spring. The percentage of
carvacrol increased to 62% after flowering and maturation while the concentration of
thymol decreased to 14% (Daouk et al. 1995). In Thymbra spicata, p-cymene (carvacrol
precursor), γ-terpinene (thymol precursor) and carvacrol together amounted to 30% of
the oil in spring and 60% in the summer. It was noticed that the level of carvacrol was
low in May due to intense growth activity; it increased according to plant development
and reached its peak at plant maturity just before end of August (Muller-Riebau et al.
1997). This contradicted another O. vulgare study where there were no qualitative or
quantitative differences between the essential oils secreted by glandular hairs on the
vegetative parts and those of the flowers (Dudai et al. 1988 and references therein).
Essential oil content in fresh matter was also affected by the phenological
stage: the vegetative stage yielded the highest oil content (1.2%) in the case of O.
syriacum and the lowest (1%) for O. vulgare whereas seed formation was less favorable
for the first (0.5%) and more favorable for the second (1.8%) (Putievsky et al. 1997).
MAPs should be harvested during the optimal season or time period that
ensures the production of medicinal plant materials and finished herb products of the
best possible quality. Results of the literature suggest that the time of harvest depends
on the plant part to be used and the concentration of biologically active constituents,
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those being variable with the stage of plant growth and development. The best time for
harvest i.e. quality peak season/ time of the day should be determined according to the
quality and quantity of biologically active constituents rather than the total vegetative
yield of the targeted medicinal plant parts. Harvest date is decided upon the content,
yield, composition and organoleptic properties of the essential oil reaching its maximum
value from the economic point of view.
As already mentioned, optimal harvest time of the day should also be
determined as it affects both the yield and the composition of the essential oil. In
Ocimum gratissimum, the essential oil yield was low in the morning (0.3% at 7 am),
much higher after three hours (1.7% at 10 am), reached its peak at noon (1.8%) then, it
went down to 1.6% in the afternoon (7 pm). The percentages of thymol, -terpinene and
p-cymene in the essential oil also oscillated during the day (23 to 30.5%; 27 to 33.5%
and 16 to 19.5%, respectively) (Yayi et al. 2004).

γ. Season/final use
The ultimate use of the essential oil also determines the harvest date. For
instance, sage (Salvia libanotica) oil extract used for unconventional medicines should
be prepared from spring plants to avoid toxicity. This was found to be caused by high
levels of camphor, thujones and camphene in the essential oil in the winter (Farhat et
al.,2001). Oils of Thymbra spicata and Satureja thymbra should be extracted from fall
plants instead of summer plants if the anti-fungal property is sought: by end of August,
the plants had higher yields of antifungal ingredients (phenolic compounds) than at the
flowering onset stage (Müller-Riebau et al. 1997). Depending on whether a high thymol
content or high carvacrol content is sought in Thymus vulgaris oil, harvesting should
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take place at the blooming stage or at fruit set (Badi et al. 2003).

iii. Environment

α. Climate
Climatic conditions like, length of the day, rainfall or water supply, and field
temperature, can significantly influence the physical, chemical and biological qualities
of medicinal plants. The duration of sunlight, average rainfall, average temperature as
well as day to night differences, also influence the physiological and biochemical
activities of plants. An example of the effect of temperature on the essential oil content
in leaves, flowers and, whole plants of Origanum syriacum is given by Dudai et al.
(1992): the oil percentage gradually increased from 0.6 to 1.6% when the day/night
temperature gradually increased from 17/12ºC to 32/27ºC.

β. Sunlight and day-length
The effect of light level on essential oil production was different depending on
the factor accounting for essential oil increase: at 45% of full sunlight, Salvia officinalis
had the highest yield of essential oil due to the optimization of the activity of a
catalyzing enzyme whereas Thymus vulgaris at 100% of full sunlight produced the
highest essential oil yield by increasing the density of its glandular hairs (Li et al. 1994).
The content of Origanum syriacum essential oil increased in non-flowering plants (from
0.65 to 1.70%) and in flowering plants (from 0.6 to 0.9%) as the day-length increased
(from 8 to 12h and from 12 to 24h respectively). Essential oil composition was also
affected by day-length: carvacrol content increased and p-cymene content decreased in
both non-flowering (from 52 to 83% and from 16 to 2%, respectively) and flowering
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(from 54 to 62% and from 17 to 11%, respectively) as the day-length increased (from 8
to 12 h in non-flowering plants, and from 12 to 24 h in the leaves of flowering plants)
(Dudai et al. 1992).

γ. Soil
At the time where MAPs were still considered weeds, studies in India showed
relationships between soil levels of aluminum, manganese, calcium and phosphorus and
weed distribution. Singh & Singh classified weeds into three groups: high in nitrogen,
calcium or potassium (Weerakoon and Lovett 1986 and references therein). If MAP’s
optimal growth and quality require appropriate amounts of nutrients, organic matter and
other elements in the soil, optimal soil conditions, including soil type, drainage,
moisture retention, fertility and pH still differ from plant to plant. Among pedologic
parameters, texture was the main one to directly affect yield and quality of bergamot oil:
as opposed to silt and clay, high sand contents were detrimental to the yield and the
quality probably due to a lesser availability of nutrients and water (Intrigliolo et al.
1999). Calcareous soil yielded more oxygenated compounds than granitic silt soil in the
case of cultivated Rosmarinus officinalis (Moretti et al. 1998). Study of relationship
between soil chemistry and Thymus pulegioides chemotype showed that increased
calcium carbonate decreased chemotype diversity of a population: linalool chemotype
rised and phenol chemotypes declined (Martonfi et al. 1994). When investigating the
correlation between mint oil (quantity and menthol content) and soil nutrients,
Srivastava et al., (2002) could select the key minerals influencing oil yield and menthol
content; those were Mn, Cu, Zn and K.
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. Fertilization
Application of phosphorus (calcium phosphate) induced a positive response to
nitrogen application (sodium nitrate) and a dry matter increase in the case of Salvia
reflexa Hornem. Application of phosphorus and nitrogen induced smaller responses in
terms of dry matter than application of sulfur and potassium did (Weerakoon and Lovett
1986).

- Irrigation
The increased competition between agricultural, industrial, and urban use of
water creates the need for improvement of irrigation practices. Also, in semi-arid areas
like the Beqaa valley, when supplemental irrigation is advised for alternative crops,
water use has to be optimal to manage limited water resources and maximize returns to
the farmer. In particular, scheduling water application is critical to make the most
efficient use of drip irrigation system as both water stress and excessive irrigation
reduce yield. This is even more ambiguous in the case of MAP where irrigation might
reduce essential oil content and/or have a dilution effect on the oil meaning an altered
composition.
Effect of watering frequency on growth and development of Salvia reflexa
Hornem. was studied. Leaf extension, top and dry weight, stem height, total leaf
production, branch production and inflorescence production increased proportionally
with increasing watering frequencies. When plants were subjected to drought periods
then watered, the length of exposure to drought negatively influenced the rate of
recovery (Weerakoon and Lovett 1986). When the quantity of water was considered,
Singh et al. (2002) found that at the highest irrigation ratio, patchouli (Pogostemon
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patchouli) oil yield increased as the green yield increased but oil content of certain
constituents was reduced probably due to the dilution effect. In the case of bergamot
mint (Mentha citrata), high soil moisture increased the essential oil yield and quality in
terms of its two major constituents, linalool and linalyl acetate (Ram et al. 1995). The
theory of essential oil biosynthesis being triggered by stress conditions was confirmed
by Baricevic et al. (2004) only as related to certain components: a 35% depletion of
available soil water gave the maximal yield of tropane alkaloids (hyoscyamine and
scopolamine) and diosgenin in deadly nightshade (Atropa belladonna) and fenugreek
(Trigonella foenum-graecum). A 95% depletion of available soil water gave the
maximal content of other alkaloids.
One could conclude that water supply increases oil yield by increasing herbage
yield but, oil components do not follow a stable pattern. Decision should be taken upon
case-by-case studies depending on the component sought.

. Biotechnology
Since cultivation of medicinal plants for the purpose of extraction of active
constituents faces environmental limitations such as the ones mentioned above, there
was a need to produce secondary metabolites irrespective of seasonal and climatic
conditions, in a rapid way, while avoiding wild collection of endangered species. Use of
tissue culture techniques seems to fulfill these conditions (Arikat et al. 2004). Many
authors compared essential oil content and composition in greenhouse-grown and
micro-propagated plants. Results ranged from 1.6 times lower yield in micropropagated
O. bastetanum (Socorro et al. 1998) to 6 times higher yield in micropropagated O.
vulgare (Arikat et al. 2004 and references therein). Essential oil composition was either
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similar or slightly different (Socorro et al. 1998). Changes were explained by the effect
of growth regulators in the medium on the amount of trichomes of the shoots, thus on
essential oil yield and on biosynthesis of oil components (Arikat et al. 2004).

. Extraction
The last but one of the most critical factors affecting the essential oil yield and
composition is the distillation technique used to extract the essential oil. A publication
on Satureja hortensis showed that extraction by hydro-distillation as compared to steam
distillation gave the highest oil yield and carvacrol percentage for S. hortensis (Sefidkon
et al. 2005).
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APPENDIX III
QUALITY SPECIFICATIONS: GC/MS ANALYSIS OF
ESSENTIAL OILS
Essential oil analysis is done to answer research or industrial analysis questions
related to (1) comparative purposes (one oil is contrasted with other (s) for quality
control or investigation of adulteration i.e. dilution of a genuine essential oil with a
cheap carrier oil or solvent, adding synthetic aroma chemicals to an essential oil,
reconstructing an oil with aroma natural or synthetic chemicals), (2) discovering new
components, or (3) characterizing the chemical classes of certain compounds (Marriott
et al., 2001).
Laboratory techniques detect adulteration by detecting the specific gravity,
optical rotation, refractive index, and composition (through GC/MS) of essential oils.
Those characteristics are changed when the oil is adulterated.
The specific gravity for instance measures the weight of an essential oil at
25ºC. Optical rotation measures the direction and the degrees a light beam takes when
passing through the essential oil (an enantiomer causing rotation in a clockwise
direction being called dextrorotatory and its chemical name would be designated by the
prefix (+); one causing rotation in the opposite sense is laevorotatory and its chemical
name would be designated by the prefix (–)). The amount of optical rotation is
determined by the molecular structure and concentration of molecules in the oil.
Exogenous constituents would alter the direction and degree to which light rays bend as
they pass through the oil. The refractive index measures the speed at which light passing
through the essential oil is refracted. This speed is also altered by any added substance
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to the natural oil.
Gas chromatography (GC) technique separates the constituents of an essential
oil based on volatility and bond characteristics when subjected to a carrier gas, and
measures the percentage of each constituent in this oil. It confirms its botanical identity
by comparing presence and percentage of each constituent. This feature makes it not
only detect adulteration like previous techniques but also identify the nature and amount
of each constituent of the oil thus allowing a way to monitor the change in those
constituents due to environmental conditions such as irrigation levels. An essential oil
sample (as small as 0.2-1 l) is injected by syringe into an injection chamber through a
port covered by a rubber septum. The chamber is a heated cavity which serves to
volatilize the compounds that are carried out of the chamber and carried along a column
by an inert gas such as helium. The column is either packed with a porous stationary
phase or has inner walls are coated with a stationary phase, and the analyte components
are detected as they emerge from the far end of the column. Often, a time-varying
temperature gradient, from lower temperature to higher temperature, is applied to the
column. This first allows the analyte components to partition into the stationary phase
and then, as the temperature rises, to differentially force them back into the mobile
phase. The more the molecules of that substance are retained, the slower their progress
through the chromatographic apparatus. Different substances will then move through at
different rates, ideally resulting in distinctly identifiable retention times for each
substance. The retention time is the time it takes for a compound to travel from the
injection port to the detector. Once the compound reaches the detector, the GC produces
a linear graph which charts the presence and distribution of the volatile components of
the essential oil. After gas chromatography had separated the components of a mixture
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(analytical phase), mass spectroscopy is used to characterize each of them individually
(detection phase). Mass spectrometers are divided into three fundamental parts, namely
the ionisation source, the analyser, and the detector. In the ionisation source, molecules
that were separated in the GC are bombarded with a stream of electrons to transform
them into ions. These positive ions are persuaded out into the rest of the machine by the
ion repeller which another metal plate carrying a slight positive charge. The mass
analyzer separates the ions formed in the ionization source of the mass spectrometer
according to their mass-to-charge (m/z) ratios by using different levels of magnetic
fields. The detector monitors the current (which is a measure of the number of ions),
amplifies it and then, the signal is transmitted to the data system where it is recorded in
the form of mass spectra. The mass of each ion being detected is related to the size of
the magnetic field used to bring it on to the detector. The m/z ratio gives the needed
information about the molecular weight of the compound and its chemical structure.
The m/z values of the ions are plotted against their intensities to show the number of
components in the sample, the molecular mass of each component, and the relative
abundance of the various components in the sample.
The produced mass spectrum bar graph has the m/z values on its x-axis and the
relative abundance of each ion (which is related to the number of times an ion of that
m/z ratio stroke the detector) on its y-axis. By comparing produced mass spectra to
mass spectra of pure references from a library, the individual oil components, along
with their relative percentages are identified.
GC/MS is the most frequently used technique for analyzing essential oil
composition. In the case of oregano essential oil, it is used to detect carvacrol content
among others. Detection of carvacrol is essential as it is the most sought component is
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the essential oil of oregano. Actually, breeding programs have the ‘high carvacrol
content trait’ as the first breeding target of Origanum species followed by the oil yield
(Franz and Novak 1997).
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APPENDIX IV
THREE SAMPLES (LOW, MEDIUM AND HIGH
IRRIGATION SCHEMES) OF ESSENTIAL OIL GC/MS
ANALYZED

Compound
- Phellandrene
- Pinene
Camphene
- pinene
Myrcene
- Phellandrene
- Terpinene
Para cymene
- Terpinene
Cis sabinene hydrate
Trans sabinene hydrate
Terpinen 4 ol
Thymol
Carvacrol
- Caryophyllene
Humulene

RI
911
917
933
960
975
990
1000
1008
1043
1054
1086
1165
1176
1183
1400
1436

RI ref
1003
939
954
979
991
1003
1017
1025
1060
1070
1098
1177
1290
1299
1409
1455

Sample 1: Low irrigation scheme
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Area %
0.85
0.5
0.07
0.13
1.37
0.3
2.7
6.05
10.13
0.96
0.19
0.71
58.62
6.81
1.57
0.09
91.05

Compound
- Thujene
- pinene
Camphene
- Pinene
Myrcene
- Phellandrene
- Terpinene
Para cymene
Limonene
- Terpinene
Trans sabinene hydrate
3 Carene
Cis sabinene hydrate
Terpinen 4 ol
Thymol
Carvacrol
Caryophyllene
Humulene
Caryophyllene oxide

RI
912
918
933
961
976
990
1001
1009
1014
1043
1055
1063
1086
1166
1276
1283
1401
1436
1565

RI ref
930
939
954
979
991
1003
1017
1025
1029
1060
1098
1010
1070
1177
1290
1299
1409
1455
1583

Sample 2: Medium irrigation scheme
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Area %
0.86
0.57
0.06
0.13
1.46
0.37
2.64
6.7
1.14
10.01
0.67
0.13
0.15
0.83
59.22
6.04
1.51
0.07
0.21
92.77

Compound
Thujene
- Pinene
Camphene
- pinene
Myrcene
- Phellandrene
3 carene
- Terpinene
Para cymene
- Terpinene
cis sabinene hydrate
Trans sabinene hydrate
Thymol
Carvacrol
- Caryophyllene
Humulene

RI
912
918
933
961
975
990
993
1001
1009
1043
1054
1086
1277
1283
1401
1436

RI ref
930
939
954
979
991
1003
1002
1017
1025
1060
1070
1098
1290
1299
1409
1455

Sample 3: High irrigation scheme
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Area %
0.84
0.52
0.07
0.11
1.34
0.31
0.13
2.36
6.56
9.55
0.84
0.18
63.44
7.07
1.76
0.1
95.18

APPENDIX V
REFERENCES FOR KEY UNIT PRICES USED IN
ESTIMATION OF COSTS ( 2006)

Item
Greenhouse structure
Herb grinder
Glass spice jar
Distillation apparatus
Glass vials
Multichannel pipette
Export
Marketing

Reference
Robinson Company
Industrial Grain Mills Company
Ebottles.eu Company
World Rehabilitation Fund (WRF)
Sun Burst Bottle Company
Hamilton Company
Beirut Cargo Center
Direct Marketing Company
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Origin
Lebanon
USA
EU
Lebanon
USA
USA
Lebanon
Lebanon

APPENDIX VI
SELECTED PICTURES FROM THE LABORATORY WORK

Air-drying of oregano bundles

Air-dried oregano leaves

Oven-dried oregano leaves
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Freeze-dried oregano
leaves

Distillation apparatus

Essential oil floating on floral
water
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