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ABSTRACT

Variations in the yield and composition of the egise oils fromCalendula officina-
lis L. cultivated in Alice (Eastern Cape) are reportésisential oils were obtained by hy-
drodistillation using the Clevenger apparatus andlysis was performed by GC-MS.
The vyield in essential oil revealed a maximum at fiil-flowering stage (0.97%) and a
minimum during the pre-flowering stage (0.13%). Toenposition showed different pat-
terns at different phases of the vegetative cy8ksquiterpenesi{cadinenega-cadinol,
T-muurolol, and eptbicyclosesquiphellandrene) and monoterpenes (lenen 1,8-
cineole, andransB-ocimene) showed highest correlations with the @igie plant. An
interesting stage is the post-flowering period,ghsential oil being rich ia-cadineneg-
cadinol, T-muurolol, limonene, 1,8-cineole, wifcymene presenting lower levels.

The oils were extracted by hydrodistillation frdrash leaves, dry leaves, and fresh
flowers yielding 0.06 %, 0.03 %, and 0.09 %, resipely. The analysis of oils by GC-
MS revealed a total of 30, 21, and 24 compounds filee fresh leaves, dry leaves, and
the flowers, respectively, representing 91.7, 8ark] 87.5% of the total oil composition.
Sesquiterpenoids dominated in the fresh leave$ (%).and flowers (26 %), while the
monoterpenes dominated in the dry leaves (70.3T%Juurolol (40.9 %) predominated
in the fresh leaf oilp-thujene (19.2 %) and-cadinene (11.8 %) were present in high
guantities. In contrast, 1,8-cineole (29.496)erpenene (11.6 %j-cadinene (9.0 % -
pinene (6.9 %), and-thujene (6.3 %) were the major components in theleaf oil,
while in the fresh flower oilg-thujene (15.9 %)¢-cadinene (13.1 %) angcadinene
(10.9 %) were the major components. The signifieawmicthe effect of drying and age on

essential oil composition is discussed.



CHAPTER 1

INTRODUCTION

1.1 NATURAL PRODUCTS

All over the world, natural products have foundajrusefulness in industry as well as
in herbal medicine. In Africa, for example, the oréy of inhabitants depend on the
available plants for their primary health care. MoSthese remedies are natural prod-
ucts.

Plants through scientific researches have beendfdo contain valuable chemicals
(Morrison and Boyd, 1987). These natural chemieald their synthetic counterparts
have continued to serve as feed stock in relevahitsirial fields. While some are used in
pharmaceutical, food, and chemical industry, otla@esapplied as food flavors and fra-
grances, sweeteners, or even pesticides. Althoggtenn technologists have transformed
many medicinal plants into more palatable forms li&blets, capsules, and syrups, many
traditional healers still use plants in their crddem (herbal remedies). Extracts from
some of the medicinal plants being used by tradititealers have been found to contain
properties that inhibit the growth of bacteria,uges, and other microbes (Ndubani &
Hojer, 1999).

The global markets of natural products for indaktand medicinal uses have been
growing rapidly in recent years. Today medicinatl @romatic plants have become an
integral component of research and pharmaceutinthlstry. Such research focuses on
the isolation and direct use of active medicinahstituents of plants, semi-synthetic

drugs, and pharmacologically active compounds. Aesalt, industry is investing vast



resources into screening of the active constituehtsedicinal and aromatic plants from
all over the world. For example, about half of wharld’s 25 best selling pharmaceuticals
in 1991 originated from natural source materiald ahout 25% of the prescribed drugs
were from the plant kingdom (Balick, 1990). In adxh to the medicinal and industrial
uses of natural products from plants, many phytaiel compounds are used in cosmet-
ics (Table 1).

Table I Some Plants Used as Cosmetics in MozambiqueglBand1994)

Scientific Name Family Use Part Used
Diwrocaryum zanguebarium Pedaliacea Shampoo Leaves, stem
Sesanum alatum Pedaliacea Shampoo Leaves
Albizia versicolor Leguminosae Detergent Bark, roots
Securidacdongepediculata Polygalaceae Detergent Roots
Olax dissitiflora Olacaceae Beauty cream Stem’s powder
Euclea natalensis Ebenaceae Dentifrice Roots
Diospyros vellosa Ebenaceae Dentifrice Roots
Vepris laceolata Rutaceae Aromatic Leaves
Zanthoxylon Capensis Rutaceae Aromatic Leaves, bark

Among the plants whose essential oils are widslduin South Africa for food fla-
vor, pharmaceuticals, cosmetics, and medicinalgrep iCalendula officinalis LIt has
been well documented that there exist dramaticatians in the yields and composition
of essential oils within and between natural pjampulations. According to Viljoeat al
(2005), since the antimicrobial activity of thesks eanay be directly related to their spe-
cific composition, they may also fluctuate. It iswell known phenomenon in several
plant species that the yield and composition ofvblatile oils vary both quantitatively

and qualitatively at different phases of the vetpatecycle (Moldao-Martingt al, 1999).



This has been demonstrated Bmacocephalum moldavica, Thymus capitatus, Arteamisi
judaica and Thymus vulgarigi¢lm et al, 1988; Arraset al, 1993; and McGimpsegt al
1994; Ravid et al, 2006). In these reports, higher yields were olexkin the flowering
or post-flowering period. IMhymus capitatuszarvacroll (the main compound) was
present at higher levels before flowering and uhgl post-flowering period. Some other
compounds, such gscymene2 andy-terpinene3 also showed seasonal variatiops.
Cymene2 showed a minimum level before flowering and a maxn after the flowering
period whereas-terpinene3 showed the opposite variation. It was also replottat the
content of hydrocarbons in this plant decreaset witrease in the size of leaves, while

the content of oxygenated hydrocarbons showedppesite variation.

T2 g

1.2 MOTIVATION / JUSTIFICATION OF THIS RESEARCH
Viljoen et al (2005) in the report on the essential oil chemisf Lippia javanica
growing in South Africa observed dramatic variatwithin and between natural plant
population and suggested that as the antimicralaigity may be directly related to the
specific composition of the oil, the activity magafluctuate.
Although several investigations have been cargat on Calendula officinalisas
shown above in other parts of the world, the sw@iee exhaustive, not exhausted, and

there is a dearth of information in the literature systematic studies of the chemical
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composition of essential oils from the plant fogrdwing in theEastern Cape Province
of South Africa. Yet, there have been reports afality in the chemical composition
of essential oils of same plants from differentioag, with seasonal differences also sig-
nificantly affecting such compositions (Migustl al, 2004).

Before the commencement of this study, there waasmformation in the literature
where variation in the chemical composition of #ssential oil ofCalendula Officinalis
was reported. Yet, since the essential oil of pasit is used for flavoring, its acceptabili-
ty is important. Panel test results have shown ékagential oil rich in geranidl and ge-
ranyl acetat® is well accepted, but not accepted or badly scateehp-cymene2 andy-
terpinene3 are present at high levels (Moldao-Martiesal, 1999). This study could
therefore not have come at a more auspicious tneeinently fill in these gaps, and it is
expected to give for the first time, a comprehemgicture of the chemical composition
of the essential oils of the leaves and flowershefplant cultivated in the Eastern Cape

province of South Africa and at different stagegaiwth.
éi/\OH éi/\oi
4 5
1.3 AIMS AND OBJECTIVE OF THE STUDY
This study therefore aims at investigating thentical profile of the essential oil of

Calendula officinaliggrowingin the Eastern Cape Province of South Africa. Symediy,

the objectives of this project are:
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To carry out a comparative investigation of theroloal composition oCa-
lendula officinalisgrowing in the Eastern Cape Province of South Afric
Isolation of essential oils from the leaves anavéios ofCalendula officinalis
plant at different stages of growth and season.

To investigate the influence of drying on the qitgrgnd quality of its essen-
tial oil.

To carry out structural elucidation of key compaserf the essential oil using

traditional spectroscopic methods (IR- and NMR-gpscopy).
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CHAPTER 2

LITERATURE REVIEW

2.1 CALENDULA OFFICINALISL.

Calendula officinalisalso known as marigold or pot marigold is an ahou®iennial
aromatic herb with soft glandular leaves and ditrag/ellow or orange heads. It belongs
to the Asteraceae family and grows wild in the Seut, Eastern, and Central Europe
(van Wyk and Wink, 2004). The botanical classifi@atof the plant is as shown below in
Table 2 (USDA, 2005):

Table 2. Botanical Classification d€alendula officinalid..

Kingdom Plantae- Plants
Subkingdom TracheobiontaVascular plants
Superdivision SpermatophyaSeed plants

Division Magnoliophyta- Flowering plants

Class Magnoliopsida Dicotyledons

Subclass Asteridae Subclass

Order Asterales- Composite family
Family Asteraceae Aster family
Genus Calendula = marigold
Species Calendula officinalis £.pot marigold

The annual form is more widely grown and is usuatulti-stemmed with a strong
taproot. The plant grows one to two feet tall aegluires full to partial sunlight. The ve-
getative parts of the plant are mid-green in calod the stems are angular and covered
by fine hair. The lower leaves of the plant aredteeghaped whilst the upper leaves are
smaller and more pointed. The composite flowersyat®ow and orange (Gilman and
Howe, 1999) and are born on multi-stock stalks. fltieer heads are heterogamous.

the outer flowers are female whilst the inner flosvare disk flowers which are pseudo-
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hermaphroditic and sterile female. The flowers &tws in the spring-summer seasons as

shown below in Fig. 1.

Figure 1. Calendula officinalid..

The seeds are grey or light-brown in color andyvarshape, decreasing in size to-
wards the centre of the head. As a herb, the patalswuch prized for their color and fla-
vor, and have been used to color butter and chereséo flavor soup (Gilman and Howe,
1999).Calendula officinaligs generally planted in the fall of winter andisgr and their
seeds are recognized as an important source gfdeaitis with conjugated double bonds

with tremendous potential for use as industria[Béerentrup and Robbelen, 1987).

2.2 PROPAGATION OF CALENDULA OFFICINALIS
Calendula officinaligs actually a biennial, but it is cultivated asamual plant. The

seeds are best sown as soon as it is ripe in a gmese. Stored seeds are usually sown in
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early spring in a greenhouse or in the field, andreatment is needed. Seeds planting
could be commenced in-doors and then transplarded) 10 to 12 inches spacing. The
seed germinates well under conditions of high teatpee and full sun. The seeds germi-
nate in one to two weeks and usually have about §8ffination. However, calendula
pests exist and they include whitefly, aphids, #mips. Cucumber beetles and blister
beetles may also be a problem (Janke and DeArnz0@4). Flowers are usually har-
vested by hand when they are completely open ane hat gone to seed, as medicinal
properties are usually not active in plants thatehgone to seed. Also, harvesting can be
done any time in the growing season but preferabgarly summer in order for the new

plant to become established before winter.

2.3 CHEMICAL CONSTITUENTS OF CALENDULA OFFICINALIS
Some of the chemical constituentsQdlendula officinalishave been reported to in-
clude flavonoids @-glycosides of quercertié (R = OH), kaempferob (R = H), and iso-
hamnetin6 (R = OMe) up to 0.8 %, bisdesmosidic and monodssiim saponins
(glycosides of steroids, steroid alkaloids (stesoadth a nitrogen function) or triterpenes
found in plants (up to 10 %), hydroxylated and efs¢el triterpenes (taraxaster@dland

faradiol 8).
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8
The essential oil contains mainly sesquiterpendidsnone 9, B-ionone 10, and
many others). Essential oils are volatile odorooscentrated aromatic extracts, which
are distilled from plants (Atherden, 1969). Theg apluble in alcohol but to a very li-
mited extent in water. They have very strong areer@mponents. Chemically, essential
oils are mixtures of esters, aldelydes, alcohod$oikes, and terpenes. The major differ-
ence between essential oils and fixed oils is thaatility. They are secreted in oil cells,
in secretion ducts or cavities, or in glandularrh@hey are colorless particularly when
fresh, but on prolong standing, may oxidize andobex darkened in color (Trease and
Evans, 1978). In some volatile oiks, g.that of thyme, a separation into a solid and a lig

uid portion occurs on standing in the cold. Thedspbrtion frequently is known by the
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name stearoptene, and the liquid portion is caledptene. Some of the stearoptene is of

commercial importances( g.thymol, camphor, and menthol).

X \O N \O

9 10
The pharmacological activity of marigold is retht® the content of several classes
of secondary metabolites such as essential cdgpfoids, sterols, carotenoids, tannins,
saponins, triterpene alcohols, polysaccharidesittar kprinciple, mucilage, and resin.
Vidal-Ollivier et al, 1989, Biliaet al, 2001 found that marigold flowers contain rutih

isoquercitrinl2, and others.

12
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Also present are coumarines (scopoldifl), carotenoids, and polysaccharides (van
Wyk and Wink, 1997). The saponins, triterpenes, flmunoids appear to be responsible
for wound-healing effects as they show anti-inflaatony and anti-microbial properties
(Jimenez-Medinat al, 2006). Also, Crabas (2003) reported that thergss oil of Ca-
lendula officinalisobtained from Italy contained methyl hexadecand4dté23.8%), me-
thyl linoleatel5 (18.6%), methyl 9,12,15-octadecatrienoafe(17.2 %), methyl octade-
canoatel? (4.8 %), methyl tetradecanodi8 (4.6 %),y-cadinenel9 and cubenoR0 (4.0

%), 0-cadinene&1 (3.2 %),a-cadinol22 (1.8 %) and oplopanor3 (1.3 %).

" ’ J)\/\/\/\/\/\/\/\
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2.4  USES OFCALENDULA OFFICINALIS

Calendula officinalisproducts are mainly used for external and localliegtion to
treat slow-healing wounds, burns, dry skin, eczeonal thrush, and hemorrhoids. It is
applied locally as a tincture, oil, or lotion arsdconsidered an antiseptic. Taken internal-
ly it has anti-inflammatory (Dumendt al, 1980) and spasmolytic effects and is effective
against inflammation of the mouth and throat. #ioalmproves digestion, stimulates bile
production, heals gastric ulcers, and regulatessingai disorders. The flowers are used
in foods to color and add flavor to local dishesd @ontain essential oil, fatty acids, or-
ganic acids, bitter substances, mucilage, reslhey cholesterolic esters, saponins, tri-
terpenic alcohols, ascorbic acid, and a mixtureatfiral dyes (Marczat al, 1987). The
dried flowers are included in herbal teas to imprdkieir appearance (van Wyk and

Wink, 2004). The crushed petals may be combinel walive oil to form an ointment for
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external application to cuts, bruises, sores, amds The infusion is used to soothe wa-
tery irritated eyes, to relieve bronchial complgjrb treat liver disorders, and to induce
perspiration in case of fever.

Several clinical studies have shown that calentakantimicrobial and antiviral ac-
tivity and wound healing capacity in skin tissueibglucing the formation of new blood
vessels, and has been approved in Europe for uslammation of the mouth and pha-
rynx, and for healing wounds and burns (Janke a@drond, 2004). Historically, ca-
lendula blossoms were used to color broth, ricd, @aher foods as a substitute for saf-
fron, but are now primarily used as skin cream, oil lotion (Janke and DeArmond,
2004).

Some of the other non-food applicationsGaflendulaofficinalis include their use in
paints, coatings and cosmetics (Mueseal. 1992) and industrial nylon products. It is al-
so considered an ornamental plant in Cuba (Svaretizd, 1975) and across Europe
(Cromack and Smith, 1998), and more than 35 prgsehave been attributed to the de-
coctions and tincture from the flowers such as-emfiimmatory, analgesic, antitumor,
antiulcer, bactericide, diuretic, tonic, and thealrey of wounds and skin eruptions
(Duke, 1991). The seeds Ghlendulacfficinalis are recognized as an important source
of fatty acids with conjugated double bonds witgnendous potential for use as indus-
trial oil (Beerentrup and Robbelen, 1987). The vastlicinal uses of this plant are prob-
ably due to the yield, quality and general propsrof its essential oil.

Marigold is a herb of ancient medicinal reputetrbditional and homeopathic medi-
cine it has been used for skin complaints, woulgs, burns, conjunctivitis and poor

eyesight, menstrual irregularities, varicose veihemorrhoids, duodenal ulcers, etc.
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(Wichtl, 1994). Marigold grows as a wild and commgarden plant throughout Europe
and North America. The yellow or golden-orange #osvof marigold are used as spice,
tea, and medicine. They may be used either as tredhied, and can be made into tea,

tinctures, ointments, and creams.

2.5 RISK INVOLVED IN CALENDULA USAGE
Chemicals in calendula may result in a miscarridkgaken by a pregnant woman.
They may also interfere with conception if takendiyher member of a couple trying to
conceive a child. Women who are breast-feedingsanall children are advised to avoid
taking calendula orally and individuals who aregglc to any members of the daisy fam-

ily of plants may also have allergic reactionsateadula EDrug Digest, 2004).

2.6 ISOLATION OF ESSENTIAL OILS
Several methods are available for the extractiogssential oils from plants. The iso-
lation of essential oils is facilitated by the peojes of a compound such as vapor pres-
sure, solubility, polarity, and molecular size. Tlo#owing methods can be used to iso-
late or extract essential oils: effleurage, pneicnaethod, maceration, expression, sol-
vent extraction, distillation procedures, and laywarbon dioxide method (Trease and

Evans, 1978; Srivastava, 1991; Igwe and OsinowB6)L9

2.6.1 Effleurage

The most important center for the extraction ofvér oils is Grasse, in the South of

France where the effleurage method is used andshamt. This method involves extrac-
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tion of the volatile oil with cold fat. In the efflrage process, glass plates are covered
with a thin layer of purified fixed oil or fat upomhich the fresh flowers are spread. The
essential oil gradually passes into the fat andettfeausted flowers are removed and re-
placed by a fresh supply until the fat is saturat&ti the volatile oil. In this process the
volatile oil is obtained in a fatty base. Then ®ssive extractions with alcohol are ful-
filled. The alcoholic extracts may be put on therketaas flower perfumes or the oil ob-

tained in a pure form by recovery of the alcohak@se and Evans, 1978; EB, 1990).

2.6.2 Pneumatic Method
This method is similar in principle to the efflage process. It involves the passage
of a current of warm air through the flowers. Tlre laden with suspended volatile oil, is
then passed through a spray of melted fat in wthehvolatile oil is absorbed. The vola-
tile oil, as in effleurage, is obtained from the g three successive extractions with al-

cohol.

2.6.3 Maceration
This involves the immersion of the flower into &lted fat at a temperature of about
40° to 80°C. This process, which is similar to exfflage, takes a shorter period of one to
two hours. The volatile oil can be sold in fatigsk or extracted with alcohol to obtain

the pure oil (EB, 1990).
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2.6.4 Expression
This method of isolation is often applied to cstrails, e. g.oils from lemon, lime,
grape, tangerine, sweet and bitter oramge,Citrus oils are isolated from the peel by ex-
pression or cold pressing. This process involvesatirasion of peel and the removal of
the oil in an agueous emulsion, which is subsedyeeparated in a centrifuge. Centri-
fuging of the agueous emulsion separates the agquemmponent and cell debris (EB,
1990). Expressed citrus oils have superior frageai@racteristics compared with distill-
ed oils, because of the absence of heat duringepsotg and the presence of components
that would not be volatile in steam. They are aswe stable to oxidation because of the
presence of anti-oxidants, such as tocopherol,whie not volatile in steam. The lack of
heat damage to the oil is also significant. Theusibils are one of the most natural per-

fume materials in the sense that they can be ussttlg as they occur in nature.

2.6.5 Solvent Extraction
An essential oil that is sensitive to heatg.jasmine or tuberose, or that contains an

essential monovolatile constitueat,g.piperine24 is extracted with a solvent.

= = =
; 3

O
24

A proper solvent is low-boiling, free of odor amdpurities, and does not react with

the extract. Volatile solvents such as benzenhalc orn-hexane, are primarily used.
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The freshly picked flowers are placed in specialiystructed vessels and extracted at
room temperature. The dissolved oil carries waxesaloring matter along with it. Dis-
tillation of semi-solid dark—colored mass can remake solvent, which is called flora
concrete. In order to remove plant waxes from tbef concrete, the latter is dissolved
in alcohol. The mixture is cooled and filtered tamove solidified waxes. The filtrate is

then distilled to recover the viscous oil knowraéasolute (Conn and Stumpf, 1976).

2.6.6 Distillation Procedures
Distillation is by far the most common and impattanethod of isolating essential oil
from a plant material. There are three types afl@son, namely steam distillation, wa-

ter distillation, and dry distillation (Igwe and @swo, 1996).

2.6.6.1Steam Didtillation

Essential oils are produced by a variety of meshagldescribed in the above sections
of this chapter. Steam distillation is the most elydused. In this process the plant ma-
terial is suspended on a grid above the water.|&led steam, which is normally generat-
ed in a separate boiler, is passed through the platerialvia a pipe under the grid. The
steam and volatile oil are then condensed and itheeparated. The basic principle be-
hind the distillation of two heterogeneous liquidach as water and an essential oil, is
that each exerts its own vapor pressure as Iif ther dcomponent were absent. When the
combined vapor pressure equals the surroundingymessthe mixture starts to boil. Es-
sential oil components boil at a temperature ctog@e boiling point of water. The steam
and essential oil are condensed and separatectiassds produced in this way are fre-

qguently different from the original in the plant teaal in a number of respects. Chemi-
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cals, which are not volatile in steam, for exampleenyl ethanol (§H,CH,CH,OH) in

rose oil, are mainly left behind in the still. Maoy these non-volatile components are
responsible for the taste rather than fragranceceff Some very volatile chemicals may
be lost in the distillation, and the process itsadfy induce chemical changes such as oxi-

dation or hydrolysis.

2.6.6.2Water Distillation
In this process, a vessel containing water anctthghed plant material is heated by
direct flame. The water vapor and volatile oil amndensed and recovered by a water-
cooled condenser. This process is disadvantageotisat coming in contact with the
sides of the vessel can burn the material andripgsrts a bad odor (still odor) to the fi-

nished product. The burnt character of still od@dgally reduces on storage of the oil.

2.6.6.3Dry Digtillation
Dry distillation is only suitable for a small ramgf essential oils and is often used to
distil the oil from exudates such as balsams. I flocess, the vessel containing the
plant material on a grid is heated to prevent cosdgon of steam under vacuum (EB,

1990).

2.6.6.4Hydrodiffusion

Hydrodiffusion is a variation of the normal stedistillation process and involves the

pulsing of the steam through the top of the vessataining the plant material; the oil

25



and water mixture is then condensed from the botfbinis method reduces distillation
time and is particularly suitable for distillingesks (Srivastava, 1991).

During distillation, the boiling water penetratée tplant tissues and dissolves a part
of the essential oil present in the oil-containgtiguctures (cells, secretion ducts, cavities,
or glandular hairs). The aqueous solution diffudesugh the cell membrane by the
process called hydrodiffusion. Immediately uponvairat the surface, the essential oil is
vaporized. The process cycle continues until a émclosed essential oil is removed
from the oil cells. The various components of tlssemtial oils are liberated based on
their solubility in the boiling water rather thametorder of their boiling points (Srivasta-
va, 1991). The oxygenated oil constituents, whighraore soluble in boiling water than
the hydrocarbon carbon analogues, remain assoamtbedhe plant material to a lesser

extent (Beckett and Stenlake, 1986; Srivastaval 199

2.6.7 Liquid Carbon Dioxide Extraction Method

Extraction of the oils with supercritical or ligucarbon dioxide is a new process and
it provides the advantages of a cold process aednitorporation of some of the non-
volatile components. It is expensive in terms @inpland, in some cases, results in an un-
usual balance of extracted oil components.

The process is carried out using a specially aesidhigh-pressure soxhlet apparatus
for extraction with carbon dioxide. The plant maiksr are charged into the extraction
columns, which are under high pressure (55-58 halg.required amount of carbon dio-
xide is then slowly introduced into the column befccommencing the extraction

process. The liquid C{lows through the extraction columns in turn ahd kast is satu-
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rated with the essential oil. At the end of therastion the column is taken and liquid
carbon dioxide is drained from it. The essentidd obtained by this method have been
found to be superior in quality and flavor as comedawith the conventional steam dis-

tilled essential oils (Srivastava, 1981).

2.7 METHOD OF ANALYZING ESSENTIAL OILS
2.7.1 Gas Chromatography

Developed largely since 1951, this technique heime the preferred method for
rapid and accurate analysis of many volatile sutegts (Conn and Stumpf, 1976; Beckett
and Stenlake, 1986). The introduction of capillgas chromatography to essential oil
analysis has unraveled the complete essentiakaiilgs, giving an overview of the dif-
ferent column types used in recent times.

In gas chromatography, the sammeg.essential oil, is introduced into a stream of
an inert gas, which is the mobile phase. The vapdrsample is swept through the liquid
stationary phase, which is held on an inert supotihe column and the separated ana-
Iytes flow through a detector, whose responsespldyed on a computer or recorder. The
column must be hot enough to provide sufficientorgmressure for analytes to be eluted
in a reasonable time. The detector is maintainedhagher temperature than the column,
so that the analytes are gaseous (Harris, 199%)asHiquid chromatography, separation
occurs as the vapor constituent’s partition betwebengas and the liquid phases in the
same manner as other liquid—liquid chromatographocesses. The carrier gas must be

chemically inert and available in pure form, g.argon, helium, or nitrogen. A high-
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density gas gives best efficiency but a low-dengi&g gives faster speed (Christian,
1977). The type of detector often dictates the @hof a gas.

The vast majority of analyses use long, narrowndpular columns made of fused
silica (SiQ) and coated with polyimide (a plastic capable dahstanding 350°C) for
support and protection from atmospheric moistu@u@n inner diameters are typically
0.10 to 0.53 mm. The open tubular designs offendnigesolution, shorter analysis time,
and greater sensitivity but have a lower capactysemple when compared with packed
columns. Narrow open tubular columns provide higlkeplution than wider open tubular
columns, but they require higher pressure to opeaatl have less sample capacity. These
open tubular columns are also known as capillalyrons.

The capillary columns can either be wall-coatedupport-coated designs. The wall-
coated column features a 0.1-5 mm-thick film ofisteary liquid phase on the inner wall
of the column. Decreasing the thickness of thaastaty phase increases resolution, de-
creases retention time, and decreases sample tadd® support-coated design has sol-
id particles coated with stationary liquid phaseclted to the inner wall of the column
(Harris, 1999).

The packed columns contain a fine solid suppoatesb with non-volatile liquid sta-
tionary phase; or the solid itself may be the stary (in gas solid chromatography). De-
spite their inferior resolution, packed columns aseful for preparative operations, when
a great deal of stationary phase is required, cefarate gases that are poorly retained.
Columns are usually made of stainless steel, nickajlass and are typically 3 — 6 mm in

diameter and 1-5 m in length (Harris, 1999).
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Several common liquid stationary phases are listefable 3. The choice of liquid
phase for a given problem is based on the rule “tlissolves like”. Non-polar columns
are best for non-polar solutes. Columns of interatecpolarity are best for intermediate
polarity solutes, and strongly polar columns arst lber strongly polar solutes. As a col-
umn ages, stationary phase bases off, surfaceok{8nrO-H) are exposed, and tailing

increases. Exposure to oxygen at high temperaalsesleads to degradation and tailing.

To reduce the tendency of stationary phase to bleedthe column at elevated tempera
ture, it may be bonded (covalently attached) to ditiea surface or covalently cross-

linked to itself (Harris, 1999). Below are sometlud commonly used stationary phases.

Table 3 Some Common Stationary Phases (Skoog and W8£24Q) 1

Chemical Compo- Maximum
Name e P Tempera- Polarity  Type of Separation
sition .
ture °C
Squalene Caofs: 150 NP Gerll_leﬁ{ocuarrboosr:esnon-
Ov-1 Polymethylsiloxane 350 NP pglaf
pc7io  "olymethylphenyl- 44, NP Aromatics
siloxane
Q7-1 Polytrlfluo_ropro- 250 p Amino acids, steroids,
pylmethylsiloxane nitrogen compounds
XE-30 Polycyanomethylsi- 275 p Alkaloids, halogenated
loxae compounds
Carbowax Alcohol, esters, essen-
20M Polyethylene glycol 250 P tial oils
DEG adipate Dlethylfeneglycol 200 SP Fatty acids, esters
adipate
) Dionyl phthalate 50 sp Ketones, ethers, sulfur

compounds

NP = non-polar; SP = semi-polar; P = polar
The material chosen as the inert support shoulof iform granular size and have

good handling characteristicis €. be strong enough not break down in handling) and b
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capable of being packed into a uniform bed in amol. The surface area of the material
should be large so as to promote distribution eflipuid phase as a film and ensure the
rapid attainment of equilibrium between the stadiynand mobile phases. The material
should be inert at elevated temperatures and lilyeeetted by the liquid phase to give
a uniform coating. The most common supports areenfiemn diatomaceous eartles,g.
firebrick and kieselguhr. Firebrick which is soliddder trade names such as chromosorb
P, C 22, and sterchamol, has the better strengthaager specific area (4%); its dis-
advantage lies in the fact that it is more actind,aherefore, cannot be employed on po-
lar compounds. Kieselguhr is more fragile and hasmaller specific surface area (1
m?/g) but is less reactive; it is sold under sucdéraames as chromosorb W, celite, em-
bacel, and celatom.

The function of the detector, which is situatedhat exit of the separation column, is
to sense and measure the small amounts of theasepaomponents present in the carri-
er gas stream leaving the column. The output floendietector is fed to a recorder, which
produces a pen-trace called a chromatogram. Theeclod detector depends on various
factors such as the concentration level to be medsand the nature of the separated
components. The most widely used detectors arthdrenal conductivity and flame ioni-
zation detectors.

In thermal conductivity detector, the detectiosteyn is based upon changes in the
thermal conductivity of the gas stream; an instmin@mployed for this purpose is some-
times called a katharometer. As a gas is passeadaolreated filament wire, the tempera-
ture and thus the resistance of the wire vary atgrto the thermal conductivity of the

gas. The purer carrier gas is passed over onediigrand the effluent gas containing the
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sample constituents is passed over another. Thiaseefnts are in opposite arms of a
Wheatstone bridge circuit that measures the difiezein their resistance. So long as
there is no sample gas in the effluent, the rasistaf the wires is the same. But when-
ever a sample component is eluted with the cagasr a small resistance change occurs
in the effluent arm. The change, which is proporicto the concentration of the sample
component in the carrier gas, is registered onrédeerder. Helium is the carrier gas
commonly used with a thermal conductivity detectdelium has the second highest
thermal conductivity of any gas (aftep)Hso any analyte mixed with helium lowers the
thermal conductivity of the gas stream.

In the flame ionization detector, eluate is burmec mixture of hydrogen and air.
Carbon atoms (except carbonyl and carboxyl carbprajuce CH radicals, which are
thought to produce CHDions in the flame:

CH+O- CHO +¢€

Only about one in Tocarbon atoms produce an ion, but ion producticstristly propor-
tional to the number of susceptible carbon atonerary the flame. Cations produced in
the flame carry electric current from the anodenfatip to the cathode collector. This
electric current is the detector signal. Most dietesc other than flame ionization and
thermal conductivity, respond to much limited ciEs®f analytes. Other detectors are
electron capture, nitrogen—phosphorus, flame phetoo) photoionization, sulfur chemi-
luminescence, nitrogen chemiluminescence, and ataamission detectors (Harris,
1999).

Certain parameters are used in gas chromatographgualitative analysis of sepa-

rated components. One of such parameters is taeti@ time index (KI). The retention
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time index (KI) was proposed by Kovats (GoederQ@&0as a qualitative parameter for
general use in reporting chromatographic data. rétention index is based upon a com-
parison between the position of an analyte peaktlamgeak for two or more normal pa-
raffins. That is, retention index relates the ratmntime of a solute to the retention times
of linear alkanes. By definition, the Kovats retentindex for a linear alkane is equal to
100 times the number of carbon atoms in the comghoregardless of the columns used
or the chromatographic conditions.
A compound eluted between two linear alkanes hastention index that can be

computed by the formula (Harris, 1999) given below:

27T 4 100
Tz+1_Tz

Retention index: KE 108

where Z is the number of carbon atoms in the smallane;t, is the retention time in
seconds for the compound of interastis the retention time of the alkane with one car-
bon atom less than that of the compound of interestis the retention time of the al-
kane with one carbon atom higher than that of tmepound of interest.

The relative retention times of polar and non-palalutes change as the polarity of
the stationary phase changes. The retention infl@xcompound on non-polar columns is
usually identical within the series and the remmtindex of a compound on polar col-
umns is likewise similar in the range of similamgmounds. The retention index system
has the advantage of having readily available egfe materials that cover a wide boil-
ing range. In addition, the temperature dependehoetention indices is relatively small.
Furthermore, the change in retention index betweegmlar and a non-polar stationary
phase provide a measure of the relative polarityifbérent stationary phases (Skoog and

West, 1980).
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2.7.2 Gas Chromatography — Mass-Spectroscopy (GOMS)

Gas chromatographic columns have been directyfaated to rapid-scan mass spec-
trometers, thus permitting the instantaneous dyspfahe spectrum of each species as it
leaves the column. The excellent separation geslif gas chromatography, combined
with the powerful technique for the identificatipmoperties of mass-spectrometry, pro-
vide the chemist with a most useful tool for analgzcomplex mixtures. The combina-
tion of the two methods gives a powerful technifprethe separation of complex consti-
tuents of essential oils and other volatile sulzstan

In mass spectrometry, gaseous molecules are wbifiszially to make cations), acce-
lerated by an electric field, and then separatedraing to their mass (Harris, 1999). The
ionization process usually imparts enough energheamolecule to break it into a varie-
ty of fragments. Mass-spectrum is a graph showhnegrelative abundance of each frag-
ment striking the detector of the mass spectromdiee mass spectrometer consists of
three major parts, which are the ion source, maabszer and the detection system. A
characteristic feature of mass-spectrometry, wiaiot encountered in most optical me-
thods, is the need to maintain all of the componhégrding to the detector at low pres-
sures (1 to 108 torr); thus, the elaborate vacuum systems arengoritant part of mass
spectrometers. The operation of a typical analyticass spectrometer is based on the
following sequence of events:

(1) A micromole (or less) of a sample is volatized afidwed to leak slowly into the io-
nization chamber, which is maintained at a pressfigbout 10 torr.
(2) The molecules of the sample are ionized directiydirectly by a stream of electrons

flowing from the heated filament toward an anodetlfbpositive and negative ions
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are formed by impact, but the former predominatelyical methods are generally
based upon positively charged particles).

(3) The positive ions are separated from the negatine by the small negative potential
at the slit and are then accelerated by a poteottialfew hundred to a few thousand
volts between the slit. A collimated beam of pesitions enters the separation area

through the slit.

Electron Beam lq'p_zﬂ_) Slit
T EEER

== JUETASERE ] —
L~ U ,.
/ | |
Sample
Introduction I

I I
Fragment Path  Metal Fods Ton Detector

(4) In the analyzer tube, which is maintained at a qres of about 10 torr, the fast—
moving particles are subjected to a strong magrietid which causes them to de-
scribe a curved path, the radius of which corredpdo their velocity and mass as
well as to the field strength — particles of diffiet mass can be focused on the exit
slit by varying the accelerating potential or thedd strength.

(5) The ions passing through the exit slit fall uponcdlector electrode; the ion current
that results is amplified and recorded as a functbfield strength or accelerating

potential.
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The sample of the material to be analyzed is thtced into the ion source by either
batch inlet or direct probe inlet systems. In batdét system, the sample is introduced as
a gas into a reservoir which is at a pressure gréhan that within the ionization cham-
ber; while in direct probe inlet system, non-vd&awr thermally unstable materials are
often introduced directly into the ion source byame of a sample probe, which is in-
serted through a vacuum lock. The separated compome the effluent stream of the
typical gas liquid chromatograph can be fed digeictto the ion chamber.

When the gas stream reaches the ionization chamb&hombarded at right angles
by a beam of electron emitted by a hot filamentsThads to the removal of an electron

from the gaseous molecule to form the molecular(Mf) or parent ion.

+.
M+e - M+ 2%

The molecular ion under electron bombardment ofirmimn energy reaches the detector

and gives a mass-spectrum consisting almost gntifed single peak corresponding to

the mass of the original molecule. Increasing thergy of the electron beam yields a

more highly excited ion that fragments if it is qolex, or a second electron may be

knocked out.

In the analysis of essential oil using mass-spewttry, electron impact (El) and
chemical ionization (Cl) methods are used for threproduction. Electron impact ioniza-
tion usually creates molecular fragments. The mdéedon, M, might have a low abun-
dance or even be absent which makes the identdicaf an unknown substance diffi-
cult. Extensive fragmentation of large moleculekesatheir mass-spectra difficult to in-
terpret. Computer programs may be used to matchpgéetrum of an unknown to one or

more similar spectra in a library (Harris, 1999).
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The chemical ionization is a gentle technique thelds less fragmentation. In this
case, the ionization source is filled with methéBel,) at a pressure of about 1€ 10’

torr. Energetic electrons convert Ctd a variety of reactive products.

+

CHs+& - CH;1+ %
CHs+ CH; » CHs" + CHg
CHs' is a proton donor that reacts with analyte to dWid”, which is usually the most
abundant ion in the methane chemical ionizationsnsggctrum.
CHs+M - CH; + MH"

The mass spectrum by Cl methods is always a sirppidile than those produced by
El techniques. The CI spectrum displays a cleadible protonated molecular ion (M +
1)". The presence of this quasi-molecular ion aidattyén identifying the molar mass of
the compound under investigation, particularly vehEt techniques do not indicate any
M™ ions (Pecsoc. 1976).

GC-MS makes possible the identification of thedreds of components that may be
present in natural and biological systems. For etanthe interfacing of chromatogra-
phy with mass spectroscopy has permitted charaateyn of the odor and flavor compo-
nents of foods, identification of pollutants, meaicliiagnosis based on breath compo-
nents, and studies of drug metabolites (Skoog aast\A080).

A major problem in interfacing of a gas chroma#gdr with a mass-spectrometer
arises from the presence of the carrier gas, whiikcites the eluted components enorm-

ously and tends to swamp the pumping system apeetrometer. Several methods have
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been developed for overcoming this problem. Onthefsolutions to the problem is that
the exit gases flow through a fritted glass tuliaased in an evacuated chamber. The
smaller atoms or molecules of the carrier gas (Hd.pdiffuse readily through the walls

of the tube and are pumped away, leaving the midsaf the eluted sample; these are

then led directly into the ion source of the magssctrometer (Skoog and West, 1980).

2.7.3 Microbial Assays

Microbial assay designates a type of biologicabhgs specifically, a biological assay
performed with microorganisms, g.bacteria, yeast and moulds. Biological assay sefer
to the measurement of the relative potency of agtof compounds by determining the
amount required producing a stipulated effect uidable test animal or organ under
standard conditions (Katocs, 1995).

Antimicrobial agents are chemical or biologicaéats that can either destroy or inhi-
bit the growth of microorganisms. Such agents camarfitibacterial, antifungal, antiviral
or antiprotozoan depending on the kind of microorgas against which they are found
effective.

The chemical agent at low concentrations shoulige lreabroad spectrum of antimi-
crobial activity, which implies that it should kidir inhibit the growth of many kinds of
microbes. Antibiotics are initially referred to sisbstances, produced by one microorgan-
ism, which inhibit the growth of other microorgamis. The advent of synthetic method
has, however, resulted in a modification of thifrdgon and they are now referred to as

substances produced by a microorganism, or to gasisubstance (produced wholly or
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partly by chemical synthesis), which in low concation inhibits the growth of other
microorganism.

Antimicrobial agents perform their work by killiry inhibiting the growth of micro-
organisms. The mechanism of their action is by dangasome structures of the cell like
cell wall or the cytoplasmic membrane or substaneésin the cytoplasm, such as en-
zymes, ribosome or nuclear material. Microbial agesl microorganisms while micro-
biostatic agents inhibit the growth of organisms.

Certain parameters may be considered to haveteaiffeche antimicrobial assay of
essential oils. These parameters are the methegsafy, the medium, microorganisms

and the composition of the essential oils.

2.7.3.1 Antimicrobial Assay Of Essential Oils

The antimicrobial activity measurement of essémtils poses some difficulties be-
cause of their volatility, complexity and water ohgbility. The parameters, which may
affect the antimicrobial assay of essential oits, laiefly discussed below.

2.7.3.1.1The Assay Technique

The two assay techniques namely agar-plate aretdilltion techniques are com-
mon laboratory techniques. For antimicrobial asstgssential oils, the agar-plate me-
thod is commonly used, as it does not require hanogs dispersion of the oil in water.
The method requires reservoirs like the paper discylinders placed on the surface of
the medium and holes bored on the medium. A plateitsient agar medium is then in-

oculated with the test organism and the essentia mstilled into the discs or cylinders.
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On the other hand, small volume of the essentlalisiplaced in the holes bored on the

medium. The plate is observed for zone of inhibitadter incubation for 48 hours.

2.7.3.1.ZThe Assay Medium
The growth medium is the artificially created habwhere an organism is expected
to grow. The constituents of the medium must natter alter the components of essen-
tial oil or vice versaAny change in the constituents of the mediumcasféhe growth of

the organism.

2.7.3.1.3Microorganisms

In the microbial assay of essential oils both Grasitive and Gram-negative organ-
isms are tested. The minimum inhibitory concentratiMIC) values may vary from one
essential oil to another using the same microosyasi

The test period for an organism may also affeetatsay. The test period for fungi is
generally long; this may facilitate the decompasitior evaporation of the oil and this
may affect the zones of inhibition.

If any change occurs in the composition of esaéntl, this will invariably affect the
microbial activity of the essential oil. Essentalls are water insoluble and to enhance
their solubility, solvents like ethanol, methanahd dimethylsulfoxide are used to dis-
solve them so as to be able to measure their mmimuibitory concentration. Essential
oils have direct proportionality between their cemtcation and antimicrobial activity

against test organisms.
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2.8 PAST WORKS ON ESSENTIAL OIL

Problems of resistance and environmental deg@uaind pollution associated with
irrational use of orthodox medicines have necessltaenewed interests in nature as
source of effective and safe alternatives in theagament of human infections. Thus, in
recent years, there has been a phenomenal ribe imterest of scientific community to
explore the pharmacological activities of medicipénts and to confirm the claims
made about them in folklore medicines (Chethal, 2006). This has led to research
works on the elucidation of the compositions of gnassential oils.

A report on chemical constituents of the essemiial from ripe and unripé&iboaka
capsicumrevealed the presencebutanoic acid, 3—methyl—, and 4—metimybentylester
as the most abundant constituents. Other acidsesteds found ifriboaka capisumin-
clude n-pentanoic acid, 1-methylpentylester;n-decanoic acid, and methylester. The
ketonesp-lonone25, a - andy-atlantone26 and27, 4—fluoron-butylmethyl ketone; ace-
tophenonen-nonylmethyketone and Ad-heptenylmethylketone as well as the aldehydes
geranial28, iso-dodecyl aldehyde; 4-methylbenzaldehyde and tridalciehyde were re-
ported for the first time in the essential oils @énus capisunirhe terpenes neryl acetate
29, zingiberene0, (-)-a—, 3, andy— himachalen81-33, and the ethers #pentenyl me-
thyl ether; 2-A-propyl-nona—5,7—dienylethyl ether, andhZ3ropyl-non—7-enylethyl ether
were also reported for the first time in the essémils of genus capisunfAgbakwuru,

1993).
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Marine spongeéicanthella klethrehas been reported to contain sesquiterpene isothi-
ocyanatese. ¢.34. The lipophilic extract of the sponges of the geAganthellasub-
jected to X-ray and spectroscopic analyses (NMR,alil MS) gave sesquiterpene iso-
thiocyanates, (1R,5R,6R,8R)—-dec(4.4.0)ane-1,5-¢hyh&-(1-methyletheny)-5-
isothiocyanate and (1R,5R,6R,8R)-dec(4.4.0)andlytethyl-8-(1-methylethenyl)-5-
isothiocyanate (Konigt al, 1992). Each of the compounds contained eithas@mtrile
or an isothiocyanate moiety. Before this work, iearlvork done on sponges of the genus

Acuathellarevealed the presence of three sesquiterpenes.
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Research work has been done on the leavB®sitoa brassii (Rutaceaér its es-
sential oil components. The plant is confined ®rhin forests of eastern Australia. It is a
small tree found in the coastal strip of north-easQueensland. Four triterpenes and five
flavonoids were isolated from the leaves of thepénd characterized using spectroscop-
ic methods. The triterpenes were characterizechasehol35 and multiflorenol36 (iso-
lated as mixture). Four of the flavonoids were tifestl as kumatakenin (5:4lihydroxy-
3,7-dimethoxyflavone)37, 5,7-dihydroxy-4(3-methyln-but-2-enyloxy) flavone, 5,7-
dihydroxy-4-methoxy-8-(3-but-2-enyl)flavone, and 5,7-dihydrexymethoxy-8-(2-
hydroxy-3-methylbut-3-enyl)flavone. The fifth flamoid is a diner (5,7-dihydroxy-4
methoxy-8-(3-methylbut-2-enyl)flavonoid-6-yl — (5dhydroxy-4-methoxyflavanon-8-
yl)methane, to which was assigned the trivial ndmosistoabiflavanone (Parsoasal.,

1993).

35 36
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Similarly, Kasali and Eshinlokun (2002) reportadtbe chemical composition of the
essential oil oDacryodes edulisThe essential oil was obtained by hydrodistitiatof
the leaves and analyzed by gas chromatography é@&a@)gas chromatography — mass
spectrometry (GC-MS). Forty-two constituents actimgnfor 86.2 % of the total oil
were identified by their Kovats retention indicas ©psil-5 and by their mass spectia.
Cubebene38 (29.8 %) andd-cadinene2l (14.0 %) were the major constituents. Other
compounds identified in appreciable amount inclyderpinene3 (6.8 %), germacrene B
39 (4.7 %) and (E)—nerolidaiO (4.4 %). A diterpene alcohol, phytdll (0.44 %) was

reported as the constituentdf edulisvolatile leaf oil for the first time.
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Asekun and Ekunday(000) reported on the chemical constituents ofesential
oil of the leaves oHyptis suaveolengl..) Poit. from Nigeria. Of the 49 components,

which were detected, 39 amounting to 89.5% werastified. The dominant components
were sabinend?2 (16.5 %),trans-a-bergamotenel3 and (3-caryophyllene44 (19.8 %)

terpinen-4-oM5 (9.6 %), an@3-pinene46 (8.6 %).
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The work of Kasalet al (2001) on the essential oil @ymbopogon citratuseeds to
be mentioned. They identified twenty three (97.3 Gbpstituents in the leave oil, the
main constituents being geran0 (33.7 %), nerai7 (26.5 %) and myrcend8 (25.3
%). Small amounts of neomenthd® (3.3 %), linalyl acetat&0 (2.3 %), and3-ocimene

51 (1.0 %) were also detected.
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Kasaliet al (2002) reported on the composition of the essentialf Boswellia ser-
rata. The oil predominantly comprised monoterpenoidsylich a-pinene52 (73.3 %)
was the major constituent. Other monoterpenoidstified includedp-pinene46 (2.05
%), cis-verbenol53 (1.99 %),trans-pinocarveol54 (1.80 %), borneob5 (1.78 %), myr-
cene56 (1.71 %), verbenonb7 (1.71 %), limonen&8 (1.42 %), andp-cymene2 (1.0

%), whilea-copaend9 (0.13 %) was the only sesquiterpene identifiethenoil.
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One of the works reported @olanum aethiopicuns the one conducted by Nagaota
et al, 2001. In this study, five known sesquiterpenpgigavetivone0, lubimin 61, lu-
biminoic acid62, aethione53, and lubiminol64 were isolated from the root exudates re-
covered fromSolanum aethiopicurhy a newly proposed method using charcoal. Quan-
titative analysis of the sesquiterpenoids in thef exudates o8. aethiopicunandS. Me-
longenasuggested that relatively large amounts of thesespenoids were exuded
from the roots. Antifungal activity of the sesquenoids againgtusarium oxysporum
andVerticillium dahliaewas also examined. Nagastal (2000) made further report on

this plant.

H CHO H COOH
N

60 61 62
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H O H OH

63 64

Long before mankind discovered the existence afrobes, the idea that certain
plants had healing potential or, in modern worasingicrobial principles, had been well
accepted. Since antiquity, man has used plantee& tommon infectious diseases and
some of these traditional medicines are still idelt as part of the habitual treatment of
various maladies (Rios and Recios, 2005). For ei@ntipe use of bearbernAictosta-
phylos uvaurgiand cranberry juiceMaccinium macrocarpgro treat urinary tract infec-
tions is reported in different manuals of phytottpsr, while species such as lemon balm
(Melissa officinali$, garlic Allium sativun), and tee treeMelaleuca alternifolia are de-
scribed as broad-spectrum antimicrobial agentsr(itdiet al, 2004).

Essential oils of these plants rather than thdiraets have had the greatest use in the
treatment of infectious pathologies in the respmasystem, urinary tract, gastrointestin-
al and biliary systems, as well as on the skinthin case oMelaleuca alternifolia for
example, the use of the essential oil (tee tréei®ia common therapeutic tool to treat
acne and other infectious troubles of the skin @¢imcha and Canigueral, 2003).

However, a common mistake in many papers is toncfaositive activity for slight
dilutions or excessively high concentrations. Feareple, experiments with quantities
higher than 1 mg/mL for extracts or 0.1 mg/mL feplated compounds should be

avoided, whereas the presence of activity is veigresting in the case of concentrations
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below 100ug/mL for extracts and 1Qg/mL for isolated compounds (Rios and Recios,

2005).
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CHAPTER 3

MATERIALS AND METHODS

3.1 SEED COLLECTION, SOIL PREPARATION, AND CULTIVA TION OF
THE PLANT

The seeds dfalendula officinalisvere collected from a cultivated garden within the
University of Fort Hare campus. They were plantedhie nursery in the greenhouse of
the Botany Department. Individual plants were grawrpolythene bags. The soil was
collected from the University Research Farm, dfi@dabout 48 h, sieved through a 2
mm wire mesh (Ingram, 1993) and homogenized bdfithireg the polythene bags. All
plants were adequately watered as required. Hamgestas not done during the first two
weeks following transplanting; this was to allowe teeedlings overcome the shock of
transplanting and establish themselves in the rals. Shereafter, the leaves were har-
vested at weekly intervals until full flowering g&a After each harvesting the fresh
leaves were weighed and hydrodistilled for 3 hnira#i-glass Clevenger apparatus in ac-

cordance with the British Pharmacopoeia methodi@BrPharmacopoeia, 1980).

3.2 PLANT COLLECTION AND DISTILLATION OF THE ESSEN TIAL OILS
Fresh materials ofalendula officinaliswere collected from one population within

the University of Fort Hare, Alice campus in thestean Cape Province of South Africa,

latitudes 30°008-34°18S and longitudes 22°450°13E in September 2005. A voucher

specimen (OKOH/01) was deposited at the Univeiddybarium.
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The fresh plant materials were carefully separatéanl leaves and flowers. Some of the
leaves were air dried at room temperaturé Qd8or seven days. About 500 g, 200 g and
250 g of the fresh leaves, dry leaves, and frashdis, respectively, were hydrodistilled
separately for 3 h in an all-glass Clevenger agparan accordance with the British

pharmacopoeia method (British Pharmacopoeia, 1980).

3.3 SOIL ANALYSIS

The sieved soil samples were digested at 360°Q@ forusing the selenium powder,
lithium sulfate, hydrogen peroxide, and sulfuriddadigestion mixture (Anderson and
Ingram, 1993). Total phosphorus was determined fileendigest using the colorimetric
method without pH adjustment (Okalebbal 2002 ). Total K, Mg, Na, Ca, Fe, Cu, and
Mn content were determined in the digest usingatioenic absorption spectrometer. The
soil particle size analysis was carried out usimg hydrometer method while pH and
electric conductivity were determined using the thods described by Okalelsi al

2002.

3.4 GC-MS ANALYSES AND IDENTIFICATION OF COMPONENT S

The GC-MS analyses were carried out using Hewlattkard HP 5973 mass spec-
trometer interfaced with an HP-6890 gas chromafdgmaith an HP5 column. The fol-
lowing conditions were used: initial temperatur€@0maximum temperature 325,
equilibration time 3 min, ramp°€ / min, final temperature 24GQ; inlet: split less, initial

temperature 22, pressure 8.27 psi, purge flow 30 mL / min, purges 0.20 min, gas

50



type helium; column: capillary, 30 m x 0.25 mmirfithickness 0.25 pm, initial flow 0.7
mL / min, average velocity 32 cm / s; MS: El metlad0 eV.

The components of the oils were identified by rhatg their mass spectra and reten-
tion indices with those of the Wiley 275 library @y, New York) in the computer li-
brary and literature (Shibamoto, 1987). The yieldhe oil was calculated per gram of
the plant material, while the percentage compasitias calculated from summation of

the peak areas of the total oil composition.

3.5 ISOLATION OF COMPOUNDS FROM Calendula officinalis
3.5.1 Plant Materials
The leaves ofCalendula officinalisvere collected from a cultivated garden in Alice,
South Africa. The plant was authenticated by Pafblayan and a voucher specimen was

deposited in the herbarium of the University oftHdare.

3.5.2 General Analysis

The 'H, *3C and DEPT 135 (Distortionless Enhancement of Pwlion Transfer
using a 135 decoupler pulse) NMR spectra (in methadglwere obtained on a Bruker
Avance DPX 300 spectrometer (300 MHz); melting p®oiwere recorded on Stuart
Scientific (SMPI) apparatus; vacuum liquid chrongaphy (VLC) and column chroma-
tography (CC) experiments were achieved usingasiljel 60 (particle size 0.063-0.200
mm, Merck); preparative TLC was carried out usiilgga gel 60 Phss.366 precoated
alumina sheets (Merck); visualization of compounds done under UV lamp (254 and

365 nm) and using vanillin-sulfuric acid spray. TIRespectra were recorded using Per-
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kin-Elmer 2000 FTIR spectrophotometer, spectrunsioa 5.3. The solutions of the iso-
lates liquid were prepared €110° M concentration) and placed into a 1-cm specual ¢

vette.

3.5.3 Extraction and Isolation

Fresh plant material were collected and air-daedoom temperature. The dried ma-
terial (1 kg) was milled to a fine texture and exted with ethanol for 48 hours at room
temperature, with gentle and continuous shakingguaiLabotec 201 orbital shaker. Af-
ter filtering, the residue was again extracted fomes. Filtrate were combined and con-
centrated to dryness under reduced pressure udtgla rotary evaporator at a maxi-
mum temperature of 4C. The mass of the combined crude extracts was &7dgthis
crude extract was subjected to vacuum liquid chtography using an elution gradient
as follows: petroleum ether (100%); petroleum eth€HCk (9 : 1); petroleum ether /
CHCI3(7 : 3); petroleum ether / CHEB:5); CHCE (100%); CHCY/ EtOAc(8:2); CHCE
| EtOAc (5:5); EtOAc(100%); EtOAc / MeOHB8:2); EtOAc / MeOH(5:5), and finally
MeOH(100%). A total of 113 fractions of 20 ml each weadlected. The combined frac-
tions 59 to 65 were loaded using 100% CiH@ken followed by chloroform / ethyl ace-
tate (8:2) with increasing polarity to 50% ethyktate. It was later eluted with petroleum
ether / toluene / ethyl acetate (3 : 5 : 10). Femntfractions each with 50 mL were col-
lected. Fractions 1 to 6 were combined to giverActions 7 to 12 were combined to give
B, fractions 13 to 21 were combined to give C, tiats 22 to 27 were combined to give
D, fractions 28 to 35 were combined to give E, ticats 36 to 40 were combined to give

F, fractions 41 to 52 were combined to give G, tioas 53 to 56 were combined to give
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H, fractions 57 to 73 were combined to give I, fimas 74 to 83 were combined to give
J, fractions 84 to 88 were combined to give K, ticats 89 to 97 were combined to give
L, fractions 98 to 102 were combined to give Mcfrans 103 to 113 were combined to
give N. Fractions 13 to 21 were subjected to prapar TLC and developed three times
using petroleum ether / toluene / ethyl acetate53 10) to give a pure compound. Frac-
tions 57 to 73 were also subjected to preparativ€ &nd developed three times using
petroleum ether / toluene / ethyl acetate (3 18):to give a pure compound. The struc-

tures were obtained through NMR and IR spectralyaisaand by comparing with the

available data in the literature.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 EFFECTS OF AGE ON THE YIELD AND COMPOSITION OF THE ES-
SENTIAL OILS OF Calendula officinalis

The pH of the soil was 6.20 and the electricaldumtivity (EC) was 115.5 pS/cm.
The total content of nitrogen, phosphorus, andgsitizn of the soil used for the cultiva-
tion of the plant was 0.20, 1.0, and 1.6 g / kgaf, respectively; the content of the ex-
changeable cations, calcium, magnesium, and sodiasn2.1, 0.19 and 1.2 g / kg, re-
spectively, while the content of iron, manganesgper, and zinc was 1.2, 18, 41 and 1.5
g/ kg, respectively (Table 4).

Table 4: Soil Parameters and the Values Obtained

Soil Parameters Values
pH 6.20
EC (us/cm) 115.5
Total N (g/kg) 0.20
Total P (g/kg) 1.00
Total K (g/kg) 1.60
Exc. Ca (g/kg) 2.10
Exc. Mg (g/kg 0.19
Exc. Na (g/kg) 1.20
Fe (g/kg) 1.20
Mn (g/kg) 18
Cu (g/kg) 41
Zn (g/kg) 1.50
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The GC-MS analysis of the extracted essential auiisng the growing phase @.
officinalis indicated the presence of 43 compounds (Tabl@tgse included 20 mono-
terpenes and 23 sesquiterpenes. No diterpene veasveld in all the samples. The total
yields of the essential oils at different stageshef vegetative cycle increased with the
age of the plant. Increase in essential oil yiélas been observed to be a mechanism that
favors the pollination of the plant. According tafdorne (1991), several terpenoids have
been previously reported as pollination vectorthis plant.

Of all the constituents observed in the oil, tescqiterpenesafcadinene6b, a-
cadinol66, T-muurolol67, andepibicyclosesquiphellandrer&8) and the monoterpenes
(limonene58, 1,8-cineole69, andtransB-ocimene70) showed the highest correlations
with the age of the plant (Table @-Cadinene is an important flavoring agent in baked
food, candies and chewing gum and also a fragrama®smetics and detergents. T-
Muurolol anda-cadinol are important antimicrobial agents (Chanhgl,2003). The con-
centration of both compounds increased with theadgle plant, this trend was similar

to that reported elsewhere (EMEA, 2001).

H H H
65 66 67
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68 69 70

Thujenes are poisonous components usually présesdsential oils. IrCalendula
officinalis, the concentrations of these compourelgy(a-thujene71) remained very low
(0.1-0.2%) throughout the vegetative life of thar| which is a measure of the good and
safe quality of the oil. Geranidlwas the most prominent component of the oil frbia t
herb. Its concentration increased slightly from fiherth week until the eighth week after
which the compound increased sharply in conceptraand eventually became the larg-
est component of the oil. Geraniol is a naturaloaxidant, which has been suggested to
be useful in cancer prevention. According to Cagnekiet al (2001),geraniol caused a
50% increase of ornithine decarboxylase activityiclw is enhanced during cancer
growth. In addition, geraniol has been observenhdit DNA synthesis. Together with

farnesol72, geraniol suppresses pancreatic tumor growth @eirkal 1997).

%W

71 72

OH

This study has shown that a correlation existavéen the yield ofCalendula offici-
nalis essential oil and the age of the plant and thatyteld is best during the flowering
stage of the plant. Also, the relative abundancehefchemical constituents of its essen-
tial oil at this stage is a veritable indicatortbE& appropriate period for collection and

harvesting of the plant for the mining of the dedimono- and sesquiterpenes.
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Table 5 Percentage Composition of the Major Essentialddihstituents o€alendula officinalisat Different Stages of Growth

Limonene

Stages of Growth (Weeks)
Compound Structure 3 4 5 6 - 3 9 10 11 12
a-Thujene /Q—< 01 01 01 01 01 01 01 01 02 03
a-Pinene % 928 0.1 1.2 1.4 1.6 2.2 2.3 2.5 2.7 2.7 2.9
Sabinene % 960 0.1 0.1 0.2 0.3 0.4 0.2 0.5 0.6 0.8 0.9
B-Pinene 2& 969 0.1 0.3 0.5 0.8 0.9 1.3 1.1 1.2 1.3 1.4

1020 10.2 11.0 120 145 135 11.7
Hp

216 220 22.42.6 2
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1,8-Cineole 1022 111 112 129 131 141

p-Cymene 1026 0.1 0.1 0.2 0.3 0.4

Trans$-ocimene 1033 0.1 0.3 0.5 0.8 1.3

)5}0
Me
M
: Me
)\/\)\/
Me
y-Terpenene M 1049 0.1 0.1 0.2 0.4 0.5
Me
O
A/\/\/\(
H
>—<: ——OH
<: —OH

o-3-Carene 1050 0.3 0.3 0.5 0.7 0.8

Nonanal 1099 - - 0.1 0.2 0.2

Terpene-4-ol 1174 0.1 - 0.4 - 0.6

3-Cyclohexene-1-ol 1175 0.1 - - - 0.1

14.5

0.5

15

0.6

0.2

15.3

0.6

1.8

0.7

0.1

0.3

0.8

18.2

0.7

1.7

0.8

0.3

21521 2
0.9 1.0
1.9 2.0
0.9 1.2
0.1 0.2
- 0.3
0.9 1.0
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o —Phellandrene

a-Terpeneol

Geraniol

Carvacrol

OH

E \%

Me
éi/\OH

Me Me
e
OH

Me Me

1176

1205

1257

1272

0.1 -
0.1 0.3
0.5 0.6

0.5

2.3

0.3

3.3

0.1

0.1

0.4

4.5

0.5

5.2

0.1

0.6

10.2

0.7

10.2

0.8

10.3

0.2

0.9

10.5

0.1
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Bornyl acetate

Sabinyl acetate

a-Cubebene

a-Copaene

o-Bourbonene

1283

1288

1347

1376

1385

0.1

0.3

0.1

0.1

0.1

0.1

0.3

0.1

0.1

0.4

0.1

0.2

0.2

0.1

0.1

1.7

0.2
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B-Cubebene

a-Gurjunene

Aromadendrene

-Caryophyllene

a-Ylangene

E3 P4

1389

1409

1410

1420

1450

0.1

0.2

1.0

0.1

0.2

2.5

0.2

1.2

0.3

0.3

1.6

1.5

0.1

0.4

0.5

0.5

0.1

0.9

0.8

61



o-Humulene

Epi-bicyclo-
sesquiphellandrene

Germacrene D

Alloaromadendrene

B-Selinene

1454

1463

1481

1486

1486

1.0

0.1

0.1

1.2

0.1

0.1

1.3

0.2

0.1

0.2

1.3

0.1

0.2

1.2

0.2

1.0

0.2

1.4

0.3

1.2

0.1

1.4

0.4

1.3

1.4

0.4

1.9

0.1

0.2

1.5

0.5

1.9

0.2

1.7

0.5

11.5

0.2

0.3
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Calarene

Muurolene

o-Cadinene

Cadina-1,4-diene

SEIRE RIS e

1494

1498

1522

1531

0.2 0.2

- 0.1
0.5 0.4
0.7 -

0.1

2.1

0.8

0.4

0.3

2.4

0.5

0.4

4.5

0.1

3.3

0-.5

6.4

5.0

0.6

8.5

0.2

5.5

0.7

12.3

5.7

0.8

135

5.7

1.0

23.8

12.2
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o-Cadinene

Nerolidol

Palustrol

-Bourbonene

Oplopenone

I

1537

1559

1569

1575

1609

15

0.6

0.2

0.1

1.5

1.4

0.3

0.1

1.5

1.6

1.3

0.2

3.2

15

0.4

0.2

0.2

7.5

1.2

8.0

11

8.2

11

0.1

9.6

1.5

10.7

1.3

0.7

1.0
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a-Cadinol 1655 01 04 51 64 75 84 94 215 224 242
H
o\ PH

T-muurolol 1659 125 134 145 154 175 186 188 209 219252
H

Yield (%w/w) 013 030 045 048 052 064 065.790 095 097

1t =traces, KI = Kovats indices

Percentage Yield (%) = Total Weight of Oil
X 100

Total Weight of Plant
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In addition the major components of the essentil of this plant are 1,8-cineol&-
cadinene, cadina-1,4-diene, germacrene D, T-muyraloadinene anai-cadinol as shown in

Fig. 2.

[ N w
o ol o
| |

[EEN
o1

[EEN
o
|

% Composition

ol

o
|

Weeks

——1,8-Cineole  —=— Cadinene Cadina 1,4-diene Geraniol —— Germacrene D

—e— T-muurolol —+—q-Cadinene ~ —=—g-Cadinol Limonene

Figure 2: Major Components of Essential Oil Galendula officinalis
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Table 6: R? Values of the Main Components of the Essentialo®alendula officinaliDuring

its Vegetative Life Cycle

R-Squared Value
Chemical Component Structure
(R)*

o-Pinene 0.8862

B-Pinene 0.8867

1,8-Cineole 0.9053

0.944

M Me
E
Me
Mezé
N,
Me
Limonene Me—@—< 0.9184
CH,
5)}0
)\/\)\/

Transp-ocimene




Geraniol

o-Cubebene

a-Ylangene

o-Humulene

Epi-bicyclo-

sesquiphellandrene

Calarene

7
/
3

0.8042

0.5024

0.8107

0.8264

0.9075

0.8623
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o-Cadinene ﬁj/ 0.8577
H
Cadina-1,4-diene 0.5432
H
o-Cadinene 0.9028
H
H H
o-Cadinol 0.9001
H
H H
T-muurolol 0.9886
H
Yield (Yow/w) 0.9686

! Rexplains the relationship between concentratiothefmical constituents and age of the

plant
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4.2 EFFECTS OF DRYING ON THE CHEMICAL COMPONENTS O F ESSENTIAL
OIL OF Calendula officinalis L. GROWING WILD IN THE EASTERN CAPE

PROVINCE OF SOUTH AFRICA

Pale yellow oils with yields of 0.06%, 0.03%, an@%% were obtained from the fresh leaves,
dry leaves, and fresh flowers of the plant, redpelst The oils gave a total of 30, 21, and 24
identified compounds, representing 91.7%, 89.8%, &h5% of the total oil composition from
the fresh leaves, dry leaves, and fresh flowespeaetively (Table 7).

Although the flowers had the greatest oil yielig il from the fresh leaves was richer in
chemical constituents than that from the dry leaaed fresh flowers. A total of 30 chemical
constituents were identified from the fresh leaitewhile 21 constituents were identified from
oil from the dry leaves. This supports the obseowaby Loughrin and Kasperbauer (2003), who
reported that there could be a 50-fold reductiomhemical composition when plant materials
are dried.

The fresh leaf oil was dominated by T-muurolol .840%), a-thujene (19.2 %), and-
cadinene (11.4 %), while the dry leaf oil was fouade rich in 1,8-cineole (29.4 %;thujene
(17.8%),B-pinene (6.9 %), and-cadinene (9.0 %). The fresh flower oil, on theesthand, has
its major components asthujene (26.9 %), T-muurolol (24.9 %), akdtadinene (13.1 %). The
complete absence of 1,8-cineole in the fresh leawesits sudden appearance in the dry leaves
(29.4%) is noteworthy. However, changes in oil cosippon are known to be dependent on a
number of factors including the class of plant. Tinesence of 1,8-cineole in the dry leaf oil

makes it superior to the fresh leaf oil due todharacteristic properties of the compound.
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Generally, a lot of components were missing indhed leaf oil as compared to the fresh
leaf oil. The sesquiterpene hydrocarbons preseal e oil samples were-humulener3, ger-
macrene D74, a-cadinenes5, ands-cadinene2l, while among the monoterpene hydrocarbons
wasa-thujene71. T-Muurolol 67, the major component in the fresh leaf oil, wagresent in
the other oils. T-Muurolol is produced from theedit oxidation ofa-muurolene75. B-Pinene
present at 6.9% in the dry leaves occurred in mirarhount in the fresh leaf oil, and-
terpenene present at values of 6.9% and 11.6%eidry leaf oil, occurred in minute amounts in
the fresh leaf oil. The changes in the regimesabditdie compounds during drying have been re-
ported to depend on several factors, such as dmyiethpod and class of plants (Aseketnal
2007). According to Moyler (1994), the componerftthe essential oils that are lost in the dried
leaves are those stored on or near the leaf sgtfadmvever, Ibaneet al (1999) observed no

difference in the essential oil composition of fresd dry rosemary plant.

7 i
Y/
N H
73 74 75

The results of this study have reinforced the that there are quantitative and qualitative
differences in the essential oil components ofgame plant that may be growing in different
parts of the world. For example, Crabas (2003) teplothe presence of methyl hexadecanoate
14, methyl linoleatel5, methyl 9,12,15-octadecatrienodt® 10-methyl octadecanoald, me-
thyl tetradecanoat#8, y-cadinenel9, oplopanon&3, cubenol20, 3-cadinen&6, anda-cadinol

22 in the essential oil afalendula officinalisgrowing wild in Italy. These compounds were not
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detected in the oil of this plant found in the EastCape, except oplopano2@that was present
only in the fresh leaf oil. In another study thas@ssed the carotenoid composition of different
parts ofCalendula officinalis(Bako et al 2002), it was observed that in the petals anteps)

the main carotenoids were flavoxantflinand auroxanthii@8 while the stem and leaves mostly
contained lutein79 and -carotene80, thus supporting the hypothesis of variabilitytive oil

composition of this herb depending on the parteflant and geographical location.

H
H
76
OH
-
g WX RNRNY WV R X
HO
77
OH
-
A Vg g
H O

78
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N7 OO YN

79

N7 OO OO N

80

Table 7: Chemical Composition of the Essential Oil fr@alendula officinalid. Growing in the

Eastern Cape Province of South Africa.

% Composition (oil)

Compound Structure KP Leavesers Flow-
Fresh Dry
a- Thujene /Q—< 908  19.2 17.8 26.9
M Me
a-Pinene E 928 - 2.4 1.8
Me
M Me
Sabinene % 960 1.1 - 1.8
CH,
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- Pinene 2&
N

Myrcene

Limonene Me—@—<
CH

1,8 Cineole ?O

Transf3-ocimene )\/\)\/
X N

<

Me
y-Terpenene M
Me
0-3-Carene @\
/o
Nonanal /\/\/\/\(
H

Terpene-4-ol >—@fOH
3-cyclohexen-1-ol QOH

1020

1022

1033

1049

1050

1099

1174

1175

0.6

0.8

0.2

0.4

0.4

6.9

29.4

0.3

1.0

0.6

11

1.7

0.7

0.6
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a-Terpeneol

Bornyl acetate

a-Cubebene

a-Copaene

a-Bourbonene

3-Cubebene

OH
Fgéi

1205

1283

1347

1376

1385

1389

0.1

0.2

0.3

0.3

0.4

0.6

0.2

0.2

0.2

0.2

0.5
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a-Gurjunene

Aromadendrene

[B-Caryophyllene

a-Ylangene

o-Humulene

Epi-
bicyclosesquiph-
landrene

a-Amorphene

s
e8]
o
XY
o
X

1409

1410

1420

1450

1454

1463

1513

0.6

1.0

0.2

1.7

0.4

0.6

0.2

1.2

0.6

1.2

15

0.5
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a-Copaene

Alloaromaden-
drene

[-Selinene

Germacrene D

3-Cubebene

Muurolene

y-Cadinene

e S

1376

1486

1486

1481

1491

1498

1513

0.5

11

2.1

2.7

0.6

14

1.6

2.2

2.7

0.3

2.8

0.2

2.2
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o- Cadinene

Cadina-1,4-diene

a-Cadinene

Nerolidol

Palustrol

Calarene

Endof-
bourbonene

AN

1522

1531

1537

1559

1569

1494

1575

114

0.5

0.6

0.2

2.3

0.6

9.0

0.4

0.5

13.1

0.4

0.4

0.9

0.5
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Oplopenone 1609 0.3 - -

T-Muurolol 1659 40.9 13.1 24.9

Yield (% w/w) 0.06 0.03 0.09

'In order of elution
2 Kl - Kovats retention indices on HP-5 (similar@-5)

4.3 ISOLATION OF MAJOR COMPOUNDS
Efforts were made to isolate some major compodrada this plant. The procedure for the
extraction and partitioning, fractionation and figation are illustrated in the diagrams below
(Fig. 3, 4).

Freshly collected plant material
Air-dried and miIIedlto fine texture (1 kg)
Extracted with éthanol (4 times)
Filtered (Wlhatman #1)
Filtrates combined and concentrat(led to dryness undeeduced pressure
Partitioned betweeln hexane and water

K N
N-hexane fraction Water fraction
A K
Partitioned between EtOAc and water
K N
Ethyl acetate fraction Water fraction
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Figure 3: Extraction and Partitioning Process
VLC fraction eluted with ethyl acetate dissolved inChloroform
!
Sephadex LH-20 (eluted with Chloroform)
!
Fractions (57 — 73) combined and dried

!
Prep TLC (Methanol in Chloroform)

4 ! N
Band 1 Band 2 Band 3, 4 and 5
Dried (120 mg) Driled (15 mg)
Washeld with Methanol,lresidue dissolved in chlorofion
Chloroform frallction Metlhanol fraction
! !

Pure sample 1 (14 mg) Pure sample 2 (10 mg)

Figure 4: The Fractionation and Purification Process

4.4 FRAGMENTATION PATTERN

Using the mass spectra of the isolated liquid.(B)g a fragmentation pattern was obtained
(Fig. 6), which corresponds to that for 1,8-cine@ae way is related to the loss of methyl group
from the parent ion with molecular mass of 154, rémultant epoxy structure being in tautomeric
equilibrium with the structure containing the hyxlybgroup. The latter is eliminated at the next
stage, and further loss of the @HH'CHz group gives cyclohexene ion, which could be aleo t
result of the loss of C¥"(OH)CHs from the open tautomeric form. Additional processudes
tautomerization of the parent ion itself followeg further elimination of CHC(=OH)CH;3
framework and then methyl group to yield the saywahexene ion, or alternative tautomeriza-

tion with CHyCH'CHs loss to afford 4-methyl-4-hydroxycyclohexene.
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Figure 5: GC-MS Peaks of 1,8- Cineole

+

- CHj ~OH
0
OH
+

1,8-Cineole
m/e = 154 m/e = 139 m/e = 139 m/e = 122
OH
+
4 -\
+
m/e 81 m/e 81
OH
<> g g
OH ¥ *
1,8-Cineole
m/e = 154 m/e = 154 m/e = 95 m/e = 81

I OH 5H
A

m/e = 154 m/e = 111

Figure 6: Fragmentation Pattern of 1,8-Cineole
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4.5 SPECTRAL IDENTIFICATION OF 1,8-CINEOLE
The IR-spectral pattern is shown in Fig. 7. Itgiets of the asymmetric stretching vibrations
of the alkane groups including those of C¢Hramework in the region of 2972-2952 ¢rts)
and 2936-2916 cih(s), symmetric stretching vibrations 2900-2880cfm), asymmetric stret-
ching vibrations of the six-membered cyclic ethgstem C-O-C1110-1090 ¢h{s), and sym-
metric stretching C-O-C vibrations in the range 886 cm' (m). This spectral picture is in full
accord with the structure of 1,8-cineole and prowgsdentity of an individual isolated sub-

stance.

NN e e
400C 350( 300¢ 250( 200¢ 150¢ 100C 50C
Figure 7: IR Spectrum of 1,8-Cineole

These analyses showed that 1,8-cineole was thar majstituent obtained from the aqueous
methanol extracts dCalendula officinalis 1,8-Cineole (1,3,3-trimethyl-2-oxabicyclo[2.2.a¢-
tane) is a monoterpene found in a variety of egslamits. In order to further characterize the iso-
lated component, the extract was concentrated aonteg for NMR analysis. NMR data were
collected on a Varian Inova 300 MHz instrument fidr spectra and illustrated in Fig. 8. The

chemical shifts are reported &(ppm) and referred to residual CHG@it 7.24 ppm in the NMR

solvents. ThéH NMR (300 MHz, CDCJ) 5 0.70 &, 3H, CH), 1.18 € 6H, 2 x CH), 1.21 (,
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1H, Hy), 1.26 (n, 4H), 1.3 — 2.22r, 3H). The chemical shift at 7.22 ppm is due togbkent
while the one at 0.001 ppm might be due to thegmes of water or the possibility of another

form of cineole that have the hydroxyl group.

3.651
——~ 3.577
2.286
2.159
—2.079
1.886
1.579

25

|
‘ /- *v/ |
v \

0.056

| 5=,

e

e o Mwww/\’\

7 = ¥ T

i T T ==z T T
8 7 6 5 4 3 2 1 ppm

Figure 8 NMR Peaks for 1,8-Cineole
Nuclear magnetic resonance spectroscopy (NMRne& af the most important and wide-
spread analytical methods in the academic and indusesearch. It enables a unique and, in
principle, quantitative determination of the retatamount of molecular groups, thus offering a
tool to quantify entire molecular structures evemiixtures. The recordeti-NMR spectrum of
the analyte correlates well with the known spectf&ig. 9), which was assigned to 1,8-cineole
(Malz and Jancke, 2005), as well as the simul3te8IMR spectrum of 1,8-cineole done by us

using Chemwindow software (Fig. 10). The publisepdctrum represents 1,8-cineole dissolved
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in DMSO-d;, The *H spectrum of the solvent showed the presence ptiiities. The impurity

signals appear in the 2D H, H-COSY spectrum whiclo¢ated directly under the analyte signal
1.3-1.6 ppm (multiple of protons 2, 3a, 4, 5a ahdI®ese impurity signals were recognized by
cross-peaks to other signals (two doublets at ab®ppm) that have nothing in common with

the 1,8-cineole spectrum (Malz and Jancke, 2005).

10
H LG . g, 10
ap— . ' I
|
3 5 )
o] &
H 5O
3
2 3a 4 5Ha B8
HEG | |
DMS0-dg an, 5b ﬁ; |
= ] — B R | "'-h-"'__.s!l-_ e
I L ] " ] T T . I = I L 1
3.5 3.0 2.5 2.0 1.5 1.0 pprm

Figure 9: PublishedH NMR Spectrum of 1,8-Cineole

1.05

1.7 1.70
1.84 ‘84 @)
141
T LI | LI | LIS P
1.8 1.6 1.4 1.2
1.24 1.24

Figure 10: Simulated'H NMR Spectrum of 1,8-Cineole
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Therefore the structure that is consistent withabeve spectra is ,8 —cineole. 1,8-Cineole is
an oxygenated monoterpenoid with a molecular mads4 The oxygen forms an ether linkage
with carbon atoms at positions 1 and 8. It sho@dybnerally unreactive as any other ether. The
fragmentation pattern of ether is favored by clg@gaof the C-O bonds. Fragmentation is also
favored by branching thus the cleavages at positiand 8 as shown in Fig. B4 and**C NMR
spectra of some representative isolated comporéritee essential oil listed in Tables 5 and 8

are presented in Figures 7-15 together with theecsal peaks.

86



Figure 7: *H NMR 399.65 MHz G H1 O 0.05 ml: 0.5 ml CDC} 1,8-cineole

ppm

{axot (AYH

{andoy (C2H

Assign.  Shift(ppm)

A 2.022
B 1.661
C 1.50
E 1.41
F 1.239
G 1.050
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Figure 8: *C NMR 25.16 MHz Gg Hig O 0.5 ml : 1.5 ml CDGI1,8-cineole

T T T I T I T T T T T I T I T I T T T
200 120 1&0 140 120 100 20 &0 40 20 ]

ppm Int. Assign.

73.62 355 1
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33.00 560 3
31.57 1000 4
28.92 900 5
2761 415 6
2290 970 7
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Figure 9: *H NMR 399.65 MHz G Hyg O 0.05 ml : 0.5 ml CDGINonanal
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Figure 10: **C NMR 25.16 MHz G H15 O 0.5 ml : 1.5 ml CDGINonanal
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Figure 11: '"H NMR 359 89.56 MHz @ H1s O 0.04 ml : 0.5 ml CDGIGeraniol
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Figure 12: *C NMR 25.16 MHz Go H15 O 0.5 ml : 1.5 ml CDGlGeraniol
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Figure 13: *C NMR 25.16 MHz Go H14 O 0.5 ml : 1.5 ml CDGlCarvacrol
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Figure 14: *C NMR 22.53 MHz Gg H16 0.05 ml: 0.5 ml CDGI7-methyl-3-methylene-1, 6-
octadiene (myrcene)
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Figure 15: °C NMR 25.16 MHz G, Hog O, 0.5 ml : 1.5 ml CDGEndo-bornyl acetate
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CONCLUSIONS

This study has shown that a correlation existevéen the yield oCalendula officinalises-
sential oil and the age of the plant and that tieédyis best during the flowering stage of the
plant. The relative abundance of the chemical desits of its essential oil at this stage is a ve-
ritable indicator of the appropriate period forleotion and harvesting of the plant for the isola-
tion of the desired mono- and sesquiterpenes.

The results of this study have reinforced the faet there are quantitative and qualitative
differences in the essential oil components ofgame plant that may be growing in different
parts of the world or of the fresh and dry planttenals. Finally, we were able to isolate and
elucidate 1, 8-cineole and some other key compgnainéssential oils from the plant. The dy-
namics of oxidation of the components likeghujene to the components like 1,8-cineole can be

envisaged and will be the topic of our further egsh in botanical and chemical laboratories.
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