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ABSTRACT 

Essential oils are complex mixtures of biological active substances which have  

numerous applications in the field of food industry, medicine, agriculture and 

pesticides as they are safe to use as compared to synthetic chemicals having no 

harmful effect on human health and environment. In the present investigation, 

essential oils of some indigineous species of plant family Umbelliferae were 

selected for evaluation of their chemical composition and biological activities. 

Essential oils were extracted from the seeds of Trachyspermum ammi (L) 

Sprague, Carum roxburghianum, Daucus carota, Cuminum cyminum Linn., 

Bunium periscum Bioss, Anethum graveolens L. and Pimpinella acuminata 

(Edgew) C.B.Clarke. All the volatile oils were obtained by hydrodistillation and 

characterized by GC-MS. Yield and physico-chemical parameters of the essential 

oils were also determined using standard methods. Anti-bacterial activity of the 

essential oils was assayed against gram-positive and gram-negative bacteria by 

using agar disc-diffusion method and determination of minimum bactericidal 

concentration (MBC) was carried out by broth macro-dilution method. Inhibition 

zone diameters ranged from 6.0 to 33.6mm and MBC values ranged from 0.25% 

to above 4% for the various essential oils. The oils of T.ammi, B.periscum and 

C.cyminum exhibited significant bactericidal activity against Staphylococcus 

aureus, Escherichia coli, Serratia marcescens, Klebsiella pneumoniae and 

Enterococus faecalis while the essential oils of C.roxburghianum and D.carota 

were active against gram-positive bacteria only. Antioxidant activity of the 

essential oils was examined using various assays and their efficiency was found 

to be in the order: 

T.ammi > C.cyminum > B.periscum > D.carota > C.roxburghianum 



Abstract 

 

 

x 

The antioxidant activities of the selected essential oil components were also 

examined. Thymol, p-cumenol and gamma-terpinene proved to be the excellent 

free-radical scavengers followed by S-(+)-carvone, R-(-)-carvone and 4-methoxy 

cumene whereas cuminal, cuminyl alcohol and p-cymene showed weak activity. 

Cuminal, R-(-)-carvone, gamma-terpinene and cuminyl alcohol exhibited superior 

metal chelating activity while p-cumenol and 4-methoxycumene showed weak 

activity. 

The essential oils were also tested for their insecticidal activity against 

Periplaneta Americana. 5% solutions of the essential oils of B.periscum, 

C.cyminum and T.ammi showed contact toxicity and 100% mortality occurred in 

the first three hours. The essential oils of C.roxburghianum and D.carota 

exhibited weak insecticidal activity. In fumigant toxicity assay, 100% mortality 

occurred after six hours in case of the essential oils of B.periscum and 

C.cyminum. The essential oils were also tested for insecticidal activity against 

Musca domestica L (House Fly) and Tribolium castanum. The essential oils from 

T.ammi, B.periscum and C.cyminum had shown highiest toxicity against both 

insects while other has mild to moderate insecticidal activity. 
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 1 

1 INTRODUCTION 

1.1 Natural Products 

Natural products obtained from plants have been used as medicines, 

preservatives and food additives since ancient times.  Almost fifty thousand 

species of different plants exist on this earth which is an extremely rich source of 

natural products1. Currently, these natural products are of major interest in 

different fields of research due to their bioactive nature. Various plant species are 

being investigated in detail and are being thoroughly investigated for their 

enormously useful applications in the field of medicine, food industry and 

pestcides for the betterment of mankind. Although the modern pharmaceutical 

industry is full of useful drugs for treatment of almost all type of diseases and a 

varity of pesticides are available to fight against different type of insects. But 

these synthetics have their own chain of side effects on human health and 

environment. Furthermore, many microbes and insects have become resistant to 

these chemicals. So the scientists are busy in finding bioactive natural products 

as alternatives to these synthetic chemicals which have shown marked efficiency 

and are environment friendly. 

The bioactivity of plants is partially attributed to their essential oils. Essential oils 

and their volatile constituents have been analysed and tested as antimicobials, 

anioxidants, anti-inflammatory agents as well as insecticides and herbicides. 

1.2 Essential oils 

The term “essential oil” was first used by Swiss medical reformer Bombastus 

Paracelsus von Hohenheim in the sixteenth century who named the most efficient 

ingredient of a drug “Quinta essentia”2. The term “Essential” should not be 



Chapter – 1   Introduction 

 2 

confused with its meaning in the common dictionary ie the most important, the 

inevitable. Rather it is attributed to a character part of natural raw material having 

natural perfume and flaver. Essential oils or volatile oil (etherial oils) are 

concentrated natural products of plants constituting a complex mixture of volatile 

organic compounds. 

Parry3 defined the essential oils as odiferous materials of an oily nature, extracted 

almost exclusively from various parts of the plants and cannot be decomposed 

ordinarily although they are volatile liquids. 

Essential oils are obtained from parts of plants like flowers, leaves, seeds, roots, 

barks, etc. by various methods and are being analysed through different modern 

techniques.  

The composition of different essential oils may vary on the basis of their 

extraction techniquesThe volatile oil of various flowers isolated by hydrodistilation 

are different from those extracted by enfleurge method because in the distilled 

oils may be some non volatile components are absent.we can give the example 

of rose oil and orange flower oil. In case of the rose oil phenylethyl alcohl is gone 

to the aques part of the distillate and in case of distilled orange flower oil 

anthranilate is present in minute fraction as compared to extracted oil      

Essential oils are, in main, insoluble in water and soluble in organic solvents,   

although enough of the oil may dissolve in water to give an intense odor to the 

solution, as in the case of rose water and orange flower water. These oils are 

volatile enough to distill unchanged in most instances, and are also volatile with 

steam. They vary from colorless to yellow or brown in color. An essential oil is 

usually a mixture of compounds, although oil of wintergreen is almost pure methyl 
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salicylate. The refractive indexes of the oils are high, averaging about 1.5. The 

oils show a wide range of optical activity, rotating in both directions4. 

Thousands of essential oils have been investigated out of which, according to 

Langenau some 150 to 250 species have been exploited for commercial 

purpose5. 

1.3 History of essential oils
2
 

The history of essential oils has much in common with that of the spices. From 

the old Indian book on life Ayur Veda, we learn that the ancient Indians must 

have known how to prepare distilled oils of rose and calamus. The ancient 

Persians also seem to have been familiar with the necessary apparatus for 

distillation. The first reliable documentary evidence on this point, however, was 

found in Egyptian paintings and writings. In the Louvre there is a base-relief 

represnting the plucking and pressing of the Egyptian lily. The Greek writer 

Theophrastus (ca 287 BC) of Eresus mentions that the Egyptians knew of about 

500 medicinal plants, so it is reasonable to suppose that these were at least 

partly used for the production of essential oils. In spite of the fact that the Greeks 

and Romans were very fond of perfumes, the preparation of essential oils did not 

make much progress. Technique for the distillation of essential oils was 

developed only with the arrival of the golden age of the Arabian culture. Mesue 

devoted two chapters of his fundamental work to cosmetics and essential oils. 

Saladini also describes spices and odoriferous plants. Alcohol was successfully 

distilled first by the Arabs, thereby providing another solvent for the extraction of 

essential oils instead of the vegetable oils used before. Many spices and 

essential oils were believed to be beneficial to health, especially during the great 

plague and cholera epidemics which ravaged Europe. The physician Hieronymus 
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Brunschwig of Strasbourg (1450-1534 AD) published a study dealing with 

distillation in general, and with the production of oil from Juniperus communis L., 

turpentine, rosemary, and various resins. It was primarily the Swiss scientist 

Conrad Gessner (1515-1565) who described the art of distilling oils in his famous 

Thesaurus Enanymi Philiatri. 

In the following listings, the times of introduction of different essential oils are 

shown in chronological order: 

Up to 1500: Oils of cinnamon, cedarwood, calamus, costus, benzoin, rose, 

rosemary, spike, incense, turpentine, myrrh and sage. 

1500-1540: Oils of angelica, aniseed, cardamom, cubeb, fennel, caraway, mace, 

nutmeg, pepper, celery, sandalwood, juniper, opopanax. 

1540-1590: Oils of elecampane, basil, thymus acinos, lemon, coriander, 

galbanum, guaiacwood, chamomile, labdanum, lavender, lime, myrrh, mint, 

clove, parsely, piper longum, pennyroyal, mandarin, rue, sassafras, orrisroot, 

hyssop, wormwood, balm, elemi, dill, zeodoria(which is distilled from the dry 

rhizomes of Curcuma zeodoria, fam. Zingiberaceae, by steam). 

1590-1730: Oils of peppermint, savin, ginger, cascarilla, cypress, mustard, 

valerian, bergamot, neroli, bitter almond, cajeput. 

The histories of essential oils and of spices overlap, inasmuch as some of the 

essential oils are used both as spices and as perfume ingredients. Real progress 

of our knowledge of essential oils was possible only after H. Cavendish, C. J. 

Scheele, J. Priestley, and A.L.Lavoisier (1743-1794) had abolished the phlogiston 

theory, so that well-known chemist such as J. J. Berzelius, J. B. Dumas, J. Liebig, 
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and F.Wohler could start fundamental research in this area of organic chemistry 

as well as in the field of essential oils. It was also around 1700 that the first 

corporation was founded in Grasse (France), producing alcoholic solutions of 

odours plant material under the name of “quintessence”. From 1800 to the 

present day large numbers of essential oils have been prepared, though only a 

few have achieved commercial importance.   

1.4 Chemistry of Essential oils
2 

It has been investigated that essential oils are mainly liquids containing a number 

of volatile organic compounds. These compounds can be classified into four 

major groups which are as follows 

a) Terpenes and Terpenoids 

b) Aliphatic compounds with no side branches 

c) Aromatic compounds 

d) Miscellaneous 

a) Terpenes and Terpenoids 

Most of the essential oils are composed of oxygenated oganic compounds and 

hydocabons with yhe general formula of C10H14O and C10H16, respectively. 

Wallach had mentioned the names of these compounds in his classic book as 

“Campher and Terpene”. The name „Terpene‟ is used by the Kekule who 

introduced it as a generic name for hydrocarbon having the formula of C10H16 

instead of Terbene, Camphene, etc. The crystalline oxygen compounds were 

termed as „Camphor‟ in the past, for example thyme camphor (C. Neumann, 

1719) and peppermint camphor (Gaubius, 1770). They are now called thymol and 
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menthol respectively6. Now, the name “camphor” is assigned for the oxygenated 

derivatives and has been used instead of “Terpene”. The empirical formula C5H8 

may not be used to represent all terpenes as some compounds have less 

hydrogen while others are more saturated for example santene has an empirical 

formula of C9 H14
2. 

Currently, the term terpene is broadly used for all those compounds which have 

structural and chemical relation with isoprene and specificly used to designate all 

the compounds which have ten carbon atoms derived from C10H16. Those 

compounds which are distinctly related to terpenes but still have some structural 

and chemical resemblance with them is known as terpenoids. 

After investigating a large number of terpenes, chemists realized that many of 

them share a common characteristic. They have carbon atoms which are 

multiples of five. It means that five-carbon atom compounds may act as their 

basic structural unit. Moreover, it was found that their structure have isoprene 

units which join in head-to-tail pattern  

Isoprene is the common name for 2-methy-1,3-butadiene, a compound 

containing five carbon atoms as shown below 

CH2

CH3

CH2  

Isoprene is a volatile compound abundantly found in the atmosphere. It is 

generated from the leaves of different plants during metabolism. Isoprene is a 

gaseous hydrocarbon which has a branched structure. The branched end of the 

hydrocarbon which is known as “head” is attached with the unbranched end 
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known as the “tail”. This pattern of joining the isoprene units to form a terpene is 

called the isoprene rule. 

 

 

 
 
Isoprene 
 
 
 

 
 

 
 
Carbon skeleton of two isoprene units with a bond between the tail of one and the 
head of another 

Isoprene units also form cyclic structures in wich one unit is joined to the other 

following isoprene rule besides another linkage which may not follow this rule and 

form a stable five or six-membered ring.  

The number of carbons present in a terpene forms the basis of classification of 

each compound.  

Monoterpenes 

Each monoterpene has ten carbon atoms that mean two isoprene units as shown 

below: 

 C C C C C C C C 

C C  
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Monoterpenes are classified into monoterpene hydrocarbons or oxygenated 

monoterpenes. These can be open-chained or cyclic. Some examples are given 

below: 

 

 

 
 
 

Carvone 

Sesqsuiterpenes have 15 carbons, so they are composed of three 

isoprene units as shown below 

 C C C C C C C C 

C C 

C C C C 

C  

Sesqsuiterpenes are classified into sesqsuiterpenes hydrocarbons or oxygenated 

sesqsuiterpenes. These can be open-chained or cyclic. Some examples are 

given below: 

 
               
          
 
 
 
 
 
 
 

 

 
α-farnesene 
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Diterpenes have 20 carbons, so they are composed of four isoprene units as 

shown below 

 C C C C C C C C 

C C 

C C C C 

C 

C C C C 

C 

 
 
Phytol is the most important diterpene occurring in essential oils. 
             

 

 
Phytol 

 

b) Aliphatic compounds or Straight chain compounds  

A variety of aliphatic compounds such as hydrocarbons, acids, alcohols, 

aldehydes, ketones, esters or lactones occur in essential oils. 

Some examples of these compounds are hexanol, 3-octanol, cyclohexanol, 

maltol, heptanal,  octyl acetate, octyl hexanoate, n-butyl methyl ether, cis-

Jasmone, -Ionone, butanoic acid, decanoic acid, Octanoic acid, eicosane, 

heptadecane and  octadecane.  

c) Aromatic compounds  

Many essential oils also contain aromatic compounds. Some examples include 

benzaldehyde, methyl benzoate, phenyl acetaldehyde, benzyl alcohol, methyl 

cinnamate, p-anisaldehyde, trans-anethole, benzyl benzoate estragole methyl 

salicylate, cuminal , cuminaldehyde, safrole , phenethyl alcohol, p-cresol, ethyl 

cinnnamate, eugenol, thymol, carvacrol and trans-cinnamaldehyde. 
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d) Miscellaneous Compounds 

Essential oils contain some specific compounds which are charcterstic to the 

respective species or genera. We can give the example of mustard oil which has 

isothiocyanate, charcterstic to the family cruciferae and garlic oil has allyl sulfide 

as one of the components. Simlarly, the essential oil from Ferula asafetida L., 

which belongs to plant family Umbelliferae, contains secondary butyl propenyl 

disulfide, primary n-butyl mercaptan and dicrotyl sulfide as major components 

and the essential oil of Allium sphaerocephalon has 2,6-Dimethylpyrazine, c-

butyrolactone and methyl methylthiomethyl disulfide as the key components7. 

Anthranilates and indole occur as minor components in the essential ol of orange 

blossom and jasmine2. 

The structures of some essential oil components were shown below: 
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Biosynthesis of individual components of essential oil  

The end product of the metabolism of major plant components like 

carbohydrates, lipids and proteins are thought to be involved in the synthesis of 

individual components of volatile oils. Many researchers had been interested 

in the formation of terpenes in plants. Isovaleraldehyde was the precursor of 

essential oil components which was formed by the oxidation of amyl alcohol. 

The conversion of isoprene to monterpenes took place through 

condensation of two molecules of isovaleraldehyde (Me2CHCH2CHO) which 

gave citronellal and rhodinal. Geraniol can be derived from citronellal by 

a reversible reaction. Reactions such as hydration, dehydration, oxidation 

and reduction are involved in transformations which were compatible with 

plant metabolism. 8 

1.5 Location of essential oil in plants 

Essential oils occur in various parts of the plants. Because of lipophilic nature of 

essential oils, they are stored in special structures as resin ducts, secretory 

cavities and epidermal glands located in flowers, leaves, stems, bark, seeds, 

roots, etc. of the plants.9 

1.6 Functions of essential oil in plants 

Plants create a variety of secondary metabolites such as terpenoids, phenols, 

flavonoids and alkaloids. In living plants, essential oils (which are mainly 

composed of terpenes) are probably connected with metabolism, fertilization, 

interplant communication, or protection from disease and enemies10. Many 

essential oils present in plants impart an intense odour to them. Cetain 

insects are attracted to the plants while some are repelled due to the 
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volatile substances present in the essential oil. This helps the plant in 

attracting pollinating insects like bees which facilitate cross-pollination. 

Essential oil components exert toxicity or repellant activity against harmful 

insects, parasites, pathogens and herbivores thus protecting the plant 

from their invasion. It had been demonstrated that essential oil constituents 

also attract beneficial mites, which eat herbivorous insects11, 12.  

1.7 Methods of isolation of essential oils from 

plants
2 

To free the plant material from its odoriferous principles, different procedures may 

be used. To remove the oil droplets being stored in the oil glands or oil sacs, 

acceleration of diffusion through the cell wall or crushing the cell wall is required. 

If the stability of the oil is high, this method may be accomplished by water or 

steam distillation. In some cases dry steam is used. If the stability of the oil is low, 

the steam distillation may be carried out under reduced pressure, although this 

procedure is seldom used because it is too costly. Delicate oils nowadays are 

extracted chiefly by means of volatile solvents. Enfleurage or maceration is still in 

use but to a lesser extent. Currently, superfluid extraction by liquid carbon dioxide 

and microwave-assissted extraction are important extraction methods for 

essential oils. 

Certain essential oils can be produced by more than one method. Thus, rose oil 

is obtained not only by enfleurage, but also by extraction (jasmine, tuberose, 

violet, etc). 
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Extraction method is one of the important variables which determine the chemical 

constitution of the volatile oils extracted from different parts of the plant. Even 

citrus fruits can be extracted by a solvent. Hydrolysis or isomerization of the 

essential oil components can occur during hydrodistillation, steam distillation and 

micro-wave assisted extraction due to high temperature and presence of water 

which reduce the quality of the essential oil13.   

Hydrodistillation. Hydrodistillation involves distillation of water which is in 

direct contact with chopped plant material. The distillation vessel is heated over 

an open flame and the water vapor, plus oil, is recovered through a water-cooled 

condenser. This, the simplest procedure, is being increasingly replaced by 

methods using vessels where a grid is used to place the plant material above the 

level of water. 

 Steam Distillation.The steam is produced in one vessel and introduced into 

another, which contains the plant material and water, either directly or through a 

spiral covered by the water. This method is by far the most common. If the vessel 

containing the plant material is heated to prevent any water condensation from 

the incoming steam, a dry steam distillation is achieved, and, in this case, a grid 

is unavoidable in order to prevent burning of the plant material. 

Hydrodistillation and steam distillation are sometimes subject to more or less 

severe losses due to the hydrosolubility of certain components of the oil: eg, rose 

oil loses much of its phenylethyl alcohol in the distilled water after separation from 

distilled rose oil. 
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To recover this alcohol, a second distillation of the distilled water is necessary. 

However, water-insoluble oils such as oleoresins give high yields, with only one 

distillation. The eleoresin gurjun balsam gives 60-75% essential oil. Usually, the 

yield is much lower. Nutmeg gives 15% oil; sandalwood, 4-6%; lavadin, 1-2%: 

and citronella grass or lemongrass, 0.1-1%. Flowers generally give the lowest 

yield, seldom over 0.05%. 

A very important point is the handling of the plant material before the distillation. If 

the communition is extensive, the glands containing the oil are crushed and the 

oil is freed, although, at the same time, the storage of the oil in the presence of 

plant enzymes and air increases the rate of autoaxidation and fermentation 

processes. Overcommunition is therefore not always an advantage. 

Extensive fermentation takes place when rose petals are stored in sacks before 

being loaded into the distillation vessel. Fresh petals brought in the morning 

reach a temperature in the middle of the sacks of 460 C by late evening. The color 

of the petals turns brownish. Forty years ago, according to an inhabitant of the 

valley of roses in Bulgaria, the workmen used to load fresh rose petals 

immediately into big open tanks filled with water at 15-180 C, a procedure which 

prevented any heatin effect. From these tanks, the rose petals, the water, and the 

oil from the petals, floating on the surface, were fed into the distillation vessel and 

steam-distilled. It is possible that this somewhat unusual procedure is the reason 

for the incomparable quality of the old Bulgarian rose oil. 

A procedure for reducing the losses of partly water-soluble oils is the so-called 

“cohobation” (redistillation) method.The distilled water, containing the soluble 
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parts of the oil, is separated from the upper oil layer by decantation in a 

Florentine flask, and is fed back into the distilling vessel. 

Enfleurage: This process is mainly applied to flowers that do not yield 

appreciable amounts of oil by steam or water distillation, or which are too delicate 

to withstand the temperature of boiling water. The French distillers in Grasse first 

tried the enfleurage process, encouraged by the fact that certain flower petals 

continue their physiological activity for some time after they have been harvested. 

They hoped thus to increase the yield by letting the petals produce their oil as 

long as possible. This method, though still practiced in Grasse, is very expensive. 

First, one has to prepare completely odorless and pure fats from beef and pork, 

which must then be mixed in a 1:2 proportion in the molten state. Care must be 

taken to avoid any rancidity. This fat is then spread on both sides of the so-called 

“chassis” in a 3-cm thick layer. The chassis are made of glass in a wooden frame 

(60 X 80 cm). Some 50 to 80 g of petals, as dry as possible, are thrown onto the 

chassis. Forty of these classis are left in a room for 24 hr (jasmine) to 72 hr 

(tuberose). During this time, the greater part of the flower oils have been 

absorbed by the fat. The petals are then removed by special machines and the 

process is repeated about 30 times, that is, until the fat is saturated with oil. This 

fat is then called “pomamde 30”. Pommade 30 is extracted with alcohol and 

separated from the pfat by decantation. The latter returns to the enfleurage and 

the alcoholic solution of the oil is concentrated until it contains the oil from 100-kg 

pomade 3000”.The flower removed from the chassis are extracted by a volatile 

solvent, which after evaporation gives the “concrete de chassis”. After 

evaporating the alcohol from the above alcoholic solution, the remaining oil is 

called “absolu de pommade” or “absolu d‟ enfleurage.” 
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Maceration. Certain flowers rapidly cease their physiological activity after they 

have been harvested. In this case, it is possible to shorten the long enfleurage 

process by immersion of the petals in molten fat heated at 45 to 600C over 1 to 2 

hr, according to the flower species (violet, rose, lily of the valley). After each 

immersion, the fat is filtered and separated from the petals. After 10 to 20 

immersions, the fat is treated as described under Enfleurage. 

Extraction with volatile solvents. Since the two preceding techniques are 

rather expensive, the essential oil specialists of Grasse and especially Joseph 

Robert (in 1890) have exploited the possibilities offered by extraction with volatile 

solvents. These are selected according to the plant to be treated. Leaves, fruits, 

roots, moss, resins, and balms are extracted with benzene, with or without 

admixture of acetone or petroleum ether, in the cold or at boiling point. Flowers 

are advantageously extracted with the latter solvent. The best extraction is the 

one which uses the liquefied gas butane, a patented method which is known 

under the trade name of Butaflor (P. Robertet & Cie) extraction. Certain mosses 

and resins are extracted with alcohol, sometimes mixed with benzene at boiling 

point. Oak moss treated in this way gives an extract in which some of the resin 

acids have undergone alcoholysis. The solvents enter the cells of the vegetable 

and not only dissolve the essential oil, but also the waxes, colors, etc. After the 

extraction, the solvent is removed by distillation, leaving behind the semisold 

“concretes”. The latter are extracted with a high-proof alcohol. This second 

extract is cooled to precipitate the waxes and then filtered. The waxfree alcoholic 

solution is distilled under diminished pressure to remove the alcohol, and finally 

the essential oil, the so-called “absolute,” freed from wax and alcohol, is obtained. 

The difficulty is cost, as the extraction method requires very pure, high-grade 
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solvents. An improvement has been effected by the use of ullrasonic extraction. 

This is carried out in a vessel fitted with a source of ultrasound that tears the cell 

walls in pieces and facilitates the contact of the oil with the solvent. This method 

claims higher yields, and improved (“truer-to-nature”) odor, requiring less solvent 

as well as shorter extraction times. It is applied advantageously in the extraction 

of oils from wood, eg, manool, which has no odor and is used in perfume 

preparation, from Dacrydium biforme. 

The most important factor in the success of this practice is the selection of the 

solvent. The solvent must (1) be selective, i.e., quickly and completely dissolve 

the odoriferous component, but have only a minimum of inert matter, (2) have  a 

low bowling point, (3) be  chemically inert to the oil, (4) evaporate completely 

without living and odorous residue, (5) we low price and, if possible known 

flameable. Many solvent have been used, but highly purified petroleum either is 

the most successful with benzene ranking next.  

Expression. This method is used for the production of oils from citrus fruits. 

The essential oil is contained in numerous oval-shaped sacs, which are 

distributed irregularly in the outer colored portion of the peel. The process 

consists of a mechanical repturingof these sacs, in order to liberate the oil, which 

is then collected as a slurry with cell water and cell debris. Decantation, 

centrifuging, filtration, or some similar process separates the oil from the water 

and the cell debris. For a complete description of the method and machines used 

in this process. The expression method is used for the production of oil of sweet 

and bitter orange, lemon, mandarin and tangerine, bergamot and a certain 

amount of lime (some of which is steam-distilled). 
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Expression by machine can yield an oil almost identical to the hand-pressed 

product, and is the method used commercially. Of the hand-pressed processes, 

the sponge process is the most important since it produces the highest quality oil. 

Here the fruit is halved, and the peel trimmed and soaked in water for several 

hours. Each peel is pressed against a sponge, and the oil is ejected into the 

sponge, which is periodically squeezed dry. One person can prepare only 680 g 

of lemon oil a day by this method, but it is still practiced, especially in the .Sicily. 

Enfleurage. The enfleurage process is a cold-fat extraction process used on a 

few type of delicate flowers (Jasmine, tube rose, vilot, etc.) which yield no direct 

oil at all on distillation. In the case of jasmine and tube rose, the pit flowers 

continue to produce to perfume as long as they alive (24 hours). The fat and the 

base consist of the highly purified mixture of the one part tallow to 2 parts lard, 

with 0.6% benzoin edit as a preservative. This method is no longer used 

commercially.  

Extraction with supercritical fluid 

Supercritical fluid extraction (SFE) is a modern and valuable technique for 

efficient and clean isolation of essential oil from plant material. As compared to a 

liquid, a supercritical fluid has much higher diffusivity but lower viscosity which 

imparts it a higher ability to dissolve solvents. CO2 is used for Supercritical fluid 

extraction due to its lower critical temperature (31°C) and pressure (7.38 MPa), 

incombustibility, low reactivity and non-toxicity. It resembles hexane in its polarity 

and extraction power. The essential oils obtained from SFE mostly consist of 

monoterpenoids and a low percentage of monoterpenes, which can mask or 

degrade the natural aroma and flavour of the volatile oil. 13,14,15. 
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Microwave Extraction 

Microwaves are electromagnetic waves with frequency lying in the range of 

300 MHz to 300 GHz. Microwaves act on a material which absorb a part of 

electromagnetic energy and transform it into heat. The frequency of most 

commercially used microwave units is 2450 MHz, which has an energy output of 

600- 700 Watts16. In analytical and organic laboratories, microwave heating is 

used as an effective and non-polluting method of activation. This technology is 

extensively used in organic synthesis and the food industry. Microwaves having a 

frequency of 2.45 GHz are usually employed17,18,19,20,21,22,23. The major benefit of 

microwave assisted extraction (MWE) over the conventional extraction 

techniques are shorter extraction time and reduced solvent consumption. 

Moreover, MWE produce higher yields, good reproducibility and minimal sample 

preparation for extraction process.24 Many microwave-assisted essential oil 

extractions and their subsequent analyses have been reported in the 

literature25,26,27,28,29,30,31,32  

 

1.8 Biological effects of essential oils 

The volatile oils isolated from various parts of the plants have exhibited a variety 

of bioactivities. This includes antimicrobial activity, antioxidant capacity, 

repellency and toxicity to insects. Other important biological properties are 

sprout-suppressant activity, anti-cancer activity, anti-inflammatory activity, 

phytotoxicity, as auxiliary agents in agriculture and a variety of medicinal effects 

such as anti-diabetic property33 , 34, 35, 36 .   
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1.8.1 Antimicrobial effects of the essential oils & their 

components 

Essential oils as Antimicrobial agents 

The essential oils of various plants are well known for their antimicrobial effect for 

as long as the oils themselves. This knowledge is as old as mankind‟s use of 

plants as medicaments. The therapeutic or curative properties of essential oils 

are collected from numerous traditional and modern sources. Plants are a vast 

source of natural compounds. More than 1350 plants are reported to have 

antimicrobial compounds but very few have been lnvestigated scientifically37. The 

Egyptians had employed different plant extracts as antimicrobial agents to 

preserve their dead, an effect ascribed mainly to their essential oils. Various in 

vitro studies in literature indicate the high toxicity of a large number of volatile oils  

against a wide spectrum of pathogenic micro-organisms including  

L.monocytogenes, L.innocua, S.typhimurium, E-coli O157:H7, S.dysenteria,    B-

cereus  and  S.aureus38,39,40. 

Looking at the collection of essential oils in the table 1.1 it can be concluded that 

essential oils can cure almost all diseases and some of them are of universal 

character (basil, rosemary, sage, sandalwood, thyme). A limited number of these 

are included in Pharmacopcae (the largest in Pharmacopea Helvetica) and in few 

recognized medicaments based on oils. Table 1.1 gives few examples of well-

known medicaments which include essential oils41. 

The main reason for the above limitations is most probably based on difficulties 

with definite description and control of activity of the oils in the treatment of a 

patient. Oils are complex mixtures and as such act in different complicated ways. 
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Although from experience we know that a certain oil was beneficial in a specific 

medical case there is no rule that similar illness in another patient can be cured 

with the same result. These effects are different from those achieved with simple 

chemicals which are much more convenient for evaluation and used in 

chemotherapy. Therefore individual chemicals isolated from essential oils are 

more often used than the oils. 

There are however more and more research works on the therapeutic properties 

of essential oils treated as standard medicaments, and subjected to full 

pharmacological evaluation. The most thoroughly examined are antimicrobial 

properties of essential oils which are comparitively better than antibiotics in a 

number of ways such as their broad spectrum activity. . 
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Table 1.1. Standard medicaments containing essential oils  

Medicament Use components 

Makatussin (Makara, 

Germany) 

Used for treatment of 

cough and bronchitis and 

to promote expectoration 

Contains oils/isolates: 

eucalyptus, anis, camphor, 

pine, thyme, cypruss and 

menthol 

Vapo-rub ointment 

(Vicks, USA) 

Used for treatment of 

catarrh, colds, 

headaches, etc. 

Contains oils/isolates: 

eucalyptus, cedarwood, 

camphor, turpentine and 

menthol 

Tiger balm (China) Used for treatment of 

colds, headaches, 

rheumatic and muscular 

pains. 

Contains oils/isolates: 

camphor, peppermint, 

eucalyptus, clove, cinnamon 

and menthol. 

Terpichol 

(Rowa-

Wagner,Germany) 

Used for treatment of gall 

stones, gall-bladder 

infections,liver 

insufficiency 

 

Contains isolates: 

menthone, -pinene, α-

pinene, cineol, borneol, 

anethole, menthol, 

camphene, antrapurol. 

Rowatinex(Rowa-

Wagner,Germany) 

Used for treatm ent of 

urocystisis and minor 

tract infections, renal 

infections and uroliths 

Contains isolates: -pinene, 

α-pinene, camphene cineol, 

borneol, anethole, 

fenchone. 

 



Chapter – 1   Introduction 

 24 

The antimicrobial activities of essential oils and their components from a wide 

variety have been assessed42,43 and reviewed34,35, 44, 45. It is clear from these 

studies that volatile oils have an excellent potential as antimicrobial agents for 

treating different types of diseases. 

Bectricide properties of essential oils are also used for disinfection of air. Table 

1.2 shows the bactericide activity of some essential oils on Koch bacillus in air41. 

Table.1.2: Bactericide activity of some essential oils on Koch bacillus in 

air. 

 

 

 

 

Bactericide activity of essential oils can also be applied in food conserving. It was 

found by Fang Cajun that 0.1% geraniol used in the treatment of citrus fruits 

reduced decay by 40% with Penicillium digitatum, 60% with Diplodia natalens 

and 100% with Alternaria tenuis. Also geranium oil and citronella oil in 0.1 % 

concentration extended the shelf life of citrus fruits by two or three times 

respectively, being especially effective against Penicillium digitatum and 

Penicillium stabilum41. 

Antiviral activity 

A virus is a micro-organism (20-300nm), which can infect the cells of another 

living organism, in which it can replicate itself. But it is not possible for viruses to 

reproduce on their own. Genes and a protein coat are the essential parts of a 

virus and some are surrounded by an envelope of fat. Viral infections provoke an 

No. Essential oils v/v % in air 

1 Thyme 0.1 

2 Peppermint   0.4 

3 Marjoram 0.2 

4. Phenol 0.8 
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immune response that usually eliminates the infecting virus. 5.000 viruses are 

known today.As an example we can take the case of Herpes simplex virus (type 

I, II) which causes a number of viral infections which can be fatal in some 

cases.Different types of antiviral synthetic drugs are being used currently for the 

treatment of Herpes infections, but genital herpes infections cannot be effectively 

treated by these drugs. HSV-1 and HSV-2 have also shown resistance to many 

antiviral agents 46,47.48. Essential oils have also shown antiviral activity against 

viruses49,50,51,52. 

Synergism 

Synergistical and antagonistical interactions between different components 

of the essential oils. 

The natural activity of an essential oil is related to chemical composition of its 

components, their chemical structure and coordination between them43,53. An 

additive effect is observed when the combined effect of different components of 

an essential oil becomes equal to the sum of the individual components. The 

antagonistic effect is exihibited when the combined effect of the components is 

minimized as compared to their individual effect. Synergism is exhibited when 

combined effect of the different constituents of an essential oil is significant as 

compared to their individual effect54. It was investigated that a volatile oil 

exhibited high antimicrobial activity rather than the mixture of its individual 

components55,56. It means that those components of the essential oil which are 

present in very small amount can play a very crucial role in the activity of the 

essential oil depicting synergism between them. For example thymol and 

carvacrol are highly important for the antimicrobial activity of various thyme 

chemo types44. These two structurally similar phenols which were main 
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constituents of oregano essential oil showed an additive effect when used against 

Staph. aureus and P. aeruginosa57. It was observed that carvacrol and its 

biological precursor p-cymene show synergic effect against B.cerus and 

vegetative cells. Although p-cymene has mild antibacterial activityt but it acts on 

the cell membrane of the bacteria to enable carvacrol to be carried quickly into 

the cells. This is an example of synergism between different components58. 

Delaquis et al59 studied the antimicrobial activity of fractions of cilantro, coriander, 

dill and eucalyptus essential oils. When these fractions were mixed in various 

combinations, their mixtures exhibited additive, synergistic or antagonistic effects. 

It has been observed that when cinamaldehyde and eugenol were mixed and 

tested for their antibacterial activity, they proved to be very toxic for 30 days 

against various bacteria whereas these compounds did not inhibit the bacterial 

growth when applied individually60.  

Aromatherapy
41

 

Aromatherapy is the most controversial area of the use of essential oils. The 

word “aromatherapy” describing the application of essential oils in medicine was 

introduced by Rene Maurice Gatefosse in 1920. Since then many different 

definitions of that method have been formulated. 

Shirley Price in her book Practical Aromatherapy says: 

Aromatherapy is a treatment designed to help by correct use and application of 

essential oils obtained form plants. The word “aroma” means fragrance and 

“therapy” means a treatment designed to cure. 
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A very similar definition is used by Michaiki Kawasaki from Takasago in the 

pamphlet Aromatherapy – fragrance for health. 

Anne Roebuck form the Aromatherapy Institute in Toronto says that 

aromatherapy “is the remedial treatment of mental and physical disorders with 

essential oils.” 

Dr. Buchbauer from Vienna in his lecture presented at the IFEAT-MLI Conference 

in 1988 in Beijing used a more limited definition saying: 

Aromatherapy is the therapeutic use of fragrance or volatile oil to cure or 

prevent various diseases and infections through inhalation.   

He denies the use of the term “aromatherapy” for the application of essential oils 

in any other way e.g. aerosols,  baths, skin penetration , massage which is 

opposite to the Price‟s idea covering all ways of use of essential oils as 

therapeutics.  

There are some reasons to avoid an explicit definition of aromatherapy. Some try 

to avoid misinterpretation of regulations which apply to drugs and use of them for 

the control of cosmetics and toiletries which are perfumed with essential oils and 

their constituents. Such a position can be justified only when there is real danger 

that is incompetent people will misuse an ambiguous law. It may be an enormous 

simplification but the fresh forest air especially after a storm with the high content 

of ozone has therapeutic properties. If any product with such properties needs an 

evaluation and registration system, we shall need a license even to breath in the 

forest. On the same basis, sun radiation should be banned as its carcinogenic 

activity is well known. 
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Essential oils had, have and will have therapeutic properties as all cosmetics 

have. Good appearances, nice make up, silky skin, beautiful hair mean good 

moods and happiness. Both of them are extremely healthy. 

 There is some justification to define aromatherapy in a very limited manner for 

the use of essential oils as therapeutic by smelling only, But it will be entirely 

impossible to differentiate between the “application” via smelling and inhalation 

which is introduction of the volatile parts of the oils into the lungs hence into the 

blood. If so, one step further is “drinking” solutions of the oils or application by 

skin penetration (bath or massage). 

Therefore most reasonable definition of aromatherapy is one given by Shirley 

Price and the following methods of application of essential oils should be 

accepted in aromatherapy practice: 

 By sniffing (oils evaporated into air) 

 By inhalation (deeply inhaled into lungs, also heated) 

 By oral use (teas, wine solutions, medicated liquors) 

 By skin penetration (massage oils and creams)   

The data collected in different handbooks and papers added together will show 

that essential oils can be used for the treatment of almost all diseases including 

cancer and table 1.1 is very good example of this thesis. Although it may sound 

an advertisement, there is some sense in it based on experience and results 

much more than on scientific pharmacological research. But again the “back to 

nature” trend induced wide research works on the applications of essential oils 
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and other natural products in the field of medicine.  essential oils.The most 

thoroughly examined are antimicrobial properties of essential oils, which  are of 

focal interest in the modern research du to lack of side effects on human health 

and environment. They are much  better than antibiotics due to their wider 

spectrum of activity. Bactericidal properties of essential oils are also used for 

disinfection of air. The utilization of essential oils for the fungus-free storage of 

food has also been successfully established. 

1.8.2  Antioxidants and antioxidant activity 

Introduction: 

Almost every kind of aerobe is busy in making reactive oxygen species (ROS) 

and reactive nitrogen species (RNS). These species are contineusly synthesized 

inside the living body and are extremely useful as well as propitious. ROS and 

RNS are produced under strictly controlled enzymatic system like NO synthatase 

and NAD(P)H oxidase isoforms respectively61. 

ROS play a very beneficial role when present in very low concentration. They are 

very important in the defence mechanisms against a number of infection causing 

agents and in cellular signaling mechanisms. This beneficial role may be 

converted in to harmful one due to dangerous rise in their concentration above 

the normal level61.  

The over production of ROS causes oxidative stress. Oxidative stress is 

biological cellular damage including damage to DNA, lipids, membranes and 

proteins62,63. This condition has been found to happen due to high level of ROS 

as well as deficiency of enzymatic and non enzymatic antioxidants. We can say 

that oxidative stress is caused due to serious imbalance between the production 

of ROS and antioxidants which may create harmful effects in the cell structure 
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resulting in a lot of chronic diseases like cancer, neurodegeneration, 

cardiovascular diseases etc. 

It is very obvious that one can not live without ROS due to its useful role in 

various defence mechanisns but their activity is modulated by antioxidant 

defence mechanism. This balance may not be ideal though it can effectively 

control harmful activity of ROS and can prevent from oxidative damage. This 

check and balance system is called redox regulation.  

Production of reactive oxygen species (ROS)/ Free radicals 

Free radicals are the molecular species which have one or more unpaired 

electrons in its atomic or molecular orbitals.  The free radicals are very reactive 

due to unpaired electrons. Oxygen is very harmfull in the cells  It is inhibited by 

antioxidant defence system in a living organism64. A living body produces an 

important class of free radicals which release free oxygen. For example a 

superoxide anion radical of oxygen is formed when oxygen molecule accepts one 

electron.  Every living oraginism needs free radicals antioxidants65. 

Within a cell michondria is the main part where superoxide anion is synthesized. 

During ATP formation in mitochondria of a cell, some electron leak to oxygen 

forming superoxide anion free radicals which are involved in many pathogenic 

diseases66. 

Another free radical, the hydroxyl radical, is very reactive free radical.  Due to its 

extremely high reactivity, it can cause serious cellular damage within very short 

time after its generation67. 

In a living cell, iron is strictly regulated and no free iron is present but in vivo 

during stress overproduction of superoxide anion makes “free iron” from 
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molecular species containing iron. This free iron is responsible for the production 

of extremely reactive 
.
OH radicals as shown in the equation given below: 

Fe2+ +H2O2    Fe3+ + .OH + OH  

This type of reaction is called Fenton reaction. Thus in vivo superoxide anions 

produce 
.
OH radicals from hydrogen peroxide by releasing Fe2+ for Fenton 

reaction68.  

Additional reactive radicals produce by oxygen in the living system are peroxy 

radicals (ROO.). The most simple peroxy radical Is HOO.  which is formed by the 

protonation of superoxide anion. This is called hydroperoxy radical or perhydroxyl 

radical61.   

Oxidative stress and its effect on DNA, lipids and proteins 

The term oxidative stress can be defined as the oxidative damage caused by 

ROS when they attack on cellular constituents. Oxidative damage is caused by 

the overproduction of free radicals like superoxide anions, peroxyl radicals, 

peroxynitrite radicals and hydroxyl radicals. Together the free radicals and the 

reactive oxygen molecules are called reactive oxygen species (ROS). This 

oxidative damage occurs in biomolecules like membranes, proteins, DNA and 

lipids consequently leading to a number of chronic diseases like cardiovascular 

diseases, diabetes, cancer, rheumatoid arthiritis, atherosclerosis, stroke and 

septic shock, baldness, ageing and neurodegeneration in humans.  

ROS are especially active in brain and neuronal tissue. Glial cells and neurons re 

post mitotic cells so are very sensitive to ROS resulting in neuronal damage. It is 

found that lethal effects of ROS in human cells cause oxidative injury eventually 

ending in the death of the cell69. 
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It was found that ROS which are generated through metal induction are highly 

dangerous. They attack on DNA as well as other cell constituents especially poly 

unsaturated fatty acids residues of phospholipids which are extremely sensitive to 

oxidation. Peroxyl radicals change into malondialdehyde (MDA) through a 

cyclization reaction. MDA can attack DNA in mammalian cells and cause 

mutation while it can cause cancer in rats. The DNA damage due to oxidation is 

the major cause of aging. For example, in rats during aging a protein named 

carbonic anhydrase is oxidatively damaged61. 

Antioxidants 

An organism develops a number of defence mechanisms against free radical 

induced oxidative damage. These defence mechanisms are (i) Preventive (ii) 

Repair (iii) Physical defence (iv) Antioxidant defences61. 

An antioxidant defence is found to be a very strong defence against oxidation of a 

number of cellular components. Antioxidant is a renowned term in the modern 

World as it has gaind fame through mass media coverage of its highly beneficial 

role regarding human health and environmental protection. Antioxidants can be 

defined in a number of ways according to their specific nature and usefulness.It 

can be defined directly as a substance that can prevent or tends to prevent the 

oxidation reactions induced by oxygen or reactive oxygen species. This is a 

general definition which can be modified under different conditions according to 

its mode of action. For example a large number of antioxidants serve as 

preservatives in various food products, oils and fats to avoid rancidity. In 

petroleum products, they are used to prevent gum formation and in rubber to 

avoid aging. So we can review our defition as antioxidants are natural or 

synthetic compounds which are used to minimize the chances of deterioration of 
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any product by the action of oxygen.A number of trials have been done to 

evaluate the effect of antioxidants on cure and inhibition of cardiovascular 

diseases.  

The definition provided by the field of biochemistry is more appropriate and fits in 

the current research demands i.e; antioxidant is extrinsic or intrinsic biomolecule 

which provide a perfect balance between cellular oxidation and a defence 

mechanism inside the cell by acting as reducing agent consequently reducing the 

chances of producing a number of chronic diseases.  

Antioxidant activity of essential oils & their components 

The essential oils extracted from different parts of a large number of plant 

species have been investigated as antioxidants during current researches. The 

use of these naturally occurring antioxidants have become centre of interest for 

the modern scientists in different fields of research due to their non-toxicty and 

absence of any side effects in control of any human and plant disease of 

oxidative origin. Furthermore these natural antioxidants are used to improve shelf 

life of goods, instead of potentially/ harmful synthetic additives33. 

Although the essential oils form a variety of plant species have been analyzed 

mostly for their flavor and fragrance properties, they are comparatively safe, 

healthy and their amazing chemical composition has a number of good effects on 

the human biological system. Various researchers have explained antioxidants, 

antimicrobial, antifungal, antioxidant and radical scavenging properties of 

essential oils and in many cases their applications are tested which are relevant 

to direct food intake33,45. 

The dietry micronutrients which are involved in the antioxidant defense system 

include vitamen E, vitamen C and -carotene. Vitamin C is an important 
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scavenging agent in the cytoplasm while vitamin E and -Carotene which are 

lipid soluable act within lipid phase. 

Copper, zinc, selenium, and manganese act as co-factors for enzymatic 

antioxidants, for example, selenium acts as co-factor for GSH-PX which is the 

most abundant cellular antioxidant. It inhibits the oxidation process of protein thiol 

groups directly or indirectly. Vitamin C, Vitamin E, carotene, phytates and 

phtotestrogens act as natural antioxidants in the body. 

It is reported that phenolic and polyphenolic compounds and gallates are 

considered major classes of natural antioxidants present in essential oils from 

different parts of the plants. 

It has been investigated that natural antioxidants present in fruits, vegetables, tea 

and seeds are the major cause of reduction of chronic diseases including heart 

diseases and cancers. It is reported that antioxidants present in foods have high 

efficiency as scavenging agents.  

Some of the essential oil have also shown strong anti-oxidative properties and 

thus can be used as natural anti-oxidants for increasing the shelf life of the oils, 

fats and their products at ambient conditions70. Tobacco smoke, alcohol intake 

and atmospheric pollutants generate free-radicals in our body. Free-radicals are 

harmful to our body cells and limit their ability to fight diseases and ageing. Many 

spice extracts and essential oils have shown the capacity to act as free radical 

scavengers which points out their use as drugs for the treatment of diseases 

caused by free radicals 33,35 71 . 

Atherosclerosis is a phenomenon in which innermost layer of an artery develops 

plaque deposits which reduces the blood flow and causes serious damage to 

human health. The cause for this disease is the excessive oxidation of low 
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density lipoproteins (LDLs) in cholesterol72,73,74,75. This disease can be prevented 

by reducing the oxidation of LDLs through high daily intake of antioxidants. A 

large number of essential oils and their constituents are found to have antioxidant 

activity against LDLs for example essential oils which have high concentration of 

phenolic component such as eugenol and thymol76. These constituents have 

capability to alter the association of LDLs for LDL receptors. Quantity and quality 

of phenolic constituents in the essential oil is related to its resistance against LDL 

oxidation. In vitro oxidation of human LDLs which is catalysed by copper can be 

inhibited by 50% -100% when oils have eugenol as the main constituent where 

as essential oils with phenolics , carvacrol or cumenol  have 10%- 50% inhibition 

effect77. Besides phenolic components, the monoterpene hydrocarbon γ-

terpinene also produces antioxidant effect on the oxidation of LDLs, even in the 

propagation stage. -terpinene produces antioxidant effect on in vitro oxidation of 

human LDL catalysed by copper and AAPH78.  The percentage of -terpinene in 

essential oils of tea-tree, bergenot, mandonin has and lemon is 23%, 14%, 17% 

and 10%, respectively79,80. So in order to avoid plaque formation in an artery and 

to prevent oxidation of LDLs, one should take these foods and beverages65.  

Inhibition of oxidation of low density lipoproteins was observed in case of 

terpinolene, a monoterpene81,82. Essential oils and some of their components 

also reduce the cholesterol level which may initiate anthrosclrosis. For example, 

essential oil of black cumin (Nigella sativa linn) reduces plasma cholesterol and 

triglyceride level due to high percentage of thymoquinone in it 83. Essential oil of 

an endemic Irani plant named Satureja khuzestanica was found to reduce blood 

lipid pre-oxidation level 84. Volatile oil of dill seeds was found to reduce the 

triglyceride level by 42 %85. The main component of the essential oil of Javanese 
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turmeric (curcuma xanthorrhiza) is curcumene( 65%), which  reduces the level of 

triglycerides in the body86. The garlic oil has a very significant role in this regard. 

It reduces the level of serum cholesterol while increasing the high density lipo-

protein concentration in case of heart patients as well as in healthy people87. 

1.8.3  Anti-inflammatory activity 

Human beings react to harmful stimuli, like microbial invasion, damaged cells or 

irritants with an inflammation which protects against the injury or infection and 

starts the healing process.  As such, this response should be of short duration, 

but if it is prolonged it can result in development of various immunity-related 

diseases88,89,90. Chronic inflammation is harmful and is treated with anti-

inflammatory drugs. Essential oils of thyme and oregano have shown excellent 

anti-inflammatory activity91. Some essential oil constituents like thymoquinone, α -

humulene and (-)-transcaryophyllene have also exhibited strong anti-

inflammatory activity92. 

  

1.8.4 Common Insects and Pests and their control 

by essential oils & their components 

American cockroaches (Periplaneta americana L.) and house flies (Musca 

domestica L.) are domestic pests which have close contact with man causing 

serious troubles to its health and environment. They usually grow due to 

sanitation problems. They act as vectors for viral and bacterial infections. As 

cockroaches grow on filth and faeces, they carry infections related to it while 

house flies may cause typhoid, paraytyphoid, bacterial dysentery, cholera, polio 

etc93. 
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Cockroaches are the most important class of insects that is dealt by insect 

control departments throughout the World. They grow and breed in hpmes, 

offices, markets, and remain active throughout the year due to warmth and 

presence of some kind of food for them in these places. The most commonly 

occurring species of cockroaches are Periplaneta Americana and P. 

australasiae. 

House fly, Musca domestica L., is usually found in moderate climatic regions and 

some cold places throughout the tropical regions. It is a well known domestic 

pest which also acts as a carier for a number of infectious microraginisms 

besides irritation and food spoilage94,95,96,97,98,99100101,102.The population of this 

insect is generally controlled by synthetic insecticides which may initiate various 

problems to our environment and health 103,104,105. These insecticides are 

neurotoxic to man as well as domestic animals. This fact leads us towards the 

application of natural insecticidesas a good alternative to chemical insecticides. 

These natural insecticides are safe to use against different pests and insects and 

do not cause any harm to human health and environment106. 

Life of the insects is strongly influenced by volatile chemicals which are a basic 

source of information (pheromonces allomones, cariomones etc.). Some of them 

appear in plants, i.e., essential oils and can contain very important information 

and / or properties affecting insects41.   

There is some practical experience that certain plants growing at proper places 

can save other plants from dangerous insects. Rose lovers know that zdrawetz 

planted around vegetable gardens as repellents against a variety of worms and 

insects. Essential oils can be used first of all as insect repellents. Table 1.3 

presents some essential oils which are active repellents for insects and larvae41.  
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A number of essential oils also attract insects. They act similarly to pheromones 

and can be used in mixtures with insecticides to increase their effect by gathering 

the insects to the attractant. It was found that found that laurel, thyme and 

coriander oils were strong attractants for food vermins (Tribolum confusum, 

Thizopertha domina and Sitophilus granaria). The oils were used to lure insects 

out from the corn and destroy41. 

A very interesting and useful group of products is so called antifeedants (food 

deterrents) which prevent feeding by insects. For example, oil of amorpha 

(Amorpha fruticosa L.) deters feeding by ants, gnats, some cabbage pests and 

some species of locust, Dill oil is antifidant for the desert locust (Schisteceroa 

gregoria). Some of the oils from South American Euphorbiaccae stop cotton and 

tobacco pets while camphor and eucalyptus citriodora will prevent eating larvae 

of the Percolla ricini moth41. 

Table 1.3: Replacement activity of some essential oils 

Insects Repellent oils 

Cotton bug 

(Blattelia germanica 1… 

Spike mint, 

Cocroach 

(Periplaneta Americana) 

Eucalyptus 

Laurel 

Gnat Motherwott, Citronella 

(Ages acgyptii) clove, cucalyptus 

Gnat larvae Tagetes 

Heteroptera Cat mint 

Corn weevil Gumin, pine, calamus 



Chapter – 1   Introduction 

 39 

(Sitophilious granaries L.) Juniper 

Colorado beetle 

(Leptinotarsa decemlineata) 

Tancy 

Louses Geranium 

(Cavariella aegopodii) Zdravetz 

Flies 

(Calliphora) 

Eucalyptus 

Tick 

(Ixodidae) 

Calamus 

 

A very important group of oils from the ecological point of view is those oils which 

can be used as natural insecticides (bioinsecticides). There are many of them 

known from traditional practice and contemporary research works. 

For example, the above-mentioned food (corn) vermins Tribolium confusum 

Rhizopertha dominica and Sitophilus granaria can be 100 % paralysed (and 

partially, up to 80% killed) by the essential oils of tancy, cumin, coriander, thyme 

and absinth. Oils of tancy and absinth are known in natural gardening as general 

insecticides. 

Also in this area of the bioactivity of essential oil synergism can be observed. For 

example, a mixture of basil and eucalyptus oils will kill 100% of mosquito larvae 

at a concentration two to six times lower than the individual oils. Artimisia oil will 

kill larvae of anophele (Anopheles stephensi) at a concentration of 0.016% while 

the same effect can be obtained with 0.014% DDT. A mixture of peppermint 

(50%), camphor (25%), and coumarin (25%) is used as a very effective home 

fumigant.The oil of Chrysantemum balsamita is a very effective insecticide 



Chapter – 1   Introduction 

 40 

against lice. Rose oil in 1: 1000 dilution will kill earthworms and leeches within 30 

to 60 mintues41. 

It is interesting to know that calamus oil will sterilize males of the housefly, and 

most probably and old custom of decoration of houses in spring with calamus 

leaves is based on observation of this property of the oil41. 

Another very interesting phenomenon is the cycle of the development off bark 

beetle (Ips Paraconfusus) in which essential oil components are involved. When 

the insects start with a new tree they secret Frontaline-an attractant which is 

enforced by alpha-pinene and myrcene evaporating from the tree resin. With the 

development of the group of beetles they transfer alpha-pinene to verbenone and 

verbenol which act as repellents for newcomers and prevent further colonization. 

The last step of the cycle is secretion of next pheromone Endobrevikomine which 

with verbenone keep off the insects which move to another object. It was also 

found that parasite mushroom Annillariella mellea which grows on spruce (Picea 

excelsa)  transforms terpene hydrocarbons of the tree into verbenol and myrtenol 

which attract (aggregation pheromone) another species of the bark beetle (IPS 

typographica)41. 

The few examples given above show the importance of essential oils in the 

control of insects with safe natural products. Careful research and observations 

of insect behaviour in the presence of essential oils and their constituents can 

save nature from the use of efficient but dangerous chemicals. Current research 

on repellant and insecticidal activities of essential oils and their components have 

been mentioned in various books and reviews107, 108, 109 .  
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1.9 Miscellaneous Application of Essential oils  

1.9.1  Essential oils in perfumes & flavours 

Essential oils and their isolates have been used in flavours and perfumes since 

antiquity. Around 3000 essential oils are known but only about 300 are 

commercially important most of which are used in the creation of flavours and 

fragrances.110 

1.9.2  Essential oils in agriculture 

Possible uses of essential oils as safe natural herbicides, growth boosters and 

other agents in agriculture is still an underinvestigated area with enormous 

potential111. 

The same general opinion as for insect control can be presented for some 

phenomena in plant interactions. It is known as alleopathy i.e chemical 

interactions of plants. From everyday practice in home gardens one knows that 

some plants grow together in perfect harmony while others die without any good 

reason with all the care of a devoted but inexperienced gardener. This 

experience should show that plants can develop nicely in specific combinations. 

There are many reasons for such effects including metabolites exchange in roots, 

organic and inorganic products washed from leaves into the soil, interaction, 

between plants and soil microflora, and which is most interesting for our 

discussion-the presence of volatile plant products in the air and soil. In the hot 

summer time concentration of essential oil over plantation can achieve 0.1-

3.0cm3/1 m3 41. 

Essential oils in the air and soil affect not only other plants but also plants which 

secrete the oil. Tokin observed the decay of lavender, anis and rosemary when 
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their oils were present in air surrounding the plants Terpenoids from essential oils 

can affect Krebs Cycle, permeability of cell membranes, development or 

dwarfness of roots, development of Kalus tissue etc. Essential oils can dissolve in 

leaves of the plants and migrate into their roots. For example, terpenoids from 

Salvia leucophylla can cause cumulation of lipids in cucumber roots and 

devastate cell membranes. Oils of coriander, angelica and fennel can be toxic to 

numerous cultivated vegetables. In small concentrations, they will slow down or 

stop germination for example, of radish or lettuce. Most toxic in the case are 

terpene alcohols geraniol, citronellol, menthol and alpha-terpineol which totally 

stopped germination at a concentration 1:1000. It was a rule that vapours of the 

oils were more active than solutions. Synergistic effects were also observed in 

this case. While pulegone vapours stopped radish germination at concentrations 

1.5 mcg/dm3 and camphor at 3.1 mcg/dm3 the mixture of these compounds gave 

the same effect at concentration of 0.338 mcg/dm3. Positive interactions are also 

observed. For example, hemp growing around bean plantations is very effective 

against brown of cabbage and marjoram and sage grow better when planted 

together41. 

Certain oils are produced by plants as toxins against their diseases. Tobacco 

disease Pseudomonas solanccarum will induce synthesis of mixture of 

sesquiterpenes in tobacco leaves. This mixture is an effective toxin against 

Pseudomonas solancearum and also Pseudomonas syringae Pr. Tabaci. A very 

impressive example of alleopathic toxic activity of essential oils of sage and 

Artemisia against grasses (Avena, Bromus, Fersince) are observations made by 

Muller in fitocenosis of South Californian prairies and by Godinsky in the 

U.S.S.R41. 
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Typical for that fitocenosis is the zonal formation of grasses around nest centures 

of sage and/or artimisia. Between these centres and grass there is approximately 

a two-metre-wide belt of ground without vegetation, than weak grasses and 

further on green fields. According to Muller, oils of sage and Artemisia evaporate 

in the centres, fall into soil and accumulate showing herbicide activity against 

grasses. Only during fires (which occur in California every 25 years) temperature 

will evaporate oils from the ground and after the fire, grasses will dominate all the 

area of the prairie. Gradually tufts of Artemisia and/or sage will appear and after 

six to seven years of development their centres are surrounded by bare ground41. 

Alleopathy of oil-bearing plants is still an underinvestigated area with enormous 

potential. Possible uses of plants or oils as safe natural herbicides, growth 

boosters and other agents in agriculture are still open to research scientists. 

1.9.3  Essential oils in human psychology 

There are two aspects of the psychological activity of essential oils. One of them 

was already discussed with the therapeutic properties of the oils and 

aromatherapy. Volatile components of essential oils act on thee human body and 

mind creating good feeling, calm or arch stimulating. In Europe, hop pillows were 

used in folk medicine as sedatives. Head space analysis of dried hops showed 

the presence of dimethylvinyl carbine (0.15%) which was proved to have a 

distinct sedative-hypo effect. 

Cleopatra used pillows filled with rose petals. The electroencephalographic 

studies of healthy subjects and psychotic patients showed that rose oil stimulated 

the central nervous system___the dreams became more frequent, brighter and 

longer lasting. Also, rose oil increased the ability of concentration of healthy 

subjects, accelerated the working rate and improved capacity of work. Thus 
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modern scientific methods proved that old tricks were very well justified and all 

psychological effects of essential oils, their components and mixtures known from 

ancient times can be (and are) used in modern medicine41. 

There is however a second aspect to the use of fragrances--essential oils in 

psychology. Emotional responses of people are associated with certain sources 

of emotions. Odours can be one of these sources. All olfactory percepts are in 

fact associates (Kirk-Smith). It means that odours may be nothing more than 

carriera of memory of the associates. Therefore it should be always considered 

that apart from standard responses caused by essential oils (due to their 

psychoactive properties) they can be mixed up or screened by individual 

reactions based on memories and associations of odours with certain situations 

from the past. It may happen that the sedative effect of essential oils can be 

decreased to nil by fear, based on memories connected with that specific odour 

and some frightful situation from the past which the person concerned had 

already forgotten.Incense fumes which are usually calming, can arouse or excite 

the lady who associates her wildest love affair with incense burned in the 

bedroom, a long time ago. There is ofcourse no way to avoid individual adverse 

or unusual reactions to specific odours although fortunately, such totally 

unexpected reactions are rather rare in most people. The reactions of most 

people to odours are similar. Good proof of that is a fact that the sale of air 

freshners (odorisers) which are the most common reason of this kind of reactions 

reached 400 million dollars in the U.S.A only. This also means that consumers 

are more conscious of odours in their environment and that this particular group 

of products had very special study with consideration of all properties of essential 

oils41. 
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As shown above fragrant molecules can act in many different and in most cases, 

beneficial ways. Proper mixture of essential oils in room deodorizers can create 

pleasant odour, relax tensions, improve moods, repel insects, disinfect the air 

and help indoor plants to grow. 

Essential oils have shown anxiolytic, sedative and relaxant properties in several 

studies 112 .  

1.10 Plant Family Umbelliferae 

The family umbelliferae consists of annual biennial or perennial plants. They have 

hollow, erect, documbent, stems with dichotomous branches having simple or 

compound leaves. 

The Umbelliferae or Apiaceae is a cosmopolitan family of flowering plants. The 

name umbelliferae is derived from the Latin word „umbula‟ means „a little shade‟ 

and alludes to the flower being produced in parasol shaped clusters. Its 

inflorescence is bisexual umbel shaped. In most genera the umbel is compound 

whereas few have simple one .The it consists of one to many involucral bracts 

and rays .the involucel may be present. The teeth of calyx are evident or 

absolete. Usually five petals are present with extended outer one.petals are 3 

lobed while central lobe is inflexed. There are 2 carpels with inferior ovaries each 

is 2-celled having anatropus ovule in each.generally carpel has two styles with 

stylopodium. The stamens are five in number. The schizocarpic fruit has two 

mericarps with five primary ridges. 

This family has about 300 genera and 3000 species out of which 56 genera and 

about 174 species are reported from Pakistan. The Umbelliferae plants are 

important chiefly for vegetables, volatile oils and drugs. 113  
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Among the different species of Umbelliferae in Pakistan, Anethum graveolens 

(Dill), Coriandrum sativum (Coriander), Cuminum cyminum (Cumin), Daucus 

carota (Carrot), Foeniculum vulgare (Fennel) and Trachyspermum ammi 

(Ajowan), etc, are cultivated as crops. A large number of the species grow wild, 

frequently in mountainous regions at different heights. A few of the wild species 

also grow on plains in different parts of the country. The growth of these plants 

depends mainly upon the climatic conditions. So, some of the wild species can be 

cultivated as crops under suitable conditions. The plants of this family have been 

utilized locally in folk medicines and cosmetics. Either different parts of the plants 

such as roots and seeds or their components such as oils or aqueous distillates 

known as “Araks” have been used as medicines. Essential oils recovered from 

the seeds of umbellifereae species have been used against cholera, pneumonia, 

bronchitis, asthma, hysteria, cough, intestinal disorders, etc114 . 

Besides these medical applications the essential oils of the Umbelliferae species 

have been frequently employed in baked foods, canning, chewing gums, 

condiments, confectionaries, dental preparations, pickles, beverages, 

insecticides, toilet preparations, perfumes, cosmetics, tobacco etc. Pakistan is 

quite rich with respect to some of the cultivated growth of the Umbelliferae plants 

while different region of the country possess a variety of the wild growing species 

of the family. The plants can provide a considerable quantity of volatile (essential) 

oils114.  

1.10.1 Trachyspermum ammi (L.) Sprague
 

Trachyspermum is a genus of about 20 species spreading from the Middle East 

to Central Asia, Pakistan, India and China. The plants are annual or perennial 

herbs. Only three species namely T.ammi, T.baluchistanium and T.clavatum 
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have beeen reported to occur in Pakistan. Trachyspermum ammi is a 15-50 cm 

tall and branched annual herb. The leaves of the plant are much divided and 

ultimate segments are filiform in shape. The fruit of the plant is muricate. The 

species is native to Pakistan, India, Iran, Afghanistan, North Asia, North Africa 

and Europe. In Pakistan, it is cultivated in Lahore, Jhelum, Sialkot, Rawalpindi, 

Sarghoda and Faisalabad in the Punjab province, Sukker, Nawabshah and 

Hyderabad in the Sindh province, Makran and Loralai in Khyber Pukhtoonkhwa. 

Its seeds are curved, oval and brown in colour. They have bitter and spicy flavour 

and are used in a variety of dishes. Its seeds are used as a household remedy for 

intestinal disorders113,114,115. 

 

 

 

 
 

Fig. 1.1: Plant of Trachyspermum ammi 
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Fig. 1.2: Seeds of Trachyspermum ammi 

 

1.10.2 Cuminum cyminum (Linn.) 

Cuminum is a genus of five species from the Mediterraanean region to the South 

West Asia. In Pakistan, only two species namely Cuminum cyminum and 

Cuminum setifollium are reported to grow. The plants are annual herbs. 

C.cyminum is a slender and glabrous and 15-30 cm long plant with oval leaves. 

Its petals are rose coloured and unequal. Its fruit is oblong, 5-6 mm long and 

setulose. Cuminum cyminum Linn. is indigenous to Egypt and is widely cultivated 

in  Pakistan, India, Russia, Morocco,Syria and Algeria. It is cultivated in Pakistan 

in the Peshawar, Quetta, Sibbi and Kalat districts. Cumin seed is light brown in 

colour and has acharacteristic strong, heavy and warm flavour. It is widely used 

as a condiment constituting one of the most important flavouring ingredients of 
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Pakistani curries. It is also employed as an antispasmodic, astringent, stimulant, 

carminative stomachiac, diuretic and emmenagogue in medicine113,114,115. 

 
 

Fig. 1.3: Cumin plant 
 

 

 
 

Fig. 1.4: Seeds of Cuminum cyminum 
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1.10.3 Daucus carota 

Daucus is a cosmopolitan genus of 60 species. The plants are biennial herbs 

only one species namely Daucus carota is reported to grow in Pakistan. D.carota 

is 15 cm to 1m tall biennial herb. It has a thick tap-root and pinnate bracts. Its 

fruits are ovoid, 2-3 mm long and ridges of the fruits are slightly bristly with white 

spines. 

D.carota is a widely distributed species in the world. It is a common edible 

vegetable known as „Gajar‟ in Pakistan cultivated both on the hills and the plains. 

There are four different colors of D.carota roots, viz. red, black, yellow and white. 

Moerphologically, they are the samebut are different in the pigment of their roots. 

The seeds of D.carota are aromatic, stimulant, carminative, nervine tonic and 

useful in the diseases of the kidney113,114,115. 

 
 

Fig. 1.5: Plant of Daucus carota 
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Fig. 1.6: Daucus carota seeds 

 
 

1.10.4 Carum roxburghianum 

Carum roxburghianum is slender, erect, much branched and 20-100 cm tall plant. 

It has oval and 1.5-3 mm long fruits. It is cultivated in India, Pakistan, South-east 

Asia and Indonesia. It is found in the Gujranwala district, in Pakistan. It is known 

as Bal-ajowain in the local Pakistani market. Its seeds are used as condiments 

and for flavouring of food65. The seeds have a medicinal importance and are 

used in stomach ailments, hiccough, nausea and bladder pain. The water of 

distillation (arak) of the seeds is used in bronchitis, hysteria, spasmodic attacks 

and as a carminative113,114,115. 

 
 

Fig. 1.7: Carum roxburgianum seeds 
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1.10.5 Bunium periscum (Bioss.) 

Bunium is a genus of about 30 species found in the Mediterranean region, North 

Africa, south and Middle Europe, Middle East, Iran, Afghanistan, Central Asia and 

Pakistan. Bunium periscum (Bioss.) is 15-70 cm tall plant. Its roots are 1-2 cm in 

diameter. Its fruits are 3-4 mm long, dark brown and oblong in shape. It is 

distributed in South Europe, Iran, Afghanistan, Central Asia and Pakistan. In 

Pakistan, it occurs in the arid and dry regions of Gilgit, Baltistan, Chitral, Swat, 

Hazara, Frontier Province and Baluchistan. The fruits are aromatic and are highly 

valued as a spice. The plants from Ziarat, Baluchistan grow in the Juniper zone 

and the fruits have a different smell.  Morphogically these plants are similar to 

those found in other parts of the country113,114,115.  

 

 

 

 
 

Fig. 1.8: Bunium periscum seed 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.9: Bunium periscum plant 
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1.10.6 Anethum graveolens L. 

Genus anethum from the family umbelliferae consists of only four species found 

in Europe, North Africa, and west Asia, only one species named Anethum 

graveolens is found in Pakistan.This specie includes both wild and cultivated. 

Normally theseplants are annual herbs . The plant is up to 150 cm tall and has 

rich scent. The upper leaves are shorter than the ones and are 3-4 pinnate where 

are of filliform type. 

 

 

Fig. 1.10: Plant of Anethum graveolens 
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Fig. 1.11: Anethum graveolens seeds 

 

 

1.10.7 Pimpinella acuminate (Edgew) C.B.Clarke 

The genus Pimpenella a prominent genus of the family Umbelliferae has almost 

150 specieswhich are reported to found in various places like Aia , Europe, 

America etc. only six species are grown in Pakistan, and all are annual wild 

hurbs. In the present studies Pimpinella acuminata is used ,and the seeds were 

taken from the plants grown in Hazara.this wild plant is almost one meter long 
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and is identified from by its specific umble. It has six white margined linear bracts 

and filliform rays which 3-10 in number . its pedicele is 2-5 cm long . the peteolate 

leaves are 15 cm long having 2- pinate with sheathing basis. The petals are white 

in colour and fruit is globose almost compressed latrally.The P- acuminata are 

commonly named as  Jungli Nisu. 

 

Fig. 1.12: Pimpinella acuminata 

 

1.11 State of essential oil industry in Pakistan 

In Pakistan, essential oils are used in the manufacture of perfumes, 

cosmetics, mouthwashes, beverages, baked goods and herbal products. 

Review of the import statistics for the last ten years emphasize that a 

large sum was being paid per year for the import of essential oils and their 
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isolates as shown in the table given below. The essential oil industry in 

Pakistan is still in its infancy. Relevant information and guidance is 

needed to cultivate important essential oil bearing plants and to extract the 

volatile oil from them efficiently. A variety of aromatic plants grow in 

different parts of the country and the climate is favourable for the 

cultivation of some important essential oil bearing crops114. The statistics 

related to essential oil industry of Pakistan is given in the table 1.1116. 

Table 1.4: Essential oil exports in Pakistan 

Exports( in thousand rupees) 

Year 1998-

1999 

1999-

2000 

2000-

2001 

2001-

2002 

2002-

2003 

2003-

2004 

Essential oil, 

perfumes& flavour 

materials 

12818 8494 2080 1642 8798 7206 

Perfumery&cosmetics 

Dentifrices & other 

toilet preparations 

except soap 

185536 201560 176600 249055 370744 358753 

Spices 529150 837962 758641 751337 930455 1100418 

Year 2004- 

2005 

2005- 

2006 

2006- 

2007 

2007- 

2008 
  

Essential oil, 

perfumes & flavour 

materials 

2202 5029 113525 46467   

Perfumery&cosmetics 

Dentifrices & other 

toilet preparations 

except soap 

364323 319381 452251 669758   

Spices 85207 1409543 1458060 1699299   
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Table 1.5: Essential oil imports in Pakistan 

Imports( in thousand rupees) 

Year 1998-

1999 

1999-

2000 

2000-

2001 

2001-

2002 

2002-

2003 

2003-

2004 

Essential oil, 

perfumes & flavour 

materials 

644435 622755 893994 1043591 991123 1158355 

Perfumery&cosmetics 

Dentifrices & other 

toilet preparations 

except soap 

532940 787531 1041682 871576 1013264 1288890 

Spices 1854572 1206686 1097134 1039582 1341095 2348716 

Year 2004-

2005 

2005-

2006 

2006-

2007 

2007-

2008 

  

Essentialoil,perfumes  

& flavour materials 

1520901 1804648 2158891 2452591   

Perfumery&cosmetics 

Dentifrices & other 

toilet preparations 

except soap 

1391121 1912558 2467140 2553516   

Spices 2806848 3158729 3274566 5378361   

 

1.12 The Aims and Objectives 

The present work has been initiated to generate detailed information on 

the chemical composition, antibacterial, antioxidant and insecticidal 

activities of selected essential oils of the plant family Umbellife rae, native 

to Pakistan. Although, some work has been done on the chemical 

composition of the essential oil of Umbelliferae indigenous to Pakistan 

however it is of a preliminary nature in which the oils are characterized by 

GLC28. The current research is done keeping the following aims in mind: 

(1) Determination of physico-chemical parameters and yield of the 

essential oils. 
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(2) Chemical characterization of the essential oils using advanced 

analytical techniques. 

(3) Evaluation of antibacterial activities of the essent ial oils against 

different pathogenic micro-organisms. 

(4) Assessment of antioxidant capacity of the essential oils and their 

selected constituents using various assays. 

(5) Evaluation of insecticidal activity of the essential oils  
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2. LITERATURE SURVEY 

Antimicrobial and antioxidant activity of essential oils 

Bruni et al117 investigated the chemical composition of the volatile oil from the fruit  

of Ishpingo belonging to the family Lauraceae  by gas chromatography and  

GC.MS  Transcinnamaldehyde (27.9%), methylcinnamate (21.6%), 1,8-cineole 

(8.0%), benzaldehyde (3.6%), and -selinene (2.1%) were found                                                                                                                                                                                                                                                                                                                                                                                               

as the main components. The bactericidal effect of the essentiall oil was analysed 

and the MIC value was found to be varied between 0.024 and 0.12 mg/mL.  The 

essential oil was examined for its antioxidant activity using DPPH radical 

scavenging assay resulting inscavenging of 52% radicals. Moreover the essential 

oil was also analysed for inhibition of lipid peroxidation using the β-carotene 

bleaching method. It showed a mild antioxidant activity in this case.  

Burits and Bucar118 studied the essential oil from black cumin seeds and 

evaluated the antioxidant activity of the volatile oil by TLC screening methods  the 

antioxidant activity was observed by of the essential oil and its various 

components. such as Thymoquinone, carvacrol, t-anethole, 4-terpineol and the 

essential oil were found to exhibit variable antioxidant activity in the DPPH assay. 

Non-enzymatic lipid peroxidation and deoxyribose degradation assay were also 

used to assess their antioxidant capacity and they turned out to be effective OH-. 

radical scavengers.  Analysis of essential oil extracted from six different samples 

of black cumin seeds and from a commercial fixed oil by GC-MS showed a 

difference in the percentage of the various components although their qualitative 

composition was similar. 
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Wang et al119 investigated the chemical composition of the essential oil of 

R.officinalis L. by Gas Chromatography and Mass Spectrometry. The volatile oil  

was found to contain 1,8-cineole (27.23%), -pinene (19.43%), camphor 

(14.26%), and camphene (11.52%) as the major components. DPPH assay and 

-carotene bleaching test were used to determine the antioxidant effect of  

volatile oil of R. officinalis L. and its  main components (1,8-cineole, a-pinene, -

pinene).in vitro.The main components of the oil had shown free radical-

scavenging activity as 62.45% ± 3.42%, 42.7% ± 2.5%, 45.61% ± 4.23% and 

46.21% ± 2.24% (v/v),  in the DPPH assay. The different  concentrations of the 

essential oil of R. officinalis L.volatile oil, 1,8-cineole, α-pinene and -pinene 

providing 50% inhibition (IC50) values were used in the experiment v/v  as 2.04% 

± 0.42%, 4.05% ± 0.65%, 2.28% ± 0.23% and 2.56% ± 0.16% , respectively in 

the -carotene bleaching test. In both the assays, the essential oil proved to be a 

better antioxidant than its components. Ascorbic acid and BHT were used as 

positive controls in the assays . 

The antioxidant and pro-oxidant properties of thymol, carvacrol, 6-gingrol, 

zingrone and hydrooxityrosol were investigated by Aeschbach et al against 

peroxidation of phospholipids liposomes in the presence of ascorbate and iron . 

Zingrone had shown weak while others had exhibited strong antioxidant activity. 

Antioxidant and antimicrobial activity of three Menthol species were very effective 

except zingrone. During normal cell metabolism oxidation of some biomolecules 

generates harmfull oxidative byproducts which cause serious damage to DNA, 

protein and lipid which is cause of many serious diseases.oxidative damages can 

be controlled by intake of natural antioxidants present in the food(Bruce N Aims, 

June 14 1993) 
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Insecticidal activity of essential oils and plant 

extracts 

Singh et al120 (2001) investigated the insecticidal properties of 23 volatile oils of 

aromatic plants and 7 pure monoterpenes against white termite collected from 

sugarcane fields in India. Essential oils of coriandrum sativum, and a 

monoterpernoid (Linalool) produced 100% mortality of termites with 3-6 ml per 

petriplate on exposure for 2 hrs. 

Singh and Agarwal121 examined the insecticidal activities of various  components 

of the essential oil from Himalayan cedarwood  (Cedrus deodara) separated by 

chromatography against the Callosobruchus analis F. and the Musca domestica 

L. All the components were found to be active against the test species. The 

highest mortality and the knockdown effect were observed in the case of fraction  

which was found to contain himachalol (3%) and -himachalene (31%), based on 

essential oil weight.One of the fractions  was also found to be highly toxic to the 

pulse beetle due to the presence of these components. Himachalol and -

himachalene were further tested and exhibited high rate of mortality was found at 

0.56 μmol/insect against the pulse beetle. The strong toxicity of these compounds 

towards the pulse beetle suggests their use in insecticide formulations.   

Appel et al122 determined the toxicity and repellency of mint essential oil to 

American [Periplaneta Americana (L.)] and German [Blattella germanica 

(L.)]cockroaches. Mint oil, on topical application, was found to be toxic to both 

species with LD50 values of 2.57 (1.98-4.20) % in 10μl and 3.83(2.35-7.34) % in 2 

μl for American and German cockroaches, respectively. In the continuous 

exposure bioassays, LT50 values ranged from 469.9 minutes for 3% mint oil to 
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10.4 minutes for 30% mint oil in case of American cockroaches while for German 

cockroaches LT50 values ranged from 3318 minutes for 3% mint oil to 1 minute for 

100% mint oil. No mortalities were caused when mint oil concentration was less 

than 1% in both topical application and continuous exposure bioassays. In case 

of fumigant activity, the KT50 values of 7.4 and 9.2 hours were found when 

American and German cockroaches were held in sealed containers with the 

concentration of 50 μl of 100% mint oil. 100% mortality was observed in both 

species after 24 hours. Using Ebeling choice boxes, the mint oil was 92.3% to 

100% repellent to German cockroaches while the mean repellency in case of 

American cockroaches was 100%.      

The toxicity and repellency of nine components of essential oils (eugenol, 

isoeugenol, methyleugenol, safrole, isosafrole, α-pinene, limonene, p-cymene 

and cineole) against American cockroaches were studied by Ngoh et al123. 

Evaluation of contact and fumigant toxicities to adult females and repellent 

activity against nymphs were carried out. During contact method, the knockdown 

activity of the compounds was found to be decreased in the order of 

methyleugenol > isosafrole=eugenol >safrole. The decreasing order of mortality 

via contact was eugenol=methyleugenol=isosafrole>safrole. Only safrole and 

isosafrole were found to exhibit fumigant toxicity, with former being more potent. 

The repellent activity of the compounds to nymphs decreased in the order of 

safrole > isosafrole > methyleugenol= α-pinene > eugenol > isoeugenol. The 

terpenes were found to be less toxic and repellent against American cockroaches 

than the benzene derivatives. In case of eugenol and its derivatives, contact 

toxicity and fumigant activity decreases with decreasing distance of the double 

bond from the aromatic ring and the presence of a methoxy substituent in the 

benzene ring incrases the knockdown activity withot affecting its toxicity.   
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Mikolo et al124 studied the insecticidal activity of powder and hexane extracts from 

the bark of the Fagara heitzii tree in the west-central African Republic of Congo. 

Dried powder and hexane extract obtained from root barks of Fagara heitzii tree 

were found to be toxic to maize weevils (Sitophilus zeamays), cowpea weevils 

(Callosobruchus maculates) and American cockroaches. For hexane extract, LT50 

values were found to be 0.859mg/petri dish after 48 hours, 2.892mg/petri dish 

after 48 hours and 1.317mg/petri dish after 72 hours in case of American 

cockroaches, cowpea weevils and maize weevils, respectively. 

Rice and Coats125 investigated various monoternoids agains house fly and red 

flour beetle (rice and coats). Large number of terpenoids had shown insecticidal 

activity but the toxicity level against a species is different in each case. Cornelius 

et al126  tested insecticidal activity of monoterpenoids against subterrenian termite 

and eugenol was found to be highly toxic in fumigant and contact experiments as 

well. It was also reported to be toxic against house fly, corn root worms and some 

other insects127, 128 . Lee et al127 used thymol as an insecticide against house fly 

and D.melanogaster and found it very toxic (LD50=25.4-29.0 g/ insect). Franzios 

et al129 also reported the toxicity of thymol against house mostiques. 

Citronellal was found to be another highly efficient insecticidal agent against 

many insects130,131,132. Lee et al127,133,134 found that d-liminene was toxic against 

many insects including house fly.and some stored grain pests. (kar and coats 

1998). Various scientists had tested the insecticidal activity of methanone, trans-

anethol and cinnamaldihyde against various insects and found them very 

effective135,136, 137,138.  

Govindaraddi139 and  Walia et al140 reported that turmeric oil was proved to be a 

good pesticide and was rich in -phellandene, carvacrol, carveol, greneol, 



Chapter – 2   Literature Survey 

 64 

linalool, menthol, thymol, carvons, cinamic acid etc, had been tested and proved 

to be good fumigants against M.domestica and T. castaneum. 

2.1 Chemical characterization and bioactivity of 

Trachyspermum ammi (Linn.) Sprague 

essential oil 

Essential oil of T.ammi was analysed by Gas liquid Chromatography and GC/MS 

in various studies. Ashraf and Bhatty141 analyzed the Pakistani essential oil 

extracted from fresh and old seeds by GLC. The main components of the oils 

were phenols (53.00-54.70%), p-cymene (20.80-23.78%), gamma-terpinene 

(17.20-20.35%), limonene (0.25-4.80%) and -pinene (0.90-1.56%). 

Essential oil was extracted from the seeds of T.ammi growing in Northeaast India 

by hydrodistillation. GC and GC/MS analysis of the oil identified carvone (46.2%), 

limonene (38.1%) and dillapiole (8.9%) as the main components142 Essential oil 

was isolated from the seeds of T.ammi obtained from the markets of Mysore and 

Mumbai, India by Nagalakshmi et al143. Thymol (39.36%), gamma-terpinene 

(30.97%), p-cymene (19.47%), α-pinene (1.48%) and -pinene (5.45%) were the 

major constituents of the oil. 

Mohagheghzadeh et al. 144analyzed the volatile oil extracted from the seeds of 

Iranian T.ammi by GC/MS. Thymol (54.50%), gamma-terpinene (26.10%) and p-

cymene (22.10%) were found in the oil. The differences between this 

investigation and various reports were described indicateing that T.ammi have 

thymol and carvacrol chemotypes. 

The volatile oil of the fruits of C.copticum (syn: T.ammi) was chacterised by 

GC/MS and Its composition was mainly contained  carvacrol (45.20%), -cymene 
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(41.98%),. The oil exhibited strong antimicrobial activity against the micro-

organisms comparable to 10mg/ml streptomycin sulphate. All gram-positive 

bacteria were found to be inhibited by the oil whereas gram-negative bacteria 

were found to be resistant. The oil inhibited the growth of all the fungi145. Singh et 

al.146 analysed the antibacterial activities of essential oils from seven spices 

including C.copticum and C.cyminum against pathogenic bacteria using agar 

disc-diffusion assay. The oil of C.copticum was found to possess the highest 

antibacterial activity followed by the essential oils of C.cyminum and 

A.graveolens. An essential oil was extracted from long-time stored fruits of 

T.ammi from Bulgaria by Jirovetz et al147. Thymol (48.0%), p-cymene (32.1%) 

and gamma-terpinene (12.8%) were found as the major components  of the oil. 

The oil demonstrated high toxicity against some yeast, gram-positive bacteria,  

and fungi. Upadhyay et al.148 analysed the antbacterial activity of essential oils 

including that of T.ammi against pathogenic bacterial strains. The volatile oil of 

T.ammi had shown high toxicity against the growth of E.coli, S.pneumoniae, 

B.cereus and L.acidophilus with an MIC value in the range of 0.125-0.25 μl/ml. It 

also exhibited a powerful bactericidal effect against the above-mentioned bacteria 

with MBC values ranging from 0.25 to 1.0 μl/ml. 

Oroojaliian et al.149 studied the chemical composition and antibacterial activities 

of Carum copticum, Bunium persicum and Cuminum cyminum. Thymol (48.4%), 

p-cymene (21.8%) and γ-terpinene (21.3%) were the main components  of the 

essential oil of C. copticum. γ-terpinene (44.2%), cuminaldehyde (16.9%), γ-

terpinen-7-al (10.5%), and p-cymene (8%) were found in B. persicum essential 

oil. The  essential oil from C. cyminum  was found to contain  cuminaldehyde 

(30.2%), p-cymene (14.1%), γ-terpinene (12.8%), as main components. the 

essential oils were found to show antibacterial activity againsta number of  



Chapter – 2   Literature Survey 

 66 

pathogens which were born in the food products, namely S. aureus, B. cereus, E. 

coli O157:H7, S. enteritidis, and .L monocytogenes. MIC values of the oils were 

0.03–0.5, 0.18–3.0, and 0.37–3.0 mg/ml, respectively, for C. copticum, B. 

persicum and C. cyminum. The oils also exerted bactericidal effect and their 

minimum bactericidal concentration (MBC) values ranged from 0.03-3.0 mg/ml. 

Moreover, the combination of the essential oils of B. persicum and C. cyminum 

exhibited synergistic and additive activities against the micro-organisms. 

Essential oils isolated from the leaves and seeds of different plants were 

examined against A. flavus (Cyamopsis tetragonoloba L.) a fungus.. The oil of 

T.ammi was found to be highly toxic against the fungus. When examined at 200, 

300 and 400 ppm, it did not show any phytotoxicity. It exhibited fungistatic activity 

at MIC value of 300 ppm. The fungitoxic potency of the essential oil of T.ammi 

remained unchanged even after a long storage period and at high inoculum 

density of the test fungus. The oil was more efficient than the fungicides Agrosan 

G.N., Benlate, Ceresan, Dithane M-45 and Thiovit commonly used for the control 

of fungal diseases of plants150.  

Singh et al.151  reported the chemical composition, antifungal and antioxidant 

activities of the essential oil and acetone extract of seeds of Indian T.ammi. 

Thymol (39.1%),   p-cymene (30.8%), gamma-terpinene (23.2%) and -pinene 

(1.7%) were identified as the main components in the essential oil. In case of the 

acetone extract, thymol (39.1%), oleic acid (10.4%), linoleic acid (9.6%), gamma-

terpinene (2.6%), p-cymene (1.6%) and palmitic acid (1.6%) were the key 

constituents. A broad spectrum antifungal activity was exhibited by the oil against 

all the tested fungi. The antioxidant activity of the essential oil and acetone 

extract were compared with the synthetic antioxidants BHA and BHT using 
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thiobarbituric acid (TBA) method and linoleic acid system. TBA values suggest 

that the antioxidant activity of the oil and the extract is comparable to BHA and 

BHT. The antioxidant effectiveness, as evaluated by linoleic acid system, had the 

following order: acetone extract> essential oil >BHA > BHT. 

Chaubey152 evaluated the repellent, toxic and developmental inhibitory activities 

of the essential oils of T.ammi, A.graveolens and N.sativa against Tribolium 

castaneum. The oils were repellant to the adult stage of T.castanum at low 

concentration. The mortality of adults and larvae took place in the fumigant 

assay. Median lethal concentrations (LC50) of T. ammi, A. graveolens and N. 

sativa essential oils against the adult insects were13.48, 16.66 and 10.87 ml and 

against the lavae of the insect were 11.62, 14.78 and 9.46 ml respectively. The 

oils of T. ammi, A. graveolens and N. sativa that reduce the change of larvae into 

pupae into half i.e.,median effective concentration or EC50 were 6.70,7.86 and 

5,62 mlrespectively.These essential oils caused reduction of the oviposition 

potential and increase of the developmental period of the insect relative to the 

control group.  

The larvicidal, ovipositiondeterrent, vapor toxicity, and repellent activity of the 

essential oil T. ammi (Linn.) Sprauge and its pure constituent thymol against 

Anopheles stephensi were studied by Pandey et al153. Thymol is more toxic than 

the oil with LD50 values of 48.88 and 80.77 µg/ml, respectively. On exposure to 

the vapours of thymol, egg laying by females is considerably reduced as 

compared to the essential oil. Similar results were obtained for subsequent egg 

hatching and the survival of the larvae. In vapor toxicity assay, LC50 values for 

thymol and the essential oil against adults of A. stephensi were 79.5 and 185.4 

mg/mat. Complete repellancy against adults of   
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A. stephensi was provided by thymol at the dose of 25.0 mg/mat after 1 h 

duration whereas the oil provided the same degree of repellency at the dose of 

55.0 mg/mat, indicating its greater activity. 

2.2 Chemical characterization and bioactivity of 

Carum roxburghianum essential oil 

Chemical composition of the essential oil of C.roxburghianumi was determined by 

GLC and GC/MS in few studies. Ashraf et al.154 examined the Pakistani essential 

oil extracted from fresh mature and 1-year old premature seeds by GLC. The key 

constituents present in the oils were1-cadinene (23.28 &29.00%), limonene 

(15.06 &20.77%), new unidentified acid (25.00 & 18.50), seselin (13.10 &10.20%) 

and unidentified esters (5.60 & 5.00%). 

The essential oil was extracted from the immature and mature seeds of Indian 

C.roxburghianum by Choudhury et al155. GC and GC/MS analysis of the oil from 

immature and mature seeds led to the identification of limonene (40.9 & 47.2%), 

sabinene (20.3 & 8.5 %), terpinen-4-ol (8.6 & 12.2 %), z-ligustilide (5.1 &8.0 %), 

gamma-terpinene (5.6 & 6.7%) and alpha-terpinene (2.7 &3.1 %) respectively as 

the main components. 

Chowdhury et al.156 analyzed essential oil from the leaves and fruits of C. 

roxburghianum by GC/MS. The main components in the fruit essential oil were 2-

methyl-5-(1-methylethenyl)-2-cyclohexen-1-one (40.03%), apiol (18.71%), 

limonene (17.11%), myristicin (12.30%), dihydrocarvone (7.89%) and eugenol 

(1.68%). The leaf essential oil was rich in apiol (20.81%), 2(3H)-

furanone,dihydro-5-pentyl- (17.21%),  4-methoxy-6-(2-propenyl)-1,3-

benzodioxole, (9.51%), citronellol (6.62%), 4-isopropyl-1,6-dimethyl-1,2,3,4, 

4a,7,8,8a-octahydro-1-naphthalenol( 5.99%) and geraniol(5.86%). 
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2.3 Chemical characterization and bioactivity of 

Bunium periscum Bioss. essential oil 

The essential oil obtained from seeds of B.periscum from four different regions of 

Pakistan viz. Gilgit, Swat, Zarghoon and Ziarat was analyzed by Karim et al.157 

using GLC. The oils from the seeds of Gilgit, Swat and Zarghoon were found to  

be rich in p-cymene (32.8%, 14.4% and 12.4%, respectively), cuminal (22.5%, 

17.8% and 14.8%, respectively), gamma-terpinene (19.8%, 28.9% and 25.0%, 

respectively), p-mentha-1,4-dien-7-al(11.2%, 3.5% and 4.2%, respectively), p-

mentha-1,3-dien-7-al(4.8%, 5.6% and 7.2%, respectively) and cuminyl 

alcohol(3.6%, 1.0% and 5.7%, respectively) . Limonene (24.2% and 29.9%, 

respectively) was an important component of Swat oil and Zarghooon oil only. 

The key components in Ziarat oil were p-cymene (41.1%), gamma-terpinene 

(24.0%), linalool (16.0%) and dillapiole (4.0%). Thappa et al158extracted the 

essential oil from B.periscum seeds of cultivated and wild variety. The seeds of 

cultivated origin contained cuminal (27-34%) followed by p-mentha-1,3-dien-7-al 

and p-mentha-1,4-dien-7-al (29-36%), whereas the seeds from the wild mainly 

contained γ-terpene (25-42%) and p-cymene (24-27%) and less aldehydes. 

Supercritical fluid extraction was used by Pourmortazav et al159 to isolate the 

essential oil from the seeds of B.periscum. Analysis revealed that gamma-

terpinene, cuminal and α–methylbenzenemethanol were the key components 

present in the oil. Azizi et al160 analyzed the essential oil of B. persicum fruit from 

wild type (WT), first (CY1) and second year (CY2) cultivars (fourth and fifth year 

plants) by GC and GC/MS. The essential oil yield varied from 5.1 to 91%. No 

significant differences were found with respect to the essential oil components. 
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Gamma-terpinene, cuminaldehyde, gamma-terpinen-7-al and p-cymene wer 

found to be the key components. 

2.4 Chemical characterization and bioactivity of 

Cuminum cyminum Linn. essential oil 

The essential oil obtained from seeds of C.cyminum from two different regions of 

Pakistan viz. Peshawar and Quetta was analyzed by Karim et al. 161 using GLC. 

The oils from Peshawar and Quetta were found to be rich in cuminal (22.4% and 

20.0%, respectively), p-mentha-1,4-dien-7-al(23.6% and 24.3%, respectively), p-

mentha-1,3-dien-7-al(13.5% and 11.1%, respectively), -pinene (14.3% and 

19.7%, respectively),  gamma-terpinene(11.5% and 16.3%, respectively), cuminyl 

alcohol(7.2% and 3.7%, respectively) and p-cymene(6.0% and 2.7%, 

respectively).  

Li et al162 examined the essential oil from seeds of Chinese C.cyminum which 

was obtained by hydrodistillation in a yield of 3.8%. GC and GC/MS analysis of 

the oil showed cuminaldehyde (36.31%), cuminic alcohol (16.92%), gamma-

terpinene (11.14%), safranal (10.87%), p-cymene (9.85%) and -pinene (7.75%) 

to be the most abundant constituents.  

Baser et al163 analysed the steam and water distilled essential oils of Turkish 

cumin seed by GC and GC/MS. Cuminal (19.25-27.02%), p-mentha-1,4-dien-7-

al(24.48-44.91%), p-mentha-1,3-dien-7-al(4.29-12.26%), gamma-terpinene(7.06-

14.10%), p-cymene(4.61-12.01%) and -pinene (2.98-8.90%) were the most 

abundant components. The pregrinding of seeds and method of distillation had a 

pronounced effect on the composition of the essential oils. The composition of 

the given oils was compared with cumin seed oils of Indian and Egyptian origin 
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as well as those produced commercially in Turkey. They differ in the amount of 

cuminal, p-mentha-1,4-dien-7-al and p-mentha-1,3-dien-7-al. 

Kan et al164 studied the essential oil obtained from cumin seeds at different 

harvesting times by GC and GC-MS analysis. The main components at different 

harvesting times were cuminal (19.9–23.6%), p-mentha-1,3-dien-7-al (11.4-17.5 

%) and p-mentha-1,4-dien-7-al (13.9-16.9).  The results showed that the seeds 

should be harvested at the ripe stage for ideal yield of the essential oil and 

composition.  

Jirovetz et al165 examined the essential oil obtained from 36 years old seeds of 

Bulgarian cumin by GC, GC/MS and olfactometry and tested its antimicrobial 

activity. Cuminal (36%), β-pinene (19.3%), p-cymene (18.4%) and γ-terpinene 

(15.3%) were the key componenets present in the oil. The essential oil showed 

high activity against the mold Aspergillus niger, the Gram (+) bacteria Bacillus 

subtilis and Staphylococcus epidermidis as well as the yeast Saccharomyces 

cerevisiae and Candida albicans. 

Hajlaoui et al166analyzed the essential oil obtained from seeds of Tunasian cumin 

by GC and GC-MS. Cuminlaldehyde (39.48%), gamma-terpinene (15.21%), O-

cymene (11.82%), beta-pinene (11.13%), 2-caren-10-al (7.93%), trans-carveol 

(4.49%) and myrtenal (3.5%) were the main constituents present in the oil. The 

antimicrobial activities of the essential oil of C. cyminum were also determined 

against various micro-organisms and was found to be highly effective against 

Vibrio spp. strains with a diameter of inhibition zones growth ranging from 11 to 

23 mm and MIC and MBC values ranging from (0.078–0.31 mg/ml) to (0.31–

1.25 mg/ml), respectively. The antioxidant activity of the essential oil was 

evaluated using four different assays and was found to show a higher activity in 
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each antioxidant system especially in β-carotene bleaching test (IC50: 20 μg/ml) 

and reducing power assay (EC50: 11 μg/ml). 

Özcan and Erkmen167 investigated different essential oils including that of cumin 

at three different concentrations (1, 10 &15%) against various micro-organisms. 

The essential oil of cumin was found to be highly effective against Escherichia 

coli, Candida rugosa and Saccharomyces cerevisiae.  

Daneshmandi et al168 studied the drug synergistic and antibacterial activity of 

essential oil of cumin. C.cyminum essential oil showed the highest antibacterial 

activity against bacillus cereus with an inhibition zone of 44 mm in agar disc 

diffusion method. The cumin oil also exhibited synergistic effect when combined 

with gentamicin (10 g) against Escherichia coli. 

El-Kamali et al169 studied the chemical composition and antibacterial activity of 

essential oil of Cuminum cyminum L. seeds from Sudan. The major constituents 

of the essential oil were cuminal (32.70%), 2-caren-10-al (20.30%), fenylglycol 

(15.76%) and gamma-terpinene (11.72%). The oil was found to be highly active 

against Escherichia coli, Klebsiella pneumoniae, and Bacillus subtilis but 

Pseudomonas aeruginosa exhibited resistance. The investigation of chemical 

composition and antibacterial activity of cumin by Oroojalian et al37 has been 

mentioned previously. Jazani et al170 sudied the antimicrobial activity of 

C.cyminum essential oil from Iran on fifty two burn isolates of P.aeruginosa. The 

susceptibility of isolates to the volatile oil of cumin was determined using a broth 

microdilution method while for antibiotics agar disc diffusion method was used. 

The resistance rates to antibiotics were as follows: Gentamicin 96%, ceftazidime 

100%, tobramycin 100%, kanamycin 100%, amikacin 73%, ceftizoxime 100%, 

piperacillin 94.2%, imipenem 50% and ciprofloxacin 71%.  Cumin essential oil 
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was found to be active against all isolates of P. aeruginosa, with MIC and MBC 

values in the range of 0.015 to 0. 25 ml/mL. These results point out that cumin 

essential oil can be used to control P. aeruginosa infection. Ozkan et al171 

investigated the essential oils of Turkish spices including cumin for antimicrobial 

activity. Four concentrations (0.2, 0.4, 1 and 2%) of essential oils were tested 

against various bacteria (E. aerogenes, E. coli, E. coli O157:H7, K. pneumoniae, 

P. vulgaris, S. enteritidis, S. gallinarum, S. typhimurium, S. aureus, Y. 

enterocolitica, A. hydrophila, C. xerosis, M. luteus, M. smegmatis, E. feacalis, P. 

aeruginosa and P. fluorescens). All the essential oils were found to be active 

agaist one or more bacteria. The essential oils of thyme, oregano and marjoram 

exhibited superior activity. 

El-Ghorab et al172 investigated the chemical composition and antioxidant activity 

of ginger and cumin. The key components in the essential oils of fresh and dried 

ginger were camphene, p-cineole, α-terpineol, zingiberene and pentadecanoic 

acid, whereas cuminal, γ-terpinene and pinocarveol were the major constituents 

in cumin essential oil. The highest antioxidant activity was observed for cumin 

essential oil (85.44 ± 0.50%) followed by dried ginger essential oil (83.87 ± 

0.50%) and fresh ginger essential oil (83.03 ± 0.54%) as determined by DPPH 

assay. Similar results were obtained in the FRAP assay showing superior activity 

of C. cyminum essential oil. 

Romeilah et al173 studied the chemical compositions, antiviral and antioxidant 

activities of seven essential oils including cumin. The essential oils were obtained 

by hydrodistillation of Allium cepa L. (bulbs), Allium sativum (bulbs), Cuminum 

cyminum (seeds), Corriandrum sativum (herb and seeds), Petroselinum sativum 

(herb) and Ocimum basilicum (herb) cultivated in Egypt. The key components in 

the essential oil of C. cyminum seeds were cuminal(60.01%), caryophyllene 
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oxide(6.12%), -pinene(4.89%),  α-pinene(2.14%), geranyl acetate(4.11%), - 

caryophyllene(3.44%), -farnesene(3.01%), α-terpineol(2.47%) and 

thymol(2.04%). The oils were tested against herpes simplex virus 1(HSV-1) in 

African green monkey kidney (Vero) cell line (virus infected cells) using 

cytopathicity (CPE) assay. The EC50 of the essential oils of onion, garlic, cumin, 

coriander (herb and seeds), parsley and basil were 1060, 320, 400, 2045, 341, 

386 and 615 µg/ml, respectively. The antioxidant activity of the essential oils was 

assessed using DPPH radical scavenging assay and their EC50 values and 

percentages of DPPH inhibition were determined.  

Allahghadri et al174 studied antimicrobial, antioxidant, and cytotoxic activities of 

C.cyminum essential oil. It was found to possess antibacterial activity against E. 

coli, S. aureus, and S. faecalis. The essential oil exhibited better antioxidant 

capacity than BHA and BHT. DPPH assay showed the superior antioxidant 

activity of the oil with an EC50 value of 5.4 μg/mL. The cumin oil showed the total 

phenolic content to be 33.43 μg GAE/mg. The essential oil caused 79% 

destruction of Hela cells at a concentration of 0.1 μL/mL. The oil was 

administered to Wistar rats in order to asses its acute and subchronic toxicity. 

The WBC count was found to decrease by 17.38% whereas hemoglobin 

concentration, hematocrit, and platelet count, increased by 25.77%, 14.24%, and 

108.81%, respectively. Another important result was the reduction LDL/HDL ratio 

to half. 

Topal et al.175 investigated the composition and antioxidant capacity of essential 

oils from nine different species of Turkish plants including cumin. The oils were 

obtained by supercritical carbon dioxide extraction and steam distillation, and 

were characterized by GC-MS. DPPH assay was used to test the free-radical 
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scavenging activity of the oils. R. officinalis, C. cyminum, P. anisum, T. serpyllum 

and L. orientalis essential oils obtained by supercritical carbon dioxide extraction 

showed higher antioxidant capacity than steam distillation oils, with antioxidant 

activities ranging from 87.1±0.23% to 92.0±0.34% relative to butylated 

hydroxytoluene (91.4±0.21%).  

Prajapati et al176 evaluated essential oils obtained from ten aromatic plants for 

larvicidal, adulticidal, ovicidal, oviposition-deterrent and repellent activities 

towards Anopheles stephensi, Aedes aegypti and Culex quinquefasciatus. 

Juniperus macropoda and Pimpinella anisum essential oils showed the highest 

larvicidal and ovicidal activity. The P. anisum essential oil was highly toxic to 4th 

instar larvae of A. stephensi and A. aegypti with equivalent LD95 values of 115.7 

μg/ml, whereas it was less effective against C.quinquefasciatus larvae with LD95 

value of 149.7 μg/ml. Essential oils of Zingiber officinale and Rosmarinus 

officinalis exhibited ovicidal and repellent activity, respectively against the three 

mosquito species. The highest repellent (RD95) values of 49.6, 53.9 and 44.2 

mg/mat were shown by Cinnamomum zeylanicum against A. stephensi, A. 

aegypti and C. quinquefasciatus, respectively apart from oviposition-deterrent 

activity.  

2.5 Chemical characterization and bioactivity of 

Daucus carota essential oil 

Ashraf et al177investigated the essential oil extracted from Pakistani Daucus 

carota seeds of red, black and yellow variety. The essential oils were analysed 

using GC-MS. The oils from red, black and yellow varieties were found to be rich 

in caratol (62.8, 64.9, 77.52% ), unknown sesquiterpenes (11.67, 3.98, 2.0 %), 

daucol (1.5, 0, 3.91%), -bisabolene (7.25, 7.53, 3.52%), -pinene (1.15, 0.45, 
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0.30%), -selinene (4.10, 3.15, 2.95%), -caryophyllene (2.14, 1.34, 0%) and 

myrcene(1.40, 2.50, 0.10%).  Kula et al178 studied the composition of carrot 

umbel oils obtained by hydrodistillation of three cultivars of Daucus carota L. ssp. 

sativus by GC and GC-MS. The major components present in the essential oil 

were α-pinene (40-46%), myrcene (12-24%), -caryrophyllene (4.6-13.2%) and 

carotol (1.2-6.1%).  

Mazzoni et al179 isolated and characterized new daucane-type sesquiterpene 

alcohol, trans-dauc-8-en-4- -ol from essential oil of carrot seeds. Spectroscopic 

and chemical methods were used to establish the structure and stereochemistry 

of this compound. Five known sesquiterpenes, trans-dauca-8,11-diene, dauca-

5,8-diene, acora-4,9-diene, acora-4,10-diene, (E)-  -10,11-dihydro-10, 11-

epoxyfarnesene and (E)-methylisoeugenol were also isolated and identified in the 

carrot seed essential oil on the basis of their 13C-NMR spectral data.  

2.5.1  Antimicrobial activity 

Staniszewska et al180  studied the chemical composition and antimicrobial activity 

ofherb, flowering and mature umbels of wild carrots growing in Poland as well as 

cultivated carrot seed oil. The essential oils were analyzed by GC and GC-MS 

analysis. The essential oils extracted from various parts of the wild carrot plant 

consisted mostly of monoterpene hydrocarbons (72-84%), whereas essential oil 

of cultivated carrot breeds was mainly composed of oxygenated sesquiterpenes 

(51% and 44%). Commercial carrot seed essential oil was mainly composed of 

monoterpenes (64% of the total oil). Antimicrobial activities of the essential oils 

were determined against four bacteria and two fungi by agar dilution method. The 

cultivated carrot seed essential oils showed the greater activity against all the 
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micro-organisms. The highest antimicrobial activity was exhibited by the 

commercial carrot seed oil. 

Rossi et al181 investigated the essential oil obtained from aerial parts of wild 

Daucus carota L. at the end of the flowering stage. The chemical composition 

and the antibacterial activity of the essential oil was investigated. The essential oil 

inhibited the growth of all the C. jejuni, Campylobacter coli, and Campylobacter 

lari strains examined, including one multidrug resistant C. jejuni, to the same 

extent. GC, GC-MS, and (13)C NMR analysis were used to analyze the oil. (E)-

methylisoeugenol and elemicin present in the essential oil were found to be 

responsible for antimicrobial action. 

Imamu et al182 investigated the chemical composition and antimicrobial activity of 

the essential oil extracted from commercial carrot seeds( Daucus carota sativa). 

GC-MS analysis resulted in the identification of 18 compounds. –bisabolene( 

80.49%), α-asarone( 8.8%) and cis- α-bergamoten  ( 5.51%) were the key 

components present in the oil. The essential oil exhibited high antimicrobial 

activity against different micro-organisms. 

2.6 Chemical characterization and bioactivity of 

Anethum graveolens L. 

The essential oil from the seeds of Anetham graveolens stored on long term 

basis was investigated by Jirovetz et al183 and found D-carvon (50.1%) and D-

limonene (44.1%) as major components. More than 40 samples were tested 

against fungi and yeasts like mold Aspergillus niger and the yeasts Candida 

albicans and Saccharomyces cerevisiae.  The essential oil was isolated from 

Pakistani specie of Anethum graveolens seeds and its chemical composition was 
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studied for the first time by GLC by Ashraf et al184. The essential oil with yield of 

2.5% was composed of limonene (9.34%), phellandrene (6.48%), carvon 

(52.25%), dillapiole (28.28%), as major components.  

According to Singh et al185, carvone (55.2%), camphor (11.44%), limonene 

(16.6%) and dill apiole (14.4%) were the major constituents of the essential oil 

extracted from A.graveolens seeds. 

The chemical composition of essential oil of dill seeds from China was 

determined by Yili et al186. The oil was extracted through hydrodistillation method. 

The main components were n-pentacosane (27.96%), Dicosylester of 1,2-

phenyldicarboxylic acid(25.10%), octacosane (13.81%). Essential oil of a variety 

of dill cultivars was extracted through hydrodistillation and hexane extraction by 

Krujer et al187 and analysed by GC.The three known and one new chemotype 

were discovered in addition to a trasition type. Limonene (11.7%), dihydrocarvon 

(3.1%), carvone (41.2%) and myristicine (11.7%) were found in the new 

composition as major components.  

2.7 Chemical characterization and bioactivity of 

Pipenella acuminate (Edgew) C.B.Clarke 

The essential oil of Pimpenella acuminata from its aeral parts and roots was 

analysed for the first time Melkani et al188 by GC, GC/ MS, and NMR techniques. 

It was found that in aerial parts -caryophyllene (12.5%), dill apiole (20.4%), and 

parsely apiole (39.9%), while in the root oil had dill apiole (11.3%) and parsely 

apiole (61.81%) as the main constituents. 
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The essential oil from seeds of Pimpnella acuminate from Pakistan was extracted 

in 0.08% yield by  Ashraf et al189.The chemical composition of the essential oil 

was analysed through GLC and was found to contain N-methyl-coniine (70%), 

coniine(4%), N-Pentadecane(4%) as major components. 
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3. MATERIALS & METHODS 

3.1 Materials 

Solvent 

Dimethylsulfoxide (Sigma-Aldrich Co. St Louis, MO, USA), HPLC grade ethanol 

(Rathburn Chemicals Ltd. Walkerburn, Peebleshire, Scotland). Acetone, hexane, 

chloroform and methanol used in this study were purchased from Merck 

(Darmstadt, Germany). 

Chemicals for GC-MS analysis 

Homologous series of C9-C24 n-alkanes (Sigma-Aldrich Co. St Louis, MO, USA).  

Reagents for evaluation of antioxidant activity 

Trolox(6-hydroxy- 2,5,7,8-tetramethylchroman-2-carboxylic acid) ,2, 2,-diphenyl-

1-picrylhydrazyl( DPPH), 2,4,6-triphenylpyridyl-S-triazine(TPTZ), Ascorbic acid 

Barium chloride, Folin-Ciocalteu reagent, trichloro-acetic acid, sodium nitrite, 

aluminum chloride, ammonium thiocyanate, ferrous chloride, ferric chloride, 

potassium fericyanate, alpha-tocopherol, 3-(2-Pyridyl)-5,6-bis-1,2,4-

triazine(Ferrozine), butylated hydroxytoluene (BHT);99.0%, tween 80, 3-[4,5-

dimethylthiazol-2,5-diphenyltetrazolium bromide] (MTT), limonene, gamma-

terpinene, para-anisaldehyde, cuminaldehyde, cuminic alcohol, S-(+)-carvone, R-

(-)-carvone, 4-ispropylanisole, 4-isopropyl phenol, double distilled water and   

PBS buffer(phosphate buffered saline) were obtained from Sigma-Aldrich Co. (St 

Louis, MO, USA).  

2,2‟-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) ABTS, diammonium salt,  

dipotassium peroxodisulfate, (K2S2O8), butylated hydroxyanisole; 2-tert-butyl-4-

methoxyphenol (BHA), 3,4,5-trihydroxybenzoic acid, 2,6,8-trihydroxypurine) and 
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kaempferol (3,5,7-trihydroxy-2-(4-hydroxyphenyl)-4H-chromen-4-one), thymol, 

para-cymene and anhydrous sodium sulfate were obtained from Fluka (UK). 

Analytical grade anhydrous sodium carbonate, concentrated hydrochloric acid, 

concentrated sulfuric acid and sodium hydroxide used in this study were 

purchased from Merck (Darmstadt, Germany). 

 Potassium ferricyanide was purchased from Alpha Aesar GmbH & Co. 

(Karlsruhe, Germany) 

Reagents and materials for evaluation of antibacterial activity 

All culture media and standard antibiotic discs were purchased from Oxoid Ltd., 

(Hampshire, UK). 

Reagents for evaluation of insecticidial activity 

DEET and dichlorvos were purchased from Sigma-Aldrich Co. St Louis, MO, 

USA.  

Plant Material 

The seeds of Daucus carota, Carum roxburghianum, Pimpinella acuminate 

(Edgew) C.B.Clarke, Anethum graveolens L. and were bought from the local 

market in Lahore. The seeds of Trachyspermum ammi were collected in June 

and July of 2007 respectively from Lahore in Punjab province of Pakistan. The 

seeds of Bunium periscum Bioss. and Cuminum cyminum Linn. were collected in 

June and July of 2008 respectively from the Baluchistan province of Pakistan. 

The voucher specimens (LAH 1007, LAH 1008, LAH 1009, LAH 1010, 

LAH 1011, LAH 1012 and LAH 1013) of the seeds of B. periscum, P.acuminate, 

A.graveolens, D.carota, T.ammi, C.roxburghianum and C.cyminum, respectively 

were deposited at the Herbarium, Department of Botany, University of the 

Punjab, Lahore. 
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Isolation of the Essential Oil 

The seeds of the various species were ground and the hydrodistilltion method 

was used for the extraction of the volatile oils. The apparatus used in this method 

was of Clevenger-type.The extracted oils were stored after drying them over 

anhydrous sodium sulphate. Usually the essential oils are stored in amber-

coloured bottles in a refrigerator at 4oC until tested and analyzed.  

3.2 Spectroscopic Measurements 

Spectroscopic data were obtained by means of a spectrophotometer model Cecil 

CE7200. 

3.2.1  GC-MS Characterization of the essential oils 

The volatile oils were investigated on a Hewlett Packard 5890 gas 

chromatograph equipped with a Hewlett Packard Agilent 5790 mass selective 

detector. Separations were carried out using a HP-5MS capillary column (30 m × 

0.25 mm i.d., 0.25 µm film thickness). The injector and detector temperatures 

were maintained at 200 and 2800C, respectively. Column temperature was 

initially kept at 500C for 1 minute and then gradually increased to 2800C at the 

rate of 50C min-1 where it was held for 5 minutes. Helium was used as carrier gas 

at a constant flow of 1.0 mL min-1 and an injection volume of 1 µL was employed. 

The MS scan parameters included electron impact ionization voltage of 70 eV, a 

mass range of 45-650 m/z and a scan interval of 0.5 s. Samples diluted in n-

hexane were injected manually in the splittless mode. The identification of the 

components was based on comparison of their GC (gas chromatography) 

retention times and the MS (mass spectrometry) fragmentation pattern, with pure 

compounds and by matching the MS fragmentation patterns with those of 
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NIST(2005) Libraries provided with the computer-controlling GC-MS system as 

well as from the published literature190.  

3.3 Determination of physico-chemical constants 

3.3.1  Refractive index
4 

Procedure: Place the refractometer in such a position that diffused daylight or 

some form of artificial light can readily be obtained at 200C. Carefully clean the 

prisms of the instrument with alcohol and then with ether. To charge the 

instrument, open the double prism by means of the screw head and put a very 

small amount of the essential oil on the prism, or, if preferred, open the prisms 

slightly by turning the screw head and pour a few drops of sample into the funnel-

shaped aperture between the prisms. Close the prisms firmly by tightening the 

screw head. The instrument was allowed to stand for some time before taking the 

reading so that the temperature of the refratrometre and the essential oil will be 

same.The field of vision is made to divide into a light and dark part by adjusting 

the alidad.  This line is the “border line”, dividing the field of vision in to two parts 

and, will appear as a band of color rather than a sharp line. These colors can be 

eliminated by rotating the screw head of the compensator till a sharp line is 

obtained which is colourless. The border line of the refractometer was made to 

fall on the intersection of the cross hairs. The refractive index of the substance 

can be read directly on the scale of the sector. A second reading should be taken 

a few minutes later to assure that temperature equilibrium has been attained. 

3.3.2  Specific gravity
4 

Specific gravity is a useful parameter to evaluate the quality of an essential oil. Of 

all the physicochemical properties, the specific gravity has been reported most 
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frequently in the literature. Values for essential oil vary between the limits of 

0.696 and 1.188 at 150C. In general, the gravity is less than 1.000. For each 

individual oil, however, the limits are much narrower and in most cases have 

been established during the course of years. 

The specific gravity of an essential oil at 20/20 may be defined at the ratio of the 

weight of a given volume of oil at 200C to the weight of an equal volume of water 

at 200C. 

Pycnometers offer the most convenient and rapid method for determining specific 

gravities. A conical shaped pycnometer having a volume of about 10 cc. with a 

ground-in thermometer and a capillary side tube with a ground glass cap proves 

very satisfactory.  

Procedure: Wash the pycnometer with distilled water. Fill the pycnometer with 

freshly boiled distilled water which has been cooled to a temperature of about 12 

and put it in a water bath, previously cooled to 12. Permit the temperature to rise 

slowly to 20. Adjust the level of the water to the top the capillary side arm, 

removing any excess with a blotter or cloth, and put the ground glass cap in 

place. Remove the pyncometer from the water bath, dry carefully with a clean 

cloth, permit it to stand for 30 min. and weigh accurately. Empty the pycnometer, 

rinse several times with alcohol and finally with ether.Remove the ether fumes 

with the aid of an air blast and permit the pycnometer to dry thoroughly. Weigh 

accurately after standing 30 min. The “water equivalent” of the pycnometer may 

be found by subtracting the weight of the empty pyenometer from weight full. 

Fill the clean, dried pycnometer with the oil previously cooled to a temperature of 

12. Following the same procedure as above, place the pycnometer in a water 
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bath and permit it to warm slowly to 200C. Adjust the oil to the proper level, put 

the cap in place, and wipe the pycnometer dry. Accurately weigh after 30 min. 

The weight of the oil contained in the pycnometer divided by the water equivalent 

gives the specific gravity the oil at 20/20 (in air). 

For a given pycnometer the water equivalent need be determined only once; 

therefore, it is important that this determination be performed with great care and 

accuracy. 

3.3.3  Acid number
4 

DETERMINATION OF ACIDS 

 Most essential oils contain only small amounts of free acids. Consequently the 

acid contents is usually reported as an acid number rather than as a percentage 

calculated as specific acid.  

The number of milligrams of potassium hydroxide required to neutralize the free 

acids in 1 g of oil is termed as its acid value. 

In determining the acid number, dilute alkali must be employed since many of the 

esters (e.g., the formats) normally present in essential oils are capable of 

saponification even in the cold in the presence of strong alkalies. Moreover, 

phenols will react with the alkali hydroxides, making it necessary to use special 

indicators (such as phenol red) for oil containing large amounts of phenolic 

bodies.  

The acid number of an oil often increases as the oil ages, especially if the oil is 

improperly stored; process such as oxidation of aldehydes and hydrolysis of 
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esters increase the acid number. Oil which has been thoroughly dried and which 

are protected from air and light show little change in the amount of free acids.  

Procedure: Weight accurately about 2.5 g. of the oil into a 100 cc. saponification 

flask. Add 15cc. of neutral 95 percent alcohol and 3 drops of a 1% 

phenolphthalein solution. Titrate the free acids with a standardized 0.1 N 

aqueous sodium hydroxide solution, adding the alkali drop wise at a uniform rate 

of the about 30 drops per min. the contents of the flask must be continually 

agitated. The first appreance of a red coloration that does not fade within 10 sec. 

is considered the end point. 

 If the determination requires more than 10 cc. of alkali, it should be repeated 

using a 1 g. sample of the oil; if more than 10 cc. of alkali is still required, then a 1 

g. sample is titrated with 0.5 N aqueous sodium hydroxide solution.  

The acid number is calculated by means of the following formula: 

Acid number = 5.61(no. of cc. of o.i NaOH)/ wt. of sample in g 

 

 

3.3.4  Ester value
4 

Determination by Saponification with Heat.- The determination of the ester 

contents is of great importance in the evaluation of many essential oils. Since 

most esters which occurs as normal constituents of essential oils are esters of 
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monobasic acid, the process of saponification may be represented by the 

following reaction: 

RCOOR‟ +   NaOH   RCOONa + R‟OH 

Where R and R‟ may be an aliphatic, aromatic, or a alicyclic radical (R may also 

be a hydrogen atom). 

Procedure: into 100 cc. alkali-resistant saponification flask weigh accurately 

about 1.5 g. of the oil, Add 5 cc. of neutral 95% alcohol and 3 drops of a 1% 

alcoholic solution of phenolphthalein, and neutralize the free acids with 

standardized 0.1 N aqueous sodium hydroxide solution. Then add 10 cc. of 0.5 N 

alcoholic sodium hydroxide solutions, measured accurately from a pipette or a 

burette. Attach a glass, air cooled condenser to the flask, 1 m. length and about 1 

cm. in diameter, and reflux the contents of the flask for 1 hr. on a stream bath. 

Remove and permit to cool at room temperature for 15 min. Titrate the excess 

alkali with standardized 0.5 N aqueous hydrochloric acid. A further addition of a 

few drops of phenolphthalein solution may be necessary at this point. 

In order to determine the amount of alkali consumed, carry out a blank 

determination, observing the same conditions but omitting the oil. The difference 

in the amounts of acid used in titrating the actual determination and the blank 

gives the amount of alkali used for the saponification of the esters. The blank 

should require an excess of about 100 percent over the amount used in the 

determination. If insufficient excess is used, results will be obtained which are too 

low. It is well to use saponification flasks (see diagram) made of “Jena Glass” or 

of the special alkali resistant glass company. These flasks minimize the amount 

of alkali consumed by the action of the sodium hydroxide on the glass itself. More 
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accurate results are thus obtained. This is of importance when the ester 

determination requires more than 1 hr. of refluxing, as, for example, in the case of 

the isovalerates.  

The alcoholic 0.5 N sodium hydroxide solution is best prepared by adding 11.5 g. 

of metallic sodium of analytical grade to 1 liter of 95% ethyl alcohol. (if larger 

amount of solutions are to be prepared, use 43.5 g. of sodium for each gallon of 

alcohol.) The sodium should be added slowly, a few small pieces at a time. After 

weighing out the sodium and cutting it into small pieces, it should be protected 

from atmospheric moisture until it is used by immersion in low boiling petroleum 

ether. After the required amount of sodium has been added, the solutions set 

aside for several days to permit any carbonate to settle, it is filtered into the 

reagent reservoir and permitted to stand for a few days before it is used . A clear, 

water white solution I thus obtained. The 0.5N hydrochloric acid may be prepared 

by diluting 85 cc. of concentrated acid to 2 liters; it should then be carefully 

standardized.  

Calculation of Results.- The ester contents may be calculated form the following 

formula: 

 

Where  a = number of cc. of 0.5 N sodium hydroxide used in the 

saponification; 

  m = molecular weight of the ester;  

  s = weight of the sample in grams; 



Chapter – 3  Materials & Methods 

 89 

This formula assumes that the ester in monobasic; for esters of dibasic acids 

(e.g. dimethy | phthalate) and dihydroxy alcohols (e.g. glycol diacetate), and 

trihydroxy alcohols (e.g. triacctin), by 3.   

The ester may also be expressed by the ester number , which is defined as the 

number of milligrams of potassium hydroxide required to saponify the esters 

presents in 1 g. of oil. The use of the ester number is especially convenient when 

the ester present in the oil is unknown, since a knowledge of the molecular 

weight of the ester is not required. 

 

Ester number is frequently used for oils which contain very small amounts of 

ester; e.g. oil of black pepper and oil of cubeb. A high ester number in such cases 

is usually indicative of adulteration.  

The ester number may readily be converted to an ester content, expressed as 

weight percentage, by the following formula if the acid radial or the ester is 

monobasic;  

 
 

3.4 Antibacterial activity of essential oils 

Tested micro-organisms 

The essential oils were tested against two Gram-positive and four Gram-negative 

bacteria including Staphylococcus aureus ATCC6538 (Oxoid), Escherichia coli 

ATCC8739 (Oxoid), Pseudomonas aeruginosa ATCC9027 (Oxoid), Serratia 
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marcescens ATCC13880 (MicroBiologics), Klebsiella pneumoniae ATCC13883 

(MicroBiologics) and Enterococus faecalis ATCC19433 (MicroBiologics).  

Disc diffusion method 

Agar-disc diffusion and broth micro dilution method were used to assess the 

antibacterial activity of the essential oils. Overnight broth cultures of bacteria 

were prepared in nutrient broth (N.B) and adjusted in N.B to 108cfu/ml 

(standardized to 0.5 McFarland). This was further diluted 100-fold in N.B to yield 

106 cfu/ml and was used to inoculate sterile nutrient agar (NA) plates using sterile 

swabs. 3 L of essential oil was deposited on sterile Filter paper discs (Whatmann 

No.1; 6mm diameter) placed on the inoculated NA plates. and the plates were 

incubated at 350C for 22 hours. The zones of inhibition were measured in each 

case.  

Determination of Minimum Bactericidal Concentration (MBC)  

The broth macro-dilution method was employed to determine the MBC of the 

essential oils. All the tests were carried out in N.B supplemented with Tween 80 

with a final concentration of 0.5%. Dilutions of essential oil were prepared in N.B 

supplemented with 0.5% Tween 80 from 4% to 0.06%. Each tube was inoculated 

with 10 L of the standardized microorganism, prepared as described earlier, to 

achieve a final concentration of 5x105 cfumL-1. A control without any essential oil 

dilution was also included. The test tubes were inoculated at 350C for 22 hours. 

After incubation, 10 L of broth was removed from each tube and subcultured on 

sterile N.A plates at 350C for 22 hours. Each plate, after incubation, was 

observed for any visible growth. MBC was defined as the least concentration of 

essential oil inhibiting the visible growth of bacteria.  
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3.5 Antioxidant activity of essential oils 

ABTS•+ Assay 191  

ABTS, 2,2 -azinobis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt, 

radical cation decolourisation test is used for the evaluation of radical scavenging 

activity of the essential oils , their major components and the standard. 7mM 

ABTS solution was prepared in deionized water. ABTS was oxidized with 

potassium persulfate (having a final concentration of 2.45 mM in the reaction 

mixture) to produce the ABTS radical cation and the mixture was allowed to stand 

in the dark, at room temperature, for 16 hours before use. ABTS radical cation 

was diluted with 0.01 M PBS (phosphate buffered saline), pH 7.4, to give an 

absorbance value of 0.70 (+0.02) at 745 nm and equilibrated at 300C. 2.99 ml of 

ABTS cation solution were mixed with 10 µl of neat or diluted solution of essential 

oil /component of essential oil (in hexane) in a 1 cm path length disposable 

microcuvette and the decrease of absorbance was measured at 745 nm during 8 

min with exactly one minute intervals. The %age inhibition of the radical cation 

was determined by the formula given below:  

I% = (1- Af /Ao) x 100 

In the above formula 

 Ao = the absorbance of the solution of radical cation without the standard or 

antioxidant sample and 

 Af = the absorbance after addition of the sample/standard antioxidants.   

 The results were plotted between concentration of antioxidants and that of trolox 

for the standard reference curve. All determinations were carried out in triplicate. 

Diphenyl-1-picrylhydrazyl Radical Scavenging Capacity Assay (DPPH Assay) 
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The method of Shimada et al192 was followed to evaluate the antioxidant 

efficiency of the essential oils using the free radical 2,2-diphenyl-1-picrahydrazyl  

25mg of DPPH was mixed in one liter of methanol to make a solution and 3mL of 

this solution was added into suitable volumes of diluted sample of essential oils . 

The rate of the reaction was observed at 517 nm for 30 minutes using UV-visible 

spectrophotometer (Cecil CE7200). The % age of DPPH which was left·  in the 

reaction mixture was also determined as 

[DPPH·] rem (%) = [DPPH] t=t/[DPPH]t=0 x 100 

 [DPPH] t=t is the concentration of DPPH· at time=t and [DPPH·]T=0 is the initial 

concentration. Reaction kinetics was thoroughly studied to examine the 

antioxidant effect of essential oils using stable DPPH·. The same method was 

repeated with tert-butylated hydroxyanisole (BHA) and trolox as a standard. 

Three identical readings were taken in case of each sample. Inhibition percent (I 

%) of DPPH· was calculated according to the expression: 

I% = (1- Af /Ao) x 100 

In the above mentioned expression 

 Ao= the absorbance of the standard in the control reaction at t = 0 min  

and Af= the absorbance after addition of the sample/standard antioxidants  

at t = 30 min.    

FRAP Assay 

The antioxidant activity of the essential oils were analysed by means of the FRAP 

assay i.e., The ferric reducing ability power. It is an estimation of the capability of 

an essential oil to act as an antioxidant. The antioxidant effect was analysed in 

FRAP assay, according to the method of Benzie and Strain193. The ferric 

reducing ability assay is used to determine any increase or decrease in the 

absorbance at 593 nm due to the generation of the Fe(II)-tripyridyltriazine 
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compound (blue in colour) from the colorless oxidized compound of Fe(III) form. 

The reagent used in the test were prepared by mixing10 parts of 300 mmol/ L 

acetate buffer with  pH of 3.6, with 1 part of 10 mmol/L TPTZ  in 40 mmol/L HCl 

and with 1 volume of 20 mmol/L iron(III) chloride. The mixture was kept at 37°C 

during the experiment. This mixture is called FRAP reagent. 3mL of the reagent 

was then added to 100µL of each solution to be tested and 300µLof distilled 

water is mixed in to the above solution. Absorbance readings at 593nm were 

taken every minute for 6 minutes. The standard reference curve was made by 

using different concentrations of hydrated ferrous sulphate.  The capacity of an oil 

as an antioxidant was computed with reference to the reaction signal given by 

ferrous sulphate solution ie the standard. The results were corrected for dilution 

and expressed as Fe2+/ mmol L–1. Each experiment was conducted in triplicate. 

Metal Chelating Activity 
 
Metal chelating activity posessed by essential oil was analysed by the Ferrozine 

assay as described by Dinis et al194. 100 µL of the sample was added to a 

solution of  2mM FeCl2(0.05mL). The reaction was started when 5 mM ferrozine 

(0.2 mL) was added and made up to a volume of 4 mL with ethanol. This mexutre 

was shaken well and left for ten minutes at room temperature.When the 

equilibrium was attained, the absorbance of the solution was determined by 

spectrophotometer at 562 nm. All the results were exhibited as %age of inhibition 

of ferrozine-Fe2+complex formation which was computedThe percentage of 

inhibition of ferrozine-Fe2+ complex formation was calculated with the help of the 

following formula the formula : 

 
Bound Fe2+ (%) = [(AControl-ASample)/AControl] x 100 

 
Where AControl = the absorbance of the standard,  
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and ASample = the absorbance in the presence of the sample of the essential oil  

Total Reduction Ability by Fe
3+

- Fe
2+ 

Transformation  
 
.The total reduction ability of essential oil was determined by the method of 

Oyaizu et al195. The capacity of essential oil to reduce the ferric ion to the ferrous 

ion completed of prussian blue was evaluated by measuring the absorbance at 

700 nm after incubation. Different concentrations of the essential oil were 

prepared in 1 mL of distilled water and then added to phosphate buffer (2.5 mL, 

0.2 M, pH 6.6) and potassium ferricyanide [K3Fe(CN)6] (2.5 mL, 1%). This mixture 

was incubated for the time duration of 20 minute and at a temperature of 500C 

Aliquots (2.5 mL) of trichloroacetic acid (10 %) were added to the above mixture. 

The mixtures were revolved at 3000 rpm for 10 minutes.. The upper layer of 

solution 2.5 ml distilled water and 0.5ml of 0.1% FeCl3 were mixed with 2.5ml of 

the upper layer of  the  incubated solution The absorbance was determined at 

700 nm in a spectrophotometer. If the results show greater value of the 

absorbance of the reaction mixture, it will indicate a higher reduction capability.  

3.6 Insecticidal activity of essential oils 

Insects. Adult American cockroaches, house flies and Tribolium castanum 

were used in the bioassays. American cockroaches were reared in plastic cans at 

28(±20 C), 50(±10) % relative humidity on water and dog food. Adults of Tribolium 

castanum were obtained from PCSIR laboratories, Lahore, Pakistan. They were 

reared on rice flour at 28(±20 C), 50(±10) % relative humidity in darkness. The 

Musca domestica adults originated from Tollinton market in Lahore in Punjab 

province, Pakistan and were kept in plastic cages (15cmx15cmx15cm). They 
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were reared on sugar solution and liver of chicken at 28(±20 C) and 50(±10) % 

relative humidity in 12hr light-12 hr dark photo-period.. 

Bioassays. 

Continuos exposure bioassays. Serial dilutions of essential oils were made in 

acetone. These bioassays were conducted by pipetting 0.5 ml of an essential oil 

concentration (or 0.5 ml acetone in case of control) into a 9cm diameter glass 

Petri plate and by allowing the acetone to evaporate in fumehood for forty five 

minutes. Four cockroaches were used for each experiment. Mortality was 

assessed after 15 minutes, 30 minutes, 60 minutes, 120 minutes, 240 minutes, 6 

hours, 12 hours and 24 hours. Atleast three concentrations were tested per 

essential oil. 

Fumigant toxicity for Periplaneta Americana L.  

Fumigant activity of essential oils was determined by sealing four adult 

cockroaches in a 120ml jar with a 1 cm diameter cotton ball treated with 100 μl of 

100% essential oil. Essential oil was injected into the centre of each ball to allow 

its volatilization while preventing the cockroaches from coming in contact with the 

oil. Mortality was recorded at 24 hours. Control jar had cockroaches and an 

untreated cotton ball. The experiment is repeated thrice for each essential oil. 

Fumigant toxicity for Musca domestica 

Fumigant activity of essential oils was determined by sealing ten adult house flies 

in a 120ml jar with a 1 cm diameter cotton ball treated with 100 μl of 100% 

essential oil. Essential oil was injected into the centre of each ball to allow its 

volatilization while preventing the flies from coming in contact with the oil.mortality 

was recorded at 15 minutes, 30 minutes, 1 hour and 2 hours, respectively. 
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Control jar had house flies and an untreated cotton ball. The experiment is 

repeated thrice for each essential oil. 

Fumigant toxicity for Tribolium castanum 

Fumigant activity of essential oils was determined by sealing ten adults in a 

120ml jar with a 1 cm diameter disc of filter paper treated with 100 μl of 100% 

essential oil. The disc was attached to the upper side of the jar. Essential oil was 

injected into the centre of each ball to allow its volatilization while preventing the 

insect from coming in contact with the oil. Mortality was recorded at 1 hour, 6 

hours and 24 hours, respectively. Control jar had insects and an untreated cotton 

ball. The experiment is repeated thrice for each essential oil. 

3.7 Statistical analysis of Data 

Every experiment was performed in triplicate. The results were recorded as 

means ± standard deviation. Statistical analysis was performed using one-way 

analysis of variance (1-way ANOVA) using SPSS statistical package (SPSS 16) 

and the statistical significance was determined at P< 0.05. 
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4. RESULTS & DISCUSSION 

The present work includes the yield and physico-chemical parameters of the 

essential oils of the plant family Umbelliferae as well as their chemical 

characterization and biological activities. 

4.1 Part 1: Yield & physico-chemical parameters 

of the essential oils 

The yields of the essential oils are shown in table 4.1. Seeds of C.roxburghianum 

gave the maximum yield of the essential oil while minimum yield was obtained in 

the case of P.acuminata.                       

Ashraf et al141 reported the yield of the essential oils obtained by steam distillation 

of the seeds of T.ammi to be 2.5-5.2%. Ashraf et al154 as well as Chaudhary et 

al155 studied the essential oil extracted from the seeds of C.roxburghianum and 

reported the yield of the oil to be 2.5% and 2.88% respectively which are in close 

agreement with the present study. Mehdi et al196 and Pajohi et al197 found the 

yield of the essential oil of Iranian C.cyminum seeds to be 1.45% and 2.5% 

respectively which is in agreement with the present study. The yield for the 

essential oil of B.periscum reported in other studies was higher than that found in 

the present studies160. Asharaf et al189 reported 0.08% yield for the essential oil of 

P. acuminate which is lower than that found in the present studies.  The yield of 

the essential oil obtained from A. graveolens seeds was found to be 1.45% in the 

present study. Ashraf et al184 isolated the essential oil from A. graveolens seeds 

with a yield of 2.5% which is higher than that found in the present findings. 
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Physico-chemical parameters of the essential oils are presented in table 4.2. The 

refractive index of the selected essential oils was ranged from 1.4170-1.5010 at 

20 oC. The specific gravity at 20 oC of essential oils varied from 0.890 to 1.051. 

Acid values of the oils were in the range of 0.45 to 1.78. Essential oils exhibited 

ester values which varied from 3.20 to 6.30.  
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Table 4.1 Yield of essential oils 

  

Essential oil Yield(w/w) 

T.ammi (L.) Sprague 2.26% 

C.roxburghianum 2.93% 

D.carota 1.10% 

B.periscum 2.32% 

C.cyminum 2.06% 

A.graveolens 1.45% 

P.acuminata 0.15% 

 
Table 4. 2: Physico-chemical parameters of the essential oils 

 

Essential Oil Refractive 
Index at 

200C 

Specific 
Gravity 
at 200C 

Acid 
value 

Ester value 

Trachyspermu
m ammi (L.) 
sprague 

1.502 0.920 1.10 3.20 

Bunium 
periscum 
Bioss. 

1.4960 0.890 0.63 3.40 

Cuminum 
cyminum Linn. 1.5010 0.915 0.45 4.80 

Carum 
roxburghianum 1.4860 0.898 1.46 3.60 

Daucus carota 
1.4170 0.903 1.12 3.45 

Anethum 
graveolens 1.4910 1.051 0.92 6.30 

Pimpinella 
acuminata 1.4753 0.942 1.78 5.10 
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4.2 Part 2: Chemical Characterization of Essential 

Oils 

4.2.1  Essential Oil Analysis of Trachyspermum ammi 

(L.) Sprague 

GC/MS analysis of essential oil revealed an abundance of monoterpene 

hydrocarbons and phenols in the essential oil. Twelve components were 

identified representing 99.97% of total oil. The essential oil composition is 

presented in table 4.3., where compounds are listed in order of their elution from 

a HP-5MS column. The major constituents of the oil were thymol (34.99%), m-

cymene (29.79%), gamma-terpinene (29.77%) and beta-pinene (3.09%).  

In the hydrodistilled essential oil from India investigated by Nagalakshmi et al143, 

thymol (39.36%) gamma-terpinene (30.97%) and p-cymene (19.47%) were found 

to be the key components. Our results also resemble with that of 

Mohagheghzadeh et al144 who extracted the essential oil from Iranian T.ammi 

seeds containing thymol (54-50 %), gamma-terpinene (26-10%) and p-cymene 

(22-10%). Oroojalian et al149 examined the essential oil of Iranian T-ammi 

obtained from its seeds containing thymol (48-4%), p-cymene (21-8%), gamma-

terpinene (21-3%) and -pinene (2.6%) as major constituents. In the present 

study, m-cymene was found in the given essential oil whereas p-cymene was 

reported as a major component in the previous studies143,144,149. A new chemotype 

of T.ammi essential oil was suggested in the present investigation containing 

thymol, m-cymene and gamma-terpinene as the main components.  
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Table 4.3: Composition of essential oil of seeds of Trachyspermum ammi 

(L) Sprague  

No. Constituenta RTb Percentage 

1. Bicyclo [3.1.1] heptane, 4-methyl-1-[methylethyl]- 
dihydro derivative 

4.372 0.79 

2. Alpha-pinene 4.527 0.35 

3. Beta-pinene 5.436 3.08 

4. Alpha-terpinene 6.243 0.26 

5. m-cymene 6.712 29.79 

6. Gamma-terpinene   7.674 29.77 

7. Terpinolene 8.017 0.14 

8. E,E-2,6-dimethyl-3,5,7-octatriene-2-ol 10.615 0.51 

9. α-terpineol 11.307 0.09 

10. E,E-2,6-dimethyl-3,5,7-octatriene-2-ol 12.669 0.14 

11. Thymol 13.796 34.99 

12. β-selinine 18.294 0.06 

 Total  99.97 

aCompounds, identified on the basis of comparison with NIST(2005) MS 
database spectra and Adams(1995) libraries are listed in order of elution from a 
HP-5MS  column.  
bRT, retention time on a HP-5MS column in minutes. 
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Fig. 4.1: GC-MS chromatogram of essential oil of Trachyspermum 
ammi (L.) Sprague showing the separation of its chemical 
constituents 
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4.2.2  Essential Oil Analysis of Carum roxburghianum  

The essential oils obtained from the seeds of C. roxburghianum by 

hydrodistillation was light yellow liquid obtained in yield of 2.93% (w/w) based on 

dry weights of the ground seeds. In the essential oil of the seeds of C. 

roxburghianum, 22 compounds were identified as shown in Table 4.4. β-

selinene(28.82%),[E]-[3,3-dimethylcyclohexylidene]acetaldehyde(23.75%),  

limonene(18.22%) and epiglobulol (6.48 %) were the most abundant components 

in the volatile oil of C. roxburghianum . They were followed by α-selinine (4.5%), 

α-guaiene (2.80%), (R)-lavandulol (2.71%) and longifolene-[V4] (1.33%).  All 

these compounds except limonene are found in the said essential oil for the first 

time. Earlier data pertaining to C. roxburghianum essential oil shows that 1-

cadinene, terpinen-4-ol, sabinene and 2-methyl-5-(1-methylethenyl)-2-

cyclohexen-1-one were some of the major components, whereas they were not 

detected in the present study154,155,156. β-selinene, the major component of the 

tested C. roxburghianum essential oil is a sesquiterpene hydrocarbon. It is present 

as a minor component in the essential oil of celery seed, lovage root and cassinia 

leaf. There are few good sources of β-selinene which is used in perfumery and 

aromatherapy. 

Previously, 1-cadenine (23.28%-29.00%) and seselin (10.20-13.10%) were found 

as major components in the essential oil from the seeds of C.roxburghianum154.  

Analysis of essential oil obtained from seeds of Indian C.roxburghianum resulted 

in detection of limonine (40.9-47.2%), sabinene(8.5 to 20.3%) and tepinene-4-ol 

(8.6-12.2%) as the main constituents155. Chowdhury et al156, investigated the 

essential oil isolated from the seeds of C.roxburghianum which was rich in 2-
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methyl-5-(1-methylethenyl)-2-cyclohexene -1-one (40.03%), apiol (18.71%), 

limonene (17.11%) and myristian (12.30%) 

It is now common knowledge that such differences in chemical composition of 

essential oils of the same species are due to the effect of geographical 

conditions, climate and harvesting conditions198.  

 
Table 4.4 Composition of essential oil of seeds of Carum roxburghianum 

 

No. Constituent a RTb Percentage 

1. Alpha-pinene 4.498 0.27 

2. Beta-pinene 5.391 3.17 

3. Limonene 6.569 18.22 

4. γ-terpinene 7.153 0.28 

5. 1,4,6,6-tetramethyl cyclohexane 7.679 1.25 

6.  Limonene oxide, trans-V 9.161 0.32 

7. (R)-Lavandulol 9.487 2.71 

8. Trans-pinocarveol 9 842 0.31 

9. [E]-[3,3-dimethylcyclohexylidene]Acetaldehyde  11.862 23.75 

10. Cuminal 12.017 0.56 

11.  4-isopropyl-5-methyl-hexa-2,4-dienoic acid, 

methyl ester  

12.629 0.27 

12. Thymol 13.184 0.70 

13. 5,5-dimethy1-3-[1-methylethyl]- 2-Cyclohexene-l-

one 

13.281 1.04 

14. β-elemene 15.770                             0.73 

15. Longifolene-[V4] 17.807 1.33 

16. 2-Isopropeny-1,4a-dimethy1-1,2,3,4,4a,5,6,7-

octahydronapthalene  

17.893 1.27 

17 α-guaiene 18.013 2.80 



Chapter – 4  Results & Discussion 

 105 

18 β-selinene 18.437 28.82 

19 α-selinene 18.528 4.50 

20 Epiglobulol 19.312 6.48 

21  Juniper camphor 22.236 0.55 

22  Seslin 29.223 0.57 

 Total  99.90 

aCompounds, identified on the basis of comparison with NIST(2005) MS 
database spectra and Adams(1995) libraries are listed in order of elution from a 
HP-5MS  column.  
bRT, retention time on a HP-5MS column in minutes. 
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Fig. 4.2: GC-MS chromatogram of essential oil of Carum 
roxburghianum showing the separation of its chemical 
constituents 
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4.2.3  Essential Oil Analysis of Daucus carota 

33 constituents were present in the essential oil of the seeds of D. carota as 

shown in table 4.5. In the case of D. carota, carotal (60.78%), daucal(10.45%), 

and [laR-[1aα ,7α ,7aα , 7bα]- la,2,3,5,6,7,7a,7b-octahydro-1,1,7,7a-tetramethyl-

1H-cyclopropa[a]naphthalene (4.10%), diepicedrene-1-oxide(3.82%), β–

bisabolene (2.62%), limonene(1.99%),  2-methylene-6,8,8-trimethyl-tricyclo 

[5.2.2.0 ] [1,6] undecan-3-ol  (1.7%) and β-farnesene (1.28%) represented the 

most abundant compounds. The findings on the major components of D. carota 

oil were in agreement with some of the previous reports except for [laR-

[1aα ,7α ,7aα ,7bα]-la,2,3,5,6,7,7a,7b-octahydro-1,1,7,7a-tetramethyl-1H- 

cyclopropa[a]naphthalene, diepicedrene-1-oxide, 2-methylene-6,8,8-

trimethyl-tricyclo [5.2.2.0(1,6)] undecan-3-ol and β-farnesene177,180. 

Ashraf et al177 found the essential oil isolated from Pakistani D.carota seeds to be 

rich in caratol (62.8%), daucol (1.5%), -bisabolene (7.25%), -selinene (4.10%), 

and -caryophyllene (2.14%) when analysed by GLC. According to Staniszewska 

et.al180, the essential oil obtained from cultivated carrot seeds was found to 

contain 37-48% carvol, along with 41.2% monoterpene hydrocarbons and 21.7% 

oxygenated monoterpenes. 
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Table 4.5: Composition of essential oil of seeds of Daucus carota  

No. Constituenta RTb Percentage 

1. α-Pinene 4.498 0.76 

2.  β-pinene 5.373 0.59 

3.  Mesitylene 5.677 0.14 

4.  p-cymene  6.380  0.84  

5.  Limonene  6.518 1.99 

6. γ-terpinene 7.159  0.56  

7. Linalool 8.166  0.17 

8. Trans-Pinocarveol 9.310 0.18 

9. Trans-3[10]-Caren-2-ol 9.447 0.22 

10.  Myrtenal 10.718 0.26 

11. 4,6,6-trimethyl-bicyclo[3.1.1] hept-2-en-2-one 11.061  0.26 

12. [E]-[3,3-dimethylcyclohexylidenc]-acetaldehyde,  11.708 0.82 

13. S-(+)-carvone 12.005 0.42 

14.  Thymol 13.212 0.88 

15. [laR-[1aα ,7α ,7aα , 7bα]- la,2,3,5,6,7,7a,7b-
octahydro-1,1,7,7a-tetramethyl-1H-
Cyclopropa[a]naphthalene 

15.564 4.10 

16.  2-methylene-6,8,8-trimethyl-tricyclo [5.2.2.0 
(1,6)] undecan-3-ol 

15.639 1.70 

17.  Caryophyl lene  16.566 0 .55 

18. 2,6-dimethy1-6-[4-methy1-3-penteny1]-            
bicyclo [3.1.1]  hept-2-ene 

16.880 0.74 

19.   β-Farnesene 17.390  1.28 



Chapter – 4  Results & Discussion 

 109 

20.  γ-Muurolene  17.555    0.24 

21. β-Cubebene 
 

17.887    0.85 

22. α - C u r c u m e n e  1 8 . 0 7 6  0 . 2 3  

23. β-selinene 18.311 0.85 

24. β-Chamigrene  18.603 0.86 

25.  β –bisabolene  18.780 2.62 

26. Diepicedrene-1-oxide 18.894  3.82 

27.  Isoarmadendrene epoxide 19.266 0.32 

28.  Carotol 21.601 60.78  

29.  Ledene oxide  21.876  0.93 

30. Daucol 22.225  10.45 

31. [1α, 3aα,4β,7α,8aβ]- octahydro-I,4,9,9-
tetramethyl-1H-3a,7-Methanaazulene 

22.780  0.91 

32. 1,8-dimethyl-8,9-epoxy-4-isopropyl-spiro [4.5 
]decane-7-one  

24.708  0.30 

33. 2-Propenoic acid, 3-[2,2,6-trimethy1-7-oxabicyclo 
[4.1.0 ] hept-l-yl]- ,methyl ester, [E]- 

24.948   0.26 

 Total  99.88 

aCompounds, identified on the basis of comparison with NIST(2005) MS 
database spectra and Adams(1995) libraries are listed in order of elution from a 
HP-5MS  column.  
bRT, retention time on a HP-5MS column in minutes. 
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Fig. 4.3: GC-MS chromatogram of essential oil of Daucus carota 
showing the separation of its chemical constituents 
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4.2.4 Chemical Composition of the Essential Oil of 

Bunium periscum Bioss.    

Twenty four compounds were identified in the essential oils isolated from the 

seeds of B. periscum representing 98.71% of the total oil content as shown in 

table 4.6. GC-MS analysis revealed that the major components of the essential 

oils of B. periscum were cuminal (32.58%), p-cymene (30.55%), γ-terpinene 

(13.14%) and 2-caren-10-al (9.00%). In addition, limonene (2.66%) and 1-

methano1-4-[methylethy1]-1,3-Cyclohexadiene( 1.83%), were present in B. 

periscum oil. Earlier data pertaining to B. periscum essential oil points out similar 

composition except 2-caren-10-al and 1-methano1-4-[methylethy1]- 1,3-

Cyclohexadiene which were not present in the previous oils157,158,160.  

Previous reports on the essential oil of B.periscum point out cuminal and gamma-

terpinene as the key components which are in close agreement with the present 

study157,158,160.  Essential Oil obtained from seeds of Pakistani B.periscum was 

analysed by GLC and was found to contain cuminal (20-22.4%) , p-mentha-1,4-

dien-7-al (23.6% and 24.3%) p-mentha-1,3-dien-7-al (13.5-11.1%), -pinene 

(14.3-19.7%), gamma-terpinene (11.5-16.3%) , cuminyl alcohol (7.2-3.7%) and p-

cymene (6.0-2.7%)157. 

According to Thappa et.al158, cuminal (27-34%), p-mentha-1,3-dien-7-al and p-

mentha-1, 4-dien-7-al (29-36%)were the main constituents of B.periscum 

essential oil extracted from its seeds. Azizi et.al158 investigated the essential oil 

isolated from B.periscum seed & found gamma-terpinene, cumInal, gamma-

terpinene -7-al and p-cymene to be the key components.  
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Table 4.6: Composition of essential oil of seeds of Bunium periscum 

Bioss. 

No. Constituent RT(min.) Percentage 

1. α-thujene    4.349  0.39 

2. α - P i n e n e  4 . 5 1 5  0 . 7 5  

3. β-Phellandrene 5.270     0.47 

4. β- Pinene 5.419 2.97 

5.  p-cymene 6.775 30.55 

6. Limonene  7.010  2.66 

7. γ- terpinene  7.611    13.14 

8. Limonene oxide, trans- 9.253    0.33 

9. 1-butyl Cyclohexene 9.590    0.49 

10. 1,3,4-trimethyl- 3-Cyclohexene-1-

carboxaldehyde 

9.934    0.49 

11. E,E-2,6-Dimethyl-3,5,7-octatriene-2-ol  10.065     0.64 

12. 4-terpineol  10.414    0.32 

13. 1-methano1-4-[1-methylethy1]- 1,3-

Cyclohexadiene 

10.861     1.83 

14. 1-[1-Ethy1-2,3-dimethyl-cyclopent-2-enyl]-

ethanone 

11.559    1.50 

15. Cuminal 12.772 32.58 
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16. Phellandrall 13.207    0.26 

17.  Acetic acid, 1,7,7-trimethyl-bicyclo I 2.1.1 I hept-

2-yl ester 

13.264     0.17 

18.  2-Caren-l0-al  13.659.    9.00 

19. 9-[1-methylethylidene]- Bicyclo [6.1.0 ] 

nonane 

14.254  0.19 

20. 1-[6-methy1-7-oxabicyclo |4.1.0 |hept-1-y1]-

Ethanone  

14.477  0.57 

21. 4-Isopropylphenylacetic acid   14.631  0.20 

22. Cuminic acid, methyl ester 15.513   0.34 

23. cis-8-isopropylidene-Oxabicyclo [ 4.3.0 ] nonan-

2-one,                                                                                                                                                                      

 16.565   0.16 

24. cuminic acid 17.464   0.10 

 Total  98.71 

aCompounds, identified on the basis of comparison with NIST(2005) MS 
database spectra and Adams(1995) libraries, are listed in order of elution from a 
HP-5MS  column.  

bRT, retention time on a HP-5MS column in minutes. 
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Fig. 4.4: GC-MS chromatogram of essential oil of Bunium periscum 
Bioss. showing the separation of its chemical constituents 
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4.2.5 Chemical Composition of the Essential Oil of 

Cuminum cyminum Linn. 

The essential oils isolated from the seeds of C. cyminum contained 22 

constituents representing 99.84% of the total oil content as presented in table 

4.7. GC-MS analysis revealed that the major components of the essential oil C. 

cyminum were cuminal (35.70%), γ-terpinene (33.49%), β-pinene (11.54%) and 

2-caren-10-al (8.91%). α-terpinene (2.71 %) and 3-caren-10-al( 2.77%)  were 

also present in the C. cyminum oil. Previously, essential oil of cumin from two 

regions of Pakistan was analyzed by gas liquid chromatography (GLC)161. It was 

found to contain much lower amounts of cuminal (20.0-22.4%) and gamma-

terpinene (11.5-16.3%). Furthermore, it contained 1,4-p-menthadien-7-al(23.6-

24.3%), 1,3-p-menthadien-7-al (11.1-13.5%) and p-cymene(2.7-6.0%), which 

were not detected in the present study. Earlier literature on the essential oil of 

cumin from Iran, China and Bulgaria indicated the presence of cuminal (30.2, 

36.3 and 36.0%, respectively), gamma-terpinene (12.8, 11.1 and 15.3%, 

respectively), p-cymene (14.1, 9.9 and 18.4%, respectively) and beta-pinene (6.4, 

7.8 and 19.3%, respectively)162,165. In the current study, p-cymene was not 

detected and much higher percentage of gamma-terpinene was found. These 

differences in composition of the essential oils of the same species can be 

attributed to the influence of the geographical position, climatic conditions, time of 

harvesting and the extraction techniques.199  

Components of the essential oil of C.cyminum studied in the present investigation 

closely resembles with that of Tunasian variety containing cuminal (39.48%) 

gamma-terpinene (11-13%), 2-caren-10-al (7.93%) but no p-cymene166. 
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Table 4.7: Composition of essential oil of seeds of Cuminum cyminum 

Linn.  

 

No. Constituenta RTb Percentage 

1. Bicyclo [3.1.1] heptane, 6,6-
dimethyl-2-methylene-, didehydro 
derive. 

4.653  0.30 

2. 1R-α-Pinene 4.830 0.77 

3. (-)-β- Pinene 5.871 11.54 

4. m-cymene  5.934 0.46 

5. γ- terpinene 6.953  33.49 

6. Sabina ketone  9.928 0.12 

7. E,E -2,6-dimethy1-3,57-octatriene-2-
ol  

10.403 0.19 

8. 4-terpineol 10.781  0.18 

9. α-terpinene 11.261 2.71 

10. 1-[1-Ethyl-2,3-dirnethyl-cyclopent-2-
enyl]-ethanone 

11.942  0.28 

11. Cuminal 12.944  35.70 

12. Phellandral  13.499  0.18 

13. 2-Caren-10-al 13.939  8.91 

14.  3-Caren-10-al 14.025  2.77 

15. 1-[6-methy1-7-oxabicyclo 
[4.1.0]  hept-1-y1]- Ethanone 

14.672  0.21 

16. 2-hydroxy-3-[3-methy1-2-
buteny1]-3-Cyclopenten-1-one 

15.604  0.19 

17. γ-Muurolene 16.005 0.55 
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18.   7,7-dimethyl-1-carboxylic acid-
bicyclo [2.2.1 ] heptane 

16.240 0.51 

19.  Cuminic acid  .17355   0.08 

20. β-cis-farnesene  17.819  0.24 

21.   |1S-[1α,4 , 5α]|-1,8-trimethy1-[4-
methylethenyl]- -Spiro|4.5|dec-7-ene 

18.431  0.16 

22.  Calarene epoxide 19.175 0.13 

 Total  99.84 

 

aCompounds, identified on the basis of comparison with NIST(2005) MS 
database spectra and Adams(1995) libraries, are listed in order of elution from a 
HP-5MS  column.  
bRT, retention time on a HP-5MS column in minutes. 
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Fig. 4.5: GC-MS chromatogram of essential oil of Cuminum cyminum 
Linn. showing the separation of its chemical constituents 
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4.2.6 Chemical Composition of the Essential Oil of 

Anethum graveolens L. 

The essential oil was extracted from the seeds of Anethum graveolens L. by 

hydrodistillation with a yield of 1.45% and was analyzed by GC-MS. The 

composition of the essential oil is given in table 4.8 and mainly consists of R-(-)-

carvone (38.89%), apiol (30.81%), limonene (15.93%) and trans-dihydrocarvone 

(10.99%) whereas gamma-terpinene (0.19%), m-cymene (0.29%), S-(+)-carvone 

(0.06%) and myristicin (0.86%) were present as minor components.  

Ashraf et al184 reported in literature carvone (52.25%), dill apiole (28.28%) and 

limonene (9.34%) were the key compounds identified in the essential oil from the 

seeds of Pakistani A.graveolens. Singh et al185 found the essential oil extracted 

from the seeds of A.graveolens L. to be rich in carvone (55.2%), camphor 

(11.44%), limonene (16.6%) and dill apiole (14.4%) 

Dill apiole and camphor which were the key components in the previous studies 

were not found in the present investigation183,185. Our results are in good 

agreement with Jirovetz et al183 who reported carvone (50.1%) and limonene 

(44.1%) as the major constituentsof the A.graveolens essential oil from Bullgaria. 
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Table 4.8: Composition of essential oil of seeds of Anethum graveolens 

L. 

 

No. Constituent RT(min.) Percentage 

1. E,E-2,6-dimethyl-3,5-octatetraene 5.963 0.58 

2. Limonene 6.770 15.93 

3. Gamma-terpinene 7.204 0.19 

4. m-cymene 7.977 0.29 

5. Trans-dihydrocarvone 11.124 10.99 

6. R-(-)-carvone 12.909 38.89 

7. S-(+)-carvone 13.081 0.06 

8. 1-methoxy-4-[1-propenyl]-benzene 13.401 1.35 

9. Myristicin 19.078 0.86 

10. Apiol 21.853 30.81 

 Total  99.85 

 
aCompounds, identified on the basis of comparison with NIST(2005) MS 
database spectra and Adams(1995) libraries, are listed in order of elution from a 
HP-5MS  column.  
bRT, retention time on a HP-5MS column in minutes. 
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Fig. 4.6: GC-MS chromatogram of essential oil of Anethum 
graveolens L. showing the separation of its chemical 
constituents 



Chapter – 4  Results & Discussion 

 122 

4.2.7 Chemical Composition of the Essential Oil of 

Pimpinella acuminata (Edgew) C.B.Clarke 

The essential oil isolated from the seeds of P.acuminata by hydrodistillation was 

a brown liquid obtained in the yield of 0.15% based on the dry weight of the 

ground seeds. The essential oil is analysed by G.C.M.S for the first time. Twenty 

eight compounds were identified in the essential oil by GC-MS making 90.92% as 

depicted in table 4.9. The essential oil was found to be rich in Octadec-9-enoic 

acid (12.32%), n-hexadecanoic acid (9.37%), 3,7,11,15-tetramethyl-2-

hexadecen-1-ol (9.34%), 6,10,14-trimethyl-2-Pentadecanone (7.20%). Cuminal 

(9.34%), [-]-3,7,7-trimethyl-11-methylene-Spiro[5,5]undec-2-ene(5.97%), ethyl-1-

methylpipecolinate (4.46%),1,2-benzenedicarboxylic acid, diisooctyl ester 

(4.79%) and 8-heptadecane(3.18%) were some other important constituents of 

the said oil. 

It is very clear from the composition of essential oils from the seeds of 

P.acuminata that it is rich in aliphatic compounds mainly carboxylic acids, 

hydrocarbons, alcohols, and ketones. The present study is different from the 

previous research on P. acuminate by Ashraf et al189 who analysed the essential 

oil by GLC. The volatile was mainly composed of N-methyl coniine (70%), N- 

pentadecane( 4% ), heptadecane( 3%) and some unknown compounds( 10.6%) 

Melkani et al188 analysed the volatile oil extracted from the roots and aerial parts 

of P.acuminate by GC-MS and NMR and found that  - Caryophyllene (39.9%), 

dillapiol (20.4%), and parsely apiol (39.9%) key components of the essential oil 

from aerial parts while the meristicin (16.2%), dill apiole (4.31%), and parsely 

apiole (61.8%) were dectected in the essential oil from the roots. 
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Table 4.9 Composition of essential oil of seeds of Pimpinella acuminate 

(Edgew) C.B.Clarke 

 

No. Constituent RT 

(min.) 

%age 

1. Ethyl-1-methylpipecolinate 8.475 4.46 

2. Cuminal  14.489 6.89 

 

3. 

1-methoxy-4-[1-propenyl]-benzene 15.547 0.68 

4. Thymol 15.725 2.54 

5. 2-methyl-naphthalene 15.810 0.70 

6. α , α , 4 - t r i m e t h y l - 3 -

c y c l o h e x e n - 1 - m e t h a n o l  

a c e t a t e  

17.138 0.93 

7. 1H-

Cyclopropa[a]naphthalene,la,2,3,5,6,7,7a,7

b-octahydro-1,1,7,7a-tetramethyl-,[laR-

[1aα ,7α ,7aα , 7bα ] 

17.996 3.12 

8. Spiro[5, 5] undec-2-ene, 3,7,7-trimethyl-

11-methylene-, [-]- 

20.010 5.97 

9. 1-[1,5-dimethyl-4-hexenyl]-4-methyl-

benzene 

20.582 1.00 

10. [3R-trans]-4-ethenyl-4-methyl-3-[1-

methylethenyl]-1-methylethyl]-

Cyclohexene 

21.807 2.16 

11. Hexanoic acid, octyl ester 23.020 1.68 

12. Hexadecane  23.421 0.72 

13. Carotol  23.541 0.64 

14. 6,9-Heptadecadiene 24.988 1.50 
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15. 8-Heptadecane 25.234 3.18 

16. 6,10,14-trimethyl-2-Pentadecanone 28.834 7.20 

17. 3,7,11,15-tetramethyl-2-hexadecen-1-ol 29.205 9.34 

18. 16-Methyloxacyclohexadeca-3,5-dien-2-

one 

29.268 0.91 

19. Nonadecane  29.926 1.39 

20. 3-methyl-2-[3,7,11-trimethyldodecyl]-

furan 

30.201 0.77 

21. n-hexadecanoic acid 31.809 9.37 

22. Heneicosane  33.754 2.36 

23. Phytol  34.023 2.55 

24. cis-3-octyl-Oxiraneoctanoic acid 34.481 1.71 

25. Octadec-9-enoic acid 34.996 12.32 

26. Tricosane  37.245 0.73 

27. 1,2-benzenedicarboxylic acid, diisooctyl 

ester 

40.970 4.79 

28. Nonacosane  46.297 1.31 

 Total   90.92 

 
aCompounds, identified on the basis of comparison with NIST(2005) MS 
database spectra and Adams(1995) libraries, are listed in order of elution from a 
HP-5MS  column.  
bRT, retention time on a HP-5MS column in minutes. 
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Fig. 4.7: GC-MS chromatogram of essential oil of Pimpinella 
acuminate (Edgew) C.B.Clarke showing the separation of its 
chemical constituents 

 



Chapter – 4  Results & Discussion 

 126 

4.3 Part 3: Antibacterial Activity of Essential Oils 

In the present study, the essential oil from the seeds of seven species of the 

family Umbelliferae were tested against various pathogenic microorganisms by 

using agar disc diffusion method and broth macro dilution method. Six strains of 

bacteria including gram-negative and gram-positive bacteria were used in the 

present study to analyse the antibacterial activity of T.ammi, D.carota, 

A.graveolens, P.acuminata, B.periscum, C.cyminum and C.roxburghianum.  

The essential oil of T.ammi is found to be highly inhibitory against S.aureus, 

E.faecalis, K.pneumonaie and S.marcescens with inhibition zones ranging from 

24.00 to 33.66 mm and showing weak to moderate inhibition against the other 

two bacterial strains as presented in table 4.10. Table 4.11 shows the results 

obtained from measurements of MBC, which indicates that the most sensitive 

microorganism tested, with the lowest MBC value (0.12 v/v %) in the presence of 

the oil was Klebsiella pneumoniae. Strong bactericidal effect against 

Staphylococcus aureus, Serratia marcescens and Escherichia coli were observed 

with a similar MBC value (0.25 v/v %). Moderate bactricidal activity of the oil 

against Enterococus faecalis was also determined with MBC value equal to 1.0 

v/v %. No activity was observed against P. aeruginosa. According to the literature 

data, Gram-positive bacteria seemed to be more sensitive to the different 

examined essential oils than Gram-negative bacteria. However, this study 

recorded a notable susceptibility of examined Gram-negative pathogenic 

bacteria; such are Escherichia coli, Serratia marcescens and Klebsiella 

pneumoniae.  

The antibacterial activity of the essential oils from T.ammi seed from Bulgaria 

was studied by Jirovetz et al147 and found that a gram positive bacterium is 
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extremely sensitive to the volatile oil which is in good agreement with the present 

studies. Upadhyay et al148 analysed the antibacterial activity of the essential oil of 

T.ammi seeds against pathogenic bacteria like E.coli, S.pneumoniae, B.cereus 

and 2-acidoplulus. That investigation revealed the effectiveness of the essential 

oil against E.coli including other stains. The present study has also concluded 

that effectiveness of the essential oil against E.coli but relative to other stains it is 

slightly resistant to the said oil. S.aureus has shown high degree of sensitivity 

whereas K.pneumoniae and E.faecalis are also affected to a great extent by the 

said essential oil. The essential oil from the T.ammi seeds has shown high 

toxicity against S.marcescens during the current investigations. 

Oroojaliian et al149 evaluated the antibacterial activity of the essential oil from T. 

ammi seedsand the results were in good agreement with the present study. In 

broth macro dilution assay, the essential oil from T. ammi seeds was found to be 

highly bactericidal to K. pneumonaei, S. aueus, E. coli and S. mascescens with 

MBC value in the range of 0.12 – 0.25% .  

The essential oils of C. roxburghianum and D. carota showed antibacterial activity 

against the gram-positive bacteria but gram-negative micro-organisms were 

found to be resistant as shown in table 4.10 and 4.11. This is in accordance with 

literature data that gram-negative bacteria seem to be more resistant to different 

essential oils than gram-positive bacteria. The high resistance of gram-negative 

micro-organisms is due to the structure of their cell wall which is composed 

basically of a lipo-polysaccharide and complex double membrane (cell membrane 

and plasma membrane) that blocks the penetration of hydrophobic oil. This 

avoids the accumulation of essential oils in target cell membrane thus protecting 

the gram-negative micro-organisms200. Both the oils were inhibitory to S. aureus 

and E. faecalis, the gram-positive microorganisms. The C. roxburghianum 



Chapter – 4  Results & Discussion 

 128 

essential oil was more bactericidal than the essential oil of D. carota with the 

lowest MBC of 0.25 % probably due to the high percentage of [E]-[3, 3-

dimethylcyclohexylidene] acetaldehyde in it. According to various studies, 

aldehydes usually exhibit moderate to strong antimicrobial activity44. The 

essential oil of D. carota exerted moderate bactericidal effect against S.aureus 

and E.faecalis. In previous studies, the essential oil of D. carota was found to be 

inactive or show weak activity against different panel of microorganisms 

especially gram-negative bacteria which support our findings201,202,203.  

Both the oils exhibited antimicrobial activity against all the bacteria except 

Pseudomonas aeruginosa. As with many other essential oils and conventional 

antibiotics, Pseudomonas aeruginosa was resistant to both the oils43,44,45.  The 

bactericidal activity of the essential oils against the test microorganisms was also 

evaluated by the broth macrodilution method, and the lowest MBC value was 

determined against Enterococus faecalis, K.pneumoniae, S.marcescens and E. 

coli, with identical MBC values of 0.25%. In case of Staphylococcus aureus, 

essential oil of B. periscum was more bactericidal with an MBC value of 0.25%. 

No obvious difference in susceptibility was found towards gram-positive and 

gram-negative bacteria. Oroojalian et al149 reported the inhibitory and bactericidal 

activities of the essential oils of B.pericum and C.cyminum against S.aureus, 

B.cereus, E.coli and S.enteritidis. The ranges of minimum bactericidal 

concentrations (MBC) of the oils were 0.18-3.0 and 0.37-3.0 mg/ml, respectively 

for B.periscum and C.cyminum. B.periscum oil was more bactericidal against the 

micro-organisms than the essential oil of cumin, which supports our findings. 

Cumin essential oil from Tunasia exhibited strong antimicrobial activities with a 

high effectiveness against Vibrio spp. strains with an inhibition zone ranging from 

11 to 23mm and MIC and MBC values ranging from 0.078-0.31mg/ml and 0.31-
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1.25mg/ml, respectively166. The strong bactericidal effect of the tested essential 

oils is possibly associated with their high content of monoterpenic aldehydes. 

Various studies report moderate to high antibacterial activities of aldehydes44,43. 

Several monoterpenes such as gamma-terpinene, α–pinene and –pinene were 

also reported to exhibit antimicrobial activity in the literature44. The powerful 

bactericidal effect of the investigated essential oils was probably due to 

synergistic or additive antibacterial activities of the essential oil components. The 

mechanism of action of essential oils against bacteria appears to be due to 

damage of cytoplasmic membrane and cell wall by permeabilization resulting in 

loss of ions, breakdown of the proton pump and depletion of the ATP pool. The 

consequence of this injury to the cell wall and membrane can be the leakage of 

macromolecules and lysis34.    

The essential oils from P.acuminata and A.graveolens were found to exert mild to 

moderate inhibitory effect against all the bacteria excepet P. aeruginosa. The 

inhibition zone for these two oils range from 6.0 – 12.00 mm. No bactericidal 

activity against gram negative bacteria is observed in case of P. acuminata while 

the essential oil of A.graveolens seeds exhibited moderate to strong bactericidal 

effect against various bacteria except P. aeruginosa.  

As can be seen in Table 4.10, the essential oil of T.ammi was found to be active 

against all the micro-organisms while the essential oils of B.periscum, 

C.cyminum, A.graveolens and P.acuminata were active against all the bacteria 

except Pseudomonas aeruginosa. Only the gram-positive bacteria 

Staphylococcus aureus and Enterococus faecalis were sensitive to the essential 

oil of C.roxburghianum and D. carota. The bactericidal activities of the essential 
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oils, as shown in table 4.11, decreased in the order of T.ammi > B.periscum > 

C.cyminum >A.graveolens> C.roxburghianum > P.acuminata> D.carota.   
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Table 4.10: Inhibition of growth of bacteria of bacteria by various essential 

oils  

Microorganism Inhibition zone diametera(mm) 

T.ammi 
Essential 
oil 

C. 
roxburghianum 
Essential oil 

D.carota 
Essential  
oil 

B.periscum 
Essential 
oil 

C.cyminum 
Essential 
oil 

S. aureus 33.66±0.57 12.33±0.57 12.00±1.00 10.33 0.57 11.66 0.57 

E. coli 9.00±0.00 6.00±0.00 6.00±0.00 8.33 0.57 9.66 0.57 

P. aeruginosa 10.33±0.57 6.00±0.00 6.00±0.00 6.00 0.00 6.00 0.00 

S. marcescens 24.00±1.00 6.00±0.00 6.00±0.00 9.00 1.00 9.66 0.57 

K. pneumoniae 30.00±1.00 6.00±0.00 6.00±0.00 11.66 0.57 12.00 1.00 

E. faecalis 30.33±1.52 10.66±0.57 10.00±0.00 9.66 0.57 8.66 0.57 

a Data are the means of three independent experiments + standard deviation. 
Diameter of the inhibition zone includes diameter of disc (6mm). 

 



Chapter – 4  Results & Discussion 

 132 

 
 

 

 

 

 

Table 4.11: Minimum Bactericidal Concentration (expressed as v/v %) of 

the essential oils 

Micro 
organism 

C.roxburghi
anum 
Essential oil 

D.carota 
Essential 
oil 

B.periscum 
Essential oil 

C.cyminum 
Essential 
oil 

T.ammi 
Essential 
oil 

S. aureus 0.5 1.0 0.25 0.5 0.25 

E. coli >4 >4 0.25 0.25 0.25 

P. 
aeruginosa 

>4 >4 >4 >4 >4 

S. 
marcescens 

>4 >4 0.25 0.25 0.25 

K. 
pneumoniae 

>4 >4 0.25 0.25 0.12 

E. faecalis 0.25 0.5 0.25 0.25 1 
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Fig 4.8: Antibacterial activity of essential oil of C.cyminum at seven 
different concentrations against S.aureus 
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Fig 4.9: Antibacterial activity of essential oil of C.cyminum at seven 
different concentrations against S.marcescens 
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Fig 4.10: Antibacterial activity of essential oil of C.cyminum at seven 
different concentrations against K.pneumonaie 
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Fig 4.11: Antibacterial activity of essential oil of T.ammi at seven 
different concentrations against K.pneumonaie 
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Fig 4.12: Antibacterial activity of essential oil of D.carota at seven 
different concentrations against K.pneumonaie 
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Fig 4.13: Antibacterial activity of essential oil of D.carota at seven 
different concentrations against S.marcescens 
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Fig 4.14: Antibacterial activity of essential oil of T.ammi at seven 
different concentrations against E.faecalis 
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Fig 4.15: Antibacterial activity of essential oil of T.ammi against 
S.aureus in agar disc-diffusion method 
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Fig 4.16: Antibacterial activity of essential oil of B.periscum against 
S.aureus in agar disc-diffusion method 
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4.4. PART 4: Antioxidant Activity of Essential Oils  

 
The antioxidant activities of the essential oils of T.ammi, D.carota, B.periscum, 

C.cyminum and C.roxburghianum were evaluated in a series of in vitro tests as 

shown in table 4.12 and fig.4.17. Stronger activity is indicated by a higher 

antioxidant index determined by each of the three different methods: ABTS, 

FRAP and DPPH.  Due to the presence of large number of components in an 

essential oil, it is recommended to use more than one method to assess their 

antioxidant capacity204. The investigated essential oils were subjected to 

screening for their possible antioxidant capacity by three assays namely, ABTS 

assay, DPPH assay and FRAP test. ABTS assay involves the generation of the 

long lived radical cation, 2,2-azinobis-(3-ethylbenzothiazoline-6-

sulphonate)(ABTS•+) which is scavenged by the compound/sample to be tested. 

The result is expressed as trolox equivalents, that is, the concentration of trolox 

solution (mM) with an antioxidant capacity equivalent to that obtained for 1.0mM 

of the substance under examination. Evaluation of free radical scavenging 

capacity of the sample by DPPH assay involves the reduction of purple colored 

radical 2,2-diphenyl-1-picrylhydrazyl (DPPH•) by antioxidant to the corresponding 

pale yellow hydrazine. The reaction mechanism is based on an electron transfer 

reaction while the abstraction of hydrogen atom is a marginal side reaction, due 

to its slow rate in solvents, such as methanol. In ferric reducing antioxidant power 

(FRAP) assay, the capacity of an antioxidant the ability of antioxidants to reduce 

the ferric 2,4,6-tripyridyl-s-triazine complex [Fe(III)- (TPTZ)2]
3+ to the intensely 

blue coloured ferrous complex [Fe(II)-(TPTZ)2]
2+ is measured. FRAP values are 

calculated by measuring the increase in absorbance at 593nm and relating it to a 

standard solution of ferrous ions205. 
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Table 4.12: Trolox equivalent antioxidant capacity (ABTS assay) % 

inhibition of DPPH free radical (DPPH assay), ferric ion 
reducing antioxidant power (FRAP assay) and total phenolic 
content of the essential oil of B.periscum, C.cyminum, 
C.roxburghianum, D.carota, T.ammi and BHA  

 

Samples TEAC 
value 
(mmolL-1) 

% 
Inhibition 
of DPPH. 

FRAP value 
(mmoFe2+lL-

1) 

B.periscum 0.17±0.00 38.16±0.54 0.48±0.02 

C.cyminum 0.31±0.04 58.73±0.41 0.85±0.03 

C.roxburghianum 
 

0.42±0.01 24.84±0.27 0.30±0.02 

D.carota 
 

0.45±0.00 26.74±0.14 1.51±0.05 

T.ammi 4.34±0.05 90.50±1.10 4.03±0.03 

BHA - 72.90±0.06 - 
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 E1 = T.ammi 
 E2 = C.roxburghianum 
 E3 = C.cyminum 
 E4 = B.Periscum 
 E5 = D.carota 

 

Fig.4.17: The DPPH. disappearance as the function of reaction time for 
BHA and essential oils of C. roxburghianum, D. carota, T.ammi, 
B.periscum and C.cyminum.  
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4.4.1  Antioxidant Activity of T.ammi 

Comparison of the antioxidant capacity of essential oil with that of its major 

components thymol and gamma-terpinene in ABTS assay is shown in Fig.4.18 

(with data expressed in terms of mM Trolox equivalent). p-cymene and gamma-

terpinene (1.536mM) showed relatively little antioxidant action against ABTS.; 

only thymol and the essential oil showed substantial antioxidant activity 

[2.574mM and 4.349mM].  

As demonstrated in Fig. 4.19, thymol have the highest FRAP value (8.602) being 

the most powerful antioxidant followed by the essential oil (4.035) while gamma-

terpinene (1.339) weak activity. 

In the DPPH assay, the capacity of a substance to act as hydrogen atom or 

electron donor was measured using a spectrophotometer. Both the oil and the 

pure compounds were able to reduce the stable radical DPPH to the yellow 

coloured diphenylpicrylhydrazine. The results are shown in Fig.4.20 and 4.21. 

The strongest effect was measured for the essential oil having 90.5% inhibition 

followed by gamma-terpinene (85.53% inhibition), thymol (79.9% inhibition) and 

BHA (72.9% inhibition). The free radical scavenging activity of the essential oil 

was superior to essential oil components and standard. The antioxidant capacity 

of essential oil of Indian T.ammi seeds was determined by Singh et al151 using 

thiobarbituric acid method and linoleic acid system. The essential oil was found to 

exhibit superior antioxidant activity greater than that of BHA and BHT. This is in 

accordance with the present study. Thymol and gamma-terpinene, the major 

components of the T.ammi essential oil in the current study also exhibited high 

antioxidant capacities in previous studies206,207,211. 
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Fig.4.18: The variation of the Trolox Equivalent Antioxidant (TEAC) of T. 
ammi essential oil and its major components 
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Fig. 4.19 The variation of the FRAP value of T. ammi essential oil and its 
major components 
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Fig. 4.20: Free radical scavenging capacity of T. ammi essential oil, its 
major components and BHA as determined by the DPPH assay 
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Fig. 4.21: The DPPH. disappearance as the function of reaction time for 
T. ammi essential oil, thymol, gamma-terpinene and BHA. 
Triangles and squares correspond to gamma-terpinene and 
thymol respectively; diamonds and circles correspond to the 
essential oil and BHA, respectively 
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4.4.2 Antioxidant activity of C.roxburghianum and 

D.carota 

Various results for the antioxidant activities of the essential oil of 

C.roxburghianum and D.carota are shown in table 4.12. D. carota essential oil 

showing a 26.74±0.14% inhibition of DPPH free radical and a TEAC value of 

0.45±0.00mmol L-1 proved to be a more effective anti-oxidant than the C. 

roxburghianum essential oil exhibiting 24.84±0.27 % inhibition of DPPH free 

radical and a TEAC value of 0.42±0.01mmol L-1. FRAP assay gave a similar 

result showing the stronger antioxidant activity of the essential oil of D. carota. 

The kinetic study carried out to assess the free radical scavenging activity of the 

essential oils using DPPH free radical showed that the efficiency of both the oils 

was found to be close to 0.6mM BHA as shown in Fig. 4.17.  

The weak antioxidant activity of both the oils is certainly associated with the 

absence or low percentage of terpenoids possessing strong antioxidant activity 

like thymol, eugenol and gamma-terpinene206.  

4.4.3 Antioxidant activity of B.periscum and 

C.cyminum  

The antioxidant activity of the essential oils were compared with their main 

components in DPPH test, the ABTS Assay and the FRAP test. The results are 

shown in table 4.13 and figure 4.22. Gamma-terpinene exhibited an excellent free 

radical scavenging activity with a TEAC value of 1.53±0.07mmol L-1and caused 

85.53±1.13% inhibition of DPPH free radical. C. cyminum essential oil showing a 

58.73±0.41% inhibition of DPPH free radical and a TEAC value of 

0.36±0.03mmol L-1 proved to be a more effective anti-oxidant than the essential 
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oil of B. periscum exhibiting 38.16±0.54 % inhibition of DPPH free radical and a 

TEAC value of 0.23±0.01mmol L-1. The ability of cuminal to capture the free 

radicals was the weakest causing 3.60±0.19% inhibition of DPPH free radical and 

a TEAC value of 0.10±0.01mmol L-1 The fall in DPPH concentration with time, as 

shown in figure 1, demonstrates that gamma-terpinene and both the essential oils 

exhibited stronger activity than 0.6mM BHA. FRAP assay gave similar results as 

obtained in the case of DPPH and ABTS assays. The antioxidant activity of 

Tunasian C, cyminum was investigated by Hajlaoui et al. using various assays 

and was found to exhibit a strong activity in all the assays166. It showed a higher 

antioxidant capacity than BHT in beta-carotene bleaching test (IC50=20 μg/ml) 

and reducing power assay (IC50=11 μg/ml).These findings support this study in 

which essential oil of cumin demonstrated strong antioxidant capacity. The 

excellent antioxidant activity of gamma-terpinene observed in the present study is 

also documented in literature206,207. Previous studies indicate that alpha-

terpinene, present in essential oil of C.cyminum only, is another strong 

antioxidant whereas beta-pinene and p-cymene, some other important 

components found in the oils were found to be inactive or show weak 

activity206,208. Therefore, the antioxidant capacity of both the oils is associated 

with γ-terpinene. It appears that the superior antioxidant activity of C.cyminum 

essential oil is due to the higher percentage of γ-terpinene and the presence of α-

terpinene (found only in C. cyminum oil) in it.  

The essential oil of T.ammi was found to exhibit excellent antioxidant activity 

even stronger than that of BHA whereas other oils showed mild to moderate 

activity as presented in table 4.12.   
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Table 4.13: Trolox equivalent antioxidant capacity (ABTS assay), % 

inhibition of DPPH free radical (DPPH assay) and ferric ion 

reducing antioxidant power (FRAP assay) of the essential oil of 

Bunium periscum Bioss. and Cuminum cyminum Linn., pure 

essential oil components and BHA 

 

Samples TEAC value 
(mmol L-1) 

% Inhibition 
of DPPH free 
radical  

FRAP value 
(Fe2+/mmol L-

1) 

B.periscum 0.17±0.00 38.16±0.54 0.48±0.02 

C.cyminum 0.31±0.04 58.73±0.41 0.85±0.03 

Cuminal 0.15±0.01 3.60±0.20 0.47±0.03 

γ-terpinene 1.53±0.07 85.53±1.13 1.33±0.05 

BHA - 72.90±0.06 - 

 
Data are the means of three independent experiments + standard deviation. 
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Fig. 4.22: The DPPH. disappearance as the function of reaction time for 
Bunium periscum Bioss. and Cuminum cyminum Linn. 
essential oil, cuminal, gamma-terpinene and BHA. 
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4.5 Part 5. Antioxidant activity of essential oil 

componenets 

S-(+)-carvone, R-(-)-carvone, p-cumenol (4-isopropyl phenol), cuminyl alcohol (4-

isopropylbenzyl alcohol), cuminal (4-isopropylbenzaldehyde), 4-methoxycumene 

(4-isopropyl anisole), p-cymene (4-isopropyltoluene), gamma-terpinene and 

thymol were evaluated for their antioxidant activity using various assays.  

4.5.1  Free-radical scavenging activity 

ABTS and DPPH. assay was used to assess the free radical scavenging activity 

of the pure compounds. Thymol, p-cumenol and gamma-terpinene proved to be 

the excellent free-radical scavengers followed by S-(+)-carvone, R-(-)-carvone 

and 4-methoxy cumene whereas cuminal, cuminyl alcohol and p-cymene showed 

weak activity as shown in table 4.14 and 4.15 as well as in fig.4.23 and 4.24. The 

DPPH radical-scavenging activity of the compounds decreased in the order of 

gamma-terpinene > thymol > p-cumenol > S-(+)-carvone > 4-methoxycumene > 

R-(-)-carvone > cuminyl alcohol > cuminal > p-cymene. In the case of ABTS 

radical cation test, the ability to scavenge free-radicals decreased in the order of 

p-cumenol > thymol > R-(-)-carvone > gamma-terpinene > S-(+)-carvone > 4-

methoxycumene > p-cymene > cuminal >cuminyl alcohol. The disparity in the 

free-radical scavenging activity of some of the compounds relative to each other 

as assessed by DPPH and ABTS assays is probably due to the difference in the 

structure of the two radicals. Gamma-terpinene was better able to scavenge 

DPPH radical as compared to phenols whereas opposite was found to be true in 

case of ABTS radical. DPPH is a more crowded radical as compared to ABTS. 

Moreover, DPPH is a true free-radical having an unpaired electron whereas 
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ABTS is a radical cation carrying a positive charge. There is also a difference in 

their reaction mechanisms since the rections involving ABTS radicals take place 

at a much faster speed as compared to those of DPPH radicals. 

4.5.2 Ferric ion reducing antioxidant power (FRAP 

assay) 

The trend for the ferric ion reducing activities of the compounds showed a pattern 

similar to to the ABTS scavenging activities as shown in table 4.16 and fig 4.26. 

The antioxidant activity of the compounds decreased in the order of p-cumenol > 

thymol > S-(+)-carvone > 4-methoxycumene > R-(-)-carvone > gamma-terpinene 

> p-cymene > cuminyl alcohol > cuminal.  
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Table 4.14: Trolox equivalent antioxidant capacity (ABTS assay) of pure 

essential oil compounds 

 

 Compound TEAC value 
(mmolL-1) 

A1 S-(+)-carvone 1.52±0.02 pure 

A2 R-(-)-carvone 4.59±0.06 pure 

A3 4-
isopropylphenol 

3.44±0.03 10,000 time 
dil. 

A4 4-
ispropylanisole 

1.15±0.03 pure 

A5 cuminyl alcohol 0.14±0.02 pure 

A6 cuminal 0.15±0.01 pure 

A7 p-cymene 0.45±0.03 pure 

A8 gamma-
terpinene 

1.54±0.04 pure 

A9 thymol 2.57±0.06 100 time dil.  

 
Data are the means of three independent experiments + standard deviation. 
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Fig 4.23: The variation of the Trolox Equivalent Antioxidant (TEAC) of 

selected essential oil components 
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Table 4.15: % inhibition of DPPH free radical (DPPH assay) of the pure 

essential oil components and BHA 

 

  Compounds % Inhibition of 

DPPH. 

 A1 S-(+)-carvone 45.79±0.31 

 A2 R-(-)-carvone 40.49±0.43 

 A3 4-isopropylphenol 58.40±0.55 

 A4 gamma-terpinene 85.53±1.13 

 B1 Cuminal 3.60±0.19 

 B2 cuminyl alcohol 10.61±0.14 

 B3 p-cymene 2.83±0.06 

 B4 4-ispropylanisole 45.01±0.27 

 B5 Thymol 79.82±0.47 

0.6mM BHA  72.89±0.10 

 

Data are the means of three independent experiments + standard deviation. 
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Fig 4.24: Free radical scavenging capacity of selected essential oil 
constituents as determined by the DPPH assay 
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Table 4.16:  Ferric ion reducing antioxidant power (FRAP assay) of pure 

essential oil components and BHA 

 
 

 

Data are the means of three independent experiments + standard deviation. 

 Compound FRAP value 

(mmol Fe2+/ L) 

A1 S-(+)-carvone 3.70±0.05 pure 

A2 R-(-)-carvone 1.78±0.08 pure 

A3 4-isopropylphenol 17.56±0.23 40 time dil. 

A4 gamma-terpinene 1.34±0.02 pure 

B1 cuminal 0.47±0.03 pure 

B2 cuminyl alcohol 0.86±0.02 pure 

B3 p-cymene 1.22±0.03 pure 

B4 4-ispropylanisole 2.77±0.04 pure 

B5 thymol 8.60±0.13 20 time dil 
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Fig 4.25:  The variation of the FRAP value of selected essential oil 
components 
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4.5.3   Reducing power assay 

Table 4.17 and fig. 4.26 shows the reducing power of the compounds. In this test 

the yellow test solution transforms to various shades of blue and green according 

to the reducing power of each substance. Reduction of ferric ion to ferrous ion is 

used in this test to measure ability of a substance to donate electrons which is a 

significant mechanism of antioxidant action. The reducing power or antioxidant 

activity of the compounds decreased in the order of BHA> thymol > p-cumenol > 

R-(-)-carvone > S-(+)-carvone > gamma-terpinene > 4-methoxycumene > p-

cymene > cuminal >cuminyl alcohol. The reducing power of phenols (i.e., BHA, 

thymol and p-cumenol) determined by reducing power assay was the highest as 

shown by other studies209,210. 

DPPH assay, ABTS radical cation test, reducing power activity assay and the 

FRAP test gave similar results. Phenols were found to possess superior 

antioxidant activity followed by carvones, gamma-terpinene and 4-

methoxycumene. Weak antioxidant activity was shown by p-cymene, cuminal and 

cuminyl alcohol.The high capacity of phenols and gamma-terpinene to capture 

free radicals was documented in literature211, 212,213. Elmastas214 studied the 

antioxidant activity of S-(+)-carvone isolated from spearmint which was found to 

possess high antioxidant activity. Previous literature also points out the weak 

antioxidant activity of p-cymene99, 101. Benzaldehyde, which has a structure 

similar to cuminal, has previously been reported to possess weak aantioxidant 

activity215. 
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Table 4.17:  Reducing power (absorbance at 700 nm) of pure essential oil 

components and BHA 

 

 

 

Data are the means of three independent experiments + standard deviation. 

Sample  Compound Abs. 

A1 S-(+)-carvone 0.373±0.025 

A2 R-(-)-carvone 0.617±0.033 

A3 4-isopropylphenol 0.683±0.023 

A4 gamma-terpinene 0.275±0.017 

B1 cuminal 0.137±0.003 

B2 cuminyl alcohol 0.088±0.001 

B3 p-cymene 0.174±0.009 

B4 4-ispropylanisole 0.271±0.006 

B5 thymol 1.676±0.043 

BHA - 3.365±0.126 



Chapter – 4  Results & Discussion 

 164 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reducing power activity assay

0

0.5

1

1.5

2

2.5

3

3.5

A1 A2 A3 A4 B1 B2 B3 B4 B5 BHA

A
b

s
o

rb
a
n

c
e

 
 

Fig 4.26:  Reducing power (absorbance at 700 nm) of pure essential oil 
components and BHA  
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4.5.4  Metal chelating activity assay 

Iron, in the form of Fe2+, is the most important transition metal accelerator of lipid 

oxidation, which involves the breakdown of hydrogen peroxide and lipid 

peroxides and generation of free-radicals via Fenton reaction. These free-radicals 

can cause lipid peroxidation, damage proteins and modify DNA. Chelating agents 

or chelators inactivate metal ions like Fe2+ by forming complexes with them. This 

potentially inhibits processes involving metals. Chelating activity of the 

compounds was evaluated by the ferrozine assay based on the ability of ferrozine 

to form red-coloured complexes with ferrous ion quantitatively. Other chelators 

can themselves form complexes with Fe2+ faster thus disrupting the formation of 

Fe2+-ferrozine complex causing a decrease in the red colour of test solution. So, 

chelating activity of a compound can be determing by measuring the rate of 

reduction in red colour   

The results in case of metal chelating activity were quite different from other tests 

used to determine antioxidant capacity as shown in table 4.18 and fig. 4.27. The 

chelating activity of the compounds decreased in the order of cuminal > R-(-)-

carvone > gamma-terpinene > cuminyl alcohol > p-cumenol > BHA > S-(+)-

carvone >p-cymene > 4-methoxycumene > thymol.   

All the phenols, including the positive standard BHA, exhibited low to moderate 

metal chelating activity. This is in accordance with some previous studies102. 

Cuminal, R-(-)-carvone and gamma-terpinene showed excellent chelating 

activities.  
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Table 4.18:  Metal chelating activity of pure essential oil components and 

BHA 

 

Sample Compound 

 

% Chelating 

activity 

 

 

A1 S-(+)-carvone 34.16±0.38 pure 

A2 R-(-)-carvone 73.41±0.71 pure 

A3 4-isopropylphenol 57.68±0.45 pure 

A4 gamma-terpinene 73.35±0.41 pure 

B1 cuminal 78.10±0.59 pure 

B2 cuminyl alcohol 63.01±0.42 pure 

B3 p-cymene 24.19±0.25 pure 

B4 4-ispropylanisole 7.64±0.10 pure 

B5 thymol 5.91±0.13 pure 

 BHA 45.60±0.23 0.6 mM 

 

Data are the means of three independent experiments + standard deviation. 
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Fig 4.27: Metal chelating activity of the essential oil of pure essential oil 

components and BHA  
 



Chapter – 4  Results & Discussion 

 168 

 

4.6. Part 6: Insecticidal Activity  

In the present study the insecticidal activity of essential oils from the seeds of 

seven species of the family Umbeliferae i.e., T.ammi, C.roxburghianum, D.carota, 

B.periscum, C.cyminum, A.graveolens L., P.acuminata was analyzed against 

American cockroach [Periplaneta Americana (L)] using continuous exposure 

bioassay and fumigant toxicity. The fumigant toxicity of the essential oils from the 

above species ware also tested against the house fly (Musca domestica L.) and 

the red flour beetle (Tribolium castanum).  

In the continuous exposure assay against Peripalaneta Americana, three different 

concentrations of each essential oil were used. An increase in % mortality was 

observed with increasing concentrations of the essential oils as shown in table 

4.19. There was no control mortality after 24 hours.  

B.periscum and C.cymminum essential oils were found to be highly toxic volatile 

oils when tested against the American cockroach, house fly and red flour beetle 

during the present studies. Both of these oils have almost similar compositions 

containing high proportion of aldehydes, gamma-terpinene and -pinene as 

shown in the table 4.6 and 4.7.  These components have found to posess high 

insecticidal activity in the previous reports. Jung et al216 investigated the 

insecticidal activities of various compounds obtained from M.fragrans essential oil 

against B.germanica. –pinenene was found to possess high contact toxicity 

whereas citronellal had moderate toxicity. Both of these compounds cause 100% 

mortality on fumigation after 24 hours. Lee et al127 reported high toxicity of 

perillaldehyde against adult house flies. Waliwiliya et al tested the insecticidal 

activity of citronellal and thymol against larvae of A.obscurus. Thymol possessed 
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powerful contact toxicity followed by citronellal. The high insecticidal activities of 

B.periscum and C.cyminum essential oils in the present study is possibly due to 

the presence of aldehydes and –pinene in these oils as mentioned above. 

The high insecticidal activity of the essential oil extracted from T.ammi seeds was 

observed in the present investigation. The key constituents of T.ammi essential 

oil are thymol and gamma-terpinene. The high insectidal activity of thymol had 

been mentioned in the past research against various insects. Jang et al217 

investigated the fumigant toxicity of various monoterpenoids against German 

cockroaches and found thymol to possess high activity.  The powerful toxicity of 

thymol to tobacco cutworm was reported by Laurin et al. Origanum glandulosum 

essential oil containing 38.8% thymol was found to be toxic to the stored product 

insect Rhizopertha dominica. The earlier literature is in agreement with the 

present study. The toxicity of T.ammi essential oil is probably due to thymol as 

confirmed in the previous studies. 

The essential oils of C.roxburghianum, P.acuminata and A.graveolens exhibited 

moderate to mild toxicity against the American cockroaches, house flies and red 

flour beetle in the current investigation. Among these three oils, Anethum 

graveolens essential oil have shown the best insecticidal activity due to 

appericiable concentration of carvone, limonene and trans-dihydrocarvone in its 

composition as shown in the table 4.8. Carvone was observed to be more toxic 

than bicyclic compounds such as verbinol and thujone125. Lee et al reported the 

insecticidal activity of carvone against the house fly. Previously, Jang et al217 

studied the fumigant toxicity of carvone to the German cockroach with an LC50 

value of 0.25 mg/cm3. Carvone and dihydrocarvone were found to be toxic to 

larvae and adults of T.castanum, S.oryzae L. and R.dominica F by Tripathi et 
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al218. Previously, the insecticidal activity of A.graveolens essential oil against 

T.castanum with an EC50 value of 7.86 L was reported by Chaubel et al. The 

essential oil from P.acuminata seeds has shown moderate toxicity to various 

insects in the present study. Aliphatic compounds such as carboxylic acids, 

alcohols, ketones and hydrocarbons as well as cuminal are some important 

constituents of the volatile oil of P.acuminata as shown in table 4.9. The 

C.roxbergenum essential oil exhibited weak insecticidal activity relative to the 

other essential oils. This oil is rich in [E]-3,3-dimethylcyclohexylidene limonene 

and -selinene as presented in table 4.8. Limonene and sesquiterpenes posses 

weak to moderate toxicity to various insects. 

The essential oil isolated from the seeds of D.carota exhibited the weakest 

activity in the current study. This essential oil contains high percentage of 

sesquiterpenes like carotol and daucal. Previous investigations had shown weak 

insecticidal activity of sesquiterpenes. Moreover essential oil constituents 

generally found to be toxic to insects such as thymol, cavone and -pinene are 

either absent or are present in very low concentration in this oil. Other essential 

oils having similar composition have also shown similar pattern216,219,220,221,222.  

The essential oil from T-ammi seeds have shown highiest mortality rate in the 

present studies due to presence of thymol as shown in other studiesError! 

Bookmark not defined.,218223,224,225.  

Contact toxicity of essential oils against the Periplaneta Americana (L) decreased 

in the following order  

B.periscum essential oil > C.cyminum essential oil > T.ammi essential oil 

>A.graveolens > P.acuminata > C.roxburghianum essential oil > D.carota 

essential oil  
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Fumigant toxicity of essential oils against various insects decreased in the 

following order  

B.periscum essential oil = C.cyminum essential oil > T.ammi essential oil > 

>A.graveolens essential oil > P.acuminata essential oil >C.roxburghianum 

essential oil > D.carota essential oil  

 Although, the insecticidal activity of essential oil and their constituents is much 

less than that of synthetic insecticides such as dichlorvos, propuxor and 

permethrin, they are quite harmless. They are not toxic to mammals. Their 

volatility as well as their non-toxicity makes them an ideal candidate to be used in 

resteraunts, hospitals and schools against various insects. Most of these 

essential oils have pleasant smell and can be used to protect food from stored 

product insects such as T.castanum and maize weevil. There is a need to assess 

various essential oils and their componenets for insecticidal activity against 

insects that cause diseases and damage food products. 

 



Chapter – 4  Results & Discussion 

 172 

 

 

 

 

 

 

 

 

 

 

 

Table 4.19: Contact toxicity of essential oils of T.ammi, C.yminum and 

B.periscum to Peripalaneta americana (L.) 

 

Essential 

oils 

Conc 

(%) 

Mean mortality (%) 

 

  5 

min 

10 

min 

15 

min 

30 

min 

60 

min 

120 

min 

180 

min 

6 

hr 

12 

hr 

24 

hr 

T.ammi 5 0 0 0 0 0 25 100 100 100 100 

 10 0 0 0 25 100 100 100 100 100 100 

 100 100 100 100 100 100 100 100 100 100 100 

C.cyminum 5 0 0 0 25 100 100 100 100 100 100 

 10 0 0 0 50 100 100 100 100 100 100 

 100  25 100 100 100 100 100 100 100 100 

B.periscum 5 0 0 25 100 100 100 100 100 100 100 

 10 0 0 50 100 100 100 100 100 100 100 

 100 100 100 100 100 100 100 100 100 100 100 

Control 0 0 0 0 0 0 0 0 0 0 0 

a
Results are mean of three experiments, four insects per set
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Table 4.20: Contact toxicity of essential oils of D.carota, C.roxburghianum, 

P.acuminata and A.graveolens to Peripalaneta americana(L.) 

 

Essential oils Conc. 

(%) 

Mean mortality
a
 (%) 

 

  5 

min 

10 

min 

15min 30 

min 

60 

min 

120 

min 

180 

min 

6 hr 12 

hr 

24 

hr 

            

D.carota 5 0 0 0 0 0 0 0 0 25 100 

 10 0 0 0 0 0 0 0 25 100 100 

 100 0 0 0 0 100 100 100 100 100 100 

C.roxburghianum 5 0 0 0 0 0 0 0 25 100 100 

 10 0 0 0 0 25 100 100 100 100 100 

 100 0 75 100 100 100 100 100 100 100 100 

P.acuminata 5 0 0 0 0 0 0 0 25 50 100 

 10 0 0 0 0 0 0 25 75 100 100 

 0 0 0 0 100 100 100 100 100 100 100 

A.graveolens L. 5 0 0 0 0 25 75 100 100 100 100 

 10 0 0 0 25 50 100 100 100 100 100 

 100 0 0 50 100 100 100 100 100 100 100 

Control 0 0 0 0 0 0 0 0 0 0 0 

a
Results are mean of three experiments, four insects per set 
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Table 4.21: Fumigant toxicity of essential oils essential oils of T.ammi, 

C.yminum and B.periscum to Peripalaneta americana(L.)  to 

Peripalaneta americana(L.) 

 Mean mortality(%) 

Essential 
oils 

15min 30 
min 

60 
min 

120 
min 

180 
min 

6 
hr 

12 
hr 

24 
hr 

T.ammi 0 0 0 0 25 75 100 100 

C.cyminum 0 0 0 0 50 100 100 100 

B.periscum 0 0 0 0 50 100 100 100 

Control 0 0 0 0 0 0 0 0 

 
a
Results are mean of three experiments, four insects per set 
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Table 4.22: Fumigant toxicity of essential oils of D.carota, 

C.roxburghianum, P.acuminata and A.graveolens to 

Peripalaneta Americana(L.) 

 

 Mean mortality(%) 

Essential oils 15min 30 
min 

60 
min 

120 
min 

180 
min 

6 hr 12 hr 24 hr 

D.carota 0 0 0 0 0 0 0 0 

C.roxburghianum 0 0 0 0 0 25 100 100 

P.acuminata 0 0 0 0 0 25 50 100 

A.graveolens 0 0 0 0 25 50 100 100 

Control 0 0 0 0 0 0 0 0 

 
a
Results are mean of three experiments, four insects per set 
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Table 4.23: Fumigant toxicity of essential oils from various species of 

family Umbelleferae to house flies 

 

 Mean mortality(%) 

Essential oils 15min 30 min 60 min 120 min 

T.ammi 63.3 100 100 100 

C.cyminum 63.3 100 100 100 

B.periscum 53.3 93.3 100 100 

D.carota 0 0 0 0 

C.roxburghianum 23.3 33.3 40 53.3 

P.acuminata 20.0 33.3 43.3 63.3 

A.graveolens 33.3 53.3 63.3 70 

Control 0 0 0 0 

 
a
Results are mean of three experiments, ten insects per set
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Table 4.24: Fumigant toxicity of essential oils from various species of 

family Umbelleferae to Tribolium castanum 

 

 Mean mortality(%) 

Essential oils 1hr 6hr 24hr 

T.ammi 100% 100% 100% 

C.cyminum 100% 100% 100% 

B.periscum 100% 100% 100% 

D.carota 6.33% 10% 13.3% 

C.roxburghianum 33.3% 58.3% 73.3% 

P.acuminata 26.6% 46.6% 63.3% 

A.graveolens 58.3% 83.3% 100% 

Control 0 0 0 

 
a
Results are mean of three experiments, ten insects per set 
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5. CONCLUSIONS 

In the current investigation, the essential oils from the seeds of seven species of 

the family Umbeliferae i.e., Trachyspermum ammi, Carum roxburghianum, 

Daucus carota, Bunium periscum Bioss., Cuminum cyminum Linn., Anethum 

graveolens L., Pimpinella acuminate(Edgew) C.B.Clarke were extracted by 

hydrodistllation. The yields and physico-chemical parameters of these oils wer 

determined. Chemical composition of the essential oils was determined by gas 

chromatography-mass spectrometry. Antibacterial activity of the essential oils 

were evaluated agaist various pathogenic bacteria using agar disc-diffusion and 

broth macro-dilution method. DPPH. assay, ABTS. radical cation test, FRAP 

assay, reducing power assay and metal-chelationg assay were used to examine 

free-radical scavenginging activity as well as the antioxidant capacities of the 

essential oils and their selected componenets i.e., S-(+)-carvone, R-(-)-carvone, 

p-cumenol, cuminyl alcohol, cuminal, 4-methoxycumene, p-cymene, gamma-

terpinene and thymol The essential oils were also tested for their insecticidal 

activity against P.americana L., Musca domestica and Tribolium castanum. 

The essential oil of the seeds of T. ammi and C.cyminum as well as the essential 

oil components thymol, p-cumenol, gamma-terpinene and carvones exhibited 

excellent antioxidant capacity and could be used as an alternative to synthetic 

antioxidants as additives in food and cosmetics. Foods supplemented with the 

above mentioned essential oils and pure compounds are expected to prevent the 

risk of diseases caused by free-radicals.  

Inhibition zone diameters and minimum bactericidal concentration (MBC) values 

for the various oils ranged from 6.0 to 33.6mm and 0.25% to above 4% 

respectively.Moreover, the bactericidal activity exerted by the different essential 
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oils and their specific action against pathogenic strains such as Staphylococcus 

aureus, Escherichia coli, Klebsiella pneumoniae and Serratia marcescens, may 

suggest their use as an antibacterial agent.  

They exhibit antibacterial activity and show a strong bactericidal effect. The use 

of these essential oils in hand-washes is especially relevant since they are highly 

active against E.coli, E.faecalis and S.aureus which are generally spread through 

human-to-human contact. B.periscum and C.cyminum oils were also found to be 

active against K.pneumoniae and S.marcescens which are opportunistic 

pathogens causing hospital-acquired infections such as urinary-tract infections 

and pneumonia. These infections can result in death of immunodeficient patients. 

In vivo studies should be carried out to asses the suitability of these oils as 

antimicrobial agents.  

Substances that bind to metal ions can act as chelators. Thus, chelating agents 

can be used to conditions involving iron overload such as thalassemia. Currently 

there are only few effective chelators such as desferrixoxamine and EDTA. But, 

they have the drawback of short plasma half-life, poor oral bioavailabity and 

severe side-effects. It was found in the present study that cuminal, R-(-)-carvone, 

gamma-terpinene and cuminyl alcohol can be suitable candidates for chelation 

therapy. Further studies need to be carried out in this respect.   

The essential oils of B.periscum, C.cyminum, T.ammi and A.graveolens exhibited 

excellent insecticidal activity by causing 100% mortality against the various 

insects and can replace synthetic insecticides due to their non-toxicity. 
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