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Abstract 

 

This research was designed to study the seed oils of five potential 

medicinal plants. (Carum  carvi, Coriandrum sativum,  Hibiscus 

sabdariffa ) grown in Egypt(; Nerium oleander,  Lagenaria  

siceraria)grown in Sudan). The constituents of the target oils have been 

studied by GC-MS and the antimicrobial activity has been evaluated. 

9-Octadecanoic acid methyl ester appeared in different ratios for all 

samples except for Legenaria  siceraria  which contained a component 

(linoleic acid ethyl ester) which is absent in the rest of oil samples. 9,12-

Octadecadienoic acid methyl ester appeared in the five oils at different 

ratios, also all the studied oils contained different ratios of hexadecanoic 

acid methyl ester. Methyl stearate appeared at different ratios in all oil 

samples with the exception of carum  carvi oil which contained a 

constituent – 10-nonadecanone- which is absent in other studied oils. All 

oil samples have been evaluated for antimicrobial activity and they 

showed different antimicrobial responses. 
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لمستخلصا  

 

  طثٕح ٌَٓ انكشأَا، انكسثشج، انكشكذْاخٔشرمم انثحث عهّ دساسح  نضُٔخ  خمسح وثاخ

تالاضافح انّ إثىان مه انىثاذاخ انسُداوٕح ٌَّ انُسد  ( مصش–َانرّ جمعد مه اسُان )

ذمد دساسح انمكُواخ انكٕمٕائٕح نهضُٔخ تُاسطح انكشَماذُغشافٕا . انكارب َانقشع انحهُ

ظٍش مشكة اسرش .  كما َأجٌشِ إخرثاس مضاد انمٕكشَتاخ نٍزي انعٕىاخ.طٕف انكرهح- انغاصٔح

اَكرادٔكىُٔك فّ جمٕع انعٕىاخ تىسة مرفاَذً ما عذا عٕىح انقشع انحهُ َانرّ إحرُخ - 9حمض 

-9,12أما اسرش حمض . عهّ اسرش اثٕم نحمض نٕىانُٔك ٌَُ مشكة نم ٔرُفش فّ تقٕح انعٕىاخ

ما عذا , إحرُخ جمٕع انعٕىاخ . اَكرادٔكادأىُٔك فقذ كان مرُفشا فّ جمٕع انعٕىاخ تىسة مرفاَي

أٔضا إحرُخ عٕىح انكشأَا عهّ مكُوا نم ٔرُفش فّ .عهّ مثٕم اسرٕشاخ تىسة مرفاَذً , انكشأَا

جمٕع انضُٔخ قٕذ انذساسح إحرُخ عهّ . وُوادٔكىُن- 10: تقٕح انعٕىاخ ٌَُ انمشكة انكٕرُوّ 

أٔضا أجٌشِ إخرثاس مضاد انمٕكشَتاخ نجمٕع انعٕىاخ َانرّ أتذخ . اسرش حمض ٌكساؤُك

 . وشاطا مرفاَذا
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1 Introduction 

 

1.1 Natural products 

Natural products have historically been an extremely productive source 

for new medicines in all cultures and continue to deliver a great variety 

of structural templates for drug discovery and development. Although 

products derived from natural sources may not necessarily represent 

active ingredients in their final form, the majority of all drugs in the 

market have their origin in nature
1,2

. 

Generally, the term “natural product” is regarded as being synonymous 

with “secondary metabolite”
3
. Secondary metabolites are organic 

compounds in the correct chiral configuration to exert biological 

activity, but have no “primary” function directly involved in the normal 

growth, development or reproduction of an organism
4
. Natural products 

are usually relatively small molecules with a molecular weight below 

3,000 Daltons and exhibit considerable structural diversity
3
. 

Natural substances have evolved over a very long selection process to 

form optimal interactions with biological macromolecules
5
 which have 

activity on a biological system that is relevant to the target disease. They 

have historically been the most productive source of active compounds 

and chemical lead structures for the discovery and development of new 

medicines
6
. 
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Historically, the most important sources for biologically active natural 

products have been terrestrial plants and microorganisms such as fungi 

and bacteria. Terrestrial and aquatic species of plants and 

microorganisms, especially those of marine origin, produce unique 

bioactive substances yielding a large variety of valuable therapeutics and 

lead structures for potential new drugs. Even though natural products 

may not have coevolved with human proteins, they have emerged in 

nature to interact with biomolecules
7
. Natural products interact with a 

wide variety of proteins and other biological targets, acting also as 

modulators of cellular processes when they inhibit the difficult to target 

protein-protein interactions
8
. 

Natural products can be defined as the products of natural backgrounds. 

Natural products include: (1) a complete organism (e.g., a 

microorganism, a plant or an animal) that has not been exposed to any 

type of treatment other than a simple course of preservation (e.g., 

drying), (2) part of an organism (e.g., an isolated animal organ, flowers 

or leaves of a plant), (3) part of an organism, exudates and an organism 

extract and (4) pure compounds (e.g., terpenoids, coumarins, alkaloids, 

glycosides, flavonoids, steroids, sugars, lignans, etc.) isolated from 

microorganisms, animals or plants
9
. 

1.2Fixed oils 

Fixed oils and fats (lipids) are present in virtually all the food we eat
10

. It 

is the only material present in vegetable oils and animal fats, it is an 
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important component of milk and milk–based products such as cream 

and cheese, eggs and meat, and is even present in leaves and green 

vegetables
11

. 

Fixed oil and fat are present in many plants such as castor seed, olive, 

peanut, soybean, sesame, almond, cotton seed, corn, safflower, cocoa 

butter, linseed, sunflower, oil palm and shea butter. It is also a 

component of animal fats especially milk, meat and egg
12

. The presence 

of these substances in human and in its food has been speculated to 

confer some physiological functions as well assist in the prevention and 

or treatment of some diseases and infections.  

Fixed oil and fats are involved in cancer in many ways. Dietary lipids, 

including micronutrients such as fat–soluble antioxidants, may play a 

role in predisposing to, or protecting from cancer. The development of 

cancer involves cellular changes that include alterations to lipid 

components of the cell (and this may be relevant to the design of new 

treatments). Finally, there may be a role for certain dietary lipids in the 

control or treatment of certain cancers or aspects of cancer
13

. 

Fixed oil and fats are believed to act in diverse ways, all of which could 

be seen as targeting cells with a high rate of cell division. They may act 

by disrupting signal transduction and signaling pathways, e.g. inhibition 

of the phosphoinositide–specific phospholipase C with suppression of 

the diacylglycerol–protein kinase C pathway, or inhibition of 

phosphocholine cytidylyl transferase leading to inhibition of 
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phosphatidyl choline biosynthesis de novo
14

. These compounds have 

shown great promise in cellular systems, but their clinical application 

has been limited by problems of toxicity to the intestinal tract (whose 

cells are also characterized by a high rate of division)
15

. 

Though fixed oil and fats serve as one of the main components of human 

diets, however some of them portend danger to man as a result of their 

toxicity. Toxic fixed oil and fats include ones containing cyclopropenes, 

long–chain monoenes, trans–unsaturated fatty acids and lipid peroxides. 

Cyclopropenes of the fatty acids, those containing a cyclopropene ring 

have been considered toxic as a result of their ability to inhibit the Ä9–

desaturase. 

One result of this is to alter membrane permeability as seen in „pink– 

white disease‟. If cyclopropene fatty acids are present in the diet of 

laying hens, the permeability of the membrane surrounding the yolk is 

increased, allowing release of pigments into the yolk
16

. Cottonseed oil is 

the only important oil in the human diet that contains cyclopropene fatty 

acids. However, their concentration in the natural oil is low (0.6–1.2%) 

and is reduced still further to harmless levels (0.1–0.5%) by processing. 

There has been no evidence that consumption of cottonseed oil in 

manufactured products has had any adverse nutritional effects
17

.  
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1.3 Essential oils 

Essential oils are highly volatile, aromatic yields obtained from plants. 

Due to their volatility, they can easily be extracted by the method of 

steam distillation from different natural sources
18

. 

Essential oils have been used for thousands of years in various cultures 

for medicinal and health purposes. They are concentrated hydrophobic 

liquid containing volatile (easily evaporated at room temperatures) 

chemical compounds from plants. Because of their antidepressant, 

stimulating, detoxifying, antibacterial, antiviral and calming properties, 

they are recently gaining popularity as a natural, safe and cost-effective 

therapy for a number of health concerns. Essential oils are aromatic 

compounds found in great quantities in oil sacs or oil glands present at 

different depths in the fruit peel, mainly flavedo part and cuticles
19

. In 

addition, essential oils are aromatic oily liquids extracted from different 

parts of plants for instance, leaves, barks, seeds, flowers and peels
20

. 

They can be obtained by expression, fermentation, effleurage or 

extraction but among all the methods, steam distillation and hydro 

distillation are widely used for commercial production of essential 

oils
21,22

. 

 The essential oils have been used for centuries for different purposes 

and regarded with great intrigue, albeit many their uses have been lost 

with time, it is by and large acknowledged that people have been 

extracting them from fragrant plants since the very beginning of 
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humankind. Essential oils have been used by ancient Egyptians in 

medication, perfumery, and in the craft of planning bodies for 

entombment through preservation. In Asian region, the Vedas classified 

the employments of these aromatic essences for remedial and worship 

purposes. Indeed, through the ages, humans have utilized essential oils 

for different purposes, including religious uses, production of scents or 

for curing purposes against deadly ailments
23

. 

Nearly 3000 diverse essential oils have been depicted. Of these, around 

300 are utilized monetarily in the seasoning and scents advertise. In any 

case, the high diversity in the chemical composition of aromatic plants 

shows a possibly significant problem for the scent producing industry
21

. 

1.3.1 Extraction methods of essential oils  

 Different methods are used in extraction, but the most common and 

prevalent methods are Steam Distillation, Cold Pressing and Solvent 

Extraction. 

Thus, the chemical composition of the oil, both quantitative and 

qualitative, differs according to the extraction technique. For example, 

hydro-distillation and steam-distillation methods yield oils rich in 

terpene hydrocarbons. In contrast, the super-critical extracted oils 

contained a higher percentage of oxygenated compounds
24

. 

Some of the extraction methods are given below: 
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1.3.1.1 Hydro-distillation 

The technique involves distillation of water that is in direct contact with 

fresh or sometimes dried macerated plant materials. Plant material is 

grinded and weighed, then transferred into a set up known as Clevenger 

apparatus. Plant material is heated in two to three times its weight of 

water with direct steam.  

The distillation vessel is heated over heating mantle and the water 

vapour and oil are removed through a water cool condenser. 

1.3.1.2 Hydro-diffusion 

Hydro-diffusion is a method of extracting essential oils in which steam 

at atmospheric pressure (low-pressure steam <0-1 bar) is passed through 

the plant material from the top of the extraction chamber, thus resulting 

in the oils that retain the original aroma of the plants
25

. 

1.3.1.3 Steam-Distillation  

Steam distillation is the oldest and the traditional method of oil 

extraction
26

. In this method, pure aromatherapy oils extracted yield 

pristine oil, free from impurities. The process works by placing plant 

material in a container while steam is passed through it. Heat from the 

steam opens pockets of plant containing aromatic molecules and oils. 

When released, these molecules rise with the steam and pass through a 

closed system. The aromatic steam is then passed through a cooling 

process and distilled with cold water. During this process, the essential 
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oils condense and transform into liquid state
27

. The liquid mixture is 

separated later into two-essential oils and aromatic water or hydrosol
28

. 

Steam distillation takes into account a variety of things, including the 

pressure of steam passed through plant material, the coolant used and the 

temperature of the closed system during production of oil etc.,
29

. 

An oil‟s quality and purity are based on all these factors and the skill of 

the distiller. Reputed distillers‟ oils are rated high owing to the quality 

and purity of their extracts
30

. 

1.3.1.4 Cold-pressing  

This method is used to extract oils from the citrus family of fruits where 

oils are produced from the rind of fruits like tangerines, grapefruits, 

lemons, oranges and others
31

. Though they are only known as expressed 

oils, they are classified under essential oils due to their high therapeutic 

value. Using mechanical pressure, oils are forced out of the fruits in 

juice form. Since the juicy form of oils contain a lot of water, a 

separation process is carried out to separate oils from water. One 

downside to this method is that cold-pressed oils spoil quickly than other 

oils. Therefore, it is recommended that these oils are bought in small 

quantities and refilled whenever required
32

. 

1.3.1.5 Solvent Extraction  

Some plant material cannot tolerate heat (in steam form) or be subjected 

to cold-pressing. When they are subjected to any such method, the oil 

thus produced may be contaminated or impure in quality
33

. To avoid 
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this, some plants like Jasmine, Rose, Orange Blossom (Neroli), 

Tuberose and Oak are extracted through solvents. Solvents such as 

ethanol, ether, methanol, hexane, alcohol, and petroleum are used to 

extract essential oils
34,35

. This process works by passing plant materials 

through hydrocarbon solvents. The solvent mixture is then filtered and 

distilled in low pressure to produce essential oils
35

. A downside to this 

method is that, sometimes, solvent residues remain in the oils, which can 

cause allergic reactions in certain individuals. 

1.3.1.6 Microwave assisted process (MAP) 

The MAP process uses microwave to excite water molecules in plant 

tissue causing the cells to rupture and release the essential oil trapped in 

the extra cellular tissue of the plants
36

. 

This technique has been developed and reported by many authors as a 

technique for extraction of essential oils in order to obtain a good yield 

of the essence and to reduce the time of extraction
37

. 

 

 

Figure 1.1: Several methods for extracting essential oils form different plants 
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Other forms for acquiring essential oils incorporate effleurage and 

maceration with the recent systems employing extraction with 

supercritical liquids or solvents. Maceration can be utilized when the 

yield from distillation is low, while effleurage and solvent extraction is 

reasonable for sensitive, costly and thermally unstable materials
38

. 

Generally, essential oils are acquired through water distillation or steam 

distillation from various organs of the plant, including the entire plant or 

simply the fruits, wood, leaves, roots, bark, or seeds
18

. 

1.3.2Components of Essential Oils 

Every single oil normally has more than a hundred components, but the 

number of component changes depending on the oil in question. 

However, the most important active compounds are included in two 

chemical groups: terpenoids (monoterpenoids and sesquiterpenoids) and 

phenylpropanoids. These two groups originate from different precursors 

of the primary metabolism and are synthesized through separate 

metabolic pathways. Like all organic compounds, essential oils, are 

made up of hydrocarbon molecules and can further be classified as 

terpenes, alcohols, esters, aldehydes, ketones and phenols etc.  

Other components of essential oils which include Oxygenated 

compounds, phenols, alcohols, monoterpene alcohols, sesquiterpene 

alcohols, aldehydes, Ketones, esters, lactones, coumarins, ethers
39

. 
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1.3.2.1 Terpenoids 

Terpenes and terpenoids are the primary constituents of the essential oils 

of many types of plants and flowers
40

. Within terpenoids, the most 

important components of essential oils of the majority of plants are 

found in the monoterpenoid and sesquiterpenoid families
41

. 

Monoterpene/monoterpenoid compounds are found in nearly all 

essential oils and have a structure of 10 carbon atoms with at least one 

double bond. Examples of monoterpenes and monoterpenoids include 

geraniol, terpineol (present in lilacs), limonene (present in citrus fruits), 

myrcene (present in hops), linalool (present in lavender) or pinene 

(present in pine trees)
42

. They react readily to air and heat sources and 

for this reason, citrus oils do not last long, since they are high in 

monoterpene hydrocarbons and have a quick reaction to air, and are 

readily oxidized
43

. 

sesquiterpenes consist of 15 carbon atoms with the molecular formula 

C15H24 and have complex pharmacological actions such as chamazulene, 

which is found in German chamomile
44

. Oxygenated groups are the most 

common type of functional group found in essential oils. As with 

terpenes, it is important to understand the different classes of oxygenated 

compounds that exist, as each class contributes its own unique potential 

health benefits
43

. 
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1.3.2.2 Esters 

Esters are compounds that result from the reaction of an alcohol with an 

acid (esterification) and are very common and are found in a large 

number of essential oils. They are calming and relaxing and tend to be 

fruity with therapeutic effects, which include being sedative and 

antispasmodic. Linalyl acetate, a well-known ester which is found in 

bergamot, clary sage, lavender as well as petit grain with geraniol 

acetate found in sweet marjoram are one of the beneficial compounds in 

essential oils
45

. Some esters also have anti-fungal and anti-microbial 

properties like the anti-fungal properties in geranium oil
46

. 

1.3.2.3 Ketones 

Ketones are sometimes mucolytic and neuro-toxic when isolated from 

other constituents. They stimulate cell regeneration, promote the 

formation of tissue, and liquefy mucous. They are helpful with 

conditions such as dry asthma, colds, flu, and dry cough and are largely 

found in oils used for the upper respiratory system Essential oils that 

contain Ketones include Clary sage, Hyssop, Idaho, Tansy, Rosemary 

and Western red cedar
47

. 

1.3.3 Classification of essential oils Based on Aroma 

Essential Oils can also be classified based on aroma/smell of the oil. 

This classification of oils can be categorized into Citrus, Herbaceous, 

Medicinal/Camphorous, Floral, Resinous oils and Woody, Earthy, Minty 

and Spicy oils
48

. 
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1.3.3.1 Citrus Oils 

Essential oils that have a distinct citrus flavor fall into this category. 

Bergamot, Grapefruit, Lemon, Lime, Orange and Tangerine are some of 

the plants that produce Citrus oils
49

. 

1.3.3.2 Herbaceous Oils 

Oils that are extracted from plants, which are otherwise most useful 

herbs. These oils can be extracted from plants such as Basil, Chamomile, 

Melissa, Clary Sage, Hyssop, Marjoram, Peppermint and Rosemary are 

some of this kind
50

. 

1.3.3.3 Camphoraceous Oils 

These are essential oils with a particular healing property. Some of these 

essential oils are obtained from Cajeput, Tea Tree, borneol-like, earthy 

and mugwort-like and rosemary- like, with a fruity, dried plum-like 

background
48

. 

1.3.3.4 Floral Oils 

Oils made from floral parts or which carry the floral essence of plants 

fall under this group. Geranium, Jasmine, Lavender, Rose, Neroli, 

Chamomile, Ylang-Ylang etc. are some of the plants that produce these 

oils
51

. 

1.3.3.5 Woody Oils 

Essential oils that are woody in aromas or extracted from the barks and 

other woody parts of plants. Cedar wood, Cinnamon, Cypress, Juniper 

Berry, Pine and Sandalwood etc. produce such oils
52

. 



 

15 
 

1.3.3.6 Earthy Oils 

Essential oils that have a distinct earthy aroma or are extracted from 

plants‟ roots and other earthy parts. Angelica, Patchouli, Vetiver and 

Valerian produce some of these oils
53

. 

1.3.3.7 Spicy Oils 

Oils extracted from spices or spicy plants such as thyme, cloves, 

Aniseed, Black Pepper, Cardamom, Cinnamon, Coriander, Cumin, 

Ginger and Nutmeg
54

. 

1.3.4 Applications of essential oils  

The utilization of essential oils is to a great degree assorted relying upon 

the source, quality, extraction strategy, and so on. Essential oils have 

demonstrated modern applications in the fabricate of fragrances, 

beautifying agents, soaps, shampoos, or cleaning gels. Another 

fascinating part of these oils is their potential as medicines in aroma 

based therapies or as carriers for drug delivery. Another major utilization 

of essential oils is in the agro food business, both for creating 

refreshments and for enhancing sensorial properties of food items. 

1.3.4.1 Beauty care products 

The utilization of essential oils in the beauty care products, detergent, 

soap and scent industry is of great concern from a financial point of 

view. The generation of essential oils for preparation of perfumes and 

scents has expanded enormously on a global level and simultaneously 

collection of these aromatic plants. Salvia, lavender and thyme species 
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are highly consumed to produce these aromatic yields. Sufficient 

determination of the crude source material and method employed for the 

extraction are fundamental components for enhancing the nature of the 

volatile yields.  

1.3.4.2 Pharmaceutic and therapeutics 

Essential oils are utilized as a part of pharmaceutics for their potential as 

therapeutic agents
55

. This is particularly the instance of the essential oils 

from peppermint (Mentha piperita), sage (Salvia officinalis), anise (P. 

anisum), eucalyptus (E. globulus), clove (S. aromaticum), and tea tree 

(M. alternifolia). These oils are utilized as an expectorant for treating 

bronchitis and cough (eucalyptus essential oil), as antibacterial agents 

(sage, clove and tea tree oil), as a decongestant of the respiratory tract 

(peppermint oil), and as a carminative (anise oil). Moreover, clove oil is 

utilized as a part of dentistry for its antimicrobial and pain-relieving 

properties while tea tree oil is utilized in the field of dermatology (anti-

acne drug) as it possesses antimicrobial properties against Gram-positive 

microbes
56

. In pharmaceutics, essential oils are used to enhance sensory 

attributes of pharmaceutical drugs. The prime application of essential 

oils in pharmaceutics is aromatherapy. Different strategies can be 

utilized to administer essential oils isolated from different plant sources. 

The term "aromatherapy" was coined by Gattefossé in the 1920s and 

was restored by Maury in the 1960s. Since the 1980s, its prominence has 

expanded relentlessly. In current times, it is genuinely entrenched in 
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Germany, New Zealand, Australia, Canada, France, Switzerland, the 

United States, and United Kingdom
57

. The most well-known application 

strategy for essential oils is local application of these oils along with 

some carrier oils after being diluted to a concentration. They can 

likewise be breathed in the steaming water after addition of few drops or 

by methods for a humidifier or atomizer. Moreover, they can be used as 

balms, compresses and creams. In any case, oral utilization of essential 

oils through encapsulation or other customized discharge techniques has 

been presented as a successful strategy for getting the helpful impacts of 

these essences
58

. 

1.3.4.3 Agro food 

Essential oils are utilized as a part of a wide range of food products, for 

example, confectionery sodas, and alcoholic drinks. Apart from being 

consumed as a seasoning material, they are also utilized as a part of 

agriculture and food industry for their antimicrobial, antiviral, 

antifungal, insecticidal, nematocidal, and anticancer attributes
59,60

. Due 

to these reasons, their use as preservatives in food and as an agent has 

been indicated
61

. Numerous essential oils have antibacterial as well as 

anti-oxidative properties
62

. yet their application as additives in food 

items requires a detailed learning of their properties, including the 

inhibition of the microorganisms on target, the particular method of 

activity, their antibacterial effectiveness, and the possible interaction 

impact on their antibacterial attributes with food components
18

. 
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1.3.5 Biological Activity of Essential Oils 

1.3.5.1 Antibacterial Activity 

An important feature of essential oils is their hydrophobicity, which 

allows them to partition into lipids of the cell membrane of bacteria, 

disrupting the structure, and making it more permeable
63

. This can then 

cause leakage of ions and other cellular molecules
64

. Although a certain 

amount of leakage of bacterial cells can be tolerated without loss of 

viability, greater loss of cell contents or critical output of molecules and 

ions can lead to cell death
65

. 

EOs and/or their constituents can have a single target or multiple targets 

of their activity. For instance, trans-cinnamaldehyde can inhibit the 

growth of Escherichia coli and Salmonella typhimirium without 

disintegrating the OM or depleting intracellular ATP. Similar to thymol 

and carvacrol, trans-cinnamaldehyde likely gains access to the periplasm 

and deeper portions of the cell
66

. Carvone is also ineffective against the 

OM and does not affect the cellular ATP pool
67

. 

It has been reported that EOs containing mainly aldehydes or phenols, 

such as cinnamaldehyde, citral, carvacrol, eugenol, or thymol were 

characterized by the highest antibacterial activity, followed by EOs 

containing terpene alcohols. Other EOs, containing ketones or esters, 

such as β-myrcene, α-thujone, or geranyl acetate, had much weaker 

activity, while volatile oils containing terpene hydrocarbons were 

usually inactive
68,69

. 
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Generally, essential oils with a high level of phenolic compounds, such 

as carvacrol, eugenoland thymol have important antibacterial activities
68

. 

These compounds are responsible for the disruption of the cytoplasmic 

membrane, the driving force of protons, electron flow, active transport, 

and also coagulation of cell contents
63,65

. Evidently, the structure of 

essential oils affects their mode of action concerning their antibacterial 

activity
70

. 

The presence of hydroxyl group in the phenolic compounds, such as 

carvacrol and thymol, is extremely vital for the antimicrobial activity of 

essential oils
64,70

. 

The relative position of the phenolic hydroxyl group on the aromatic 

ring of phenols does not appear to influence the intensity of the 

antibacterial activity. For example, the activity of thymol against 

Bacillus cereus, Staphylococcus aureus, and Pseudomonas aeruginosa 

appears to be comparable to that of carvacrol
64,71

. 

It has been shown that carvacrol and thymol act differently against 

Gram-positive and Gram-negative species
70

. Thymol, eugenol, and 

carvacrol have exhibit antimicrobial activity against a broad spectrum of 

bacteria including Escherichia coli, Bacillus cereus, Listeria 

monocytogenes, Salmonella enterica, Clostridium jejuni, Lactobacillus 

sake, Staphylococcus aureus, and Helicobacter pyroli
72

. 

Many other compounds also have valuable antibacterial properties 

including certain alcohols, aldehydes, and ketones, monoterpene 
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(geraniol, linalol, menthol, terpineol, thujanol, myrcenol, citronelîaî, 

neral, thujone, camphor, carvone, etc.), phenylpropanes 

(cinnamaldehyde), and monoterpenes (γ-terpinene, p-cymene). Among 

these compounds, carvacrol is the most active. Since is non-toxic, it is 

used as a preservative and food flavoring in drinks, sweets, and other 

preparations. 

Noteworthy that essential oils are more active against Gram-positive 

than Gram-negative bacteria
73,74

. The latter are less susceptible to the 

action of essential oils with the outer membrane surrounding the cell 

wall that restricts the diffusion of hydrophobic compounds through its 

lipopolysaccharide film
73

. 

The antibacterial activity of essential oils related to their chemical 

composition, the proportions of volatile molecules, and their 

interactions
70,74

. Antagonism is observed when the effect of one or both 

compounds is less important when they are tested together than when 

used individually
75

. A synergistic effect is observed when the 

combination of substances is greater than the sum of the individual 

effects
76

. 

Literature data suggests that the use of the whole essential oil provides 

an effect which is greater than that of the major components used 

together
21

. This suggests that minor components are essential for activity 

and may have a synergistic effect.  
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A synergistic effect has been observed when a combination of 1,8-

cineole and aromadendrene is used against methicillin-resistant 

Staphylococcus aureus (MRSA) and vancomycin-resistant Enterococcus 

faecalis
55

. The combined effects of plant volatile oils and benzoic acid 

derivatives against L. monocytogenes and S. enteritidis are considered as 

synergistic since the combined components allowed ≥log10 higher 

inhibition than the sum of the inhibitory effects of the components used 

separately
77

. 

Enhanced antifungal activity was observed when using combinations 

(1:5, 1:7, and 1:9) of essential oils of S. aromaticum (clove) and 

Rosmarinus officinalis against C. albicans
78

. Lambert et al. (2001) 

reported that a combined, carvacrol and thymol showed additive effects 

against S. aureus and P. aeruginosa. 

Thesynergistic effects of cinnamaldehyde/thymol 

orcinnamaldehyde/carvacrol against S. typhimurium has been explained 

as follows : thymol or carvacrol could increase the permeability of the 

cytoplasmic membrane, and probably enable cinnamaldehyde to be more 

easily transported into the cell, and, on the other hand, that thymol or 

carvacrol could increase the number, size, or duration of the existence of 

the pores created by the binding of cinnamaldehyde to proteins in the 

cell membrane
79

. These facts justify a synergistic effect achieved when 

these two components are used in combination. Mechanisms of 

interaction that produced antagonistic effects were less studied
80

. 



 

22 
 

Moreover, essential oils have also revealed to be effective on the 

inhibition of growth and reduction in numbers of the more serious food-

borne pathogens, such as Salmonella spp., E. coli, and Listeria 

monocytogenes
77

. 

1.3.5.2 Antioxidant Activity 

It has been shown that the antioxidant properties of essential oils depend 

on its composition. Those phenolics and secondary metabolites with 

conjugated double bonds usually exhibit substantial antioxidative 

effect
81

. 

 Generally essential oils are dominated by oxygenated monoterpenes 

such as alcohols (Achillea filipendulina), aldehydes 

(Galaganiafragrantissima), ketones (Anethumgraveolens, Artemisia 

rutifolia, Hyssopusseravschanicus, Mentha longifolia, and 

Ziziphoraclinopodioides), andesters (Salvia sclarea). Artemisia 

absinthium and Artemisia scoparia predominantly contain monoterpene 

hydrocarbons, whereas phenolic terpenoids, such as thymol or carvacrol, 

characterize Origanumtyttanthum and Mentha longifoliaessential oils, 

which would explain why both plants exhibited generally the strongest 

antioxidant activity. Thymol and carvacrol are major components in 

Origanumtyttanthum, these components are responsible for the 

antioxidant activity of several other essential oils, such as Mentha 

longifolia and Thymus serpyllus
82

. 



 

23 
 

It has been reported that the essential oils of cinnamon, nutmeg, clove, 

basil, parsley, oregano, and thyme are characterized by the most 

important antioxidant properties
78

. Thymol and carvacrol are the most 

active compounds. Their activity is related to their phenolic structure.   

Phenolics of essential oils have redox properties and, thus, play an 

important role in neutralizing free radicals and also in peroxide 

decomposition
21

. The antioxidant potential of essential oils is also 

attributed to certain alcohols, ethers, ketones, aldehydes and 

monoterpenes like linalool, 1,8-cineoIe, geranial/neral, citronellal, 

isomenthone, menthone, and some monoterpenes: α-terpinene, β-

terpinene and α-terpinolene
78

. 

Those essential oils which possess significant scavenging capacity of 

free radicals may play an important role in some disease prevention, 

such as brain dysfunction, cancer, heart disease, and immune system 

decline. Such diseases may result from cellular damage caused by free 

radicals
78

. Several essential oils exhibited hepatoprotective effect in 

ageing mammals
83

. 

Wedeliachinensis essential oil seems to increase both the level of 

catalase and glutathione peroxidase in the lung and liver tissues, whereas 

in the serum the level of catalase decreased on the 22nd day (2.32 ± 

0.016 Lung tissue 6.47 ± 0.060 liver tissue,0.94 ± 0.007 serum). 

Furthermore, the level of Glutathione Peroxidase GPx in the liver (the 

range) was found to be decreased in the EO-treated group compared to 
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the cancer-induced group and control group, whereas the level of GPx in 

the lung tissue was found to be low (76.2 ± 1.66)
84

. 

1.3.5.3 Anti-inflammatory Activity 

The inflammatory response is a normal protective response induced by 

tissue injury or infection and is initiated to combat invaders in the body 

(microorganisms and non-self-cells) and to remove dead or damaged 

host cells. The inflammatory response induces an increase of 

permeability of endothelial lining cells and influxes of blood leukocytes 

into the interstitium, oxidative burst, and release of cytokines, such as 

interleukins and tumor necrosis factor-α (TNF-α). It also stimulates the 

activity of several enzymes (oxygenases, nitric oxide synthases, 

peroxidases, etc.), as well as the arachidonic acid metabolism.  

In recent years essential oils have been used in clinical settings to treat 

inflammatory diseases, such as rheumatism, allergies, or arthritis
80

. 

It has been shown that Melaleuca alternifolia essential oil has a 

considerable anti-inflammatory activity
81,82,83

. This activity is correlated 

with its major compound: α-terpineol
85

. The active compounds act by 

inhibiting the release of histamine or reducing the production of 

inflammation mediators. The essential oil from Geranium is another 

example
80

. Linalool and linalyl acetate showed anti-inflammatory 

activity on oedema of paw-induced mouse carrageenan
86

.  

Essential oil from Torreya nucifera which mainly contain limonene, δ-3-

carene, and α-pinene, has an inhibitory effect on COX-2, thus inducing a 
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significant inhibitory effect on prostaglandin (PGE2) production. 

Furthermore, 1,8-cineole, present in many essential oils, was reported as 

an inhibitor of leukotrienes (LTB4) and PGE2, bio generated both from 

pathways of arachidonic acid metabolism
87

. 

The anti-inflammatory activity of essential oils may be attributed not 

only to their antioxidant activities but also to their interactions with 

signaling cascades involving cytokines and regulatory transcription 

factors, and on the expression of pro-inflammatory genes. Essential oils, 

therefore, represent a new option in the treatment of inflammatory 

diseases. 

1.4 Gas Chromatography–Mass Spectrometry (GC-MS) 

Gas Chromatography–Mass Spectrometry (GC-MS) is a powerful 

analytical tool that combines the separation properties of gas-liquid 

chromatography with the detection feature of mass spectrometry to 

identify different substances within a test sample.  

Gas-liquid chromatography separates the volatile and thermally stable 

substitutes in a sample whereas GC-MS fragments the analyte to be 

identified on the basis of its mass. The further addition of mass 

spectrometer in it leads to GC-MS/MS. Superior performance is 

achieved by single and triple quadrupole modes
88

. 

The presence of a mass spectrometer as the detector in gas 

chromatography was developed during the 1950s after being originated 

by James and Martin in 1952.   
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1.4.1 Principle of GC-MS 

The gas chromatography-mass spectrometry machine consists of two 

major components. The gas chromatography portion separates different 

compounds in the sample into pulses of pure chemicals based on their 

volatility
89

, by flowing an inert gas (mobile phase), which carries the 

sample, through a stationary phase fixed in the column
90

. Spectra of 

compounds are collected as they exit a chromatographic column by the 

mass spectrometer, which identifies and quantifies the chemicals 

according their mass-to-charge ratio (m/z). These spectra can then be 

stored on the computer and analyzed
89

. 

 

 

 

 

 

 

 

 

 

Figure 1.2 :The insides of the GC-MS, with the column of the gas chromatography on the right 
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The gas chromatography-mass spectrometry instrument is composed of 

two major building blocks: the gas chromatograph and the mass 

spectrometer. The gas chromatograph utilizes a capillary column which 

depends on the column's dimensions (length, diameter, film thickness) 

as well as the phase properties (e.g. 5% phenyl polysiloxane). The 

difference in the chemical properties between different molecules in a 

mixture will separate the molecules as the sample travels the length of 

the column. The molecules are retained by the column and then elute 

from the column at different times (the retention time), and this allows 

the mass spectrometer downstream to capture, ionize, accelerate, deflect, 

and detect the ionized molecules separately. The mass spectrometer does 

this by breaking each molecule into ionized fragments and detect the 

fragments
91

.  

 

 

 

 

 

 

 

Figure 1- 3: TheGC-MS schematic 

 

When GC and MS are used together, GC-MS allows a much finer degree 

of substance identification than used separately. It is not possible to 
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make an accurate identification of a particular molecule by gas 

chromatography or mass spectrometry alone. The mass spectrometry 

process normally requires a very pure sample while gas chromatography 

using a traditional detector (e.g. Flame ionization detector) cannot 

differentiate between multiple molecules that happen to take the same 

amount of time to travel through the column (i.e. have the same 

retention time), which results in two or more molecules that co-elute
92

. 

Sometimes two different molecules can also have a similar pattern of 

ionized fragments in a mass spectrometer (mass spectrum). Combining 

the two processes reduces the possibility of error. 

 

1.5 The target plant species 

1.5.1 Caraway (CarumcarviL.) 

-Scientific classification: 

Kingdom:      Plantae 

Clade:            Tracheophytes 

Order:            Apiales 

Family:          Apiaceae 

Genus:           Carum 

Species:         C. carvi 

 

CarumcarviL. is a plant in the family Apiaceae. It is one of the earliest 

cultivated herbs in Asia, Africa and Europe. Carumcarvi is used 

traditionally as a carminative for stomach disorders, diarrhea, and colic, it 
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is also used in veterinary medicine
93

. This plant has a long history of use 

as a household remedy especially in the treatment of digestive complaints 

where its antispasmodic action soothes the digestive tract and its 

carminative action relieves bloating caused by wind and improves the 

appetite
94,95

. 

Seeds of Carumcarvi can be chewed raw for the almost immediate relief 

of indigestion and can also be made into infusions. The seed is also used 

in the treatment of bronchitis and are an ingredient of cough remedies. 

This plant is especially useful for children and for mothers for increasing 

breast milk. A tea made from the seeds is a pleasant stomachic and 

carminative, it has been used to treat flatulent colic
96,97

. The seed is used 

in Tibetan medicine where it is considered to have an acrid taste and a 

heating potency. It is used to treat failing vision and loss of appetite
98

. 

Two components isolated from Carumcarvi-Carvone and limonene - 

were found to induce the detoxifying enzyme glutathione-S-transferase 

in several mouse target tissues
99

. Carvone, specifically, was found to be 

responsible for the high enzyme-inducing and related anticarcinogenic 

activities.Carumcarvishowed a dose-dependent antiulcerogenic activity, 

associated with a reduced acid output and an increased mucin secretion 

as well as an increase in prostaglandin E2 release and a decrease in 

leucotrienes
100

. Moreover, antibacterial and potent antioxidant activities 

(through hydroxyl and lipid peroxide superoxide radicals inhibition) 

have been demonstrated for Carum carvi
101

. 
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In clinical studies, phytotherapeutic combinations containing caraway oil 

exhibited beneficial effects on gastro-intestinal symptoms, such as 

dyspepsia and functional dyspeptic syndrome
102,103

. None of these studies 

clearly defined the effects of caraway on gastro-intestinal motor 

activities, as the clinical dyspeptic syndrome is a complex 

pathophysiological process in which alteration of motility, alteration of 

sensation as well as psychosocial factors are involved in the generation of 

dyspepsia
104

. Caraway oil inhibited the motor activities of SMC of the 

gallbladder, stomach, trachea and ileum
103,105

. Recently, in vitro and in 

vivo experiments demonstrated antihypertensive, antispasmodic, 

bronchodilator and hepatoprotective activities for C. carvi seeds
106

. 

 

Figure 1.4:CarumcarviL. Seeds. 

 

1.5.2 Coriandrum sativum L. (Coriander) 

-Scientific classification: 

Kingdom:      Plantae 
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Order:            Apiales 

Family:          Apiaceae 

Genus:           Coriandrum 

Species:         C. sativum 

 

Coriander (Coriandrum sativum L.) is an annual herb in the family 

Apiaceae. Coriander is native to south-western parts of Asia and North 

Africa. This plant grows up to 50 cm tall. The leaves are variable in 

shape, broadly lobed at the base of the plant and slender and feathery 

higher on the flowering stems. The flowers are borne in small umbels, 

white or very pale pink. The fruit is a globular dry schizocarp which 

commonly called seed
107

. Being known as aromatic, medicinal and 

condimental plant. The whole aerial parts of Coriander, specially the 

leaves, present essential oil with an unpleasant odour, while the dry 

fruits are rich in essential oil and have both odor and taste very pleasant. 

So, they have been widely used in food industry to prepare liqueur
108

. 

Coriander has a long history of traditional uses including: antioxidant, 

hypoglycemic, hypolipidemic, antibacterial, anti-mutagenic potential
109

, 

stimulant, diuretic and diaphoretic activity, so it is used in disorders of 

respiratory, digestive and urinary systems in the Indian traditional 

medicine. It also has been indicated for a number of medical problems in 

Iranian traditional medicine such as convulsion, dyspeptic complaints, 

insomnia, loss of appetite
110

, to cure ulcer, inflammation, spasm and acts 

as an expectorant, protects and soothes liver. Coriander fruits have a 
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health-supporting reputation that is high on the list of the healing spices. 

They are used in medicine as a carminative, diuretic and also used in the 

preparation of many house hold medicines to cure bed cold, seasonal 

fever, nausea, and stomach disorders
109

. 

The use of coriander dated back to around 1550 BC, and it was one of 

the oldest spice crops in the world. The powdered fruit, fluid extract and 

oil are chiefly used medicinally as flavouring to disguise the taste of 

active purgatives and correct their griping tendencies. The whole or 

ground seed (fruit) was an ingredient of pickling spices, also used to 

flavor various commercial foods, particularly, to prepare some instant 

soups and dishes, in many cakes, breads and other pastries, alcoholic 

beverages, frozen dairy desserts, candy, and puddings. The fruit essential 

oil was a common ingredient in creams, detergents, surfactants, 

emulsifiers, lotions, and perfumes
111

. However, seeds were applied 

locally to alleviate swelling and pains. Externally, powdered green 

coriander was used to alleviate burning sensation and pain in diseases 

like inflammation caused by erysipelas and lymphadenopathy. 

Decoction of green coriander was used in stomatitis. Nasal drops of 

green coriander act as a hemostat and thus stop bleeding in epistaxis. 

Juice or decoction of green coriander was used in conjunctivitis. The 

seeds were included in many prescriptions as carminative and for the 

treatment of fever, diarrhea, vomiting and indigestion. Coriander was 

used internally as tonics. It was also used for syncope and memory loss. 
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Fresh juice of leaves was used as gargle in sore throat and stomatitis. 

Paste of leaves were locally applied for swellings and boils and were 

applied over forehead and temples for headache
112

. 

 

 

 

 

 
Figure1.5: Coriandrum sativumL. Seeds. 

1.5.3 Hibiscus sabdariffa L. (Roselle) 

-Scientific classification: 

Kingdom:      Plantae 

Order:            Malvales 

Family:          Malvaceae 

Genus:           Hibiscus 

Species:         H. sabdariffa 

 

Hibiscus (H.) sabdariffa Linn. is a plant in the family Malvaceae. It is 

commonly termed as “Roselle” or “Red sorrel” in English. This plant is 

widely grown in Central and West Africa, South-East Asia, and in parts 

of West India, Jamaica and Central America
113

. Its native distribution is 

uncertain, some believe that is from India or Saudi Arabia
114

, while 

Murdock
115

 showed evidence that Hibiscus sabdariffa L. was 

domesticated by the black populations of western Sudan (Africa) before 

4000 BC. It has been traditionally used as antiseptic, astringent, 

cholagogue, aphrodisiac, demulcent, diuretic, emollient, purgative, 
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digestive, stomachic, sedative and tonic. The plant was also reported to 

be used for high blood pressure, liver diseases, fever, ulcers, abscesses 

and anemia
116

. In Egypt, preparations from the calyces have been used to 

treat cardiac andnerve diseases and also to increase the production of 

urine (diuresis). In Egypt and Sudan, an infusion of „„Karkade‟‟ calyces 

are also used to help lower body temperature
117

. In Guatemala it is used 

for treating drunkenness
118

. In North Africa, calyces‟ preparations are 

used to treat sore throats and coughs, as well as genital problems, while 

the emollient leaf pulp is used for treating external wounds and 

abscesses
119

. In India, a decoction from the seeds is used to relieve pain 

in urination and indigestion. In Brazil, the roots are believed to have 

stomachic and emollient properties. In Chinese folk medicine, it is used 

to treat liver disorders and high blood pressure
118

. In Iran, sour hibiscus 

tea is reportedly a traditional treatment for hypertension
120

, while in 

Nigeria the decoction of the seeds is traditionally used to enhance or 

induce lactation in cases of poor milk production, poor letdown and 

maternal mortality
121

. 

The seed oil of H. sabdariffa revealed the presence of cholesterol, 

campasterol, stigmasterol, ß-sitosterol, α-spinasterol, and ergosterol
113

 

(Ali et al., 2005). Besides, the seed oil contains steroids, tocopherols, 

unsaturated fatty acids (70%) such as linoleic acid, cellulose, pentosans, 

and starch
116

. Seed is an excellent source of proteins (25.2%) they also 

contain protease inhibitors, phytic acid and gossypol
122

. The infusion 



 

35 
 

prepared from the calyx of Hibiscus sabdariffa has been shown to 

decrease both systolic and diastolic blood pressure in patients from 30 to 

80 years of age with diagnosed hypertension
123

. 

 

 

 

 

 

 

 

Figure 1.6: Hibiscus sabdariffa L. Seeds. 

1.5.4Lagenaria sicerariaL. 

-Scientific classification: 

Kingdom:      Plantae 

 Order:            Cucurbitales  

 Family:          Cucurbitaceae 

 Genus:           Lagenaria 

 Species:         L. siceraria 

 

Lagenaria siceraria Standley is a common fruit vegetable in the family 

Cucurbitaceae. The fruit has many uses in ethnomedicine, it is also 

valued as a nutrient. Fruit is considered as a good source of carotene, 

vitamin C and B complex 
124,125

. 

Preliminary phytochemical screening revealed the presence of 

flavonoids, tannins, alkaloids, and steroids
126,127

. The plant also contains 

polyphenols, cucurbitacins and fibre
128

.Fruit is used as diuretic, 

immunosuppressant, cardio-protective and cardio-tonic
129,130

.
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It has been reported that Lagenaria siceraria possesses antioxidant
131,132

, 

antidepressant
133

 and hepatoprotective properties
134

. Seeds which 

contain leganin and a ribosome - inactivating protein has anti- HIV, 

antiproliferative and antitumor potential
135

. Seeds are also used 

traditionally against dropsy and intestinal worms Seeds are also valuable 

nutrient containing amino acids, minerals and vitamins
136,137

. 

 

 

 

 

 

Figure 1.7: Lagenaria sicerariaL. (bottle gourd) seeds 

 

1.5.5 Nerium oleanderL. 

-Scientific classification: 

Kingdom:      Plantae 

 Order:            Gentianales 

 Family:          Apocynaceae 

 Genus:           Nerium 

 Species:         N. oleander 

 

Nerium oleander is an evergreen small tree in the family Apocynaceae. 

The centre of origin of this species is the Mediterranean region and the 
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Indo-Pakistan subcontinent
138

. This draught-tolerant plant is widely 

grown in tropics, subtropics and temperate regions as an ornamental 

plant
139

. 

For many years Nerium oleander has been mentioned in ancient texts 

and folklore medicine. All parts of the plant have been used in 

ethnomedicne. The leave juice, in small doses, is used against eye 

diseases and snake bite. Bark is expectorant, diuretic, emetic and heart 

tonic.
138

 Root is used for leprosy, ulcer, hemorrhoids and cancer
140,141

. 

Roots showed digoxin-like cardiac activity beside antimicrobial 

effect
142

.Leaves are applied externally for scabies. The flowers are 

diuretic, cardiotonic, expectorant and emetic
143

.Leaves are also used for 

baldness and diabtes
144

. The stem extracts showed antimicrobial 

potency
145

.The antiviral
146

, anti-inflammatory
146-148

, anticancer
146,149

, 

antimicrobial
150

, larvicidal
150-154

, immunomodulating
148

, antidiabetic
155-

157
 and diuretic

148
 activities of Nerium oleander have been reported. 

 

 

 

 

 

 

 

Figure 1.8: Nerium oleander L.(Oleandrin) seeds 
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Aim of study 

This study was aimed to: 

-Extract oils from five medicinal plants (Carum carviL., Coriandrum 

sativum L., Hibiscus sabdariffa L., Lagenaria siceraria and Nerium 

oleander L.). 

-Analyze the extracted oils by GC-MS. 

-Evaluate the antimicrobial activitغ of the target oils.    
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Chapter Two 

Materials and Methods 
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2 Materials and Methods 

 

2.1 Materials  

2.1.1 Plant materials 

Carum carviL. Coriandrum sativum L. and Hibiscus sabdariffa L. seeds 

were purchased from Dakahlia Market in Egypt. The seeds of Lagenaria 

sicerariaL. were collected from Nyala-western Sudan while Nerium 

oleander L. seeds were collected from Kordofan-western Sudan. The 

plants were identified and authenticated by direct comparison with 

reference herbarium samples. The plant material was shade - dried at 

room temperature and finally powdered. 

2.1.2 Instruments  

The GC-MS analysis was conducted on a Shimadzo GC-MS-QP2010 

Ultra instrument with a RTX-5MS column (30m, length; 0.25mm 

diameter; 0.25 μm, thickness).  

2.1.3 Test organisms 

The targeted oils were screened for antimicrobial activity using five 

standardmicroorganisms,Gram +ve:Bacillus subtilis and Staphylococcus 

aureus;Gram -ve:Pseudomonas aeruginosa and Escherichia coli; fungal 

strain:Candida albicans. 
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2.2 Methods  

2.2.1 Extraction of oil  

Powdered seeds of target plants (400g) were exhaustively macerated 

with n-hexane. The solvent was removed under reduced pressure and the 

oil was kept in the fridge at 4
o
C for further work. 

2.2.2 Gas Chromatography–Mass Spectrometry analysis  

The target oils were analyzed by GC-MS. A Shimadzo GC-MS-QP2010 

Ultra instrument with a RTX-5MS column (30m, length; 0.25mm 

diameter; 0.25 μm, thickness) was used. Helium (purity; 99.99 %) was 

used as carrier gas. Oven temperature program and other 

chromatographic conditions are shown below: 

Table 2.1: Oven temperature program 

Rate                     Temperature(
o
C)    Hold Time (min.

-1
) 

- 

4.00 

150.0 

300.0 

1.00 

0.00 
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Table 2.2: Chromatographic conditions 

 

2.2.3 Antimicrobial assay 

a) Preparation of bacterial suspensions 

One mL aliquots of a 24 hours broth culture of the test organisms were 

aseptically distributed onto nutrient agar slopes and incubated at 37º C 

for 24 hours. The bacterial growth was harvested and washed off with 

100 mL sterile normal saline, to produce a suspension containing about 

10
8
- 10

9
 C.F.U/mL. The suspension was stored in the refrigerator at 4° C 

till used. The average number of viable organisms per mL of the stock 

suspension was determined by means of the surface viable counting 

technique.  
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Serial dilutions of the stock suspension were made in sterile normal 

saline solution and 0.02 mL volumes of the appropriate dilution were 

transferred by micro pipette onto the surface of dried nutrient agar 

plates. The plates were allowed to stand for two hours at room 

temperature for the drops to dry and then incubated at 37 °C for 24 

hours. After incubation, the number of developed colonies in each drop 

was counted. The average number of colonies per drop (0.02 mL) was 

multiplied by 50 and by the dilution factor to give the viable count of the 

stock suspension, expressed as the number of colonies forming units per 

ml suspension.  

b) Preparation of fungal suspension 

The fungal cultures were maintained on Sabouraud dextrose agar, 

incubated at 25 °C for 4 days. The fungal growth was harvested and 

washed with sterile normal saline and finally suspension in 100mL of 

sterile normal saline, and the suspension were stored in the refrigerator 

until used.    

c) Testing of antibacterial susceptibility 

The paper disc diffusion method was used to screen the antibacterial 

activity of plant extracts and performed by using Mueller Hinton agar 

(MHA). Bacterial suspension was diluted with sterile physiological 

solution to 10
8
cfu/ mL (turbidity = McFarland standard 0.5). One 

hundred microliters of bacterial suspension were swabbed uniformly on 
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surface of MHA and the inoculum was allowed to dry for 5 minutes. 

Sterilized filter paper discs (Whatman No.1, 6 mm in diameter) were 

placed on the surface of the MHA and soaked with 20 µL of a solution 

of each plant extracts. The inoculated plates were incubated at 37 °C for 

24 h in the inverted position. The diameters (mm) of the inhibition zones 

were measured and recorded as average of two replicates.  
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Chapter Three 

Results and Discussion 
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3Results and Discussion 

This research was designed to study the oils of five potential medicinal 

plants (CarumcarviL., Coriandrum sativum L., Hibiscus sabdariffa L., 

LagenariasicerariaL. and Nerium oleander L.). The constituents of the 

oils have been characterized by GC-MS and the antimicrobial potential 

of the oils has been evaluated. 

3.1 CarumcarviL. 

 3.1.1 The GC-MS analysis of CarumcarviL. 

CarumcarviL. oil was studied by GC-MS. The analysis showed thirteen 

constituents dominated by,9-octadecenoic acid (Z)- methyl ester 

(69.67%); 9,12-octadecadienoic acid (Z,Z)-methyl ester (12.07%) and 

10-nonadecanone (5.84%)-Table 3.1. 

 

Fig 3.1: Total ions chromatograms of CarumcarviL.oil 
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Table 3.1: Constituents of CarumcarviL. oil 

No. Name Ret.Time Area% 

1.  Naphthalene, 1,2,3,4,4a,5,6,8a-octahydro-4a,8-dimethyl-2-

(1-methylethenyl)-, [2R-(2.alpha.,4a.alpha.,8a.beta.)]-  

10.366 0.23 

2.  7-Oxabicyclo[4.1.0]heptane, 1-methyl-4-(1-methylethenyl)-  10.884 0.12 

3.  9-Hexadecenoic acid, methyl ester, (Z)-  14.898 0.30 

4.  Hexadecanoic acid, methyl ester  15.083 5.39 

5.  9,12-Octadecadienoic acid (Z,Z)-, methyl ester 16.736 12.07 

6.  9-Octadecenoic acid (Z)-, methyl ester  16.846 69.67 

7.  Methyl stearate  17.001 3.38 

8.  Oxiraneundecanoic acid, 3-pentyl-, methyl ester, trans-  18.515 0.78 

9.  8,11,14-Eicosatrienoic acid, methyl ester  18.618 0.62 

10.  Eicosanoic acid, methyl ester  18.745 0.33 

11.  Hexadecanoic acid, 2-hydroxy-, methyl ester  19.377 0.71 

12.  10-Nonadecanone  24.294 5.84 

13.  Stigmasterol  26.023 0.56 

 

Major components of the oil are : 

i) 9-Octadecenoic acid (Z)-, methyl ester (69.67%) 

ii) 9,12-Octadecadienoic acid (Z,Z)-, methyl ester (12.07%) 

iii) 10-Nonadecanone (5.84%) 
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iv) Hexadecanoic acid, methyl ester (5.39%) 

The mass spectrum of 9-octadecenoic acid (Z)-, methyl ester is 

presented in Fig 3.2. The peak at m/z 296, which appeared at R.T. 

16.846, corresponds to M
+
[C19H36O2]

+
. The peak at m/z 265 corresponds 

to loss of a methoxyl function. The mass spectrum of 9,12-

octadecadienoic acid (Z,Z)-, methyl ester is shown in Fig3.3. The peak 

at m/z 294(R.T. 16.736) corresponds to M
+
[C19H34O2]

+
 . The signal at 

m/z 263 corresponds to loss of a methoxyl group. The mass spectrum of 

10-nonadecanone is displayed in Fig3.4. The signal at m/z 282(R.T. 

24.294) is due to M
+
[C19H38O]

+
 . The peak at m/z 251 accounts for loss 

of a methoxyl group. The mass spectrum of hexadecanoic acid, methyl 

ester is presented in Fig 3.5. The peak at m/z 270, which appeared at 

R.T. 15.083, corresponds to M
+
[C17H34O2]

+
 . The signal at m/z 239 is 

due to loss of a methoxyl function. 
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Fig3.2: Mass spectrum of 9-octadecenoic acid (Z)-, methyl ester 

 

Fig. 3.3: Mass spectrum of 9,12-octadecadienoic acid (Z,Z)-, methyl ester 
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Fig3.4: Mass spectrum of 10-nonadecanone 

 

 

 

Fig 3.5: Mass spectrum of hexadecanoic acid, methyl ester 

3.1.2 Antimicrobial activity 

The oil from seeds of Carumcarviwas screened for antimicrobial activity 

against five standard microorganisms. The average of the diameters of 

the growth inhibition zones are depicted in Table (3.2). 

Results were interpreted as follows:(>9mm: inactive;9-12mm: partially 

active;13-18mm: active;<18mm: very active). Ampicilin, gentamicin 
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and clotrimazole were used as positive controls. The oil showed 

moderate activity against Escherichia coli and Bacillus subtilis, it also 

shown moderate anticandidal activity. However, it exhibited partial 

activity against Staphylococcus aureus. 

Table 3.2: Antimicrobial activity of Carumcarvi L. oil 

Sample Sa Bs Ec Pa Ca 

Oil(100 mg/mL) 12 15 15 -- 15 

 

Table 3.3: Antibacterial activity of standard antibacterial agents 

Drug Conc(mg/mL)  Bs Sa Ec Ps 

Ampicilin 40 

20 

10 

15 

14 

11 

30 

25 

15 

-- 

-- 

-- 

-- 

-- 

-- 

Gentamycine 40 

20 

10 

25 

22 

17 

19 

18 

15 

22 

18 

15 

21 

15 

12 

 

Table 3.4: Antifungal activity of standard antifungal agent 

Drug Conc.(mg/mL) Ca 

Clotramizole 30  

15  

7.5 

38  

31  

29 

Sa.: Staphylococcus aureus 
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Bs.: Bacillus subtilis  

Ec.: Escherichia coli  

Pa.: Pseudomonas aeruginosa  

Ca.: Candida albicans  

 

3.2 Coriandrum sativum L. 

3.2.1 The GC-MS analysis of Coriandrum sativum L. 

The GC-MS analysis of Coriandrum sativum L. oil showed twenty 

constituents. The total ion chromatogram (TIC) is given in Fig. (3.6) 

while the constituents of the oil are outlined in Table 3.5. 

 

Fig3.6: Total ions chromatograms of Coriandrum sativum L. oil 

Major components of the oil are discussed below: 

i) 9-Octadecenoic acid (Z)-, methyl ester (72.22%) 

ii) 9,12-Octadecadienoic acid (Z,Z)-, methyl ester (16.20%) 

iii)Hexadecanoic acid, methyl ester (6.52%). 
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Table 3.5: Constituents of Coriandrum sativum L.oil 

No. Name Ret.Time Area% 

1.  .alpha.-Pinene  3.225 0.02 

2.  D-Limonene  4.339 0.02 

3.  .gamma.-Terpinene 4.721 0.09 

4.  1,6-Octadien-3-ol, 3,7-dimethyl-  5.261 0.60 

5.  Bicyclo[2.2.1]heptan-2-one, 1,7,7-trimethyl-, (1S)-  5.957 0.03 

6.  Methyl tetradecanoate 13.129 0.09 

7.  Pentadecanoic acid, methyl ester  14.200 0.05 

8.  7-Hexadecenoic acid, methyl ester, (Z)-  14.991 0.30 

9.  9-Hexadecenoic acid, methyl ester, (Z)-  15.014 0.66 

10.  Hexadecanoic acid, methyl ester  15.214 6.52 

11.  cis-10-Heptadecenoic acid, methyl ester 15.981 0.12 

12.  Heptadecanoic acid, methyl ester  16.190 0.05 

13.  9,12-Octadecadienoic acid (Z,Z)-, methyl ester  16.900 16.20 

14.  9-Octadecenoic acid (Z)-, methyl ester  17.015 72.22 

15.  Methyl stearate  17.134 1.93 

16.  cis-11-Eicosenoic acid, methyl ester 18.645 0.65 

17.  Eicosanoic acid, methyl ester  18.868 0.22 

18.  13-Docosenoic acid, methyl ester, (Z)-  20.305 0.07 

19.  Docosanoic acid, methyl ester  20.484 0.09 
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20.  Tetracosanoic acid, methyl ester  21.983 0.07 

 

The EI mass spectrum of 9-octadecenoic acid (Z)-, methyl ester is 

presented in Fig. 3.7. The peak at m/z 296, which appeared at R.T. 

17.015, in total ion chromatogram, corresponds M
+
[C19H36O2]

+
. The 

signal at m/z 265 corresponds to loss of a methoxyl function 

Fig (3.8) demonstrates the mass spectrum of 9,12-octadecadienoic acid 

(Z,Z)-, methyl ester. The signal at m/z 294(R.T. 16.900) is due to 

M
+
[C19H34O2]

+
. The peak at m/z 263 accounts for loss a methoxyl group. 

The mass spectrum of hexadecanoic acid, methyl ester is presented in 

Fig 3.9. The signal at m/z 270(R.T. 15.214) corresponds to 

M
+
[C17H34O2]

+
 while the peak at m/z 239 is due to loss of a methoxyl . 

.  
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Fig. 3.7: Mass spectrum of 9-octadecenoic acid (Z)-, methyl ester 

 

Fig3.8: Mass spectrum of 9,12-octadecadienoic acid (Z,Z)-, methyl ester 

 

Fig 3.9: Mass spectrum of hexadecanoic acid, methyl ester 

3.2.2 Antimicrobial activity 

The oil was evaluated for antimicrobial activity. the averages of 

diameters of the growth inhibition zones are shown in Table 3.6. 
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Table 3.6: Inhibition zones(mm/mg sample) 

 

 

 

 

 

 

 

 

The oil showed moderate antibacterial activity against Escherichia coli 

and Bacillus subtilis, it also shown moderate anticandidal activity. 

However, it exhibited partial activity against Pseudomonas aeruginosa 

and Staphylococcus aureus. 

3.3 Hibiscus sabdariffa L. 

3.3.1 The GC-MS analysis of Hibiscus sabdariffa L. 

GC-MS analysis of Hibiscus sabdariffa L. oil revealed twenty four 

constituents (Table 3.7). The total ion chromatogram (TIC) is given in 

Fig. (3.10). 

Type Sa Bs Ec Pa Ca 

Oil(100mg/mL) 11 14 14 11 14 

Ampicilin(40mg/mL) 30 15 -- -- -- 

Gentamicin 

(40mg/mL) 

19 25 22 21 -- 

Clotrimazole 

(30mg/mL) 

-- -- -- -- 38 
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Fig 3.10: Total ions chromatogramsof Hibiscus sabdariffa L. oil 

Major components of the oil are: 

i)9-Octadecenoic acid (Z)-, methyl ester (30.23%) 

ii) 9,12-Octadecadienoic acid (Z,Z)-, methyl ester (28.33%) 

iii) Hexadecanoic acid, methyl ester (19.37%) 

iv)Methyl stearate (6.66%) 

The EI mass spectrum of 9-octadecenoic acid (Z)-, methyl ester is 

presented in Fig 3.11. The peak at m/z 296, which appeared at R.T. 

16.944, in total ion chromatogram, corresponds to M
+
[C19H36O2]

+
. The 

peak at m/z 265 corresponds to loss of a methoxyl function 

Fig (3.12) demonstrates mass spectrum of 9,12-octadecadienoic acid 

(Z,Z)-, methyl ester. The peak at m/z 294, which appeared at R.T. 
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16.888, corresponds to M
+
[C19H34O2]

+
. The peak at m/z 263 corresponds 

to loss of a methoxyl group. 

Mass spectrum of hexadecanoic acid, methyl ester methyl ester is shown 

in Fig. 3.13. The peak at m/z 270, which appeared at R.T. 15.228, 

corresponds to M
+
[C17H34O2]

+
. The peak at m/z 239 corresponds to loss 

of a methoxyl function. 

Mass spectrum of methyl stearate is presented in Fig 3.14. The peak at 

m/z 298, which appeared at R.T. 17.124, in total ion chromatogram, 

corresponds to M
+
[C19H38O2]

+
 . The peak at m/z 267 corresponds to loss 

of a methoxyl group. 

Table 3.7: Constituents of Hibiscus sabdariffa L. oil 

No. Name Ret.Time Area% 

1.  Methyl tetradecanoate 13.109 0.27 

2.  7-Hexadecenoic acid, methyl ester, (Z)-  14.970 0.03 

3.  9-Hexadecenoic acid, methyl ester, (Z)-  15.009 0.27 

4.  Hexadecanoic acid, methyl ester  15.228 19.37 

5.  cis-10-Heptadecenoic acid, methyl ester 15.956 0.18 

6.  Heptadecanoic acid, methyl ester  16.180 0.13 

7.  8,11-Octadecadienoic acid, methyl ester 16.626 0.69 

8.  9,12-Octadecadienoic acid (Z,Z)-, methyl ester  16.888 28.33 

9.  9-Octadecenoic acid (Z)-, methyl ester  16.944 30.23 

10.  Methyl stearate  17.124 6.66 
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11.  Methyl 2-octylcyclopropene-1-octanoate  17.533 0.23 

12.  10-Nonadecenoic acid, methyl ester  17.886 2.08 

13.  11-Octadecenoic acid, methyl ester  18.645 0.17 

14.  cis-11-Eicosenoic acid, methyl ester 18.662 0.25 

15.  Eicosanoic acid, methyl ester  18.864 1.13 

16.  9,12,15-Octadecatrienoic acid, methyl ester, (Z,Z,Z)-  18.942 0.70 

17.  8,11,14-Docosatrienoic acid, methyl ester  19.055 0.62 

18.  13-Docosenoic acid, methyl ester, (Z)-  20.301 0.70 

19.  Docosanoic acid, methyl ester  20.479 0.45 

20.  Tetracosanoic acid, methyl ester  21.977 0.36 

21.  .gamma.-Sitosterol  23.545 0.78 

22.  Stigmasterol  24.568 0.52 

23.  .beta.-Sitosterol  25.254 5.50 

24.  Campesterol 26.813 0.35 
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Fig 3.11: Mass spectrum of 9-octadecenoic acid (Z)-, methyl ester 

 

Fig 3.12: Mass spectrum of 9,12-octadecadienoic acid (Z,Z)-, methyl ester 

 

Fig 3.13: Mass spectrum of hexadecanoic acid, methyl ester 
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Fig 3.14: Mass spectrum of methyl stearate 

3.3.2 Antibacterial activity 

The oil was screened for antimicrobial activity against five standard 

organisms. The averages of diameters of the growth inhibition zones are 

shown in Table 3.8. 

Table 3.8: Inhibition zones (mm/mg sample) 

 

 

 

 

 

The oil showed moderate antibacterial activity against Pseudomonas 

aeruginosa and Bacillus subtilis, it also shown moderate anticandidal 

activity. However, it exhibited partial activity against Escherichia coli 

and Staphylococcus aureus. 

Type Sa Bs Ec Pa Ca 

Oil(100mg/mL) 12 13 12 14 14 

Ampicilin (40mg/mL) 30 15 -- -- -- 

Gentamicin (40mg/mL) 19 25 22 21 -- 

Clotrimazole(30mg/mL) -- -- -- -- 38 
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3.4 Lagenariasiceraria L. 

3.4.1 The GC-MS analysis of Lagenariasiceraria L. 

The GC-MS analysis of LagenariasicerariaL.oil showed 9 components 

dominated by fatty acids (Table 3.9). The total ions chromatogram is 

shown in Fig.3.15. 

 

Fig.3.15: Total ions chromatogramsof LagenariasicerariaL. oil 

 

Table 3.9: Constituents of LagenariasicerariaL. oil 

No. Name Ret.Time Area% 

1.  Hexadecanoic acid, methyl ester  16.411 3.39 

2.  n-Hexadecanoic acid  16.908 10.15 

3.  9,12-Octadecadienoic acid (Z,Z)-, methyl ester  18.164 19.56 

4.  9-Octadecenoic acid (Z)-, methyl ester  18.205 1.43 

5.  Methyl stearate  18.428 2.02 

6.  Linoleic acid ethyl ester  18.716 57.96 

7.  9,11-Octadecadienoic acid, methyl ester, (E,E)-  18.797 3.15 

8.  Octadecanoic acid  18.891 1.41 

9.  Squalene  24.354 0.93 

The oil was dominated by: 
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i)- Linoleic acid ethyl ester (57.96%). 

ii)- 9,12-Octadecadienoic acid methyl ester (19.56%). 

iii) n-Hexadecanoic acid (10.15%). 

The mass spectrum of linoleic acid ethyl ester is illustrated in Fig. 3.16. 

The signal at m/z308(RT.18.716) is due to the molecular ion 

:[C20H36O2]. Fig.3.17 shows the mass spectrum of 9,12-octadecadienoic 

acid methyl ester. The peak at m/z 294 (RT. 18.164) corresponds : M
+ 

[C19H34O2]
+
. The mass spectrum of n-hexadecanoic acid is presented in 

Fig.3.18. The peak at m/z 256  (RT.16.908) is due to M
+ 

[C16H32O2]
+
.  

 

 

Fig. 3.16 :Mass spectrum of linoleic acid ethyl ester 

 

 

Fig. 3.17 : Mass spectrum of 9,12-octadecadienoic acid methyl ester 
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Fig.3.18 :Mass spectrum of hexadecanoic acid 

 

3.4.2 Antimicrobial activity 

The oil from seeds of Lagenariasicerariawas screened for antimicrobial 

activity against five standard microorganisms. The average of the 

diameters of the growth inhibition zones are depicted in Table (3.10). 

Results were interpreted as follows: (>9mm: inative;9-12mm: partially 

active;13-18mm: active;<18mm: very active). Ampicilin, gentamicin 

and clotrimazole were used as positive controls. The oil showed 

moderate activity against Pseudomonas aeruginosa beside weak activity 

against Staphylococcus aureus and Bacillus subtilis. 
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Table 3.10 : Inhibition zones(mm/mg sample) 

 

 

 

 
 

 

 

 

 

 

Sa.: Staphylococcus aureus 

Bs.: Bacillus subtilis   

Ec.: Escherichia coli  

Pa.: Pseudomonas aeruginosa  

Ca.: Candida albicans  

 

3.5 Nerium oleander L. 

3.5.1 The GC-MS analysis of Nerium oleander L. 

Nerium oleanderL.oil was studied by GC-MS which revealed 23 

components (Table 3.11). Fig. 3.19 shows the total ions chromatograms. 

Fig.3.19: Total ions chromatogramsof Nerium oleander L. oil 

Type Sa Bs Ec Ps Ca 

Oil(100mg/mL) 12 10 -- 15 -- 

Ampicilin(40mg/mL) 30 15 -- -- -- 

Gentamicin(40mg/mL) 19 25 22 21 -- 

Clotrimazole(30mg/mL) -- -- -- -- 38 
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Table 3.11: Constituents of Nerium oleander L. oil 

ID# Name Ret.Time Area% 

1 Dodecanoic acid, methyl ester  11.715 0.30 

2 Methyl tetradecanoate 14.135 0.77 

3 Pentadecanoic acid, methyl ester  15.285 0.17 

4 2-Pentadecanone, 6,10,14-trimethyl-  15.525 0.05 

5 7,10-Hexadecadienoic acid, methyl ester  16.065 0.03 

6 7-Hexadecenoic acid, methyl ester, (Z)-  16.130 0.05 

7 9-Hexadecenoic acid, methyl ester, (Z)-  16.175 0.53 

8 Hexadecanoic acid, methyl ester  16.345 24.85 

9 Heptadecanoic acid, methyl ester  17.380 0.20 

10 9,12-Octadecadienoic acid (Z,Z)-, methyl ester  18.100 34.95 

11 9-Octadecenoic acid (Z)-, methyl ester  18.195 7.69 

12 9,12,15-Octadecatrienoic acid, methyl ester, 

(Z,Z,Z)-  

18.235 6.36 

13 Phytol  18.305 1.93 

14 Methyl stearate  18.380 9.66 

15 8,11,14-Docosatrienoic acid, methyl ester  19.830 2.71 
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16 cis-11-Eicosenoic acid, methyl ester 19.995 1.97 

17 Eicosanoic acid, methyl ester  20.220 2.82 

18 Oxiraneoctanoic acid, 3-octyl-, methyl ester, cis-  20.915 0.33 

19 Heneicosanoic acid, methyl ester  21.085 0.31 

20 Docosanoic acid, methyl ester  21.920 2.18 

21 Tricosanoic acid, methyl ester  22.735 0.44 

22 15-Tetracosenoic acid, methyl ester, (Z)-  23.345 0.36 

23 Tetracosanoic acid, methyl ester  23.500 1.34 

 

 

Dominant constituents of the oil are: 

i- 9,12-Octadecadienoic acid (Z,Z)-, methyl ester(34.05%(. 

ii- Hexadecanoic acid, methyl ester(24.85%) 

iii- Methyl stearate(9.66%) 

iv- 9-Octadecenoic acid (Z)-, methyl ester(7.69%) 

v- 9,12,15-Octadecatrienoic acid, methyl ester, (Z,Z,Z)-(6.36%). 

Fig.3.20 shows the mass spectrum of 9,12-octadecadienoic acid methyl 

ester. The peak at m/z 294(RT. 18.100)corresponds M
+ 

[C19H34O2]
+
. The 

mass spectrum of hexadecanoic acid methyl ester is presented in Fig. 

3.21. The peak at m/z 270 (RT.16.345) is due to M
+ 

[C17H34O2]
+
. 

Fig.3.22 

showsthemassspectrumofmethylstearate.Thesignalatm/z298(R.T.18.380)

correspondsM+[C19H38O2]
+,whilethepeakat 
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m/z267accountsforlossofamethoxyl.The mass spectrum of 9-

octadecenoic acid methyl ester is presented in Fig.3.23. The signal at 

m/z296 (RT.18.195) corresponds M
+
 [C19H36O2]

+
. Fig.3.24 illustrates 

the mass spectrum of 9,12,15-octadecatrienoic acid, methyl ester. The 

molecular ion [C19H32 O2]
+
  appeared at m/z292(RT. 18.235). 

 

Fig.3.20: Mass spectrum of 9,12-octadecadienoic acid methyl ester 

 

Fig.3.21: Mass spectrum of hexadecanoic acid methyl ester 
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Fig.3.22: Mass spectrum of methyl stearate 

 

Fig. 3.23: Mass spectrum of 9-octadecenoic acid methyl ester 

 

  

 

 

 

Fig.3.24: Mass spectrum of 9,12,15-octadecatrienoic acid methyl ester 

  

3.5.2 Antimicrobial activity 
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Nerium oleander oil was assessed for antimicrobial activity against five 

standard microorganisms. The average of the diameters of the growth 

inhibition zones are presented in Table (3.12). Results were interpreted 

in the following terms: (>9mm: inative;9-12mm:partially active;13-

18mm: active;<18mm:very active). Ampicilin, gentamicin and 

clotrimazole were used as positive controls. The oil showed moderate 

activity against all test organisms with the exception of the fungal 

species Candida albicans. 

 

 

Table 3.12 : Inhibition zones(mm/mg sample) 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Sa.: Staphylococcus aureus 

Bs.: Bacillus subtilis  

Ec.: Escherichia coli  

Pa.: Pseudomonas aeruginosa 

             Ca.: Candida albicans  

 

 

 

Type Sa Bs Ec Ps Ca 

Oil(100mg/mL) 14 13 14 15 -- 

Ampicilin(40mg/mL) 30 15 -- -- -- 

Gentamicin(40mg/mL) 19 25 22 21 -- 

Clotrimazole(30mg/mL) -- -- -- -- 38 



 

71 
 

 

 

 

Conclusion 

Five medicinal plants oils: CarumcarviL., Coriandrum sativum L., 

Hibiscus sabdariffa L., Lagenariasiceraria L. and Nerium oleander L. 

have been studied. GC-MS analysis of the target oils was conducted and 

the identification of the constituents was accomplished. In the 

antimicrobial assay the oils exhibited different antimicrobial responses.  

 

Recommendations 

- Other phytochemicals (steroids, alkaloids ...etc) of the studied plants 

may be isolated and their structures may be elucidated and the biological 

activity could be screened. 

- In vivo antimicrobial potency of the isolated oil may be conducted.  

- The isolated oils may be assessed for their antiviral, antimalarial and 

other biological activities. 
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