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1-Introduction 

 

1.1-The targeted plant species 

1.1.1- Acacia nubica Benth. 

Acacia genus is a large genus- about 1350 species- in the family 

Fabaceae1. These species are considered as substantial source of 

gallic and ellagic acids2 . Most of these species contain flavonoids 

beside other phenolics3. In ethnomedicine some Acacia species 

are used as antidiabetic, hypotensive, antiamoebic, antidiarrhoeic, 

anti- inflammatory4. 

 

Acacia nubica 
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The antimicrobial potential of many Acacia species has been 

documented5. In Sudanese system of medicine Acacia nilotica is 

used against cough, sore throat, malaria, intestinal worms and 

wounds6-9. Pods of Acacia nilotica are used commercially in 

Sudan for leather tanning10. The effect of the aqueous extract of 

Acacia nilotica pods on diabetic models has been studied.  

Diabetic rats exhibited hypoglycemia,significant increase in lipid 

peroxidation and elevated serum urea and creatinine11 . The gum 

from Acacia seyal- Gum Arabic- finds many traditional uses 

including kidney disorders. Though the pharmhacological effects 

of Gum Arabic were extensively investigated in animal models, 

there is paucity of data regarding quantified use in humans12 . 

Acacia gum has been used as demulcent in pharmaceutical 

preparations. The gum has been used traditionally for healing 

wounds and has been shown to inhibit early deposition of 

plaque13. The antioxidant capacity of the medicinally important 

species Acacia auricoliformis has been evaluated14. The ethanol 

extract of Acacia aroma showed significant activity against Gram 

positive bacteria15 . 

Acacia nubica Benth. is a herb reaching a height of 1-5m. It is 

distributed in Egypt, Sudan, Saudi Arabia and Iran. However , 

Little information is available about Acacia nubica. The present 
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study deals with the characterization of seed oil constituents and 

the antimicrobial potency of Acacia nubica. 

1.1.2- Foeniculum vulgare Mill. 

Foeniculum vulgare Mill. (fennel) is a perennial herb in the family 

Apiaceae. Fennel is widely cultivated in many countries where it 

is used as flavouring agent in baked foods16,17. Fennel is rich in 

some minerals like calcium, sodium, iron, potassium and 

phosphorus. The plant also contains fibre (18.5%), protein (9.5%); 

fats (10%) beside niacin, riboflavin and thiamine18 . Seeds of 

fennel which are hypotensive and diuretic are claimed to improve 

eyesight, while seed extract has been tested against glaucoma in 

experimental models19 . Fennel essential oil contains some 

bioactive molecules like anethole, fenchone, estragol, p- 

anisaldehyde and α-phellandrene 20,21. 

 

Foeniculum vulgare 
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Sterols, acetylated kaempferol and some benzoisofuranone 

derivatives have been reported from fennel22,23. Also some 

flavonoids have been isolated from fennel24-26. These phenolics 

seem to be responsible for the antioxidant properties of fennel. 

The antispasmodic , diuretic, antinflammatory, analgesic, 

hepatoprotective properties of fennel essential oil have been 

documented 27-30. It has been reported that fennel essential oil 

exhibited antimicrobial activity31,32. 

However, beside its health promoting properties, a constituent of 

fennel- leugenol- has become a cause of concern since the 

structurally related, methylleugenol has been listed as a potential 

carcinogenic agent33 

1.1.3-Cordia africana Lam. 

 Cordia africana Lam. (Synonym: Cordia abyssinica) is a small to 

medium-sized tree in the family Boraginaceae which comprises 

about 21 genera and 110 species34. Cordia africana grows up to 4-

15m in height. The plant is widely distributed in east and south 

Africa35. Cordia Africana has a common occurrence in western 

Sudan where it is locally known as "Teak or Gombail" 36-37.  
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Cordia africana 

 

Wood is moderately hard and durable wood and serves as raw 

material for making high quality furniture and household 

materials38. Cordia Africana is considered as a good source of 

herbal medicine, food (fruit is edible), firewood and bee forage 39-

41. The plant is used traditionally against stomach-ache, tooth-

ache, wounds and cough42. 

1.1.4-Acacia polyacantha Willd 

Acacia (Fabaceae) is a large genus comprising around 1350 

species. Most Acacia species are rich in bioactive molecules 

including flavonoids and other phenolics43. Some Acacia 

species are used traditionally as antiinflammmatory, 

antidiabetic, antidiarrhoeic antimicrobial and as 
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hypotensive44,45]. The medicinally important species – Acacia 

nilotica – is used in Sudanese system of medicine against 

malaria, diabetes, wounds and intestinal worms46-49  . Another 

Acacia species-Acacia seyal – is used against kidney 

disorders50. The antioxidant properties of Acacia 

auricoliformis has been reported51. 

 

Acacia polycantha 

Acacia polyacantha Willd. is an erect, deciduous tree distributed 

along tropical Africa extending from Gambia to Ethiopia , 

Kenya and Zimbabwe 52. The plant is used traditionally against 

gastrointestinal disorders53. 

1.1.5-Lens culinaris L 

Lens culinaris L. (Lentil) is an annual edible legume reaching 

40cm in height. Lens is a small genus in the family Fabaceae 

consisting of the cultivated variety- Lens culinaris and six 

other wild taxa54,55. In 2018 the global production of Lentil 
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reached 6.3 million tones mainly produced by Canada (33%) 

and India(25%)56,57. Lentil contains proteins beside some 

amino acids58 . It also contains starch and insoluble dietary 

fibers 59,60. The plant is a good source of prebiotics61  beside 

considerable amount of prebiotic carbohydrates thus preventing 

gut-associated diseases62,63.  

 

Lens culinaris 

 

Lentil is rich in potassium and has low fat and sodium 

content64 . It is a good source of iron65. This legume herb 

contains several important minerals including boron, copper, 

zinc, manganese, selenium and molybdenum. It also contains 

vitamins, niacin, riboflavin, pyridoxine, pantothenic acid, 

folate, α, β and γ- tocopherols 66,67. Beside these vitamins , the 

plant contains polyphenolics which act as free radical 
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scavengers68,69. It seems that Lantil is a diet with health 

promoting effects. 

1.2-Natural products 

A large number of modern drugs have been isolated or derived 

from plant material70-72 and many examples are known including : 

atropine, morphin,cocain..etc. More than 80% of the world 

population now depend on medicinal plants which contribute to 

the primary healthcare of different communities73-75. This is 

mainly due to the side effects of several synthetic drugs and the 

unaffordable cost of modern drugs . Medicinal plants include 

bioactive constituents(steroids, alkaloids,flavonoids..etc) which 

are very helpful in treating various ailments76 and may serve as 

leads for drug discovery and drug development. 

Natural products are defined as chemical substances produced by 

plants or animals. Natural products include any substance 

produced by life. Natural products can also be prepared by 

chemical synthesis (both semi-synthesis and total synthesis) and 

have played a central role in the development of the field of 

organic chemistry by providing challenging synthetic targets. The 

term natural product has also been extended for commercial 

purposes to refer to cosmetics, dietary supplements, and foods 

produced from natural sources without added artificial 

ingredients70. 

https://en.wikipedia.org/wiki/Chemical_substance
https://en.wikipedia.org/wiki/Chemical_synthesis
https://en.wikipedia.org/wiki/Semisynthesis
https://en.wikipedia.org/wiki/Total_synthesis
https://en.wikipedia.org/wiki/Organic_chemistry
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1.2.1--Saponins  

Saponins are constituting an important  class of natural product 

being found in abundance in a wide array of plant species.They 

are glycosides grouped phenomenologically by the soap-like 

foaming they produce when shaken in aqueous solutions, and 

structurally by having one or more hydrophilic glycoside moieties 

combined with a lipophilic triterpene derivative70.  

The aglycone (glycoside-free) portions of the saponins are termed 

sapogenins. The number of saccharide chains attached to the 

sapogenin/aglycone core can vary – giving rise to another 

dimension of nomenclature (monodesmosidic, bidesmosidic, 

etc.) – as can the length of each chain. A somewhat dated 

compilation has the range of saccharide chain lengths being 1–11, 

with the numbers 2-5 being the most frequent, and with both 

linear and branched chain saccharides being represented. Dietary 

monosaccharides such as D-glucose and D-galactose are among 

the most common components of the attached chains70.  

1.2.2--Tannins 

Tannins which are important class of natural products  are widely 

distributed in the plant kingdom, where they play a role in 

protection from predation, and perhaps also as pesticides, and in 

plant growth regulation. The astringency from the tannins is what 

https://en.wikipedia.org/wiki/Glycoside
https://en.wikipedia.org/wiki/Aqueous
https://en.wikipedia.org/wiki/Hydrophilic
https://en.wikipedia.org/wiki/Lipophilic
https://en.wikipedia.org/wiki/Triterpene
https://en.wikipedia.org/wiki/Aglycone
https://en.wikipedia.org/wiki/Sapogenin
https://en.wikipedia.org/wiki/D-glucose
https://en.wikipedia.org/wiki/Galactose
https://en.wikipedia.org/wiki/Astringency
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causes the dry and puckery feeling in the mouth following the 

consumption of unripened fruit or tea. Likewise, the destruction or 

modification of tannins with time plays an important role in the 

ripening of fruits.Tannins have molecular weights ranging from 

500 to over 3,000 (gallic acid esters) and up to 20,000 

(proanthocyanidins)70. 

1.2.3--Steroids  

Steroids are widely distributed in nature where they could be 

synthesized by both plants and animals.They are cyclic 

compounds characterized by an arrangement of seventeen carbon 

atoms in a four-ring structure, where the rings are three composed 

of 6-carbons (rings A, B, and C) followed by one with 5-carbons 

(ring D). Further common features are an 8-carbon side chain 

attached to a carbon on ring D, and two or more methyl groups at 

the points where adjacent rings are "fused". Hundreds of distinct 

steroids are found in animals, fungi, plants, and elsewhere, and 

specific steroids underlie proper structure and function in many 

biological processes. Their core tetracyclic ring structure is 

synthesized in each organism by biochemical pathways that 

involve cyclization of a thirty-carbon chain, squalene, into an 

intermediate, either lanosterol or cycloartenol. From such 

intermediates, organisms then derive critical steroids such as 

cholesterol, the sex hormones estradiol and testosterone and bile 

https://en.wikipedia.org/wiki/Ripening_of_fruit_%28wine%29
https://en.wikipedia.org/wiki/Molecular_weight
https://en.wikipedia.org/wiki/Gallic_acid
https://en.wikipedia.org/wiki/Ester
https://en.wikipedia.org/wiki/Proanthocyanidin
https://en.wikipedia.org/wiki/Fused_compound
https://en.wikipedia.org/wiki/Animal
https://en.wikipedia.org/wiki/Fungus
https://en.wikipedia.org/wiki/Plant
https://en.wikipedia.org/wiki/Squalene
https://en.wikipedia.org/wiki/Lanosterol
https://en.wikipedia.org/wiki/Cycloartenol
https://en.wikipedia.org/wiki/Cholesterol
https://en.wikipedia.org/wiki/Estradiol
https://en.wikipedia.org/wiki/Testosterone
https://en.wikipedia.org/wiki/Bile_acid
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acids. Based on such structures, synthetic and medicinal chemists 

synthesize novel steroids for use as drugs such as the anti-

inflammatory agent dexamethasone70. 

1.2.4-Glycoside  

In chemistry, a glycoside  is a molecule in which a sugar is bound 

to another functional group via a glycosidic bond. Glycosides play 

numerous important roles in living organisms. Many plants store 

chemicals in the form of inactive glycosides. These can be 

activated by enzyme hydrolysis, which causes the sugar part to be 

broken off, making the chemical available for use. Many such 

plant glycosides are used as medications. In animals and humans, 

poisons are often bound to sugar molecules as part of their 

elimination from the body71. 

1.2.5-Alkaloids  

Alkaloids are defined as natural basic nitrogen-containing 

compounds with pronounced physiological activity. Some 

synthetic compounds of similar structure are also termed 

alkaloids. In addition to carbon, hydrogen and nitrogen, alkaloids 

may also contain oxygen, sulfur and, more rarely, other elements 

such as chlorine, bromine, and phosphorus70.  

 

1.2.6-Flavonoids 

https://en.wikipedia.org/wiki/Bile_acid
https://en.wikipedia.org/wiki/Medicinal_chemistry
https://en.wikipedia.org/wiki/Anti-inflammatory
https://en.wikipedia.org/wiki/Anti-inflammatory
https://en.wikipedia.org/wiki/Dexamethasone
https://en.wikipedia.org/wiki/Chemistry
https://en.wikipedia.org/wiki/Molecule
https://en.wikipedia.org/wiki/Sugar
https://en.wikipedia.org/wiki/Glycosidic_bond
https://en.wikipedia.org/wiki/Enzymatic
https://en.wikipedia.org/wiki/Hydrolysis
https://en.wikipedia.org/wiki/Medication
https://en.wikipedia.org/wiki/Carbon
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Nitrogen
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Sulfur
https://en.wikipedia.org/wiki/Chlorine
https://en.wikipedia.org/wiki/Bromine
https://en.wikipedia.org/wiki/Phosphorus
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Flavonoids are defined as polyphenolic secondary metabolites 

which are universally distributed in green plant kingdom, located 

in cell vacuoles. These polyphenolics are associated with a variety 

of biological activities in plants, animals, and bacteria. In plants, 

flavonoids have long been known to be synthesized in particular 

sites and are responsible for color and aroma of flowers, fruit to 

attract pollinators consequently fruit dispersion; help in seed 

germination, growth and development of seedling. Flavonoids 

protect plants from different biotic and abiotic stresses and act as 

unique UV-filter,  Function as signal molecules, allelopathic 

compounds, phytoalexins, detoxifying agents, antimicrobial 

defensive compounds. Flavonoids have roles against frost 

hardiness, drought resistance and may play a functional role in 

plant heat acclimation and freezing tolerance70.  

More than 8000  flavonoids have been isolated and identified from 

plants to date. Flavonoids are associated with a wide range of 

biological and pharmacological activities, including: antioxidant 

activity, anticancer activity, protection against cancer formation 

(chemo-protection), , cardiovascular and hepatic protection, 

antibacterial, antifungal and antiviral activity.  

Flavonoids  also  play a vital role in hormone-related female 

diseases, such as breast cancer and menopausal syndrome. Due to 

their diverse physiological activities, flavonoids have therefore 
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been subjected to extensive research  in order to improve their 

activity 71. 

1.3- Essential oils 

Essential oils  are complex mixtures of volatile organic 

compounds produced as secondary metabolites in plants; they are 

constituted by hydrocarbons (terpenes and sesquiterpenes) and 

oxygenated compounds (alcohols, esters, ethers, aldehydes, 

ketones, lactones, phenols and phenol ethers)77. Essential oils are 

odiferous bodies of an oily nature, obtained almost exclusively 

from plant organs: flowers and buds, leaves, bark or wood, roots,  

stems, rhizomes, fruits and seeds78,79. Essential oils are generally 

liquid, and their pleasant odour and essence is responsible for the 

strong characteristic smell or fragrance of aromatic plants80. 

Essential oils can be found in various plant organs, being 

produced and stored in secretary structures that differ in 

morphology, structure, function, and distribution. These 

specialized structures minimize the risk of auto toxicity and can be 

found on the surface of the plant organs or within the plant tissues, 

being classified as external or internal secretary structures, 

respectively. In nature, essential oils play very important roles in 

plant defense and signaling processes . For example, essential oils 

are involved in plant defense against microorganisms, insects, and 

herbivores, attraction of pollinating insects and fruit-dispersing 
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animals, water regulation and all elopathic interactions81 . 

Essential oils are hydrophobic, are soluble in alcohol, non polar or 

weakly polar solvents, waxes and oils, but only slightly soluble in 

water and most are colourless or pale yellow, with exception of 

the blue essential oil of chamomile (Matricaria chamomilla) and 

most are liquid and of lower density than water (sassafras, vetiver, 

cinnamon and clove essential oils being exceptions) 82. 

1.3.1- Classification  of essential oil   

Essential oils may be classified using different criteria: 

consistency, origin, and chemical nature of the main components 

83-86. 

Essential oils depending on their consistency are classified as : 

i)Essences  

Fluid essences are liquids which are volatile at room temperature. 

ii)Balsams 

Balsams are natural extracts obtained from a bush or tree. They 

usually have a high benzoic and cynamic acid content with their 

corresponding esthers. They are thicker, not very volatile, and less 

likely to react by polymerising. Examples of balsams are copaiba 

balsam, Peruvian balsam, Banguy balsam, Tolu balsam, Liquid 

amber86. 

iii)Resins   
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Within the resin group we find a number of possible combinations 

and mixes: 

a)Resins   

These are amorphous solid or semi-solid products of a complex 

chemical nature. They are physiological or physio-pathological in 

origin. Colophony, for example, is obtained by separating 

trementine an oleoresin. It contains abietic acid and derivates86. 

b)Oleoresins  

These are homogeneous mixes of resins and essential oils. 

Trementine, for example, is obtained by making incisions in the 

trunk of different pine species. It contains resin (colophony) and 

essential oil (trementine essence) which are separated by steam 

drag distillation. The term oleoresin is also used to refer to 

vegetable extracts obtained using solvents, which should be 

virtually free of said solvents. They are frequently used instead of 

spices in foodstuffs and pharmacy because of their advantages 

(stability, microbiotic and chemical uniformity, and easy to add)86. 

c)Gum-resins  

These are natural plant or tree extracts. They are a mix of gums 

and resins. 

Essential oils depending on origin are classified as: 

 

i)Natural oils  
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Natural oils are obtained straight from the plant and are not 

modified physically or chemically afterwards. However, they are 

expensive because of their limited yield86. 

ii)Artificial oils  

Artificial oils are obtained using processes of enriching the 

essence with one or several of its components. For example, 

essences of rose, geranium, and jasmine are enriched with 

linalool, and aniseed essence with athenol86. 

iii)Synthetic oils 

As the name suggests, are usually produced by combining their 

chemically synthesised components. These are the cheapest and 

are thus much more commonly used as fragrance and taste 

enhancers (vanilla, lemon and strawberry essences…)86 

1.3.2-Constituents of essential oils 

Essential oils are complex mixtures of volatile organic compounds 

produced as secondary metabolites in plants; they are constituted 

by hydrocarbons (terpenes and sesquiterpenes) and oxygenated 

compounds (alcohols, esters, ethers, aldehydes, ketones, lactones, 

phenols and phenol ethers)87. 

1.3.2.1. Hydrocarbons 

The majority of essential oils fall into this category these contain 

molecules of hydrogen and carbon only 88,89 and are classified into 

terpenes (monoterpenes: C10, sesquiterpenes: C15, and 

diterpenes: C20). These hydrocarbons may be acyclic, alicyclic 
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(monocyclic, bicyclic or tricyclic) or aromatic. Limonene(1), α-

pinene (2) , myrcene (3)90-92 .  

 

 

1.3.2.2 -Alcohols 

Alcohols have the hydroxile group (OH) bonded to a C10 skeleton. 

Their names end in –ol. They are highly sought after for their 

aroma. In addition to their pleasant fragrance, alcohols are the 

most therapeutically beneficial of essential oil components. 

Linalool (4) gives tea taste , menthol(5) , another compound found 

in this group, is responsible for the smell and taste of mint90-94. 

 

 

 

 

1.3.2.3- Aldehydes  



18 
 

Aldehydes are highly reactive compounds. Their names end in –

al. Many of them, such as those found in citrus fruits, match their 

respective alcohol. For example:  geranial (6), and citronelal(7) 

90,95. 

 

 

1.3.2.4- Phenols 

They are only found in a few species These aromatic components 

are among the most reactive, potentially toxic and irritant, 

especially for the skin and the mucous membranes. The most 

important are thymol (8) and carvacrol (9) , eugenol(10)90,91. 

 

 

1.3.2.5-Ketones 

These are produce  by the oxidation of alcohol and fairly stable 

molecules they  end-one example Carvone (11). Ketones are not 

very common in the majority of essential oils are not particularly 
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important as fragrances or flavor substances. In some cases, 

ketones are neurotoxic and abortifacients such as camphor 

(12)90,94,96 .  

 

1.3.2.6- Esters 

Esters are sweet smelling and give a pleasant smell to the oils and 

are very commonly found in a large number of essential oils. They 

include for example, linalyl acetate (13), geranyl acetate 

(14)90,93,94,97. 

 

 

1.3.2.7- Ethers  

Ethers or monoterpenic oxides are reactive and unstable. One 

example common ether is 1.8 –cineol (also known as eucalyptol 

(15)83,86. 
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1.3.3- -Biological potential of essential oils    

Essential oils are natural volatile substances obtained from a 

variety of plants. Approximately 3000 essential oils are known, 

and 10% of them have commercial importance in the cosmetic, 

food, and pharmaceutical industries 98,99. In general, essential oils 

have a nice smell, that is why they are used in different industries, 

especially in odoants in perfumes (fragancias and lotions), in 

foodstuff (like flavoring and preservatives) and in pharmaceutical 

products (therapeutic   

Essential oils exhibit a wide spectrum of pharmacological 

activities such as infection control, wound healing, pain relief, 

nausea, inflammation and anxiety 100,101. Also, particular emphasis 

has been placed on the antibacterial, antifungal and insecticidal 

activities of essential oil from plants 102,103. 

 Traditional medicines containing essential oils have been 

scientifically proven to be effective in treating various ailments 

like malaria and others of microbial origin 104-105. It has been 
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observed that different essential oils overlap in their actions 

although they may differ in their chemical composition105. The 

biological activities of essential oils have been attributed to the 

composition or specific essential oil constituent. 

1.3.3.1- Antmicrobial potential of essential oils 

Many reviews discussing the antimicrobial properties of many 

essential oils have been published106;107 and the mechanism of 

action has been thoroughly discussed108. Hydrophobicity is an 

important feature of essential oils. This property allows essential 

oils to partition into lipids of the cell membrane of bacteria, 

disrupting the structure, and making it more permeable109;110.This 

can  then cause leakage of ions and other cellular molecules111;112 

.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 death113. 

It has been reported that essential oils can have a single target or 

many targets for their activity . Thymol and Carvacrol oils gain 

access to the periplasm and deeper portions of the cell 114. 

Carvone oil can  also be intereffective against the OM and does 

not affect the cellular ATP pool 115. It has been reported that 

essential oils containing mainly aldehydes or phenols, such as  

citral, carvacrol, eugenol, or thymol do possess the highest 

antibacterial activity, followed by essential oils containing terpene 
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alcohol. Other essential oils containing ketones or esters such as  

geranyl acetate show much weaker activity, while volatile oil 

containing terpenes hydrocarbons are usually inactive116;117. 

Essential oils characterized by a high level of phenolic compound, 

such as carvacrol, eugenol, and thymol, have important 

antibacterial activities 118. Such compounds are responsible for the 

disruption of the cytoplasm membrane 119. It has been shown that 

the chemical structure of essential  oils effects their mode of 

action concerning their antibacterial activity 118. 

The vital role  of hydroxyl groups in  the antimicrobial activity of 

oils, such as carvarol and thymol,  was confirmed118. However the 

relative position of the phenolic hydroxyl group on the ring does 

not appear influence  the antibacterial activity. 

It has been shown that the action of thymol against Bacillus 

cereus, Staphylococcus aureus, and Pesudomons aeruginosa 

appears to be comparable to that of carvarol 112.Also it has been 

shown that  carvarol and thymol act differently against Gram 

positive and Gram negative species 112. Thymol, carvarol have an 

antimicrobial effect against a broad spectrum of bacterial strains 

including: Escherichia coli, Bacillus cereus, Liserimano 

cytogenes, Samonella enteric, Clostridium jejuni, Lactobacillus 

sake, Staphylococcus and Helicobacter pyroli120-122   
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Other essential oils also have valuable antibacterial properties like 

those containing certain alcohols, aldehydes , ketones and 

monoterpenes.   Among these compounds, carvarol is the most 

active. Carvarol is used as a presevative and food flavoring in 

drink, sweats, and other preparation. It has been shown that 

essentials are more active against Gram positive than Gram 

negative bacteria 123. 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 the 

lipopolysaccharids film124-126. Furthermore, the antibacterial 

activity of essential oils is related to their chemical composition, 

the properties of volatile molecules, and their interactions127. An 

additive effect is observed when the combination is equal to the 

sum of the individual effects. Antagonism is observed when the 

effect of one or both compounds is less important when they are 

tasted together than when used individually 123.  

It has been reported that a synergistic   effect was observed when 

the combination of substance is greater than the sum of the 

individual effects 124. Some studies have shown that the use of the 

whole essential oils provides an effect which is greater than that of 

the major components used together125. This suggests that minor 

components are essential for activity and may have synergistic 

effect. The  additive and synergistic effects of the combination of 
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1,8-cineole and aromadendrene against methicillin _ resistant 

Staphylococcus aureus (MRSA) and thancomycin –resistant 

enterococci(VRE) has been demonstrated[37]. In addition, 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. and E. coli [127. 

 1.3.3.2- Antioxidant activity   

It has been demonstrated that the antioxidant activity of an 

essential oil is associated with its composition. Secondary 

metabolites with conjugated double bonds usually show 

substantial antioxidative properties 128-130.  

Thymol and carvacrol are potentially active antioxidants. The  

activity of these phytochemicals is related to their phenolic 

compounds having redox properties and thus play an important 

role in neutralizing harmful free radicals  125. 

It has been demonstrated that  antioxidant propeties of essential 

oils is also due to certain alcohol, esters, ketones, aldehyde, and 

monoterpenes 128.  

It is known that essential oils with important scavenging capacity 

of free radicals may play an important role in some diseases 

prevention, such as, brain dysfunction, cancer, heart disease, and 
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immune system decline. In fact these disease may result from 

cellular damage caused by free radicals 129. 

Essential oils have shown their action as hepatoproective as well 

as against ageing . Also it has been proved that they possess a 

beneficial impact upon the(PUFAs), in particular the long chain 

C20 and C22 acids 131. 

1.3.3.3- Cancer chemoprotective activity 

The varied therapeutic potential of essential oils attracted, in 

recent years, the attention of researcher for their potential activity 

against cancer. Essential oils and their constituents target the 

discovery of new anticancer natural products 126. 

Essential oils would act in the prevention of cancer as well as, at 

its removal. It is well known that certain food, such as garlic and 

turmeric, are good sources of anticancer agents 132.  Garlic 

essential oil is source of sulfur compounds recongnized for their 

preventive effect against cancer 133;134. Daily sulfide, daily 

disulfide, and daily tri sulfide are examples.  

These compounds activates, in rates, the enzymes involved in the 

detoxification process of hepatic phase1(disintegraction of 

chemical bonds that link carcinorganictoxins to each other) and 

phase 2(bonds to toxins released detoxifying enzymes, such as 

glutathione s-  transferase)125. 
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Metabolism happens mainly in the liver - the body largest internal 

organ. The portal vein carries blood from the small intestine 

directly to the liver. Sixty percent of liver tissue is made up of 

hepatic cells. More chemical processes happen in these than in 

any other group of cells in the body. Phase 1 metabolism involves 

chemical reactions, such as oxidation (most common) reduction 

and hydrolysis125.  

There are three possible results of phase 1 metabolism (i) the drug 

becomes completely inactive i.e. the metabolites are 

pharmacologically in active (ii)the metabolites are 

pharmacologically active, but less so than the original drug (iii) 

the original substance is not pharmacologically active, but one of 

its metabolites135.  

Phase 2 metabolism involves reaction that chemically change the 

drug or phase1 metabolites into compounds that are soluble 

enough to be excreted via urine. In the reaction, the  metabolites 

which are attached to an ion is capable of grouping. This is called 

conjugation and the products called a conjugate 136.                             

It has been demonstrated that many essential oils have a cytotoxin 

activity namely Melissa fficinalis137.Melaleuca alternifolia. 

Artemisia annua and comptonia peregrine 138. 
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1.3.4- Methods of extraction of essential oils 

Steam distillation is widely used for extraction of essential oils 

especially  for temperature- sensitive materials. For a long time it 

has been a popular laboratory method for purification of organic 

compounds, but has become obsolete after emergence of vacuum 

distillation. However, steam distillation remains important in 

certain industrial sectors139.  

During the process of steam distillation ,water or steam is 

introduced into the distillation apparatus. The water vapor carries 

small amounts of the vaporized compounds to the condensation 

flask, where the condensed liquid phase separate, allowing for 

easy collection. This process effectively allows for distillation at 

lower temperature, reducing the deterioration of the desire 

product, if the substances to be distilled are very sensitive to heat, 

steam distillation may be applied under reducing the operating 

temperature further. After distillation ,the vapors are condensed 

.Usually the immediate product is two phase system of water and 

organic distillate allowing for separation of the compounds by 

decantation ,partitioning or other suitable methods140. 

Steam distillation is also widely used in petroleum refineries and 

petrochemical plant where it is commonly referred to as steam 

stripping141,142.Also steam distillation is an important process for 

the separating fatty acids from a matrix and for treating crude 
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products such as tall oils to extract and separate  soaps and other 

commercially important organic compounds143.  

1.3.4.1-Hydrodistillation                        

Hydrodistillation is another technique used for oil extraction. It is 

simple and oil quality is directly related to the skill of the 

operator, not only in managing the still but in selecting or 

preparing the raw material143. 

1.3.4.2- Vacuum   distillation  

Vacuum distillation is also used in extraction of essential oils . 

This process allows very accurate control of distillate since it can 

be adjusted according to the boiling points of various oil 

constituents143.  

1.3.4.3-- Enfleurage 

Enfleurage is suitable for  extracting flower oils. In this process 

the essential oil is  absorbed on  wax or fat and then recovering the 

oil by solvent extraction. Layers of flowers are laid on trays of 

specially prepared fat and the flower layers removed and renewed 

until fat is saturated. However this process is highly labor 

intensive , but products are of extremely high quality143. 

 

1.3.4.4- Solvent   extraction  
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During the process of solvent extraction, a solvent is passed 

through the plant material and the oil is obtained by evaporation 

of the solvent. It can take place under normal atmospheric 

condition, in a partial vacuum or in the presence of gas. 

Commercial plants used batch, battery or continuous flow system, 

single or multi-solvent techniques, and include solvent recovery 

and oil refining equipment. These plants are generally expensive 

to construct and operate and are frequently located in developed 

countries using  dried material. Since solvent extraction removes 

volatile and non-volatile constituents, composition of the oil 

obtained can differ significantly from distilled oil, and may 

contain undesirable components requiring removal. The solvent 

used frequently influences the oil obtained as a residue or odor 

moderate, but solvent extracted oils are generally considered to 

reflect a plants natural odor more accurately than distilled oils. 

Commonly used is petroleum ether, hexane, toluene or other 

binary solvents143. 

1.3.4.5- Gaseous extraction  

 Extraction by liquid carbon dioxide has been used successfully in 

extraction of essential oils. In this process CO2 which is under 

pressure and regulated temperature, is passed through the raw 

material, then via a separator to recover oil. This method of 

extraction  is considered superior to liquid solvent, since it 
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preserves important heat -sensitive components and requires less 

energy. Beside that , carbon dioxide is safe, non-combustible, 

odorless, tasteless, inexpensive and readily available which are 

ideal properties for an extraction solvent, while its low viscosity 

enable it to penetrate the material being extracted and its latent 

heat of evaporation allows it to be removed without residue 144. 
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Aim of this study 

This research was aimed to: 

-Extract oils from five medicinal plants. 

-Investigate the constituents of the oils by GC-MS analysis. 

-Evaluate the extracted oils for their antimicrobial activity. 
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2-Materials and Methods 

2.1 Materials 

2.1.1 Plant material 

Seeds of Acacia nubica, Foeniculum vulgare, Cordia Africana, 

Lens culaniris and Acacia polycantha were collected from 

around Damazin-Sudan. The plants were authenticated by the 

Department of Phytochemistry and Taxonomy, Medicinal and 

Aromatic Plants Research Institute, Khartoum-Sudan.  

2.1.2 Instruments 

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 studied oils were screened for antibacterial and antifungal 

activities using the standard microorganisms shown in Table(1). 

                                           Table 1: Test organisms 

Ser. No Micro organism Type 

1 Bacillus subtilis G+ve 

2 Staphylococcus aureus G+ve 

3 Pseudomonas aeroginosa G-ve 

4 Escherichia coli G-ve 

6 Candida albicans fungi  
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2.2- Methods 

2.2.1 Extraction of oils  

Powdered  seeds of studied plant (400g) were exhaustively 

extracted with n-hexane by maceration.The solvent was removed 

under reduced pressure and the oil was kept in the fridge at 4oC for 

further manipulation. 

The oil(2ml) was placed in a test tube and 7ml of alcoholic sodium 

hydroxide were added followed by 7ml of alcoholic sulphuric 

acid.The tube was stoppered and shaken vigorously for five minutes 

and then left overnight.(2ml) of supersaturated sodium chloride 

were added, then (2ml) of normal hexane were added and the tube 

was vigorously shaken for five minutes .The  

hexane layer was then separated.(5μl) of the hexane extract were 

mixed with 5ml diethyl ether . The solution was filtered and the 

filtrate(1μl) was injected in the GC-MS vial. 

2.2.2 GC-MS analysis 

The studied oils were  analyzed by gas chromatography – mass 

spectrometry. 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 
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gas.Oven temperature program is presented in Table 2, while 

other chromatographic conditions are depicted in Table 3. 

Table 2: Oven temperature program 

Rate                    Temperature(oC)       Hold Time (min.-1) 

1.00 

0.00 

150.0 

300.0 

- 

4.00 

          

 Table 3: Chromatographic conditions 

 

 

 

 

 

 

 

 

 

 

 

Column oven temperature              150.0oC 

Injection temperature                      300.0oC 

Injection mode                                Split 

Flow control mode                          Linear velocity 

Pressure                                           139.3KPa 

Total flow                                        50.0ml/ min 

Column flow                                   1.54ml/sec. 

Linear velocity                                47.2cm/sec. 

Purge flow                                       3.0ml/min. 

Spilt ratio                                          - 1.0 
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2.2.3 Antimicrobial activity 

i)-Bacterial suspensions 

One ml aliquots of 24 hours broth culture of the test organisms 

were aseptically distributed  onto nutrient agar slopes and 

incubated at 37°C for 24 hours. 

The bacterial growth was harvested and washed off with sterile 

normal saline, and finally suspended in 100 ml of normal saline to 

produce a suspension containing about 108-109colony forming 

units per ml.The suspension was stored in the refrigerator at 4°C 

until used. The average number of viable organism per ml of the 

stock suspension was determined by means of the surface viable 

counting technique. 

Serial dilutions of the stock suspension were made in sterile 

normal saline in tubes and one drop volumes (0.02 ml) of the 

appropriate dilutions were transferred by adjustable volume 

micropipette onto the surface of dried nutrient agar plates. The 

plates were allowed to stand for two hours at room temperature 

for the drop to dry, and then incubated at 37°C for 24 hours. 

ii)-Fungal suspensions 

 Fungal cultures were maintained on sabouraud dextrose agar 

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

and washed with sterile normal saline, and the suspension was 

stored in the refrigerator until used. 
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iii)-Testing for antimicrobial activity 

The cup-plate agar diffusion method was adopted with some 

minor modifications, to assess the antibacterial activity of the oil. 

(2ml) of the standardized bacterial stock suspension were mixed 

with 200 ml of sterile molten nutrient agar which was maintained 

at 45°C in a water bath. (20 ml) Aliquots of the incubated nutrient 

agar were distributed into sterile Petri dishes, the agar was left to 

settle and in each of these plates which were divided into two 

halves, two cups in each half (10 mm in diameter) were cut using 

sterile cork borer (No 4), each one of the halves was designed for 

one of the compounds. Separate Petri dishes were designed for 

standard antibacterial chemotherapeutic, (ampicillin and 

gentamycin). 

The agar discs were removed, alternate cup were filled with 0.1 

ml samples of each compound  using adjustable volume microtiter 

pipette and allowed to diffuse at room temperature for two hours. 

The plates were then incubated in the upright position at 37°C for 

24 hours. 

The above procedure was repeated for different concentrations of  

the test   compounds and the standard antibacterial 

chemotherapeutics. After incubation, the diameters of the resultant 

growth inhibition zones were measured in triplicates and 

averaged. 
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3-Results and Discussion 

In this research five plants used in Sudanese system of medicine 

have been investigated.The oils of the targeted species have been 

extracted by maceration and the constituents of the oils have been 

characterized by  GC-MS. Furthermore the antimicrobial potential 

of the oils has been evaluated. 

3.1- Acacia nubica 

3.1.1-The GC-MS analysis of  Acacia nubica oil 

GC-MS analysis of Acacia nubica  oil was conducted and the 

identification of the constituents was accomplished by comparison 

of retention times and through the MS library (NIST). The GC-MS 

analysis of the studied oil revealed the presence of 24 constituents 

(Table 3.1).The following constituents were detected in the 

chromatogram as major constituents: 

9,12-Octadecanoic acid methyl ester (31.54%) 

The EI mass spectrum of 9,12-octadecanoic acid methyl ester is 

shown in Fig. 3.1. The peak at m/z 294, which appeared at R.T. 

17.528 in total ion chromatogram, corresponds M+[C19H34O2]+ . 

The signal at m/z 263 corresponds to loss of a methoxyl function. 
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9-Octadecanoic acid methyl ester (15.86%) 

The mass spectrum of 9-octadecanoic acid methyl ester is 

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

17.587 corresponds M+[C19H36O2]+ .The signal at m/z 265 

accounts for loss of a methoxyl function. 

Hexadecanoic acid methyl ester (15.50%) 

Mass spectrum of hexadecanoic acid methyl ester is depicted in 

Fig.3.3. The signal at m/z 270 (R.T. 15.865) corresponds 

M+[C17H34O2]+ . The signal at m/z 239 is due to loss of a 

methoxyl. 

Methyl stearate (12.11%) 

Fig.3.4 shows the mass spectrum of methyl stearate. The signal at 

m/z 298 (R.T. 17.784) corresponds M+[C19H38O2]+, while the 

peak at m/z 267 corresponds to loss of a methoxyl . 

 

Figure 3.1: Mass spectrum of 9,12-octadecanoic acid methyl ester 
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Figure 3.2: Mass spectrum of 9-octadecanoic 

acid methyl ester 

 

 

Figure 3.3: Mass spectrum of hexadecanoic 

methyl ester 

 

 

Figure3. 4: Mass spectrum of methyl stearate 
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                             Table 3.1: Constituents of Acacia nubica oil 

 

No.o. R.T. Area 
% 

Name 
1 11.160 0.10 Beta-curcumene 
2 11.261 0.04 Alpha-Farnesene 
3 11.326 0.03 Beta-Bisabolene 
4 11.419 0.02 Dodecanoic acid, methyl ester 
5 11.532 0.06 Cyclhexene,3-(1,5-dimethyl-4-hexenyl)-

6- 6 13.742 0.19 Methyl tetradecanoate 
7 14.819 0.06 Pentadecanoic acid, methyl ester 
8 15.656 0.55 9-Hexadecenoic acid, methyl ester 
9 15.865 15.50 Hexadecanoic acid, methyl ester 
10 16.242 2.01 Pentadecanoic acid 
11 16.620 0.23 Cis-10--Heptadecenoic acid, methyl ester 
12 16.829 0.32 Heptadecanoic acid, methyl ester 
13 17.528 31.54 9,12-Octadecadienoic acid(Z,Z)- , methyl 

ester 14 17.587 15.86 9-Octadecenoic acid(Z)-, methyl ester 
15 17.784 12.11 Methyl stearate 
16 19.171 3.63 Tridecanedial 
17 19.295 1.54 Oxiraneoctanoic acid ,3-octyl-, methyl 

ester 18 19.329 0.71 11-Eicosenoic acid, methyl ester 
19 19.531 5.12 Eicosenoic acid, methyl ester 
20 19.5889 1.18 BGHI , methyl ester 
21 19.698 1.33 9,12,15-Octadecatrienoic acid ,-2,3-

dihydro-, methyl ester 22 20.975 0.35 13-Docosenoic acid ,methyl ester 
23 21.154 4.59 Docosenoic acid ,methyl ester 
24 21.916 0.43 Tricosanoic acid , methyl ester 

 

3.1.2-Antimicrobial activity of the oil 

The oil was screened for antimicrobial activity against five 

standard microorganisms. The average of the diameters of the 

growth inhibition zones are shown in Table (3.2). The results were 

interpreted in terms of the commonly used terms (>9mm: inative; 

9-12mm: partially active; 13-18mm: active; <18mm: very active) . 

The oil showed significant activity against Bacillus subtilis, 

Staphylococcus aureus, Escherichia coli and moderate inhibitory 
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effect against Pseudomonas aeruginosa. However, it failed to 

exhibit anticandidal properties. 

Table 3.2: Antimicrobial activity of Acacia nubica oil 

Type Conc.(mg/ml)     Sa     Bs    Ec    Ps     Ca 

Oil 100 20 22 17 14 -- 

Ampicilin 40 30 15 -- -- -- 

Gentacycin 40 19 25 22 21 -- 

Clotrimazole 30 -- -- -- -- 38 

 

3.2- Foeniculum vulgare 

3.2.1-GC-MS analysis of Foeniculum vulgare oil 

The oil of Foeniculum vulgare was investigated by GC-MS. The 

analysis revealed detection of 53 components. The retentions times 

and percentages of these constituents are illustrated in Table 3.3. 

Fig.3.5 shows the total ion chromatograms. The hexane fraction 

was dominated by fatty acids (87.83%) followed by aldehydes 

(5.80%), ketones (2.90%), alcohols (1.44%), mono-and 

sesquiterpenes (1.23%) and hydrocarbons (0.80%)-see Fig.3.6. 

Major constituents of the hexane fraction are discussed below: 

a-9-Octadecenoic acid methyl ester(40.24%) 

Fig. 3.7 shows the mass spectrum of 9-octadecanoic acid methyl 

ester .The peak at m/z 296( R.T. 17.600)  accounts for : 
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M+[C19H36O2]+ , while the signal at m/z265 corresponds to loss of 

a methoxyl . 

 

                                         Figure 3.5: Total ions chromatograms 

 

Figure 3. 6: Abundance of oil constituents 

 

b-9,12-Octadecadienoic acid methyl ester(27.38%) 

The EI mass spectrum of 9,12-octadecanoic acid methyl ester is 

shown in Fig. 3.8.The peak at m/z 294, which appeared at R.T. 

17.519 in total ion chromatogram,is due to the molecular ion : 

M+[C19H34O2]+ .The peak at m/z263 corresponds to loss of a 

methoxyl group. 
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c-Hexadecanoic acid methyl ester(6.69%) 

The EI mass spectrum of hexadecanoic acid methyl ester is 

shown in Fig. 3.9.The peak at m/z 270, which appeared at R.T. 

15.834 in total ion chromatogram, corresponds to 

M+[C17H34O2]+ .The peak at m/z239 corresponds to loss of a 

methoxyl function. 

 

 

Figure 3.7: Mass spectrum of 9-octadecanoic acid methyl ester 

 

Figure 3.8: Mass spectrum of 9,12-

octadecanoic acid methyl ester 

 

Figure 3.9: Mass spectrum of hexadecanoic methyl ester 
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Table 3.3: Constituents of the oil 
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Antimirobial activity 

Foeniculum vulgare hexane fraction was evaluated for 

antimicrobial activity against five standard human pathogens. 

The diameters of the growth of inhibition zones are shown in 

Table (3.4). Ampicillin, gentamicin and clotrimazole were 

used as positive control(Table 3.5). Foeniculum vulgare 

hexane fraction exhibited significant activity against 

Staphylococcus aureus in the concentration range: 100-

50mg/ml. It also exhibited excellent anticandidal activity at 

100mg/ml. 

 

                                     Table 3.4: Antimicrobial activity of the oil 
 

Type Conc.(mg/m
l) 

Sa Bs Ec Ps Ca 

Oil 100 20 14 15 15 17 

 50 18 - 14 14 15 

 25 17 - 13 13 10 

 12.5 15 - 12 12 9 

 6.25 11 - 10 7 - 

 

 

 
Table3. 5: Antibacterial activity of standard chemotherapeutic 
agents 

 

Drug Conc.(mg/ml) Bs Sa Ec Ps 

Ampicillin 40 15 30 - - 

 20 14 25 - - 

 10 11 15 - - 

Gentamicin 40 25 19 22 21 
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3.3-Cordia africana 

3.3.1-GC-MS analysis of Cordia africana oil 

The total ion chromatograms of Cordia Africana oil is shown in 

Fig. 3.10 and the constituents of the oil are depicted in Table 

3.6. The GC-MS analysis revealed the presence of 27 

components. 

 

 

Figure 3.10: Total ion chromatograms of Cordia Africana 

 

The following components were detected as major constituents: 

a) 9,12-Octadecadienoic acid (Z,Z)-, methyl ester (37.02%) 

Fig.3.11 shows the mass spectrum of the 9,12-octadecadienoic 

acid (Z,Z)-, methyl ester. The peak at m/z294, with retention 

time 17.523, corresponds M+[C19H34O2]+. The signal at m/z 

263 is due to loss of a methoxyl. 

b)-Hexadecanoic acid, methyl ester (18.02%) 
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Fig. 3.12 shows the mass spectrum of the hexadecanoic acid 

methyl ester. The peak at m/z 270 (RT: 15.830) accounts for 

the molecular ion: M+[C17H34O2]+, while the signal at m/z 

239 is due to loss of a methoxyl group. 

c)-Methyl stearate (10.01%) 

The  mass  spectrum  of  methyl  stearate  is  shown  in  Fig.  

3.13.The  signal  at  m/z  298(RT:  17.738)  is  due  to: 

M+[C19H38O2]+, while the peak at m/z 267 is due to loss of a 

methoxyl. 

d)- Docosanoic acid, methyl ester (6.83%) 

The mass spectrum of docosanoic acid methyl ester is presented 

in Fig. 3.14. The signal at m/z 354 (RT: 21.105) is due to: 

M+[C23H46O2]+. The signal at m/z 323 is due to loss of a 

methoxyl group. 

e)- 9-Octadecenoic acid (Z)-, methyl ester (6.18%) 

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

is displayed in Fig. 3 .15. The peak at m/z 296 (RT: 17.568) 

is due to the molecular ion: M+[C19H36O2]+.The signal at m/z 

265 is attributed to loss of a methoxyl function. 

(f) Eicosanoic acid, methyl ester (5.77%) 

Fig. 3.16 shows the mass spectrum of the eicosanoic acid 

methyl ester. The peak at m/z 326 (RT: 19.484) corresponds 
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M+[C21H42O2]+, while the signal at m/z 295 accounts for loss of 

a methoxyl. 

 

 

Figure 3.11: Mass spectrum of 9,12-octadecadienoic acid methyl ester 

 

Figure 3.12: Mass spectrum of hexadecanoic 

acid methyl ester 

 

 

Figure3. 13: Mass spectrum of methyl stearate 
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Figure 3.14: Mass spectrum docosanoic acid, methyl ester 

 

 

Figure 3.15: mass spectrum of 9-octadecenoic 

acid (Z)-, methyl ester 

 

 

Figure3. 16: Mass spectrum eicosanoic acid 

methyl ester 
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Table 3.6: Constituents of Cordia Africana oil 

 

No. R. Time Area% Name 

1 7.112 0.05 Alpha-Terpineol 

2 13.705 0.24 Methyl tetradecanoate 

3 14.515 0.03 4-Octadecenoic acid methyl ester 

4 14.621 0.04 Cis-5-Dodecenoic acid methyl ester 

5 14.781 0.03 Pentadecanoic acid methyl ester 

6 15.571 0.11 Methyl hexadec-9-enoate 

7 15.617 1.47 9-Hexadecenoic acid methyl ester 

8 15.830 18.02 Hexadecanoic acid methyl ester 

 

 

 

 

 

 

 

 

 

 

3.3.2-Antimicrobial activity of the oil 

The oil was screened for antimicrobial activity against five 

standard microorganisms (Table 3.7). The results are depicted 

in Table 3.8. The oil showed moderate activity against Gram 

positive Staphylococcus aureus and Gram negative 

Pseudomonas aeruginosa. Ampicilin, gentamicin and 

9 16.579 0.19 Cis-10-Heptadecenoic acid methyl ester 

10 16.787 0.22 Heptadecanoic acid methyl ester 

11 17.523 37.02 9,12-Octadecadienoic acid methyl ester 

12 17.568 6.18 9-Octadecenoic acid (Z)-methyl ester 

13 17.590 3.63 9-Octadecenoic acid methyl ester(E)- 

14 17.738 10.01 Methyl stearate 

15 18.401 0.12 Cis-10-Nonadecenoic acid methyl ester 

16 19.084 0.27 Cyclopropaneoctanoic acid methyl ester 

17 19.284 0.21 9,12-Octadecdienyl chloride 

18 19.284 3.24 Cis-11-Eicosenoic acid methyl ester 

19 19.484 5.77 Eicosanoic acid methyl ester 

20 20.049 0.40 Stigmast-7-en-3-ol 

21 20.306 0.11 Heneicosanoic acid methyl ester 

22 20.926 0.24 13-Docosenoic acid methyl ester 

23 2.981 0.10 Methyl 11-docosenoate 

24 21.105 6.83 Docosanoic acid methyl ester 

25 21.866 0.27 Tricosanoic acid methyl ester 

26 22.346 1.36 hexatricontane 

27 22.606 3.86 Tetrcosanoic acid methyl ester 

  100.00  
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clotrimazole were used as positive controls (Table 3.9). 

Table 3.7: Test organisms 

No Micro organism Type Source 

   

1 Bacillus subtillus G+ve ATCC
* 

2836 

2 Staphylococcus aureus G+ve ATCC
* 

29213 

3 Pseudomonas aeroginosa G-ve NCTC
* 

27853 

4 Escherichia coli G-ve ATCC
* 

25922 

5 Candida albicans fungi ATCC
* 

7596 

 

 
* NCTC. National collection of type culture, Colindale, England 

*ATCC. American type culture collection, Maryland, USA 

 

Table 3.8: Inhibitory effect of the oil 

 

 

 

 

* B.S. = Bacillus subtilis, S.a. =Staphylococcus aureus, E.c. = Escherichia coli, P.a. = 

Pseudomonas aeruginosa, C.a.= Candida albicans ; Result: >18 mm: Sensitive, 13 to 18 mm: 

moderate: 9-12 ,partially active: : > 9 , inactive. 

 

                                                 Table 3.9: Inhibitory effect of standard drugs 

 

 

 

 

 

 

 

 

 

Sample Sa Bs Ec Ps Ca 

Oil (100mg/ml) 15 7 15 12 14 

Drug Sa Bs Ec Ps Ca 

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

Gentamicin 
(40mg/ml) 

19 25 22 21 -- 

Clotrimazole 
(30mg/ml) 

-- -- -- -- 38 
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3.4- Lens culinaris 

3.4.1-GC-MS analysis of Lens culinaris oil 

GC-MS analysis of Lens culinaris oil was conducted and the 

identification of the constituents was initially accomplished by 

comparison of the retention times and consulting the MS library 

(NIST). Excellent matching was observed when comparing the 

mass spectra with the database on MS library. 

The GC-MS spectrum of the studied oil revealed the presence of 

26 constituents (Table 3.10). The typical total ion chromatograms 

(TIC) is depicted in Figure 3.17. 

 

 

 

 

 

 

Figure3. 17: Total ions chromatogram 
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Table 3.10   : Constituents of the oil 
Table 2: Constituents of Lens culinaris oil 

 

No. Name RT. 
TTime 

Area%
% 1. L-.alpha.-Terpineol 6.981 0.06 

2. Methyl tetradecanoate 13.565 0.25 
3. Pentadecanoic acid, methyl ester 14.639 0.17 
4. 6-Octadecenoic acid, methyl ester, (Z)- 15.435 0.07 
5. 9-Hexadecenoic acid, methyl ester, (Z)- 15.471 0.07 
6. Hexadecanoic acid, methyl ester 15.698 20.28 
7. 7,10-Hexadecadienoic acid, methyl ester 16.433 0.19 
8. Heptadecanoic acid, methyl ester 16.643 0.83 
9. 9,12-Octadecadienoic acid (Z,Z)-, methyl ester 17.383 37.49 
10. 9-Octadecenoic acid (Z)-, methyl ester 17.415 17.19 
11. Methyl stearate 17.598 12.45 
12. cis-10-Nonadecenoic acid, methyl ester 18.288 0.13 
13. Nonadecanoic acid, methyl ester 18.473 0.07 
14. Z,Z-3,13-Octadecadien-1-ol 18.973 0.85 
15. cis-13-Eicosenoic acid, methyl ester 19.135 0.38 
16. Eicosanoic acid, methyl ester 19.335 3.70 
17. 8,11,14-Docosatrienoic acid, methyl ester 19.501 0.42 
18. Methyl 2-octylcyclopropene-1-octanoate 19.738 0.31 
19. 2-Furanpentanoic acid, tetrahydro-5-nonyl-, 

methyl ester 
19.976 0.24 

20. Heneicosanoic acid, methyl ester 20.158 0.28 
21. Docosanoic acid, methyl ester 20.954 2.74 
22. Tricosanoic acid, methyl ester 21.717 0.39 
23. Tetracosanoic acid, methyl ester 22.455 0.87 
24. Pentacosanoic acid, methyl ester 23.168 0.12 
25. Hexacosanoic acid, methyl ester 23.858 0.07 
26. Hexatriacontane 24.916 0.38 

 

Major constituents are briefly discussed below: 

i)-9,12-Octadecadienoic acid methyl ester (37.49%) 

The mass spectrum of 9,12-octadecadienoic acid methyl ester is 

depicted in Figure 3.18. The signal which was observed at m/z 

294 (R.T. 17.383) is due to M+[C19H34O2]+ , while the signal at 

m/z 263 corresponds to loss of a methoxyl. 

ii) Hexadecanoic acid methyl ester (20.28%) 

Figure 3.19 shows the   mass spectrum of hexadecanoic acid 
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methyl. The peak  m/z 270 (R.T. 15.698 ) was detected in the 

spectrum. It corresponds M+[C17H34O2]+. The peak at m/z 239 is 

due to loss of a methoxyl . 

iii)9-Octadecenoic acid methyl ester (17.19%) 

The mass spectrum of 9-octadecenoic acid methyl ester is 

displayed in Figure 3.20. The peak at m/z 296 (R.T. 17.415) 

corresponds M+[C19H36O2]+ , while the signal at m/z 266 is 

attributed to loss of a methoxyl. 

iv)-Methyl stearate(12.45%) 

The EI  mass spectrum of methyl stearate is displayed in Figure 

3.21. The peak at m/z 298 with  R.T. 17.598  is due to 

M+[C19H38O2]+ , while the signal at m/z267 corresponds to loss of 

a methoxyl group. 

 

Figure3. 18: Mass spectrum of 9,12-

octadecadienoic acid methyl ester 
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Figure3. 19: Mass spectrum of hexadecanoic 

acid methyl ester 

 

Figure 3.20: Mass spectrum of 9-octadecenoic acid methyl ester 

 

 

Fig.3.21   : Mass spectrum of methyl stearate 
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Antimicrobial activity 

Lens culinaris seed oil was screened for antimicrobial activity 

against five standard human pathogens. The average of the 

diameters of the growth of inhibition zones are depicted in 

Table 3.11.The results were interpreted in commonly used 

terms (>9mm: inative;9-12mm:partially active; 13-18mm: 

active. <18mm:very active). The oil showed good antibacterial 

activity against Escherichia coli. However, it exhibited partial 

activity against Bacillus subtilis. 

                                         Table 3.11: Inhibition zones (mm/mg sample) 
 

Sample Sa Bs Ec Ps Ca 

Oil (100mg/ml) -- 10 14 -- -- 

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

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

Clotrimazole 
(30mg/ml) 

-- -- -- -- 38 

 

Sa.: Staphylococcus aureus, Bs.: Bacillus subtilis, Ec.: Escherichia coli, Pa.: 
Pseudomonas aeroginosa,Ca.: Candida albicans. 

 

3.5- Acacia polycantha 

3.5.1-The GC-MS analysis Acacia polycantha oil 
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The studied oil was analyzed by GC-MS and the identification of 

the constituents was accomplished by comparison of retention 

times and through the MS library (NIST). The GC-MS analysis of 

the studied oil revealed the presence of 32 constituents (Table 

3.13). The following constituents were detected in the 

chromatogram as major constituents:  

9,12-Octadecadienoic acid methyl ester(27.95%) 

The EI mass spectrum of 9,12-octadecadienoic acid methyl ester 

is shown in Fig. 3.22. The peak at m/z 294, which appeared at 

R.T. 17.514 in total ion chromatogram, corresponds 

M+[C19H34O2]+ . The signal at m/z263 is due to loss of a methoxyl 

function. 

Methyl stearate(17.13%) 

Fig. 3.23 shows the mass spectrum of methyl stearate. The signal 

at m/z 298(R.T. 17.757) corresponds M+[C19H38O2]+ , while the 

peak at m/z 267 accounts for loss of a methoxyl. 

Hexadecanoic acid methyl ester(13.30%) 

Mass spectrum of hexadecanoic acid methyl ester is depicted in 

Fig. 3.24. The signal at m/z 270 (R.T. 15.827 ) corresponds 

M+[C17H34O2]+ . The signal at m/z239 is due to loss of a 

methoxyl. 
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9-Octadecenoic acid(Z) methyl ester (9.57%) 

The mass spectrum of 9-octadecenoic acid methyl ester is 

displayed in Fig. 3.25. The peak at m/z 296, which appeared at 

R.T. 17.564 corresponds M+[C19H36O2]+ . The signal at m/z265 

accounts for loss of a methoxyl function. 

 

 

Figure 3.22: Mass spectrum of 9,12-octadecadienoic acid methyl ester 

 

 

Figure 3.23: Mass spectrum of methyl stearate 
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Figure 3.24: Mass spectrum of hexadecanoic acid methyl ester 

 

 

Figure 3.25: Mass spectrum of 9-octadecenoic acid methyl ester 

Antimicrobial activity 

The oil was screened for antimicrobial activity against five 

standard microorganisms. The average of the diameters of the 

growth inhibition zones are shown in Table (3.12). The results 

were interpreted in terms of the commonly used terms (>9mm: 

inative; 9-12mm:partially active; 13-18mm: active; <18mm: very 

active). The oil showed moderate activity against Pseudomonas 

aeruginosa and Staphylococcus aureus. However, it failed to 

exhibit activity against other test organisms. 
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Table3. 12 : Antimicrobial activity of the oil 
 

Type Conc.(mg/ml) Sa Bs Ec Ps Ca 
Oil 100 15 7 8 15 -- 

Ampicilin 40 30 15 -- -- -- 

Gentacycin 40 19 25 22 21 -- 

Clotrimazole 30 -- -- -- -- 38 

 

Sa.: Staphylococcus aureus, Ec.: Escherichia coli, Pa.: Pseudomonas aeruginosa, An.: Aspergillus 
niger,Ca.: Candida albicans, Bs.: Bacillus subtilis 

 

 

 

Table 3.13: Constituents of the oil 

No. Name Ret. time Area % 
1 Alpha-Terpeneol 7.112 0.04 
2 Dodecanoic acid 11.386 0.01 
3 Methyl tetradecaanoate 13.705 0.08 
4 Cis-5-Docenenoic acid ,methyl ester 14.517 0.01 
5 Pentadecanoic methyl ester 14.780 0.03 
6 Cis-10-Nonadecenoic acid methyl ester 15.616 1.48 
7 9-Hexadecenoic acid methyl ester 15.710 0.08 
8 Hexadecenoic acid methyl ester 15.827 13.30 
9 Cis-10-Heptadecenoic acid Hexadecenoic acid 

methyl ester 
16.579 0.24 

10 Heptadecanoic acid Hexadecenoic acid methyl 
ester 

16.787 0.37 
11 9,12-Octadecadienoic acid methyl ester 17.514 27.95 
12 9-Octadecenoic acid (Z) methyl ester 17.564 9.57 
13 9-Octadecenoic acid (E) methyl ester 17.590 3.08 
14 Phytol 17.651 0.36 
15 Methyl stearate 17.757 17.13 
16 Trans-Geranylgeraniol 18.392 0.15 
17 Nonadecanoic acid methyl ester 18.622 0.15 
18 Gama-Linolenic acid methyl ester 18.764 0.07 
19 Methyl-5,11,14-eicosatrienoic acid methyl ester 19.086 0.60 
20 Tridecanedial 19.127 4.71 
21 Oxiraneoctanoic acid methyl ester 19.248 2.86 
22 Cie-11-Eicosenoic acid methyl ester 19.285 0.72 
23 Eicosanoic acid PGHI , methyl ester 19.491 7.91 
24 PGHI , methyl ester 19.540 1.19 
25 1-Naphthalenol decahydro-4a- , PGHI , methyl 

ester 
19.648 1.49 

26 Tricyclo[20.8..0.(7.16)]triacontane 19.982 0.23 
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27 Stigmast-7-en-3-ol,(3-beta-,5-alpha.,24S) 20.046 0.29 
28 Heneicosanoic acid PGHI , methyl ester 20.307 0.23 
29 Phenol,2,2`-methylene-bis[6-(1,1-dimethyl) 20.405 0.06 
30 Methyl 20-methyl-heneicosanoate 21.105 3.52 
31 Tricosanoic acid PGHI , methyl ester 21.868 0.46 
32 Tetracosanoic acid PGHI , methyl ester 22.608 2.63 



 

 

Conclusion 

In this research five plants(Acacia nubica, Foeniculum vulgare, 

Cordia Africana, Lens culaniris and Acacia polycantha) used in 

Sudanese system of medicine have been investigated. The oils of 

the targeted species have been extracted by maceration and the 

constituents of the oils have been characterized by  GC-MS. 

Furthermore the antimicrobial potential of the oils has been 

evaluated using the cup plate agar diffusion bioassay where 

different antimicrobial responses were detected. 

 

Recommendations 

1- The extracted oils may be evaluated for other biological 

activities like antimalarial , antiviral …etc. 

2- Other phytochemicals of the targeted plant species may be 

isolated and identified. Furthemore they be evaluated for 

their biological activity. 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

References 

[1]. Seigler, D. S., Phytochemistry of Acacia-sensu lato, 

Biochemical Systematic and Ecology, 2003, 31: 845- 873. 

[2]. Sultana N, Akhter M and Khatoon Z, Nat Prod Res., 

2010, 24(5), 407-415. 



 

[3]. Gaara A. H., Nassar M. I., Younis, M., Elmegeed, G. 

A., Mabry, T. J., Pare, P. W. Biologically active polyphenolic 

compounds from Acacia ehrenbbergiana. Rev. Latinoamer. 

Quim., 2008, 36: 52-59. 

[4]. Boulos, L. "Medicinal Plants of North Africa", 1983,. 

Algonac, Michigan. 115-117. 

[5]. Almagboul  A. Z., Bashir A. K., Saleh A. K., Farouk 

A., Khalid  S. A. Antimicrobial Activity of Sudanese Plants 

used in Folkoloric medicine. Screening for antibacterial 

Activity. Fitoterapia, 59: 57 (1988). 

[6]. Shetty, K. A. B., Indian Farming, 1977, 26(11), 82. 

[7]. Joshi, P., Ethnomedicine of tribal Rajasthan - An over 

view; In: Pushpangadan et al. (Eds.), Gilmpses of Indian 

Ethnopharmacology, TBGRI, Thiruvunanthapuram, India, 

1994; 147-162. 

[8]. Jain, A., Katewa, S. S., Galav, P. K. and Sharma, P. 

Indian J Ethnopharmacol., 2005,102(2), 143-157. 

[9]. Kubmarawa, D., Ajoku, G. A., Enwerem, N. M. and 

Okorie, D. A. Afr J Biotechnol., 2007, 6(14), 1690- 1696. 

[10].  Sahni, M. Important Trees of the Northern Sudan. 

Khartoum University Press, 1968, 40-63. 



 

[11].  Enayat, A., Somia, A., Abdel Razig, H., Walid, M. 

Sayed, A., Phytomedicine, 2012, 19(12), 1059-1067.  

[12].  Rasha, B., Tarig, H., Khalifa, E., Rehab, M., Florian, L. 

and Amal, M., Nutr. J., 2012, 11, 111. 

[13].  WWW.drugs.com/npp/Acacia-gum. 

[14].  Duduku, K., Rosalam, S., Rajesh, N., Food and 

Bioproducts Processing, 2011, 89(3), 217. 

[15].  Meldini,   M.,   Sosa,   S.,   Montoro,   P.,   Giangaspero,   

A.,   Balick,   M.J.,   Pizza,   C.,   Della,   R.,   J. 

Ethnopharmacology, 2009, 122(3), 430-433. 

[16]. Diaaz-Moroto, M.C., Hidalgo, I.J., Saanchez-Palomo, 

E., Pearez-Coello, M.S., J. Agric. Food Chem., 2005, 53, 

6814. 

 [17]. Diaaz-Moroto, M.C., Pearez, M.S., Esteban, J., Sanz, J., 

J. Agric. Food Chem., 2006, 54, 6814. 

 [18]. Manzoor, A., Bilal, A.D., Shahnawaz, N., Bilal, 

A.B., Mushtaq, A., Arabian Journal of Chemistry, 2016, 

9(2), S1574. 

[19]. Agarwal, R., Gupta, S.K., Agarwal, S.S., Srivastava, 

S., R. Saxena, R., Indian J. Physiol. Pharmacol., (2008), 

52, 77. 

http://www.drugs.com/npp/Acacia-gum


 

[20]. Tognolini, M., Ballabeni, V., Bertoni, S., Bruni, R., 

Impicciatore, M., E. Barocelli , E., Pharmacol. Res., 

2007), 56, 254. 

[21]. Marino, S.D., Gala, F., Borbone, N., Zollo, F., 

Vitalini, S., F. Visioli, F., Iorizzi, M., Phytochemistry, 

2007, 68, 1805. 

[22]. Soliman, F.M., Shehata, A.F., Khaleel, A.E., S.M. 

Ezzat, S.M., Molecules, 2002, 7, 245. 

[23]. Faudale, M., Viladomat, F., Bastida, J., Poli, F., 

Codina, C., J. Agric. Food Chem., 2008, 56, 1912.  

[24]. Park, H.J., J. Nat. Prod., 1996, 59, 1128. 

[25].  Parejo, I., Viladomat, F., Bastida, J., Schmeda-

Hirschmann, G., Burillo, J., Codina, C., J. Agric. Food 

Chem., 2004, 52, 1890. 

[26].  Chio, E.M., Hwag, J.K., Fitoterapia, 2004, 75(6), 557. 

[27].  Misharina, T., Polshkov, A.N., Prikladnia Biokhimia 

Mikrobiologia, 2005, 41(6), 693. 

[28].  Prejo, I., Viladomat, F., Bastida, J., Rosas-Romero, A., 

Flerlage, N., Burillo, J., J. Agric. Food Chem., 2002, 

50(23), 6882. 

[29].  Ozbek, H., Ugras, S., Dulger, H., Bavram, I., Tuncer, I., 

Ozturk, G., Fitotrapia, 2003, 74(3), 317. 



 

[30].  Silvia, L.A., Mota, A.S., Martins, M.R., Arantes, S., 

Lopes, V.R., Bettencourt, E., Natural Products 

Communications, 2015, 10(4), 673. 

[31].  Gulfraz,  M.,  Mehmood,  S.,  Minhas,  N.,  Jabeen,  

N.,  Kauser,  R.,  Jabeen,  K.,  African  Journal  of 

Biotechnology, 2008, 7(24), 4364. 

[32].  Zeller, A., M. Rychlik, M., J. Agric. Food Chem., 2006, 

54, 3686. 

[33].  Omnia, M.,H. and Itmad, A.E., J. Pharmacognosy and 

Phytochemistry, 2017, 6(1), 109-112. 

[34]. Diane, N., Forther, H., Hilger, H.H., Am. J. Bot., 2002, 

89(2), 287-95. 

[35]. Schmidt, L and Mwaura, L., Cordia Africana Lam., 

Seed Leaflet, 2010, No. 147. 

[36]. International Centre for Research in Agroforestry, 

agroforestry data base: Cordia Africana Lam., ICRAF, 1998. 

[37]. Bein, E.: In Useful Trees and Shrubs of Eritrea: 

Identification, Propagation and Management for Agricultural 

and Pastoral Communities: Technical Handbook, No. 12., 1996, 

Regional Soil Conservation Unit (RSCU), Swedish 

International Development Authority (SIDA), Nairobi, Kenya, 

pp. 422. 



 

[38]. Drummond, R. In: Common Trees of the Central 

Watershed Woodlands of Zimbabwe, 1981, Zimbabwe National 

Resources Board. 

[39]. Ishengoma, R.C., Hamza, K.F.S., Mosha,S., Makonda, 

F.B.S., Basic density and mechanical properties of Cordia 

africana Lam. grown in agroforestry in Moshi district, 

Tanzania , Proc. of the Fourth International Conference on the 

Development of Wood Science, Wood Technology and 

Forestry, 14–16 July 1999, Misseneden, UK, 1999, 139-145. 

[40].   Bekele–Tesemma, A. Useful trees and shrubs of 

Ethiopia: Identification, propagation and management for 17 

agro-climatic zones, World Agro-forestry Center, Eastern 

Africa Region, Nairobi, Kenya, 2007, 550. 

[41]. Fichtl, R., Adi, A., Honeybee Flora of Ethiopia, 

Magraf, Verlag, Germany, 1994, 510. 

[42]. Negash, L., Indigenous Trees of Ethiopia: Biology, Uses 

and Propagation Techniques. Printed by the SLU 

Reprocentralen, Umea, Sweden, 1995, 105-113. 

[43]. Reta, R., Diversity and conservation status of some 

economically valued indigenous medicinal plants in Hawassa 

College of Teacher Education Campus, Southern Ethiopia, 



 

International Journal of Advanced Research, 2013, 1(3): 308-

328. 

[44]. Gara A. H., Nassar M. I., Younis, M., Elmegeed, G. 

A., Mabry,  T. J., Pare, P. W. Biologically active polyphenolic 

compounds from Acacia ehrenbbergiana. Rev. Latinoamer. 

Quim. 2008, 36: 52-59. 

[45]. Boulos, L., Medicinal Plants of North Africa,1983, 

Algonac, Michigan. 115-117. 

[46]. Almagboul  A. Z., Bashir A. K., Saleh A. K., Farouk 

A., Khalid  S. A. Antimicrobial Activity of Sudanese Plants 

used in Folkoloric medicine. Screening for antibacterial 

Activity. Fitoterapia , 1988, 59: 57. 

[47]. Shetty K A B, Indian Farming, 1977, 26(11), 82. 

[48]. Joshi P, Ethnomedicine of tribal Rajasthan - An over 

view; In: Pushpangadan et al. (Eds.), Gilmpses of Indian 

Ethnopharmacology, TBGRI, Thiruvunanthapuram, India, 

1994; 147-162. 

[49]. Jain A, Katewa S S, Galav P K and Sharma P, Indian J 

Ethnopharmacol., 2005, 102(2), 143-157. 

[50]. Kubmarawa D, Ajoku G A, Enwerem N M and Okorie 

D A, Afr J Biotechnol., 2007, 6(14), 1690-1696. 



 

 [51]. Rasha, B., Tarig, H., Khalifa, E., Rehab, M., Florian, 

L. and Amal, M., Nutr. J., 2012, 11, 111. 

[52]. Duduku, K., Rosalam, S., Rajesh, N., Food and 

Bioproducts Processing, 2011, 89(3), 217. 

[53].  Orwa, C., Mutua, A., Kindt, R., Jamnadass, R.  and 

Anthony, S.  “Agroforestree Database: a tree reference 

and selection guide version 4.0,” 

http://www.worldagroforestry.org/output/ agroforestree-

database. 

[54]. Shyam S., David, M. and Philip, C. (Editors); Lentil :An 

Ancient crop for Modern Times, 2007, Springer Science and 

Business Media, Berlin. 

[55]. Erskine and William ; The Lentil: Botany, Production 

and Uses, 2009, CABI, Walling, UK.  

[56]. Lentil; Lintilis. Org, Saskatchewan Pulse Growers, 

2020, retrieved, 28 March 2020. 

[57]. Pulses : Growing Regions , Pulse Canada, 2020, 

Retrieved 28 March 2020. 

[58]. US Dept. of Agriculture, national Nutrient Database  for 

Standard Reference Release, 28(2016), Full Report, 16069, 

Lentil raw, retrieved 15 Dec. 2015. 

http://www.worldagroforestry.org/output/


 

[59]. Lombardi-Boccia G., Ruggeri S., Aguzzi A., Cappelloni 

M. Globulins enhance in vitro iron but not zinc dialysability: A 

study on six legume species. J. Trace Elem. Med. Biol. 

2013;17:1–5. doi: 10.1016/S0946- 672X(03)80037-86. 

[60]. United States Department of Agriculture (USDA) 

Agricultural Research Service, National  Nutrient Database for 

Standard Reference Release 28. Nutrient Database Laboratory 

Home Page. [(accessed on 14 August 2016)]; Available online: 

https://ndb.nal.usda.gov/ndb/search/list. 

[61]. Bednar  G.E., Patil A.R., Murray S.M., Grieshop  C.M., 

Merchen N.R., Fahey G.C. Starch and fiber fractions in selected 

food and feed ingredients affect their small intestinal 

digestibility and fermentability and their large bowel 

fermentability in vitro in a canine model. J. Nutr. 

2001;131:276–286 

[62]. Dwivedi S., Sahrawat K., Puppala N., Ortiz R. Plant 

prebiotics, and human health: Biotechnology to breed prebiotic-

rich nutritious food crops. Electr. J. Biotechnol. 2014;17:238–

245.  doi: 10.1016/j.ejbt.2014.07.004 

[63].  Fooks  L.J.,  Fuller  R.,  Gibson  G.R.  Prebiotics,  

probiotics  and  human  gut  microbiology. Int.  Dairy J. 

1999;9:53–61. doi: 10.1016/S0958-6946(99)00044-8. 



 

[64]. Johnson C.R., Combs G.F., Thavarajah P. Lentil (Lens 

culinaris L.): A  prebiotic-rich  whole  food legume. Food Res. 

Int. 2013;51:107–113. doi: 10.1016/j.foodres.2012.11.025. 

[65]. Padovani R.M., Lima D.M., Colugnati F.A., Rodriguez-

Amaya D.B. Comparison of proximate, mineral and vitamin 

composition of common Brazilian and US foods. J. Food 

Compos. Anal. 2007;20:733–738. doi: 

10.1016/j.jfca.2007.03.006 

[66]. Soltan S.S.A. The protective effect of soybean, sesame, 

lentils, pumpkin seeds and molasses on iron deficiency anemia 

in rats. World Appl. Sci. J. 2013;23:795–807. 

[67]. Ryan E., Galvin K., O’Connor T.P., Maguire A.R., 

O’Brien N.M. Phytosterol, squalene, tocopherol content and 

fatty acid profile of selected seeds, grains, and legumes. Plant 

Foods Hum. Nutr. 2007;62:85–91. doi: 10.1007/s11130-007 

[68]. Rodriguez C., Frias J., Vidal-Valverde C., Hernandez A. 

Correlations between some nitrogen fractions, lysine, histidine, 

tyrosine, and ornithine contents during the germination of peas, 

beans, and lentils. Food Chem. 2008;108:245–252. doi: 

10.1016/j.foodchem.2007.10.073. 

[69]. Taylor W.G., Fields P.G., Sutherland D.H. Fractionation 

of lentil seeds (Lens culinaris Medik.) for insecticidal and 



 

flavonol tetraglycoside components. J. Agric. Food Chem. 

2007;55:5491–5498. doi: 10.1021/jf0705062. 

[70].Association Francaise de Normalisation (AFNOR)Huiles 

Essentielles, Tome2 Relative Aux,Huiles Essentielles, 6th ed; 

AFNOR, Association Francaise de Normalisation: Paris, 

France, 2000. 

[71]. Carette Delacour, A.S.La Lavade son Huiles Essentielles. 

PhD thesis Unversite  2, Lille, France 2000. 

[72].Sell, C. S. The chemistry of fragrance from perfume to 

consumer, 2nd ed; The Royal society of chemistry combridge, 

UK, .pp 329.2006. 

[73].Vainstein, a; Lewinssohn, E; Weiss, D. Floral Fragrance, 

New In roads into an old comminty, plant physical. pp   27, 

1383 - 1389. 2001[Cross Ref]. 

[74].Pophof, B; Stang, G; Abrell, L volatile organic compound 

as signals in a plant-Herbivore system: Electrophysiological 

Responses in oI factory Sensilla of the Moth cactablastic 

cactotum. 30, 51 -68, 2005 [Cross Ref] [Pub Med].         

[75].Modzelewska, A; Sur,s. ;Kumar, k, s; Khan, S. R. 

Sesquiterpenes: Natural product that decrese cancer growth. 

Curr. Med. Chem, anticancer Agents pp 54, 477 –499. 2005  

[CrossRef]. 



 

[76]. Marotti, M; Piccaglia, R; Giovanelli, E; Effect of variety 

and on togenic stage on the essential oil compound composition 

and biological activity of fennel. J.Essent.oil Res.  6, 157-162. 

1994 [CrossRef]. 

[77].Guenther, E.,. The Essential Oils. Krieger Publishing 

Company, Florida, USA. Hadis, M., Lulu, M., Mekonnen, Y., 

Asfaw, T., 2003. Field trials on the repellent activity of four 

plant products against mainly Mansonia population in Western  

Ethiopia. Phytother. Res. 17, 202–205(1972). 

[78].Celiktas OY., Kocabas EEH., Bedir E., Sukan FV., Ozek 

T., Baser KHCAntimicrobial activities of methanol extracts and 

essential oils of Rosmarinus officinalis, depending on location 

and seasonal variations. Food Chem. 100: 553-559(2006). 

[79].Ware GW. 1. In Pesticides, Theory and Application, 

Freeman Co, New York, p. 308(978). 

[80].King SR. 1992. Conservation and Tropical Medicinal 

Research, Shaman Pharmaceutical Incorporated p. 650,( 1992). 

[81].D., P., de Sousa (ed.), “Bioactive Essential Oils and 

Cancer”, © Springer International Publishing Switzerland 

(2015). 

[82].Gupta, V.; Mittal, P.; Bansal, P.; Khokra, S.L. & Kaushik, 

D., Pharmacological Potential of Matricaria recutita. 



 

International Journal of Pharmaceutical Sciences and Drug 

Research, Vol.2, pp. 12-16(2010). 

[83].Acribia S. A. "Las Plantas de Extractos- Bases para un 

Plan de Desarrollo del Sector", Fundación Alfonso Martín 

Escudero, Madrid( 1999). 

[84].Pengelly, A., “The constituents of Medicinal Plants”. 2nd 

Ed. Cabi Publishing, U. K. Publicaciones. (1996). 

[85]. Las Plantas de Extractos. Bases para un Plan de 

Desarrollo del Sector. Fundación Alfonso Martín Escudero. 

Madrid, (1999). 

[86].Van Ginkel, A. Apuntes del Máster y Diplomatura de 

posgrado de la UAB “Plantas Medicinales y Fitoterapia. 

Módulo 2. Cultivo de plantas medicinales. Tecnología y 

Producción.” (2003). 

[87]. Hadis, M., Lulu, M., Mekonnen, Y., Asfaw, T., Western 

Ethiopia. Phytother. Res. 17, 202(1972). 

[88]. Ozbek, H.; Ugras, S.; Dulger, H.; Bayram, I.; Tuncer, I.; 

Ozturk, G. & Öztürk, A.,Hepatoprotective effect of F. vulgare 

essential oil. Fitoterapia, Vol.74, pp. 317-319. (2003). 

[89]. Bowles, E.J. “The Chemistry of Aromatherapeutic Oils” 

3rd Edition Griffin Press(2003).   



 

[90]. Pengelly, A., “The Constituents of Medicinal Plants”Allen 

& Unwin. (2004). 

[91]. Deans, S. G.; Svoboda, K.P.; Gundidza, M. & Brechany, 

E.Y. Essential oil profiles of several temperate and tropical 

aromatic plants: their antimicrobial and antioxidant activities. 

Acta Hortic., Vol.306, pp. 229-232. (1992). 

[92]. Griffin, S.G.; Wyllie, S.G.; Markham, J.L. & Leach, D.N.. 

The role of structure andmolecular properties of terpenoids in 

determining their antimicrobial activity. Flavour and Fragrance 

Journal, Vol.14, pp. 322-332. (1999). 

[93]. Sugawara, Y.; Hara, C.; Tamura, K., Fujii, T.; Nakamura, 

K.; Masujima, T. & Aoki, T. Sedative effect on humans of 

inhalation of essential oil of linalool: Sensory evaluation and 

physiological measurements using optically active linalools. 

Analytica Chimica Acta Vol.365, pp. 293-299. (1998). 

[94]. De., Sousa, D.,P.,  Analgesic-like Activity of Essential 

Oils Constituents. Molecules, Vol.16, pp. 2233-2252. (2011). 

[95].Dorman, H.J.D. & Deans, S.G. Antimicrobial agents from 

plants: antibacterial activity of plant volatile oils. Journal of 

Applied Microbiology, Vol.88, pp. 308-316. (2000). 

[96]. Gali-Muhtasib, H. ; Hilan, C. & Khater, C .,Traditional 

uses of Salvia libanotica (East Mediterranean sage) and the 



 

effects of its essential oils. Journal of Ethnopharmacology, Vol. 

71 ,pp. 513–520.( . (2000). 

[97]. Peana, A.T.; D’Aquila, P.S.; Panin, F.; Serra; G.; Pippia, 

P. & Moretti, M.D.LAntiinflammatory activity of linalool and 

linalyl acetate constituents of essential oils. Phytomedicine, 

Vol.9, pp. 721-726 (2002). 

[98].FAO., Flavours and Fragrances of Plant Origin. Rome. 

Foster, B.C., Arnason, J.T., Briggs, C.J., 2005. Natural health 

products and drug disposition. Annu. Rev. Pharmacol. Toxicol. 

, 203–226(1995). 

[99].Zygadlo JA, Juliani HR Jr Bioactivity of essential oil 

components. Curr Top Phytochem3:203–214. (2000). 

[100]. Halcon LL., Aromatherapy: Therapeutic application of 

essential oils. Minnesota Medic Assoc. 85, 42-46, (2002) 

[101]. Kalemba D., Kunicka A. Antibacterial and antifungal 

properties of essential oils. Curr Med Chem. 10: 813–

829(2003). 

[102]. Janssen AM, Scheffer JJC, Ntezurubanza L, Baerhem- 

Svendsen A. Antimicrobial activities of some Ocimum species 

grown in Rwanda. J Ethnopharmacol; 26:57-63(1989). 

[103]. Bassole IHN, Guelbeogo WM, Nebie R, Costantini C, 

Sagnon NF, Kabore ZI et al. Ovicidal and larvicidal activity 



 

against  Aedesaegypti and Anopheles gambiae complex 

mosquitoes of essential oils extracted from three spontaneous 

plants of Burkina Faso. Parassitologia, 45:23-26, (2003). 

[104]. Lopes NP., Kato MJ., Andrade EH., Maia JG., Yoshida 

M., Planchart AR., Katzin AM., Antimalarial use of the volatile 

oil from the leaves of Virola surinamensis. J.Ethnopharmacol. 

67: 313-319,( 1999). 

[105]. Nakatsu T., Lupo A., Chinn J., Kang R. 2000. Biological 

activity of essential oils and their constituents. Study of Nat 

Prod Chem. 21: 571-631 

[106].Lambert, R.J. Skandamis, P.N.; Coote, P; Nychas, 

G.J.E.A Study of the minimum inhibitory concentration and 

mode of action of oregano essential oil, thymol and carvacrol 

J.Appl.Microbiol.pp.91-453-462 2001[Crossref]. 

[107]Sikkema, J; de Bont, A, M; Pool man, B. Interactions of 

cyclic hydrocarbons with biological membranes .J. Biol. chem. 

Pp 269, 8022, 8028 1994. 

[108].Gustafson, J. E; Liew, Y.C; Chew, s; Markham, J. L; 

Bell, H.C; Wyllie, S.G; Warmington, ,J.R. Effects of tea tree oil 

on Escherichia coli. Lett.Appl Microbiol  pp 26, 194, 198 .1998 

[CrossRef][PubMed]. 



 

[109].Ultee, A; Bennink, M.H.J.; Moezeloar, R. The phenolic 

hydroxyl group of carvacrol is essential for action against the 

food. Borne pathogen Bacillus circus. Appl. Environ. Microbiol 

pp 68, 156-1568 2002 [CrossRef]. 

[110].Denyer, S. P; Hugo. W. P-Biocide induced damage to the 

bacterial cytoplasmic membrane. In Mechanism of action of 

chemical Biocide, the society for Applied Bacteriology, 

Technical series No 27, Denyer, S.P. Hugo. W. B .Eds; Oxford 

Black well Scientific Pulication. Oxford, UK, pp 171-188 1991. 

[111].Farag, R.S; Daw,Z.Y; Hewedi, F.M;EI Baroty .G.S.A. 

‘’Antimacrobial activity of some Egyption spice essential 

oils.J. Food prot pp 52, 665-667 1989. 

[112].Cose ntino, S; Tuberoso, C.I.; Pisane , B; Satta , M; 

Mascia, v; Arzedi. E; Palmas,F. In vitro antimicrobial activity 

and chemical composition of Sardinian Thymus essential oils 

Lell. App Microbial pp 29, 130-135 2002 [CrossRef]. 

[113].Dorman, H. J. D; Deans. S. G. Antimicrobial agents from 

plants: Antibacterial activity of plant volatile oil. J. Appl. 

Microbial pp 88, 308-316 2000 [CrossRef][PubMed]. 

[114].Davidson, P.M. Chemical preservatives and natural 

antimicrobial compounds. In food Microbiology: Fundamentals 



 

and frontier; Doyle, M.P, Beuchat, L.R., Montville, T.J., Eds; 

ASM press:  Washington, DC, USA pp 520-556 1997. 

[115].Knobloch, k; Weigand, H; Weis, N; Schwarm, H.M; 

Vigenschow, H. Action of terpenoids on energy metabolism .In 

Progress in essential oils Research 16th international 

symposium on essential oil; Brunke, E.J.Ed; De walter de 

Gruyter .Berlin, Germany pp 429- 445 1986.   

[116].Pauli, A. Antimicrobial properties of essential oil 

constituents. Int.J. Aromather pp 11, 126-133. 2001 [CrossRef]. 

[117].Fabian, D; Sabol, M; Domaracke, k. Essential oils, their 

antimicrobial activity against Escherichia coli and effect on 

intestinal cell viability.Toxicol in Vitro. Pp 20, 1435-1445. 

2006 [PubMed]. 

[118].Marino, M; Bersani, C; Comi, G. Antimicrobial activity 

of the essential oils . J. Food Proft Thymus vulgari L.measured 

using a bio impede metric method. Pp 62, 1017-1023. 1999 

[PubMed]. 

[119].Senatore, F; Napolitano, F; Ozcan, M. Composition and 

antibacterial activity of the essential oil from Crithmum 

maritimum L.(Apiaceae) growing wild in Turkey. Flav. Frag. J. 

PP 15, 186-189.2000[CrooRef]. 



 

[120].Canillac, N; Nourey, A. Antibacterial activity of the 

essential oil of Picea excelsa on Listeria staphylococcus aureus 

and coli form bacteria. Food Microbial pp 18, 261-268. 2001 

[CrossRef]. 

[121].Cimanga, K; Kambu, K; Tona, L; Apers, S; de Brayne, T; 

Hermans, N; Totte, J; Pieters, L; Vlietinck, A. J. Correlation 

between chemical composition and antibacterial activity  of 

essential oil of some Aromatic medicinal plants growing in the 

Democretic Republic of Cango. J. Ethnopharmacd. pp 79, 213-

220. 

[122].Gill, A. O; Delaquis, P; Russo, P; Holley, R .A. 

Evaluation of antilisterial action of cilantro oil on vacuum 

packed ham. Int Food Microbiol pp73, 83-92.2002 [CrossRef]. 

[123].Reichling, J; Schnitzler, P; Suschke, U; Saller,R; 

Essential oils of aromatic plants with antibacterial, antifungal, 

antiviral, and cytotocic properties an over view. Forsch- 

Komplement. Pp16, 79-90 2009 [CrossRef][PubMed]. 

[124].Burt, S. Essential oils: Their antibacterial properties and 

potential applications in foods. Int. Food Microbial. Pp 94, 

223-253.2004 [CrossRef][PubMed]. 



 

[125].Edris, A.E. Pharmaceutical and Therapeutic Potentials of 

Essential oils and their individual Volatile Constituents. 

Phytother. Res, Pp 21, 308-323 [CrossRef] [PubMed]. 

[126].Braga, P.C; dal Sasso, M; Cukici, M; Gasastri, L; 

Marceca, M.X; Guffanti, E.E. Antioxidant potential of thymol 

determined by chemilumine scence inhibition in human 

neutrophils and cell-free systems Pharmacology pp 76, 61-68 

[CrossRef][PubMed]. 

[127].Aruoma, O.I. Free radicals, oxidative strees, and 

antioxidants in human health and disease .J. Am.oil chem. Pp 

75, 199-212[CrossRef ] 

[128].Kamatou, G.P.P; Viljoen, A.M.A. Areview of the 

application and pharmacologyical properties of –Bisabolol and 

Bisabolol-rich oils. J. Am oil chem.Soc. pp 87, 1-7 2010 

[CrossRef]. 

[129].Koh, K. J, Pearce, A.L; Marshman, G; Finlay-Jones, J, J; 

Hart, P.H. Tea tree oil reduces histamine-induced skin 

inflammation .Br. J.Dermatol  147, 1212, 1217 

2002[CrossRef][PubMed]. 

[130].Hart,P. H; Brand, C; Carson, C.F; Riley, T, V; Prager, R. 

H; Finlay. Jones, J.J.Terpinen-4-o-ol, the main component of 

the essential oil of Malaleuca altemifolia (tea tree oil), 



 

suppresses inflammatory mediator production by activated 

human monocytes. Inflamm.Res. pp 49, 619-626. 2002 

[CrossRef][PubMed]. 

[131].Pyan, M.S; Shin, S. Antifungal effects of the volatile oils 

from Asiium plants against Trichophyton species and 

synergism of the oils with ketoconazole. Phytomedicine. Pp 13, 

394-400 .2006[CrossRef][PubMed]. 

[132].Milner, J.A.’’ A historical perspective on garlic and 

cancer’’. Recent advances on the nutritional effects associated 

with the use of garlic as supplement. J. Nutr. Pp131, 1013-

1027.2001. 

[133].Milner, J.A. Preclinical perspectives on garlic and cancer. 

Signifiance of garlic and its constituents in cancer and 

cardiovascular disease. J. Nutr. Pp 136, 827-831. 2006.    

[134].Wu, C.C; Sheen, L. Y; Chen.H.W; Kuo, W.W; Tsai. S. J; 

Lii. C.K. Differential effects of garlic oil and its three major 

organo sulfur components on the hepatic dexoxification   

system in rats. J. Agric. Food. Chem. Pp 50, 381-383.2002 

[CrossRef][PubMed]. 

[135].Cavalieri, E; Mariotto, S; Fabrizi, C; Carcereri de, Prati, 

A; Gottardo, R; Leone, B; Berra, L.V; Lauro, G.M; Ciampa, 

A.R; Suzuki, H. Bisabolol, a nontoxic natural compound, 



 

strongly induces apoptosis in glioma cells. Biochem-Biophys. 

Res. Commun. 

[136].Desousa, A; Alviano, A; Blank, A; Alves, P; Alviano, C; 

Gattass, C. Melisa officinalis L. essential oil: Antitumoral and 

antioxidant activites. J. Pharm.pharmmacol .pp56, 677-681 

2004 [CrossRef][PubMed]. 

[137].Calcabrini, A; Stringaro, A; Toccacieli, L; Mechini, S; 

Marra, M; Colone, M; Salvatore, G; Mondello, F; Arancia, G; 

Molinari, A. Terpinen-4-o-ol, the main component of 

Melaieuca ailemifolia (tea tree) oil inhibits the in vitro growth 

of human melanoma cells. J. Investig. Dermatol. Pp 122, 349-

360 2004[CrossRef][PubMed]. 

[138].Li, Y; Li, M; Wang, L; Jiang, Z; Li, W; Li, H. Induction 

of apoptosis of cultured hepatocareinoma cell by essential oil of 

the Artemisia annua.L .Sichuan Daxue Xue Bao YiXue Ban 

.pp35, 337-339 2004 [PubMed]. 

[139].Beychok. M. R. The Design of sour water strippers, 

Individual paper 61, Proceedings of seventh world petroleum 

congress, Mexico City, April 1967. 

[140].Kister, Hentryz Distillation design (Ist.ed) Mc Graw hall 

1992. 



 

[141].M. Mchak, rabarty. Chemistry And Technology of oil& 

fats. Allied  Pulblishers,  pp 12. 2003. 

[142].Weiss, A.E. Essential oils crops. Cabinter national 

YewYork, Pp 570. 2002. 

[143].Shelef, L.A; Antimicrobial effects of spices. J. food saf. 

Pp 6, 29-44. 1983 [CrossRef]. 

[144].Nychas, G.J.E. Natural antimicrobials from plants. In 

New Methods of food Preservation, Ist ed.; Gould, G.W., Ed; 

Blackie Academic& Professional: London, UK, PP. 58-89 

1995.  

 

 

 

 



75 
 

 

 

 

 

 

 

 

 

 

 


