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ABSTRACT 

 

Plumbago zeylanica (Amera) is one of the most versatile medicinal plants having a wide spectrum of 

biological activities due to the presence of large number of bioactive compounds. The present study 

is conducted to evaluate phytochemical test, antimicrobial activity, antioxidant efficiency, total 

phenolic and flavonoid content using methanol, ethyl acetate and petroleum ether extracts. 

Qualitative phytochemical screenings were also conducted using methanol, ethyl acetate and 

petroleum ether extracts, which revealed the presence of cardiac glycosides, flavonoids, phenolic 

compounds, tannins, sterols, quinone, anthraquinone, terpenoids, cholesterol, protein  and alkaloids   

The antibacterial activity of leaf extract of Plumbago zeylanica was performed against four 

bacterials species S. aureus, E coli, S. pyrogens, K. pneumonia, at concentrations of 500 mg/mL,400 

mg/mL,300 mg/mL and 200 mg/mL and 100 mg/mL . The result revealed that the methanol and ethyl 

acetate extracts showed a better activity against all disease causing pathogens bacterial while, at 

higher concentration petroleum ether extracts were active against microorganisms.The total 

phenolic content of methanol, ethyl acetate and petroleum ether extract was 82.738 mgGAE/g, 

69.784 mgGAE/g and 51.630 mgGAE/g dry samples respectively. The total flavonoid content of 

methanol, ethyl acetate and petroleum ether extract was 69.566 mgQE/g, 66.966 mgQE/g and 

59.133 mgQE/g dry samples respectively. The antioxidant activities of methanol, ethyl acetate and 

petroleum ether leaf extracts of Plumbago zeylanica were screened using 2.2-diphenyl-2-

picryhydrazyl and ferric reducing power assay. IC50 values were found to be 53.143 μg/mL , 82.541 

μg/mL and 172.103 μg/mL in methanol, ethyl acetate and petroleum ether  leaf extracts respectively 

for their antioxidant activity by DPPH assay; the lower IC50 value which showed the radical 

scavenge activity to be effective in this solvent extract. In the same condition methanol, ethyl acetate 

and petroleum ether extract showed high antioxidant activity and oxygen free radicals scavenging 

abilities which were found almost equivalent to the ascorbic acid standard antioxidant activity.  

 

Key words: - Plumbago zeylanica, phytochemical analyses, Antioxidant activities, total phenolic 

content, total flavonoid content and antimicrobial activity 
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CHAPTER 1: INRODACTION 

 

1.1.Background of Study 

 

Medicinal plants have been utilized for thousands of years as major sources of cures for 

human disease
1
. For a long time, plants have provided a source of emerging modern 

medicines and drug cureds.
2 

According to world health organization (WHO) approximately 

about 80% of the people in developing countries rely chiefly on traditional medicines for 

their primary health care needs, of which a major portion involves the use of plant extract or 

their active principles.
3
 

In Africa and elsewhere, plant extracts are still widely used in the treatment of different 

diseases and other ailments, and up to 80% of the African population use traditional 

medicines for primary health care.
4
 It is also the most important  source of therapeutics for 

nearly 80% of the population in Ethiopia; however, such plants should be investigated to 

better understand their properties, safety, and efficiency.
5,6

 Traditional medicines are prepared 

from a single plant or combinations of more than one plant. The efficacy depends on the 

current knowledge about taxonomic features of plant species, plant parts and biological 

property of medicinal plants which in turn depends on the occurrence of primary and 

secondary metabolites(bioactive phytochemical), besides number of environmental factors 

such as climate, altitude, rainfall and other conditions may affect growth of plants which in 

return  affect the quality of herbal ingredients present in a particular species even when it is 

produced in the same country.
7 

In different parts of the country people are using traditional 

herbal medicine for addressing their primary health care need and to treat various ailments 

and physical damages.
8
 Most of the people Ethiopia are highly dependent on plant based 

traditional medical practices.
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As more and more medicinal plants and the associated knowledge are lost, the potential 

for the future development of modern herbal drugs could also be compromised. Crucial 

ethnobotanical studies and subsequent conservation measures are, thus, needed to salvage 

the medicinal plants and the associated knowledge from further los.
9  

Secondary 

metabolites (phytochemicals) are naturally synthesized in all parts of the plant body; 

bark, leaves ,stem, root, flower, fruits and seeds that means  any part of the plant body 

contain active components.
10,11

 Therefore, the production and the accumulation of 

secondary metabolites could have different function self-defense, sexual attraction, 

symbiosis and development.
12

 The most important phytochemical secondary metabolites 

are alkaloids, tannin, flavonoids, saponins, glycosides, phenolics, coumarines, quinine, 

anthraquinones, anthocyanin, and steroids etc. Furthermore all secondary metabolites 

have specific functions. For example saponins have antifungal activity, some alkaloid 

may be useful against HIV infections, flavonoids have strong anticancer activity and 

tannins have antimicrobial activities.
13

 

  

Antioxidant compounds can be extracted from easily available sources such as, 

agricultural crop, horticultural crops and medicinal plants.
14

    Antioxidants therefore could 

be used to block or reverse the harmful and pathological action of the free radicals. The 

antioxidants generally scavenge the free radicals and detoxify the physiological system. 

The evaluation of all the drugs is based on phytochemical and pharmacological approaches 

which leads to the drug discovery referred as natural product screening. Any part of the 

plant may contain active components such as bark, leaves, flowers, roots; fruitsand 

seeds.
15, 16 

Natural antioxidants such as phenols, flavonoids and tannins are increasingly 

attracting because they are natural disease preventing, health promoting and anti-ageing 

substances.
17

Antioxidants may serve the task of reducing oxidative damage in humans 

induced by free radicals and reactive oxygen species under oxidative stress conditions. 

These conditions can cause DNA and protein damage, lipid peroxidation, cancer; ageing 

and inflammatory activity.
18

 Phenolic compounds are an important class of secondary 
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plant metabolites possessing an impressive array of pharmacological activity. One of the 

more prominent properties of the phenolic compounds is their excellent radical scavenging 

ability. Flavonoids are a group of polyphenol compounds with known properties which 

include free radical scavenging, inhibition of hydrolytic and oxidative enzymes.
19, 20

 

   

Plumbago zeylanica has been used for hundreds of years as a traditional system of 

medicine and plant derived products are the cheapest, easily available and safer alternative 

sources of antimicrobials.
21-23 

The phytochemical and pharmacological studies on the roots 

of P.zeylanica confirmed antiplasmodial, 
24 

antimicrobial, 
25 

antifungal
26 

antiinflammatory 

and anticancer,
27 

antihyperglycemic,
28 

hypolipidaemic and anti-atherosclerotic
29 

 properties 

of the plant.Thus by considering its medicinal value. The purpose of this study was to 

investigate and clarify the phytochemical analysis phenolic content, antioxidant and 

antibacterial activities of leaf Plumbago zeylanica.  

1.2 . Significance of the Study 

Traditional medicine has remained as the most affordable and easily accessible source of 

treatment in the primary health care system of resource in poor communities and local 

therapy is the only means of medical treatment for much community the traditional 

herbal medicinal man. However, since cultural system is dynamic, the skills are dynamic, 

the skills are fragile and easily forgettable as most of the indigenous knowledge transfer 

in the country is based on oral transmission, but new science researches are developing 

on this natural folk medicine. Evaluation of plant products for pharmacological and 

medicinal effects is of growing interest as they contain much bioactive substance. Which 

have therapeutic potential. Investigation of antibacterial medicinal plants is essential 

because phototherapy is cheaper and locally available.          

Plumbago zeylanica is one of the most used traditionally for intestinal warm, skin and 

tumor diseases in Ethiopia which is distributed throughout the country. Plumbago 

zeylanica has a great important in human life but diverse effect of toxicity if the dose is in 

high amount, it can cause antifertility as well as brain disorder. So people traditionally 

using Plumbago zeylanica extracts have faced this problem.
29
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To strengthen the phytochemical analysis, antioxidant and antibacterial activities on the 

leaves parts of Plumbago zeylanica   in Ethiopia. In the view of the above the current 

study has been carried out to evaluation of the phytochemical analysis, antioxidant and 

antibacterial activities of the leaf parts of Plumbago zeylanica and this study would create 

the ability to strengthen the medicinal utilities of all parts of this small shrub plant. 

        Moreover, this paper also serves as a stepping stone for researchers to conduct further 

investigation and isolation of bioactive compound present in leaves extract of Plumbago 

zeylanica species. It also helps to impart scientific justification for the traditional use of 

Plumbago zeylanica   to treat different diseases.  

    

1.2.Objective of the study  

1.3.1. General objective 

 The main objective of this study to investigate the phytochemical analysis, 

antioxidant and    antimicrobial activities of Plumbago zeylanica leaf extract. 

1.3.2. Specific objective 

 To extract crude leaves part of plumbago zeylanica by using petroleum 

ether, ethyl acetate and methanol solvents successively. 

 To study the antibacterial activities of leaf extracts of Plumbago 

zeylanica.as gentamycin standard  

 To estimate the total phenolic and flavonoid contents from the crude 

extract of   Plumbago  zeylanica  

 To determine antioxidant  activities of crude extracts of leaves in different 

methods  

 To determine qualitative analysis of leaves extracts of   Plumbago 

zeylanica   different phytochemical tests. 



 

5 
 

  To compare the antioxidant and antimicrobial activities of   Plumbago 

zeylanica in different solvent extract. 
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CHAPTER 2: REVIEW OF RELATED LITRATURE 

2.1. The Family Plumbaginaceae 

Plumbago zeylanica (Family-Plumbaginaceae).is Angiosperms in the family consists of 

10 genera and 280 species. The genus Plumbago comprises 18 species distributed utilized 

throughout the world in warm regions mostly the three species, namely Plumbago indica 

L. (P. rosea L.), P. capensis L., and P. zeylanica L. is distributed as a widely throughout 

the tropical and subtropical countries of the widely native to south Asia, India and 

srilanka and which are distributed in several parts of India. Plumbago auriculata Lam is 

common distributed in South Africa and Nigeria. In Ethiopia, Plumbago zeylanica locally 

known as Amera (in Amharic),Mertes (Oromifa)’and  Aftuh (in Tigrigna) , is a shrub 

widely distributed in the West and Northwest parts of Ethiopia at 1500–2200 m above sea 

level.
30

 

2.2. The genus Plumbago 

The genus Plumbago distributed in warm tropical regions throughout the world is the 

largest genus in Plumbaginaceae. The genus Plumbago comprises 18 species distributed 

and utilized throughout the world in warm regions. Medicinal plants are characteristic to 

the genus Plumbago and are cultivated and utilized worldwide. Plumbago auriculata 

Lam. is common in South Africa and is often cultivated for its ornamental and medicinal 

uses throughout the world.
 31

 

2.2.1. Previously isolated compounds from genus Plumbago 

 

There are different kinds of bioactive compounds that have been previously isolated and 

reported from the genus Plumbago. Plumbago revealed the presence of the following
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Compounds: α-amyrin (1), plumbagin (2),alanine (3),tyrosine (4),tryptophan (5), aspartic 

acid (6),traxasterol (7),β-amyrin (8),stosterone (9),bassicasterol (10),sitosterol (11),and 

stigmasterol (12) .
32.33

 

 

 

 

 

 

 

 

 

 



 

8 
 

 

 

 

 

 

Figure 2. 1: Some phytochemicals isolated from genus of Plumbago 

2.3. Plumbago zeylanica 

Plumbago zeylanica in Ethiopia, locally known as Amera (in Amharic),Mertes 

(Oromifa)’and  Aftuh (in Tigrigna) , is a shrub widely distributed in the West and 

Northwest parts of Ethiopia at 1500–2200 m above sea level.
 30

  

It is branched evergreen shrub growing up to 0.5- 2 meters. The leaves are dark-green, 

ovate 2.2-3.8 cm long and 1.2-2.5 cm wide. The flowers are white in thick racemes, 

individuals around 0.5cm across, flowering throughout the year.
34

 

 

 

 

 

 

 

  

Figure 2. 2: plant of Plumbago zeylanica 



 

9 
 

 

Table 2.1: scientific classification of Plumbago Zeylanica 

Kingdom   Plantae 

Division :  Magnoliophyta 

Class :  Magnoliopsida 

Order :                                            Caryophyllales 

Family :  Plumbaginacea 

Genus  :  Plumbago 

Species :  Zeylanica 

 

2.3.1. Previous phytochemical investigation on plumbago zeylanica 

 

Previously, revealed that the P.Zeylanica root had many chemical ingredients like 

polyphenolic components which showed many biological activities. Carbohydrates 

and/or glycosides, sterols and/ or triterpenes, catechol tannins, saponins, steroids 

flavonoid and glycosides were found in all investigated parts.
33-39

 Presences of these 

bioactive components in the crude extracts could be linked to their activities against 

microorganisms. roots of P.Zeylanica contains an alkaloid called plumbagin (2- methoxy-

5hydroxy-1, 4- napthoquinone), which externally is a strong irritant but a powerful 

germicide.
40,41

 The phytochemical lisolated from root part of Plumbago zeylanica 

extract.Chittaanone (13),Elliptone (14),Plumbagin (15),Martinone (16),Droserone (17), 

Isozeylenone (18), Zeylanone (19), Lupeol (20), Vanillic acid (21), 1,2-

Benzenedicarboxlic acid (22)  
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Figure 2. 3: Some phytochemicals isolated from root extract of Plumbago zeylanica 

2.4. Free radicals 

Free radicals can be defined as molecules or molecular fragments containing one or more 

unpaired electrons in atomic or molecular orbital. These unpaired electron(s) usually 
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gives a considerable degree of reactivity to free radicals.
42

 Many radicals are unstable and 

highly reactive. They can either donate an electron to or accept an electron from other 

molecules, therefore behaving as oxidants or reluctant. Free radicals are electron-

deficient species, but they are usually uncharged, so their chemistry is very different from 

the chemistry of even-electron electron-deficient species such as carbocation and 

carbines. 
43,44

 Free radicals can be classified as reactive oxygen species (ROS) and 

reactive nitrogen species (RNS). They are generated by our body by different endogenous 

systems, exposure to conditions or pathological states.
 45

  

2.4.1. Common diseases caused by free radicals 

 

        Free radicals are accountable for various diseases like rheumatoid arthritis, type II 

diabetes, adult respiratory disease syndrome, cancer, myocardial infarction, vascular 

diseases, chronic inflammatory diseases, hypercholesterolemia, Alzheimer disease and 

Parkinson disease.
46

 Free radicals are chemicals of unstable atoms that cause damage to 

lipid cells, proteins and DNA as a result of imbalance between the generation of reactive 

oxygen species (ROS) and the antioxidant enzymes.
47

 

2.5. Antioxidants 

        Antioxidants are the compounds that guard the cells from the harmful effects of reactive 

oxygen species, for instance, singlet oxygen, and superoxide, peroxyl radicals, peroxy 

nitrite that causes oxidative stress which leads to the damage of the cell. Antioxidants 

terminate these chain reactions by removing free radical intermediates and inhibit other 

oxidation reactions by being oxidized themselves.
 
 Antioxidant can be divided into two 

groups depends on their action that are preventive antioxidant and chain breaking 

antioxidant. Natural antioxidants are known as primary antioxidants or chain breaking 

antioxidants.
48 

 Generally natural antioxidants play a key role in health maintenance and 

prevention of the chronic and degenerative diseases, such as atherosclerosis, cardiac and 

cerebral ischemia, carcinogenesis, neurodegenerative disorders, diabetic pregnancy, 

rheumatic disorder, DNA damage and ageing .
49,50,51

 It is also believed that if 

antioxidative  phytochemical are incorporated into the diet, it could lead to beneficial 
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physiological changes in human microflora.which could contribute to their chemo-

preventive effects.
52

 

2.6. Mechanisms of Antioxidant capacity activity 

 

Antioxidants can neutralize radicals by two different mechanisms. The final product will 

be the same but reactions occurring are different. These are Single electron transfer (SET) 

and (HAT) hydrogen atom transfer reaction mechanisms.(SET) and (HAT)  mechanisms 

may occur in parallel, the predominant mechanism being determined according to 

antioxidant structure and properties, solubility, partition coefficient, and system solvent
53

 

2.6.1. Hydrogen atom transfer (HAT) antioxidant reaction 

In this mechanism the antioxidant (ArOH) stabilizes a free radical by donating a 

hydrogen atom and forms another free radical relatively stable from the original free 

radicals that measure the ability of an antioxidant to quench free radicals by hydrogen 

donation.
54

 Assays that are based on HAT mechanisms measure competitive kinetics. 

Antioxidant with hydroxyl component OH donates a H atom to an unstable free radical to 

give a more stable radical. HAT reactions are solvent and pH independent and are usually 

quite rapid, typically completed in seconds to minutes. The presence of reducing agents, 

including metals, is a complication in HAT assays and can lead to erroneously high 

apparent reactivity.
55, 56 

                                    

Scheme 2.1: Hydrogen transfer mechanism of antioxidant reaction 

2.7. Antioxidant capacity activity 

Oxidative stress is believed to be a major contributor to the pathogenesis of a number of 

chronic diseases, and it is for this reason that antioxidant behavior is one of the most 

commonly determined biological activities in extracts of plants. Several assays have been 

frequently used to estimate antioxidant capacities in different parts of plants and their 

products.
57

 These are 2,2 diphenyl-1-picrylhydrazyl (DPPH), ferric reducing antioxidant 
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power (FRAP), the oxygen radical absorption capacity (ORAC) and 2,2- azinobis (3-

ethyl-benzothiazoline-6-sulfonic acid) (ABTS).
57 

 The two common ones are based on the 

scavenging of the DPPH (2,2-diphenyl-1-picrylhydrazyl) radical (DPPH assay) and ferric 

reduction activity potential (FRAP assay). 

2.7.1. Radical scavenging activity using DPPH method  

The odd electron in the DPPH free radical gives strong absorption maxima at 517 nm and 

is purple in color. The odd electron of DPPH radicals becomes paired with hydrogen 

from a free radical scavenging to form the reduced DPPH-H. The resulting 

decolourization is stoichiometry with respect to number of electron captured and decrease 

in absorbance value of the solution. 

Scheme 2.2 below shows how the DPPH free radical accepts a hydrogen atom from 

antioxidants compounds. The antioxidant effect is proportional to the disappearance of 

DPPH radicals in the test sample. Therefore, rate reduction of a chemical reaction upon 

addition of DPPH is used as an indicator of the radical nature of that reaction. The 

reaction of DPPH with an antioxidants or reducing compounds produces the 

corresponding hydrazine DPPH2, which can be followed by color change from purple to 

pale yellow.
57, 58

 

 

 

 

 

 

 

       Scheme 2.2:  Reaction of DPPH with Antioxidants 



 

14 
 

2.7.2. Ferric reducing power activity 

This assay measures the ability of bioactive compounds to donate an electron to 

potassium hexacyanoferrate (III) (K3[Fe(CN)6]3) complex. Due to its electron donating 

ability of the bioactive compounds of plants, potassium hexacyanoferrate (III) 

(K3[Fe(CN)6]3) complex directly transforms to Iron hexacyanoferrate (II) (Fe4[Fe(CN)6]2) 

complex  (i.e.Fe
+3

 to Fe
+2

) which is an indication for the antioxidant activity of the plant. 

The amount of Fe
2+

 complex formed by the reduction of Fe
3+

 can be monitored 

(controlled) by the formation of colour complex at 700 nm. Increase in absorbance 

indicates an increase in reductive ability. The reducing capacity of compound may serve 

as a significant indicator of its potential antioxidants activity. This would have the effect 

of converting free radicals to more stable products and thus terminating free radical 

initiated reaction.
56 

 

 

 

Scheme 2.3:  formation of Prussian blue complex 

2.8. Antibacterial activities 

Drugs from the plants are easily available, less expensive, safe, and efficient and have 

fewer side effects. Natural products of higher plants may possess a new source of 

antibacterial agents with possibly novel mechanisms of action.
57

 The leaf of  Plumbago 

zeylanica  extract also exhibit anticancer, antibacterial, antifungal and antitumor 

properties and used to treat tuberculosis, rheumatic pain, syphilis and skin diseases.
59,60

 

The roots of  P. zeylanica are also used as ant rheumatic, anti-scabies, anti-diarrheal, anti-

periodic, anti-malarial and for the treatment of leprosy.
61 

The whole plant, the roots, and 

powder of the roots. Used in fever and malaria, against diarrhea, dyspepsia, piles, and 

skin diseases including leprosy wounds.
62-64
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2.9. Phytochemical in medicinal plants 

Plants have evolved secondary biochemical pathways that allow them to synthesize a raft 

of bioactive compounds, often in response to specific environmental stimuli, such as 

herbivore-induced damage, pathogen attacks, or nutrient depravation .
65

 Bioactive 

compounds in plants are defined as secondary plant metabolites eliciting pharmacological 

or toxicological effects in man and animals.
66 

The phytochemicals can be subdivided into 

a number of distinct groups on the basis of their chemical structure and synthetic 

pathways, and these groups can, in turn, be broadly differentiated in terms of the nature 

of their ecological roles and therefore their ultimate effects and comparative bioactivity in 

animals. The largest and most prevalent of phytochemical groups are the alkaloids, 

terpenes, and phenolic compounds.
67

 

2.9.1. Phenolic 

Phenols, sometimes referred to as phenolics, are a class of chemical compounds 

consisting of a hydroxyl group (-OH) attached to an aromatic hydrocarbon group and 

widely distribute in the plant kingdom. They have relatively higher acidities than 

aliphatic alcohols and some are germicidal while others like estradiol are estrogenic. The 

three most important groups of dietary phenolics are flavonoids, phenolic acids, and 

polyphenols.  Polyphenols have more than one phenol groups per molecule. phenol 

(C6H5OH) is the simplest of the class and are therefore classified on this basis.
 
The 

subdivision of polyphenols into tannins, linins and flavonoids is based on the variety of 

simple polyphenolic units derived from plant metabolism of the shikimate pathway some 

of important natural occurring phenolic acids are benzoic acid(23), salicyclic acid(24), 

vanilic acid(25),gallic acid(26), cinnamic acid(27), ferulic acid(28) and cafferic acid(29)    

.
68
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Figure 2.4: Structure of some important naturally occurring phenolic acid compound

  

2.9.2. Flavonoids 

Flavonoids are polyphenolic compounds possessing 15 carbon atoms; twobenzene rings 

joined by a linear three carbon chain (C6 -C3 -C6 system). Many flavonoids occur in 

vegetables, fruits and beverages like tea, coffee and fruit drinks. The various classes of 

flavonoids differ in the level of oxidation and pattern of substitution of the C ring. 

Among the various classes of flavonoids, the important ones are flavones, flavanones, 

isoflavones, flavonols, flavanol (catechin), flavanonols, flavan-3-ols, and anthocyanidins. 

69
 The flavonoids appear to have played a major role in successful medical treatments of 

ancient times, and their use has persisted up to now, Basic Structure of flavonoids and 

some representative are  basic Structure of flavonoids (30), 2-phenyl-chromen-4-one 

flavonens (31), 3-hydroxy-2- phenylchromen nyicum flavylium salt (32),3-hydroxy-2- 

phenylchromen-4-one flavonol (33).
 69
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Figure 2. 5: Basic Structure of flavonoids and some representative flavonoid 

2.9.3. Alkaloids 

Alkaloids are complex nitrogen-containing compounds generally produced from plants. 

Alkaloids are basic in nature and mostly colourless solid crystalline substances with a 

bitter taste. They are soluble in organic solvents but insoluble in water whereas their salts 

are soluble in water and insoluble in organic solvents.
70-73

 Alkaloids are distributed in 

various tissues depending on the plant species. They occur in plants as salts and are 

therefore extracted with water or mild acid and then recovered as crystalline material 

with a base. Alkaloids were classified according their origin. However, currently they are 

being classified according to biologically important amine that stands out in their 

synthetic process and therefore, resulting in the following groups: pyridine, pyrolidine, 

tropane, quinoline, isoquinoline, phenethylamine, indole, purine, pyrazole and terpenoid.
 

Most are heterocyclic with nitrogen atom(s) located in the heterocyclic ring and could be 

mono or poly depending on the number of rings some of  important naturally occurring 

alkaloids are hygrine (34), coniine (35), isopelletierine (36), nicotine (37), mysomine 

(38), anabasine(39), truptanhrin (40) .
74
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Figure 2. 6: Structure of the important naturally occurring alkaloids 

2.9.4. Terpenoids 

Terpenoids also called isoprenoids are polymers derived from two or more isoprene (2 

methyl-1, 3-butadiene or C5H8) molecules. There are over 10,000 types (over 30,000 

compounds) of terpenoids and they are the largest class of naturally occurring organic 

compounds. They are classified on the basis of the number of the isoprene molecules 

thus, hemiterpenes (2), monoterpenes (3) or diterpenes (4) and so on. They are further 

sub classified according to the number of rings present in the molecule. Monoterpenoids 

are volatile essential oils. For example,camphor,menthol and pinene. Diterpenoids are 

widely distributed in latex and resins and can be quite toxic. Steroids and sterols are 

produced from terpenoids precursors including vitamin D, glycosides and saponins 

(which lyse red blood cells) some of  important terpenes of each class are limonine (41), 

camphor (42), abietic acid (43), pinene (44),citral (45) and vitamin A (46)
.73,74
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Figure 2. 7: Structure of the important terpenes of each class 

2.9.5. Glycosides 

Glycosides are compounds that contain a sugar (glycone) and a non-sugar (aglycone) 

molecule. Most glycosides are crystalline, colourless compounds and optically 

levorotatory. They are soluble in water and alcohol but insoluble in other organic solvents 

like ether and chloroform. Glycosides are classified on the basis of linkage between the 

glycone and aglycone moieties like O, C, N or S and also on the basis of the chemical 

nature of the aglycone molecule such as alcohol, aldehyde or steroid. Glycosides are the 

very important class of drugs for the modern medicine. They are the class of compounds 

that are most abundant than the alkaloids. Glycosides can be classified into major classes’ 

namely cardiac glycosides, cyanophore glycosides, flavonoid glycosides, thiocyanate 

glycosides a basic structure of glycosides (47).
 75
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Figure 2. 8: structure of glycosides 

2.9.6. Saponins 

A group of secondary metabolites found widely distributed in the plant kingdom they 

form a stable foam in aqueous solutions such as soap, hence the name “sapnonin”. 

Chemically, saponinsasa group include compounds that are glycosylated steroids, 

triterpenoids, and steroid alkaloids some stracture of sapnonin are spirostan (48), 

oteanane(49).
75

 

 

 

         

 

 

Figure 2. 9: Structure of sapnonin 

2.9.7. Anthraquinine 

Anthraquinone is a crystalline solid with the chemical formula of C14H8O2. The structural 

formula is shown below. It is an important member of the quinone family of organic 

compounds with a major use in the dye industry and it is also used to bleach paper. These 

are derivatives of phenolic and glycoside compounds. They are solely derived from 

anthracene giving variable oxidized derivatives such as anthrones and anthranols.
75

 other 

derivatives such as chrysophanol, aloe-emodin, rhein, salinos poramide luteolin and 

emodin have in common a double hydroxylation at positions C-1 and C-8. To test for free 

anthraquinone, powdered plant material is mixed with organic solvent and filtered, and an 

aqueous base, for example, NaOH or NH4OH solution, is added to it. A pink or violet 

colour in the base layer indicates the presence of anthraquinone in the plant sample.
75
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2.9.8. Sterols 

Sterols are white solid that the hydroxylated steroid .There is founds in most plants and 

food. Plant sterols are known to have a hypocholestrolimic function and are considered 

safe. They are teiterpens resemblining cholesterol, with a side chaine at carbon 

17composed of 9 and 10 carbon atoms. Whereas the cholesterol side chain only 8 

carbons, the most aboundnt phytosterols reported from the plant species sitosterol, 

stigmasterol and campesterol.
33

        

2.9.9. Proteins 

Large molecules composed of more chain of amino acid in a specific order determined by 

the base sequence of nucleotides in DNA coding for the protein. Proteins are required for 

the structure regulation of the body
’
s, tissues and organs. Each protein has unique 

functions; proteins are essential compound of muscles, skin bones and the body as a 

whole the most amino acid reported from the plant species alanine(3), tyrosine(4), 

tryptophan(5), and aspartic acid(6).
33

 

   

  

Figure 2. 10: Structure of amino acids isolated from root extract of Plumbago zeylanica 

2.9.10. Cholesterol 

Cholesterol is lipid that has multiple functions.it is great importance for cell membrane 

structure and function invertebrates. Metabolites of cholesterol bile salts, storied 

hormones and oxystelrls fulfill important biological function. Hypercholesterolemia is an 
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important risk factor for cardiovascular diseases. It is caused by an imbalance between 

cholesterol secretions in to the blood and its up take. Cholesterol is also a source of 

bioactive molecules such as steroid hormones, vitamin D and bile acid. This in turn can 

regulate cellular metabolism and both intracellular and extra cellular communication.   
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CHAPTER 3: MATERIAL AND METHOD 

3.1. Materials 

3.1.1. Plant materials 

Fresh leaves of Plumbago zeylanic collected from Mentawuha area, which is located in 

Awi zone, and 212 km away from Bahir Dar city in the west direction, Amara regional 

state. The plant material was identified and authenticated by Dr. Ali Seidu, botanist in 

biology department of Bahir Dar University.  

3.1.2. List of chemicals and reagents 

The chemicals and reagents used for this study were ethyl acetate (Carloerba), methanol 

(finechem.,Ethiopia), petroleum ether (Blulux, india), ferric chloride (FeCl3), Wagner’s 

reagent (Iodine in potassium iodide), hydrated aluminum chloride (AlCl3.6H2O), sodium 

nitrite (NaNO2) (Blulux, India) , hydrochloric acid (HCl) (LOBAChemie) , sulfuric acid 

(H2SO4), sodium hydroxide (NaOH), nitric acid (HNO3), NaH2PO4 (Blulux, India), 

Na2HPO4 (Blulux, India) ,trichloroacetic acid (Blulux , India), potassium 

hexacyanoferrate (II) (K2[Fe(CN)6] , Ascorbic acid (Blulux,India) , DPPH, quarticien 

(himedia, India), ammonia solution (Blulux ,India), chloroform (EINECS), acetone 

(ranchem), iodine powder, potassium iodide, Muller Hinton agar (Himedia, India) and 

others.  

3.1.3. Instruments and apparatus 

The necessary apparatus and instruments used for this study were electronic beam 

balance (Radwag, Poland), vacuum rotary evaporator (RE-2SVD, China), electrical 

shaker (Heidolp unimax, England) , water bath, UV – visible spectrophotometer (SP-

UV500VDB, Japan), volumetric flasks, beaker, round bottom flask, Whatman No.1 

filtrate paper, aluminum foil, micropipette, incubated plate, cuvettes, safety hood, 
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electrical oven, plastic test tubes for sample container and others was used for different 

purposes. 

3.2. Methods 

3.2.1 Extraction of plant material 

The collected fresh leaves of Plumbago zeylanic was washed carefully under running tap 

water to remove dirt, dust and insects. The cleaned plant sample was cut into small parts 

to facilitate drying and air dried at room temperature for a week under a shad until it 

became well dried for grinding. The dried leaf was ground in to powder and packed in 

plastic bag and made available for extractions. The powdered plant material was weighed 

by using electrical balance and crude extracts were extracted in a successive way. 100 g 

of the dried and powdered leaves of Plumbago zeylanic was macerated with 500 mL of 

petroleum ether, ethyl acetate and methanol successively and shake on electrical shaker 

of 120 rpm for 48 hr each at room temperature. Occasional stirring for 2 days.
69, 70

 the 

mixture was filtered through Whatman No 1filter paper. The filtrate will combine and 

concentrated using a rotary evaporator at 40 o
c 

120 rpm revolution under reduced 

pressure. The remaining solvent was removed in a water bath to obtain a complete dry 

powdered residue (crude extract). The crude extracts were stored in aluminum foil 

covered beaker in a dark place for further purposes to determine phytochemical analysis, 

antimicrobial and antioxidant activities. The percentage yield of the crude extract will be 

calculated by using the formula below: Percentage yield of the extract (%) = (crude 

extract obtained)/ (the dried powdered leaves) x100%. 
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Figure 3.1: Graphical representation of crude extracts preparation 

3.3. Reagent and standard solution preparation 

 

3.3.1. Reagent preparation 

 

 Folin-C Reagent: 10 g sodium tungstate and 2.5 g sodium molybdate were dissolved 

in 70 mL water. Out of 85% phosphoric acid 5 mL was taken and 10 mL 

concentrated hydrochloric acid were added to a solution. After Reflux for 10 hr., 15 

g of lithium sulfate, 5 mL water and 1 drop bromine were mixed and Reflux for 15 

minutes again. Cool to room temperature and bring to 100 mL with water.1-

Hexavalent phosphomolybdic/phosphotungstic acid complexes with the following 

structures are formed in solution. 
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 DPPH solution preparation: 0.004 g of DPPH powder was taken in to 100 mL 

volumetric flask and methanol was added into the flask to prepare 0.004% DPPH 

solution. 

 Phosphate buffers  

 The monobasic, more acidic Solution A is mixed with the dibasic, more basic Solution 

B   to get the desired pH. 

 If the concentration of PO4
3-

 is the same in both solutions, then the resulted solution 

will have the same concentration (PO4) regardless of the proportions of each which 

are added, because:  5 mL of 0.2 m PO4 + 95 mL of 0.2 M PO4
3-

 = 100 mL of 0.2 M 

PO4 

Potassium phosphate buffer, 0.2 M 

Solution A:   27.2 g KH2PO4 per liter (0.2 M) 

Solution B:   34.8 g K2HPO4 per liter (0.2 M) 

For desired pH , 62.5 mL of solution A and 37.5 mL solution B are mixed  

to prepare 100 mL ,2 M   potassium phosphate (with p
H
 =6.6) solution. 

 

3.3.2. Standard solution preparation 

 Gallic acid standard solution: 0.01 g Gallic acid was taken into 100 mL volumetric 

flask and filled with water up to mark of the flask to prepare 100 µg/mL stock 

solution; from this stock solution ( 20, 40, 60, 80 and 100) µg/mL was prepared. 

 Muller Hinton Agar: This media used for antibacterial test was prepared by 

dissolving 3.8 g of Muller Hinton agar in 1000 mL of volumetric flask and distilled 

water was added up to the mark.   
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 Ascorbic acid as standard solution: 0.02 g of ascorbic acid was taken in to100 ml 

volumetric flask and filled with solvent up to mark of the flask to prepare 200 ppm 

stock solution. Later different concentration of ascorbic acid 25 ppm, 50 ppm, 75 

ppm, 100 ppm and 125 ppm were prepared from the stock solution. 

3.3.3. Preparations of stock solutions 

200 ppm extracts were prepared by dissolving 0.02 g  extracts of petroleum ether, ethyl 

acetate and methanol in a separate 100 mL of volumetric flask and distilled  water was 

added up to the mark. 

10% Ferric chloride solution (FeCl3), 1% potassium hexacyanoferrate ([K3Fe(CN)6]), 5% 

sodium nitrite solution (NaNO2), 10% Trichloroacetic acid (TCA), 0.1% FeCl3 and 10 % 

aluminum chloride (AlCl3.6H2O) stock solutions were prepared by dissolving 10, 1, 5, 10, 

0.1, and 10 g of FeCl3, [K3Fe(CN)6] , NaNO2 , TCA, FeCl3 and AlCl3.6H2O respectively 

in a separate 100 mL of volumetric flask and distilled water was added in each 

volumetric flask up to the mark. 1 M stock solution of sodium hydroxide (NaOH) was 

prepared by dissolving 4 g of NaOH in 100 mL of volumetric flask and distilled water 

was added up to the mark 

3.3.4. Preparations of working solutions 

For the estimation of total flavonoid content in methanol, ethyl acetate and petroleum 

ether extracts of Plumbago zeylanic was used as a standard. From 200 ppm of the stock 

solution of quarticien, 10 ppm, 20 ppm, 30 ppm and 40 ppm and 50 ppm series of 

working concentrations were prepared for constructing the calibration curve of quarticien 

by using series of dilution law and estimation of total phenol content in methanol, ethyl 

acetate, and petroleum ether. From 200 ppm of the stock solution 20 ppm, 40 ppm, 60 

ppm, 80 ppm and 100 ppm series of working concentrations were prepared for 

constructing the calibration curve of gallic acid by using a series dilution law. In a similar 

manner, 25 ppm, 50 ppm, 75 ppm, 100 ppm and 125ppm working solutions of ascorbic 

acid, methanol, ethyl acetate and petroleum ether extracts were prepared from already 

prepared stock solutions for DPPH radical scavenging assay. Finally, a series of different 
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working solutions 50 ppm, 100 ppm, 150 ppm, 200 ppm ascorbic acid, methanol and 

ethyl acetate extracts for ferric reducing antioxidant power assay and 100 ppm, 200 ppm, 

300 ppm,400 ppm and 500 ppm  of each extract for the determination of antibacterial 

activities were prepared by using dilution law from the prepared stock solutions. 

3.4. Qualitative phytochemical analysis 

Phytochemical analysis of the leaf extract of Plumbago zeylanica the plant collected was 

determined by the method used by researchers for qualitative analysis of leaf extracts of   

Plumbago zeylanic   different phytochemical tests was performed.
72, 79, 80, 81

 

3.4.1. Test for sapnonin 

2 ml of each of the sample in a test tube, 2 mL of distilled water was added and 

vigorously shaken for 15 minutes. Formation of 1 cm foam confirms a positive result 

3.4.2. Test for phenols (ferric chloride test) 

Extracts were treated with 3-4 drops of ferric chloride solution. Formation of bluish black 

color   indicates the presence of phenols. 

3.4.3. Test for flavonoids  

2 mL of the extract was treated with 2 mL of dilute NH3 solution and a few drops of 

concentrated H2SO4. A formation of yellow color indicates the presence of flavonoid. 

3.4.4. Test for alkaloids (Wagner’s reagent test) 

The filtrates are treated with Wagner s reagent (iodine in potassium iodide). Formation of 

brown/ reddish brown precipitate indicates the presence of alkaloids. 

3.4.5. Test for terpenoids (Liemermann-Burchard test) 

 1 mL of extracts was treated with 2 mL chloroform and acetic anhydride and added a 

drop of concentrated H2SO4 then the formation of dark green colour confirming the 

presence of terpenoids. 
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3.4.6. Test for Cardiac glycosides (Keller killiani test) 

0.5 g of extract was dissolved in 5 ml  water was treated with 2 ml of glacial acetic acid 

and add 5% of ferric chloride solution then treated 1 ml of concentrated H2SO4 the brown 

ring ta the junction indicates the  presence of deoxysugar of cardenolides. 

3.4.7. Test for sterols (Salkowski’s Test) 

1 ml of each extract was treated with concentrated H2SO4 the formation of wine red 

colour indicates the presence of sterols. 

3.4.8. Test for quinone 

A 0.1 g of extract was treated with concentrated HCl and observed the formation of 

yellow precipitate indicates the presences of quinines. 

3.4.9. Test for antherquinones 

2 ml of sample extract was treated with 4 ml of hexane and 4 ml of ammonia the 

formation of pink layer indicates the presence of antherquinones.  

3.4.10. Test for cholesterols 

2 ml of sample extract was mixed  to 2 ml of chloroform then 10 drop of acetic acid and 2 

up to 3 drop of concentrated H2SO4  the formation of blue color indicates the presence of 

cholesterols. 

3.4.11. Test for proteins 

0.2 g of extracts was treated with few drop of million
’
s reagents the formation of white 

precipitate indicates the presences of amino acid. 
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3.4.12. Test for tannins (ferric chloride test) 

2 mL of the aqueous extract was added to 2 mL of water, a 1 -2 drops of diluted ferric 

chloride solution was added. A blue or green or brownish green coloration indicates the 

presence of tannins. 

 

3.5 Quantitative phytochemical analysis 

3.5.1. Determination of total phenolic Content 

Total Phenolic content was analyzed by using standard method with slight 

modifications.
72

 5 mg of the methanol, ethyl acetate and petroleum ether extracts of the 

sample was weighed and dissolved in 10 mL of distilled water. 1 mL of this solution was 

transferred to separate test tube and mixed with 5 mL distilled water, then 0.5 mL of 

Folin-Ciocalteu reagent was added and vortexes. After 5 minute, 1.5 mL 20% of Na2CO3 

solution was added and ultimately the volume was made up to 8 mL with distilled water 

and finally incubated for 60 minute at room temperature. After Incubation, the 

absorbance against the reagent blank was determined at 765 nm. A reagent blank was 

prepared using distilled water instead of the plant extract. These data were used to 

estimate the total phenolic content using a standard calibration curve obtained from 

various diluted concentrations of gallic acid (20, 40, 60, 80 and 100) μg /mL. The total 

phenolic content of the plant was expressed as gallic acid equivalent mgGAE/g dry 

Samples.  

          

Scheme 3.1: The reaction of folin-c reagent with phenolic compound 

3.5.2. Determination of total flavonoid content 

Total flavonoid content was  measured with the aluminum chloride colorimetric 

assay.
51,53

 1 mL of extracts and 1 mL standard querecetin solution (10, 20, 30, 40 and 50) 

μg/mL was placed into test tubes and 4 mL of distilled water and 0.3 mL of 5 % sodium 

nitrite solution was  added into each. After 5 minutes, 0.3 mL of 10 % aluminum chloride 
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was added. Then after 5 minute, 2 mL of 1 M sodium hydroxide was added. Finally, 

volume was making up to 10 ml with distilled water and mix well. Orange yellowish 

color was developed. The absorbance was measured at 510 nm by using UV-visible 

instrument. The blank was performed using distilled water. Querecetin was used as 

standard. The calibration curves were plotted using standard querecetin. The data of total 

flavonoids was expressed as mg of querecetin equivalents/ g of dry mass. 

3.6. Determination of antioxidant activity 

3.6.1. DPPH radical scavenging activity 

The antioxidant activity of the extracts was measured on the basis of the scavenging 

activity of the stable 2,2-diphenyl -1-picrylhyorazyl (DPPH). The free radical scavenging 

activity of the extract was determined according to the method described by Agyare et al. 

(2015) using 2,2-diphenyl-1-picryl-hydrazyl (DPPH) with slight modifications.
72

. Stock 

solution of ascorbic acid was  prepared by dissolving 0,02 g  of ascorbic acid in 100 ml of 

volumetric flask and water was added up to the mark  to prepare 200 ppm as stock 

solution. From this stock solution of ascorbic acid 25 ppm, 50 ppm, 75 ppm, 100 ppm 

and 125 ppm were prepared. 0.02 g of methanol, ethyl acetate and petroleum ether extract 

was dissolved in 100 ml of volumetric flask and distilled water was ads up to the mark to 

prepare 200 ppm stock solution. From this 25 ppm, 50 ppm, 75 ppm, 100 ppm and 125 

ppm were prepared. A 0.1 mM solution of DPPH in methanol was prepared and 1 mL of 

this solution was added to 4 mL of various concentrations of extracts and ascorbic acid to 

be tested. After 30 minute, absorbance was measure at 517 nm. Ascorbic acid with a 

series of concentration was used as a reference material. Mixer of 1 mL methanol and 1 

mL DPPH solution was use as control. The percent inhibition (% I) of DPPH radical 

scavenging activity was calculated using the following formula. 

 

             
                

        
     

  Where Ac is the absorbance of the control and As is the absorbance of the sample 
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3.6.2. Ferric reducing antioxidant power (FRAP) activity 

The reducing power of methanol, ethyl acetate and petroleum ether extracts was 

determined according to the method described by K. Thaipong et al. 2.5 mL of different 

concentration of plant extracts (50 ppm, 100 ppm, 150 ppm and 200 ppm) were mixed 

with 2.5 mL of phosphate buffer solution ( PH = 6.6, 0.2 M) and 2.5 mL of potassium 

hexacyanoferrate ([K3Fe (CN)6])  (1%). The mixture was incubated at 50 
o
C for 20 

minute in water bath. Then 2.5 mL of Trichloroacetic acid (10%) was added to the 

mixture to terminate the reaction. 5 mL of the upper layer of the solutions were mix with 

5 mL of distilled water and 0.5 mL of FeCl3 solution (0.1%). The reaction mixture was 

leaved for 10 minutes at room temperature and the absorbance developed blue color was 

measure at 700 nm by using UV-spectrophotometer against a blank solution.  

Percentage (%) reduction power = 
(              )

       
     

     Where A sample absorbance of sample A blank absorbance of blank  

3.8. Antibacterial activity test 

Antibacterial activities were performed in microbiology laboratory, department of 

Biology of Bahir Dar University by using agar well diffusion method. Muller Hinton agar 

media was prepared for culturing selected gram negative and positive bacteria by using 

standard methods. Four bacteria were selected, two gram positive (S. aureus and S. 

pyrogens) and two gram negative (E. coli and K. pnmunia). A series of plant extract 

concentrations (100, 200, 300,400 and 500) ppm and standard antibiotics (Gentamycin) 

were added to the incubated plate by using filter paper. Then it was incubated for 24 hrs 

at 37 
0
c and the experiment was repeated thrice, and average values of zone of inhibition 

was recorded in mm for antibacterial activity.
63,64

 

3.9 Analytical methods 

Calibration curves of standards were constructed to determine total flavonoid contents, 

total phenolic contents and to find the antioxidant abilities of extracts with respect to the 
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standard in DPPH and FRAP assays. Linear equations were also derived from each 

calibration curves in the form of  

       Y=mX+b……………………………………………………………………1 

Where, m is slope and b is y-intercept 

The percentage reducing power (% RP) in FRAP assay and percent scavenging or 

inhibition  

(% I) in DPPH assay of the extracts were calculated in equation “2” and “3” respectively. 

                    
        

               ……………………………………………2 

Where A sample and A blank are the absorbance value of the test sample and blank 

respectively.   

Percent inhibition (% I) = 
(     )
  

      ……………………………………3 

Where Ac is the absorbance of the control and As is the absorbance of the sample 

The total flavonoid contents of leaf extracts of Plumbago zeylanica were determined by 

calibration curve which was prepared by using quercetin as a standard. Then the total 

flavonoid contents of the extracts were expressed in terms of quercetin equivalent per 

gram of dry sample. The total phenolic contents of leaf extracts of Plumbago zeylanica 

were determined by calibration curve which was prepared by using as Gallic acid a 

standard. Then the total phenolic contents of the extracts were expressed in terms of 

Gallic acid and the ability of the extracts to scavenge, the reduced ferric to ferrous was 

expressed as % Reducing Power. 

Where, 
     
 
                                                    (    

 
) & 

       
 

          
           

                                                   ………………………4 

Where, mg GAQ/g is mg of Gallic acid per g of dry sample   

    (    
 
)     mg of AA equivalent antioxidant capacity per g of sample 
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Figure 3.2: Overall methods of the experiment 
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CHAPTER 4: RESULT AND DISCUSSION 

4.1. Percentage yields of extracts 

The result for extraction process of leaf of Plumbago zeylanica from three solvent are 

shown in (Table 4.1) the Percentage yields of methanol, ethyl acetate and petroleum ether 

extracts were 10.52, 7.33 and 5.22 respectively. The data showed that methanol extract 

had the highest yield whereas petroleum ether extract had the smallest yields. From this 

result, polar solvent gave higher yields compared to the non-polar solvents. 

Table 4.1: percentage yields of extracts   

 

Solvent Initial mass of  Mass of  Percentage color of crude 

 

extracts (g) extract(g) Yield Extract 

PE 100 4.32 4.32 Dark brown 

EA 100 7.33 7.33  Brown 

ME 100 10.52 10.52 greenish yellow 

 

4.2. Qualitative analysis 

 

The qualitative analysis of phytochemical compounds present in the three solvent extracts 

had been analyzed as follows. The present study showed that the presence of different 

phytochemicals compounds in different solvent leaf extract of Plumbago zeylanica by 

using color change as a confirmatory test. Methanol extract was found to have a wide 

range of phytochemicals compounds because of its high polarity like cardiac glycosides, 

flavonoids, phenolic compounds, tannins, sterols, quinone, anthraquinone, terpenoids, 

cholesterol, protein and alkaloids. The ethyl acetate extract was also positive all ten 

qualitative test except sterols and sapnonin. Since ethyl acetate has medium polarity. 

However, the petroleum ether being highly non-polar in nature but in this studies the 
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petroleum ether extract was also positive to phenolic, flavonoids, cardiac glycoside, and 

cholesterol. However, maximum positive tests were in methanol extract, Minimum tests 

were positive in petroleum ether extract of the results as  
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Figure 4.1: Colors used to confirm the presence of phytochemicals test 

Table 4.2: Qualitative analysis of phytochemical from leaves extract of Plumbago 

zeylanica 

 Qualitative analysis of phytochemical from leaves extract of Plumbago zeylanic 

 

Phytochemicals Types of test  or Methanol Ethyl  Petroleum 

 

Reagent 

 

Acetate Ether 

Sapnonin Foam test + - - 

Phenolic ferric chloride test ++ + + 

Flavonoids with   NH3 ++ ++ + 

Alkaloids Wagner’s reagent  + + - 

Terpenoids 

Liebermann-

Burchard test ++ + - 

Cardiac 

glycoside FeCl3 + acetic acid                  ++ ++ + 

Sterols Salkowski’s ++ - - 

Amino acid million’s reagent ++ ++ - 

Tannin ferric chloride test + + - 

Antherquinones hexane +  NH3 + + - 

Cholesterols 

chloroform +acetic + 

anhydride +H2SO4  ++ ++ + 

Quinones with HCl ++ + - 

 

        Key:  ++ = high present     + =   present    - =   absent 

4.3. Quantitative analysis 

4.3.1. Determination of total phenolic content 
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The Folin- Ciocalteu reagent (FCR) or Folin phenol reagent or folin-Denis reagent, also 

called the Gallic acid equivalent method (GAE) is a mixture of phosphomolybdate and 

phosphotungstate used for the colorimetric in vitro assay of phenolic and polyphenolic 

antioxidants. The assay is simple and relies on the transfer of electron in alkaline medium 

from phenolic /antioxidant/ to phosphomolybdic and phosphotungstic acid complexes, 

manifested in the formation of blue color complexes [possibly (PMoW11O40)
4−

] which 

can be determined by measuring the absorbance at 765 nm using UV-Vis 

spectrophotometer.
83 

The total phenol content for methanol, ethyl acetate and petroleum 

ether extracts of leaves of Plumbago zeylanica plant was presented based on absorbance 

of standard compounds (Gallic acid) as shown in( table 4.3) below.  

Table 4.3: Absorbance of standard compound (Gallic acid) at λmax 765 nm  

 

 

 

 

 

 

Gallic acid concentration in Absorbance λmax at 765 

(ppm) 

 20 0.106 

40 0.358 

60 0.584 

80 0.857 

100 1.206 
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Figure 4.2: Calibration curve of gallic acid to determine the total phenolic contents 

The total phenolic content was expressed as mg GAE per gram of dry sample using the 

standard curve equation y = 0.0135x – 0.1875 where y is absorbance of the sample and x 

is total phenol concentration.      

Table 4.4: Phenolic content in methanol, ethyl acetate and petroleum ether 

 

Plumbago zeylanica Absorbance at 765 nm Total phenolic content in 

  

mgGAE/g of sample 

Methanol extract 0.3498 82.738 

Ethyl acetate extract 0.2656 69.784 

Petroleum ether extract 0.1476 51.63 

 

 

y = 0.0135x - 0.1875 

R² = 0.9929 
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Figure 4.3: Total phenolic contents leaf of Plumbago zeylanica mgGAE/g dry sample. 

Quantitatively the total phenolic content of methanol, ethyl acetate and petroleum ether 

extracts were expressed in terms of gallic acid (mgGAE)/ g dry sample using equation 4, 

as it was observed from (Table 4.4), all methanol, ethyl acetate and petroleum ether leaf 

extract of Plumbago zeylanica Contain high content of phenolic compound. The total 

phenolic content of methanol extract was 82.738 mg GAE/g dry sample, the ethyl acetate 

extract was 69.784  mgGAE/g dry sample while that of petroleum ether extract was 

51.630 mgGAE/g dry sample, which mean methanol extract had more phenolic 

compound compared that of ethyl acetate and petroleum ether extract.  

4.3.2. Determination of Total Flavonoid Content 

 

The total flavonoid content of methanol, ethyl acetate and petroleum ether leaf extracts of 

Plumbago zeylanica was determined by using aluminum chloride colorimetric assay 

using querecetin as a standard to construct a calibration curve. The calibration curve 

(Figure 4.4) of querecetin was constructed by drawing various concentrations (10, 20, 30, 

40 and 50) ppm of querecetin versus absorbance and by using this calibration curve, the 

total flavonoid content of methanol, ethyl acetate petroleum ether leaf extracts of 

Plumbago zeylanica was determined using a straight line y = 0.0154x – 0.0661 with 
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regression equation, and a linear regression coefficient (R
2
) of 0.9959 which was 

obtained from calibration curve of querecetin. 

Flavonoids are polyphenolic compounds that are ubiquitous in nature, comprising a 

number of hydroxyl groups attached to aromatic ring structures that determines its 

antioxidative properties. The compound exhibit a diphenylpropane( C6-C3-C6)skeleton 

and multiple subgroups.
84

In addition with aluminum chloride (AlCl3) also forms acid 

labile colored complex with ortho-dihydroxy groups in the A or B ring of flavonoid
85

. 

The Al
3+

 in AlCl3 was bind with the ketone or hydroxyl groups of the flavonoids present 

in the plant extract through electron transfer reaction and produce a yellow color 

solution.
86

. Then when NaOH was added on the mixture the color was changed to pink 

color which was an indication of flavonoids in methanol and ethyl acetate extract. 

 

Table 4.5: Absorbance of standard compound (querecetin) at λmax = 510 nm 

  Concentration of querecetin Absorbance of λmax at 510 

in (ppm) 

 10 0.0964 

20 0.2462 

30 0.3877 

40 0.5332 

50 0.7214 
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Figure 4.4: Calibration curve of querecetin standard 

Flavonoid content was calculated from the regression equation of the standard plot 

(y=0.0154x-0.0661, R
2
=0.9959) and is expressed as querecetin equivalents mg (QE)/g 

dry sample Figure 4.4 above.  

Table 4.6: Total flavonoid content of leaf extracts of Plumbago zeylanica 

Plumbago zeylanica 

Absorbance at 510  

nm Total flavonoid content in 

  

mg QE/g of sample 

   

Methanol extract 0.1427 69.566 

Ethyl acetate extract 0.1349 66.966 

Petroleum ether extract 0.1114 59.133 
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Figure 4.5: Total flavonoid content of methanol, ethyl acetate and petroleum ether 

extract in (mg QE/g) of dry sample 

Quantitatively the total flavonoid content of methanol, ethyl acetate and petroleum ether 

extracts were expressed in terms of querecetin equivalent (mg QE) per dry sample (Table 

4.6) using equation 4. As it was observed from (Table 4.6), all methanol, ethyl acetate 

and petroleum ether leaf extracts of Plumbago zeylanica contains flavonoids. The total 

flavonoid content of methanol extract had 69.566 mg QE/g dry samples; ethyl acetate 

extract had 66.966 mg QE/g dry samples while that of petroleum ether extract was 59.133 

mg QE/g of dry sample mass. Which mean methanol extract contains more flavonoid 

compounds compared to ethyl acetate and petroleum ether extracts.  

4.4. Antioxidant activity 

Antioxidant activities of methanol and ethyl acetate extracts of Plumbago zeylanica were 

evaluated by using FRAP and DPPH assays 

4.4.1. Ferric reducing antioxidant power (FRAP) assay 

 In this method, calibration curve of ascorbic acid was used to determine antioxidant 

activities of methanol, ethyl acetate and petroleum ether extracts of Plumbago zeylanica. 

Calibration curve of ascorbic acid (Figure 4.6) was constructed using different 

concentrations (50, 100, 150, and 200) ppm of ascorbic acid with their corresponding 

absorbance. The absorbance measured by using UV-VIS spectrometer at 700 nm were 
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performed (Table 4.7) were used to construct the calibration curve and the percent 

reducing power was calculated by using equation 2. The equation of the calibration curve 

was obtained from the given absorbance versus concentration graph and the equation 

was, y = 0.0089x + 0.3785 with a liner regression coefficient R² = 0.9919 

Table 4.7:  % reducing power and absorbance of AA at different concentrations 

 

Concentration of 

Absorbance  at 

700nm % reducing power 

ascorbic acid in (ppm) 

 

of ascorbic acid 

50 0.778 85.218 

100 1.341 91.424 

150 1.693 93.207 

200 2.141 94.628 

   

    

 

 

 

 

 

  

 

 

Figure 4.6: Calibration curve of AA for FRAP assay  
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After constricting calibration curve of standard ascorbic acid, the ferric reducing 

antioxidant power (FRAP) of methanol, ethyl acetate and petroleum ether extracts where 

discussed as follows. The ferric reducing antioxidant power (FRAP) assay was used to 

check single electron donating potential of methanol, ethyl acetate and petroleum ether 

extracts since this method is based on single electron reaction between antioxidant and 

free radical or oxidant. The method was performed by using potassium ferric cyanide 

method. The antioxidant ability of methanol, ethyl acetate and petroleum ether extracts 

were analyzed based on existence of reluctant or appearance of color change. In this 

study, methanol, ethyl acetate and petroleum ether extracts were mixed with PBS and 

potassium ferric cyanide [K3Fe (C) 6] complex and then incubated at 50 
0
C for 20 

minutes. After incubation the color of a mixture was changed from yellow to near  a 

greenish blue color   solution which indicates the reduction of Fe
3+

 to Fe
2+

 (Scheme 2.3). 

From this we understand that the methanol, ethyl acetate and petroleum ether extracts 

were act as an antioxidant which was able to donate electrons for the reduction of Fe
3+

 to 

Fe
2+

. A greenish blue color was observed (Figure 4.8) when a 0.1 % FeCl3 solution was 

added to the mixture which act as an indication for the formation of Prussian blue 

complex Fe4[Fe(CN)6]. 

 

 

 

 

 

 

 

 

 

 

Figure 4.11: Color change of plant sample and color intensity of ascorbic acid with 

different concentration after adding FeCl3 
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Table 4.8: % Reducing Power and absorbance leaf extracts of Plumbago zeylanica at 

different 

 

Concentration in 

(ppm) Petroleum ether Ethyl acetate  Methanol extract 

 

Abs %RP Abs %PR Abs %RP 

50 0.475 66.666 0.493 70.737 0.545 74.151 

100 0.501 73.563 0.545 72.819 0.613 77.582 

150 0.581 76.239 0.725 78.695 0.868 84.915 

200 0.617 77.752 0.742 78.782 1.091 87.348 
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Figure 4.8: Ferric reducing power of standard ascorbic acid and methanol, ethyl acetate 

and petroleum ether extracts. 

As shown in Table 4.8 and Figure 4.8, the absorbance and % reducing power of each 

extract increases as the concentration of the extract increases that tell us each extract has 

a highest reducing ability at higher concentration because there may be a higher phenolic 

and flavonoid contents as the concentration increases which has a greater chance to 

donate electrons.  From the above table and figure, the absorbance and percentage 

reducing power of methanol extract is higher than ethyl acetate extract and petroleum 

ether extract in the same concentration. Each plant extract has lower absorbance and 

percentage reducing power than ascorbic acid (standard) in the same concentration. 

Percentage Ferric reducing power of petroleum ether, ethyl acetate, and methanol extract 

were calculated using equation 2 and obtained (66.6% - 77.7%, 70.7% - 78.7% and 

74.1% - 87.3%) respectively  From this table and figure, the absorbance and % reducing 

power  of methanol extract is higher than ethyl acetate and petroleum ether extract This 

implies that methanol extract has higher reducing power than that of ethyl acetate and 

petroleum ether, Generally The order of reducing power methanol, ethyl acetate, 

petroleum ether extract and standard ascorbic acid give as follow depending on the 

experimental result, petroleum ether extract < ethyl acetate extract < methanol extract < 

standard ascorbic acid. 

4.4.2 DPPH scavenging activity 

 

DPPH is nitrogen centered free radical, which is stable at room temperature. When 

dissolved in methanol it produces violet color, which changes to yellow upon reduction in 

the presence of antioxidants or free radical scavengers. As the electron gets paired off in 

the presence of free radical scavengers, the absorption value vanishes and the resulting 

discoloration stoichiometry coincide with respect to the number of electron taken 

up.
88

The bleaching of DPPH was determined by strong absorption at 517 nm in UV-

visible spectrophotometer. The bleaching of DPPH colour indicates the capacity of the 
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test extract to scavenge free radicals. Easy and rapid determination of the antioxidative 

potential can be performed by using DPPH. 

 

The DPPH free radical scavenging ability of methanol, ethyl acetate and petroleum ether 

extract of Plumbago zeylanica was evaluated by constructing calibration curve of 

ascorbic acid (Figure 4.9). The calibration curve was plotted as % inhibition (Table 4.9) 

versus different concentrations (25, 50, 75, 100 and 125) ppm of ascorbic acid which was 

based on standard procedures. A straight line with a linear regression equation, y = 

0.2896x +  56.373 and linear regression coefficient, R² = 0.9989 was obtained from this 

curve which was used to express DPPH radical scavenging capacity of  ascorbic acid as 

show in (Table 4.9 ). 

 

Table 4.9: % Inhibition activity and absorbance of AA at various concentrations 

 

Concentration of  Absorbance of AA % Inhibition of AA 

 in (ppm) at 517 nm 

 25 0.177 63.195 

50 0.139 71.263 

75 0.104 78.464 

100 0.072 85.062 

125 0.036 92.501 
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Figure 4.9: Calibration curve of AA for DPPH assay. 

The results of DPPH free radical scavenging activity on the methanol, ethyl acetate, and 

petroleum ether extracts  from leaf of Plumbago zeylanica can be expressed by, the 

percentage of DPPH radical scavenging activity and IC50 values with sample of 

Regression equation at various concentrations of methanol, ethyl acetate, and petroleum 

ether extracts has been presented in (Table 4.10).The high percentage scavenging value 

corresponds to higher antioxidant activity. Thus the petroleum ether leaf extracts of 

Plumbago zeylanica demonstrated lower DPPH radical scavenging activity compared to 

the ethyl acetate leaf extract of Plumbago zeylanica, the ethyl acetate leaf extract of 

Plumbago zeylanica demonstrated lower DPPH radical scavenging activity compared to 

the methanol leaf extract of Plumbago zeylanica, the methanol leaf extract of Plumbago 

zeylanica demonstrated lower DPPH radical scavenging activity compared to the 

standard antioxidant ascorbic acid. In addition, the lower IC50 value of methanol extract 

reflect a better protective action or higher DPPH radical scavenging activity than ethyl 

acetate and petroleum ether extract. As the concentration increases, the scavenging 

activity of the extract increases as show in (Figure 4. 11 and 4.12). The absorbance value 

also decreases. Furthermore, the radical scavenging activity of plant extract is related 

y = 0.2896x + 56.375 

R² = 0.9989 
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with the presence of flavonoids, phenolic and other phytochemical compounds which are 

powerful antioxidants.  

Table 4.10:  % Free radical scavenging activity of leaf extracts of Plumbago zeylanica by 

DPPH method. 

     Plant 

extract Concentration  

% 

Inhibition regression  IC50  value  

 

in µg/ml of activity equation of sample in (µg/ml) 

Methanol 25 31.951 

  

 

50 49.378 

  

 

75 65.767 y = 0.5369x  + 21.515 53.143 (µg/ml) 

 

100 76.141 

  

 

125 85.684 

  Ethyl 

acetate 25 23.651 

  

 

50 41.286 y = 0.3793x + 18.892 82.541(µg/ml) 

 

75 50.207 

  

 

100 57.676 

  

 

125 62.863 

  Petroleum 25 3.464 

  Ether 50 16.804 y = 0.3075x - 1.7049 172.103(µg/ml) 

 

75 21.182 

  

 

100 30.081 

  

 

125 35.269 

   

 

Figure 4.10: % inhibition versus concentration of standard of ascorbic acid and plant 

extracts that shows DPPH scavenging capacity 
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Figure 4.11: Absorbance versus concentration graph of standard of ascorbic acid and 

plant extracts in DPPH assay. 

As shown in (Table 4.10) above, as the concentration of each extract increases, percent 

inhibition of each extract also increases which implies that both methanol and ethyl 

acetate extracts have greater potential to scavenge DPPH free radical at a higher 

concentration. Methanol extract had higher percentage inhibition than ethyl acetate and 

petroleum ether extract at given concentration. This indicates that methanol extract has 

higher capacity to scavenge DPPH free radical.  

4.5. Antibacterial activity test of leaf extracts of Plumbago zeylanica 

Antibacterial activity of petroleum ether, ethyl acetate and methanol leaf extracts of 

Plumbago zeylanica was evaluated by using Agar well diffusion method in microbiology 

laboratory of biology department of Bahir Dar University. Each of crude Extracts were 

dissolved in DMSO and diluted the stock solution to be used. Four bacteria were used for 

the determination in which two of them were gram negative bacteria (E. coli, and K. 

pneumonia) and the remaining two were gram positive bacteria (S. aurous and S. 

pyrogens). A series of four concentrations (100, 200, 300, 400, and 500) ppm for each 

extracts were prepared by using serial dilution method using DMSO solvent and diffused 

into incubated plates in which bacteria was cultured and inhibition zone (Table 4.10) 

values were recorded. As shown in this table, methanol extract had shown a significant 

antibacterial test result whereas there was a small inhibition zone recorded in petroleum 

ether extract in all four bacteria. 
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Table 4.11: Comparison of MZI among leaf extracts of Plumbago zeylanica against 

standards using drug resistance gram positive and negative bacteria. 

extract and  concentration  Zone of inhibition  (mm) for  bacteria  

Standard of extract 

    

 

in (ppm) Gram positive Gram negative 

  

S.aurous S,pyrogens E. coli K. peneumona 

Methanol  100 0 0 0 0 

Extract 

     

 

200 9.4 ±  0.29 9.2 ±  0.25 9.5 ± 0.09 8 ± 0.21 

      

 

300 10.7 ± 0.35 10.5 ± 0.36 10.3  ± 0.33 9 ± 0.29 

      

 

400 11.5 ± 0.3 11.5 ± 0.33 11.2 ± 0.23 10 ± 0.43 

      

 

500 12.3 ± 0.4 13.3  ±0.26 13.7   ± 0.16 10.5 ± 0.43 

      Ethyl  100 6.7 ± 015 0 0 0 

Acetate 

     Extract 200 7.5 ± 0.13 7 ± 0.17 7.5 ± 0.14       8 ± 0.24 

      

 

300 8.8 ± 0.37 8.2±  0.17 9 ± 0.24 9 ± 0.34 

      

 

400 9.5 ± 0.14 10.3 ± 0.29 9.5 ± 0.10 10 ± 0.26 

      

 

500 12.3  ±  0.11 12 ± 0.18 13.9 ± 0.14 14.1 ± 0.41 

      Petroleum 100 0 0 

 

0 

Ether 

     Extract 200 0 0 6.3 ± 0.17 0 

      

 

300 6.2 ± 0.11 7.2 ± 0.24 6.8 ± 0.18 6.3 ± 0.16 

      

 

400 6.7 ± 0.21 7.8 ± 0.15 7 ± 0.19 7.2 ± 0.17 

      

 

500 8 ± 0.17 8.5 ± 0.16 8.3 ± 0.24 7.8 ± 0.11 

      Standards Gen 27   ± 0.12 28 ± 0.08 28 ± 0.07 29 ± 037 

 

Data expressed as mean of three determinations + standard deviation. 

Key:- S.aureus = Staphyloccus aureus, S. pyrogens = streptocci pyrogens, E. coli = 

Escherichia coli, K.pneumonia = Klebsiella pneumonia, Gen =Gentamycin. 
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As shown in the( Table4.11) above, higher inhibition zone was recorded in methanol and 

ethyl acetate extract than inhibition zone recorded in petroleum ether extracts of 

Plumbago zeylanica in all four bacteria whereas petroleum ether has lower inhabitation 

zone than methanol and ethyl acetate extract. All extracts had lowest antibacterial 

potential as compared with the antibiotics used as standard (Gentamycin) Petroleum ether 

extracts had lowest antibacterial potential as compared with the antibiotics used as 

standard (Gentamycin), at higher concentration methanol and ethyl acetate extract had 

comparable with the antibiotics as standard (Gentamycin). In this study a good 

antibacterial results were recorded at higher concentration. Methanol extract showed a 

good antibacterial result against negative bacteria E. coli and K. peneumona; with 

minimum zone of inhibition of 13.7± 0.16 and 10.3 ± 0.43, respective, also showed a 

good antibacterial result against positive bacteria S.pyrogens and S. aurous with 

minimum zone of inhibition of 13.3±0.26 and 12.3 ± 0.40 respectively. However, the 

highest minimum zone of inhibition was recorded in ethyl acetate extract against a 

positive bacteria S. pyrogens and negative bacteria K. pneumonia with minimum zone of 

inhibition13.9 ± 0.21   and 14 ± 0.14 respectively. In general the methanol and ethyl 

acetate extracts were shown a good result at a higher concentration than petroleum ether 

extract. 
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Key: - ME = Methanol, EA = Ethyl acetate, PE = Petroleum ether, S. aureus = 

Staphylococcus aureus, S. pyrogens = Streptococcus pyrogens, and Gen = Gentamycin 

Zone of inhibition of extracts and standard antibiotics against the two gram positive 

bacteria with different concentration 

Figure 4.12: Zone of inhibition of extracts and standard antibiotics against the two gram 

positive bacteria with different concentration 

 

 

 

Key: - ME = Methanol, EA = Ethyl acetate, PE = Petroleum ether, E. coli = Escherichia 

coli, K. pneumonia = Klebsiella pneumonia, and Gen = Gentamycin  

 

Figure 4.13: Zone of inhibition of extracts and standard antibiotics against the two gram 

negative bacteria with different concentration (ppm) 
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Figure 4.14: Comparison of zone of inhibition between extracts and standar 
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CHAPTER 5: CONCLUSION AND RECOMMENDATION 

 

5.1 Conclusion 

Based on this study, methanol extracts contained maximum phytochemical compounds 

than petroleum ether extracts. The TFC & TPC of methanol extracts were higher than 

ethyl acetate and petroleum ether extracts of Plumbago zeylanica. Both methanol and 

ethyl acetate extracts showed a significant antioxidant capacity in both DPPH and FRAP 

assays. These two extracts also showed higher antioxidant potential at higher 

concentration and also methanol extract had higher antioxidant capacities as compared to 

ethyl acetate extract in these two assays at a given concentration whereas at higher 

concentration petroleum ether also showed a significant antioxidant capacity in both 

DPPH and FRAP assays. Both methanol and ethyl acetate extracts had antibacterial 

activities which were concentration dependent. As the concentration increases 

antibacterial activities of methanol, ethyl acetate and petroleum ether extracts became 

more effective. However, all extracts showed lower antioxidant and antibacterial 

activities as compared with standards. 

5.2. Recommendation 

This study showed that leaf extracts of Plumbago zeylanica had good antioxidant and 

antimicrobial activities. Therefore, further investigations will be needed to isolate 

individual compounds from this plant which have higher antioxidant and antimicrobial 

activities. 
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