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Preface 

 

Title of the Project Phytochemical Screening, Formulation and Evaluation of 

Selected Medicinal, Aromatic and Invasive Plants for the 

Application of Pesticides, Perfumery, Antibacterial and 

Antidiabetic Properties 

Statement of the problem: Diabetes currently is a major health problem for the people of the 

world and exerts a significant burden in Sub-Saharan region, and this is expected to increase. 

Many diabetic patients face significant challenges accessing diagnosis and treatment, which 

contributes to the high mortality and prevalence of complications observed. Phytomedicines 

obtained from herbal sources are in great demand as they are able to cure many 

diseases.Currently available antidiabetic drugs are not safe and affordable. So, it is the interest 

of many pharmaceutical industries to search for safe and affordable pharmaceuticals 

concerning diabetes. Myrsine Africana, VignaRadiata and Pentas Schimperianaare 

traditionally used in Ethiopia for the management of diabetes mellitus. Since this claim has 

not been investigated scientifically, the aim of this study will be to evaluate the hypoglycemic 

and anti-diabetic effect of the three medicinal plants on alloxan-induced diabetic mice. 

 The possibility of resistant organisms of animal origin becoming directly pathogenic 

to man, or transferring their resistance genes to pathogens of medical importance, is of 

particular concern. Therefore, the objectives of are to investigate the antibacterial action of 

fresh juice of Aloe ankoberensis, Stephania abyssinica, Allium cepa (Onion) and extracts of 

Brassica nigra seed, Lepidium sativum and Nigella sativa against bovine mastitis pathogen. 

 There is no more perfume factories in our country that produce natural perfume rather 

than importing it to full fill the demand of the consumer. Imported perfumes are also very 

expensive to meet the demand of our local perfumes consumer industries in addition to 

direct human use. In particular perfumes that are usually imported can be produced in 



 

Ethiopia from a vast variety of perfume essential oil bringing plants. In this scenario our 

research aims to solve the twin problem of imported perfume which is synthetic personal 

hygiene and need an alternative perfume by developing natural perfume from lemongrass, 

lavender and jasmine 

 Many synthetic insecticides used during the last 40 years in agriculture, forestry, and 

households, and against vectors of human diseases, do not fulfill the requirements for 

integrated pest management (lPM). For this reason as well as the increasing problems of 

pest resistance to pesticides, interest in insecticidal botanicals has grown rapidly during 

recent years. some invasive alien plant species of leaf extracts have had inhibitory and 

antibacterial effect. Invasive alien species (IAS) are used as raw material for plant derived 

chemicals then there are large quantities of material readily available for use. Among these 

invasive alien species Parthenium (Parthenium hysterophorus), Mesquites (Prosopis 

juliflora), Water hyacinth (Eichhornia crasspies), and Lantana camara are causing major 

problems in the country Moreover, collection of these IAS may protect indigenous plants 

and, at the same time, may create economic uses and jobs based on these unwanted species. 

Number of participants 

and discipline 

22,  Institute of Health, College of agriculture and Natural 

resource, College of Natural and Computational Science, 

Chemical Engineering 

Practicability/Applicability The project is feasible under the Ankober herbal medicine and 

biodiversity project directorate 

Theme Addressed Environmental protection (theme 3 )and Cross cutting issue 

(theme 7) 

Researchers profile Lecturer and assistant professor 

Stakeholders EPHI, Ministry of Agriculture/Ministry of Health/Food, 

Medicine and Health Care Administration and Control 

Authority of Ethiopia/Ministry of Industry,ILRI 

Female participation 3 

Duration of the project 2018-2020 



 

Objectives: 

General objective of the mega research 

To perform extraction, characterization and evaluation of selected medicinal, aromatic and 

invasive plants for the application of pesticides, perfumery, antibacterial and antidiabetic 

properties 

Specific objectives of the mega research 

 To organize plant profile of selected medicinal plants, propagation and conservation to 

strength nursery and easily avail for experiments 

 To evaluate of hypoglycemic and antihyperglycemic activity of selected medicinal 

plants in normal and alloxan induced diabetic mice. 

 To evaluate of acute oral toxicity, sub-acute toxicity and dermato-toxicity of selected 

medicinal and aromatic plants for the application of perfumery, antibacterial and anti-

diabetic properties. 

 To test the  invitro antimicrobial activities of Aloe ankoberensis, Allium cepa (Onion), 

Stephania (Ingochit) leaves, Brassica nigra seed, Lepidium sativum seed And Nigella 

sativa seed against bovine mastitis causative bacteria 

 To develop an economical and indigenous way of producing body perfume using 

locally available raw material of lemongrass, lavender and Jasmine with extraction of 

essential oil using steam distillation method. 

 To characterize the chemical and physical behavior of selected medicinal and 

aromatic, invasive plants 

Proposals and Participants under the mega project 

1. Profile, propagation and conservation strategies of selected medicinal plants to 

strengthen nursery and easily avail for botanical experiments 

Abiyou Tilahun, Dr. Mesfin W/aregay (Nursery Team) 

2. Evaluation of hypoglycemic and anti-hyperglycemic activity of selected medicinal 

plants in normal and alloxan induced diabetic mice.  

Yosef Eshetie ( MSc, Physiology), Kassahun Dires (MSc, Pharmacology), Kokeb Desta 

(Msc ,Anesthesia), Melaku Geletu ( MSc, Anatomy), Dr Selam G/kirstos (Pathologist), 

Fissha Asegdew( BSc, pharmacy), Dr Eleni Hagos (pediatrician ) 

Yosef Eshetie  and  Kokeb Desta to investigate the blood level of different bio-chemicals. Dr  



 

Eleni  Hagos,  Kassahun Dires,  and Fissha Asegdew for hypoglycemic activity evaluation. 

Dr selam G/kirstos and Melaku Gelletu for antidiabetic activity evaluation (human-Health 

team) 

3. Evaluation of acute oral toxicity, sub-acute toxicity and dermato-toxicity study of 

selected medicinal and aromatic plants for the application of perfumery, antibacterial 

and anti-diabetic properties. 

Yosef Eshete ( MSc, Physiology), Kassahun Dires (MSc, pharmacology),  Kokeb Desta 

(MSC,anesthesia) Doctor Asrat Berihun ( Medical doctor), Mellaku Geletu ( MSc, anatomy), 

Doctor Selam G/ kirstos ( pathologist ), Fsha Asegdew ( BSc, pharmacy), Doctor Eleni Hagos 

(pediatrician ) ,Doctor Abrham shitawu ( Medical doctor). ( Toxcity-Health team) 

4. In vitro antimicrobial activities of Aloe ankoberensis, Allium cepa (Onion), Stephania 

(Ingochit) leaves, Brassica nigra seed, Lepidium sativum seed And Nigella sativa seed 

against bovine mastitis causative bacteria 

Dr. Kasahun Bekele  (investigator), Dr. Yohannes Muluneh  ,  

 (Animal-Health team) 

 5. Extraction and formulation of perfume using lemongrass, jasmine and lavender 

additive.  
   Samuel Begashaw,  (perfumery Extraction Team) 

 

6. Extraction and characterization of selected medicinal, aromatic and Invasive Plants for 

Pesticides, Perfumery, Antibacterial and Antidiabetic Properties  

(extraction Team) Minbale Gash, Abayneh kassahun, Gezu feleke 

Dr. Amare  Ayalew, Dr. Asmare Melese, Dr. Neway Belachew 

Giday Gebregziabher , Yossef Shifera, Dr. Abebe Tedella 

Expected Outcome The formulation  of antidiabetic, antibacterial for bovine 

mastis, herbal drugs and Perfumery followed by mass 

production for market 
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Profile and Propagation of Medicinal Plants Selected for Antimicrobial, Anti Diabetic 

Experimental Analysis, North Shoa, Ankober, Ethiopia 
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                                                                   Abstract 

Plant propagating is both a science and an art that can contribute in food security and provide a 

lifetime of challenges and opportunities to learn more about this fascinating craft, or a basic 

knowledge of it. Medicinal and horticulturally important species are mostly reproduced by 

asexual methods of plant propagations to multiply their exact copy of selected clonal varieties 

even if the sexual propagation method has also practiced for different plants. This can be done 

naturally for those plants, which are propagating, by specialized organs or by human intervention 

for targeted propagation purposes. The profile preparation study was conducted in Ankober 

districts of North Shewa zone. The specialized plant organs are those plant parts which have used 

for storage of reserves and reproduction purposes. They reproduce by dividing and separating the 

organs from their mother plants and have propagated to produce new clonal plants. Propagation 

by division is a form of plant propagation in which a group of plants or plant parts are cut or torn 

apart which each part of the divided plant contains one or more of the roots of the plant and a 

part of the stem of one or more stems. The key activities done during the entire work were 

identifying the appropriate plant and its parts that used for propagation and selection of 

appropriate propagation methods for each respective plant species selected for this study. In this 

plant profile preparation, the selected plant species (Colocasia esculenta, Manihot esculenta, 

Ipomaea batatas, Zingiber officinale, Vitis vinifera and Ensete ventricosum) were considered and 

their detail theoretical profile and practical propagation strategies are identified. These methods 

were applied for economically and medicinally important plant species as sweet potato by slips, 

vine and Cassava by cuttings, Ginger and Colocasia by rhizome, and Enset by sucker. Among 

the selected plant species Colocasia esculenta, Ipomaea batatas, and Ensete ventricosum were 

found to be very simple and can be scaled in to individual farmers, developmental agents (DA), 

other agricultural sectors and research centers. The propagation methods and sample products are 

very initiating that could contribute to the food security program of the country. Thus, the 

practice done in Ankober district of Debre Birhanu University project site is recommended to be 

scaled up in to the agricultural sectors and other aspects of the profile as disease and pest 

management related issues require further studies and practical application in pilot forms. 

Keywords: Explant, Propagation, Propagules, Rhizome, Sucker, Stock 
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1. INTRODUCTION 

1.1. Background 

The propagation of plants is a fundamental occupation of humankind. Its discovery began what 

we now refer to as civilization and initiated human dominion over the earth. Agriculture began 

some 10,000 years ago when ancient peoples, who lived by hunting and gathering, began to 

cultivate plants and domesticate animals. These activities led to stable communities where 

people began to select and propagate the kinds of plants that provided a greater and more 

convenient food supply, as well as other products for themselves and their animals (Benson et al 

.,2000). Once this process began, humans could remain at the same site for long periods, thus 

creating centers of activity that eventually would become cities and countries (Ault and Havens, 

1999). The natural world is covered by populations of many different kinds of plants that have 

evolved over eons of time. We identify these as species, although there are other divisions that 

have been described in this text. These populations can more or less maintain themselves from 

generation to generation because of their natural genetic characteristics 

Plants are the most fundamentally important things given to life exist on this world by providing 

the basic and immediate needs of humans for food and shelter as well as acting as an essential 

component of the biosphere for maintaining life on the planet that evolved to survive, thrive, and 

grow by adapting to ever-changing conditions. Since ancient times plants have been 

indispensable sources of both preventive and curative traditional medicine preparations for 

human beings and livestock (Gidey Yirga,2010). Most of the developing countries have adopted 

traditional medical practice as an integral part of their culture. Historically, all medicinal 

preparations were derived from plants whether in the simple form of raw plant materials or in the 

refined form of crude extracts, mixtures, etc. Recent estimates suggest that several thousands of 

plants have been known with medicinal applications in various cultures (Alluri et al., 1991). 

Traditional medicine co-exists side by side with the cosmopolitan medicine (Wondwosen 

Teshome, 2005). The interest in traditional knowledge is more and more widely recognised in 

development policies, the media and scientific literature. In Africa, traditional healers and 

remedies made from plants play an important role in the health of millions of people. The 

relative ratios of traditional practitioners and medical experts in relation to the whole population 

in African countries are imbalanced. 



 

Ethiopia has flora rich in its diversity. Only few studies were geared towards indigenous 

medicine with an objective to improve their usage. Consequently, the overall use of these plants 

remained within the domain of local healers as they resort to them for the treatment of different 

health problems (Konno, 2004). In Ethiopia, traditional medicine is faced with a problem of 

sustainability and continuity mainly due to the loss of taxa of medicinal plants (Ensermu 

Kelbessa et al., 1992; Zemede Asfaw, 2001). With the present ecological and socio-economic 

changes, the medicinal plants together with Ethno-botanical knowledge, may disappear and thus 

may be lost from humanity forever (Tesfaye Awas and Sebsebe Demissew, 2009). Medicinal 

plants provide vital contribution to human and livestock health care needs throughout Ethiopia. 

In Ethiopia, about 80% of human population and 95% of livestock rely on traditional medicine 

(Endeshaw Bekele, 2007).  

Among rural countries, North Shewa communities of Ankober, as would be the case elsewhere, 

traditional medication is believed to be an important healthcare system, which mainly involve the 

use of locally available medicinal plants. However, such knowledge and practices are currently 

under threat mainly because of the depletion of the locally available medicinal plants, the 

influence modernization, and problem of knowledge transfer.  

1.2. Statement of the problem 

The disappearance of medicinal plants from their natural habitats has hidden consequence as a 

result, the knowledge of the medicinal healers are on the way to extinct. In some parts of 

Ethiopia, as well as other African countries, this healer is known as "Bahilawi hakim". Those 

traditional healers usually have a long and inherited experience. The erosion of such important 

genetic resource and their deterioration are accompanied with the disappearance of knowledge 

and traditional experience.  There is a great need to provide a framework for the conservation 

and sustainable use of medicinal plants, knowledge and experience of the healers. Ethno-

botanical studies should be encouraged which represent basic studies to help implementing 

conservation programmes. 

Mostly, it is impossible to document all the knowledge of traditional healers. Hence, critical 

observations of traditional medicine practices of the community should make for the selection of 

plants that are worth documenting. Medicinal plants have not been well studied and documented 

in Amhara region, North Shewa, Ethiopia even if the area is well acknowledged by traditional 

medicinal practices. Most of the information is still in the hands of the traditional healers. 



 

However, data on the parts used, method of preparation of remedies and application are also 

necessary since they all affect the nature and amount of any biologically active compounds. This 

phenomenon suggests a need to conduct Ethno-botanical research and to document the medicinal 

plants and the associated indigenous knowledge. Hence, an intensive documentation of 

medicinal plants is of paramount importance to mitigate the erosion of medicinal plants and 

indigenous knowledge. The present research will assess the profile, reproduction methods, and 

conservation status for the selected TMP and other rare, endemic and indigenous species in 

Ankober district in the central highland Ethiopia. 

1.3. OBJECTIVES 

1.3.1 General objectives 

To propagate and reproduce the selected medicinal plant species based on the demands of 

each laboratory activities  

1.3.2 Specific Objectives 

 To assess and document the profile of each selected medicinal plants  

 To propagate each species  in their respective and efficient reproduction methods  

(Sexual or Asexual or both) based on the plant profile  

 Promoting the practice for the conservation of other medicinal,  rare, endemic, 

endangered, indigenous plant species, 

 Base line for research and education on genetic conservation and the maintenance of 

local provenance.  

2. REVIEW OF THE RELATED LITERATURE 

2.1 General Aspects of Propagation 

 Plant propagation not only describes procedures originating thousands of years ago, but also the 

application of recent scientific advances. Plant propagation can be described as the purposeful 

act of reproducing plants. It has been practiced for perhaps the past 10,000 years, and its 

beginning probably marks the start of civilization. The traditional concept of a propagator is a 

skilled technician who loves plants and who acquired the art from traditional skills learned by 

experience, or whose knowledge was handed down from one generation to another. Today, 



 

propagation may be carried out by an array of general and specialized industries that produce 

plants to feed the world; to provide fiber, building materials, and pharmaceuticals; and to 

enhance the world‘s beauty. 

2.2. VEGETATIVE PROPAGATION TECHNIQUES 

Man‘s dependence on plants as the most significant source of food depends predominantly on the 

ability not only to cultivate plants and utilize them, but also to propagate them. This knowledge 

of plant propagation, the multiplication or making of more plants, is both a fascinating art and an 

exciting science. The study of it can provide a lifetime of challenges and opportunities to learn 

more about this fascinating basic knowledge that provide the skills and techniques to start 

business in nursery production of horticultural plants since the demand for planting material of 

horticultural plants is ever increasing. It can be of great fun to grow individual level plants. One 

may already have some experience growing different plants. Plant propagation is the 

multiplication of plants by both sexual and asexual means. To start with, start growing a few 

tomato plants from seeding in small garden, to the conservationist growing endangered species 

of orchids in test tubes, to the commercial nurseries that grow the millions of annuals, perennials, 

bulbs, shrubs and trees sold every year, a working knowledge of plant propagation makes all of 

these endeavors possible. This activity gave us greater confidence in producing plants from seed, 

cuttings, grafting, budding, layering and specialized vegetative structures along with essential 

skills to work in the horticulture industry. 

Perennial plants can be propagated in vegetative or generative ways. Fruit and nut trees are 

usually propagated by vegetative means using grafting methods. For this, there are two types of 

grafting methods: budding and grafting. Both of them are used for the same purpose - to create a 

new plant through the union of a suitable rootstock and an aerial part of another plant of the 

desired variety, called a scion. Other fruits are propagated by their own cuttings, such as stem, 

root and runner Plant propagation is the process of creating new plants from a variety of sources: 

seeds, cuttings, bulbs and other plant parts. Plant propagation can also refer to the artificial or 

natural dispersal of plants. The simplest method of propagating a tree vegetatively is rooting or 

taking cuttings. The most common method of propagating fruit trees, suitable for nearly all 

species, is grafting or budding a desired variety onto suitable rootstocks. 



 

In general, there are two methods of propagating plants: sexual and asexual. Sexual 

propagation is with the use of seed or spore that is separated from the parent plant. This method 

is so termed "sexual" because there is the involvement of the sexes, referring to the contribution 

of both the male and female gametes in the production of new plants. The propagated plant 

therefore has a genotype which results from combining those which originate from the parental 

sources of male and female gametes. Consequently, the resulting plant may exhibit either, or 

somewhat different, or a combination of parental characteristics. The young plant that is 

produced from seed is called seedling while clonal seedling or simply clone is used for that 

which is vegetative produced. However, seedling is now used as a general term to refer to any 

young plant without regard to the method of propagation. It does not mean, however, that all 

plants which are propagated by seed are sexually reproduced. There are some exceptions, 

notably farm crops that produce apomictic seeds.  

 2.3 Propagation from Seed and Spore  

Seed propagation is applied in the spermatophytes or seed-bearing plants, which include the 

gymnosperms and the angiosperms. Plants which are propagated from spore belong to the fern 

family and allies, including mosses. In plant propagation using the seed or spore as propagation 

material, fertilization or the union of the male and female gametes is a precondition for the 

production of new plants. However, there is a difference between the two. In seeds, a miniature 

plant within the organ is predeveloped after undergoing fertilization. This embryo is the one, 

which grows to form the new plant. This means that fertilization first occurs and this leads to 

seed formation. The seed, having a sexually produced and mature embryo, germinates and gives 

rise to a seedling. However, in spore propagation, the spore does not immediately develop into a 

new plant. The spore is formed without undergoing fertilization. Under moist condition, it 

develops into a gametophyte or ―prothallus,‖ a flat, green and heart-shaped structure with small 

root like rhizoids. This organ has both male and female gametes, which subsequently unite and 

give rise to new plants. In other words, fertilization comes first, the planting material called seed 

is formed, and then the seed germinates to form the new plant. But in ferns and other non-seed 

plants, the planting material called spore is formed first, it develops into a prothallus, fertilization 

follows, and the fertilized egg develops into a plantlet. 



 

2.4. Propagation by specialized organs  

In order to continue life on this planet, plants are the basic and immediate needs of the living 

things including of human beings. Among the existed plant species, the higher plant has 

occupied wide habitats than the others. These plants reproduce to perpetuate their off springs by 

sexual and asexual means of reproduction. The sexual reproduction method produces offspring 

by the fusion of gametes, resulting in offspring genetically different from the parent plants due to 

genetic exchange occur during fertilization which came from both parents. In the other ways, 

asexual means of reproduction produces new individuals without the fusion of gametes, 

genetically identical to the parent plants and each other, except when sudden change, ‗mutation‘, 

is occurs (Stewart and Globig,2011) The plant is composed of four primary organs via roots, 

stems, leaves and flowers, which can be used as material for propagation. The most commonly 

utilized form of plant reproduction by people is seeds. But, a number of asexual methods 

including cuttings, grafting, budding, layering, division, separation and micro propagations are 

utilized when seed propagation is not feasible. Also an asexual methods of plant propagation are 

important to multiply cultivars with individual desirable characteristics that do not come to true 

from the seeds, to ensures the faster initial plant growth and higher survival rate of the plant, to 

produce higher yield with quality product, to reproduce plantswhich have a short life span and 

seed dormancy and to propagate a plants which are sterile to reproduce by seeds (Stewart and 

Globig,2011). Early (2008) clearly elaborated the role of vegetative propagated crops that almost 

all of the plants sold as perennials, bulbs, corms, trees and shrubs are vegetative propagated 

because most of them are hybrids, which will not breed true to type from seeds. In many plant 

organs modifications are exist to enable natural vegetative propagations. Of these, the stem is the 

most important one, which produces a bud that completely, grow to new plant with roots, stems 

and leaves. All daughter plants produced from these organs are identical called ‗clones‘ of the 

mother plant and may serve as food stores. These stored foods enable to quickly burst growth of 

plants in the spring as iris rhizomes (Bryant,1995). According to McKey et al.( 2010 ), clonally 

propagated food crops encompass a huge range of Phylogenetic, morphological and ecological 

diversity. Different parts of clonally propagated plants have been selected to provide food and 

clonal propageules such as stems, roots, leaves, fruits, under or above ground specialized storage 

organs and even seeds. The specialized vegetative structures includes runners, suckers, crown, 

offsets, bulbs, corms, tubers, tuberous roots, rhizomes and pseudo bulbs are used primarily for 



 

the storage of foods, nutrients and water during adverse environmental conditions and for 

propageules (Kumar, Guse and Larsen,2010). Plants possessing these modified plant parts are 

generally herbaceous perennials, in which the shoots die down at the end of a growing season but 

the fleshy vegetative structure usually do not die and remains in the soil, which put forth new 

vegetative growth in the next season. Plants that survive as underground storage organs are 

called genotypes that can withstand period of adverse growing conditions in their regular growth 

cycles and used as propageules. For instance, potato tubers are modified stems that store starch 

in swollen underground structures known as tubers which serve as a seed for raising commercial 

potato Crops. Different horticultural crops propagated by specialized organs either dividing them 

or separating from their mother plants in order to get smaller planting materials. 

2.4.1 Propagation by division 

 Propagation by division is a form of plant propagation in which a group of plants or plant parts 

are cut or torn apart which each part of the divided plant contains one or more of the roots of the 

plant and a part of the stem of one or more stems. Division is probably the simplest form of plant 

propagation which is suitable for most clumps and rosette forming perennials (Bryant,1995). 

Most perennial plants benefited from division as they get older and begin to lose their vigor. It 

involves little more than breaking up established clumps in to a number of smaller pieces. The 

only complications come in knowing just when to divide and establishing a minimum size for the 

divisions. The success rate of plant rose from division is very high compared to the other 

propagation methods. Plants that have fibrous, rhizomatous roots, and plants that form clumps or 

crowns, are typically split up for propagation in to new plants. The dividing line between fibrous 

rooted perennials, crown rhizome perennials and rhizomes are somewhat indistinct. Rhizomes 

are purely underground stems and separated from the crown of roots around the base of the plant 

(Bryant,1995).  He also suggested that, plants suitable for division could be put in to three 

categories. Firstly, plants that form clumps of rosettes or offsets which can simply be cut up or 

broken apart in to rooted pieces and immediately regarded as new plants. This sort of division 

can in most cases be done any time of the year. Many of these types of plants will also produce 

runners or offsets, which can be separated from the parent plants. Likewise, any plants which 

produce suckers can be propagated by removing the rooted suckers and growing them on. 

Secondly, there are plants that have distinct foliage clusters but fibrous crown. These plants will 

usually require careful cutting up and many in some cases have only a few roots per division. 



 

This can necessitate planting in some sort of nursery bed until establishment, although in most 

cases they will survive if planted out straight away. This division can undertake when the plant 

are not growing too actively and the weather is not too warm. Thirdly, those plants which fleshy 

crowns with foliage emerging at many points. These will require careful cutting and many in 

some case have distinct growth points. Each division will need at least one growth point if it is to 

strike. This sort of division is best done just as the plants are emerging from dormancy. The line 

between division and natural layering is overlap. Many perennials and shrubs, particularly 

ground covers will strike roots wherever they come in contact with in the ground. If cut off at the 

appropriate point these aerial roots will then develop as normal subterean roots. The actual size 

of the divide plant varies enormously depending on the plant. Different horticultural crops can be 

propagated by different specialized organs ‗propagation by division‘ (Bryant,1995). 

3. MATERIALS AND METHODS  

3.1 propagation protocols 

Seedling production is one of the key steps in scaling up or domestication of any species. Each 

step has to be properly planned and implemented. The way seedlings are handled and managed 

in a nursery contributes to their survival rate after planting and their subsequent growth 

performance. Improving seedling quality correlates positively to their survival, growth and 

productivity. Seedling quality is governed by the genetic make-up of the parent trees and the 

physical growth of the seedlings. Several types of nurseries exist: individual or private, 

community or group, central or research, commercial and training nursery. Nursery practices 

must be consistent and the various techniques closely integrated. If one element in the chain is 

lacking there will be a negative impact on seedling quality. Good quality seedlings cannot be 

produced without care and tending. Nursery plants need to be protected from extremes of 

environmental conditions until they are strong enough to withstand them. To ensure high quality 

of seedlings and to provide more opportunities (income, technology transfer), local people are 

encouraged to establish small-scale community nurseries. This profile aims to facilitate the 

learning process by incorporating practical activities that provide better and clearer 

understanding of the principles involved in nursery establishment and management and to enable 

participants to translate such knowledge and skills into entrepreneurial action projects. This 



 

session highlights steps in setting up of nurseries, soil mixture and mixing, pot filling and 

placing, sowing and transplanting of seedlings, watering, weed control, shading, nutrient and 

pest management and protection of seedlings from mechanical damage. It also covers technical 

ways of checking and evaluating the quality of seedlings. 

Seed sourcing, collection and selection for rootstocks production 

Identification of seed sourcing, collection and selection is crucial in achieving healthy and 

uniform-sized seedlings. For fruit rootstocks, optimum yield cannot be attained even with a 

favorable environment if the rootstocks used are not well adapted to environmental conditions. 

The concept of proper selection is on a parent tree with desired qualities are capable of producing 

offspring with similar performance. After collection, seeds were processed carefully to maintain 

viability. Each species requires different processing after seed collection, i.e., seeds with pulp are 

processed differently compared to the pods, drupes and capsules. Most of the seeds have short 

viability; therefore, sowing should be done immediately after collection and processing. 

Management practices of germination beds 

Seeds are first germinated in the germination bed before they are planted in polybags. A well-

drained area with moderate shade is an ideal site for a germination bed. The germination bed 

should be established on a flat or level area near a water source within the nursery site. The best 

kind of germination medium is sand or light soil because germination of seeds will be faster due 

to aeration and seedlings can be easily pulled out during uprooting with less damage to the roots. 

With pure garden soil, the germination of seeds tends to be slower because the soil is too heavy 

and less aerated. 

COLLECTING PROPAGATION MATERIAL 

PERMITS AND PERMISSION 

Before collecting any seed or cuttings you will need to get permission from the landowner and 

you may need a permit from the government.  Make sure you do not collect from any threatened 

species. The learning guide for Collect, Treat and Store Seed has more information and should 

be read before collecting seed or cuttings. 

COLLECT CUTTINGS 



 

Cuttings produce new plants identical to the parent plant. Not all plants can be grown from 

cuttings and it is not recommended that large trees be grown from cuttings. Low growing shrubs 

and groundcovers that are generally short-lived are well suited to cuttings as they root readily at 

the nodes.  

When 

• All cuttings should be collected early in the day before the sun is hot and preferably used as 

soon as possible soon after. 

Taking cuttings 

• Make sure your secateurs or knives are sharp and clean. 

• Take cuttings from healthy, disease-free plants, preferably from the upper part of the plant. 

• Cuttings should generally be taken from current or past season‘s growth. 

• The end of the stem is best, but a long shoot can be divided into several cuttings. 

• Cut just below a node. 

• Cuttings are generally 8 to 12 cm long. 

• Avoid material with flower buds if possible.  

Storage 

• Remove the leaves from the bottom half of the cutting. 

• Cut remaining leaves in half to reduce water loss. 

• Cuttings should be placed in water or wrapped in wet newspaper in a plastic bag. 

• If necessary, they can be stored in a cool place such as a fridge for a number of days. 

 

Vegetative propagation is a form of asexual reproduction in plants. Asexual propagation or 

reproduction from vegetative parts of the original plant is possible because every cell of the plant 

contains the genetic information necessary to regenerate the entire plant. Reproduction can occur 

through the formation of adventitious roots and shoots or through the uniting of vegetative parts 

by grafting or budding. Stem cuttings and layers have the ability to form adventitious roots, and 

root cuttings can regenerate a new shoot system. It is also possible for leaves to regenerate both 

new roots and new shoots while a stem and a root can be grafted together to form a single plant. 

Concepts and principles of cuttings  



 

This is a plant cloning technique where bare plant parts are removed from the parent tree and 

induced to form roots and shoots which later grow to form new plants. The plant part that is 

removed is called a cutting. This cutting may be referred to by the location from which it is 

taken. Plants can be propagated from root cuttings, leaf cuttings or stem cuttings. Typically, stem 

cuttings of tree species are more difficult to root. Cutting propagation is often the preferred 

method for plant propagation because it is the easiest and most cost effective way to produce a 

clone of a particular parent plant. 

Transplanting: 

Newly rooted cuttings should not be transplanted directly into the landscape. They should instead 

be transplanted into pots. Growing them to a larger size before transplanting to a permanent 

location will increase the chances for survival. Handle rooted cuttings by the rootball or pot, not 

the stem. Otherwise, roots may break off due to the weight of the media on the roots. 

4. RESULT AND DISCUSSION 

4.1 Selected plant Species profiles 

4.1.1.Plant profile of Myrsine africana 

Myrsine africana is a species of shrub in the Myrsinaceae family. It is indigenous to 

Macaronesia, Africa and South Asia. It typically has dense, dark-green to red foliage and 

produces tiny bright purple berries. The shrub Small dense tree or large shrub with rounded 

leaves, pink flowers and black berries. Grows can achieve heights of over 2 meters (6.6 ft) and 

may be dense if pruned or grown in strong sunlight. The fine-toothed leaves are at first deep red, 

but on maturity become glossy and dark green. The cream-coloured flowers appear in spring, 

with the male flowers boasting red anthers. Separate shrubs produce either male or female 

flowers, with the female plants also producing purple berries. The hardy plant is long-lived. It is 

increasingly popular for topiaries and small hedges generally, as it can so readily be pruned and 

shaped. The shrub sends up occasional shoots from its root system that go on to form new plants. 

It propagates easily from seed. The flowers are dioecious and cream-coloured flowers appear in 

spring, with the male flowers have red anthers. 



 

Evergreen: small oval-shaped leaves are a glossy dark green colour. Typical of this species, the 

upper half of the leaf edge is slightly cut with fine teeth. The older leaves are tough and leathery, 

whereas the new growth is soft with a lovely deep red colour. 

Evergreen tree up to 5 m high. It is found in parts of Africa and Asia in forests, grassland with 

forest remnants, besides rivers and on hillsides. It grows about 1900 to 3800 m altitudes in most 

Ethiopian regions; also in Eritrea, Somalia, from Sudan to Angola and South Africa, Azores, 

Socotra, Arabia, Afghanistan, India and China. The twigs are used as toothbrush (tooth stick). 

The fruits are edible and are used in traditional medicine against ascariasis, fever, stomachache 

and taeniasis. The use of fruits against tapeworm and roundworm is common in East Africa and 

the Azores. Dried fruits are powdered and drunk with water or eaten with food (about 2 to 3 

handfuls or 15-20 g per treatment). Worms are evacuated in faeces. Urine color temporarily 

changes into dark yellow. Fruits are sometimes used with Kosso (Hagenia abyssinica) or with fat 

from animal bones. Fresh roots are eaten by women to relieve menstrual pains and to stop 

bleeding. In other parts of Africa and in India, the plant is used to treat chest pains, stiff joints 

and skin diseases. It is also used against ringworms and may sometimes result in diarrhea, as the 

fruits and leaves are purgative. From material collected in Kenya the benzoquinone myrsinone 

was isolated. More uses in Ethiopia: Fruit against tapeworm. 

 

Description  

Mulch thickly with good compost, water regularly and feed with high nitrogen organic or 

chemical fertilizer to boost growth and plant with pioneers for best results. Needs a sunny or 

semi shade, well drained position. Seed - sow late winter or early spring in a warm greenhouse. 

When they are large enough to handle, prick the seedlings out into individual pots and grow 

them on in a semi-shaded position in the greenhouse for at least their first winter. Plant them out 

into their permanent positions in late spring or early summer, after the last expected frosts. 

Cuttings of half-ripe wood, 3 - 6cm long with a heel in individual pots, July/August in a frame. It 

is found throughout South Africa, common in the summer and winter rainfall areas, growing 

naturally on rocky krantzes, in fynbos and forests. Myrsine africana is an herbaceous plant that is 

traditionally used as appetizer and carminative,  for the treatment of pulmonary tuberculosis, 

rheumatism and diarrhea by healers. The aims of the current study were to screen the crude 

methanol extract obtained from the aerial parts (leaves and stem) of M. africana, for 



 

antispasmodic actions on isolated tissues and further to subject the ethyl acetate  fraction of plant 

to column chromatography for isolation of pure compounds. 

 

4.1.2 Plant profile of Vigna radiata 

The mung bean (Vigna radiata (L.) R. Wilczek) is a legume cultivated for its edible seeds and 

sprouts across Asia. There are 3 subgroups of Vigna radiata: one is cultivated (Vigna radiata 

subsp. radiata), and two are wild (Vigna radiata subsp. sublobata and Vigna radiata subsp. 

glabra). The mung bean plant is an annual, erect or semi-erect, reaching a height of 0.15-1.25 m 

(FAO, 2012; Lambrides et al., 2006; Mogotsi, 2006). It is slightly hairy with a well-developed 

root system. Wild types tend to be prostrate while cultivated types are more erect (Lambrides et 

al., 2006). The stems are many-branched, sometimes twining at the tips (Mogotsi, 2006). The 

leaves are alternate, trifoliolate with elliptical to ovate leaflets, 5-18 cm long x 3-15 cm broad. 

The flowers (4-30) are papillonaceous, pale yellow or greenish in colour. The pods are long, 

cylindrical, hairy and pending. They contain 7 to 20 small, ellipsoid or cube-shaped seeds. The 

seeds are variable in colour: they are usually green, but can also be yellow, olive, brown, 

purplish brown or black, mottled and/or ridged. Seed colours and presence or absence of a rough 

layer are used to distinguish different types of mung bean (Lambrides et al., 2006; Mogotsi, 

2006). Cultivated types are generally green or golden and can be shiny or dull depending on the 

presence of a texture layer (Lambrides et al., 2006). Golden gram, which has yellow seeds, low 

seed yield and pods that shatter at maturity, is often grown for forage or green manure. Green 

gram has bright green seeds, is more prolific and ripens more uniformly, with a lower tendency 

for pods to shatter. In India, two other types of mung beans exist, one with black seeds and one 

with brown seeds (Mogotsi, 2006).  

 

Nutritional value of mung beans as a common food 

Mung beans are a pulse or food legume crop used primarily as dried seeds and occasionally as 

forage or green pods and seeds for vegetables. Dried seeds may be eaten whole or split, cooked, 

fermented, or milled and ground into flour. Mung beans can also be made into products like 

soups, porridge, confections, curries, and alcoholic beverages. In western cultures, mung bean 

sprouts are popularly used as a fresh salad vegetable. 



 

Importantly, mung beans are composed of about 20%–24% protein. Globulin and albumin are 

the main storage proteins found in mung bean seeds and make up over 60% and 25% of the total 

mung bean protein, respectively. Therefore, due to its high protein content and digestibility, 

consumption of mung beans in combination with cereals can significantly increase the quality of 

protein in a meal. Mung bean protein is rich in essential amino acids, such as total aromatic 

amino acids, leucine, isoleucine, and valine, as compared with the FAO/WHO (1973) reference. 

However, compared with the reference pattern, mung bean protein is slightly deficient in 

threonine, total sulfur amino acids, lysine, and tryptophan. Moreover, the proteolytic cleavage of 

proteins during sprouting leads to a significant increase in the levels of amino acids. 

Mung beans have much greater carbohydrate content (50%–60%) than soybeans, and starch is 

the predominant carbohydrate in the legume. Due to its high starch content, mung beans have 

typically been used for the production of starchy noodles, also called muk in Korea. 

Oligosaccharides, including raffinose, stachyose, and verbascose, in raw or poorly processed 

legumes are associated with flatulence in the human diet. While these oligosaccharides are 

present in mung beans, they are soluble in water and can be eliminated by adequate presoaking, 

germination, or fermentation. The energy offered by mung beans and sprouts is lower than that 

of other cereals, which is beneficial for individuals with obesity and diabetes. In addition, trypsin 

inhibitors, hemagglutinin, tannins, and phytic acid found in the mung bean have also been 

reported to have biological functions, promoting digestion and eliminating toxins. 

In addition to high protein and low energy content, mung beans also contain various enzymes 

and plentiful microelements. For example, superoxide dismutase (SOD) extracted from the mung 

bean can be chemically modified and made into an SOD oral liquid. This chemically modified 

SOD can avoid destruction by gastric acid and pepsin, thereby extending its half-life, making it 

suitable for human oral absorption. 

Overall, regular consumption of mung beans could regulate the flora of enterobacteria, decrease 

the absorption of toxic substances, reduce the risk of hypercholesterolemia and coronary heart 

disease, and prevent cancerMature seed - cooked or sprouted.The dried seeds are boiled and used 

in a wide range of ways. For example, they can be eaten as a vegetable, added to soups and stews 

or they can be fermented into Indian dishes such as idli. The seed is often also sprouted and 

either used in salads or cooked. The seed is split in two, then fried and eaten as a snack. The seed 

can also be ground into a powder and used in making dishes such as starch noodles, biscuits, 



 

bread etc.The globose to ellipsoid or cube-like seeds are commonly green but can sometimes be 

a range of other colours. They are 25 - 40mm long and up to 3mm wide.  

The mung bean is a major edible legume seed in Asia (India, South East-Asia and East Asia) and 

is also eaten in Southern Europe and in the Southern USA. The mature seeds provide an 

invaluable source of digestible protein for humans in places where meat is lacking or where 

people are mostly vegetarian . Mung beans are cooked fresh or dry. They can be eaten whole or 

made into flour, soups, porridge, snacks, bread, noodles and ice-cream. Split seeds can be 

transformed into dhal in the same way as black gram or lentils. Mung beans can be processed to 

make starch noodles (vermicelli, bean thread noodles, cellophane noodles) or soap. The sprouted 

seeds ("bean sprouts" in English, and incorrectly called "germes de soja" or "pousses de soja" in 

French) are relished raw or cooked throughout the world. The immature pods and young leaves 

are eaten as a vegetable (Mogotsi, 2006). 

Cultivation Details 

A plant of the drier tropics, where it is found at elevations up to 2,000 metres. It grows best in 

areas where annual daytime temperatures are within the range 21 - 36°c, but can tolerate 8 - 

40°c. The plant does not tolerate frost. It prefers a mean annual rainfall in the range 650 - 

900mm, but tolerates 500 - 1,250mm. Plants do well when treated as a dry season crop. Seed set 

can be adversely affected by rainfall during the flowering period.Prefers a sunny position, 

tolerating light shade. Grows best in a well-drained soil rich in organic matter, succeeding in 

sandy to clayey soils. Some cultivars are tolerant of moderately saline and alkaline conditions. 

Prefers a pH in the range 5.5 - 6.2, tolerating 4.3 - 8.3. Established plants are moderately drought 

resistant.Young pods can be harvested in about 2 months from sowing the seed. A yield of dried 

seeds can be obtained within 50 - 120 days.Yields of 400 - 700 kilos of dried seed per hectare 

can be obtained.There are many named varieties.Two main sets of cultivars have been 

identified:-Golden gram has yellow seeds, the pods often shatter at maturity.Green gram has dark 

or light green seeds, the pods ripen more uniformly and are less likely to shatter.Cultivars can be 

short-day, long-day or daylength-neutral.The plant has deeply penetrating, vigorous roots.This 

species has a symbiotic relationship with certain soil bacteria, these bacteria form nodules on the 

roots and fix atmospheric nitrogen.Some of this nitrogen is utilized by the growing plant but 

some can also be used by other plants growing nearby. When removing plant remains at the end 



 

of the growing season, it is best to only remove the aerial parts of the plant, leaving the roots in 

the ground to decay and release their nitrogen. 

Habitat: Ancient Indian crop cultivated for its edible seeds at fairly low altitudes throughout the 

tropics and sub tropics and apparently introduced in Shewa, Hararge, Ilubabor, Gamogofa 

regions of Ethiopia. Var. sublobata. Habitat: Native in Asia but found as an escape or naturalized 

elsewhere in the tropics. Tigray and Gondar regions of Ethiopia 

2.2 Pentas schimperia 

Pentas schimperiana (A. Rich.) Vatke subsp. schimperiana (Rubiaceae)  

Shrub or woody herb up to 3 m tall. Habitat: montane scrub, bushland, edge of montane rain 

forest, in open places in more or less distributed forest; 1800-3200 m. Occurs in most Ethiopian 

regions, south to Malawi and Zambia. More uses in Ethiopia: Leaf for earache and flowers for 

eye disease (Source: Gelahun Abate, Etse Debdabe, Ethiopian Traditional Medicine, Addis 

Ababa University, 1989).  

The plant is soft-wooded, younger parts densely rusty-brown pubescent. Leaves decussate, ovate 

to ovate-Ianceolate, mostly acuminate at apex, cuneate at base, rusty-brown hairy at least on 

veins below, very rarely glabrescent or pubescence whitish-yellowish; petioles absent or up to 

1(-3.5) em long. Stipular sheath large, conspicuous, with 6-10 bristles, 5-15 mm long. 

Inflorescence many-flowered, branched, more or less corymbose, 40-100 mm wide, all parts 

velvety-rusty (rarely whitish-yellowish) pubescent. Flowers heterostylous with Calyx lobes 

equal, linear,3-10 mm long. Corolla white tinged pink on the outside or pinkish, tube 5-12 mm 

long, funnel-shaped (long-styled flowers) or cylindrical (short-styled flowers), lobes more or less 

lanceolate. Capsule 4-6 mm long and wide. Montane scrub, bushland, edge of montane 

rainforest, in open places in more or less disturbed forest; (1800-) 2000-3000(-3200) m. 

Tigray,Gondar,Gojjam,Shewa,Ilubabor,Kefa,Bale,Harar floristic region of ethiopia; south to 

Malawi and Zambia. Plants prefer open, more or less sunny habitats, but are sometimes found 

inside dense evergreen forest; these "shade forms" seem to flower rarely and may look somewhat 

atypical having abnormally large and glabrous leaves up to 22 x 10 em and petioles up to 3.5 em 

long.  

Habitat: montane scrub, bushland, edge of montane rain forest, in open places in more or less 

distributed forest; 1800-3200 m. Occurs in most Ethiopian regions, south to Malawi and Zambia. 



 

More uses in Ethiopia: Leaf for earache and flowers for eye disease (Source: Gelahun Abate, 

Etse Debdabe, Ethiopian Traditional Medicine, Addis Ababa University, 1989). 

Plant propagation is the branch of horticulture which deals with the deliberate (or intentional) 

production of new plants using various starter materials (e.g. organs, tissues), including their 

intensive but temporary care. It is primarily practiced to produce seedlings or clones of nursery 

crops for outplanting, or for planting in containers for display or decor or other uses. 

 

2.3 Lepidium sativum L. (Brassicaceae) Fetto (Amh) 

An erect annual herb of up to 60 cm in height. Garden cress is indigenous to western Asia. It 

is used as an ornamental crop and its seedlings as salad source. The seeds are rich in minerals 

and vitamins; especially vitamins C, A, B and E. A paste of seed flour mixed with water is 

used on chapped lips, against sunburn and other skin disorders. Seeds are chewed to cure 

throat disease, asthma and headache. Ground seeds mixed with water are given to livestock 

with stomach disorders and to relieve pains of animals in labor [3]. It is an important spice 

and medicinal plant which is scattered into and grown with other crops, particularly teff. The 

seeds are used to treat a variety of skin complaints as well as colds, stomach upsets and 

swollen glands. In many parts of Ethiopia a special dish called ―Feto Fitfit‖ is prepared from 

the seeds. Flowering during October and November, honeybees collect pollen and nectar 

from the flowers. Its use in Ethiopia: for colic, abdominal pain, dysentery, swellings, 

aphrodisiac. More uses in Ethiopia: Fruits as additive against many diseases.  

2.5. Nigella  sativa L. (Ranunculaceae) 

Tikur Azimud (Amh). Annual herbs with a genus having about 20 species occurring mostly in 

Europe, the Mediterranean and extending to Central Asia. In Ethiopia one species is widely 

cultivated and the other is an ornamental. Nigella sativa is an important spice, commonly used to 

add flavor to bread. Medicinally, it is used for many complaints. Thymoquinone and nigellimine 

are among the main components. Main use of seeds in Ethiopia is as bread flavor. The seeds 

contain up to 40 % fixed oil. There is ample scientific evidence for its hypoglycemic, 

antioxidant, liver protecting, analgesic, antithrombotic, spasmolytic, anti-tumor, and antibacterial 

effects.  

2. 6. Brassica nigra (Senafich in Amh (Brassicaceae) 



 

A leafy annual of up to 1 m in height with yellow flowers. Leaves used as vegetable and seeds as 

spice. The crushed seeds are used to prepare common Ethiopian sauces Siljo, Awaze  and Azifa. 

Glucosinolates (mustard-oil glycosides) such as sinigrin in black and brown mustard and sinalbin 

in white mustard are the main compounds. When powdered mustard seeds are mixed with water, 

the enzyme myrosin hydrolyzes sinigrin to the pungent principle allyl isothiocyanate. Mustard 

flour does not have pungent aroma unless it is mixed with water. The well-known synthetic toxic 

(poisonous) ―mustard gases‖ and anti-neoplastic agents are derived from allyl thiocyanates. Allyl 

thiocyanate is a strong irritant and a blistering agent and it is one of the most toxic essential oil 

constituents. Seeds are used to stimulate digestion and circulation. Overdosing causes skin 

inflammation and blisters. High oral dose causes stomach pain, nausea, vomiting and diarrhea 

and in severe cases, paralysis of central nervous system , low heart and respiratory activity and 

even coma and death. The isothiocyanates of mustard oil can form covalent bonds with proteins 

and thus alter their properties and are antibacterial against both gram-positive and gram-negative 

bacteria. Mustard oil acts as skin irritant and as a stimulant to increase peripheral blood flow.  

7. Stephania abyssinica: Etse Eyesus/Engochit/ Yeayit Hareg (Amh).A Herbaceous or woody 

climbers. genus represented by 40 species, mainly in the tropics; 2 species in the Flora area. 

Twining herb up to 5 m. It is a creeper indigenous to Southern and Eastern Africa. The leaves of 

this plant are used as a purgative and emetic, whereas the roots are employed in the treatment of 

roundworm, menorrhagia, and boils. Phytochemical investigations revealed the presence of 

seven hasubanan alkaloids including stephavanine. Habitat of stephanis abyssinica: Common in 

thickets bordering forest margins, on hillsides, around cultivated fields and in clearings; 1450-

3400 m. Occurs nearly in all regions of Ethiopia, also widespread in Sudan, Uganda, Tanzania, 

Kenya, Democratic Republic of Congo to South Africa and Yemen. All parts of the plant are 

used in traditional medicine to treat various stomach disorders and syphilis  

2.8. Allium cepa  (Alliaceae), Keyi Shinkurt (Amh). 

A biennial herb, which produces a bulb in the first season and then the flower in the second.A 

very important vegetable in the preparation of the typical Ethiopian spice known as 

Berbere.Allium cepa is a cultivated species of uncertain origin, probably originating from wild 

plants in Eastern Mediterranean or the Middle East. It is a good source of sulphur and vitamin 

C. Enzymatic breakdown of sulphur containing substances in damaged tissue gives the pungent 

volatiles that cause weeping. Onions are known to have antimicrobial, hypoglycaemic, anti-



 

asthmatic, antiallergic, lipid- and blood pressure-lowering effects. There are three varieties of 

this species. Allium cepa var. cepa with large bulbs, usually single globose; inflorescence with 

true flowers; propagated by seed. Allium cepa var. aggregatum with well developed bulbs, in 

clusters, broadly to narrowly ovoid; inflorescence usually produces seed, but propagated by 

bulbs or bulblets. Allium cepa var. proliferum sometimes called the Tree Onion has poorly 

developed bulbs; inflorescence produces bulbils which are used for propagation and this variety 

is not seen in the Ethiopian Flora area. Commission E approved onion for loss of appetite and 

prevention of atherosclerosis. In Ethiopia the seeds are an important spice used in preparing hot 

pepper sauce and other dishes; they are also used to flavor some types of breads. They are 

mixed with melted butter, wrapped in a piece of cloth and sniffed to relieve some types of 

headaches. 

2.9. Aloe ankoberensis Gilbert & Sebsebe (Aloaceae) Merrarie (Amh) 

 Pendent shrub, mostly unbranched, stem to 6 m long, hanging down cliffs. Leaves numerous, 

dense, dull grey- to blue-green; marginal spines, pale with minute dark red-brown tips 

(sometimes absent).Inflorescence with 1-6 racemes; peduncle U-shaped; racemes cylindrical, 

dense.Bracts ovate-lanceolate. Habitat: Steep rocky slopes and cliff-faces, often near seasonally 

running water; 3000-3500 m. It occurs in Shewa (near Ankober and Debra Sina); endemic to 

Ethiopia. 

2.10.Cymbopogon citratus (Poaceae, Lomi Sar (Amh) 

 Cymbopogon citratusis a perennial plant with sturdy stems and broad aromatic leaves, with 

characteristic lemon-like smell caused by the monoterpenes citral A and citral B, which also 

serve as chemical markers for the species. Lemongrass oil is used in natural cosmetics, in insect 

repellent formulations, as source of fragrance for soaps, massage oils etc. The leaf makes an 

excellent tea, and is an ingredient in Oriental cooking.More uses of lemongrass: As insect 

repellent, for treating athlete‘s foot (Athletes foot) and fungal infections.  

 

Nursery crops are those which commonly require the use of pre-grown planting materials for 

outplanting, or field planting. A plant nursery is the place where seedllings, clones, and potted 

plants are raised temporarily under intensive care. 

 



 

The basis of plant propagation is totipotency, the capability of cells to regenerate missing parts 

and, subsequently, an entire organism. Applied to plants, it means that any live part that is 

separated from the parent plant, being composed of live cells, can possibly produce missing 

organs of an intact plant, such as roots and shoot, and give rise to an entire plant. It means that all 

plant organs with live cells, such as seeds, stems, etc., either intact or segmented, are 

potential propagules, or propagating materials. 

 

4.2 Profile and Propagation methods of Selected plant Species 

Table 1.Short summary of selected plant profiles  

no Taxonomic 

classification 

Description of the taxa 

1 FAMILY:  

Araceae 

Herbs with larger or smaller aerial stems, tubers or rhizomes, climbers or 

floating water plants, often with milky or sticky and sharp-smelling juice; 

adventitious roots are formed in many species, usually above ground, most 

often in climbers. Leaves simple or divided palmately, pedately or pinnately, 

often with holes appearing naturally in the blade, some leaves reduced to 

scales; petiole usually with a distinct sheath. Inflorescence pedunculate; 

monoecious or dioecious, with small bisexual or unisexual flowers, usually 

arranged very densely along a cylindrical fleshy axis forming a spadix 

 GENUS: 

COLOCASIAS 

chott 

Herbs without proper erect stems, tubers forming short, creeping, subterranean 

shoots bearing very large leaves on stout, sheathed stalks; blade peltate, 

undivided, ovate-cordate to sagittate-cordate. Several inflorescence-bearing 

peduncles appear after the leaves. Spathe longer than spadix, witha 

comparatively short, rolled tube and a much longer, oblong to lanceolate, 

blade. Spadix with naked unisexual flowers and a sterile appendix. Basal 

female flowers with 3 to 4 pistils; ovary with numerous erect owles; stigma 

sessile or nearly so, depressed capitate, with 3 to 5 furrows. Sterile male 

flowers as apically truncate synandrodia. Fertile male flowers with 3~ stamens 

united in an apically wide, truncate, irregularly polygonal synandrium. Fruit a 

greenish, unilocular, oblong to obconica1 berry with numerous seeds. 8 

species distributed naturally from Asia to Polynesia; only the cultivated 



 

C.esculenta 

 SPECIES:  

Colocasia 

esculenta 

Very variable robust herb, with leaves up to 2 m tall. 

 Stem reduced to a tuber rich in starch.  

Leaves peltate: petiole stout, over 1m long; blade with a large ovate, more or 

less acute main lobe and two basal lobes directed backwards, ovate, obtuse.  

Inflorescence rarely found; peduncles much shorter than petioles. Spathe 20-

30 em long, tube green, blade yellow to orange, pointed. Spadix shorter than 

spathe. Female zone about the same length as zone of sterile male flowers, and 

about twice as long as fertile male zone. Sterile appendix variable, more or 

less pointed, up to 4 cm long 

 PLANT SHAPE: 
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2. FAMILY: Trees, shrubs or herbs, sometimes succulent or climbing; sometimes spiny, 



 

Euphorbiaceae sometimes with stellate hairs and/or peltate scales or stinging hairs; sometimes 

with latex. Leaves mostly alternate, occasionally opposite or whorled, usually 

simple, entire or palmately lobed, occasionally reduced to scales, rarely 

palmate; stipules usually present. Monoecious or dioecious. Inflorescences 

axillary, leaf-opposed or terminal, mostly raceme like, rarely cymose, or 

flowers very reduced and contained within flower-like  cyathia. Flowers small 

to minute, (2-)3 or more)-merous, sometimes reduced to a single naked stamen 

or a naked ovary; petals often absent; annular disc or disc-glands often 

present. Male flowers: stamens 1 to c 1000, pistillode present or not. Female 

flowers: staminodes usually absent, very rarely present and apparently 

functional; ovary 1-4(-20)-locular, mostly 3-1ocular, locules each with I or 2 

ovules and I style, styles tree or joined, often divided. Fruit mostly a regma, 

which is a capsule-like schizocarp, which breaks up, often explosively, into 2-

valved cocci leaving a central columella, occasionally forming a drupe or, 

rarely, a berry. Seeds often with a caruncle. A very large family with about 

300 genera and 8,000-10,000 species, most numerous in the Tropics: 30 

genera and 200 indigenous species so far recorded from the Flora area plus a 

further 4 genera and 9 species widely cultivated.  

Over 70 genera are recorded from East Africa so it is likely that there will be 

further addition to the Ethiopian flora, particularly from the southwest forests 

 GENUS:  

Manihot  MilL 

(1754) 

Shrubs or tree rarely herbs; produce latex when cut.  

 Leaves altemate, sometimes peltate, often palmately lobed. Monoecious; 

flowers in terminal or subterminal-axiIlaly racemes with l-few Iong-

pediceliate female flowers below several short-pedicelate male flowers. 

 Male flower: calyx campanulate or tubular, lobes 5, imbricate or contorted; 

petals absent; stamens 10, free, alternating with lobes of disc or glands; 

pistiI1iode small or absent.  

Female flowers similar, staminoides absent; ovary 3-1ocuIar; ovules solitaty; 

styles variously dilated or lobed. Fruit a capsule. Seeds with caruncle. An 

American genus of about 100 species with 2 introduced species found in the 

Flora area. The root-tubers of some species are very important as a staple food 



 

crops in many areas of the tropics; other species are grown as sources of 

rubber 

 SPECIES:  

Manihot 

esculenta  

Crantz. (1766)  

Little branched woody herb up to 5 m high; roots large, starchy.  

Leaves 3-5(-7)-lobed, often not peltate, lobes lanceolate, 6-14(-17) x 1-6 tip 

acuminate, entire. Raceme branched, 8-11 cm long.  

Male flower: pedice 5mm long, bent downwards; calyx cylindric-conic in bud, 

tube 6 mm long, lobes 6 x 4 rom, greenish-orange and crimson, sometimes 

dark-veined. Female flower: pedice 7 mm extending to 25 rom;sepalsl 0 x 5 

mm; styles and stigmas looking like a bunch of grapes. Capsule ellipsoid alto 

sub globose, 15-17 x 15 mm, rogulose, 6-winged, wings undulate-subcrenate. 

Increasingly cultivated in western and southern Ethiopia; 1300-1550 m. WG 

Il, GG; native of eastern tropical South America now widely cultivated 

throughout the tropics and as a pot plant. Mainly grown for the edible roots, 

which form a staple food in many tropical areas. Some cultivars are quite 

drought resistant, and the mature roots can stay long in the ground before 

being harvested.  

 PLANT SHAPE: 
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3 FAMILY: 

Zingiberaceae 

Herbs, sometimes large, with upright leafy shoots arising from underground 

rhizomes or corms; all parts aromatic when crushed. Leaves distichous, 

alternate, simple, entire, often ligulate. Inflorescence arising at the base of the 



 

leafy shoots, sometimes below ground level, or from the center of a rosette of 

leaves (Curcuma) and sometimes appearing before the leaves. Flowers 

zygomorphic, bisexual. Sepals 3, delicate, whitish. Petals 3, the posterior often 

larger than the laterals, coloured. Androecium probably of three elements, the 

posterior alone being fertile. Stamen single, with two longitudinally dehiscing 

subterminal anthers, and a sterile entire or three-lobed apex; staminode 

petaloid, forming a large entire or three-lobed coloured labellum'. Ovary 

inferior, 3-carpellate, with axile placentation; style elongated, with a trumpet 

shaped stigma, which lies between the apices of the anthers at maturity. Fruit a 

fleshy 3-locular berry, often large and sometimes. About 50 genera and 1300 

species, pantropical, but most abundant and diverse in SE Asia. There are 3 

indigenous genera and about 60-80 species in Africa. For the Flora area, 2 

indigenous genera with 4 species are recorded. 

 GENUS:  

Zingiber  

Members of the family are perennials that frequently have sympodial (forked) 

fleshy rhizomes (underground stems). They may grow to 6 metres in height. A 

few species are epiphytic i.e., supported by other plants and having aerial roots 

exposed to the humid atmosphere. The rolled-up sheathing bases of the leaves 

sometimes form an apparent short aerial stem. Most Zingiber spp. plants are 

aromatic, perennial herbs with the characteristics of growing horizontal or 

fibrous rhizomes. They are cultivated in many countries, though these plants 

prefer moist, tropical conditions.  

 SPECIES:  

Zingiber 

Officinale  

Rhizomatous herb; rhizomes thick. Leafy shoots to 1m tall. Leaves linear to 

lanceolate, up to 20 x 2 cm, apex acuminate, narrowly cuneate at base; ligule 

up to 5 mm long, bilobed, glabrous, later scarious. Inflorescence arising from 

rhizome at base of leafy shoots, peduncle 10-20 cm long; spike ellipsoid,4-7 x 

15-25 cm; bracts 2-3 x 15-2 cm, green with scarious margins, each subtending 

a single flower. Calyx, Corolla pale yellow. Labellum 3-lobed, the central lobe 

largest, dark purplish with ) yellow spots. Fruits very rare in cultivation. 

Cultivated for the spicy rhizome, which is dried and powdered in IL KF SD .  
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4 FAMILY: 

Convolvulaceae 

Herbs, climbers, shrubs, or trees. Leaves alternate, without stipules, mostly 

simple, entire or often lobed, compound in some species. Inflorescences 

axillary cymes, racemes or panicles. Flowers small and inconspicuous to large 

and showy, with bracts, almost always regular bisexual, functionally 

unisexual. Sepals 4-5, overlapping, free or jointed at the base, persistent, 

occasionally enlarging in fruit. Corolla united, tubular, usually widening at the 

top resulting in funnel-, bell the top with 5 lobes or almost entire. Stamens 5, 

inserted on the corolla tube, alternate with the lobes; filaments often unequal; 

anthers linear, oblong, globose or biglobose, opening by longitudinal slits; 

pollen smooth or spiny. Ovary superior, entire or 2-4-lobed, usually 2-4-

locular, commonly with a ring- or cup shaped nectary disk around the base; 

each locule with 2 or 4 ovules, rarely many in basal or basal axil placentation; 

styles filiform, simple or bifid or 2 separate ones with 1-4 variously shaped or 

branched stigmas. Fruit a capsule, 1-4-locular, dehiscent by valves 

transversely or irregularly, or indehiscent or utricle. Seeds 1-4 (rarely 6 or 10), 



 

glabrous or pubescent. About 50 genera and 1500 species with a cosmopolitan 

distribution, but mainly in tropical and subtropical regions; 21 genera and 132 

species in the Flora area. 

 GENUS: 

 Ipomaea chott 

Annual, biennial or perennial herbs or shrubs. Stems woody or herbaceous, 

usually twining or prostrate, sometimes erect. Leaves variable, simple, or 

rarely compound, entire or lobed; petiolate; pseudo stipules (small leaves of 

the axillary shoot) sometimes present. Flowers axillary, solitary or in few- to 

many flowered cymes, sometimes clustered at the top of shoots or enclosed in 

an involucre. Bracts and bracteoles various, sometimes leafy, free or forming 

an involucre. Sepals variable in size and shape, often unequal, Soft leathery, 

persistent, sometimes enlarging in fruit. Corolla regular, usually funnel- or 

bell-shaped, more rarely trumpet-shaped, limb usually shallow, but sometimes 

wide and dish-shaped, shallowly, or rarely deeply, 5-lobed, variously 

coloured. Stamens 5, mostly inserted near the base of the corolla tube, 

included or rarely exerted, in two or three whorls. Pollen large, globular, 

spinose or spinulose. Ovary with 2, 3, 4, rarely 5, locules, usually with 4(6-10) 

ovules; style filiform; stigma globular, or bi-globular. Capsule spherical to 

ovoid, 3-10-valved. Seeds usually 4 (rarely less by abortion, or up to 10), 

glabrous, pubescent or clothed (sometimes only partly) with very long hairs. A 

large cosmopolitan genus with over 500 species mainly restricted to the 

tropics, with the highest concentration in the New World, followed by Africa 

and Asia; 62 species in the Flora area, 10 of which are introduced. 

 SPECIES: 

 Ipomaea batatal 

(L.) Lam. (1793); 

Perennial herb with underground, fusiform to ellipsoid, yellow or reddish 

edible tubers. Stems prostrate, ascending or rarely twining, often rooting at the 

nodes, glabrous or very slightly pubescent. Leaves: blade triangular to broadly 

ovate, 4.5-14 x 3.5-16 cm, entire or palmately, shallowly to very deeply 3-5-

lobed, base truncate or cordate; lobes triangular, lanceolate to linear-oblong, 

glabrous or slightly pubescent; petiole 15-20 cm long. Inflorescences axillary; 

peduncle  3-18 cm long, 1- to several-flowered; pedicels 3-12 nun long. Bracts 

elliptic-lanceolate 3-5 x 1 rom. Sepals subequal, some what leathery, 7-12 x 3-

5 rom, the outer ones oblong or elliptic-oblong; inner ones somewhat longer, 



 

elliptic-oblong or ovate-oblong; all glabrous or pilose on the back, fimbriate, 

apex acute or subacute, distinctly mucronate. Corolla bell-shaped, violet or 

lilac, white above, 3-4.5 cm long, glabrous. Capsule ovoid. Seeds glabrous. 

Widely cultivated, also found in abandoned fields; 1450-2400 m. EW SU WG 

KF GG HA; Sweet potato cultivated for its edible tubers. The leafy stems are 

also used as a forage 

 PLANT SHAPE: 
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5 FAMILY: 

 Vitaceae 

Erect, trailing or climbing perennial herbs (often tuberous) or woody climbers; 

tendrils often present, arismg opposite the leaves or from peduncles. Leaves 

alternate, simple to digitately or pedatcly lobed or compound; stipules present. 

Inflorescence terminal, arising opposite the leaves or from the axils. Flowers 

regular, usually bisexual. Calyx 4-5(-6)-lobed or subentire; petals 4-5 (-6). 

Stamens 4-5(-6), opposite the petals. Disc conspicuous, intrastaminal. Ovary 

superior, but often ± immersed in the disc, 2-locular, locules with 2 basal 

ovules; style simple; stigma capitate or lobed. Fruit fleshy, 1-4-seeded berry. 

Family with 12 genera and about 900 species. Widely distributed in all 

tropical, subtropical and warm temperate regions. In Ethiopia 6 genera and 41 

species. 

 GENUS:  

Vitis 

The Genus Vitis is of 79 accepted species
 
of vining plants in the flowering 

https://en.wikipedia.org/wiki/Flowering_plant


 

plant family Vitaceae. The genus is made up of species predominantly from 

the Northern hemisphere. It is economically important as the source of grapes, 

both for direct consumption of the fruit and for fermentation to produce wine. 

The study and cultivation of grapevines is called viticulture Flower buds are 

formed late in the growing season and overwinter for blooming in spring of 

the next year. They produce leaf-opposed cymes. Vitis is distinguished from 

other genera of Vitaceae by having petals which remain joined at the tip and 

detach from the base to fall together as a calyptra or 'cap'. The flowers are 

mostly bisexual, pentamerous, with a hypogynous disk. The calyx is greatly 

reduced or nonexistent in most species and the petals are joined together at the 

tip into one unit but separated at the base. The fruit is a berry, ovoid in shape 

and juicy, with a two-celled ovary each containing two ovules, thus normally 

producing four seeds per flower (or fewer by way of aborted embryos).  

Other parts of the vine include the tendrils which are leaf-opposed, branched 

in Vitis vinifera, and are used to support the climbing plant by twining onto 

surrounding structures such as branches or the trellising of a vine-training 

system. In the wild, all species of Vitis are normally dioecious, but under 

domestication, variants with perfect flowers appear to have been selected. 

 

 SPECIES:  

Vitis vinifera L. 

(1753) 

Woody climber or trailer. Leaves entire to ± deeply lobed, subglabrous to 

tomentose; petiole 3-8 cm; lamina broadly cordiform, 4-17 x 5-16 cm, sharply 

and irregularly dentate to serrate; apex acute to rounded. Flowers glabrous, in 

dense pyramidal subglabrous to tomentellous 5-20 cm long panicles, unisexual 

(or bisexual in cultivated plants); pedicels 3-5 mm. Calyx c 1 mm, subentire; 

petals 1-2 mm, greenish white; stamens 2-3 mm; disc with 5 conspicuous 

rounded lobes; style short and thick. Fruit ellipsoid to globose, 1-4 cm long, 

yellowish to purplish violet; seed pyriform, 5-8mmlong. 

https://en.wikipedia.org/wiki/Flowering_plant
https://en.wikipedia.org/wiki/Vitaceae
https://en.wikipedia.org/wiki/Grape
https://en.wikipedia.org/wiki/Wine
https://en.wikipedia.org/wiki/Viticulture
https://en.wikipedia.org/wiki/Cyme_(botany)
https://en.wikipedia.org/wiki/Flower
https://en.wikipedia.org/wiki/Pentamerous
https://en.wikipedia.org/wiki/Hypogynous
https://en.wikipedia.org/wiki/Fruit
https://en.wikipedia.org/wiki/Berry_(botany)
https://en.wikipedia.org/wiki/Tendril
https://en.wikipedia.org/wiki/Trellising
https://en.wikipedia.org/wiki/Vine-training_system
https://en.wikipedia.org/wiki/Vine-training_system
https://en.wikipedia.org/wiki/Plant_sexuality
https://en.wikipedia.org/wiki/Perfect_flower
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6 FAMILY:  

Musaceae 

Large, often tree-like, glabrous perennial herbs with a short rhizome or 

cormand unbranched, erect, hollow pseudo trunks that are made up of the 

sheathing leaf-bases. Leaves spirally arranged, large to very large; blade with 

stout midrib and numerous pinnately parallel nerves, simple and entire at first, 

often becoming frayed and breaking up with age; petiole with open sheath, 

clasping the stem at its base; new leaves, formed from meristem near ground 

level, push up through pseudo trunk in a tightly rolled condition. Axis of 

inflorescence arising from the corm or rhizome, growing up through the 

hollow stem, and exerted from the top, often drooping or turned to one side; 

emergent part of the axis with closely set boat-shaped, spirally arranged 

bracts; each bract subtending a monochasial cyme. Flowers asymmetrical, 

bisexual but functionally unisexual; those subtended by the lower bracts 

female with reduced stamens; those subtended by the upper bracts male with 

septal nectaries and reduced ovaries. 'sepals 6,petal-like in 2 series, free or 

more commonly united, often quite variable in size and shape. Stamens 5 

rarely 6, or the 6th represented by a staminode; fIlaments slender, free; anthers 

linear, 2-locular, opening by longitudinal slits. Carpels 3, united to form a 3-



 

locular inferior ovary, ovules l-many, on axil placentas in each locule; style 

1with usually 3 stigmas. Fruit  a fleshy or woody berry with a leathery outer 

pericarp and few-many hard seeds. A family of 2 genera and about 40 species, 

widely distributed in tropical and subtropical regions of the Old World and 

Pacific, cultivated banana found also in the New World; 2 genera represented 

by 2 species, each with several cultivars, in the Flora area. 

 GENUS:  

Ensete  

Robust, tree-like, perennial monocarpic herbs with pseudo-trunk swollen at 

the base, not producing suckers, except when cut or damaged. Sheaths of the 

lower leaves sometimes short (rosette habit),sometimes long and forming a 

pseudostem like that of Musa. Intlorescence pendulous with bracts usually 

persistent. Flowers many to each bract, and in two rows. Fruit rather dry or 

woody with very little pulp, containing 1-5 large seeds (usually exceeding 10 

mm in diameter). Seeds globose or irregular with a conspicuous hilum. A 

genus of less than 10 species, most common in tropical Africa; 1 species in the 

Flora area. 

 SPECIES:  

Ensete 

ventricosum 

(Welw.) 

 Cheesman (1947) 

Robust perennial with swollen base up to 3 m in circumference. Pseudo-trunk 

can grow to about 12 m tall, but usually only 2-5 m, basal rosette of leaves 

only when young; about 40 produced during the life-time of the plant. Leaves 

oblong to oblanceolate-oblong, up to 7 x 1 m, bright to dark-green, midrib, 

petiole and margin sometimes pale to dark red or dark-purple, rarely the lower 

side reddish. Leaves die back before flowering, and after fruiting the whole 

plant dies. Exserted part of inflorescence axis commonly 1-2 m long, 

drooping, with strongly sweet-scented flowers inside densely crowded bracts, 

lower (covering female flowers) 25-40 cm long, brown to deep red-purple. 

Sepals 3, 3-6 cm long; in female flowers often almost free, linear and only 1-2 

mm wide; in functional male Flowers united and forming a tubular envelope 

around young stamens, pushed aside as stamens mature. Petals united, 10-15 

mm long (excluding awns, up to 15 mm long), whitish or pale lilac to pink; 

apex irregularly frayed or dentate, with or without l-several awns. Stamens 1-

6, number varies among flowers on the same plant; fertile anthers 15-35 x1-15 

mm. Fruit 8-15 x up to 5 cm, orange when mature, rather dry and fibrous with 



 

I-to large blackish seeds about 15-25 cm in diameter. Widely cultivated, wild 

plants grow in montane and riverine forest, often in clearings, gullies and near 

streams; (500-)1000-2400 m. TU GD GJ SU WG IL KF, cultivated 

throughout; widespread in upland regions of tropical Africa south to Angola. 

This species is cultivated mainly for its edible pseudotrunks and corms, Which 

are cut up, pounded and fermented in leaf-lined pits for several weeks after 

Which the resulting material is further processed for eating, commonly after 

making into a flat bread KOCHO, or flour for gruel BULLA. The leaves are 

the most widely used of all wrapping material, particularly for butter and other 

products that need to be kept cool and moist. Temporary ovens for baking 

special bread are made out of Enset leaves on Which smouldering dung cakes 

are placed. In Ethiopia, the fiber of the plant is also widely used for making 

bags and ropes and for basketry. The strength is, however, less than that of 

Musa textiles or Agave, but is said to be resistant to seawater. The male 

flowers produce copious pollen and the female much nectar, Which attract 

large numbers of honeybees. 
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4.2.1 Practical research based plant profiles and monographs 

Plant propagation is the process of creating new plants from a variety of sources: seeds, cuttings, 

bulbs 

and other plant parts. Plant propagation is one of the key steps in scaling up or domestication of 

any species. Most of the plants were multiplied and adapted in nursery beds and floors. 

4.2.1.1  Colocasia esculenta (L.J Schott )Godere  

4.1.1.1 Description 

The family Araceae comprises about 117 genera and 4100 species distributed in the world 

including, African regions (Stevens, 2012). 

The genus Colocasia includes about 6 species native to tropical Africa. The species C. esculenta, 

also known as Colocasia esculenta  and is cultivated and naturalized throughout the tropics 

(Randall, 2012). Colocasia esculenta is a fast-growing herbaceous plant that originates from a 

large corm and can grow to 1.5 m in height. It has been intentionally introduced in many tropical 

and subtropical regions to be used as a food crop and animal (Safo-Kantaka, 2004). C. esculenta 

has several adaptations that aid its survival as a weed. It has the ability to reproduce both 

sexually by seeds and vegetatively by corms, tubers, and root suckers, and it is adapted to grow 

in a great variety of substrates and habitats ranging from full sun to deep shaded areas (Safo-

Kantaka, 2004). Many cultivars adapted to saline conditions, low water availability and/or 

seasonal flooded soils have been created and are also widely cultivated throughout tropical and 

subtropical regions (Onwueme, 1999). The taxonomy of Colocasia cultivars with edible corms as 

a highly variable species. Some forms are cultivated for their edible corms while others are 



 

grown for their ornamental foliage. Colocasia  esculenta is a tropical plant grown primarily for 

its edible corms, the root and vegetables. It is perennial, glabrous, herb growing to a height of 1 

m or more, with a massive, fleshy corm at the base, and lateral, thick, edible runners. Root 

system adventitious, fibrous, and shallow. Storage stem (corm) massive (up to 4 kg), cylindrical 

or spherical, up to 30 x 15 cm, usually brown, with lateral buds located above leaf scars giving 

rise to new cormels, suckers or stolons. Leaves are arranged in a loose rosette; blades pointing 

downward, 23-55 × 12-38 cm, cordate or lanceolate, sub-coriaceous, green above, glaucous 

below, the apex obtuse, acute or shortly acuminate, the base peltate-cordate, the margins more or 

less wavy, with a submarginal collecting vein; petioles erect, to 85 cm long, inserted 3-7 cm 

from base of blade. Inflorescences axillary, ascending, solitary; peduncles nearly as long as the 

petiole, cylindrical; spathe fleshy, to 35 cm long, the tube green, the blade lanceolate, not much 

wider than the tube, yellow to orange, flexing open near the base, then deflexing and dropped; 

spadix yellow, much shorter than the spathe, the sterile flower zone and the distal appendage 

shorter than the fertile zones. Fruit is a many-seeded berry, densely packed and forming a 

fruiting head.  

1. Taxonomy and morphology of Colocasia esculenta 

A. Taxonomy: Colocasia esculenta L.belongs to the family Araceae. Linnaeus originally described 

two species, which are now known as Colocasia esculenta and Colocasia antiquorum of the 

cultivated plants. Colocasia esculenta  is related to Xanthosoma and Caladium, plants commonly 

grown as ornamentals, and like them it is sometimes loosely called elephant ear. It has been 

reported as corms of the wild Colocasia esculenta  cannot be used as food due to an extremely 

high concentration of calcium oxalate crystals. The specific epithet, esculenta, means "edible" in 

Latin. Colocasia esculenta  is related to Xanthosoma and Caladium, plants commonly grown as 

ornamentals, and like them it is sometimes loosely called elephant ear 

Table 2: Botanical classification of Colocasia esculenta   



 

 

(B) Morphology: Colocasia esculenta is naturally a perennial monocotyledonous herb, but for 

practical purposes is harvested after 5-12 months of growth. It grows to a height of 1-2 m 

consisting of a central corm, lying just below the soil surface, from which leaves grow upwards, 

roots grown down wards, while cormels, daughter corms and runners grow laterally. It has heart-

shaped green or purple leaves together with long petioles, fibrous roots and cylindrical or often 

irregular nutrient storage organ (corm) and the nature of flowering, fruiting and seed production 

by wild or cultivated Colocasia esculenta has not been fully understood. Female inflorescence is 

short, male inflorescence long, cylindrical, usually interposed neuters between the two. 

Appendix erect, elongate-conical or fusiform, subulate or abbreviate. Male flowers 3-6 androus. 

However, Castro reported as Colocasia esculenta  seldom flowers and when flowers occurs the 

inflorescence consists of a cylindrical spadix of flowers enclosed in a 12-15 cm spathe resulting 

unisexual with the female flowers located at the base of a spadix and the male flowers at the top . 

Morphological characterization of Colocasia esculenta: Morphological Colocasia esculenta  

characterization can be done based on its corm, stolon, leaf, petiole and floral characters and 

other quantitative traits. According to some studies high morphological variability in Colocasia 

esculenta  accessions in Southeast Asia and Oceania. The variability with regard to 

morphological traits includes colour, shape and size of tuber, petiole length and colour, and 

stolon formation.  

Leaf: The Colocasia esculenta leaves rich in protein content (23%) found might be favourably 

complemented the high carbohydrate contents (87%) found in the tuber part of the plant as a 

source of human food. The leaves of Colocasia esculenta  have been reported to be rich in 

minerals like Ca, P, Fe, and vitamins. The high level of dietary fibre found in the Colocasia 



 

esculenta  leaf are also advantageous for their active role in the regulation intestinal transit, 

increasing dietary bulk and faeces consistency due to their ability to absorb water.  

Table 3: Nutrition value of leaves 

 

Root: Nutritionally, roots and tubers have a great potential to provide economical sources of 

dietary energy, in the form of carbohydrates. The energy from tubers is about one-third of that of 

an equivalent weight of rice or wheat due to high moisture content of tubers. However, high 

yields of roots and tubers give more energy per land unit per day compared to cereal grains In 

general the protein content of roots and tubers is low ranging from 1 to 2% on a dry weight basis. 

The corm of Colocasia esculenta  contains more than twice the carbohydrate content of potatoes 

and yield 135 k cals per 100 g and 11% crude protein on a dry matter basis. These reported 

carbohydrate and protein values are even higher than other root crops like yam, cassava or sweet 

potato (FAO, 1999). However, protein and fat content of Colocasia esculenta are low, but is high 

in carbohydrates, fiber and minerals (Del Rosario and Lorenz, 1999). It contains 85-87% starch 

on a dry matter basis with small granule size of 3-18 μm and other nutrients such as zinc, vitamin 

C, thiamine, riboflavin and niacin are higher than other root crops. 

4.1.1.2 Reproductive Biology of colocasia esculenta  

Information on growth is mainly available for C. esculenta grown as a crop. Growth of leaves on 

main plants is slow during establishment, but is rapid from 1.5-2 months after planting, with 

most rapid leaf growth between 3 and 5 months after planting. During the fourth or fifth month, 

leaf size, leaf dry weight, leaf area, leaf area index and plant height reach their maximum values. 

Leaf number varies and there is a continuous turnover of leaves. After peaking, leaves become 

smaller with shorter petioles and leaf number decreases. Only a portion of corm or stem is 



 

needed to establish new plants. Main corm growth begins as early as 2 weeks after planting, with 

rapid corm growth beginning two months after planting under rainfed conditions and 3-5 months 

after planting under irrigated conditions. Corms reach maximum weight at 10-11.5 months when 

rainfed and 12-15 months when irrigated, but are usually harvested before this time. Sucker 

growth generally begins 2.5 months after planting. The number of suckers depends on cultivar 

and management. Corms can remain underground and survive through unfavourable 

environmental conditions (i.e., drought). If they are not harvested, corms will sprout and give 

rise to new plants at the onset of the next favourable season. Under favourable environmental 

conditions, plants may continue growth for several years (Onwueme, 1999; Safo-Kantaka, 2004). 

Environmental Requirements: Colocasia esculenta is best suited to tropical lowland areas with 

annual precipitation greater than 2000 mm, and evenly distributed, although there are many 

upland varieties with water requirement of much less than 2000 mm. It is well adapted to high 

temperatures (20-35°C) and shaded conditions and for that reason it is common to find it 

growing under coconut, cocoa or coffee plantations: when cultivated, it is often grown as an 

intercrop with such tree crops. It also grows well in wetlands including paddies with a 

continuous supply of flowing water, furrow-irrigated fields, and raised beds in poorly drained 

swamps. As a crop, many cultivars adapted to wet soil conditions, drought, partially saline 

conditions, and low temperatures have been produced. C. esculenta grows best in well-drained 

loamy soils, but it has the potential to grow in a wide variety of soils including clay, sandy, and 

loamy soils with pH normally ranging from 5.5 to 6.5 ( Safo-Kantaka, 2004).  

Stock Division: This method is used when the plant produces custard of rooted stems. In the late 

growing season and at beginning of the dormant stage, we can divide the plant for several new 

specimens according to the number of rooted stems. During this process, the old part of the plant 

should be removed. This technique rejuvenates the plant. 

4.1.1.3 Uses of Colocasia  esculenta   

Colocasia  esculenta  has a wide range of chemical compounds have been isolated for example, 

flavanoids, β-sitosterol, steroids, etc. Various parts of Colocasia esculenta are used traditionally 

to treat number of diseases. Extracts from this plant have been found to possess various 

pharmacological activities. The leaves of this plant have been studied to possess antihelminthic, 
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anti-diabetic and anti-inflammatory actions. There have also been reports proving hypoglycemic 

efficacy of Colocasia esculenta due to the presence of cyanoglucoside.  

Colocasia esculenta is mainly cultivated for its starchy stem tubers and corms. These corms are 

eaten boiled, fried or roasted as a side dish or are used to produce starch and flour. Colocasia 

esculenta  corm puree makes an easily digested, low-allergenic baby food. In times of scarcity, 

this species is used as a famine food and in some regions leaves are used for food after cooking. 

Waste leaves, corms and peel can be cooked or fermented into silage for animal feed. Most 

Colocasia esculenta  in South-East Asia is consumed by humans, but it also has uses in religious 

festivals and in folk medicines and is fed to livestock, primarily pigs. In areas of Indonesia where 

rice is not grown, Colocasia esculenta  is eaten as a staple, baked, boiled or cooked in bamboo 

tubes. In Java, confections are prepared from Colocasia esculenta  flavoured with coconut and 

sugar: fried Colocasia esculenta  slices and Colocasia esculenta  chips are popular snacks. The 

leaves are used in preparing salted fish with spices, grated coconut and vegetables, wrapped up 

and steamed in a Colocasia esculenta  leaf, and petioles are cooked. In Malaysia, Colocasia 

esculenta  is cooked in similar ways and also plays a role in religious festivals. Leaves are boiled 

and eaten as salad with spicy sauce, and petioles are cooked with coconut milk, meat and 

prawns. Colocasia esculenta  in the Philippines is used primarily when more popular starches and 

green vegetables are in short supply. Corms are boiled, chipped and fried or made into 

confections. A steamed pudding is made from grated Colocasia esculenta  and coconut. Fibre 

obtained from the leaf stalk has been used for plaiting. In Asia and Africa, this species is also 

used in traditional medicine to treat arterial hypertension, liver problems, ulcers, snakebites, and 

rheumatism (Onwueme, 1999; Safo-Kantaka, 2004). 

Nutritional value of Colocasia esculenta : Carbohydrate content reported has been estimated 

by subtracting the moisture, crude protein, ash, fiber and fat from 100.  

Carbohydrate: The high level of carbohydrate content observed in raw Colocasia esculenta , 

Colocasia esculenta  powder, noodles and cookies agrees with the findings reported by FAO that 

the main nutrient supplied by Colocasia esculenta , as with other roots and tubers, is dietary 

energy provided by the carbohydrates.  

Starch: Colocasia esculenta corm has been reported to have 70–80% starch with small Granules. 

Because of the small sizes (1–4 m in diameter) of its starch granules, Colocasia esculenta  is 
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highly digestible and as such has been reported to be used for the preparation of infant foods. 

Colocasia esculenta starch is easily digestible, and is also good for peptic ulcer patients, patients 

with pancreatic disease, chronic liver problems and inflammatory bowel disease and gall bladder 

disease. The most important sugar in Colocasia esculenta is sucrose, but fructose, maltose, 

glucose and raffinose are also present.  

Protein: Colocasia esculenta  composes high protein than other root crops because of the 

presence of symbiotic soil. Bacteria in the root and rhizome part of Colocasia esculenta . These 

bacteria fix atmospheric bacteria and increase nitrogen occurrence in the corm and leaf More 

over the bacteria used as plant growth enhancer due to release of growth hormone to root and 

distributed to the whole part of the plant. The free-living nature of these soils bacterial also helps 

the Colocasia esculenta  crop to grow at different environmental and ecologic conditions. These 

properties have economic and ecologic important to the environment.  

Health benefits of Colocasia esculenta   

Phytochemicals: Colocasia esculenta s have high amount of β-carotene in the corm and will 

impart vitamin A and antioxidant property in the body. Β-carotene differs only very slightly in 

terms of structure. They are very common carotenoids, and are antioxidants, as well as having 

other potential health benefits. As mentioned earlier, both can be converted into vitamin A by the 

body, though β-carotene has about twice the provitamin A activity as α- carotene.  

Phenolic acids: Colocasia esculenta tubers are rich in starch and the tubers contain 

anthocyanins, cyanidin 3-glucoside. In common with flavonoids, the related anthocyanins are 

reputed to improve blood circulation by decreasing capillary fragility to improve eyesight, to act 

as potent antioxidants, to act as antiinflammatory agents, and to inhibit human cancer cell 

growth. It has been reported that flour from Colocasia esculenta  corms, dried and milled 

contains easy digestion starch and therefore is widely used as infant food. It is also used for 

anthocyanin study experiments especially with reference to abaxial and adaxial anthocyanic 

concentration.  

Oxalic acid: Oxalates are one major limiting factor in the utilization of Colocasia esculenta  is 

the presence of oxalates which impart acrid taste or cause irritation when raw or unprocessed 

foods from them are eaten. This acridity is caused by needlelike calcium oxalate crystals, 

raphides that can penetrate soft skin. 



 

Anticancer Activities: Cancer is a leading cause of death worldwide, and it is mostly related to 

unhealthy food habits and lifestyle. It is important to find ways to reduce and prevent the risk of 

cancer through dietary components, which are present in plant foods. Cancer is a multistage 

disease condition and tapping at any initial stage could help attenuate the disease condition. Root 

and tuber phytochemicals have demonstrated anticancer effects in several types of carcinoma cell 

lines and animal models. 

Propagation techniques  

Division is the splitting of plants by their roots into new plants.  Division is also an easy way to 

get new plants from one single clump. The best time of year to divide plants depends upon each 

plant but generally when they are healthy looking and growing quickly. Just as the plant begins 

reflushing at the beginning of the wet is a good time to divide. Divide your plants when it is cool 

and humid. Do not leave the root ball exposed to the sun for too long. Strong winds and sun will 

damage the newly exposed roots.  

A step-by-step division processes 

1. Water the plant well and make sure all the soil around the roots is damp.  

Digging up the plant is traumatic and watering well will help reduce this shock. 

2. Divide the whole plant out and splitting into sections.  

3. Dig a trench around the plant at the drip line of the leaves. Use a sharp spade to severe the 

roots with a clean cut. Make sure you dig down deep enough to get under the majority of the root 

ball.  

3. Lift out the whole plant in one goes place the clump on the ground alongside the hole.  

4. Trim back the leaves and dead parts by a third. This will stop the plant losing too much water 

and becoming too stressed.  

5. Divide the clump by pulling apart with your hands, or splitting through with a sharp spade, 

axe, saw or very sharp knife. Each new section should have some nice healthy roots and a new 

growing point or shoot. For fleshy rooted plants, you might be able to pries the sections apart by 

using two forks.  



 

6. When replanting the divided plants into the ground, replace some of the old soil with enriched 

composted or well broken down organic matter.  

7. If potting on into containers for later use, always use a good quality potting mix with trace 

elements added, not the original soil. Press the potting soil down well around the roots and water 

well. 

4.2.1.2. Manihot esculenta Crantz. (Euphorbiaceae), Cassava 

4.1.2.1 Description 

Manihot esculenta Crantz, Cassava is one of the most drought-tolerant crops, can be successfully 

grown on marginal soils, and gives reasonable yields where many other crops do not grow well. 

Cassava is well adapted within latitudes 30° north and south of the equator, at elevations 

between sea level and 2,000 m above sea level, in equatorial temperatures, with rainfalls from 

50 mm to 5 m annually, and to poor soils with a pH ranging from acidic to alkaline. These 

conditions are common in certain parts of Africa and South America. 

 The cassava root is long and tapered, with a firm; homogeneous flesh encased in a detachable 

rind, about 1 mm thick, rough and brown on the outside. Commercial cultivars can be 5 to 10 cm 

(2.0 to 3.9 in) in diameter at the top, and around 15 to 30 cm (5.9 to 11.8 in) long. A woody 

vascular bundle runs along the root's axis. The flesh can be chalk-white or yellowish. Cassava 

roots are very rich in starch and contain small amounts of calcium (16 mg/100 g), phosphorus 

(27 mg/100 g), and vitamin C (20.6 mg/100 g). However, they are poor in protein and 

other nutrients. In contrast, cassava leaves are a good source of protein, but deficient in 

the amino acid methionine and possibly tryptophan.  Economic importance 

The cassava plant gives the third-highest yield of carbohydrates per cultivated area among crop 

plants, after sugarcane and sugar beets. Cassava plays a particularly important role in agriculture 

in developing countries, especially in sub-Saharan Africa, because it does well on poor soils and 

with low rainfall, and because it is a perennial that can be harvested as required. Its wide 

harvesting window allows it to act as a famine reserve and is invaluable in managing labor 

schedules. It offers flexibility to resource-poor farmers because it serves as either a subsistence 

or a cash crop.  
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Worldwide, 800 million people depend on cassava as their primary food staple. No continent 

depends as much on root and tuber crops in feeding its population as does Africa. In the humid 

and sub-humid areas of tropical Africa, it is either a primary staple food or a secondary 

constable.  

Alcoholic beverages: Alcoholic beverages  and Culinary products are known from cassava in 

different parts of the world. Cassava-based dishes are widely consumed wherever the plant is 

cultivated; some have regional, national, or ethnic importance. Cassava must be cooked properly 

to detoxify it before it is eaten. Cassava can be cooked in many ways. The root of the sweet 

variety has a delicate flavor and can replace potatoes. It can be made into a flour that is used in 

breads, cakes and cookies.  

Nutritional profile: Raw cassava is 60% water, 38% carbohydrates, 1% protein, and has 

negligible fat. In a 100 gram amount, raw cassava provides 160 calories and contains 25% of 

the Daily Value (DV) for vitamin C, but otherwise has no micronutrients in significant content 

(no values above 10% DV; table). Cooked cassava starch has a digestibility of over 

75%.Cassava, like other foods, also has antinutritional and toxic factors. On hydrolysis, these 

release hydrocyanic acid (HCN). The presence of cyanide in cassava is of concern for human and 

for animal consumption. The concentration of these antinutritional and unsafe glycosides varies 

considerably between varieties and also with climatic and cultural conditions. Selection of 

cassava species to be grown, therefore, is quite important. Once harvested, bitter cassava must be 

treated and prepared properly prior to human or animal consumption, while sweet cassava can be 

used after simply boiling. 

Comparison with other major staple foods 

Cassava is a good energy source. In its prepared forms, in which its toxic or unpleasant 

components have been reduced to acceptable levels, it contains an extremely high proportion of 

starch. Compared to most staples; however, cassava is a poorer dietary source of protein and 

most other essential nutrients. However, an important staple, its main value is as a component of 

a balanced diet. 

Comparisons between the nutrient content of cassava and other major staple foods when raw 

must be interpreted with caution because most staples are not edible in such forms and many are 

https://en.wikipedia.org/wiki/Alcoholic_beverage
https://en.wikipedia.org/wiki/Cassava-based_dishes
https://en.wikipedia.org/wiki/Carbohydrates
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Fat
https://en.wikipedia.org/wiki/Calories
https://en.wikipedia.org/wiki/Daily_Value
https://en.wikipedia.org/wiki/Vitamin_C
https://en.wikipedia.org/wiki/Micronutrients
https://en.wikipedia.org/wiki/Digestibility
https://en.wikipedia.org/wiki/Antinutrient
https://en.wikipedia.org/wiki/Hydrocyanic_acid


 

indigestible, even dangerously poisonous or otherwise harmful. For consumption, each must be 

prepared and cooked as appropriate. 

Biofuel 

In many countries, significant research has begun to evaluate the use of cassava as 

an ethanol biofuel feedstock and the target was to increase the production of ethanol fuel from 

nongrain feedstock to two million tonnes, and that of biodiesel to 200 thousand tonnes by 2010. 

This is equivalent to the replacement of 10 million tonnes of petroleum. This push for non-grain 

ethanol was further increased to a goal of 300 million tons of cellulosic and non-grain based 

ethanol combined by 2020. As a result, cassava chips have gradually become a major source of 

ethanol production.  

Animal feed 

Tubers being grated; a close-up of the product; drying on road to be used for pig and chicken 

feed. Cassava tubers and hay are used worldwide as animal feed. Cassava hay is harvested at a 

young growth stage (three to four months) when it reaches about 30 to 45 cm (12 to 18 in) above 

ground; it is then sun-dried for one to two days until its final dry matter content approaches 85 

percent. Cassava hay contains high protein (20–27 percent crude protein) and 

condensed tannins (1.5–4 percent). It is valued as a good roughage source for ruminants such as 

cattle.  

Laundry starch:Manioc is also used in a number of commercially available laundry products, 

especially as starch for shirts and other garments. Using manioc starch diluted in water and 

spraying it over fabrics before ironing helps stiffen collars. 

Cassava bread:For some smaller-rooted, sweet varieties, cooking is sufficient to eliminate all 

toxicity. The cyanide is carried away in the processing water and the amounts produced in 

domestic consumption are too small to have environmental impact. The larger-rooted, bitter 

varieties used for production of flour or starch must be processed to remove the cyanogenic 

glucosides. The large roots are peeled and then ground into flour, which is then soaked in water, 

squeezed dry several times, and toasted. The starch grains that flow with the water during the 

soaking process are also used in cooking. The flour is used throughout South America and 
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the Caribbean. Industrial production of cassava flour, even at the cottage level, may generate 

enough cyanide and cyanogenic glycosides in the effluents to have a severe environmental 

impact.  

A safe processing method known as the "wetting method" is to mix the cassava flour with water 

into a thick paste and then let it stand in the shade for five hours in a thin layer spread over a 

basket. In that time, about 83% of the cyanogenic glycosides are broken down by the linamarase; 

the resulting hydrogen cyanide escapes to the atmosphere, making the flour safe for consumption 

the same evening. 

Phytoconstituents: Linamarin, esculentoic acid A and B, esculentin, esculin, scopoletin, 

scopolin, oxalic acid, saponins and others.  

Traditional Medicinal Uses: Rhizome is made into a poultice and applied to sores. 

Pharmacological Activities: Antifungal, Antineoplastic, Hepatoprotective, 

Hypercholesterolaemic, Antithyroidal,  Neurotoxic and Superoxide dismutase inhibition. 

4.1.2.2 Reproductive Biology of Cassava  

Cassava is generally propagated vegetatively by planting properly lignified stem cuttings in soil. 

Vegetative multiplication is a simple approach and has the advantage of producing vigorous 

plants. The generation of new plants from seed, however, is not a common practice. Notably, 

properly lignified stems, rather than young and non-lignified stems, are required for successful 

vegetative propagation. On average, it takes approximately 8–12 months to produce lignified 

stems of sufficient size to establish an efficient and cost-effective propagation system. In the 

present study, an aeroponic culture system for producing cassava was developed, which is 

simple, low-cost, and enables the use of young stems for propagation. Additionally, we have 

demonstrated that the survival ratio and plant growth are improved in comparison with general 

propagation in soil. We propose that aeroponic culture can serve as an efficient method for 

producing disease-free cassava planting material. 

4.1.2.2 Uses of Manihot esculenta 

Culinary Uses of Cassava 
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Cassava can be consumed in different ways. The boiled root tastes similar to potato and is a great 

side for meat dishes or in soups. In many countries, cassava is handled similarly to potatoes, 

meaning they are eaten as mash, fried or boiled. In Africa, cassava is widely consumed by 

pounding and sieving cassava to make flour, which is then put into hot water. Cassava is also 

used to make a kind of cassava porridge, which is white flour made from fermented cassava 

tubers. The flour can be added to cold water and milk and seasoned to taste. 

Industrial Uses of Cassava 

1. Animal Feed:  There is a rapidly growing demand for cassava pellets for the use of animal 

feed as it provides many calories to animals. Cassava pellets are easier to transport and 

pack and easier for animals to consume than whole cassavas. 

2. Ethanol: Ethanol is produced by fermenting and distilling cassava. Ethanol has various 

industrial uses: It can be mixed with petrol or used on its own as a transport fuel. It can 

also be used as a base for alcoholic beverages. Lastly, ethanol can be utilized as industrial 

alcohol, which is important in the pharmaceutical and cosmetic industry. 

3. Flour:  Cassava Flour offers several benefits: It is completely gluten-free and can be used 

as a substitute for wheat flour. 

4. Starch: Cassava starch can be extracted from cassava roots to form which are used by the 

food industry, but is also used by the paper and textile industry, as well as an adhesive in 

glass, mineral wool and clay. 

4.2.1.3. Zingiber officinale Roscoe (Zingiberaceae)  

4.1.3.1 Description  

Characteristic feature and morphology of Zingiber Officinale  belongs to the 

family Zingiberaceae, in the order Zingiberales of monocotyledons, which is composed of 50 

genera and around 1500 species of perennial tropical herbs. Taxonomically, the two main groups 

can be named: Z. officinale cv. group Officinale, which is cultivated throughout the tropics, 

and Z. officinale cv. group Rubrum, grown on a small scale in South-East Asia for medicinal use 

and as a spice. The latter differs from the former by having smaller, red rhizomes with a stronger 

and more pungent odour, the red colouring of the basal parts of leafy stems and petioles, larger 

leaves and the presence of a larger, scarlet-red mottled labellum. Erect, slender, perennial herb 



 

usually grown as an annual crop, with a thickened, fleshy, subterranean rhizome and with one or 

more aerial leafy stems, up to 1.25 m tall. Rhizome robust fleshy, up to 2 cm thick, growing 

horizontally underground but at shallow depth, irregularly branched but normally only in the 

vertical plane, covered with deciduous, thin scales which leave ring-like scars; epidermis corky, 

pale yellow to reddish, irregularly wrinkled in the dried rhizome; flesh pale yellow, aromatic; on 

dried rhizomes scars of leafy stems visible as shallow cup-like holes. Stem erect, unbranched, 

mainly formed by the leaf sheaths, pale green, often reddish at base; scales covering the lower 

part oblong, about 6 cm x 1 cm, scarcely white-pilose outside, with prominent parallel veins and 

scarious margins. Leaves distichous; sheath prominently veined, densely appressed pilose, 

especially so in the upper part, with white, scarious, glabrous margins; ligule up to 5 mm long, 

bilobed, glabrous to sparsely pilose, scarious; blade linear to lanceolate, up to 30 cm x 2 cm, 

acuminate at apex, finely parallel-veined, glabrous above, scarcely pilose below, light to dark 

green. Inflorescence arises direct from rhizome, spiciform, 15-30 cm long; scape slender, 10-20 

cm long, below the spike covered with scales as on the leafy stem bases, the upper ones 

sometimes with short leafy tips; spike ovoid to narrow ellipsoidal, 4-7 cm x 1.5-2.5 cm, light 

green; bracts appressed, ovate to elliptical, 2-3 cm x 1.5-2 cm, yellow-green, margin scarious, 

incurved, the lower ones with slender whitish acute tips, glabrous, finely parallel-lined; in the 

axil of each bract one flower may be produced; flowers fragile, short-lived, surrounded by a 

spatha-like bracteole; bracteole narrower and slightly longer than the bract, usually persisting 

and enclosing the fruit; calyx tubular-spathaceous, 10-12 mm long, whitish; corolla tubular, pale 

yellow, widening at top into 3 lobes, tube 18-25 mm long, dorsal lobe long ovate, 15-25 mm x 7-

8 mm, with beak-like rounded apex curved over the anther, ventral lobes oblong, 13-15 mm x 2-

3 mm, apex rounded, 3-veined, strongly recurved; labellum about circular in outline, 12-15 mm 

in diameter, tubular at base (tube 3 4 mm), 3-lobed above; central lobe obovate, 12 mm x 9 mm, 

side lobes elliptical, 5 mm x 3.5 mm labellum pale yellow outside, inside dark purple or red at 

top and at margins, mixed with yellowish spots, scattered pilose at throat; filament about 1.5 mm 

long, anther 2-celled, ellipsoidal, 7-9 mm x 3 mm, pale yellow, connectivum prolonged into a 

slender, curved, purple, beak-like appendage 7 mm long, enclosing the upper part of the style; 

ovary globose, 2 mm in diameter, 3-locular; style filiform, 3.5 cm long, white, slightly recurved 

and widening at top, ending in a funnel-shaped white stigma which is ringed with stiff hairs 

around its upper margin; 2-3 fleshy, sublinear, white nectaries, 5 mm long, are situated against 



 

the style on top of the ovary. Fruit a thin-walled capsule, 3-valved, red. Seed small, arillate, 

black. 

Description: Zingiber officinale Roscoe is an herbaceous plant that grows up to 1.2 m high and 

with an underground rhizome. The stem grows above ground and leaves are narrow, long, 

lanceolate, with distinct venation pattern and pointed apex. Flowers are white or yellowish-

green, streaked with purple and fragrant.  

Pharmacological Activities: Analgesic, Anthelmintic, Antiarthritic, Anticancer, Antidiabetic, 

Antidiarrhoeal, Antiemetic, Antihyperlipidaemic, Antihypertensive, Anti-inflammatory, 

Antimicrobial, Antioxidant, Antiplatelet, Antispasmodic, Antiulcer, Antiviral,  Anxiolytic,  

Hepatoprotective, Hypocholesterolaemic, Hypoglycaemic, Hypolipidaemic, Hypotensive, 

Immunomodulatory,  Neuroprotective, Insect repellent  and Radioprotective.  

Dosage: A tea is prepared by pouring boiling water over 0.5 to 1 g of the coarsely powdered 

ginger for 5 min and passing through a tea strainer, taken to prevent vomiting.  

Adverse Reactions: Fresh rhizome can be safely consumed with proper usage. Contact 

dermatitis of the fingertips has been reported in sensitive patients.  

Toxicity: It is nontoxic when tested in rats but overdose may cause cardiac arrhythmia and CNS 

depression. 

Contraindications: Consult physician before using ginger preparations in patients with blood 

coagulation disorders, taking anticoagulant drugs or with gallstones. Avoid dried rhizomes 

during pregnancy. 

Drug-Herb Interactions: Interacts with anticoagulants such as heparin, warfarin, drugs used in 

chemotherapy and ticlopidine. Ginger taken prior to 8-MOP (treatment for patients undergoing 

photopheresis) may substantially reduce nausea caused by 8-MOP. Ginger appears to increase 

the risk of bleeding in patients taking warfarin. However, ginger at recommended doses does not 

significantly affect clotting status, the pharmacokinetics or pharmacodynamics of warfarin in 

healthy subjects. Ginger also significantly decreased the oral bioavailability of cyclosporine. 

Ginger is widely eaten as a food ingredient and used in many different cultures as traditional 

medicine. Ongoing scientific research has shown diverse pharmacological activities. 



 

4.1.3.2 Reproductive Biology of zingeber  

Propagation of ginger (Zingiber officinale) by rhizome: Ginger is herbaceous perennial plant that 

is grown as an annual in commercial production which is widely used as a spice crop plant 

(Burtt, 1972). It is a subterranean stem (rhizome) modified for the vegetative propagation and 

storage of food materials. A rhizome is a swollen modified stem that runs horizontally under the 

ground that has contained vegetative buds which can be used for propagation by cutting into 

sections that each has at least one bud. The sections are planted horizontally as the same way 

they were growing in the parent plant. The rhizome size has a direct proportional effect on the 

yield and yield components of ginger productions. Mahender et al. reported that a larger size of 

ginger rhizome that planted has been showed early sprout of the shoot and produced higher yield 

and quality of oil as compared to the smaller size ones (Swofford,1998).  

4.1.3.3 Uses of  Zingiber officinale 

 Ginger, the oldest herb in Ayurveda has a great history for getting relaxation from 

digestive problems and is optimally significant in cold, chills, flu, fever, stomach upset, 

nausea, vomiting, chest congestion, sore throat, morning sickness and liver functions. 

 Ginger is very beneficial during pregnancy for relief from nausea. 

 It neutralizes toxins and stomach acids. 

 Many allergies can be cured with the consumption of ginger, due to the presence of 

substance ‗antihistamine‘. 

 Being antimicrobial in nature, it helps to cure sores and wounds. 

 It reduces the menstrual pain also. 

 It maintains circulatory system by proper circulation in the body. 

 The analgesic and anti-inflammatory property of this herb help in reducing joint pain of 

arthritis. 

 It enhances the immune system of the body. 

  It acts as a natural cleaner in the body by cleaning colon. 

4.2.1.4. lpomoea  batalas, Convolvulaceae Sweet potato 

4.1.4.1 Description 



 

Ipomoea is one the largest genus in the flowering plant family  Convolvulaceae, with over 

600 species. It is a large and diverse group with common names including morning glory, water 

convolvulus or, sweet potato, bindweed, moonflower, etc. The most widespread common name 

is morning glories, but there are also species in related genera bearing the same common name. 

The genus occurs throughout the tropical and subtropical regions of the world, and 

comprises annual and perennial herbaceous plants, lianas, shrubs and small trees; most of the 

species are twining climbing plants. Perennial herb with underground fusiform to elbpsoid, 

yellow or reddish edible tubers. Stems prostrate, ascending or rarely twining, often rooting at the 

nodes, glabrous or very slightly pubescent. Leaves: blade triangular to broadly ovate, 4.5-14 x 

3.5-16 cm, entire or palmately, shallowly to very deeply 3-5-lobed, base truncate or cordate; 

lobes triangular, lanceolate to linear-oblong, glabrous or slightly pubescent; petiole 15-20 cm 

long. Inflorescences axillary; peduncle 3-18 cm long, 1- to several-flowered; pedicels 3-12 mm 

long. Bracts elliptic-lanceolate 3-5 x 1 cm. Sepals subequal, somewhat leathery, 7-12 x 3-5 rom, 

the outer ones oblong or elliptic-oblong; inner ones somewhat longer, elliptic-oblong or ovate-

oblong; all glabrous or pilose on the back, fimbriate, apex acute or subacute, distinctly 

mucronate. Corolla bell-shaped, violet or lilac, white above, 3-4.5 em long, glabrous. Capsule 

ovoid. Seeds glabrous. Widely cultivated, also found in abandoned fields; 1450-2400 m. EW SU 

WG KF GG HA; originally from S America, now widely cultivated throughout the tropics. This 

is Sweet potato cultivated for its edible tubers. The leafy stems are also used as a forage. 

4.1.4.2 Reproductive Biology of ipomoea batatas 

Propagation of sweet potato (Ipomoea batatas L.): The sweet potato is modified root called 

tuberous root is perennial which grown as annual. It is an important traditional crop which is 

grown extensively in tropical countries for its nutritional and economic benefits. The sweet 

potato crop can be planted either for food and/or for animal feed depending on the purpose and 

season of production. The propagation sweet potato can be done by two methods via by stem 

cuttings and by its sprouts (slips). The sprout (slips) propagation is very important to produce 

virus free plant and to produce vigorous tuber. Prior to planting the sweet potato from the storage 

roots, producing the sprout (slips) is very important practices which may take about 3-4 weeks 

according to the environmental conditions such as temperature, humidity and ventilation. The 

other propagation method of sweet potato is by vine cuttings about 30-45 cm long with 

approximately eight nodes vines are collected from the nursery bed, or the last established 
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planting are used for propagation (Galze,1990). Galze,1990  further elaborated that the tip 

cuttings should be taken from crops that are old enough to provide material without excessive 

damage. These cuttings should be planted at an angle of 45° into heaps as this promotes well, 

even root development. There propagation sweet potato, selecting the appropriate planting 

material is crucial in order to get the higher production of the crop 

Runner Division: The most widely known example of propagating plants with runner division is 

the strawberry. After fruiting, the strawberry begins to grow several runners. Wherever the 

runner has contact with the surface, it will root and form a new plant. After cutting off the new 

plant from the mother plant, we can transplant it before the cold season begins. The new plant 

will then produce fruit with its highest potential yield in the next year. 

4.1.4.3 Uses of ipomoea batatas 

The genus includes food crops; the tubers of sweet potatoes (Ipomoea batatas) and the leaves 

of water spinach (I. aquatica) are commercially important food items and have been for 

millennia. Humans use Ipomoea for their content of medical and psychoactive compounds, 

mainly alkaloids. Some species are renowned for their properties in folk medicine and herbalism; 

the ancient Ayurvedic tonic called "the elixir of life" for its wide-ranging properties. The leaves 

of I. batatas are eaten as a vegetable, and have been shown to slow oxygenation with some 

similar potential health benefits to green tea and grape polyphenols. Other species were and still 

are used as potent entheogens. Beach moonflower (I. violacea) was also used thus, and 

the cultivars called 'Heavenly Blue Morning Glory', touted today for their psychoactive 

properties, seem to represent an indeterminable assembly of hybrids of these two species. 

Ergoline derivatives (lysergamides) are probably responsible for the entheogenic 

activity. Ergine (LSA), isoergine, D-lysergic acid N-(α hydroxyethyl) amide and lysergol have 

been isolated from I. tricolor, I. violacea and/or purple morning glory (I. purpurea); although 

these are often assumed to be the cause of the plants' effects, this is not supported by scientific 

studies, which show although they are psychoactive, they are not notably hallucinogenic.  
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4.1.5 . Vitis  vinifera  Vitaccae 

4.1.5 .1 Description  

All grapes are woody, climbing vines. Grapevines use tendrils to attach themselves to other tall-

growing plants. Their shoots extend to nearly a metre a year because most of the energy goes 

into growth in length and not in girth. Tendrils occur opposite leaves at nodes and automatically 

begin to coil when they contact another object. Grapes are cultivated on a trellis, fence or other 

structure for support. 

Leaves: Leaves vary in shape and size, depending on species and cultivar. Grapes have small, 

round, unlobed leaves with dentate margins. Vinifera grapes have large cordate to orbicular 

leaves, which may be lobed. Leaf margins are dentate. 

Buds: Buds are compound in grapes, meaning that they have multiple growing points or 

meristems. 

Flowers: Flowers are small, indiscrete, and green, borne in racemose panicles opposite leaves at 

the base of the current season‘s growth. Each flower has sepals, petals and stamens. Ovaries are 

superior and contain two locules, each with two ovules. The cap is the corolla, in which the 

petals are fused at the apex, it abscises at the base of the flower and pops off at anthesis. 

Fruit: Grapes are true berries, small, round to oblong and consisting of four seeds. Berries are 

often glaucous, having a fine layer of wax on the surface.The skin of the grape is thin and is the 

source of the anthocyanin compounds that give rise to red, blue, purple and black (dark purple) 

coloured grapes. 

 

Woody climber or trailer. Leaves entire to ± deeply lobed, subglabrous to tomentose; petiole 3-8 

cm; lamina broadly cordiform, 4-17 x 5-16 cm, sharply and irregularly dentate to serrate; apex 

acute to rounded. Flowers glabrous, in dense pyramidal subglabrous to tomentellous 5-20 cm 

long panicles, unisexual (or bisexual in cultivated plants); pedicels 3-5 mm. Calyx c 1 mm, 

subentire; petals 1-2 mm, greenish white; stamens 2-3 mm; disc with 5 conspicuous rounded 

lobes; style short and thick. Fruit ellipsoid to globose, 1-4 cm long, yellowish to purplish violet; 

seed pyriform, 5-8 mm long. Cultivated for many centuries throughout most of the Ethiopian 



 

highlands by priests to make communion wine. Now also cultivated for table wine mostly in EW 

and SU; native of SE Europe and W Asia, cultivated over most of the world. 

Vitis vinifera L) is the most widely cultivated and economically important fruit crop in the world 

(Mattia et al. 2008). Vitis vinifera L includes the cultivated form V. vinifera ssp vinifera and the 

wild form V. vinifera ssp sylvestris, considered as two subspecies based on morphological 

differences. However, it can be argued that those differences are the result of the domestication 

process. The wild form, considered the putative ancestor of the cultivated form, represents the 

only endemic taxon of the Vitaceae in Europe and the Maghreb (Heywood and Zohary 1991). 

Grapevine domestication has been linked to the discovery of wine (Andrés et al.,2012). Although 

wild grapevines were spread over Southern Europe and Western and Central Asia during the 

Neolithic period, archeological and historical evidence suggest that primo domestication events 

would had occurred in the Near-East. In addition, several studies have shown evidence 

supporting the existence of secondary domestication events along the Mediterranean basin 

(Andres et al., 2012). Recent genetic analyses using a large SNP platform provided genetic 

evidence supporting the Eastern origin of most cultivated germplasm as well as the existence of 

introgression from wild germplasm in Western regions, likely as the consequence of those 

predicted secondary domestication events (Myles et al. 2011). Distinction between wild and 

cultivated forms of Vitis vinifera L is mainly based on morphological traits. The most 

conspicuous differential trait is plant sex: wild grapevines are dioecious (male and female 

plants), while cultivated forms are mostly hermaphrodite plants, with self fertile hermaphrodite 

flowers. 

Currently, vines found in natural habitats are considered to be a mixture of wild forms, 

naturalized cultivated forms and rootstocks escaped from vineyards as well as hybrids derived 

from spontaneous hybridizations among those species and forms ( Arrigo and Arnold, 2007) 

compared ecological features and genetic diversity among populations of naturalized rootstocks 

and native wild grapevines and did not detect the existence of genetic flux between them. The 

genetic analysis of wild grapevine populations from France and Spain ( Andres et al 2012) 

detected the existence of gene flow between cultivated and wild grapevine, estimating up to 3% 

of pollen migration between the cultivated fields and closely located wild grape. These pollen 

fluxes may have a significant effect on the evolution of those populations. Currently, wild 
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grapevine is endangered throughout all its distribution range, (Di Vecchi et al. 2009) and 

conservation efforts are required to maintain the genetic integrity and survival of the remnant 

populations. Within this context, information on the amount and distribution of wild grapevine 

genetic diversity is crucial for the development of conservation strategies. 

The principal key ideas of this chapter is a better understanding of the exact status of the 

remaining wild grape populations and their relationships with existing varieties using the 

molecular markers and genetic analysis approaches that it has been published about some wild 

grapevine populations around the Mediterranean basin. There are two main types of grafting in 

the relation to the propagation of a grapevine. Each cutting, taken from a mother vine, is a clone 

of that vine. The way that a vine grower selects these cuttings can be described as 

either clonal or massal selection. In clonal selection, an ideal plant within a vineyard or nursery 

that has exhibited the most desirable traits is selected with all cuttings taken from that single 

plant. In massal selection, cuttings are taken from several vines of the same variety that have 

collectively demonstrated desirable traits.  

Cuttings: This involves a shoot taken from a mother vine and then planted where the shoot will 

eventually sprout a root system and regenerate itself into a full-fledged vine with trunk 

and canopy. Often new cuttings will be first planted in a nursery where it is allowed to develop 

for a couple of years before being planted in the vineyard( Jansen et al .,2006). 

Grafting:Grafting is a process in which a new grape vine is produced by making a cut in 

the rootstock and then adding scionwood that is cut to fit inside the incision made in the 

rootstock (Zohary, 1995). This involves removing the canopy and most of the trunk of an 

existing vine and replacing it with a cutting of a new vine that is sealed by a graft union. 

4.1.5 .2 Reproductive Biology of Vitis  vinifera   

Procedure  

• Select branches of one-year old healthy plants, having pencil thickness. Cut the branches into 

10–15 cm long cuttings.  
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• Long cuttings are used to raise rootstocks for fruit trees. Each cutting must have at least 4–5 

dormant vegetative buds. Leaves and thorns, if present, are completely removed. This checks 

transpiration loss.  

• A slanting cut is given at the base of the cuttings just below the node and a straight upper cut is 

given away from the top bud.  

• The cut portion will help identify the planting position. Slanting cut at the base is given so that 

a large area of the cuttings is in contact with the rooting medium for inducing roots.  

• The secretion of hormones at the bud near the cut portion induces rooting. Straight cut at upper 

end reduces transpiration loss, which can be inhibited by the application of wax.  

• The cuttings are planted slant-wise in a nursery bed or small poly bags for growing plants. 

Callus tissues form the cambium layer and rooting takes place in this region. The best season for 

planting the cuttings is monsoon for evergreen plants and November – February for deciduous 

plants. Cuttings can be planted in greenhouse or poly-house for better results. 

4.1.6.3 Uses of Vitis  vinifera   

 

4.2. 1.5. Ensete ventricosum 

4.1.6.1 Description  

Enset (Ensete ventricosum (Welw.)  Cheesman,) is a perennial herbaceous plant that can achieve 

12 m  in height when flowering. It is similar in vegetative form to the related  banana and 

plantain (Musa x paradisiaca L.), possessing a false stem and  large, paddle-shaped leaves. It is 

distributed across central, eastern and southern Africa (Lye and Edwards, 1997). Despite this  

widespread distribution in Africa it has only been domesticated in Ethiopia, with hundreds of 

landraces and farmers‘ varieties found in diverse climatic  and agroecological systems providing 

multiple ecosystem services (Yemane Tsehaye and Fassil Kebebew, 2006). Unlike banana and 

plantain that are farmed for their fruit, its swollen stem base and corm provide a long term, year-

round and potentially low off-farm input dietary starch source for 20 million people in southern 

and southwestern Ethiopia. Food is harvested in multiple forms from different parts of the corm 



 

and leaf sheaths (Dessalegn Rahmato, 1996). Enset has a number of important attributes as a 

crop. Perhaps the most significant is its potential to be a climate-smart crop for the future based 

upon its apparent ability to withstand long periods of drought. The plant can be harvested at any 

time during the year and at any stage over several years. Enset-derived starchy foods can also be 

stored for long periods ( Genet Birmeta, 2004). The crop has been reported to produce the 

highest yield per unit land area in Ethiopia (Tadesse Kippie, 2001). The carrying capacity of land 

planted to enset is around 0.2 hectares for a household of seven people, as opposed to 1.5 

hectares of land with annual grain; yield from enset therefore has the ability to support a larger 

population per unit area than regions that grow cereals (Teshome Yirgu, 2016). Enset also 

supplies fibres, traditional medicines, animal fodder and a food source for bees (Brandt et al., 

1997). As a perennial crop not requiring frequent soil cultivation and periods of fallowing, enset 

stabilises soils and microclimates (Tsedeke Abate et al., 1996) and is culturally significant 

(Tadesse Kippie, 2001). As a result of these attributes, enset farming provides a long-term, 

sustainable food supply, with minimum off-farm input. Despite the current importance of enset 

and its potential to play a more substantial role in resource provision at a broader scale, relatively 

less is known about its biology compared to other crops in Ethiopia. This includes aspects of its 

reproductive morphology, pollination and dispersal and the genetic diversity of both wild and 

cultivated forms. There is also limited understanding of its susceptibility to disease, associated 

mycorrhizal assemblages and resilience to pests and pathogens. There has been little 

international research on enset involving scientists from outside Ethiopia. Thus collaborative 

biodiversity science is needed to fill critical knowledge gaps and thus enable the exploitation of 

enset diversity as a resilient climate smart crop of the future.  

4.1.6.2 Reproductive Biology of Ensete ventricosum 

Plant propagation is the multiplication of plants by seeds and vegetative means involving the 

control of two developmental cycles, vegetative and reproductive. In the vegetative stage, the 

plant grows by elongation of terminal and lateral shoots producing a series of nodes and 

internodes. As the shoots shift to the reproductive stage, vegetative growing points develop into 

flowers (Hartmann and Kester 1990). Enset is commonly propagated by vegetative means while 

it is in its vegetative phase, before the inflorescence begins elongating from the base of the 

pseudostem. Seed propagation Propagation by seeds is the major method by which plants 

reproduce in nature and one of the most efficient and widely used propagation methods for 



 

cultivated crops (Hartmann and Kester 1990). Basal flowers of enset are usually hermaphrodite 

and produce 5-15 seeds per fruit, 10-18 fruits per hand with 15-20 hands per bunch. The seeds 

are 6 mm or more in diameter 6 . Enset seeds are .enclosed by hard seed coats. The hard seed 

coat of the Musaceae offers protection to the embryo during maturation, dispersal and dormancy. 

However, it hampers germination because the embryo requires strong forces to rupture the seed 

coat (GRAVEN et al. 1996). The onset of dormancy is part of the normal developmental 

pathway for seed formation and accompanied by the differentiation of protective structures such 

as the seed coat (FOSKET 1994). FOSKET (1994) further stated that the development of 

dormancy progressively shuts down the cellular metabolic processes or reduces them greatly, 

which includes most gene transcription and the translocation of mRNA into proteins. Thus, the 

preparation for dormancy is an active process that involves transcription and formation of the 

specialized structures of the seed coat. The seed coat causes dormancy in two ways, physical and 

mechanical (Hartmann and Kester 1990). Seed coverings that are impervious to water produce 

physical dormancy. Softening or scarifying the covering structures can induce germination in 

this type of dormancy. Mechanical dormancy is when seed enclosing structures are too strong to 

allow embryo expansion during germination though water may be absorbed. Embryo dormancy 

is another aspect of seed dormancy. Evidence for a dormant embryo is that the excised embryo 

usually will not germinate normally and the seedling produced may be abnormal (Hartmann and 

Kester 1990). Graven et al. (1996) reported a degree of embryo-imposed dormancy in Musa. 

However, in Musa balbisiana the presence of factors affecting germination in the integuments, 

chalazal mass, and/or the endosperm was suggested because excised embryos were not dormant 

and could easily be cultured aseptically (Cox et al. 1960). Wild species of enset propagate from 

seed. Enset growers rarely use seed propagation, as germination of intact seed is very poor. 

Tesfaye (1992) reported that poor enset seed germination is attributed to the physical properties 

of the testa and size and physiology of the embryo. Moreover, if harvesting is delayed after' 

flowering and fruit set, carbohydrates from the pseudostem are translocated to the growing 

inflorescence and finally the plant7 dries up resulting in total loss of kocho yield (HUFFNAGEL 

1961). Consequently, seed setting in enset under cultivation is of a rare occurrence. Propagation 

by seed can however play an important role in enset breeding for variability and germplasm 

conservation. Germination of intact seeds of wild banana differed between harvest lots 

depending on maturity of the fruit at the time of harvest, post harvest age of the seed and method 



 

of storage (Simonds, 1952). Improved germination of intact enset seeds occurred when exposed 

to daily alternating temperatures and when seeds were treated with hot water (40 QC) for 24-48 

hours and scarified around micropylar opening (Tesfaye, 1992). The first evidence of seed 

germination in banana is displacement of the micropylar plug by the elongating radical-

hypocotyl axis and the first conspicuous organ of the seedling is the primary root (McGAHAN 

1961). Conventional vegetative propagation Vegetative, or asexual, propagation is used to 

produce identical genotypes as the mother plant. Clonal propagation is a highly efficient method 

to fix genetic variation, in contrast to the sequence of generations required for seedling 

populations (Hartmann and Kester 1990). New side shoots of bananas and plantains arise from a 

sympodial rhizome, whereas Ensete do not produce new side shoots; Ensete is thus monopodial 

(PRICE 1995). Vegetative propagation, using corms, is a common practice in enset cultivation. 

A whole corm (Taye Bezuneh and Asrat Feleke 1966) is planted or it is longitudinally split into 

two or four parts through the apex and each part is planted separately (Alemu and Sandford, 

1991). The largest number of suckers, 35 suckers per half corm, was obtained from a three-year-

old Halla clone when the mother plant was left undisturbed for one year, after removal of the 

apical bud (Diro et al. 2002). The apical buds should be removed from whole or split enset corms 

to induce sucker production because if planted without removing, only one sucker emerges per 

whole corm (Belhu et al. 1994, Diro et al. 1996). Apical dominance is also maintained by 

interaction of the two growth regulators, auxin and cytokinin (WICKSON and THIMANN 

1958). The exceptions to complete inhibition of growth of lateral buds in E. ventricosum are the 

clones which send out few voluntary suckers. In addition, an unusual specimen of Ensete, which 

produces side shoots, was collected and maintained (Khoi and Valmayor, 1995). Some enset 

growers use a mother corm of four to six-year-old (Bezuneh and Feleke, 1966) while others use 

two to three-year-old plants to produce suckers. Under mid-altitude Ethiopian conditions it was 

found that two to three-year-old mother plants gave better sucker emergence and growth (Diro et 

al. 1999). These results indicate that the conventional vegetative propagation cycle of enset 

generally takes a long time. 

4.1.6.3 Uses of Ensete ventricosum 

Ensete is of considerable local importance in Ethiopia, where it is the foundation of unique 

agriculture (Simmonds, 1986). About 15 million Ethiopians are enset growers and consumers 

(Spring, 1996) while the number of enset growers was estimated to be 9.8 million (CSA, 1997). 



 

A mixture of scraped leaf sheath and pulverized corms, after fermentation in a pit, results in 

production of kocho. Kocho is the main product consumed after making a pancake-like food. 

Bulla is another important food product from enset produced from solidified liquid after 

dehydrating a fresh mixture of scraped leaf sheath and pulverized corms. Bulla is consumed 

mainly as porridge, in gruel and as crumbled forms. Corms of some clones are cooked and 

consumed similar to roots and tubers of other crops. In addition, parts of some clones are used as 

traditional medicines. Cooked corms are consumed to heal bone fractures or breakage; a 

semisolid bulla, shortly after squeezing, is applied to wounds for healing; the corm of a selected 

clone is cooked and consumed to facilitate discharge of a placenta after birth; and pancake-like 

food from kocho or crumbled food from bulla is consumed as a treatment against diarrhoea. A 

starch that can be used for paper, textile and adhesive industries is produced from enset. Fibre, a 

by-product of enset in food processing, is a valuable raw material for household usage. Local 

fibre factories use this as an import substitute because the quality of enset fibre is equal to that of 

abaca and better than sisal. Almost all parts of ensets are sold in markets as a source of income. 

Processed products such as kocho and bulla are sold in small town markets and transported to the 

cities. Leaves, as a wrapping material, and fibre are additional sources of income. Enset is a 

valuable security crop as it tolerates transient drought. It saved the lives of many people during 

the past recurrent drought in Ethiopia. There are optimal times and stages for the harvest of 

enset, but it can be harvested all the year round and at different growth stages as needed. 

Asnakech Woldetensaye (1997) reported that drought has never caused a serious problem for the 

cultivation of enset in the districts she studied. Enset leaves are fed to livestock and are 

extremely important during prolonged dry spells. Enset has a very large leaf area and the canopy 

is closed after plants are established. Thus, it protects rainfall from splashing the soil. Leaf litter 

checks runoff and improves nutrient recycling. According to Elias (1998) soil fertility is being 

maintained, and even increased, in farm components such as the enset-garden and fields. It was 

also emphasized that erosion does not occur in these fields, probably because of high organic 

matter and a more stable soil structure, the presence of mulch material and greater care provided 

by the farmers. Asnakech Woldetensaye (1997) also reported that higher levels of nutrients are 

present in enset fields than in non-enset fields. Therefore, enset contributes to sustainable 

agriculture and food security. 



 

5. CONCLUSION AND RECOMMENDATION 

5.1 Conclusion  

The purpose of this profile preparation is to meticulously provide information on vegetative 

reproduction of selected species and the impacts of climatic variables on the selected species 

growth and yield. Almost all of the living creature on this planet has directly or indirectly 

depends on the plant products either for food or another utilization purposes. These important 

plants multiplies through different plant propagation techniques which either by natural 

phenomena or by human interferences. Generally, plants can be reproducing sexually by seed 

and asexually rather than seed by different plant organs which the propageules possesses an 

identical genetic copy of the original parent plants.  The profile preparation study was conducted 

in Ankober districts of North Shewa zone. The key activities were identifying the apropriate 

plant and its parts that used for propagation and selection of appropriate propagation methods for 

each respective plant species selected for this study. In this plant profile preparation the selected 

plant species (Colocasia esculenta, Manihot esculenta, Ipomaea batatas, Zingiber officinale, Vitis 

vinifera and Ensete ventricosum) were considered and their detail theoretical profile and 

practical propagation strategies are identified. These methods were applied for economically and 

medicinally important plant species as sweet potato by slips, vine and Cassava by cuttings, 

Ginger and Colocasia by rhizome, and Enset by sucker. Among the selected plant species 

Colocasia esculenta, Ipomaea batatas, and Ensete ventricosum were found to be very simple and 

can be scaled in to individual farmers, developmental agents (DA), other agricultural sectors and 

research centers. 

 

Different horticultural plants propagated differently by their specialized organs either by 

separating or dividing of their organ to produce a new copy of the original plants. Crops like 

potato, sweet potato, onion, ginger, strawberry, banana, pineapple, Enset and garlic are 

reproduced by these specialized organs. Knowing and applying of this propagation methods are 

paramount important for plant propagators in order to increase production and productivities of 

each respective crops 



 

5.2 Recommendations 

Based on the practical practices of this research work the following major points are forwarded 

as recommendation: 

 Production of improved varieties because the clonal plantings are entirely dependent up 

on the availability of reliable and viable verities 

 Future studies need to aimed at reducing the costs of production of propagated seedlings 

through shortening the time of maintenance of seedlings in the nursery. 

 Production of cutting from the stocks of plants grown in containers under greenhouse 

conditions via technology for the production of additional traditional medicinal plants. 

 Testing‘s of yields and costs of rooted cuttings of vegetative clones in simple methods, 

easily adaptable technology techniques 

 Investigation of the effect of rootstocks of new recommended clones on pod yield 

 Improvement of the storage duration of seeds for the production of seedling-driven 

rootstocks 

 Identification of parameters which can be used for rootstock elections that has drought 

and disease resistant potentials 

 Further research is needed to find innovative solutions to enhance the environmental 

sustainability of the surveyed production models. 
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Summary of Main achieved activities so far  

1. In this project twenty seven plant parts were identified, collected, dried, powdered and 

stored for further use  

2. Myrsine africana, Pentas schimperiana, and Vigna radiata, crude extracts were isolated for 

health team and chemistry/characterization team based on request 

3. Allium cepa, Aloe ankoberensis, Stephania abyssinica, Lepidium sativum, Nigella sativa 

and Brassica nigra crude extracts were isolated for veterinary team and 

chemistry/characterization based on request 

4. Essential oils of Lavandula angustifolia leaf and flower, Cymbopogon citrates leaf, 

Cymbopogon martini leaf, Rosmarinus officinalis leaf, Cymbopogon nardus leaf, Juniperus 

procera fruit, and Thymus schimperi leaves and resin from Boswellia papyrifera were 

extracted for perfume development  

5. The chemical composition of the above essential oils were characterized using GC/MS  

6. Perfumes were formulated and evaluated by panelists together with the perfume team. 

7. Written research report paper of perfume team was prepared and journal manuscript was 

submitted  



 

8. Phytochemical screening and antioxidant activity evaluation on the crude extracts of Pentas 

schimperiana, Myrsine africana, Vigna radiata, Aloe ankoberensis, Stephania abyssinica 

and Nigella sativa were done 

9. Preparation of different nanomaterials from Myrsine africana, Pentas schimperiana, and  

Aloe ankoberensis was done 

10. Characterization of nanomaterials prepared from Myrsine africana, Pentas schimperiana, 

and Aloe ankoberensis is in progress 

 

 

1. Introduction 

Traditional medicine plays a significant role in the healthcare of the majority of the people in 

developing countries, including Ethiopia, and medicinal plants provide valuable contribution in 

alleviating societal health impairments [1]. These plants have been used in traditional medicine 

to treat various ailments. In Africa traditional healers and remedies made from plants play an 

important role in the health of millions of people. In Ethiopia up to 80% of the population uses 

traditional medicine due to the cultural acceptability of healers and local pharmacopeias, the 

relatively low cost of traditional medicine and difficult access to modern health facilities [2- 4].  

In this regard, DBU (Ankober project center) aimed to document the indigenous knowledge in 

herbal medicine preparation and use, conserve the endangered medicinal plants, and to excel the 

standard of preparing herbal drugs using modern technology and scientific background to 

improve the health of the society. Therefore, a mega project titled as ‗‘Phytochemical Screening, 

Formulation and Evaluation of Selected Medicinal, Aromatic and Invasive Plants for the 

Application of Pesticides, Perfumery, Antibacterial and Antidiabetic Properties‘‘ was under 

investigation since November 2018. A small theme research under the mega project entitled as 

―Extraction and characterization of selected medicinal, aromatic and Invasive Plants for 

Perfumery, Antibacterial and Antidiabetic Properties‖ was under study with the following 

specific objectives.  

 To purchase the necessary solvents, chemicals and apparatus/equipment 

 To dry and ground the collected plant materials 



 

 To prepare essential oils and crude extracts from the ground plant materials for different 

research teams under the mega project 

 To investigate the bioactivity of the essential oils and crude extracts together with the 

research teams 

 To characterize selected essential oils using GC-MS 

 To formulate and evaluate perfumes together with perfumery team 

 To perform phytochemical screening on the crude extracts of selected medicinal plants 

 To determine the total antioxidant activity of selected plants 

 To synthesize and characterize nanomaterials from selected plant extracts 

2. Materials and Methods 

 

2.1 Plant identification and collection  

The twenty five different plants selected by the teams were identified and the different parts of 

the plants were collected by the plant biodiversity team and plant samples were submitted to the 

chemistry team for preparation, and extraction. 

 

2.2 Chemicals and Apparatus/Instruments Used 

Organic solvents (ethanol, methanol, chloroform, hexane, ethyl acetate, DMSO), DPPH, ascorbic 

acid, sodium hydroxide, concentrated hydrochloric acid, ammonia,  concentrated sulphuric acid, 

Mayer‘s reagent, acetic anhydride, ferric chloride, chloramphenicol, nutrient broth, Muller 

Hinton agar, distilled water were used.  

Measuring cylinder, conical flasks, pipettes, spatula, test tubes and test tube rack, filter paper, 

holders, electronic balance, stirrer, beaker, petri dish, measuring cylinder, spatula, paper disk, 

forceps, autoclave, incubator, Bunsen burner, laminar air flow hood, sample vial, spreader, 

micropipette, aluminum foil, inoculating loop were the apparatus/ tools used in this study for 

extraction, phytochemical analysis and bioassay. UV-Vis spectrophotometer, X-ray diffraction 

(XRD), Fourier Transform Infrared Spectroscopic (FTIR) and Scanning Electron Microscopy –

Energy Dispersive X-ray Spectroscopy (SEM-EDS) were used for antioxidant activity or/ and 

characterization of materials.  

 



 

2.3 Preparation of Plant Extracts and Essential oils 

The extraction of plant materials (Table 1) were carried out following reported procedure with 

slight modification [6,7]. The dried and powdered (100g each) plant materials (leaf/flower) were 

macerated in 500ml of required organic solvents (Distilled water for nanomaterial preparation) 

for five days (120 hr), filtered and concentrated to dryness by rotary evaporator to afford dried 

crude extracts. Similarly dried and powdered (100g each) plant seeds were extracted by soxhlet 

extractor using the same solvent system. Essential oils were isolated from plant materials 

(dried/fresh) (100 g) by hydrodistillation (6h). The crude extracts and essential oils were labeled 

and stored in refrigerator (-4
0
C) until use. 

           Table 1. List of plants under study 

S. N Plant name Source Extraction method 

1 Vigna radiata Market Soxhlet  

2 Pentas schimperiana Ankober  Maceration 

3 Myrsine africana Ankober  Maceration 

4 Cymbopogon citratus Ankober  Hydrodistilation 

5 Cymbopogon martini  Ankober Hydrodistilation 

6 Lavandula angustifolia Ankober Hydrodistilation 

7 Juniperus procera DB and Qundi Hydrodistilation 

8 Boswellia papyrifera Market Soxhlet 

9 Aloe ankoberensis Ankober Maceration 

10 Stephania abyssinica Ankober Maceration 

11 Brassica nigra  DB Soxhlet 

12 Lepidium sativum DB Soxhlet 

13 Allium cepa DB Maceration 

14 Nigella sativa DB Soxhlet 

15 Croton macrostachyus (Fr, L) Ankober Maceration 

16 Lantana camara Shewarobbit Maceration 

17 Verbasicum sinaiticum Qundi Maceration 

18 Inula confertiflora (L, Fl) Ankober Maceration 

19 Thymus  schimperi  Ankober Maceration 

20 Moringa stenopetala Shewarobbit Maceration 

21 Parthenium hysterophorus Shewarobit Maceration 

22 Echinops kebericho Market Maceration 

23 Hagenia abyssinica Market Maceration 

24 Vernonia amygdalina DB Maceration 

25 Cymbopogon nardus Ankober Hydrodistilation 



 

2.4 Phytochemical Screening Tests 

The preliminary phytochemical analysis used to check the presence of different natural products 

follows the method [5,7]. 

Test for phenols: To 1ml of various solvent extracts of sample, 2ml of distilled water followed 

by a few drops of 10% aqueous ferric chloride solution were added. Formation of blue or green 

or blue black color indicated the presence of phenols. 

Test for alkaloids: To 2ml of extract, 2ml of concentrated hydrochloric acid was added. Then 

few drops of Mayer‘s reagent were added. Presence of green color or white precipitate indicates 

the presence of alkaloids. 

Test for tannins: To 1ml of extract, 2ml of 5% of ferric chloride (FeCl3) was added. Formation 

of dark blue or greenish black indicates the presence of tannins.  

Test for saponins: To 2ml of extract, 2ml of distilled water were added and shaken in a 

graduated cylinder for 15 minutes lengthwise. It resulted in the formation of 1cm layer of foam 

that indicated the presence of saponins. 

Test for terpenoids: 0.5ml of the extract was treated with 2ml of chloroform and concentrated 

sulphuric acid. Formation of red brown color at the interface indicates the presence of terpenoids. 

Test for flavonoids: To 2ml of extract, 1ml of 2N sodium hydroxide (NaOH) was added. The 

presence of yellow color indicates the presence of flavonoids. 

Test for steroids: To 2ml of extract was mixed with 2ml of acetic anhydride and then treated 

with 2ml of H2SO4. The color change from violent to blue or green indicates the presence of 

steroids. 

2.5 Antioxidant activity test 

 

Selected plant extracts were analyzed for their radical scavenging activity using DPPH as 

presented below by the method cited elsewhere [8,9]. About 2ml of the extracts of the plant parts 

at concentrations of 400, 200, 100, 50, and 25µg/ml were added to 2ml solution of DPPH 

radicals in methanol (0.004%).The mixture was shaken vigorously and allowed to stand for 1hr 

at room temperature. The sample absorbance (Absample) of the resulting solution was measured at 

517nm and converted into percentage of antioxidant activity (%inh) using the formula below. A 

methanol (2ml) and plant extract (2ml) solution was used as the blank (Abblank). A DPPH (2ml) 



 

and methanol (2ml) solution without extract was used as control (Abcontrol). Ascorbic acid (1 

mg/ml stock, working solution 25-400µg/ml) was used as standard (reference). Lower 

absorbance value indicates higher free radical scavenging activity. The radical scavenging 

activity was expressed in terms of amount of antioxidant necessary to decrease the initial DPPH 

absorbance by 50% (IC50).  

                                              % inh =    (Abcontrol– Absample) x 100 

                                                                      Abcontrol                 

                                                                             Where Ab is absorbance.  

The 50% inhibitory concentration value is indicated as the effective concentration of the sample 

that is required to scavenge 50% of the DPPH free radicals. The IC50 value for each sample was 

determined graphically by plotting the percentage disappearance of DPPH as function of the 

sample concentration. 

2.6 Green Synthesis of Nanomaterials 

Plant materials (10%) extracted by refluxing in distilled water (100ml) for 1hr were filtered.  The 

nanomaterial was synthesized from 250 ml of aqueous solution of hydrated zinc acetate 

(0.019M) with the plant extract (100ml) by refluxing the mixture on hot plate with constant 

stirring with magnetic stirrer (650-700 rpm) for 1 hr at 40
0
C. It was cooled and centrifuged 

several times until clear solution was observed. The residue was dried by heating in an oven 

(100
0
c) for 4hr [10]. The reference ZnO was prepared for comparison using Sol gel method. 

2.7 Data Analysis 

The data analysis in this study were expressed as mean ± SD. All analyses were done at least in 

triplicate, and these values were then presented as average values along with their standard 

deviation. Statistical comparisons were performed using MS Excel software (linear regression 

statistical function).       

 

 

 

 



 

3. Results and Discussion 

This study, with the focus of extraction and chemical characterization of selected medicinal, 

aromatic and invasive plants for Perfumery, antibacterial and antidiabetic properties, 

accomplished the intended objectives in collaboration with the perfume, health and veterinary 

sub-teams organized under the mega entitled as phytochemical screening, formulation and 

evaluation of selected medicinal, aromatic and invasive plants for the application of perfumery, 

antibacterial and antidiabetic Properties.  

1. Essential oils of Lavandula angustifolia leaf and flower, Cymbopogon citrates leaf, 

Cymbopogon martini leaf, Rosmarinus officinalis leaf, Cymbopogon nardus leaf, Juniperus 

procera fruit, and Thymus schimperi leaves and resin from Boswellia papyrifera were 

extracted for perfume team 

2. The chemical composition of the above essential oils were characterized using GC/MS  

with perfume team 

3. Perfumes were formulated and evaluated by panelists together with the perfume team. 

4. Myrsine africana, Pentas schimperiana, and Vigna radiata, crude extracts were isolated for 

health team  

5. Nigella sativa, Allium cepa, Aloe ankoberensis, Stephania abyssinica, Lepidium sativum, 

and Brassica nigra crude extracts were isolated for veterinary team  

6. Phytochemical screening and antioxidant activity evaluation on the crude extracts of Pentas 

schimperiana, Myrsine africana Vigna radiata, Aloe ankoberensis, Stephania abyssinica, 

and Nigella sativa were done 

7. Preparation of different nanomaterials from Pentas schimperiana,, Myrsine africana, and 

Aloe ankoberensis was done 

8. Characterization of nanomaterials prepared from Pentas schimperiana, Myrsine africana, 

and Aloe ankoberensis is in progress.  

 

 

 

 

 

 



 

 

3.1 Phytochemical Constituents of Selected Plants 

Plants under study were selected for phytochemical investigation based on the research findings 

of the respective sub-teams. These are Pentas schimperiana, Myrsine africana and Vigna radiata, 

from health team and Aloe ankoberensis, Stephania abyssinica, and Nigella sativa from 

veterinary team.  The chemical composition of the plants identified by qualitative chemical tests 

(color tests) were presented in Table 2-4. 

 

Table 2. Qualitative Phytochemical Analysis of Pentas schimperiana and Vigna radiata extracts 

 

Phytochemi

cal name 

Pentas schimperiana leaf Extract in extracting solvents Vigna radiata seed  

Hexane 

Extract, Hp 

Chloroform 

Extract, Cp 

Ethyl 

acetate 

Extract, Ep 

Ethanol 

Extract, 

Etp 

Hexane 

Extract, 

Hv 

Ethanol 

Extract, 

Etv 

Phenols - - - + - + 

Alkaloids - - + + - + 

Flavonoids - + + + - + 

Saponins - - + + - + 

Steroids + _ _ + + - 

Tannins - - + + - + 

Terpenoids + + _ + +           - 

 

Based on the chemical test results, Pentas schimperiana is found to contain the full spectrum of 

the secondary metabolites in its ethanol extract which is directly responsible to its observed 

bioactivity. Reports indicated the presence of quinones in Pentas schimperiana in addition to the 

above listed metabolites. Vigna radiata seed is composed of fatty acids and phenolic compounds 

including tannins (Table 2). These chemical compositions of the plant materials were in 

agreement with the literature [11,12]. 

 

 



 

Table 3. Qualitative Phytochemical Analysis of Myrsine africana and Aloe ankoberensis extracts 

 

Phytochemi

cal name 

Myrsine africana leaf Extract in extracting solvents Aloe ankoberensis gel 

Hexane 

Extract, 

Hm 

Chloroform 

Extract, 

Cm 

Ethyl 

acetate 

Extract, Em 

Ethanol 

Extract, 

Etm 

Ethylacet

ate 

Extract, 

Ea 

Ethanol 

Extract, 

Eta 

Phenols          -          - + + + + 

Alkaloids          -          - - - + + 

Flavonoids          -          - - + + + 

Saponins          -          - + + - + 

Steroids          -          + + + - - 

Tannins          -          - - + - + 

Terpenoids          +          + + + - - 

According to our findings, Myrsine africana is rich in phenolic compounds including flavonoids, 

saponins, and tannins together with terpenoids and steroids [13]. Aloe ankoberensis is also 

contained phenols, alkaloids, flavonoids, saponin, and tannins (Table 3).  

Table 4. Qualitative Phytochemical Analysis of Stephania abyssinica and Nigella sativa extracts 

 

Phytochemi

cal name 

Stephania abyssinica leaf Extract in extracting 

solvents 

Nigella sativa seed  

Hexane 

Extract, Hs 

Chloroform 

Extract, Cs 

Ethyl 

acetate 

Extract, Es 

Ethanol 

Extract, 

Ets 

Hexane 

Extract, 

Hn 

Ethanol 

Extract, 

Etn 

Phenols - _ _ + + + 

Alkaloids _ + _ + - - 

Flavonoids - _ _ + - + 

Saponins + + _ + - - 

Steroids _ _ _ - - - 

Tannins _ + + + - - 

Terpenoids _ _ _ - + + 

Note that: ―+‖ indicates presence of phytochemicals; 

                 ―_‖ indicates absence of phytochemicals 



 

 

Stephania abyssinica leaf extracts and Nigella sativa were analyzed for the presence of 

phytochemicals which related in the same data as reported [14]. Mainly, ethanol leaf extract of 

Stephania abyssinica found to contain phenol, alkaloid, flavonoid, tannin and saponin. Nigella 

sativa is also composed of phenols, flavonoids, and terpenoids (Table 4).  

The chemical substances in the extracts are expected to be responsible for the bioactivity of the 

extracts. Mostly, the ethanol extract of the plant materials were composed of more chemical 

substances than the less polar once.   

 

3.2 Antioxidant Activity of Selected Crude Extracts of plants 

Antioxidant activity of ethanol extracts of Pentas schimperiana, Vigna radiata, Myrsine africana, 

Aloe ankoberensis, Stephania abyssinica, and Nigella sativa (25-400 µg/ml) were evaluated 

using DPPH (0.004% in methanol) as radical scavenging reagent and ascorbic acid (25-400 

µg/ml) as reference (Table 5-8).  

 

DPPH radical scavenging assay at different concentrations of ascorbic acid were used to 

construct the calibration curve as a function of concentration where absorbance of ascorbic acid 

was measured at 517 nm vs its percentage of radical scavenging (Table 5, Fig 1). 

 

       Table 5: Absorbance and Percent inhibition of ascorbic acid (at 517 nm) 

Concentration 

in μg /ml 

Absorbance at  517nm 

(Average) 

                % inhibition 

       25 0.82  ± 0.02                        37.4 

   50 0.75 ± 0.01                  42.7  

   100 0.65   ±0.04                              50.4 

   200 0.40 ±0.03       69.4 

        400 0.005 ±0.01                         99.6 

           Absorbance of control (DPPH in Methanol without extract) = 1.3110                                                     
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          Figure 1. Calibration curve of Ascorbic acid for DPPH scavenging assay 

The equation obtained from the above calibration curve of ascorbic acid for DPPH radical 

scavenging assay was Y= 0.1656X + 34.22 with linear regression coefficient R
2 

= 0.9968. The 

plant extracts were evaluated for their DPPH free radical scavenging activity and the percent 

inhibition was calculated as follows. 

Table 6: DPPH Free Radical Scavenging (%inhibition) of Extracts 

    

 

 

 

 

 

 

 

 

The 

average is in Mean ± STD   

 

S.No 

Concen

tration 

(µg/ml) 

   
  

  
  

  
  

  

R
ep

li
ca

t

io
n
 

Absorbance of ethanol extracts at 517nm 

P.schim. 

(leaf) 

Average %Inh V. radiata 

(seed) 

Average %Inh 

1 400 1 0.20 0.19 

±0.01 

85.5 0.22 0.20 

±0.02 

84.7 

2 0.19 0.20 

3 0.18 0.21 

2 200 1 0.33 0.34 

±0.03 

74.0 0.27 0.28 

±0.05 

78.6 

2 0.34 0.28 

3 0.35 0.28 

3 100 1 0.43 0.44 

±0.04 

66.4 0.35 0.35 

±0.03 

73.3 

2 0.44 0.34 

3 0.45 0.35 

4 50 1 0.55 0.54 

±0.02 

58.8          0.40 0.38 

±0.02 

71.0 

2 0.54 0.38 

3 0.54 0.39 

5 25 1 0.72 0.71 

±0.01 

45.8 0.57 0.57 

±0.02 

43.4 

2 0.71 0.58 

3 0.71 0.57 



 

 Table 7: DPPH Free Radical Scavenging (%inhibition) of Extracts 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

The average is in Mean ± STD   

      

Table 8: DPPH Free Radical Scavenging (%inhibition) of Extracts 

         The average is in Mean ± STD   

 

The 50% inhibitory concentration value is indicated as the effective concentration of the sample 

that is required to scavenge 50% of the DPPH free radicals. In this study ascorbic acid showed an 

IC50 value of about 100µg/ml. The ethanol extract of the dried leaves of P. schimperiana 

 

S.No 

Concent

ration 

(µg/ml) 

   
  

  
  

  
  

  

R
ep

li
ca

t

io
n
 

Absorbance of  ethanol extracts at 517nm 

M. afri. 

(leaf) 

Average %Inh A. ank. 

      (gel) 

Average %Inh 

1 400 1 0.12 0.10 

±0.04 

92.3 0.02 0.04 

±0.03 

96.9 

2 0.10 0.04 

3 0.10 0.05 

2 200 1 0.43 0.41 

±0.03 

68.7 0.31 0.29 

±0.04 

77.8 

2 0.40 0.29 

3 0.41 0.30 

3 100 1 0.74 0.73±0.06 44.3 0.52 0.52 

±0.02 

60.3 

2 0.75 0.52 

3 0.73 0.51 

4 50 1 1.01 0.99±0.01 24.4 0.66 0.67 

±0.03 

48.8 

2 0.99 0.68 

3 0.98 0.67 

5 25 1 1.25 1.23±0.05 6.2 0.85 0.85 

±0.03 

35.1 

2 1.20 0.85 

3 1.23 0.85 

 

S.No 

Concent

ration 

(µg/ml) 

  
  

  
  

  
  
 

R
ep

li
ca

t

io
n
 

Absorbance of ethanol extracts at 517nm 

S. abys. 

(leaf) 

Average %inh N. sativa 

(seed) 

Average %Inh 

1 400 1 0.48  

0.48 

±0.02 

 

63.1 

0.17 0.15 

±0.02 

88.5 

2 0.48 0.15 

3 0.48 0.15 

2 200 1 0.68  

0.68 

±0.01 

 

47.6 

0.29 0.29 

±0.03 

77.8 

2 0.68 0.29 

3 0.68 0.30 

3 100 1 0.72  

0.72 

±0.01 

 

44.8 

0.49 0.49 

±0.01 

62.6 

2 0.72 0.50 

3 0.72 0.49 

4 50 1 0.87  

0.87 

±0.03 

 

33.7 

0.67 0.68 

±0.02 

48.1 

2 0.87 0.68 

3 0.87 0.69 

5 25 1 0.97  

0.97 

±0.03 

 

25.7 

0.94 0.94 

±0.05 

28.2 

2 0.97  0.94 

3 0.97 0.95 



 

showed a DPPH scavenging activity with IC50 values of 35.2µg/ml which is close to the 

previous work [15]. The radical scavenging activity of ethanol extract of V. radiata was 

30.6µg/ml. The IC50 value of ethanol extract of Myrsine africana was found as IC50 132.3µg 

ml
-1

 and it is lower than the literature [11]. The antioxidant potential of Myrsine africana is 

directly related with the presence of high amount of flavonoids, alkaloids and phenolic 

compounds. The percent inhibition of radicals of A. ankoberensis was 58µg/ml where as it was 

245.1 µg/ml for S.abyssinica, and 56.3µg/ml for Nigella sativa.  IC50 values of some of the 

tested samples were beyond expected than the standard which shows that the samples have less 

antioxidant activity than the ascorbic acid and the others are stronger than the standard due to 

their rich phytochemical composition. But the radical scavenging activity of the S. abyssinica 

and N. sativa deviates from the normal relationship with their chemical composition. 

 

Studies showed that plant food phytochemicals or/ and medicinal plants may have potential 

beneficial effects on human health, mainly related to their antioxidant capacity. Several classes 

of phenolic compounds that are closely linked with antioxidant activity are phenolic acids, 

flavonols and anthocyanins. Phenolics are effective free-radical scavengers. There is enough 

evidence to indicate an inverse relationship between the intake of food rich in phenolic 

compounds and the reduction of certain diseases, such as cancer, cardiovascular disease. 

Moreover, type of solvent and possible interferences from non-antioxidant compounds may also 

affect the results of the most common methods of antioxidant capacity [16].  

 

4. Conclusion and Recommendations 

 

DPPH scavenging capacities of P. schimperiana, V. radiata, M. affricana, A. ankoberensis, 

S.abyssinica, and N. sativa ethanol extracts (at 400µg/ml) were 85.5%, 84.7%, 92.3%, 96.9%, 

63.1%, 88.5%, respectively where 99.6% radical scavenging activity was recorded for the 

control ascorbic acid at the same concentration. Based on the IC50 values of ethanol extracts, V. 

radiata (30.6µg/ml), P. schimperiana (35.2µg/ml), Nigella sativa (56.3µg/ml) and A. 

ankoberensis (58µg/ml) were found potential antioxidant chemical sources than Myrsine 

africana  (132.3µg ml
-1

) and S.abyssinica, (245.1 µg/ml). Plants under study were composed of 

the phytochemicals responsible for their bioactivity. These research data supports the intended 



 

application of the plant extracts and the bioactivities against mastitis and diabetes of 

nanomaterials of these plant extracts needs further investigation to confirm whether the activities 

are enhanced or not for further application. 
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Abstract 

Antibiotic resistant bacteria are one of the major problems challenging the health care system in 

general. Plants and plant-based compounds are the basis of many of the modern 

pharmaceuticals used today for the treatment of various dreadful diseases. In this study, the in 

vitro antimicrobial activities of six plant species (Aloe ankoberensis, Stephania abyssinica, 

Allium cepa, Brassica nigra, Lepidium sativum and Nigella sativa) were evaluated against two 

common bovine mastitis causing bacterial species (Staphylococcus aureus and E. coli). The 

studies were carried out using agar diffusion method for screening the most effective ethanol 

extract and fresh juice extract using disk diffusion (Kirby Bauer) against gram positive and gram 

negative bacteria. Results of this study revealed that ethanol extract Nigella sativa seed has 

strong antibacterial activity against S. aureus especially at higher concentrations (10% and 

5%); While, E. coli bacteria was not susceptible for different concentrations the extract of 

Nigella sativa. However, the antimicrobial effect the fresh juice extracts of Aloe ankoberensis 

leaf, fresh juice extracts Allium cepa bulb, ethanol extract of Stephania abyssinica leaf, ethanol 

extract of Brassica nigra seed   and ethanol extract of Lepidium sativum seed showed no 

inhibitory effect against both bovine mastitis pathogens. In this study the maximum inhibition 

zone values of ethanol extract of Nigella sativa was 15.7 mm against S. aureus.  The results 

indicated that ethanol extract of Nigella sativa have shown strong antimicrobial activity against 

gram positive bacteria which could be potential candidates for preparation of antimicrobial 

drug preparation. The results indicated that N. sativa has inhibitory effect on Staphylococcus 

aureus. This finding warrants necessity of further investigation of this product of traditional 

medicine. 

Key words: Antibacterial; bovine mastitis; disc diffusion; E. coliin vitro; plant extracts; 

Staphylococcus aureus

 

1. Introduction 

The World Health Organization (WHO) reported that about 80% of the world‘s population depends 

primarily on traditional medicine that mainly involves the use of plant extracts (Low et al., 2002). 

Ethiopia is endowed with a diverse biological resources including about 6, 500 species of higher 

plants, with approximately 12% endemic, hence making it one of the six plant biodiversity rich regions 

(Kelbessaet al., 2000). About 95% of traditional medicine preparations in Ethiopia are mentioned to be 

of plant origin (Demissew and Dagne, 2001). The deep-rooted culture of using medicinal plants in the 

country led the people to be acquainted with knowledge of medicinal properties of many plants used to 

treat human and livestock ailments (Wabeet al., 2011). The significant role of medicinal plant in 

primary health care delivery in Ethiopia where 70% of human and 90% of livestock population depend 



 

 

on traditional medicine similar to many developing countries particularly that of Sub-Saharan African 

countries (Endashaw, 2007).  

Even though Ethiopia has huge number of livestock, the productivity has always been sub-optimal due 

to low genetic potential of the animals, poor nutrition and prevailing diseases (Belayneh et al., 2013). 

Among the diseases, mastitis is one of the most important problems of dairy cattle causing huge 

economic losses to the dairy industry. 

Mastitis is an inflammation of the mammary gland and commonly associated with intramammary 

bacterial infection (Radostitset al., 2007). A number of pathogens are reported to be the cause of 

mastitis in dairy cows of which bacterial agents are the most common one (Bradley, 2002). The  most 

commonly incriminated and reported pathogens of mastitis in different parts of Ethiopia with different 

rate include, Staphylococcus aureus, Cogulase negative staphylococci, Streptococcus agalactiae, 

Streptococcus dysagalactia, Streptococcus uberis, Escherichia coli, Pseudomonas aeroginosa, 

Actinomycespyogenes, Corynebacteriumbovis, Enterococcus fecalis, Klebsiella pneumonia, Bacillus 

spp. and Micrococcus spp. (Belayneh et al., 2013; Duguma et al., 2014; Degnet al., 2015). 

Plants are natural factories for the production of chemical compounds, many of which are used to 

promote health and fight diseases and some of them are marketed as food or herbal medicines (Dubick, 

1986). 

Allium cepa (Onion) is a bulbous plant widely cultivated in almost every country of the world. 

Traditionally onion has been used to treat intestinal infections. It has been reported to be an 

antibacterial, antiviral antiparasitic, antifungal and has antihypertensive, hypoglycemic, 

antithrombotic, antihyperlipidemic, anti inflammatory and antioxidant activity (Lampe, 1999). 

Aloe ankoberensis belongs to a group of aloes which grow on cliffs in high altitude mountainous areas 

in Shewa floristic region. It is so far not known anywhere else. The Aloes are perennial plants that 

comprise herbs, shrubs and trees. Recent ethnobotanical studies have been reported the use of various 

Aloe species as traditional medicines in our country to treat Malaria, Stomach ache, Gonorrhea, 

Impotency in men, Liver disease, Malaria, abdominal cramp, pasterlosis, black leg, tuberculosis and 

antiparasite (Bula and Baressa, 2017). 



 

 

Stephania abyssinica (Ingochit) is a creeper indigenous to Southern and Eastern Africa. All parts of the 

plant are used in traditional medicine to treat various stomach disorders and syphilis. More uses of 

Stephania abyssinica in Ethiopia is to treat Anthrax, Kuruba and Rabies (Ermias, 2011) 

Brassica nigra (local Ethiopian Amharic name: Senafitch) is an annual, erect, aromatic, up to 100 cm 

tall with freely and widely branching, and glabrate weedy herb (Jonsellet al., 2000). Brassica nigra is 

used throughout the world for various aspects such as food, vegetable, medicinal and industrial 

products. The seeds have been used as tonic, digestive, emetic, appetite stimulant, laxatives, antiseptics 

and treatments for carcinoma and tumors (Amriet al., 2014), liver and spleen indurations, abscesses, 

colds, headaches, rheumatism, edema, neuralgia, alopecia, epilepsy, snakebite, toothache, hiccup, 

pneumonia (Lim et al., 2013) and malaria (Endaleet al., 2013; Ghafariet al., 2013). In adiition B. nigra 

seed has antibacterial activity (Amanuelet al., 2015). 

Nigella sativa (N. sativa) (Family Ranunculaceae) commonly known as black seed and TikurAzimud 

in Amharic (Fekadu, 2006) have been used for thousands of years as a spice and food preservative, as 

well as a protective and curative remedy for several disorders. Seed extracts reveal a broad spectrum of 

pharmacological activities including immune potentiation and antihistaminic, antidiabetic, anti-

hypertensive, anti-inflammatory, and antimicrobial activities. Many of these activities have been due to 

the quinone constituents of the seed (Ahmad et al., 2013). Fekadu (2006) reported that Nigella sativa 

seeds main used as bread flavor and for the treatment of headache, stomachache and to induce abortion 

in Ethiopia. 

Lepidium sativum Feto (Amh), Peppergrass (Eng) (Jansen, 1981) is used as an ornamental crop and its 

seedlings as salad source. The seeds are rich in minerals and vitamins; especially vitamins C, A, B and 

E (Ben-Erik, 2005). In Ethiopia Lepidium sativum used as additive against many diseases includes 

treatmentfor colic, abdominal pain, dysentery, swellings, aphrodisiac (Fekadu, 2001; Gelahun, 1989).  

The development of antibiotic resistance has become a global public health challenge which is causing 

ineffectiveness of antibacterial agents leading to increase in diseases and death rate. Antimicrobial 

resistance is one of the leading public-health issues which is closely related to the interactions of farm 

animals, farmers, the environment and food of animal origin (Garipcin and Seker, 2015). The 

connection between primary production at the farm level and food processing is particularly evident in 

the spread of antimicrobial resistance thorough the agri-food chain (Zdolec, 2016). The possibility of 



 

 

resistant organisms of animal origin becoming directly pathogenic to man, or transferring their 

resistance genes to pathogens of medical importance, is of particular concern (Teuber, 2001). 

Therefore, the objectives of are to investigate the antibacterial action of fresh juice of Aloe 

ankoberensis, Stephania abyssinica, Allium cepa (Onion) and extracts of Brassica nigra seed, 

Lepidium sativum and Nigella sativa against bovine mastitis pathogen. 

2. MATERIAL AND METHODS 

2.1.Chemicals, materials and Reagents 

The following plants, chemicals, solvents and drugs were used. Aloe ankoberensis, Allium cepa 

(Onion), Brassica nigra, Lepidium sativum, Nigella sativa seeds, Mueller-Hinton agar, MacConkey 

agar, blood agar, nutrient agar, electric blender machine, ethanol, (70% and 95% ), DMSO (Dimethyl 

sulfoxide), Distilled water sterile borer, disk diffusion inhibitor zone reading ruler, Gentamicin (CN), 

Desiccators, glove, liquid soap, and others. 

2.2.Collection of Plant Material and preparation of extracts 

2.2.1. Aloe gel extraction 

The fully expanded leaves of Aloe ankoberensis were collected from Ankober district to Debre Berhan 

University biology laboratory. The plants were identified by professional person of biology department 

of the University.  The leaf surfaces were washed with distilled water and sterilized with 70% alcohol 

(Rudrangshuet al., 2014). Aloe gel extraction was performed based on the method described by 

(Gashaw and Shimelis, 2013). The lower leaf base (the white part attached to the large rosette stem of 

the plant), the tapering point of the leaves top and the short, sharp spines located along the leaves 

margins were removed by a sharp knife. Then the colourless hydroparenchyma (gel) of the leaf was 

removed by introducing sharp knife in to the mucilage layer of the leaf below the green rind.  The 

colourless hydroparenchyma (gel) obtained was homogenized using food blender and the solution was 

filtered using cheesecloth. The clear aloe extract was analyzed immediately for its antibacterial 

activity. 



 

 

2.2.2. Extraction of onion juice 

The onion bulbs (Allium cepa) were purchased from local market of Debre Berhan. The fresh onion 

juice was prepared according to the procedure used by Adeshina et al. (2011). The onion bulbs were 

washed using distilled water. The outer covering of the bulbs were peeled off manually and the fleshy 

part of the onion was rewashed with sterilized distilled water. Onion bulbs were blended to form juice. 

The fresh onion juice was analyzed immediately for its antibacterial activity. 

2.2.3. Extraction Stephania abyssinica (Ingochit) leaf 

Fresh leaves of Stephania abyssinica (Ingochit) were collected from Ankober district to Debre Berhan 

University microbiology laboratory. The plants were identified by botanist from department of 

biology.  The leaf surface was washed with distilled water and sterilized with 70% alcohol 

(Rudrangshu et al., 2014). The leaves were blended to form juice. The fresh of Stephania abyssinica 

(Ingochit) juice was macsanted in ethanol 95% analyzed immediately for its antibacterial activity. 

2.2.4. Preparation of Brassica nigra, Lepidium sativum And Nigella sativa seeds extract 

Healthy seeds of Brassica nigra, LepidiumsativumAnd Nigella sativa were blended to a fine powder 

using electric blender and preserved for extraction. Extraction of the seedwas prepared using 95% 

ethanol. Extraction was made by placing each extract in a soxhelt reflux apparatus and completely 

evaporated by rotary evaporator. The dried extracts were be weighed and stored in 40
o
C for further 

tests. The seed and leaf extracts were prepared in different concentration; 0.5%,1%, 5%, 10% and 

20%.  

2.3.Microorganisms used for antimicrobial assay 

The bacterial test microorganisms used in this investigation were Staphylococcus aureus and 

Escherichia coli. The bacteria were obtained from Sebeta National Animal Health Diagnostic Center. 

Microbial inoculums were standardized at 0.5 McFarland standards. 

2.4.Antimicrobial Sensitivity Testing 

The levels of sensitivity of bacterial were determined by disk diffusion (Kirby Bauer). Circular paper 

discs measuring 7.0 mm were cut from wattmann No.1 filler paper using paper perforator and 



 

 

sterilized in an autoclave, and then these were soaked with extracts separately and allowed to absorb 

the extract sufficiently. Sterile Muller-hinton agar plates were prepared and inoculated with each of the 

test organisms.  Finally, the discs impregnated with extracts were placed carefully into the culture 

plates, and incubated at 37oc for 24h and examined for growth and signs of inhibition. A similar 

experiment was set-up but instead of the leaf and seed extracts DMSOwas used as negative control 

whereas, Gentamicine (CN 10µ) was used as positive controls. The zone of inhibition was measured 

with a ruler. Culture bacteria with halos equal to greater than 8mm were considered susceptible to tests 

extracts (Nayanet al., 2011). Also the antibacterial activity of Gentamicin (CN) results was interpreted 

according to Clinical and laboratory Standard Institute documents (CLSI, 2010).  

2.5.Statistical analysis 

All the measurements were replicated three times for each assay and the results were presented as 

mean. Data were analyzed using windows SPSS version 20.0 and descriptive statistic was used. 

3. RESULTS 

The present study results are to orient future investigations towards the finding of new potent and safe 

antimicrobial compounds. In this study disc diffusion sensitivity test ethanol extracts of six plant 

species (Aloe ankoberensis, Stephania abyssinica, Allium cepa, Brassica nigra, Lepidium sativum and 

Nigella sativa) were evaluated against two common mastitis causing bacterial species (Staphylococcus 

aureus and E. coli) which are known to develop considerable antimicrobial resistance to commonly 

used antibiotics and found with encouraging results (Tables 1). In this study the tested microbe were 

ranged from gram positive to gram negative bacteria. Commonly used antibiotic for the treatment of 

clinical mastitis like Gentamicin was used in this study as positive controls and also to compare their 

zone of inhibition with 10% phytopreprations zone of inhibition while DMSO (Dimethyl sulfoxide) 

was used as negative control. The antimicrobial activity of an extract is measured in the terms of zone 

of inhibition exhibited by an extract against a tested microbe.  

When the overall result analysed Nigella sativa seed extract has strong antibacterial activity against the 

test bacteria especially at higher concentrations (10% and 5%).  



 

 

Antibacterial effects of the tested Nigella sativa extract with five concentrations showed variations 

against the bacterial strains. Additionally, the negative control treatment Dimethyl sulfoxide (DMSO) 

was inactive; while, the positive control drug Gentamicin was active against all the bacteria. 

The successive fresh leaf juice extracts Aloe ankoberensis and Allium cepa were tested for their 

antimicrobial efficiency against bovine mastitis pathogen (Staphylococcus aureus and E.coli). Among 

the extracted tested for their antibacterial activity, both the leaf extracts of Aloe ankoberensis and bulb 

Allium cepa showed no inhibitory effect against both bovine mastitis pathogens. Similarly, Stephania 

abyssinica leaf extract do not have any inhibitory effect against both bovine mastitis pathogens. 

Whereas,   among the seed  extracts of Brassica nigra, Lepidium sativum and Nigella sativa using 

ethanol 95% only Nigella sativa seed extract  showed active antimicrobial activity against 

Staphylococcus aureus. 

 

Table 5.The mean inhibition zone of ethanol extract of Nigella sativa against S. aureus 

Plant extract  Concentration 

mg/ml 

Inhibition zone 

(mm) 

 

 

 

Nigella sativa 

 S. aureus. 

0.5  8.3 

1 13.6 

5 15,6 

10 15.7 

20 9 

NB: Values were means of triplicate determination. 

According to comparison of the mean inhibition zone table 1, S. aureus bacteria was susceptible for 

different concentrations the extract of Nigella sativa (Tikurazmude).   

 



 

 

 

Figure 1: Antimicrobial Activity of Nigella sativa ethanol extract in different concentration and               

Gentamicin (10µg) against S. aureus 

Table 2.The mean inhibition zone of ethanol extract of Nigella sativa against E. coli  

Plant extract  Concentration 

mg/ml 

Inhibition zone 

(mm) 

 

 

 

Nigella sativa 

 S. aureus. 

0.5  4 

1 4.6 

5 0 

10 0 

20 0 

NB: Values were means of triplicate determination. 

According to comparison of the mean inhibition zone table 2, E. coli bacteria was not susceptible for 

different concentrations the extract of Nigella sativa (Tikurazmude).   
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Fig. 2: Antimicrobial Activity of Nigella sativa ethanol extract in different concentration and               

Gentamicin (10µg) against E.coli 

 

 

Key: 1- Nigella sativa extract with 0.5%; 2- Nigella sativa extract with 1.0%; 3- Nigella sativa extract 

with 5%; 4- Nigella sativa extract with 10%; 5- Nigella sativa extract with 20% and 6- Gentamicin 

(CN10µg) 

Fig. 3: The inhibition zone of Nigella sativa extract and Gentamicin (CN10µg) against S. aureus 

 

0

5

10

15

20

25

0.5 1 5 10 20 CN
10µg

4 4.6 

0 0 0 

21 

Mean inhibition 

zone (mm) 

Concentration mg/ml 

Antibacterial activity of Nigella sativa and Gentamicin (CN 10µg) 

against E. coli   

Antibacterial activity of
Nigella sativa and
Gentamicin (CN 10µg)
against E. coli

1 

2 

3 

5 

4 6 

1 

2 

3 

4 

5 



 

 

 

Key – 1 DMSO negative control; 2- Nigella sativa extract with 0.5% ; 3- Nigella sativa extract with 

1.0%; 4- Nigella sativa extract with 5%; 5- Nigella sativa extract with 10%; 6- Nigella sativa extract 

with 20% and 7- Gentamicin (CN10µg) 

Fig. 4: The inhibition zone of Nigella sativa extract, the positive control Gentamicin (CN10µg) and 

the negative control DMSO against E. coli  

4. DISCUSSION 

Mastitis is the most frequently bacterial infection causing morbidity in highly productive cows and 

cause great economic lost to dairy cattle industry. Although a large number of antimicrobial agents 

have been discovered, pathogenic microorganisms are constantly developing resistance to these agents. 

In recent years, attempts have been made to investigate the indigenous knowledge to look for 

alternative drugs against infectious diseases for safe and effective therapy (Habtamu, K., et al., 2015). 

Plants are important source of potentially useful structures for the development of new 

chemotherapeutic agents. The first step towards goal is the in vitro antibacterial assay (Samyet al., 

2008, Govindrajan, et al., 2006). In the present study antimicrobial activity of organic extracts of novel 

plant i.e. Stephania abyssinica leaf, Brassica nigra seed, Lepidium sativum seed, Nigella sativa seed, 

Aloe ankoberensis leaf and bulb of Allium cepa were evaluated against bovine mastitis pathogens such 

as E. coli and S. aureus.  

According to Nayan et al., (2011) culture bacteria with inhibition zone greater than or equal to 8mm 

were considered susceptible to the tests extracts. Also the antibacterial activity the positive control 

antibiotics Gentamicin (CN) results were interpreted according to Clinical and laboratory Standard 
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Institute documents (>15 mm zone inhibition has inhibitory effect) (CLSI, 2010). In this study ethanol 

extract of Nigella sativa showed 15.7 mm maximum zone of inhibition against S. aureus. So, the 

extracted Nigella sativa seed demonstrated strong antibacterial activity against S.aureus. These results 

are in line with the report different studies.  

The inhibitory effects of N. sativawere previously determined against bacteria, yeasts and moulds by 

some researchers. Arici, M., (2005) reported that black cumin essential oil had antibacterial against 

different gram positive and gram negative bacteria except Y. enterocolitica.  Hannan, A., et al., (2008) 

found that the black seed extract had antimicrobial activity against a wide range of bacterial 

Methicillin resistant Staphylococcus aureus (MRSA) strains.  Hasan, N.A., (2013) reported that Nigella 

sativa seed extract exhibits some degree of antibacterial activity towards Pseudomonas aeruginosa and 

Streptococcus pyogenes. Salman, M. T., (2016); Zineb M., et al., (2017)and Mammad, Z., et al., 

(2017) announced that the oil of Nigella sativa had antibacterial effect against Streptococcus faecalis, 

Pseudomonas aeruginosa, Staphylococcus aureus and Escherichia coli. Usman, R.A., et al., (2017) 

reported that the methanol extract of Nigella sativa exhibited higher antibacterial effect compared with 

petroleum ether extracts against S. aureus, E. coli, and Pseudomonas aeruginasa. 

The antibacterial the extracts were similar to each other. The most active extract of Nigella Sativa was 

at 5.0% and 10% concentrations inhibiting the growth of S.aureus bacteria (table 1). Also, other 

Nigella Sativa extract concentrations had some inhibitive effects against S.aureus at 0.5%, 1% and 

20%, while the extract of Nigella Sativa had the lowest activity against E. coli bacteria (Table 2). The 

lowest active concentration was 0.5% in all of the extract samples. In general, the extract of Nigella 

Sativa in all concentrations was ineffective against E. coli; it was found to be resistant showed zone of 

inhibition of 4.6 mm. The present result is in line with the report of Usman, R.A., et al;., (2017); 

reported that the methanol extracts of N. sativa more effective in inhibiting S. aureus while no 

inhibition against E. coli at all concentrations. 

This is in conformity with a number of earlier studies where compounds derived from plants often 

showed considerable activity against gram positive bacteria but not against gram negative species. 

Gram negative bacteria have effective permeability barrier (extra membrane lipopolysaccride), 

comprised of the outer membrane, which restricts the penetration of amphiphatic compounds and multi 

drug resistance pumps that extrude toxins across this barrier (Nagiet al., 2008). 



 

 

Antibacterial properties of N. sativa extract could be due to the ability of the oil to permeabilize 

membranes and to destroy cellular integrity of bacteria leading to cell death by necrosis and apoptosis 

(Bakkali F. et al., 2007). Based on the present study gram negative bacteria were less inhibited by 

extract of Nigella sativa than gram positive bacteria.  This result in agreement with the report of Desta 

B, (1993); gram negative test organisms were less susceptible to extracts than Gram-positive strains.  

On the other hand, ethanol extracts of Stephaniaabyssinica leaf, Brassica nigra seed, Lepidiumsativum 

seed, fresh juice extracts of Aloe ankoberensis leaf and bulb of Allium cepa did not show any 

antibacterial activity at the test concentrations. Absence of activity in extract preparations might also 

be due to a number of factors, such as time of collection of plant material and climate, which might, in 

turn, affect the amount of active constituents in the plant material. 

A shortcoming of this study was to limit crude preparation concentrations to levels that allowed a broth 

mixture that can be pipetted for bacteriological analysis. If higher concentrations of crude preparations 

could be studied, a stronger inhibition might have been noted. It is, thus, quite likely that the inhibitory 

effect of the crude preparations could be considerably enhanced in traditional treatment, if they are 

taken at four-hour intervals. In many cases extracts of active constituents, which are effective in in-

vitro experiments, do not show the same effectiveness when applied in-vivo. This may be due to the 

fact that various components in the crude preparations may show a synergistic effect on pathogens. 

According to Ashebir, M. and Ashenafi, M. (2017) heterogeneous phytoconstituents of crude 

preparations may possess a synergistic effect. 

5. CONCLUSION AND RECOMMENDATION  

The WHO has already recognized the contribution of traditional health care in tribal communities. It is 

very essential to have a proper documentation of medicinal plants and to know their potential for the 

improvement of health and hygiene through an eco-friendly system. Thus importance should be given 

to the potentiality of ethno medicinal studies as these can provide a very effective strategy for the 

discovery of useful medicinally active identity.  A detailed and systematic study is required for 

identification, cataloguing and documentation of plants, which may provide a meaningful way for the 

promotion of the traditional knowledge of the herbal medicinal plants.  



 

 

It may be concluded from this study that N. sativa seed ethanol extract has antimicrobial activity 

against Staphylococcus aureus. It is expected that using natural products as therapeutic agents will 

probably not elicit resistance in microorganisms. It is essential that research should continue to isolate 

and purify the active components of this natural herb and use in experimental animals. 
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ABSTRACT 

In this research aromatic plant leaves and flowers were selected and fragrance essential oil was done 

from Lavandula angustifolia (leaves and flowers), Cymbopogon martini (leaves), Cymbopogon nardus 

(leaves), Juniperus procera (berries), Thymus schimperi (leaves), Rosmarinus officinalis (leaves), 

Foenculum vulgare (leaves) and Boswellia papyrifera (resin) by using steam distillation and sohxlet 

extraction method and the essential oil yield was determined. The essential oil content of lavender, 

Cymbopogon martini, Rosmarinus officinalis, Cymbopogon nardus, Boswellia papyrifera, Juniperus 

procera and Thymus schimperi was 1.3 %, 1.04 %, 0.91 %, 0.83 %,----,2.3 %and 1.17 % by mass 

respectively. The GC-MS result of the preferred extracted essential oil analysis showed that Camphor 

(21.19%),4-methyl-1-(1-methylethyl)-Bicyclo [3.1.0] hex-2-ene (16.29%), endo-Borneol (14.08%), β-

pinene (9.22%) and (1R)-2, 6, 6- Trimethylbicyclo[3.1.1]hept-2-ene (7.07%) are the major compounds 

in L. angustifolia; Geraniol (40.89%); Tricyclo[2.2.1.0](2,6)heptane, 1,3 Trimethyl (13.91%), β –

Myrcene (9.34%), 2,4,6,octatriene,2,6 dimethyl (8.20%), β –ocimene (5.93%) are the major 

compounds in C. martini; α- pinene (38%), Eucalyptol (27.76%), Caryophyllene (7.37%) and 

Bornanone (7.27%), are the major compounds in  R. officinalis; α.- Pinene (85.68%) and 

Bicyclo[3.1.0]hexane, 4-methylene-1-(1-methylethyl) (13%) are the major compounds in J. procera; 

Citronellal (38.21%), Citronellol (23.16%) and  3-Carene (14.26%), are the major components of C. 

nardus; and Hexane extracted essential oil composition of Oleo gum resins of B. papyrifera were 

Isopropyl trimethyl-15 oxabicyclo[10.2.1] pentadeca -5,9-dien-2-ol (53.%) and 2-Cyclohexen-1-one, 

3-methyl-6-(1 methylethylidene) (46.95%). Perfumes are formulated from natural essential oil 

blend. Different chemical compounds that are found in essential oil such as Linalool, Geraniol and 

Citronellol are commonly used for perfume notes. Formulation of perfume was done by using 

fragrance essential oil and ethyl alcohol as a solvent with different proportion of the fragrance oil. The 

panelist hedonic test result, showed that,  the first chosen formula contain, L. angustifolia as top note; 

Cymbopogon martini as a middle note and Boswellia papyrifera as a base note and the second were 

Cymbopogon nardus as top note; Rosmarinus officinalis as a middle note and Boswellia papyrifera as 

base note.  

Keywords: Essential oil, Extraction, Perfume, formulation 
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INTRODUCTION 

 Background 

Essential oils (EO) are mixtures of compounds characterized by their capacity to generate flavor or 

aroma. Generally EO are obtained from spices, aromatic herbs, fruits or flowers. Many of them are 

used for seasoning and flavoring food, as basis of perfumes and other household items, and in 

aromatherapy for the treatment of several affections. EO can be extracted from the whole plant or a 

part of it, and although the method of extraction is very important to yield an essential oil capable of 

producing almost as the raw plant aroma (Loza tavera, 1999.) 

Perfume is a mixture of fragrant essential oils and aroma compounds, fixatives and solvents used to 

give the human body, objects and living spaces a pleasant smell. Since the beginning of recorded 

history, humans have attempted to mask or enhance their own odor by using perfume which emulates 

nature's pleasant smells. Many natural and man-made materials have been used to make perfume to 

apply to the skin and clothing to put in cleaners and cosmetics or to scent the air. This is because of 

differences in body chemistry, temperature and body odors (Auracacia, 2016). Perfumes and scented 

articles were in use from pre Vedic and Vedic periods for religious practices, social customs and 

domestic rituals and later gradually became part and parcel of human life. Perfumes were also used in 

cosmetics and beauty aids. Medicinal values of perfume was well known to ancient and were used in 

both rituals and to treat diseases. Perfumes as luxury accessory or one of the most popular must have 

items on the aspirational buyers' list as well (Auracacia, 2016).  

Perfume is extremely difficult to produce the large required a quantity of different ingredients to 

produce a very small essence. The difficulty of production resulted in scarcity and hence made the 

substance even more valuable and expensive. In Greek society, perfume or odor was one of the main 

symbols of beauty (Donato and Seefried, 1980). Perfume is presently the most important in Ethiopia 

that used to provide a pleasant odor, cover the scent of the base of the product, give a product an 

identity, provide product concept support and signify a change in a product. Ethiopia is one of the 

countries which have been using perfume traditionally for many years. According to Ethiopian revenue 

and custom authority, Ethiopia import perfume an average of 112,589.908 kg annually from different 

countries to satisfied the demand of the buyers (ERCA, 2015).  



 

 

In the definitions of perfume types, the intensity and longevity of a perfume is based on the 

concentration, intensity, and longevity of the aromatic compounds, or perfume oils, used. As the 

percentage of aromatic compounds increases, so does the intensity and longevity of the scent. Specific 

terms are used to describe a fragrance's approximate concentration by the percent of perfume oil in the 

volume of the final product (Kyla et al., 2006).  

Fragrance and flavor substances are comparatively strong smelling organic compounds with 

characteristic, usually pleasant odors. They are, therefore, used in perfumes and perfumed products, as 

well as for the flavoring of foods and beverages. Whether a particular product is called a fragrance or a 

flavor substance depends on whether it is used as a perfume or a flavor 

 

 Statement of the Problem 

Today there is a high demand of perfume for various purposes such as: medicinal, soap making 

household, personal hygiene and insecticides. Even if it is significant, there is no perfume factories in 

our country that produce natural perfume rather than importing it to full fill the demand of the 

consumer.  

Imported perfumes are also very expensive to local perfumes consumer industries in addition to direct 

human use. In particular synthetic perfumes contain synthesized odorants. Synthetics can provide 

fragrances which are not found in nature.   

Most of perfumes imported in Ethiopia are synthetic perfumes. This research is aimed to identify and 

extract natural (plant) source fragrance essential oil for alternative perfume formulation from natural 

sources.  

Objectives 

 General Objectives 

The general objective of this study is to formulate natural and economically viable body perfume from 

locally available plant materials.  

Specific Objectives  

The specific objectives of this research work include 



 

 

 To select locally available aromatic plant leaves, flowers and fruits for fragrant essential oil 

extraction. 

 To select feasible extraction method based literature survey. 

 To determine the essential yield of selected  aromatic plants 

 To characterize the chemical composition of extracted essential oil by using GC-MS 

 To develop perfume and compare the preference using panelists assessment. 

 Significance of the study 

Extraction of essential oils for preparation of perfumes and scents has expanded enormously on a 

global level and simultaneously collection of these aromatic plants. Salvia, lavender and thyme species 

are highly consumed to produce these aromatic yields. Sufficient determination of the crude source 

material and method employed for the extraction are fundamental components for enhancing the nature 

of the volatile yields. 

In Ethiopia there are enormous amount of aromatic herb and spices plant species, however most of 

them are not utilized for the production of valuable product in large production capacity. They are 

consumed traditionally as a medicine and food additives. Some of the aromatic plants are used for only 

for gardening purpose only. 

This research open the way to utilization of locally available aromatic plants for preparation of natural 

perfumery air fresheners and cosmetics additives. This research will have significant contribution on 

the following cases 

 To investigate aromatic plant species that can be used for preparation of natural perfume  

 To show the possibility of reducing side effects resulting from synthetic chemicals by 

substituting natural ingredients in cosmetics. 

 To create awareness for stockholders as it is possible to establish local industries for perfume 

and oil production because of available land and cheap raw materials. 

 

 

 

 



 

 

 

LITERATURE REVIEW 

The History of Perfumery  

Perfumery is the art of making perfumes began in ancient Mesopotamia and Egypt and was further 

refined by the Romans and Persians. Knowledge of perfumery came to Europe as early as the 14th 

century due partially to the spread of Islam. The first modern perfume made of scented oils blended in 

an alcohol solution was made in 1370 at the command of queen Elizabeth of Hungary and was known 

throughout Europe as Hungary Water. The art of perfumery prospered in Renaissance Italy and in the 

16th century. Italian refinements were taken to France by Catherine de' Medici‟s personal perfumer 

(Elizabeth, 2011).  

The most detailed perfume recipes for composite scented preparations were written down ancient 

Egypt only during the Ptolemaic Period. During this period the doors to the classical World were 

opened wide to the ancient Egyptians and besides the Egyptian language Latin and Greek were 

understood. These were inscribed in hieroglyphs on the walls of perfume incense „laboratories‟ of 

temples. Other sources such as actual remains of plants found in excavations and wall paintings and 

reliefs in temples and tombs provide us with knowledge of the plants used by the Egyptians for 

perfume production and the methods they used .The bulk of our knowledge about perfume recipes 

from ancient world and the plants used in them, however, it is derived from various classical authors 

both Greek and Roman(―The essence and use of perfume in ancient Egypt by Sheila Ann by submitted 

in accordance with the requirements for the degree of master of arts in the subject ancient near eastern 

studies at the University of South Africa Supervisor : Professor P S Vermaak joint supervisor : Mrs a 

Ferreira February 2012,‖ 2012). Most modern perfumes are alcohol-based and contain synthetic scents. 

While the term perfume usually refers to fragrances in general, in the more technical language of the 

perfumer, a perfume must contain over 15% of fragrance oils in alcohol. The preferred fragrances for 

perfumes are no means universal, but differ according to cultural dictates and fashions. In the sixteenth 

century, for example pungent animal scents such as musk and civet were very popular. In the 

nineteenth century by contrast such animal scents were generally considered too crude and light floral 

fragrances were favored (Calkin and Jellinek, 1994). The ancient Egyptians highly prized their 

botanical treasures in which Egypt was richly endowed and for the growing of which its climate was 

admirably suited, being moderate and uniform. The Egyptians made various types of perfumes from 



 

 

fragrant plants oils and fats employing various methods and involving various professions (Brun, 2000; 

Dayagí-Mendels, 1989). There are two main categories of perfumery products which toiletries and 

household products. Toiletries are defined as fine fragrances, personal care products, cosmetics and 

deodorants. Household products are considered to be air fresheners, laundry products, surface cleaners 

and disinfectants. 

 Raw Materials for Perfume Preparation 

The Fragrance materials employed in perfumery have natural origin (animal or plant) or synthetic 

origin (natural-identical or new artificial fragrant molecules called aroma chemicals). 

Fragrance materials are used in a wide variety of consumer products including both personal care and 

household products. Fragrance compounds (also called fragrance mixtures or fragrance oils) are 

formulations consisting of specific combinations of individual materials or mixtures. Consumer 

exposure to fragrance materials ranges from skin contact to inhalation (Api et al., 2015). 

Natural Fragrance Source 

Natural compounds are obtained directly from natural sources by physical, enzymatic, or microbial 

procedures. Nature-identical compounds are produced synthetically, but are chemically identical to 

their natural counterparts (Surburg & Panten, 2006). Natural fragrances can be obtained from plant 

materials and animal sources. 

I. Plant Sources 

Plants have been used in perfumery as a source of essential oils and aroma compounds. These 

aromatics are usually secondary metabolites produced by plants as protection against herbivores, 

infections as well as to attract pollinators. Plants are by far the largest source of fragrant compounds 

used in perfumery. The sources of these compounds may be derived from various parts of a plant. A 

plant can offer more than one source of aromatics for instance the aerial portions and seeds of 

coriander have remarkably different odors from each other. 

II. Animal Sources 

 Ambergris: Lumps of oxidized fatty compounds whose precursors were secreted and excelled by the 

sperm whale. Ambergris should not be confused with yellow amber which is used in jewelry. Because 

the harvesting of ambergris involves no harm to its animal source, it remains one of the few animal 

fragrance agents around which little controversy now exists.  

Castoreum: Obtained from the odorous sacs of the North American beaver.  



 

 

Civet: Also called civet musk, this is obtained from the odorous sacs of the civets, the world society for 

the protection of animals investigated African civets caught for this purpose. Hyraceum: Commonly 

known as "Africa Stone" is the petrified excrement of the Rock Hyrax. Honeycomb: From the 

honeycomb of the honeybee both beeswax and honey can be solvent extracted to produce an absolute.  

Deer musk: Originally derived from the musk sacs from the Asian musk deer, it has now been replaced 

by the use of synthetic musk sometimes known as "white musk". 

2.2.2. Synthetic Sources  

Nature-identical aroma substances are, with very few exceptions, the only synthetic compounds used 

in flavors besides natural products. The primary functions of the olfactory and taste receptors, as well 

as their evolutionary development, may explain why artificial flavor substances are far less important. 

A considerable proportion of compounds used in fragrances are those identified as components of 

natural products, e.g., constituents of essential oils or resins. The fragrance characteristics of artificial 

compounds nearly always mimic those of natural products (Surburg & Panten, 2006). 

Many modern perfumes contain synthesized odorants. Synthetics can provide fragrances which are not 

found in nature. For instance, Calone 1951, is responsible for the appearance of the entire new perfume 

family of aquatic scents. It was first synthesized by Cameron and C. R. Stephens in 1966, a compound 

of synthetic origin imparts a fresh metallic marine scent that is widely used in contemporary perfumes. 

Synthetic aromatics are often used as an alternate source of compounds that are not easily obtained 

from natural sources. 

 Essential Oil 

Essential oils are concentrated essences extracted from different parts of plants, containing hundreds of 

substances, but typically with the prevalence of one, two or three of them that really characterize the 

fragrance (Silva, et al., 2011). 

Essential oils or volatile oils are found in many different plants. These oils are different from fatty oils 

because they evaporate or volatilize on contact with the air and they possess a pleasant taste and strong 

aromatic odor. They are readily removed from plant tissues without any change in composition. 

Essential oils are very complex in their chemical nature. The two main groups are the hydrocarbon 

terpenes and the oxygenated and sulphured oils (Gunther, 1994). 



 

 

 Fragrant plant essential oils for perfumery  

 Ethiopia has a long history of spice and herb production for the domestic market and has a unique, 

indigenous product. Modest quantities of several spices have been exported for centuries to countries 

in the Middle East and exports to Europe have developed over the past twenty years In general herbs 

are any plants used for flavoring, food, medicine and perfume. In Ethiopia several culinary herbs are 

produced: chervil, chives, coriander, dill, green basil, lovage, mint, oregano, thyme lemongrass, 

vernonia are Aromatic plant. 

a. Lavender: it is a genus of 39 species of flowering plants in the mint family Lamiaceae. 

The genus includes annual or short-lived herbaceous perennial plants and suffrutescent scent 

perennials, sub shrubs or small shrubs. Leaf shape is diverse across the genus. They are simple in some 

commonly cultivated species. Lavender perfumes are very old and were used by the Romans in their 

baths. It is still one of the most important scents. It is a low shrub with terminal spikes of very fragrant 

bluish flowers. The oil is important in the manufacture of Eau de Cologne and other perfumes and is 

also used in soaps, cosmetics and medicine as a mild stimulant (Seidler,et al., 2014).  

Lavender flowers (Lavandulae flos) are the raw material, which contains the essential oil (3%) 

and linalool, geraniol, cymene, camphene, pinene, cumarin, as a main oil components, 

but also contain phenolic acids (12%) flavonoids and tannins (Seidler- et al., 2014). Also Soodabeh 

Saeidnia et al. (2013), who evaluated aroma profile of lavender cultivated in Teheran, reported that the 

main compounds of lavender oil was linalool (31.0%), linalyl acetate (18.2%) and lavadulyl acetate 

(10.7%). content of essential oil and its compounds in lavender flowers obtained from organic 

cultivation. 

b. Jasmine: jasmine is cultivated in southern France and surrounding areas. The flowers are picked as 

soon as they are open and the oil is extracted by enfleurage. It is also used for the production of 

essential oils in the form of ‗concrete‘ and ‗absolute‘ which are used in cosmetics and perfumery 

industries. Fully open flowers contain maximum fragrance and needs to be collected for concrete 

extraction. The important active plant principles in essential oil of jasmine extracted at 6 pm was 

reported to be of twenty chemical constituents, they are: 1, 2-Benzenedicarboxylic acid, bis (2-

ethylhexyl) ester (0.82%), Hentriacontane (0.71%), Cycloheptasiloxane, tetradecamethyl- (0.29%), 



 

 

Cyclohexasiloxane, dodecamethyl-(0.26%) and Linalool (0.09%). These jasmine volatile compounds 

are responsible for its unique fragrance started to release during this time (Ray et al., 2014). 

c. Cymbopogon nardus:  A perennial plant with long, thin leaves, is one of the largely cultivated 

medicinal plants for its essential oils in parts of tropical and subtropical areas of Asia, Africa and 

America (Ranitha, et al., 2014). Cymbopogon nardus is a genus of about 55 species of grasses (of 

which the species is Cymbopogon nardus) native to warm temperate and tropical regions. It has a 

citrus flavor and can be dried and powdered or used fresh. Lemongrass oil is used as a pesticide and a 

preservative. Chemical investigations of essential oils in the nineteenth century revealed that many of 

the compounds responsible for the pleasant odors contained exactly ten carbon atoms. These ten 

carbon compounds came to be known as terpenes if they are hydrocarbons and terpenoids if they 

contained oxygen and were alcohols, ketones or aldehydes. Eventually, it was found that there are also 

minor and less volatile plant constituents with fifteen, twenty, thirty and forty carbon atoms. Because 

compounds of ten carbons were originally called terpenes, they are called terpenoids if they contained 

oxygen and were alcohols, ketones and aldehydes (Pavia et al, 2005). 

Based on literature data, geranial, neral, geraniol, limonene and β-myrcene have been found as major 

compounds in many other Cymbopogon citratus species with citral as the main chemical component of 

lemongrass oil (Jawonisi, 2018). 

d. Rosemary (Rosmarinus ofcinalis L.) is an evergreen, shrubby herb that belongs to mint family, 

Lamiaceae. Rosemary is a perennial crop and will remain in the site for 5 years or more, depending on 

crop performance. One harvest is made per year, with first harvest made in 

the year after planting. Well drained sandy loam soil with pH of 4.5 to 8.7 is ideal for rosemary 

production. Rosemary grows for its leaves and essential oil obtained from stems, leaves, and flower 

twigs. Rosemary leaves have many traditional uses based on their antibacterial and 

spasmolytic actions (Aromat & Angel, 2016). 

Steam distillation of Rosmarinus ofcinalis L yielded an essential oil with characteristic refreshing 

woody odour. Thirty eight compounds were characterized. Major compounds of the oil identified were 

α-pinene (16.33), 1, 8-cineole (14.33), camphor (22.01), camphene (9.28), β-pinene (5.97), β-

phellandrene (5.19), bornyl acetate (4.59), myrcene (4.31), borneol (3.35), terpinen-4-ol (1.11), α-

terpineol (1.03), verbenone (1.39), γ-terpinene (1.04), linalool (1.16) and β-caryophyllene (2.88%) 

(Ayoob, et al., 2018). 



 

 

e. Thyme (Thymus vulgaris L.) is a commonly used flavoring agent and medicinal herb. 

The main essential oils are as follows:-thymol, γ- terpinene, ρ-cymene, linalool, myrcene, α-pinene, 

eugenol, carvacrol and α -thujene. Among these twelve aroma constituents of thyme were examined 

for their antioxidant activities using the aldehyde/carboxylic assay. Eugenol, thymol, carvacrol and 4-

allylphenol showed stronger antioxidant activities (Shabnum & Wagay, 2011). T. vulgaris essential oil 

are thymol (23%–60%), γ-terpinene (18%–50%), p-cymene (8%–44%), carvacrol (2%–8%), and 

linalool (3%–4%) (Duke, 1992). T. vulgaris oil as well as thymol have shown antibacterial, antifungal, 

and anti-inflammatory effects, 

accounting for the medicinal uses of T. vulgaris (Satyal,et al., 2016). 

f. Boswellia papyrifera is used to produce frankincense, a bark resin that has been a commodity of 

domestic and international trade since ancient times. It is harvested from natural forests (Addisalem, et 

al., 2016). They are used in folk medicines, flavoring, beverages and liqueurs, cosmetics, detergents, 

creams and perfumery, paints, adhesives and dyes manufacturing. Both myrrh and frankincense are 

highly valued for their aromatic fragrances and are common ingredients in incense perfume and 

potpourris, soaps, detergents, creams and lotions and are often included in meditation blends, as it 

strengthens the psyche and aids in deepening the meditative state (FAO, 1995). Three types of 

frankincense products are recognized in Ethiopia: Tigray, Ogaden and Borena. 

The main component of frankincense is oil (60%). It contains mono- (13%) and diterpenes (40%) as 

well as ethyl acetate (21.4%), octyl acetate (13.4%) and methylanisole (7.6%). The highest biological 

activity among terpenes is characteristic of 11-keto-ß-acetyl-beta-boswellic acid, acetyl-11-keto-ß-

boswellic acid and acetyl-α-boswellic acid (Al-yasiry & Kiczorowska, 2016). Inhalation and 

consumption of Boswellia olibanum reduces the risk of asthma (Al-yasiry & Kiczorowska, 2016). 

g. Myrrh myrrha (Commiphora myrrh) C. myrrha is the aromatic resin of a number of small, thorny 

tree species of the genus   Commiphora which is an essential oil, termed an oleoresin. Myrrh resin is a 

natural gum. It has been used throughout history as a perfume incense and medicine. It can also be 

ingested by mixing it with wine. In pharmacy, myrrh is used as an antiseptic in mouth washes, gargles 

and toothpastes. According Janackovic, (2018) to major compounds of C. myrrha essential oil were 

(98.87%) were furanoeudesma-1,3- diene (17.65%), followed by curzerene (12.97%), β-elemene 



 

 

(12.70%), germacrene B (12.15%), germacrene D (9.13%), germacrene A (5.87%) and lindestren 

(5.34%). 

h. Gum Arabic: Gum Arabic product is an item obtained from the dried discharges of sticky stems 

and branches of Acacia senegal. It consists of a water-soluble dietary fiber digestible only in the 

intestines less. It is the second export commodity and hard currency earner in Sudan, which produces 

and trades over 80% of the world's gum Arabic (Williams P.A, 2020). Gum Arabic is used as 

thickening, stabilizing, emulsifying and suspending agent in food and drink industries; as tablet-

binding agent, cream, lotions- suspending and emulsifying agents in pharmaceuticals, as film forming 

and sizing agent in printing and textile industries. It is also used in ceramics, paints, inks, textiles and 

adhesives. In cosmetics, gum Arabic functions as a stabilizer in lotions and protective creams where it 

increases viscosity, imparts spreading properties and provides a protective coating and a smooth feel. It 

is used as an adhesive agent in blusher and as a foam stabilizer in liquid soaps. It is composed of six 

carbohydrate moieties (galactopyranose, arabinopyranose, arabinofuranose, rhamnopyranose, 

glucuropyranosyl uronic acid and 4-O methyl glucuropyranosyl uronic acid) and also contains a small 

proportion of proteins (Table I-1). The main chain is composed of 1, 3-linked β- D-galactopyranosyl 

units. These 1, 3-linked β-D-galactopyranosyl units are composed of side chains linked to the main 

chain by 1,6-linkages. Both the main and side chains contain units of the 

carbohydrates moieties presented before, the uronic acid moieties being mostly end units (Toulouse & 

Atgie, 2018). 

Perfume Classification and Component 

The precise formula of commercial perfumes are kept secret. Even if they were widely published, they 

would be dominated by such complex ingredients and odorants that they would be of little use in 

providing a guide to the general consumer in description of the experience of a scent. Nonetheless, 

connoisseurs of perfume can become extremely skillful at identifying components and origins of scents 

in the same manner as wine experts. 

Perfume types reflect the concentration of aromatic compounds in a solvent (which in fine fragrance) 

is typically ethanol or a mix of water and ethanol. Various sources differ considerably in the 

definitions of perfume types. The intensity and longevity of a perfume is based on the concentration, 

intensity and longevity of the aromatic compounds (natural essential oils or perfume oils) used. As the 

https://www.sciencedirect.com/topics/food-science/dietary-fiber


 

 

percentage of aromatic compounds increases, so does the intensity and longevity of the scent created. 

Specific terms are used to describe a fragrance's approximate concentration by percent volume on 

perfume oil which is typically vague or imprecise (Kyla Patterson &Cicely Williams, 2006). 

Perfume classification 

Although there is no single "correct" technique for the formulation of a perfume, there are 

general guidelines as to how a perfume can be constructed from a concept. Although many ingredients 

do not contribute to the smell of a perfume, many perfumes include colorants and anti-oxidants to 

improve the marketability and shelf life of the perfume, respectively. 

 

 

Figure 0-1 Essential content of different perfume types 

The difference between a perfume, cologne and splash is the ratio of water and alcohol to the 

fragrance. The following is a chart that illustrates the ratios (Catatan Asep, 2007). 

Table 0-6. Perfume classification based on fragrance concentration 

Fragrance Type  % oil  % alcohol  % water 

Perfume  15 – 30  90 – 95  5 – 10 



 

 

Eau de perfume  8 – 15  80 – 90  10 – 20 

Eau de toilette  4 – 8  80 – 90  10 – 20 

Eau de cologne  3 – 5  70  30 

Cologne splash  1 – 3  80  20 

 

Components of Perfume 

There are three basic parts of perfume that make up components for the formulation. 

Concretes (Fragrance): The Concretes are the most important component of any perfume. A base can 

be any fragrance or scent that is less volatile. The aromatic plant matter is extracted by organic 

solvents such as hydrocarbons. Concretes are more stable and concentrated than unmodified essential 

oils. 

Fixatives: Fixatives are ingredients in the perfume that prolong the odor effect and delay the 

evaporation rate of volatile materials. The fixatives often provide a base note and character to the 

mixture. One of the most important steps in the manufacture of a fine perfume is the addition of a 

fixative which enables the essential oils to retain their fragrance for a longer period of time (Vankar 

Padma S, 2004).  

The component tends to have no odor, to be miscible in polar and non-polar solutions, and to be stable. 

The fixative bonds to polar compounds within the perfume through hydrogen bonding, reducing the 

overall vapor pressure of the mixture. They retain a high concentration of the top and middle notes, 

and release them slowly over time. Examples of fixatives are vetyver, di propylene glycol, and diethyl 

phthalate. Fragrances remain fresh if they are protected from light, heat and oxygen for about three 

years from the date of manufacture (Vankar Padma S, 2004). 

Carrier oils and Solvent: Many essential oils are much too strong and often expensive to use without 

dilution. To moderate such attributes carrier oils are used to dilute and carry the fragrance for use as a 

perfume. Carrier oils come from nuts and seeds and are usually pressed out of commercially produced 

crops. The best carrier oils are stable to oxidation and have little or no fragrance of their own, and they 

include oils from sweet almond, apricot, peach kernel, sesame seed, soybean, sunflower, avocado, and 

jojoba. Some of these oils can be used as the only carrier while others are only safe for skin use at 10-

25% of the total amount. Alcohol is added as solvent to perfumes to carry the fragrance by evaporation 



 

 

as well as dilute the ingredients. Perfumes contain 25% fragrance and about 75% alcohol (Seidler- et 

al., 2014). 

Alcohols are used to dilute the mixture in order to increase the surface area of application without 

investing an excessive amount of the fragrance. It is also used to reduce the intensity of the fragrance 

of the solution. Solvents decrease the price of the perfume per milliliter while increasing the amount of 

applications per bottle. Ethanol is the most common solvent. 

Categories of Fragrance Oils 

Fragrances are compounds added to products to improve their odor and create an aesthetic impression. 

A perfume is a unique mixture of top, middle and base notes designed to give a particular harmony 

scents (Vankar Padma S, 2004). These three notes are categorized as the basics in a perfume. These 

notes are created carefully with knowledge of the evaporation process of the perfume. The structure of 

a fragrance is like that of a pyramid with the base being larger than the top.  

 

Figure 0-2 Fragrance notes classification of plant extract essential oils 



 

 

Top notes: Top notes consist of small light molecules that evaporate quickly. They form a person's 

initial impression of a perfume and thus are very important in the selling of a perfume. This fragrance 

are the smallest part and make up 15-25% of the fragrance (Vankar Padma S, 2004). These notes are 

those that you smell when you first open the bottle or use the product. The more commonly used are 

those extracted from citrus sources or grasses. Some of top note fragrance source are: Lemon, Lime, 

Basil, Bergamot, Cardamom, Clary Sage, Coriander, Eucalyptus, Grapefruit, Junipers, Lavender, 

Lemon grass, Mandarin, Orange, Peppermint, Petit grain, Pine, Tea Tree, and Thyme (Vankar Padma 

S, 2004). 

Middle (Heart) Notes: Considered the body of a fragrance make up 30-40% of the total fragrance and 

become noticeable after the top notes have faded. These fragrances are no longer detectable 

approximately 6 hours after application. This is due to their moderate volatility, compared to the top 

and base notes. The middle note compounds form the "heart" or main body of a perfume and act to 

mask the often unpleasant initial impression of base notes which become more pleasant with time. 

Some of natural fragrance used for middle note are Cedar wood, Cinnamon, Clove, Geranium, 

Jasmine, Marjoram, Palma Rosa, Chamomile, Rose (Catatan Asep, 2007; Vankar Padma S, 2004). 

Base Note: Base notes or bottom notes comprise of 40-55% of the total fragrance and tend to be long 

lasting. These are the most important to the perfumer because they act as a fixative for the rest of the 

scents. The bottom notes will have the lowest volatility and will be present in the scent for the entire 

life of the perfume on the skin. The base and middle notes together are the main theme of a perfume. 

Base notes bring depth and solidity to a perfume. Compounds of this class of scents are typically rich 

and ―deep" and are usually not perceived until 30 minutes after application. The scents in the top and 

middle notes are influenced by the base notes as well the scents of the base notes will be altered by the 

type of fragrance materials used as middle notes. These notes are detectable anywhere from 8 to 72 

hours. Some of these constituents are musk oils, vanillin, Benzoin, Frankincense, Patchouli and 

Sandalwood (Catatan Asep, 2007; Vankar Padma S, 2004). 

 

 

 



 

 

Notes    Fast 

Top (Head) 

On skin: Lasts about 30 seconds from application.  

On paper: Lasts about 30 minutes from application.. 

Middle (Heart) 

On skin: Lasts about 30 minutes after top note evaporates. 

On paper: Lasts about 4 hours after tope note evaporates. 

Base 

On skin: Lasts about 2 hours after middle note evaporates. 

On paper: Lasts about 12 hours after middle note evaporates.                      Slow 

  Figure 0-3 Fragrance notes and evaporation rate relation 

Essential Oil Extraction Processes  

The method and processing conditions employed in the extraction of chemical compounds from plant  

raw materials play important roles in determining the quality, cost and, overall, the effectiveness of the 

intermediate and final product of essential oils. One factor that influences the essential oil yield is the 

extraction method used (Ernández, 2015). 

Essential oils are plant-based volatile oils with strong aromatic components that are made up of 

different chemical compounds. For example, alcohols, hydrocarbons, phenols, aldehydes, esters and 

ketones are some of the major components of essential oil ( Hesham et al., 2016). The worldwide 

market for essential oil growth rapidly and nowadays a lot of scientific research presently focused on 

the industrial development together with environmental preservation. Essential oils are extracted from 

the plant tissues in different ways depending on the quantity and stability of the compound.  

Essential oil can be extracted using different processes which must result in a minimal chemical 

change of the compounds present in the oil, in order to maintain its natural aroma (Loza tavera, 1999).  

The main methods of essential oil extraction are Steam Distillation, Enfleurage, Hydro distillation 

(HD), Sohxlet extraction, Supercritical Fluid Extraction (SFE), Turbo-Extractor, Microwave 

Extraction and Ultrasound-assisted extraction (UAE) (Hesham H.et al., 2016). 

Steam distillation  

Many of the essential oils presently used in perfumery are obtained by steam distillation of flowers, 

leaves, bark; (John, 1982). Steam is widely used because of its high latent heat of evaporation, 

relatively cheaper and widely available. There are two types of steam distillation: water / steam 
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distillation and steam distillation. This process involves the use of steam to percolate and vaporize out 

the essential oils from the plant material, with the subsequent condensation of steam and essential oil 

prior to their separation. It can be seen from the experimental work done that there is an art to 

distillation and that especially for low yield plants much skill is needed. 

The role of the distiller is to achieve oil as close as possible to the oil as it exists in the plant. During 

distillation, only very tiny molecules can evaporate so they are the only ones which leave the plant. 

These extremely small molecules make up an essential oil. The most advanced type of distillation is by 

direct steam provided from a separate boiler. The advantages of this type of dry steam distillation are 

that it is relatively rapid, therefore charging and emptying the still is much faster and energy 

consumption is lower. The rapid distillation is also less likely to damage those oils which contain 

reactive compounds, e.g. Esters. As a general rule all stills should be insulated ("lagged") to reduce 

heat losses. Their design and construction should also facilitate loading and unloading (Guenther, 

1972). 

  

 

Figure 0-4 Laboratory Steam distillation setup 



 

 

Water distillation  

In this method the charge (which is usually comminuted) is immersed totally in water, which is boiled. 

The stills are of the simplest type and are used extensively by small holder producers of essential oils 

(Guenther, 1972). Often they are heated over an open fire. The disadvantages are that the heat is 

difficult to control and hence the rate of distillation is variable. Also the possibility exists for local 

overheating and "burning" of the charge which can lead to poorer quality oil. Improved distillation 

control can be obtained by using steam from a separate boiler, which is passed into a jacket around the 

still or through a closed coil in the bottom of the still, to heat the contents of the still. A further 

disadvantage of this system is that it requires the heating of a large quantity of water adding to costs 

and time needed for each distillation. However, it is necessary for the efficient distillation of certain 

woody materials e.g. sandalwood and cinnamon barks (Hesham H.et al., 2016). 

Water and Steam distillation 

In water and steam distillation, the steam can be generated either in a satellite boiler or within the still, 

although separated from the plant material. Like water distillation, water and steam distillation is 

widely used in rural areas. Moreover, it does not require a great deal more capital expenditure than 

water distillation. Also, the equipment used is generally similar to that used in water distillation, but 

the plant material is supported above the boiling water on a perforated grid. In fact, it is common that 

persons performing water distillation eventually progress to water and steam distillation. (Hesham et 

al., 2016). 

Sohxlet Extraction 

Solvent extraction Solvent extraction uses very little heat so it's able to produce essential oils whose 

fragrance would otherwise be destroyed or altered during steam distillation. It was originally designed 

for the extraction of a lipid from a solid material. Typically, a Soxhlet extraction is used when the 

desired compound has a limited solubility in a solvent, and the impurity is insoluble in that solvent. 

(Hesham H.et al., 2016). 



 

 

 

                Figure 0-5 Sohxlet Extraction Apparatus 

In this process, a chemical solvent such as hexane is used to saturate the plant material and pull out the 

essential oils. The plant is removed and this renders a solvent. The solvent is then boiled off under a 

vacuum or in a centrifugal force machine to help separate it from the essential oil. Because the solvent 

has a lower boiling point than the essential oil it evaporates and the oil is left. The solvent is cooled 

back into liquid and reclaimed. Along with the essential oil, the fats, waxes and heavier oils can be 

extracted. This produces a substance called a concrete. The process continues by dissolving oils into 

warm alcohol. The alcohol is removed under vacuum and pure essential oil is left. Although more cost-

efficient than enfleurage, solvent extraction is more expensive than steam distillation so it is reserved 

for costly oils which cannot be distilled. A solvent extracted essential oil is called an absolute (Bhuiya 

et al., 2015). 

Cold Pressing  

Cold pressed expression or scarification is used to obtain essential oils for the peels and seeds of 

citrus's, such as bergamot, grapefruit, lemon, lime, mandarin, orange and tangerine oils (Arnould, 

1981). In this process, the outer layer of the fruit peel contains the oil are removed by scrubbing. Then 



 

 

the whole fruit is pressed to squeeze the juice from the pulp and to release the essential oil from the 

pouches. The essential oil rises to the surface of the juice and is separated from the juice by 

centrifugation.  

 Enfleurage 

 Enfleurage is an expensive process and is rarely used today except in a few places in France and India 

(Arnould, 1981). Some flowers, such as jasmine or tuberose have very low Contents of essential oil 

and are extremely delicate; heating them would destroy the blossoms before releasing the essential oils 

(Furia, 1972). In such cases, enfleurage is sometimes used to remove the essential oils (Guenther, 

1972). Flower petals are placed on solid sheets of warm which will absorb the flowers' essential oils. 

When all the fragrance is transferred from the flowers to the fat, they are removed and replaced with 

fresh ones (Billot &Wells, 1975). This process is repeated several times until the fat becomes saturated 

with the essential oil. A solvent most of the time alcohol is then added which separates the essential oil 

from the fatty substance. The alcohol will then evaporate leaving only the essential oil. This method is 

no longer commercially viable (Ernández, 2015). 

Supercritical Fluid Extraction (SFE)  

SFE is a new method of extraction using carbon dioxide gas, which is kept under high pressure and at a 

constant temperature (Kelly et al, 2002). Plants are placed in a stainless steel tank and as carbon 

dioxide is injected into the tank, pressure inside the tank builds. Under high pressure, the carbon 

dioxide turns into a liquid and acts as a solvent to extract the essential oils from the plants. When the 

pressure is decreased, the carbon dioxide returns to a gaseous state, leaving no residues behind. The 

equipment for this process is very expensive and so are the resulting oils. Carbon dioxide extractions 

have fresher, cleaner, and crisper aromas than steam distilled essential oils and they smell more similar 

to the living plants because high heat is not used. This extraction method produces higher yield. Many 

essential oils that cannot be extracted by steam distillation can be obtainable with carbon dioxide 

extraction. Nevertheless, this technique is very expensive and it is not easily handled.  



 

 

  

                                                                       Source (Hesham et al., 2016) 

      Figure 0-6 Supercritical Fluid Extraction (SFE) 

Turbo-Extractor 

This method is used for solvent or water-extraction of numerous solid raw materials, mainly vegetal, 

used in the perfume, flavor, cosmetic, pharmaceutical and spirit and food industries. The turbo-

extractor unit patented by DCF Aroma process (Martel, 1978). It is energy and time saving production 

of natural extracts. The equipment is equipped with a high blade turbine. It is used for crushing 

materials within the solvent and fluidizing the comminuted pieces. Extraction is accelerated by the 

intimate and turbulent contacts between the solid and the liquid phase. Nevertheless, this type of 

equipment is very expensive and not economical.  

The Microwave Assisted Extraction 

Process is a revolutionary method of extraction that reduces the extraction time to as little as a few 

seconds with up to a ten-fold decrease in the use of the solvents. The target material is immersed in 

solvent that is transparent to microwaves, so only the target material is heated. Since the microwave 

tends to heat the inside of the material quickly, the target chemical is expelled in a few seconds. This 

process allows for direct extraction of fresh material without the need to dry them prior to the 

extraction (Soud et al., 2002).  



 

 

Vacuum distillation 

Vacuum distillation obtains oil from plant material under a vacuum varying in intensity 

depending on the material. This technique allows very accurate control of distillate since it can be 

adjusted according to the boiling points of the various oil constituents (Weiss, 1997). 

This type of distillation is usually adopted when redistilling oils to improve a particular property or 

concentrate a particular fraction of the oil i.e. rectifying oils. It is very rarely used to distil oil directly 

from the plant material (Sankarikutty and Narayanan, 1993). Since steam distillation is the most 

popular and widely accepted process and also regarded as the standard method by the flavor and 

fragrance industry, it will be investigated further. Before discussing the way in which the oils are 

isolated from herbaceous materials by steam distillation, it is essential to look at the laws and the 

thermodynamic properties that govern the isolation process. 

 

Figure 0-7 Vacuum distillation apparatus 

Chemical Identities of Essential oil Compounds 

The most commonly reported monoterpene hydrocarbons co-occurred in floral scents, found in 

different investigated plant families, are limonene (71%), trans-bocimene (71%), b-myrcene (70%), a-

pinene (67%), and bpinene (59%). Other compounds that occur in more than 50% of the plant families 

are the terpenoides, linalool (70%), caryophyllene (52%), and 6-methyl-5-hepten-2-one (52%), and the 



 

 

aromatics benzaldehyde (64%), methyl salicylate (57%), benzyl alcohol (56%), and 2-phenylethanol 

(54%) (Stashenko, 2008). 

Chemical compounds with a fresh, floral odor- character are found in tertiary monoterpene alcohols 

and their lower esters. The compounds have branched chain with methyl groups on the 2-,3-,6- or 7-

position. The presence of one or two double bonds increases their freshness and naturalness (Vankar 

Padma S, 2004). Quantitatively the most important chemical compound with a fresh floral odor-

character are linalool, 3,7 -dimethyl-l ,6-octadien- 3-01, Myrcenol and 2-methyl-6-methylene-7-octen-

2-o1  terpene alcohol. Licareol occurs in many flowers, such as bitter orange flower and lavender 

flower and has a fine fresh floral odor-character. Coriandrol occurs in coriander fruits and has a more 

herbal, floral odor-note. Linalool and its acetate are used in alcoholic and cosmetic perfumery, where it 

shows a good performance and stability. Myrcenol, 2-methyl-6-methylene-7-octen-2-o1, and its 

acetate have natural, fresh, floral odors, even more delicate than those of linalool and its acetate. 

Ocimenol, 2,6-dimethyl-5,7-octadien-2-01, and its acetate have remarkably fresh floral olfactive 

qualities and are preferred to myrcenol and its acetate.(Vankar Padma S, 2004). 



 

 

 

Figure 0-8 Main chemicals of fragrance essential oil 

Perfume Formulation  

Perfumes are formulated by adding essential oils (concentrates) incorporated with ethanol and water 

and some fixatives(Al Bayati, 2016). 



 

 

Essential oils are widely incorporated in cosmetic products, perfumes and related household products 

due to the variety of their properties but mainly due to their pleasant odor (Sarkic & Stappen, 2018). 

The perfume blending does not follow the physical or chemical rules or properties of the materials. 

The procedure for the development of a perfume can be illustrated by the example of rose perfume. 

Rose perfume formula of Maurer is made by mixing the following components: Geraniol 30 parts, 

Citronellol 25 parts, Phenylethyl alcohol 25 parts, Linalool 5 parts (Vankar Padma S, 2004) 

Some of the oils used as base notes are frankincense, myrrh, sandalwood and vanilla. Middle notes are 

clove, ylang-ylang, jasmine, rose, and geranium. Top notes are bergamot, juniper berry, cedar wood, 

lavender, geranium, gardenia, cinnamon, and clove. Perfumes are usually formulated in alcohol, 

however, these may be cloudy solutions. Eau de perfumes are usually formulated in oils and are 

normally clear and generally have an amber color due to the natural color of the oils (Katz, 2011). 

Perfume composed of 15–30% aromatic compounds, 90-95% alcohol and 5-10% water.     

The ancient technology of perfumery is pretty rich. By a simple method, 24 different perfume samples 

were prepared using 8 raw materials. The technology is cheap and easy (Mandavgane, et al., 2009). 

Sensory Test 

Of the five sensory perceptions, fragrance communication is the most complicated one with a very 

high degree of subjectivity in spite of high subjectivity an average healthy nose, can detect about 4000 

different odors, while sensitive trained noses can smell more than 10,000 odors in a lifetime. Thanks to 

the six to ten million receptor cells present in the olfactory membrane of the human nose, directly 

linked to the brain (Ranade, 2001). 

 Sensory analysis is a subjective method that evaluates a product through the use of human 

senses. In this case, the objective is to determine if the incorporation of essential oils in cosmetic 

formulas is perceived as pleasant based on a scale of preference of 9 points (hedonic scale) in which 9 

indicates ―like extremely‖ and 1 ―dislike extremely‖ (Ángeles, et al., 2018). 

The sensory characteristics of cosmetic products are very important to the process of consumer choice, 

acceptance, and loyalty. Consumer preference for a specific product among many is firstly a function 

of their perception of a product‘s packaging, and subsequently that of its smell, appearance and texture 

(Ángeles et al., 2018). 

 



 

 

 

Table 0-7 Nine-Point Hedonic Scale Assessing the Acceptance of the Cosmetic Formulations 

No.                                    Hedonic Scale 

1  Dislike extremely. 

2  Dislike very much. 

3  Dislike moderately. 

4  Dislike slightly 

5  Neither like nor dislike 

6  Like slightly 

7  Like moderately 

8  Like very much 

9  Like extremely 

 

 

MATERIALS AND METHODS  

 Materials and Equipment 

The main plant materials used for this experiment were Lavandula angustifolia (leaves and flowers), 

Cymbopogon martini (leaves), Cymbopogon nardus (leaves), Juniperus procera (berries), Thymus 

schimperi (leaves), Rosmarinus officinalis (leaves), Foenculum vulgare (fennel) (leaves) and Boswellia 

papyrifera (resin). The solvent used for the experiment were pure ethanol and distilled water. 

The apparatus used for this research were Steam distillation setup, Clevenger,  Separatory funnel, 

Beakers, Electronics balance ,Water bath, Round bottom flask, Knife, Electric heater, aluminum foil, 

reagent bottles, micro-pipette, Gas chromatography Mass spectroscopy (GC-MS), oven, sieve, density 

bottle (pycnometer). 

 Raw Material Preparation 

This research was done in Debre Berhan University, Ankober Research Center and Chemistry 

Department Laboratory. Fresh plant materials selected and identified by prior survey study were used 

for extraction of fragrance oil for perfume formulation and they were collected from Ankober Research 

Center Nursery Site and some were purchased from local market at Debre-Berhan. 



 

 

The fresh Cymbopogon nardus, Cymbopogon martini, Rosmarinus officinalis, Thymus schimperi and 

Lavandula angustifolia leaves and flowers were collected from Ankober Nursery Site. Juniperus 

procera (berries) were collected from Juniperus procera tree found on the road Ankober to Debre 

Berhan, Foenculum vulgare and Boswellia papyrifera were purchased from local market. The collected 

plant materials were washed to remove unwanted dust material, crushed cut to smaller size to make 

easier for the extraction process and stored overnight in shade until used.  

Essential Oil Extraction Method 

The prepared fresh leaves and flowers of selected raw materials mass were measured and essential oil 

from Cymbopogon nardus, Cymbopogon martini, Rosmarinus officinalis, Thymus schimperi and 

Lavandula angustifolia, Foenculum vulgare, Juniperus procera were extracted by steam distillation. 

The condensate (water and oil) was collected and the water oil mixture was separated by separatory 

funnel. Boswellia Papyrifera was extracted by solvent extraction (sohxlet extraction) method by using 

hexane as a solvent.  

 Determination of oil yield 

The percentage yield was calculated based on initial mass of a sample and mass of oil obtained using 

the formula as follows.   

      
                           

                               
      

 Characterization of Essential Extracted oil  

The chemical components found in essential oils were identified by the GC-MS analysis using HP 

5890 series GC equipped with mass selective detector (MSD), HP 5972 series (German) in Addis 

Ababa University, Natural Science Campus. Helium was used as carrier gas at a constant flow of 1 

ml/min and an injection volume of 1μl was employed, injector temperature 250 °C; Ion-source 

temperature 280 °C. The oven temperature was programmed from 50 °C (isothermal for 4min.), with 

an increase of 3 °C/min, to 280 °C and held for 10min. isothermal at 280 °C. Total GC running time 

was 90.67 min. 

 Perfume formulation from extracted fragrance essential oils 

The essential oils from flowers and leaves were separately blended together according to a formula 

given by Andrea et al. (2013). The oils were mixed with ethanol to develop the scent. 



 

 

By mixing the extracted eight fragrant oils, thirty different perfume samples with 15 ml volume, at 

room temperature, at 25°C and at 35°C were prepared and submitted to informed panelists with 

standard criteria. In addition to the fragrance oil ethanol (95%ABV) were added to the mixture to 

homogenized undissolved ingredients. The mixtures were poured into black bottle then it were placed 

in the dark area. 

 

Table 0-8 Fragrance notes classification and Perfume preparation 

No. Top Notes            V Middle Notes        V Base Note        V Frag Alc. Total 

1 L. angustifolia 0.6 C. martini 1.05 B. papyrifera 1.4 3 12ml 15ml 

2 C. nardus 0.6 R. officinalis 1.05 B. papyrifera 1.4 3 12ml 15ml 

3 J. Procera 0.6 T. schimperi 1.05 B. papyrifera 1.4 3 12ml 15ml 

4 L. angustifolia 

&J. Procera(1/2 ) 

0.75 C. martini, R. 

officinalis (1/2) 

1.05 B. papyrifera 1.2 3 12ml 15ml 

5 L. angustifolia 

&J. Procera (1/4) 

0.75 C. martini, & F. 

vulgare (1/4) 

1.05 B. papyrifera 1.2 3 12ml 15ml 

6 L. angustifolia 

&J. Procera (1/4) 

0.75 C. martini & T. 

schimperi (1/2) 

1.05 B. papyrifera 1.2 3 12ml 15ml 

7 L. angustifolia, C. 

nardus (1/2 ) 

0.75 C. martini, & F. 

vulgare (1/4) 

1.05 B. papyrifera 1.2 3 12ml 15ml 

8 L. angustifolia, C. 

nardus &J. 

Procera (1/3) 

0.75 C. martini, T. 

schimperi (1/2) 

1.05 B. papyrifera 1.2 3 12ml 15ml 

9 L. angustifolia, C. 

nardus &J. 

Procera (1/3) 

0.75 C. martini, F. 

vulgare (1/4) 

1.05 B. papyrifera 1.2 3 12ml 15ml 

10 L. angustifolia, J. 

Procera, C. 

nardus(1/4) 

0.75 C. martini,  T. 

schimperi (1/4) 

1.05 B. papyrifera 1.2 3 12ml 15ml 

Prepared mixture with similar composition treated with 25
o
C 

11 L. angustifolia 0.6 C. Martini 1.05 B. papyrifera 1.2 3 12ml 15ml 

12 C. nardus 0.6 R. officinalis 1.05 B. papyrifera 1.2 3 12ml 15ml 

13 J. procera 0.6 T. schimperi 1.05 B. papyrifera 1.2 3 12ml 15ml 

14 L. angustifolia 

&J. Procera(1/2)  

0.75 C. martini, R. 

officinalis (1/2) 

1.05 B. papyrifera 1.2 3 12ml 15ml 

15 L. angustifolia 

&J. Procera (1/4) 

0.75 C. martini, & F. 

vulgare (1/4) 

1.05 B. papyrifera 1.2 3 12ml 15ml 

16 L. angustifolia 

&J. Procera (1/4) 

0.75 C. martini & T. 

schimperi (1/2) 

1.05 B. papyrifera 1.2 3 12ml 15ml 

17 L. angustifolia, C. 0.75 C. martini, & F. 1.05 B. papyrifera 1.2 3 12ml 15ml 



 

 

nardus (1/2 ) vulgare (1/4) 

18 L. angustifolia, C. 

nardus &J. 

Procera (1/3) 

0.75 C. martini, T. 

schimperi (1/2) 

1.05 B. papyrifera 1.2 3 12ml 15ml 

19 L. angustifolia, C. 

nardus &J. 

Procera (1/3) 

0.75 C. martini, F. 

vulgare (1/4) 

1.05 B. papyrifera 1.2 3 12ml 15ml 

20 L. angustifolia, J. 

Procera, C. 

nardus(1/4) 

0.75 C. martini,  T. 

schimperi (1/4) 

1.05 B. papyrifera 1.2 3 12ml 15ml 

  Prepared mixture with similar composition treated with 35
o
C 

21 L. angustifolia 0.6 C. Martini 1.05 B. papyrifera 1.2 3 12ml 15ml 

22 C. nardus 0.6 R. officinalis 1.05 B. papyrifera 1.2 3 12ml 15ml 

23 J. procera 0.6 T. schimperi 1.05 B. papyrifera 1.2 3 12ml 15ml 

24 L. angustifolia 

&J. Procera(1/2 ) 

0.75 C. martini, R. 

officinalis (1/2) 

1.05 B. papyrifera 1.2 3 12ml 15ml 

25 L. angustifolia 

&J. Procera (1/4) 

0.75 C. martini, & F. 

vulgare (1/4) 

1.05 B. papyrifera 1.2 3 12ml 15ml 

26 L. angustifolia 

&J. Procera (1/4) 

0.75 C. martini & T. 

schimperi (1/2) 

1.05 B. papyrifera 1.2 3 12ml 15ml 

27 L. angustifolia, C. 

nardus (1/2 ) 

0.75 C. martini, & F. 

vulgare (1/4) 

1.05 B. papyrifera 1.2 3 12ml 15ml 

28 L. angustifolia, C. 

nardus &J. 

Procera (1/3) 

0.75 C. martini, T. 

schimperi (1/2) 

1.05 B. papyrifera 1.2 3 12ml 15ml 

29 L. angustifolia, C. 

nardus &J. 

Procera (1/3) 

0.75 C. martini, F. 

vulgare (1/4) 

1.05 B. papyrifera 1.2 3 12ml 15ml 

30 L. angustifolia, J. 

Procera, C. 

nardus(1/4) 

0.75 C. martini,  T. 

schimperi (1/4) 

1.05 B. papyrifera 1.2 3 12ml 15ml 

 

To characterize physical properties of perfume using sensor analysis 

Women panelists were selected to evaluate samples through properly planned experiment. Their 

judgments were recorded and appropriate analysis were carried out to determine the significance of 

variations of average score and the contribution of individual parameters. Samples were served to the 

panelists and they were asked to rate the acceptability of the product on 5-1 points scale, ranging from 

very much fragrant (like very much) (5) to Dislike strongly (1). Hedonic test is the test method used to 

measure the level of preference for products using the assessment form. A minimal amount of panelists 



 

 

in one test is 6 people, for this perfumery test 21 panelist were take part. According to the National 

Bureau of Standards (2006) terms panelists were as follows 

i. Attracted by the organic test sensory and willing to participate 

ii. Consistent in taking decisions 

iii. Healthy body 

A test was conducted to determine the level of panelist preference to prepared perfumes. Testing was 

performed using 21 panelists by asking each panelist to smell formulated perfume sample, and fill 

checklists in order to calculate the preference for each formulation. The assessment criteria of perfume 

formulation test were shown in table below. 

Table 0-9 Perfume fragrance criteria for panelist evaluation 

Number Criteria Score 

1 Like very much 5 

2 Like moderately  4 

3 Like slightly 3 

4 Neither like nor dislike (Less fragrant) 2 

5 Dislike strongly  1 

 

 

 

 

 

 

 

 

 

 



 

 

 RESULT AND DISCUSSION 

Physical Properties of Extracted Essential Oils 

Essential oil yield  

The result of essential oil content of Lavandula angustifolia, Cymbopogon martini, Rosmarinus 

officinalis, Cymbopogon nardus, Boswellia Papyrifera, Juniperus procera and Thymus schimperi is 

given in Table 4.1. Based on the fresh leaves mass basis the essential oil content of Lavandula 

angustifolia was 1.3 % by mass. Sarkic & Stappen, (2018) reported that Lavandula angustifolia 

essential oil is a clear, colorless to pale yellow liquid with a characteristic odor which is extracted by 

steam distillation from the flowering tops of Lavandula angustifolia. The investigation done by Kara & 

Baydar, (2013), who compared four cultivars of Lavandula angustifolia, showed that content of oil 

was oscillated from 0.35 to 2.0%. While Zheljazkov et al. (2012) reported lower content of essential oil 

0.71–1.30 % in the dried lavender flowers. Seidler,et al., (2014), reported essential oil content of (3%) 

from dry Lavandula angustifolia flowers. 

The essential oil content of Cymbopogon martini leaves was obtained 0.82. % by wet mass basis. 

Padalia, et al., ( 2011) reported that essential oil yield of Cymbopogon martini was found to vary from 

1.0%-1.4 % in leaves.  Clear and intense yellow brownish, pleasant smell essential oil (0.91 % yield) 

was obtained from steam distillation of fresh Rosmarinus officinalis. 1.1% (w/w) oil yield with hydro 

distillation was reported by Asressu & Tesema, (2014). Comparable essential oil yield  (1.08% on 

fresh weight basis) was reported by  Iram et al., (2018).  

Crushed and steam distilled Juniper procera berries oil yield was 2.3 % by partially dry basis. The oil 

content of Cymbopogon nardus leaves was found to be 0.636 % from fresh leaves. Lower essential oil 

yield (0.5%) was obtained from fresh leaves of Cymbopogon nardus (1000 g) with steam distillation 

apparatus for three hours (Wibowo, et al., 2018). Jawonisi, (2018) reported 1.03% and maximum 

yield of (Cymbopogon nardus) which was 1.37% (w/w) was reported by  Nour et al,.(2014) based 

on a dry basis and the specific gravity value obtained 0.8960 is less than 1, indicating that the oil is less 

dense than water. This is further established by the boiling point of 74
o
C indicating that the oil is 

volatile and therefore composed of light molecular weight components. From steam distillation of 

fresh Thymus schimperi leaves 1.17 (w/w) % transparent, yellow or reddish brown pleasant essential 

oil was obtained. According to (Marzec,et al., 2010) Mean content of Thymus schimperi oil yield 

oscillated between 1.12% wet leaves and 2.99% on the weight of the air-dried leaves was reported.  



 

 

The essential oil yield of sohxlet extraction of Boswellia papyrifera was....... According to (Al-yasiry 

& Kiczorowska, 2016) Boswellia papyrifera  resin contains about 5-9% essential oil, 65-85% alcohol-

soluble resin, and the remaining 21-22% is water soluble gum (polysaccharidic fraction and polymeric 

substances).  

Table 0-10 Essential oil content of selected aromatic plants.  

Plant material Obtained 

Value (%) 

Literatures 

Value (%) 

Literatures  

Lavandula angustifolia 1.3 0.35-2 (Kara & Baydar, 2013) 

Cymbopogon martini 1.04 1-1.4 (Padalia et al., 2011) 

Rosmarinus officinalis 0.91 1.1 (Asressu & Tesema, 2014) 

Juniperus procera  2.3  ------- 

Cymbopogon nardus  0.83 1.03 (Jawonisi, 2018) 

Thymus schimperi 1.17 1.12-2.99 (Marzec et al., 2010.) 

Boswellia papyrifera …... 5-9 (Al-yasiry & Kiczorowska, 2016) 

 

Chemical Composition of Extracted Essential Oil 

Comparative Chemical Composition of Lavandula angustifolia oil  

The table 4.2 shows that the chemical compounds in steam distillation extracted Lavandula 

angustifolia essential oil are Camphor (21.19%),4-methyl-1-(1-methylethyl)-Bicyclo [3.1.0] hex-2-ene 

(16.29%),  endo-Borneol (14.08%), β-pinene (9.22%) and (1R)-2, 6, 6-Trimethylbicyclo[3.1.1]hept-2-

ene (7.07%). According to Seidler- et al., (2014) lavender flowers contain essential oil and its 

components: linalyl acetate (40%), linalool (30%), limonene, ȕ-ocymene, 1,8-cineole, camphor, Į-

terpineol, borneol, but also phenolic acids (rosmarinic acid), ursolic acid, cumarins (umbelliferone, 

herniarin) flawonoids and sterols. Also (Soodabeh Saeidnia et al. (2012), who evaluated aroma profile 

of lavender cultivated in Teheran, reported that the main compounds of lavender oil was linalool 

(31.0%), linalyl acetate (18.2%) and lavadulyl acetate (10.7%). 



 

 

According to Stashenko, (2008) Linalool is found in the essential oils of over 200 plant species, 

belonging to different families. For example, linalool and its ester form, linalyl acetate 2, are the 

lavender oil main constituents. 

Cal and Krzyzaniak, (2006) reported that in perfumery, linalool is a commonly used fragrant ingredient 

being a component of many perfumes top notes and being found in 60–90% of cosmetic products. 

Essentialoil and extracts derived from lavender flowerare commonly used as cosmetics, 

fragranceindustry, perfumes and  hygiene products. 

Table 0-11 Chemical composition of Lavandula angustifolia oil 

Compounds RT(min) Composition (%) 

Camphor 13.919 21.19 

4-methyl-1-(1-methylethyl)-Bicyclo [3.1.0] hex-2-ene 9.221 16.29 

endo-Borneol 14.816 14.08 

1,8-Cineole 9.485 10.00 

β-pinene 7.376 9.22 

(1R)-2, 6, 6-Trimethylbicyclo[3.1.1]hept-2-ene 6.070 7.07 

β-Myrcene 7.837 3.62 

α-Terpeneol 15.861 3.48 

1,2,4a,5,6,8a-hexahydro-4,7-dimethyl-1-(1-

methylethyl)-Naphthalene 

29.483 

 

3.37 

3, 7-dimethyl-1, 6-Octadien-3-ol 11.990 2.50 

β-ocimene 9.583 1.93 

β-phellandrene 7.273 1.82 

Linalool 12.43 1.08 

α-Bisabolol 35.961 ……. 

Total components composition identified  95.63 

Comparative Chemical Composition of Cymbopogon martini oil 

The table 4.3 shows that the compounds of Cymbopogon martini essential oil that is extracted by steam 

distillation process. GC-MS results show some components have high concentrations such as geraniol 

(40.89%); Tricyclo[2.2.1.0](2,6)heptane, 1,3 Trimethyl (13.91%), β –Myrcene (9.34%), 



 

 

2,4,6,octatriene,2,6 dimethyl (8.20%), β –ocimene (5.93%), and a minor concentration of 

Hexadecanoic acid, Bisabolone, 11- Octa decenoic acid ,Methyl stearate, 4- Undeccanone, Citral , 

Citronellol , Caryophyllene.  

From the GC-MS analysis C. martini it is found that large composition of geraniol, this is supported by  

Mohamed Yousif, (2016) it is reported that C. martini has geraniol (67-85%) as the major component. 

Geraniol is naturally occurring terpenoid found in plants, is often used as a fragrance or ingredient in 

cosmetics (Baker & Grant, 2016) and used as perfumery raw material for imparting rose like aroma in 

soaps and cosmetics products (Randriamiharisoa & Gaydou, 2019). C. martini is great prospects for 

producing quality essential oils and they have direct relevance to the perfumery industry with 

economic benefit to humankind ( Eihab .O and Ahmed M, 2016). The ocimenes are monoterpenes 

found within a variety of plants and fruits. α-Ocimene and the two β-ocimenes differ in the position of 

the isolated double bond. 

Table 0-12 Chemical composition of Cymbopogon martini essential oil 
Compound RT Composition (%) 

Geraniol 11.3352 40.89 

Tricyclo[2.2.1.0](2,6)heptane, 1,3 Trimethyl 12.5382 13.91 

β -Myrcene 6.196 9.34 

2,4,6,octatriene,2,6 dimethyl 8.5281 8.20 

β –ocimene 7.1391 5.93 

Hexadecanoic acid 18.975 5.30 

Bisabolone 17.8362 3.93 

11- Octa decenoic acid 22.0138 3.48 

Methyl stearate 22.2712 3.18 

4- Undeccanone 11.182 2.3 

Citral 11.7896 1.43 

Citronellol 10.9065 1.15 

Caryophyllene  12.636 0.96 

Total components composition identified  96.52 



 

 

Comparative Chemical Composition of Rosmarinus officinalis oil 

Table 4.4 shows that the chemical composition of Rosmarinus officinalis essential oil extracted by 

steam distillation process. From the GC-MS results the main chemical compounds in  Rosmarinus 

officinalis are α- pinene (38%), Eucalyptol (27.76%), Caryophyllene (7.37%), Bornanone (7.27%), and 

a minor components are β – Pinene, D-Limonene, endo-Borneol, camphor, 

Tricyclo[2.2.1.0(2,6)]heptane, 1,3,3-trimethyl, α.-Terpineol, Bicyclo[3.1.1]hept-3-en-2-one, 4,6,6-

trimethyl-, (1S), Humulene. 

Sarkic & Stappen, (2018) reported that the main chemical compounds in rosemary essential oil are 

eucalyptol (19.4%) and α-pinene (14.7%). Camphor (9.5%), bornyl acetate (9.1%), camphene (6.9%), 

β-pinene (6.7%), β-myrcene (5.8%), limonene (5.2%) and borneol (5.0%) are also found in the oil. 

According to Porte et al., (2019) the major constituents of the oil were camphor (26.0%), 1,8-cineole 

(22.1%), myrcene (12.4%) and α-pinene (11.5%). Iram Ayoob, (2018) reported that the major 

compounds of the oil identified were α-pinene (16.33%), 1, 8-cineole (14.33%), camphor (22.01%), 

camphene (9.28%), β-pinene (5.97%), β-phellandrene (5.19%), bornyl acetate (4.59%), myrcene 

(4.31%), borneol (3.35%), terpinen-4-ol (1.11%), α-terpineol (1.03%), verbenone (1.39%), γ-terpinene 

(1.04%), linalool (1.16%) and β-caryophyllene (2.88%). The major constituents reported are mostly 

monoterpenes, like α-pinene, 1,8-cineole and camphor with variable amounts of camphene, myrcene, 

limonene, borneol, verbenone, bornyl acetate etc. Difference in the chemical composition of essential 

oil depends upon number of factors such as environmental conditions, location, elevation, harvesting 

period, storage conditions (Ayoob et al., 2018). 

Table 0-13 Chemical composition of Rosmarinus officinalis oil 

Name    RT Content (%) 

α- pinene   5.0921 38 

Eucalyptol 7.0507 27.76 

Caryophyllene 12.6348 7.37 

Bornanone 9.8598 7.27 

β - Pinene 5.921 4.23 

D-Limonene 6.7214 3.82 

endo-Borneol 10.2057 3.46 



 

 

Camphor 11.3342 2.31 

Tricyclo[2.2.1.0(2,6)]heptane, 1,3,3-trimethyl- 8.8186 1.79 

α.-Terpineol 10.3652 1.57 

Bicyclo[3.1.1]hept-3-en-2-one, 4,6,6-trimethyl-, (1S)- 11.3804 1.52 

Humulene 13.1316 0.9 

Total components composition identified  99.1 

Comparative Composition of Juniperus procera berries Essential Oil 

As shown on table 4.5 the major chemical composition of Juniperus procera essential oil is  α.- Pinene 

(85.68%) and Bicyclo[3.1.0]hexane, 4-methylene-1-(1-methylethyl) (13%). The leaf oil of J. procera is 

dominated by α-pinene (22.3%), 3-carene (18.7%), trans-totarol (8.9%) and abietadiene (7.8%) as well 

as moderate levels (2–4%) of elemol, α-eudesmol, myrcene, β-phellandrene, β-pinene and terpinolene 

(Adams, 2020).  Alpha-pinene is an organic compound of the polyphenolic group terpene. It is a 

component of many aromatic plants. Liorens-molina, Vacas, & Sabater, (2016) reported that the 

berries essential oil composition shows -pinene (55.7-65.0 %) and myrcene (16.6-22.6 %) were the 

main compounds in berries.  According to Salamon, (2016) the juniper essential oil, in particular, is 

high in α – pinene, β – myrcene, β – caryophylene and terpinen-4-ol, which have very advantageous 

aroma therapeutic properties. 

Table 0-14 Chemical composition of Juniperus procera berries essential oil 

Compound      RT Composition (%) 

α.-Pinene 5.0974 85.68 

Bicyclo[3.1.0]hexane, 4-methylene-1-(1-

methylethyl)- 

5.9382 13.03 

1,3,8-p-Menthatriene 9.7879 1.28 

Total components composition identified  99.99 

 

Comparative Chemical Composition of Cymbopogon nardus Essential oil 

The table 4.6 shows that the components of Cymbopogon nardus essential oil that is extracted by 

steam distillation process. GC/MS results show more than eleven components Citronellal (38.21%), 

Citronellol (23.16%), 3-Carene (14.26%), 2,6-Octadiene, 2,6-dimethyl (6.75%),D-Limonene (4.93%), 

of which the most important ones are 7-Octenal, 3,7-dimethyl, Citronellol and 3-Carene. According to 

Wibowo et al., (2018) major constituents of the essential oil were citronella (26,27%), δ-cadinene 



 

 

(6,97%), methyl Isoeugenol (5.87%), caryophyllene (5.87%), geranyl butyrate (5.6%), geranyl acetate 

(4.41%), citronellyl propionate (4.97%) They are present at high concentrations in the oil and are 

responsible for perfume formulation. These are the substances to create the special scent of 

Cymbopogon nardus and the applications are in the production technology of cosmetics and perfume. 

Citronellol is a fragrance ingredient used in decorative cosmetics, fine fragrances, shampoos, toilet 

soaps and other toiletries as well as in noncosmetic products such as household cleaners and detergents 

(Lapczynski, Letizia, & Api, 2008). Delta 3 carene is terpene carrying a sweet and earthy aroma with 

piney undertones.  Also found in rosemary, basil, bell pepper, cedar, and turpentine, delta 3 carene is 

used in cosmetics, perfumes and is widely considered a natural antihistamine. 

The scent of Citronella oil (Cymbopogon nardus) is known to blend well with all citrus essential oils, 

such as Lemon and Bergamot, as well as with Cedar wood, Clary Sage, Eucalyptus, Geranium, 

Lavender, Peppermint, Pine, Rosemary, Sandalwood, and Tea Tree essential oils. Used cosmetically or 

topically in general, Citronella Essential Oil can deodorize and refresh foul body odors by inhibiting 

the growth of odor-causing bacteria, which makes it an ideal ingredient in natural perfumes, 

deodorants, body sprays, and bath blends (Yasmina Sultanbawa, 2019). 

Table 0-15 Chemical composition of Cymbopogon nardus essential oil 

Compounds RT Composition (%) 

Citronellal 9.615 38.21 

Citronellol 10.902 23.16 

δ -3-Carene 11.316 14.26 

2,6-Octadiene, 2,6-dimethyl- 12.074 6.75 

D-Limonene 6.7257 4.93 

Naphthalene, 1,2,3,5,6,8a-hexahydro-4,7-dimethyl-

1-(1-methylethyl)-, (1S-cis)- 

13.765 3.60 

(+)-3-Carene 12.533 2.60 

Guaia-1(10),11-diene 15.101 2.21 

Cyclohexane,1-ethenyl-1-methyl-2,4-bis(1-

methylethenyl)-, [1S-(1.alpha.,2.beta.,4.beta.)]- 

12.1756 2.08 

Naphthalene, 1,2,4a,5,6,8a-hexahydro-4,7-

dimethyl-1-(1-methylethyl)- 

13.498 1.21 

beta.-copaene 12.465 

 

0.98 



 

 

Total components composition identified  99.99 

 

Comparative Chemical Composition of Thymus schimperi Essential oil 

The GC–MS of the T. schimperi oil obtained from Ankober resulted in the identification of 9 

compounds. The main chemical compounds found in T. schimperi were o-thymol (58.21%), γ –

Terpinene (23.75%), Thymol (3.42 %), 3- Octanol (5.3%), α-terpinene (3.2%) and p-Cymene (2.87%). 

According to Dagne & Bisrat, (1998), it was reported that oil obtained from Addis Ababa was rich in 

Carvacrol (66.2%),and %), γ –Terpinene (13.2%). 

Table 0-16 Chemical composition of Thymus schimperi oil 

Compounds RT  Composition (%) 

o-Thymol 22.018 58.21 

γ -Terpinene  11.060 23.75 

Thymol 21.354 3.42 

3- Octanol  5.3 

α-terpinene  3.2 

p-Cymene 9.704 2.87 

Endo-Borneol 15.563 0.90 

Caryophyllene 26.349 0.91 

Total components composition identified   98.2 

 

Comparative Chemical Composition of Boswellia papyrifera Essential oil 

As showed on table 4.8 hexane extracted essential oil composition of Oleo gum resins of B. papyrifera 

were (1S,2R,5E,9E,12R)-12-Isopropyl-1,5,9-trimethyl-15 oxabicyclo[10.2.1] pentadeca-5,9-dien-2-ol 

(53.%) and  2-Cyclohexen-1-one, 3-methyl-6-(1 methylethylidene) (46.95%). According to Bekana, et 

al., (2014) the essential oil of B. papyrifera is mainly characterized by the presence of octyl acetate 

(57.1–65.7%) and n-octanol (3.4–8.8%). Because of its noteworthy scent and use as an important 

fixative in perfumes, soaps, creams, lotions, and detergents, the perfume and cosmetic industry has 

considerable interest in the production of frankincense(Dominic et al., 2018). 



 

 

Methanol extract of B. papyrifera resin collected from Humera area revealed components with 

retention time of 20.87, 24.83, 24.95, and 26.25 min which were identified as incensyl acetate, β-

amyrenone, β-amyrin, and α-amyrin, respectively (Bekana et al., 2014).  

Table 0-17 Chemical composition of Boswellia papyrifera essential oil 

Compounds RT Composition (%) 

(1S,2R,5E,9E,12R)-12-Isopropyl-1,5,9-trimethyl-15-

oxabicyclo[10.2.1]pentadeca-5,9-dien-2-ol 

24.4437 53.0463 

2-Cyclohexen-1-one, 3-methyl-6-(1 methylethylidene)- 23.9118 46.9537 

Total components composition identified  99.95 

Perfume formulation and Hedonic Test 

In this study, an effort was made to prepare perfumes using seven fragrance essential oil and alcohol as 

a solvent with different mixture proportion of the fragrance oil. Ethanol was used as a solvent for all 

perfume samples preparation. The prepared samples were prepared by mixing the extracted eight 

fragrant oils, thirty different perfume samples with 15 ml volume, at room temperature, at 25°C and at 

35°C were analyzed.  

A perfume is valued both for its appearance and its fragrance. Perfumes come in many colors, 

including clear, gold and brown. These colors are a consequence of the natural ingredients used to 

create the perfume. Since exposure to heat adversely affected each of these characteristics, hot 

temperatures can decrease a perfume‘s value. Excess heat can alter the top notes of a perfume. Hot 

temperatures can cause a perfume‘s color to darken or to become more cloudy and opaque. 

According to Mandavgane et al.,(2009) Alcohol base samples exhibited good perfumery properties. 

The prepared perfume samples were tested on human skin. After establishing the Perfume formulations 

the prepared samples were presented about the products and an assessment was done based on each 

participant preferences of perfume aroma. The samples were given to a group of people of different 

age, gender and social status and feedback was collected by the prepared hedonic test about the aroma. 



 

 

 

Figure 0-9 Panelists evaluation score of prepared perfume samples 

From the panelist hedonic test result, statistically the formulas with greater preference are formulation 

number 1,2,5,7 and 19. As showed in figure 3.1, ingredients of sample number 1 were Lavandula 

angustifolia as top note; Cymbopogon martini as a middle note and Boswellia papyrifera as a base 

note. Ingredients of sample 2 were Cymbopogon nardus as top note; Rosmarinus officinalis as a middle 

note and Boswellia papyrifera as base note. The third sample was sample number 5 and the ingredients 

were Lavandula angustifolia and Juniperus procera as a top note, Cymbopogon martini and 

Foenculum vulgare as middle note and Boswellia papyrifera as a base note. This indicates that the 

aroma of the above fragrance essential oils are pleasant. For this reason, preference is given to formula 

that contain Lavandula angustifolia and Cymbopogon nardus as top note; Cymbopogon martini and 

Rosmarinus officinalis as a middle note and Boswellia papyrifera as a base note.  
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Lower value of panelist response was given for sample number 23, 3 and 18. The ingredients of these 

samples were Juniperus procera, Cymbopogon nardus and Lavandula angustifolia as a base note; 

Thymus schimperi as a middle note and Boswellia Papyrifera as a base note. The samples which has 

lower response value contained Thymus schimperi essential oil and this indicates that the presence of 

this essential oil has negative effect on the scent of the perfume sample based on the panelist 

assessment value.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

                                             CONCLUSION AND RECOMMENDATION 

Conclusion 

Essential oils and their fragrance compounds are a very important part of perfume and cosmetic 

industry as they can serve as natural or natural-like chemical preservatives and, at the same time, offer 

various benefits for skin and body. Additionally, these chemicals increase the value of cosmetic 

products due to their pleasant odor. 

From this perfume formulation research, it is observed that the ancient technology of perfumery is 

pretty rich. By using seven fragrance essential oil and alcohol using the standard perfumes note 

percentage and different combination of the ingredient, thirty different perfume samples were prepared 

using eight raw materials. The technology is cheap and easy.  This  is  a  successful attempt  to explore  

the  possibility  and  feasibility  of  perfume manufacturing  using plant leaves and flowers fragrance 

essential oil. The panelist gave a satisfactory response for perfume samples that contain Lavandula 

angustifolia and Cymbopogon nardus as top note; Cymbopogon martini and Rosmarinus officinalis as 

a middle note and Boswellia papyrifera as a base note.  
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Evaluation Of Hypoglycemic And Antihyperglycemic Activity Of Selected Medicinal Plants In 

Normal And Alloxan-Induced Diabetic Mice. 
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Summary 

Diabetes currently is a major health problem for the people of the world and exerts a significant burden 

in Sub-Saharan region, and this is expected to increase. Many diabetic patients face significant 

challenges accessing diagnosis and treatment, which contributes to the high mortality and prevalence 

of complications observed. Phytomedicines obtained from herbal sources are in great demand as they 

are able to cure many diseases. Currently available antidiabetic drugs are not safe and affordable. So, it 

is the interest of many pharmaceutical industries to search for safe and affordable pharmaceuticals 

concerning diabetes. Myrsine Africana, Vigna Radiata and Pentas Schimperiana are traditionally used 

in Ethiopia for the management of diabetes mellitus. Since this claim has not been investigated 

scientifically, the aim of this study would be to evaluate the hypoglycemic and anti-diabetic effect of 

the three medicinal plants on alloxan-induced diabetic mice. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

INTRODUCTION 

Diabetes Mellitus (DM) is a chronic disorder of carbohydrate, fat and protein metabolism characterized 

by increased blood glucose level (hyperglycemia) resulting from the defects in insulin secretion, 

insulin action, or both. It is one of the alarming worldwide health problems at present leading to 

microvascular (retinopathy, neuro- pathy and nephropathy) and macrovascular (heart attack, stroke and  

peripheral vascular disease) complications[1]. The characteristic symptoms of diabetes are polyuria, 

polydipsia, polyphagia, pruritus and unexpected weight loss [2]. 

DM is classified on the basis of the pathogenic process that leads to hyperglycemia, as opposed to 

earlier criteria such as age of onset or type of therapy. The two broad categories of DM are designated 

type 1 and type 2. Type 1 DM results from autoimmune beta cell destruction, which leads to insulin 

deficiency and type 2 DM is a heterogeneous group of disorders characterized by variable degrees of 

insulin resistance, impaired insulin secretion, and increased glucose production and Other etiologies 

for DM include specific genetic defects in insulin secretion or action, metabolic abnormalities that 

impair insulin secretion, mitochondrial abnormalities, and a host of conditions that impair glucose 

tolerance. Maturity onset diabetes of the young is a subtype of DM characterized by autosomal 

dominant inheritance, early onset of hyperglycemia, and impairment in insulin secretion. Mutations in 

the insulin receptor cause a group of rare disorders characterized by severe insulin resistance [3]. 

Diabetes currently is a major health problem for the people of the world and exerts a significant burden 

in Sub-Saharan region, and this is expected to increase. Many diabetic patients face significant 

challenges accessing diagnosis and treatment, which contributes to the high mortality and prevalence 

of complications observed [4]. 

In 2015, according to IDF report, 415 million (8.8%) adults (aged 20–79) worldwide were estimated to 

have diabetes; this number is expected to rise to 642 million (10.4%) by 2040 or one adult in ten 

people. An estimated 14.2 million adults aged 20–79 had diabetes in the Africa Region that represents 

a regional prevalence of 3.2% (2.1–6.7%) in 2015, which can be projected to 3.7%(2.6–7.3%; 34.2 

million) by 2040. South Africa (2.3 million), Democratic Republic of Congo (1.8 million), Nigeria (1.6 

million) and Ethiopia (1.3 million) are among the highly populated African countries containing the 

highest number of people living with diabetes [5]. 



 

 

In Ethiopia, even though the occurrence of diabetes has not been made nationally, hospital-based 

studies indicate that its prevalence has increased from 3.32% in2012 to 3.4% in 2015 and the number 

of diabetic cases is expected to increase to 10.6 million by 2040 [5]. 

Diabetes mellitus can be managed by diet, physical exercise, and modern drugs (insulin and/or oral 

hypoglycemic drugs such as sulfonylureas and biguanides) [6]. Different extracts from medicinal 

plants have also been used traditionally to manage diabetes globally, and these are considered as 

relatively inexpensive, less toxic and with relatively little or no side effects [7]. There are also 

medicinal plants that contain some toxic constituents such as the cytotoxic anti-cancer plant derived 

drugs, digitalis; however, the side effects of the phytotherapeuticagents are less common compared 

with synthetic drugs [8]. Management of diabetes without any side effect is still a challenge and the 

available modern antidiabetic agents produce serious side effects such as hypoglycemia 

(Sulphonylureas), lactic acidosis and folate and B12 malabsorption(Metformin), gastrointestinal 

symptom (Acarbose), weight gain (Sulphonylureas and Thiazolidinediones), and edema 

(Thiazolidinediones) [9]. Hence, the search for safer and more effective hypoglycemic agents has 

continued. 

Globally, medicinal plants have been used as a source of medicine and 80–85% of populations rely on 

these medicinal plants using the extracts or their active components as traditional medicine to meet 

their primary health care needs [10, 11]. A number of active components were isolated from medicinal 

plants for direct use as drugs, or act as a lead compound or pharmacological agents. Metformin, for 

example, is an oral hypoglycemic agent isolated from medicinal plant Galega officinalis that was used 

historically in medieval Europe for the treatment of diabetes [12]. 

Even though various positive results were reported from previous studies, the anti- diabetic activity is 

not well investigated and to the best of our knowledge, there is no any published report on anti-diabetic 

activity of extracts from M. Africana, P. shimperiana and V. radiata in Ethiopia.  

Therefore, the purpose of this study was to evaluate the hypoglycemic and anti-hyperglycemic 

activities of Myrsine Africana, Vignaradiata and pentasschimperianain normal and alloxan-induced 

diabetic mice. 



 

 

OBJECTIVE OF THE STUDY  

General objective 

To evaluate the effect of extracts from Myrsine Africana, Vignaradiata and Pentasschimperiana on 

blood glucose level in normal   and alloxan-induced diabetic mice. 

Specific objectives 

 To evaluate the hypoglycemic activity of extracts from Myrsine Africana innormo-glycemic mice. 

 To investigate the anti-hyperglycemic activity of extracts from Myrsineafricanain diabetic mice. 

 To evaluate the hypoglycemic activity of extracts from Vignaradiatainnormo-glycemic mice. 

 To investigate the anti-hyperglycemic activity of extracts from Vignaradiata in diabetic mice 

 To evaluate the hypoglycemic activity of extracts from Pentasschimperianainnormo-glycemic 

mice. 

 To investigate the anti-hyperglycemic activity of extracts from Pentasschimperiana in diabetic 

mice 

 

Evaluation of Antihyperglycemic and Antidyslipidemic Activities of Methanolic Seed Extract of 

Vigina radiata (Mung Bean) in Mice 

 

Abstract 

Introduction: Diabetes mellitus is one of the major and common metabolic, and chronic disorders in 

the world. So far, modern antidiabetic drugs have certain limitations regarding cost, efficacy, and 

safety. For that reason, searching and investigating new possible antidiabetic compounds from fold 

medicinal plants is a fascinating research area. This might bring better treatment modalities in a 

manner of cost, effectiveness, and safety. The present study was done to evaluate antihyperglycemic 

and antidyslipidemic activities of methanolic seed extract of Vigina radiata (Mung Bean) in mice. 

Methods and Materials:  Blood glucose-lowering activity of the three-dose levels (100mg/kg, 

200mg/kg, and 400mg/kg) of seed extract of Vigina radiata was investigated in three animal models; 

normoglycemic mice, oral glucose loaded mice, and alloxan-induced diabetic mice. Also, effects on 

body weight and serum lipid level were studied in alloxan-induced diabetic mice. As a standard drug, 

glibenclamide (5mg/kg) was utilized for all animal models. Blood glucose level was measured by 

PRODIGY
®

 blood glucose meter while serum lipid profile was estimated using automated chemistry 



 

 

analyzer. Data were analyzed using mixed-design ANOVA and significant when the p-value was less 

than 0.05. Results:  Methanolic seed extract of Vigina radiata (Mung Bean) revealed blood glucose 

reduction activity in all diabetic animal models. Besides, after 14 days of treatment, it improved 

diabetic dyslipidemia and body weight loss in diabetic mice. Conclusion: This study concluded that 

the methanolic extract of Vigina radiata seeds has profound antihyperglycemic and antihyperlipidemic 

activities. Moreover, seed extract of Vigina radiata can improve the weight loss of diabetic mice.  

Keywords: diabetes mellitus, Vigina radiata, antidiabetic, antidyslipidemic, alloxan, albino mice 

Introduction  

Diabetes Mellitus (DM) is a group of metabolic disorders characterized by increased blood glucose 

levels resulting from defects in either insulin secretion or insulin action or both. Nowadays, it is 

becoming a worldwide public health problem leading to macrovascular and microvascular 

complications.
1
 Diabetes currently is a major health problem for the world and exerts a significant 

burden in the Sub-Saharan region, and this is expected to increase. Many diabetes patients face 

significant challenges accessing diagnosis and treatment, which contributes to the high mortality and 

prevalence of complications observed.
2
 According to the previous study,

3
  an approximation of 463 

million adult population (aged 20-79) have diabetes worldwide; and this number is estimated to 

increase to 700 million by 2045. 

Diabetes mellitus can be managed by diet, physical exercise, and modern drugs (insulin and/or oral 

hypoglycemic drugs such as sulfonylureas and biguanides.
4
 Different extracts from folk medicinal 

plants have also been used traditionally to manage diabetes globally, and these are considered 

relatively inexpensive, less toxic, and with little or no side effects.
5
  Management of diabetes without 

any side effect is still a challenge and the available modern antidiabetic agents produce serious such as 

hypoglycemia (Sulphonylureas), lactic acidosis, folate and B12 malabsorption (Metformin), 

gastrointestinal symptom (Acarbose), weight gain (Sulphonylureas and thiazolidinedione), and edema 

(thiazolidinedione).
6
 Hence, the search for safer and more effective antidiabetic agents has continued.  

Globally, medicinal plants have been used as a source of medicine and 80-85% of populations are be 

sure of these medicinal plants using the extracts or their active components as a traditional medicine to 

meet their primary health care needs.
7
 Many active components were isolated from medicinal plants 

for direct use as drugs or acts as lead compounds or pharmacological agents.  Metformin, for example, 



 

 

is an oral hypoglycemic agent isolated from medicinal plant Galega officinalis that was used 

historically in medieval Europe for the treatment of diabetes.
8
 

Previous studies have shown that plant-derived Isoflavones have a blood glucose reducing tendency.
9-

11
 Vigina radiata is rich in Isoflavone,

12,13
 which indicates the plant may have antihyperglycemic 

activity. Also, the antidiabetic activity of certain medicinal plants is mainly due to the existence of 

secondary metabolites such as flavonoids, terpenoids, alkaloids, and phenolic compounds.
10, 14-18

 

Phytochemical studies of Vigina radiata revealed the presence of such metabolites.
19, 20

 Moreover, 

since it has a low glycemic index with high contents of protein and fiber, people have used as dietary 

food for the treatment of diabetes mellitus.
21, 22

 

The main pathogenesis of DM and its complications is the induction of oxidative stress.
10, 23, 24

   

Different studies explained the role of antioxidants in treating diabetes and its complications through 

prevention of oxidative stress.
10, 24, 25

   Previous studies on Vigina radiata have shown that the plant 

has strong antioxidant activities,
12, 26, 27

 which is indicating as Vigina radiata might be a target in 

searching of new possible drugs for the treatment and prevention of diabetes mellitus. However, the 

antidiabetic effect of Vigina radiata is not scientifically validated yet. Therefore, the present study was 

aimed to evaluate antihyperglycemic and antidyslipidemic activities of methanolic seed extract of 

Vigina radiata (Mung Bean) in mice 

Materials and Methods  

Drugs, Chemicals, and Instruments 

This study has used the following drugs, chemicals, and instruments. Alloxan (Sigma Aldrich, 

Germany), methanol absolute (Nice Chemicals, India), glibenclamide (Julphar Pharmaceuticals, 

Ethiopia), normal saline (Addis Pharmaceutical factory, Ethiopia), 40% glucose solution (Addis 

Pharmaceutical factory, Ethiopia), PRODIGY
®
 blood glucose meter, and strips (Ok Biotech Co., Ltd., 

Taiwan), Mindray BS-240 clinical chemistry analyzer (Shenzhen Mindray Bio-Medical Electronics 

Co., Ltd,, China). All chemicals used were of analytical grade. 

Plant Material and Extraction  

The dried seed of Vigina radiata (10 kg) was collected from Ankober, North Shoa Zone of Amhara 

region, Ethiopia. Plant taxonomic identification and authentication were done and the specimen of the 

plant was kept at the Herbarium of Addis Ababa University with a voucher number of ATA0002. 



 

 

Dried and powdered seeds (100g) were extracted with the soxhlet extraction method using 50mL of 

methanol for 2h and the solvent was removed under reduced pressure by rotary evaporator to obtain 5g 

of crude extract. The mass of crude extract was weighed and stored at -4 °C until used. 

Experimental Animals 

Healthy Swiss albino mice (weighing 25-30g and age 0f 8-12 weeks) were purchased from the 

Ethiopian public health institute, Addis Ababa. The animals were kept in the house of the Department 

of Pharmacology, Addis Ababa University, using polypropylene cages. The mice were acclimatized to 

the laboratory conditions for seven days before the beginning of the experiment under normal 

conditions (12h light and 12h dark cycle) and permitted free access to standard laboratory diet and 

water ad libitum.  

Oral Acute Toxicity Study  

Acute oral toxicity test was done based on the limit test recommendations of OECD No 425 

guideline.
28

  One female swiss albino mouse fasted for 3 hours was given 2000mg/kg of the crude 

extract orally on the first day of the test. Then, it was kept under careful observation for behavioral 

and/or physical changes for 24h. Since mortality did not occur in the first mouse, the extra four female 

mice were fasted for four hours and received a single dose of 2000mg/kg of seed extract. Accordingly, 

strict follow-up continued until the end of 14 days for any sign of toxicity and mortality.  

Experimental Animal Grouping and Dosing  

Male mice were used for all animal models (normoglycemic mice, oral glucose loaded mice, single 

dose-treated diabetic mice, and repeated daily dose-treated diabetic mice). The mice were randomly 

allocated into five groups (six mice per each group) for the hypoglycemic test, oral glucose tolerance 

test, and single dose-treated diabetic test. In all cases, Group I (negative control) was treated with 

10mL/kg normal saline (NS); Groups II, III, and IV were treated with 100mg/kg, 200mg/kg, and 

400mg/kg plant extract, respectively; while Group V (positive control) received glibenclamide 

(5mg/kg). In the repeated daily dose-treated diabetic animal model, mice were randomly distributed 

into six groups (five groups of diabetic mice and one additional group of normal mice, six mice per 

group). Group I (diabetic control) was treated with 10mL/kg NS; Group II, III, and IV (diabetic test 

groups) were treated with 100mg/kg, 200mg/kg, and 400mg/kg plant extract, respectively; Group V 

(diabetic positive control group)  was treated with 5mg/kg glibenclamide, while Group VI (normal 

control) was treated with 10mL/kg NS.  



 

 

Glibenclamide (5mg/kg) was chosen as a typical drug based on reports of previous studies.
29-31

 The 

doses of the plant extract were determined based on the results of an acute oral toxicity study.  The oral 

route of administration was used in the study because people traditionally use the plant material 

orally.
32

   By using oral gavage the plant extract was administered to the respective dose groups after 

dissolving it in normal saline at a volume not more than 10mL/kg body weight of the individual 

animal.
28

 

Blood Glucose level Measurements  

Blood samples were taken from the tail vein of each mouse using an aseptic technique. PRODIGY
®

 

blood glucose meter was used to measure the blood glucose level. The average value of blood glucose 

level (BGL) was taken using triplicate BGL measurement in all cases.  

Induction of Diabetes  

Alloxan (2, 4, 5, 6-tetraoxypyrimidine; 5, 6-dioxyuracil) was used to induce experimental diabetes. 

Alloxan was first dissolved in an appropriate volume of normal saline (0.9%).
33, 34

   Then, the freshly 

prepared solution was given intraperitoneally to the mice at a dose of 150mg/kg.
34

  Mice fasted 

overnight for 16 hours ahead of alloxan administration.
31

  Food and water were permitted to the 

animals thirty minutes after the administration of alloxan. Six hours after alloxan administration, a 5% 

glucose solution was administered for the next 24 hours to prevent hypoglycemic side effects.  

Animals were screened for diabetes after 72 hours of alloxan injection.  Animals with fasting blood 

glucose level >200mg/dl were included in the study as diabetic mice.
30, 31, 34, 35

  Then, alloxan-induced 

diabetic mice were assigned randomly into different groups immediately after screening.  

Evaluating Hypoglycemic Activity of Vigina radiata Extract in Normoglycemic Mice  

Overnight (16 hours) fasted mice were randomly distributed into five different groups (six mice per 

group). Then, the animals have received their respective treatment. Accordingly, BGL of each mouse 

was recorded just before treatment (at 0hr) as a baseline, and then at one, two, four, and six hours after 

treatment.
29, 31, 37

  

Evaluating the Effect of Vigina radiata Extract on Oral Glucose Tolerance in Normoglycemic 

Mice  

Overnight (16 hours) fasted mice were randomly distributed into five different groups (six mice per 

group).  Then, animals were treated with normal saline, plant extract, and glibenclamide depending on 

their grouping. Thirty, minutes after each treatment,
29, 31, 36

  glucose solution (40%w/v) was given 



 

 

orally to each mouse at a dose of 2.5g/kg.
29, 31

  Blood glucose level was measured for each mouse just 

before treatment (at 0 minutes) as a baseline, and then at 30, 60, and 120 minutes following the oral 

glucose load.
29, 31, 37

  

Assessing Antihyperglycemic Activity of Single Dose of Vigina radiata Extract in Diabetic Mice  

Overnight (16 hours) fasted mice were allocated randomly into five groups each containing six 

animals. Then, mice were treated with normal saline, plant extract, and glibenclamide based on their 

respective grouping.  BGL was measured just before treatment (at 0 hr) as a baseline, and then at two, 

four, six, and eight hours after treatment.
29, 31, 37

  

Evaluating Antihyperglycemic Activity, Effect on Body Weight and Serum Lipid Level on 

Repeated Daily Dose of Vigina radiata Extract in Diabetic Mice  

After overnight fasting for sixteen hours, alloxan-induced diabetic mice and normal mice were 

randomly assigned into six groups (five groups diabetic mice and the rest one group was containing 

normal mice, each group having six animals). Based on their respective grouping, mice were treated in 

regular timing with normal saline, plant extract, and glibenclamide once daily for 14 days. BGL and 

body weight of mice were recorded just before starting treatment,  on the 1
st
 day of treatment (72 hours 

after alloxan injection) as a baseline, and then on the 7
th

 and 14
th

 day of treatment following overnight 

fasting for 16 hours.
38

   By the 15
th

 day, blood samples were collected using sterile gel tube via cardiac 

puncture from overnight fasted mice after sacrificed them with intraperitoneal administration of 

sodium pentobarbitone at a dose of 150mg/kg.
31, 38

  The blood samples were stayed at room 

temperature for two hours and then centrifuged. Afterward, serum levels of high-density lipoprotein 

(HDL), total cholesterol (TC), and triglyceride (TG) were measured using Mindray BS-240 clinical 

chemistry analyzer (Shenzhen Mindray Bio-Medical Electronics Co., Ltd, China). 

Statistical Analysis 

Data was entered, summarized, and analyzed using SPSS version 21 software (USA). The mean and 

standard deviation (SD) were calculated and the association between and within groups was 

determined using mixed-design ANOVA. A p-value of ≤ 0.05 was considered indicative of a 

statistically significant difference. 

 

 



 

 

Results 

Acute Oral Toxicity Study 

The acute toxicity study of seed extract of Vigina radiata did not exhibit mortality in the mice at the 

limit dose of 2000mg/kg. Besides, the toxicity study of VR did not show any signs of toxicity which 

are behavioral, autonomic, neurological, or physical changes within the study period, revealing that the 

extract was safe till a dose level of 2000mg/kg of body weight.  As a result, the median lethal dose 

(LD50) of VR seed extract is might be more than 2000mg/kg.  

Hypoglycemic Activity of Vigina radiata Methanolic Seed Extract in Normoglycemic Mice  

The effect of methanolic seed extract of Vigina radiata on the fasting blood glucose level of normal 

mice is summarized below in table 1.  Treatment with all three doses of the extract and normal saline 

did not significantly reduce the BGL at all-time points compared to the respective baseline level. But, 

the standard drug (glibenclamide) reduced the BGL significantly at the 1
st
, 2

nd
, 4

th
, and 6

th
 (p<0.001) 

hours compared to the baseline level with a percentage reduction of 13.13%, 25.89%, 32.83%, and 

35.64% respectively.  

The between-group analysis revealed no significant difference in baseline fasting BGL across groups. 

All three groups treated with different doses of extract did not show a statistically significant reduction 

in BGL at all-time points compared to the negative control group. But, it was found that BGL was 

significantly reduced by glibenclamide (5mg/kg) at the 1
st
, (p<0.05), 2

nd
, 4

th
, and 6

th
 (p<0.001) hours 

compared to the negative control. Comparing GLC treated group with extract-treated groups, it was 

revealed that 5mg/kg GLC significantly reduced the BGL at the 1
st
 (p<0.05), 2

nd
, 4

th
, and 6

th
 (p<0.001) 

hours compared to 100mg/kg VR treated group; at the 2
nd

, 4
th

, and 6
th

  (p<0.001) hours compared to 

200mg/kg VR treated group; at the 1
st
 (p<0.05), the 2

nd
, 4

th
, and 6

th
 (p<0.001) hours compared to the 

400mg/kg VR treated group.  There was no statistically significant difference in BGL when groups 

treated with different doses of VR seed extract were compared with each other at all-time points.  

 

 

 

 

 

 



 

 

Table 1 Hypoglycemic activity of methanolic extract of seed of Vigina radiata in normoglycemic mice 

 Blood glucose level (mg/dl) 

Group 0 hr  1 hr 2 hr 4 hr 6 hr 

NS 10ml/kg 88.17±5.11 86.17±4.07 80.67±5.79 85.33±4.93 84.33±6.34 

VR 

100mg/kg 

85.67± 3.33 86.67±6.44 82.17±6.31 86.67±5.78 85.83±6.40 

VR 

200mg/kg 

84.83±5.56 84.50±3.39 84.17±5.38 80.67±5.79 87±6.07 

VR 

400mg/kg 

88.17±5.98 86.83±6.15 84.33±6.35 84.33±3.83 85.33±6.92 

GLC 5mg/kg 88.83±3.76 77.17±3.31
a1 b1 d1  𝛽3

 65.83±4.12 
a2 b2 c2 d2  𝛽3

 59.67±3.39 
a2 b2 c2 d2  𝛽3

 57.17±3.7 
a2 b2 c2 d2  𝛽3

 

Each value represents mean ± SD; n=6 for each group.  
a
 compared to the negative control  

b 
compared to VR 

 
100mg/kg, 

c 

compared to VR 200mg/kg, 
d 

compared to VR 400mg/kg, and 
β 

compared to baseline blood glucose level. 
1
p<0.05, 

2
p<0.01, and 

3
p<0.001. VR, Vigina radiata seed extract; NS, normal saline; and GLC, glibenclamide. 

 

Antihyperglycemic Activity of the Methanolic Seed Extract of Vigina radiata in Oral Glucose 

Loaded Mice 

There was no significant difference in baseline BGL across groups just before the administration of 

normal saline, VR, and glibenclamide (Table 2). VR 400mg/kg reduced the hyperglycemia 

significantly at the 1
st
 (p<0.001) hour while the rest of the VR doses did not show a significant 

reduction in hyperglycemia at all-time points compared to the negative control. Whereas, 5mg/kg GLC 

reduced the hyperglycemia significantly at the 1
st
 (p<0.001) and 2

nd
 (p<0.01) hours after glucose 

administration compared to the vehicle-treated group. There was no statistically significant difference 

in BGL at all-time points when all the three plant extract treated groups were compared with each 

other.  Comparing the GLC treated group with plant extract treated groups, 5mg/kg GLC significantly 

reduced the hyperglycemia at the 1
st
 and 2

nd
 (p<0.001) compared to all the three VR doses.  

 

 

 

 



 

 

Table 2 Effect of Vigina radiata methanolic seed extract on oral glucose tolerance in normal mice 

 Blood glucose level (mg/dl)   

Group  0 min 30 min 60 min 120 min 

NS 10ml/kg 81.83±3.82 201.67±10.80 𝛽
3
 155.67±10.15 

 𝜇1
 155.67±3.66 

 𝜇1
 

VR 100mg/kg 82.33±3.93 199±12.88 𝛽
3
 141±7.64

  𝜇1
 141±4.26 

 𝜇1
 

VR 200mg/kg 80.33±4.76 203±7.54 𝛽
3
 136.67±11.60

  𝜇3
 136.67±14.07 

 𝜇3
 

VR 400mg/kg 80±5.55 198.17±9.68 𝛽
3
 127±6.69  

a3  𝜇3
 127±5.20

  𝜇3
 

GLC 5mg/kg 80.50±4.32 201.33±14.72 𝛽
3
 80.33±4.76 

a3  b3  c3  d3  𝜇3
 80.33±4.68  

a2 b3  c3  d3  𝛽3  𝜇3
 

Each value represents mean ± SD; n=6 for each group.  
a
 compared to the negative control,  

b 
compared to VR 

 
100mg/kg, 

c 

compared to VR 200mg/kg, 
d 

compared to VR 400mg/kg, and 
β 

compared to baseline blood glucose level, and 
µ 

compared to the 

blood glucose level at 30 minutes.  
1
p<0.05, 

2
p<0.01, and 

3
p<0.001. VR, Vigina radiata seed extract; NS, normal saline; and GLC, 

glibenclamide. Time refers to the time after oral glucose loading.  

Antihyperglycemic Activity of Single Dose of Vigina radiata Methanolic Seed Extract in Alloxan 

Induced Diabetic Mice  

Between and within-group analyses were carried out to evaluate blood glucose level discrepancies 

across the various groups and time-points (Table 3).  The between-group analysis indicated no 

significant difference in baseline fasting BGL across all groups.  Similarly, there was no significant 

difference in BGL across all groups in the 2
nd

 hour after treatment.  Compared to the negative control, 

plant extract treated groups did not show a statistically significant reduction in BGL at all-time points. 

However, 5mg/kg GLC reduced the hyperglycemia significantly at the 4
th

 and 6
th

 (p<0.05), and 8
th

 

(p<0.001) hours as compared to the vehicle-treated group. Furthermore, there was no significant 

difference in BGL at all-time points when groups treated with plant extract were compared to each 

other.  Comparing GLC treated group with extract-treated groups, it was revealed that 5mg/kg GLC 

significantly reduced the BGL at the 4
th

 (p<0.05), 6
th

,  and 8
th

 (p<0.01) hours compared to 100mg/kg 

VR treated group; at 4
th

, 6
th

 (p<0.05) and 8
th

 (p<0.01) hours compared to 200mg/kg VR treated group; 

at 4
th

, 6
th

 (p<0.05) and 8
th

 (p<0.01) hours compared to the 400mg/kg VR treated group.  

There was no significant BGL reduction observed in VR 100mg/kg, VR 200mg/kg, and VR 400mg/kg 

treated groups at all-time points compared to the baseline fasting BGL. However, the percent reduction 

in BGL was recorded as 9.51% in VR 100mg/kg treated group, 5.76% in VR 200mg/kg treated group, 

and 4.21% VR 400mg/kg treated group at the 8
th

 hour compared to the respective baseline fasting 



 

 

BGL. The standard drug (glibenclamide, 5mg/kg) produced a significant BGL reduction at the 4
th

, 6
th

, 

and 8
th

 (p<0.001) hours compared to the initial BGL.  



 

 

Table 3 Antihyperglycemic activity of a single dose of Vigina radiata methanolic seed extract in alloxan-induced diabetic mice 

 Blood glucose level (mg/dl) 

Group  0 hr  2 hr 4 hr 6 hr 8 hr 

NS 10ml/kg 267.83±29.73 279.50±61.95 284±44.46 266.50±45.91 276.67±42.87 

VR 

100mg/kg 

275.17±50.53 270.17±50.53 280±50.35 273.67±50.49 249±39.03 

VR 

200mg/kg 

275±39.62 264.33±44.07 274.17±44.27 267.50±43.83 259.17±43.21 

VR 

400mg/kg 

261.50±48.95 254.17±49.41 263.67±50.16 258.50±48.94 250.50±48.94 

GLC 5mg/kg 288.67±50.11 282.83±49.05 191.50±38.84 
al b1 c1  d1  𝛽3

 175.83±34.69 
a1 b2 c1 d1 𝛽3

 156±30.89 
a3  b2  c2  d2  𝛽3

 

Each value represents mean ± SD; n=6 for each group.  
a
 compared to the negative control,  

b 
compared to VR 

 
100mg/kg, 

c 

compared to VR 200mg/kg, 
d 

compared to VR 400mg/kg, and 
β 

compared to baseline blood glucose level. 
1
p<0.05, 

2
p<0.01, and 

3
p<0.001. VR, Vigina radiata seed extract; NS, normal saline; and GLC, glibenclamide. 



 

 

Antihyperglycemic Activity of Repeated Daily Dose of Vigina radiata Methanolic Seed Extract in 

Alloxan Induced Diabetic Mice  

Between and within-group analyses were carried out to evaluate glucose level differences across all 

groups and time-points (Table 4). No significant difference was seen in baseline fasting BGL across all 

groups of diabetic mice. But, the baseline as well as the 7
th

 and 14
th

 day of BGL of the diabetic groups 

were significantly (p<0.001) higher than that of normal control.   On the 7
th

 day of treatment, VR 

100mg/kg (p<0.01), VR 200mg/kg and VR 400mg/kg (p<0.05) reduced BGL significantly as 

compared to diabetic control.  Additionally, VR 100mg/kg (p<0.01), VR 200mg/kg, and 400mg/kg 

(p<0.001) significantly reduced the BGL at the 14
th

 day of treatment when compared to the diabetic 

control.  The GLC treated group also showed a significant reduction in blood glucose level at the 7
th

 

(p<0.01) and 14
th

 (p<0.001) day of treatment compared to the diabetic control.  But, GLC treated 

group showed no significant difference in BGL at all-time points when compared to the plant extract 

treated groups.  There was no statistically significant difference in BGL at all-time points when groups 

treated with plant extract were compared with each other.   

Diabetic control and normal control groups did not show a significant change in BGL on the 7
th

 and 

14
th

 days compared to the respective baseline BGL. All the VR doses significantly (p<0.001) reduced 

the BGL both on the 7
th

 and 14
th

 days of treatment compared to the baseline BGL.  



 

 

Table 4 Antihyperglycemic activity of repeated daily dose of Vigina radiata methanolic seed extract in alloxan-induced 

diabetic mice 

Fasting blood glucose level (mg/dl) Percent reduction from 

baseline BGL  

Baseline  7
th

 day  14
th

 day  7
th

 day  14
th

 day  

267.83±29.73 
n3

 263.17±28.89 
n3

 258.83±31.99 
n3

 1.74% 3.36% 

275.17±50.53 
n3

 218.83±50.61 𝛽
3 n3

 202.17±19.85 
a2 𝛽3 n3

 20.47% 26.53% 

275±39.62 
n3

 208.67±17.47 a1
 𝛽3 n3

 195.67±22.14 
a3 𝛽3 n3

 24.12% 28.85% 

261.5±48.95 
n3

 207.67±19.83 
a1 𝛽3 n3

 196.33±11.67 
a3  𝛽3  n3

 20.59% 24.92% 

288.67±50.1 
n3

 194.17±21.36 
a2 𝛽3 n3

 172.5±32.54 
a3  𝛽3  n3

 32.74% 40.24% 

85.67±5.71 88±5.76 84±6.23 -2.72% 1.95% 

Each value represents mean ± SD; n=6 for each group. .  
a
 compared to the diabetic control,  

n 
compared to the normal control, 

and 
β 

compared to baseline blood glucose level.  
1
p<0.05, 

2
p<0.01, and 

3
p<0.001. VR, Vigina radiata seed extract; NS, normal 

saline; and GLC, glibenclamide. 



 

 

Effect of Repeated Daily Dose of Vigina radiata Methanolic Seed Extract on Body Weight of 

Alloxan Induced Diabetic Mice  

There was no significant difference in the body weight of mice across all groups including the normal 

control just before induction of DM with alloxan (Table 5). Alloxan produced significant (p<0.001) 

loss of body weight in diabetic control on the 7
th

 and 14
th

 day of treatment compared to the normal 

control.  Only VR 400mg/kg showed significant (p<0.05) improvement in body weight at the 7
th

 day of 

treatment compared to the diabetic control; but at the 14
th

 day of treatment, VR 100mg/kg (p<0.05), 

VR 200mg/kg and VR 400mg/kg (p<0.001) improved body weight significantly while compared to 

diabetic control.  VR 100mg/kg (p<005), and VR 200mg/kg (p<0.01) revealed significant body weight 

reduction as compared to the normal control group on the 7
th

 day of treatment.  Besides on the 14
th

 day 

of treatment, VR 100mg/kg (p<0.001), and VR 200mg/kg (p<0.05) showed significant body weight 

reduction as compared to the normal control group.  Glibenclamide significantly (p<0.001) improved 

the body weight loss of alloxan-induced diabetic mice on the 7
th

 and 14
th

 day of treatment as compared 

to diabetic control.  

The diabetic control (p<0.01) showed significant body weight reduction on the 14
th

 day of treatment 

compared to its respective baseline body weight while all the VR dose groups did not. Normal control 

showed significant (p<0.05) body weight increment on the 14
th

 day as compared to its baseline.  



 

 

Table 5 Effect of the repeated daily dose of Vigina radiata methanolic seed extract on body weight of alloxan-induced diabetic 

mice  

 Body weight (gm.) 

Group  Before the induction of 

diabetes 

Baseline  7
th

 day of treatment   14
th

 day of treatment   

Diabetic 

control 

27.33±4.18 24.33±4.03 22.67±3.26 
n3

 20±2.83 
n3 𝛽2

 

VR 100mg/kg 26±3.22 23.33±1.86 26±1.26 
n1

 24.67±2.42 
a1 n3

 

VR 200mg/kg 28±3.52 24.33±4.03 24.67±2.42 
n2

 27.33±2.5 
a3 n1

 

VR 400mg/kg 26±3.22 23.33±1.86 27.33±2.50 
a1

 27.67±2.06 

GLC 5mg/kg 28±3.52 24.33±4.03 30.67±1.86 
a3

 31.83±1.47 
a3

 

Normal control 26±3.22 26.67±2.16 31±1.89 31.83±2.14 𝛽
1
 

Each value represents mean ± SD; n=6 for each group. .  
a
 compared to the diabetic control,  

n 
compared to the normal control, 

and 
β 

compared to baseline body weight.  
1
p<0.05, 

2
p<0.01, and 

3
p<0.001. VR, Vigina radiata seed extract; NS, normal saline; 

and GLC, glibenclamide. 

 



 

 

Effect of Repeated Daily Dose of Vigina radiata Methanolic Seed Extract on Serum Lipid Level 

in Alloxan Induced Diabetic Mice 

There was a significant (p<0.001) elevation of serum total cholesterol (TC) and triglycerides (TG) 

while a significant reduction (p<0.001) of high-density lipoprotein (HDL) was shown in the diabetic 

control compared to the normal control (Table 6). However, fourteen days of administration of VR 

100mg/kg and 200mg/kg (p<0.05), and 400mg/kg (p<0.001) significantly increased serum HDL level 

compared to the diabetic control.  All the doses of VR significantly (p<0.001) reduced serum TC level; 

and also, VR 100mg/kg and VR 200mg/kg (p<0.05), VR 400mg/kg (p<0.001) decreased serum TG 

level when compared to the diabetic control.  The standard drug (glibenclamide) significantly reduced 

(p<0.001) the serum TC and TG level while increasing (p<0.01) the serum HDL level as compared to 

the diabetic control. There was no significant difference in the serum level TC, TG, and HDL, when 

groups treated with plant extract, were compared with each other. But, GLC treated group showed a 

significant (p<0.001) difference in the serum level of TC, TG, and HDL when compared to the plant 

extract treated groups.   

Discussion  

Worldwide, diabetes is one of the biggest health crises of the 21
st
 century.

3
  Today, modern drugs of 

DM have drawbacks in safety, effectiveness, and cost. New compounds with broad-spectrum 

antidiabetic activity and amenable safety should be focused on the comorbid population of diabetes 

and dyslipidemia. Exploring plant derivative compounds for DM treatment is an incredible research 

area as they are supposed to be safe, effective, and easily accessible and do not seek sophisticated 

setup.
14, 38

  

Alloxan is a known diabetogenic chemical; it enters the beta cells of islets of Langerhans through 

GLUT2 transporter and causes inhibition of glucokinase and production of reactive oxygen species 

(ROS).
39, 40

   Intraperitoneal administration of alloxan at a dose of 150mg/kg can develop persistent 

hyperglycemia in mice.
34, 40

   Our study revealed a similar outcome at which no significant change in 

BGL was observed in the diabetic control group during two weeks study period.  

Our study reported that all groups of animal models did not show significant differences in their 

baseline BGL. Likewise, this study indicated that there was an insignificant variation between the 

baseline of BGL and their respective measurement timings in all animal models. However, significant 

BGL decrement was perceived in the diabetic mice after repeated daily dose administration of the 



 

 

Vigina radiata methanolic seed extract, showing the alteration in BGL was ascribed to the treatment 

received.  Other complementary studies reported that both mung bean sprout and mung bean seed coat 

extracts exhibited a significant blood glucose level lowering effect in diabetic mice.
41

 

The existence of phenolic compounds, alkaloids, terpenoids, and flavonoids in most medicinal plants 

possesses antidiabetic activity.
10, 14-18

  Consequently, the presence of such different secondary 

metabolites in Vigina radiata may contribute to the lowering blood glucose levels.  

The glibenclamide treated diabetic mice groups exhibited a significant reduction in their BGL since 

glibenclamide inhibits ATP-sensitive K+ channels in beta cells of the pancreas which leads to 

depolarization of the cells and thereby promotes insulin secretion.
42, 43

  This is an indication that the 

induction of diabetes mice by glibenclamide at a dose of 150mg/kg might not cause total eradication of 

pancreatic beta cells.  

Vigina radiata demonstrated the capacitation of effective glucose metabolism,
 21

  by inhibiting both 

gastrointestinal and pancreatic starch hydrolyzing enzymes thereby decreasing the rate of intestinal 

glucose absorption, augmenting insulin sensitivity, and in that way dropping blood glucose level.
19, 21, 

32, 44
  However, meticulous molecular studies are compulsory to ascertain the particular mechanism for 

the antihyperglycemic action of Vigina radiata perceived in the study.  

Alloxan induction of experimental diabetes causes serious body weight loss in mice.
45

  Studies have 

shown that elevated blood glucose level more than normal value in mice is associated with a reduction 

in body weight after alloxan administration.
45, 46

  Similarly, our study demonstrated that alloxan-

induced diabetes caused significant body weight loss in diabetic control. However, the weight of 

Vigina radiata seed extract-treated groups was improved in a significant manner though the 

mechanism is not established.  Alloxan-induced diabetes triggers loss of body weight due to increased 

lipolysis and insulin insensitivity to muscle.
47, 48

  

The occurrence of high serum TG, TC, and low HDL-C are among common metabolic disturbances as 

complications of DM.
22, 31, 41, 49

 Hormone-sensitive lipases can be activated because of insulin 

deficiency and then brings lipolysis.
41, 49, 50

   In this study, we have noticed elevated levels of serum TG 

and TC, and low levels of HDL-C in diabetic control mice.  However, the plant extract treated groups 

have shown a significant increment of good cholesterol while it reduced total cholesterol.  

Consequently, further molecular studies are advisable to evaluate the mechanism behind it.  



 

 

 

Conclusion  

This study concluded that repeated daily dose administration of methanol extract of Vigina radiata 

seeds has significant antihyperglycemic activity.  Moreover, Vigina radiata seed extract significantly 

maintained the body weight and serum lipid levels of experimental animals into relatively normal 

value.  
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Evaluation of Antidiabetic and Antidyslipidemic Effects of Methanolic Leaf Extract of Pentas 

Schimperiana in Mice 

Abstract  

Background: Diabetes mellitus is one of the leading public health problems globally and 

progressively increasing in Ethiopia. The current drugs for diabetics are costly, less effective, and less 

safe with a challenging way of administration.  Pentas schimperiana is used as a traditional herbal 

medicine to treat Diabetic Mellitus in Ethiopia. The study aimed to evaluate the antidiabetic and 

antidyslipidemic activity of Pentas schimperiana to solve these challenges. 

Methods: The three-dose levels (250mg/kg, 500mg/kg, and 1000mg/kg) of methanolic leaf extracts of 

Pentas schimperiana were administered into three groups of mice. The first group were control mice 

with normal glucose level, the second group was glucose infused mice and the third group was 

alloxan-induced diabetic mice. The glucose level, the lipid level, the body weight, and the physical 

diagnosis were determined before and after the experimental treatment.  Data analysis was made 

using mixed-design ANOVA. A p-value of ≤ 0.05 was considered indicative of a statistically significant 

difference. 

Results: At the 14 days of treatment, all the three doses of methanolic leaf extract of Pentas 

schimperiana significantly (PS 250mg/kg, P<0.01; PS 500mg/kg and 1000mg/kg, P<0.001) reduced 

blood glucose level in diabetic mice compared to the normal mice. Besides, the 14 days of treatment of 

the diabetic mice by plant extract showed that weight loss and the dyslipidemic profiles were corrected 

significantly.  

Conclusion: The study concluded that the methanolic leaf extract of Pentas schimperiana can be a 

potential treatment for Diabetes Mellitus for resource-limited settings and follow-up studies are 

recommended. 

Keywords: diabetes mellitus, Pentas schimperiana, antidiabetic, antidyslipidemic, alloxan, albino mice 

Background  

Diabetes Mellitus (DM) is a group of metabolic disorders characterized by increased blood glucose 

levels resulting from defects in either insulin secretion or insulin action or both. Nowadays, it is 

becoming a worldwide public health problem leading to both macro and microvascular complications 

(18). 



 

 

DM currently exerts a significant burden in the Sub-Saharan region and is expected to increase. Many 

diabetic patients face significant challenges accessing diagnosis and treatment, which contributes to a 

high prevalence of mortality and complications (15).  Around 463 million people aged between 20 and 

79 have DM worldwide, and this number predicted to increase to 700 million by 2045. Ethiopia 

accounts for 1.7 million people with DM (12). 

Treatment of DM without side effects remains a challenge for the scientific community. Contemporary 

antidiabetic drugs have serious complications such as Sulphonylureas (hypoglycemia), Metformin 

(lactic acidosis, folate, and folate malabsorption), Acarbose (gastrointestinal upset), Sulphonylureas 

and Thiazolidinedione (weight gain), and Thiazolidinedione (edema) (17).
 
Therefore, the exploration 

of safer and more effective antidiabetic drugs is needed.  

Globally, medicinal plants have been using as a source of modern medicine. About 80-85 % of the 

world population rely on herbal extracts for the treatment of disease (20).   

P. schimperiana is a semi-woody and shrubby herb that has a height of up to 2 meters. It is found 

mostly between 17010-2350 meters altitude. P. schimperiana has two subspecies: P. schimperiana 

supsp. schimperiana (A.Rich) Vatke and P. schimperiana subsp. occidentalis (Hook) (9). 

Subspecies schimperiana is found in Ethiopia while subspecies occidentalis befall in Cameron. In 

Ethiopia, P. schimperiana is known by its local name ―Woinagrefet‖ and its fresh dry root bark powder 

mixed with water is taken orally for epilepsy, and the decoction is for management of DM (22). 

The study of phytochemical analysis confirmed the presence of saponins, flavonoids, tannins, steroidal 

and phenolic compounds in the methanolic leaf extract of P. schimperiana. It was also demonstrated 

that P. schimperiana leaf extract reduced the blood glucose level of alloxan-induced diabetic mice as a 

function of time and concentration (9). 

Historically, modern antidiabetic drugs were discovering from medicinal plants. One such classic 

example is Metformin isolated from Galega officinalis used for the treatment of diabetes in medieval 

Europe (3). 

Plant-derived secondary metabolites such as flavonoids, alkaloids, and phenolic compounds have a 

blood glucose-reducing tendency ( 19, 26, 28, 31, 36, 37).  Induction of oxidative stress is the leading 

cause of the advanced disease process of DM (2, 21, 36). Scavenging of free radicals by antioxidants is 

one of the treatment and prevention strategies of DM (2, 29, 36). The previous study of P. 

schimperiana has shown antioxidant activity (9). Hence, this study was aimed to assess the antidiabetic 



 

 

and antidyslipidemic effects of methanolic leaf extract of P. schimperiana in alloxan-induced diabetic 

mice.  

Methods 

Drugs, Chemicals, and Instruments 

In this study, we have used the following drugs, chemicals, and instruments. Alloxan (Sigma Aldrich, 

Germany), methanol absolute (Nice Chemicals, India), glibenclamide (Julphar Pharmaceuticals, 

Ethiopia), normal saline (Addis Pharmaceutical Factory, Ethiopia), 40% glucose solution (Addis 

Pharmaceutical Factory, Ethiopia), PRODIGY
®
 blood glucose meter, and strips (Ok Biotech Co., Ltd., 

Taiwan), Mindray BS-240 clinical chemistry analyzer ( Shenzhen Mindray Bio-Medical Electronics 

Co., Ltd, China). All other chemicals used were of analytical grade.  

Plant Material Collection and Extraction 

The permission was obtained from Debre Berhan University institutional review board committee 

members ( Dr. Esubalaew Tesfahun, Dr. Amare Ayalew, and Dr. Gezahegn Degafe).  Fresh leaf of P. 

schimperiana was collected from Ankober, North Shoa Zone of Amhara region, Ethiopia in May 2019. 

The plant specimen was kept at the Herbarium of Addis Ababa University with the voucher number 

ATA0001 after taxonomic identification and authentication by Dr. Abiyou Tilahun. Then, dried fresh 

leaf (100g) of the plant material was macerated, stayed for five days in stoppered conical flasks 

containing 500 mL of methanol, and filtered. The filtrate was dried under reduced pressure using a 

rotary evaporator to yield 3 g of crude extract. The weighed crude extract was stored at -4 °C until 

used. 

Experimental Animals 

Healthy Swiss albino mice of both sexes weighing 25-30g were used in this study. The animals were 

purchased from the Ethiopian Public Health Institute, Addis Ababa, Ethiopia. The animals were 

housed using standard cages and kept under standard conditions (12 hours light and 12 hours dark 

cycle) at the Department of Pharmacology, Addis Ababa University. The mice were acclimatized for 

seven days before the experiment and given a standard diet and water ad libitum. The experiment was 

done based on the guideline for the care and use of laboratory animals (8). 

Acute Oral Toxicity Study 

Acute oral toxicity study of P. schimperiana was performed based upon the organization for economic 

cooperation and development (OECD) 425 guidelines (24). 
 
Five female albino mice weighing 25-30 



 

 

grams were used. Firstly, 4 hours fasted single mouse received 2000mg/kg of the leaf extract orally 

and left under careful observation for behavioral or/and physical changes for 24 hours. Then, the 

remaining four female mice received the same dose, and strict follow-up continued until the end of 

fourteen days for potential signs of toxicity and mortality. The dose of the extract was increased to 

5000mg/kg and a similar procedure was followed on another five female mice.  

Induction of Diabetes 

Alloxan (2, 4, 5, 6-tetraoxypyrimidine; 5, 6-dioxyuracil) was administered to induce diabetics in the 

albino mice. Before alloxan administration, the mice have subjected to sixteen hours of fasting.  Fresh 

alloxan solution was prepared using normal saline (0.9%) and administered intraperitoneally at the 

dose of 150mg/kg, according to previous studies (9, 16, 25). The mice were screened for glucose level 

after 72 hours of alloxan administration. Animals with fasting blood glucose level > 200mg/dl were 

included in the study as diabetic mice (4, 25, 32). After the screening test, diabetic mice were 

randomized to their respective groups.  

Designs and Procedures of the Experiment 

Male mice were used for the following test groups (normoglycemic, oral glucose loaded, single dose-

treated diabetic, and repeated daily dose-treated diabetic). The animals were randomly allocated into 

five groups for the hypoglycemic test, oral glucose tolerance test, and single dose-treated diabetic test, 

each group consisting of six mice.  

Group I:  negative control mice received 10ml/kg normal saline (NS), Group II: tested mice 

administered PS extract 250mg/kg body weight, Group III: tested mice administered PS extract 

500mg/kg body weight, Group IV: tested mice administered PS extract 1000mg/kg body weight, 

Group V: positive control mice treated with glibenclamide (5mg/kg).  

For repeated daily dose-treated diabetic models, the mice were grouped into 6 (five groups‘ diabetic 

mice and one group of normal mice, each group containing six mice). Group I:  diabetic control mice 

received 10ml/kg NS, Group II: tested mice administered PS extract 250mg/kg body weight, Group III: 

tested mice administered PS extract 500mg/kg body weight, Group IV: tested mice administered PS 

extract 1000mg/kg body weight, Group V: positive control mice treated with glibenclamide (5mg/kg), 

Group VI: normal control mice received 10ml/kg NS.  Plant extract doses were determined based on 

acute oral toxicity results and the oral route of administration was preferred since people have a habit 

of using plant material orally (9). By using oral gavage the plant extract was administered to the 



 

 

respective dose groups after dissolving it in normal saline at a volume not more than 10mL/kg body 

weight of the individual animal (1). 

Determination of Blood Glucose Level 

Blood samples were collected from the tail vein of each animal using an aseptic technique. The blood 

glucose level was determined using PRODIGY® blood glucose meter and strips (Ok Biotech Co., Ltd., 

Taiwan) according to the operating procedures. The test was done in triplicate. 

For the hypoglycemic test, overnight fasted mice received their respective treatment, and BGL was 

measured at zero (just before treatment), one, two, four, and six hours after treatment (27, 33). Thirty 

minutes after each group's respective treatment (7, 33), 40 % w/v glucose solution was given orally to 

each animal at the dose of 2.5g/kg for glucose tolerance test (33). 
 
BGL was measured for each animal 

just before respective treatments (at zero minutes), and then at 30, 60, and 120 minutes after oral 

glucose loading (27, 33). For the single-dose test, overnight fasted animals received normal saline, P. 

schimperiana leaf extract, and glibenclamide according to their corresponding grouping.  BGL was 

measured at zero hours (just before treatment); and at two, four, six, and eight hours after treatment 

(27, 33). In the antihyperglycemic activity study with a repeated daily dose, mice were treated in 

regular timing with normal saline, P. schimperiana leaf extract, and glibenclamide once per day for 

fourteen days per each grouping. Each overnight fasted (16 hours) animal‘ BGL was documented just 

before starting the treatment, on the first day of treatment ( 72 hours after alloxan administration) as a 

baseline, on the seventh and fourteenth day of treatment (34). 

Assessing the Body Weight and Serum Lipid Level Change on Repeated Daily Dose of P. 

schimperiana Treated Diabetic Mice 

The body weight of each animal was recorded just before the commencement of treatment, on the first 

day (72 hours after alloxan administration), on the seventh and fourteenth day of respective treatment. 

On the 15
th

 day, overnight fasted mice were sacrificed with intraperitoneal (IP) administration of 

sodium pentobarbitone at a dose of 150mg/kg (34, 38). Then, the blood specimen was collected using a 

sterile gel tube via cardiac puncture. The blood samples were kept at room temperature for two hours 

and centrifuged. The serum lipid profile such as high-density lipoprotein, total cholesterol, and 

triglyceride was measured using Mindray BS-240 clinical chemistry analyzer (Shenzhen Mindray Bio-

Medical Electronics Co., Ltd, China). 

 



 

 

Data Management and Analysis 

Data were recorded, summarized, and analyzed using SPSS version 21 software (USA). The mean and 

standard deviation (SD) were calculated and the association between and within groups was 

determined using mixed-design ANOVA.  A p-value of ≤ 0.05 was considered indicative of a 

statistically significant difference. 

Results 

Acute Oral Toxicity Study 

Pentas schimperiana (PS) methanolic leaf extract did not cause mortality in mice at 2000mg/kg and 

5000mg/kg doses; and none of them showed signs of toxicity (behavioral, neurological, or autonomic) 

in the first 24 hours and up to 14 days of study duration. The LD50 of the P. schimperiana leaf extract 

was more than 5000mg/kg. 

Hypoglycemic Activity of P. schimperiana Methanolic Leaf Extract in Normoglycemic Mice  

There was no significant difference in baseline fasting BGL across all the groups (Table 1).  All three 

doses (PS 250mg/kg, PS 500mg/kg, and PS 1000mg/kg) did not show a statistically significant 

reduction in BGL when compared to the negative control group. But, glibenclamide (5mg/kg) reduced 

the BGL at the 1
st
 (P<0.05), 2

nd
 (P<0.01), 4

th
, and 6

th
 (P<0.001) hours compared to the negative control 

group. The GLC reduced BGL significantly the 1
st
 (P<0.05), 2

nd
, 4th

, 
and 6

th
 hours (P<0.001) 

compared to the 250mg/kg PS treated group; at the 2
nd

, 4
th

, 
and 

6
th

 
 
 hours (P<0.001) compared to 

500mg/kg PS treated group; at the 1
st
 (P<0.05), the 2

nd
, 4

th
, and 6

th
 

(
P<0.001) hours compared to the 

1000 mg/kg PS treated group. At all-time points, a statistically insignificant difference of BGL was 

seen when groups of P. schimperiana leaf extract were compared with each other. At all-time points, 

all three doses of the plant extract and normal saline did not decrease the BGL significantly when 

compared to the corresponding baseline level. However, glibenclamide reduced the BGL significantly 

at the 1
st
 (P<0.01), 2

nd
, 4

th
, and 6

th
 (P<0.001) hours compared to the initial level.  

 

 

 

 

 

 



 

 

Table 1. Hypoglycemic activity of methanolic extract of leaf of P. schimperiana in normoglycemic mice. 

 Fasting Blood Glucose Level (mg/dl) 

Group 0 hr 1 hr 2 hr 4 hr 6 hr 

NS 10ml/kg 94.16 ± 5.11 95.16 ± 4.07 88.66 ± 5.78 98.33 ± 4.92 89.33 ± 6.34 

PS 250mg/kg 91.66 ± 3.32 95.66 ± 6.43 90.16 ± 6.30 99.66 ± 5.78 90.83 ± 6.4  

PS 500mg/kg 90.83 ± 5.56 93.50 ± 3.39 92.16 ± 5.38 93.66 ± 5.78 92 ± 6.06  

PS 1000mg/kg 94.16 ± 5.98 95.83 ± 6.14 92.33 ± 6.34 97.33 ± 3.82 90.33 ± 6.91 

GLC 5mg/kg 94.83 ± 3.76 86.16 ± 3.31 
aE  bE  dE

 

β
F 

73.83 ± 4.11 
aF  bG  cG  dG

  

βG
 

 
 

72.66 ± 3.38 
aG  bG  cG  dG

 

βG
 

62.16 ± 3.71 
aG  bG  cG  dG

 

𝛽G
 

Values are expressed as mean ± SD; n=6; 
a
 compared to the negative control, 

b
 compared to PS 250mg/kg, 

c
 compared to PS 500mg/kg, 

d
 compared to PS 1000mg/kg, and 

β
 compared to baseline blood glucose level; 

E
 P<0.05, 

F
 P<0.01, 

G
 P<0.001; PS, Pentas 

schimperiana leaf extract; NS, normal saline; GLC, glibenclamide.  



 

 

Antihyperglycemic Activity of Methanolic Leaf Extract of P. schimperiana in Oral Glucose 

Loaded Mice  

The baseline data of BGL showed that there was no statistical difference among the groups (Table 2). 

PS 1000mg/kg (P<0.001 and PS 500mg/kg (P<0.01) reduced the hyperglycemia significantly at the 1
st
 

hour compared to the negative control. GLC (5 mg/kg) significantly reduced the hyperglycemia at the 

1
st
 (P<0.001) and 2

nd
 (P<0.01) hours after glucose administration compared to the vehicle-treated 

group. There was no significant difference in BGL among the three doses of the plant extract. 

Glibenclamide (5mg/kg) significantly reduced the hyperglycemia at the 1
st
 and 2

nd
 hour (P<0.001) 

when compared to all the three P. schimperiana leaf extract doses.  

After 30 minutes of oral administration of glucose, a statistically significant (P<0.001) increment of 

BGL was observed in all groups when compared to baseline fasting BGL irrespective of treatments 

delivered. Moreover, remarkable hyperglycemia was seen at 1 hour after oral glucose administration in 

negative control and all P. schimperiana leaf extract-treated groups when compared to the 

corresponding initial BGL. The BGL level at the 1
st
 and the 2

nd
 hours were significantly decreasing 

(P<0.001) when compared to the BGL level at 30 minutes after oral glucose administration across all 

the groups.   

 

 



 

 

Table 2. Effect of P. schimperiana methanolic leaf extract on oral glucose tolerance in normal mice. 

 Fasting Blood glucose level (mg/kg) 

Group 0 min 30 min 60 min 120 min 

NS 10ml/kg 89.83 ± 3.81 211.66 ± 10.80 
β G

 165.66 ± 10.15 
π G

 101.16 ± 3.65 
π G

 

PS 250mg/kg 90.33± 3.93 209 ± 12.88 
β G

 151 ± 7.64 
π G

 103.83 ± 4.26 
π G

 

PS 500mg/kg 88.33 ± 4.76 213 ± 7.53 
β G

 146.66 ± 11.60 
πG  aF 

 111.33 ± 14.06 
π G

 

PS 1000mg/kg 88 ± 5.54 208.16 ± 9.68 
β G

 137 ± 6.69 
πG  aG 

 103.50 ± 5.20 
π G

 

GLC 5mg/kg 88.50 ± 4.32 211.33 ± 14.71 
β G

 90.33 ± 4.76 
π G  aG  bG  cG   dG 

 80.33 ± 4.67 
π G  aF  bG  cG dG 

 

Values are expressed as mean ± SD; n=6; time refers to the time after oral glucose administration;  
a
 compared to the negative 

control, 
b
 compared to PS 250mg/kg, 

c
 compared to PS 500mg/kg, 

d
 compared to PS 1000mg/kg, and 

β
 compared to baseline blood 

glucose level, and 
π
 compared to the blood glucose level at 30 minutes;  

F
 P<0.01, 

G
 P<0.001; PS, Pentas schimperiana leaf extract; 

NS, normal saline; GLC, glibenclamide.  



 

 

Antihyperglycemic Activity of Single Dose of P. schimperiana Methanolic Leaf Extract in 

Diabetic Mice 

There were no significant BGL reductions at 2
nd

 hour of treatment across all three doses of PS when 

compared to the negative control group (Table 3).  However, glibenclamide (5mg/kg) significantly 

decreased the BGL at the 4
th

 and 6
th

 (P<0.05), and 8
th

 (P<0.001) hours compared to the negative 

control. The GLC treated mice showed significantly decreased glucose levels at the 4
th

 (P<0.05), at the 

6
th

, and at the 8
th

 (P<0.01) hours compared to plant extract-treated mice at 250mg/kg, at 500mg/kg, and 

1000mg/kg doses respectively. The glibenclamide (5mg/kg) treated diabetic mice showed a 

significantly reduced BGL at the 4
th

, then 6
th

 and the 8
th

 hours compared to the baseline BGL. 

 

 

 

 

 

 

 

 

 



 

 

Table 3. Antihyperglycemic activity of a single dose of P. schimperiana methanolic leaf extract in diabetic mice. 

 Fasting Blood glucose level (mg) 

Group 0 hr  2 hr 4 hr 6 hr 8 hr 

NS 10ml/kg 282.83 ± 29.73 292.5 ± 61.94 297 ± 44.45 275.5 ± 45.91 292.66 ± 42.87 

PS 250mg/kg 290.16 ± 50.52 283.16 ± 50.52 293 ± 50.35 282.66 ± 50.49 265 ± 39.02 

PS 500mg/kg 290 ± 39.61 277.33 ± 44.06 287.16 ± 44.27 276.5 ± 43.83 275.16 ± 43.20 

PS 1000mg/kg 276.5 ± 48.94 267.16 ± 49.41 276.66 ± 50.16 267.5 ± 48.93 266.5 ± 48.93 

GLC 5mg/kg 303.66 ± 50.10 295.83 ± 49.05 204.5 ± 38.83 
βG  aE  bE 

cE
 

184.83 ± 34.68 
βG  aE  bF  cE  dE 

 172 ± 30.89 
βG  aG  bF  cF 

dF
 

Values are expressed as mean ± SD; n=6; 
a
 compared to the negative control, 

b
 compared to PS 250mg/kg, 

c
 compared to PS 

500mg/kg, 
d
 compared to PS 1000mg/kg, and 

β
 compared to baseline blood glucose level; 

E
 P<0.05, 

F
 P<0.01, 

G
 P<0.001; PS, Pentas 

schimperiana leaf extract; NS, normal saline; GLC, glibenclamide.  



 

 

Antihyperglycemic Activity of Repeated Daily Dose of P. schimperiana Methanolic Leaf Extract 

in Diabetic Mice 

As indicated in Table 4, the baseline BGL was not significantly different in all diabetic mice groups.  

However, the BGL in the diabetic groups was significantly higher than the control group at all-time 

intervals (P<0.001). On the 7
th

 day of the treatment, PS 500mg/kg and PS 1000mg/kg reduced BGL 

significantly (P<0.05) as compared to diabetic control. All the extract doses, PS 250mg/kg, PS 

500mg/kg, and 1000mg/kg significantly decreased the BGL on the 14
th

 day of treatment when 

compared to the diabetic control at the significance level of P<0.01, P<0.001, and P<0.001 

respectively. A significant BGL reduction was seen in the GLC-treated group on the 7
th

 (P<0.01) and 

14
th

 (P<0.001) day of treatment when compared to diabetic control. However, there was no significant 

difference in BGL seen between GLC-treated and Plant extract-treated groups at all times. The BGL of 

plant extract treated groups did not show a statistically significant difference in each dose at all-time 

intervals. The GLC (5mg/kg) and P. schimperiana leaf extract-treated groups reduced the BGL 

significantly (P<0.001) on both the 7
th

 and 14
th

 day of treatment when compared to their respective 

baseline level.     

 

 

 



 

 

Table 4. Antihyperglycemic activity of repeated daily dose of P. schimperiana methanolic leaf extract in diabetic mice. 

 Fasting Blood Glucose Level (mg/dl) 

Group Baseline  7
th

 day 14
th

 day 

Diabetic control 282.83 ± 29.73 
nG

 254.16 ± 28.88 246.83 ± 31.99 

PS 250mg/kg 290.16 ± 50.52 
nG

 219.83 ± 42.33 
βG

 192.16 ± 13.01
 βG  αF

 

PS 500mg/kg 290 ± 39.61 
nG

 199.66 ± 17.46 
βG  αE

 187.66 ± 13.79 
βG   αG

 

PS 1000mg/kg 276.5 ± 48.94 
nG

 187.16 ± 9.34 
βG   αE

 179.33 ± 6.91 
βG  αG

 

GLC 5mg/kg 303.66 ± 50.10 
nG

 185.16 ± 21.35 
βG   αF

 160.5 ± 32.53 
βG  αG

 

Normal control 100.66 ± 5.71 81 ± 4.33 86.5 ± 5.35 

Values are expressed as mean ± SD; n=6; 
α
 compared to diabetic control, 

n
 compared to normal control, 

β
 compared to baseline 

blood glucose level; 
E
 P<0.05, 

F
 P<0.01, 

G
 P<0.001; PS, Pentas schimperiana leaf extract; NS, normal saline; GLC, 

glibenclamide.  



 

 

Effect of Repeated Daily Dose of P. schimperiana Methanolic Leaf Extract on Body Weight in 

Diabetic Mice  

Alloxan-treated mice showed significant weight loss in diabetic control on the 7
th

 and 14
th

 day when 

compared to the normal control (P<0.001) (Table 5). The plant extract at the dose of 1000mg/kg 

started showing significant weight increment on the 7
th

 day of treatment compared to the control group 

(P<0.05). However, the 250mg/kg and 500mg/kg didn‘t show any significant weight gain on the 7
th

 

day of treatment. All three plant extract doses showed significant weight improvements on the 14
th

 day 

of treatment compared to diabetic control. The PS at 250mg/kg and the PS at 500mg/kg revealed 

significant weight reduction as compared to the normal control group on the 7
th

 and 14
th

 day of 

treatment. The weight of the glibenclamide treated group was improved significantly (P<0.001) on the 

7
th

 and 14
th

 day of treatment while compared to the diabetic control group.  

 

Table 5. Effect of the repeated daily dose of P. schimperiana methanolic leaf extract on body 

weight in diabetic mice. 

 Body weight (gm.) 

Group Before induction 

of Diabetes 

Baseline 7
th

 day of 

treatment  

14
th

 day of 

treatment  

Diabetic control 30.33 ± 4.17 25.33 ± 4.03 25.66 ± 3.26 
nG

 21 ± 28.2 
βF   nG

 

PS 250mg/kg 29 ± 3.22 24.33 ± 1.86 29 ± 1.26 
nE

 25.66 ± 2.42 
nG   αE

 

PS 500mg/kg 31 ± 1.52 25.33 ± 3.03 27.66 ± 2.42 
nF

 28.33 ± 2.5 
nE  αG

 

PS 1000mg/kg 29 ± 3.22 24.33 ± 2.84 30.33 ± 2.5 
αE

 28.66 ± 2.06 
αG

 

GLC 5mg/kg 31 ± 3.52 25.33 ± 2.03 33.66 ± 1.86 
αG

 32.83 ± 1.47 
αG

 

Normal control 29 ± 2.22 27.66 ± 2.16 34 ± 1.89 32.83 ± 2.13 

Values are expressed as mean ± SD; n=6; 
α
 compared to diabetic control, 

n
 compared to normal 

control, 
β
 compared to baseline blood glucose level; 

E
 P<0.05, 

F
 P<0.01, 

G
 P<0.001; PS, Pentas 

schimperiana leaf extract; NS, normal saline; GLC, glibenclamide 

Effect of Repeated Daily Dose of P. schimperiana Methanolic Leaf Extract on Serum Lipid Level 

in Diabetic Mice  

Total cholesterol (TC) and triglycerides (TG) were significantly increased (P<0.001) in diabetic 

control compared to normal control (Table 6).  However, high-density lipoprotein (HDL) cholesterol 



 

 

reduced significantly (P<0.001) in diabetic control when compared to normal control. The 14
th

 days of 

administration of PS 250mg/kg, 500mg/kg (P<0.05), and 1000mg/kg had shown markedly increased 

HDL level when compared to the diabetic control (P<0.001). All the doses of PS significantly reduced 

the level of serum total cholesterol (P<0.001). The PS extract at 500mg/kg (P<0.05) and PS at 

1000mg/kg (P<0.01) doses decreased the serum triglyceride level when compared to diabetic control. 

GLC (5mg/kg) significantly decreased (P<0.001) the serum total cholesterol and triglycerides level 

while it increased (P<0.001) the HDL cholesterol as compared to diabetic control. The serum level of 

TC, TG, and HDL-C did not show a statistically significant difference when each plant extract-treated 

group was compared to each other. But, GLC treated group showed significant (P<0.01) variation in 

the serum level of HDL-C, TG, and TC when compared to all doses of plant extract groups.  

 

 

Table 6. Effect of the repeated daily dose of P. schimperiana methanolic leaf extract on serum 

lipid level in diabetic mice. 

 Serum Lipid Level (mg/dl) 

Group HDL-C TC TG 

Diabetic control 26.66 ± 2.16 
nG

 184.33 ± 3.32
 nG

 149.83 ± 7.16 
nG

 

PS 250mg/kg 32.5 ± 1.87 
nG  αE

 160.66 ± 2.16 
nG   αG

 142.16 ± 4.44 
nG

 

PS 500mg/kg 32.5 ± 1.87 
nG  αE

 164.5 ± 13.09 
nG   αG

 140.66 ± 3.5 
nG  αE

 

PS 1000mg/kg 35.83 ± 2.48 
nG  αG

 160 ± 4.04 
nG   αG

 137.16 ± 2.85 
nG   αF

 

GLC 5mg/kg 43.66 ± 5.08 
αG   bF   cF   

dF
 

90 ± 2.09 
αG  bF   cF  dF

 64.5 ± 4.54 
αG  bF   cF   dF

 

Normal control 45.16 ± 3.18 77.33 ± 3.72 60.33 ± 3.72 

Values are expressed as mean ± SD; n=6; 
α
 compared to diabetic control, 

b
 compared to PS 250mg/kg, 

c
 compared to PS 500mg/kg, 

d
 compared to PS 1000mg/kg, and 

n
 compared to normal control; 

E
 

P<0.05, 
F
 P<0.01, 

G
 P<0.001; PS, Pentas schimperiana leaf extract; NS, normal saline; GLC, 

glibenclamide; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein.  

 

 



 

 

Discussion 

In the current study, the methanolic leaf extract from Pentas schimperiana has the potential for the 

treatment of diabetes millets. Limited acute oral toxicity data showed that the extract seems nontoxic 

(LD50>5000mg/kg). The extract has a significant effect on decreasing the blood glucose level in 

diabetic-induced albino mice. The extract also showed the ability to increase the protective HDL and 

decrease the unwanted lipid profiles. Also, P. schimperiana leaf extract might contribute to improved 

weight gains. 

DM is the known metabolic disease described by elevated blood glucose levels due to compromised 

metabolism of macromolecules such as carbohydrates, lipids, and proteins; and related to absolute or 

relative deficiencies in insulin secretion or/and insulin action (23). The need for safe and efficient anti-

diabetic drugs is still the issue of the world scientific community. Exploring new modern medications 

from traditional medicinal plants is an important research area, which does not require advanced 

pharmaceutical settings and with easier accessibility (7, 28). 

Based on the results of this study, the LD50 of the methanolic leaf extract of P. schimperiana is found 

to be more than 5000mg/kg. This result is consistent with the previous study (9). 

Alloxan is a commonly used chemical for the induction of diabetes in rodents (10, 35). This study 

revealed that experimental diabetes achieves using alloxan compound. Administration of 150 mg/kg 

alloxan-induced persistent hyperglycemia in mice as indicated by previous studies (9). Likewise, this 

study confirmed that alloxan induces hyperglycemia without substantial variation in BGL during the 

study period of two weeks as perceived in the diabetic control mice (Table 4). The mechanisms related 

to pancreatic β cell malfunctioning next to alloxan exposure are DNA fragmentation and damage, the 

production of superoxide radicals, and reactive oxygen species (35). 

This study revealed that the baseline BGL did not show statistically significant differences across all 

groups of experimental animals. A substantial decrement in BGL was seen in all groups after treatment 

with the respective dose of methanolic leaf extract and GLC (5mg/kg), revealing the changes in BGL. 

The methanolic leaf extract of P. schimperiana did not show significant hypoglycemic activity at all 

dose levels in normoglycemic mice (Table1). In contrast, the extract at the dose of 1000mg/kg and 

500mg/kg revealed significant antihyperglycemic activity after the treatment of a single dose of the 

plant extract in oral glucose-loaded mice.  Additionally, the administration of repeated doses of the 

plant extract revealed significant antihyperglycemic activity and body weight increment in diabetic 



 

 

mice (Table 4, and Table 5). P. schimperiana extract at a dose of 1000mg/kg has shown a relatively 

higher reduction of BGL, revealing that the antihyperglycemic activity of plant extract was in a dose-

dependent manner.   

In most medicinal plants the presence of phytochemicals such as alkaloids, phenolic compounds, 

flavonoids, and terpenoids may be attributed to their antidiabetic activity (19,26, 28, 31, 36, 37). The β 

cell regenerating and insulinogenic effects of flavonoids are reported by others (19, 26). Therefore, the 

blood-glucose-lowering effect of the P. schimperiana methanolic leaf extract would be because of the 

presence of such phytonutrients (9). 

The underlying mechanism of antidiabetic action of P. schimperiana maybe by facilitating insulin 

secretion and thereby augments glucose uptake in peripheral tissues (9, 30). But, further molecular 

studies are recommended to ascertain the real mechanism for the antihyperglycemic effects noticed in 

this study.  Alloxan-induced diabetes is related to a remarkable loss of weight in experimental animals. 

Likewise, this study confirmed that alloxan produced a significant reduction in body weight in diabetic 

control mice (Table 5). DM is associated with an increased rate of glycogenolysis, lipolysis, 

gluconeogenesis, and thereby producing loss of tissue protein and muscle wasting (11, 13). Hence, the 

weight gain after repeated administration of the P. schimperiana methanolic leaf extract in alloxan-

induced diabetic mice might suggest the antihyperglycemic effects of the plant material. 

Dyslipidemia is one of the serious complications of DM which is commonly manifested with low 

HDL-C, high serum TG, and TC (6, 11). It is through increased lipolysis, and secretion of VLDL from 

the liver because of the stimulation of hormone-sensitive lipase (5, 6). Secondary to beta-cell 

dysfunction with alloxan administration, insulin shortage also causes the reduced activity of 

lipoprotein lipase which leads to decreased clearance of VLDL and chylomicrons (14). Moreover, the 

enzymatic activity of cholesteryl ester transfer protein can be stimulated due to increased triglyceride 

level; and thereby causing increased triglyceride content of HDL and LDL. Subsequent hydrolysis of 

triglyceride enriched LDL particles via lipoprotein lipase or hepatic lipase producing a dense LDL 

particle.  However, triglyceride–enriched HDL particles are prone to breaking down the cascade (6). 

This study revealed that a significant increment of serum TG, TC, and a remarkable decrement of 

HDL-C in vehicle-treated diabetic control mice (Table 6). Treatments with P. schimperiana 

methanolic leaf extract for two weeks significantly decreased the serum level of TG, TC, and elevated 

HDL-C level in a dose-dependent fashion. But, the molecular mechanism is not clearly understood 



 

 

whether the leaf extract antidyslipidemic activity is attained only because of controlled hyperglycemia 

or had a direct effect on lipid metabolism.  

Conclusion   

The results of this study depicted that the methanolic leaf extract of P. schimperiana revealed 

significant antihyperglycemic and antidyslipidemic activity in alloxan-induced mice, and the plant 

extract has shown improvements in oral glucose tolerance and body weight. Hence, this study is 

justifying that the claim of the traditional use of the plant for the treatment of diabetes mellitus. We 

recommend future studies to identify and understand the mechanisms of action of the plant ingredients. 
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The Antidiabetic and Antidyslipidemic Effects of Methanolic Leaf Extract of Myrsine Africana in 

Alloxan Induced Diabetic Albino Mice 

Abstract  

Background: Diabetes mellitus is one of the leading public health problems globally, and its 

prevalence is increasing in Ethiopia. The current drugs for diabetics are exorbitant, less effective, and 

less safe with a challenging way of administration.  The need for alternative potential herbal 

antidiabetic medicines is increasing. Thus, the current study aimed to evaluate the antidiabetic and 

antidyslipidemic activity of methanolic leaf extract of M. africana. 

Methods: The three-dose levels (250mg/kg, 500mg/kg, and 1000mg/kg) of methanolic leaf extracts of 

M. africana were administered to three groups of mice. The first group was control mice with normal 

glucose levels, the second group was glucose-infused mice and the third group was alloxan-induced 

diabetic mice. The effects of the plant extract on blood glucose level, lipid profile, and body weight 

were analyzed.  Data analysis was made using mixed-design ANOVA.  A P-value of ≤ 0.05 was 

considered indicative of a statistically significant difference. 

Results: After the end of 14 days of treatment, all the three doses of methanolic leaf extract of M. 

africana significantly (MA 250mg/kg, P<0.01; MA 500mg/kg and 1000mg/kg, P<0.001) reduced blood 

glucose level in diabetic mice as compared to the normal mice. Weight loss and dyslipidemic profiles 

have corrected significantly after 14 days of treatment of the diabetic mice with plant extract. 

Conclusion: The study concluded that the methanolic leaf extract of M. africana can be a potential 

target for the management of diabetes mellitus in resource-limited settings. However, further 

molecular studies are recommended. 

Keywords: Diabetes Mellitus, Myrsine africana, Antidiabetic, Antidyslipidemic, Alloxan, Albino mice 

Background  

Diabetes Mellitus (DM) is a group of metabolic disorders characterized by increased blood glucose 

levels resulting from defects in either insulin secretion or insulin action or both. Nowadays, it is 

becoming a worldwide public health problem leading to both macro and microvascular complications.
1
 

DM currently exerts a significant burden in the Sub-Saharan region and is expected to increase. Many 

diabetic patients face significant challenges accessing diagnosis and treatment, which contributes to a 

high prevalence of mortality and complications.
2
 Around 463 million people aged between 20 and 79 



 

 

have DM worldwide, and this number predicted to increase to 700 million by 2045. Ethiopia accounts 

for 1.7 million people with DM.
3
 

Treatment of DM without side effects remains a challenge for the scientific community. Contemporary 

antidiabetic drugs have serious complications such as Sulphonylureas (hypoglycemia), Metformin 

(lactic acidosis, folate, and folate malabsorption), Acarbose (gastrointestinal upset), Sulphonylureas 

and Thiazolidinedione (weight gain), and Thiazolidinedione (edema).
4 

Therefore, the exploration of 

safer and more effective antidiabetic drugs is needed.  

Globally, medicinal plants have been using as a source of modern medicine. About 80-85 % of the 

world population rely on herbal extracts for the treatment of disease.
5
   

Historically, modern antidiabetic drugs were discovering from medicinal plants. One such classic 

example is Metformin isolated from Galega officinalis used for the treatment of diabetes in medieval 

Europe.
6
 

Plant-derived secondary metabolites such as flavonoids, alkaloids, and phenolic compounds have a 

blood glucose-reducing tendency.
7-12

 Induction of oxidative stress is the leading cause of the advanced 

disease process of DM.
7, 13, 14

 Scavenging of free radicals by antioxidants is one of the treatment and 

prevention strategies of DM.
7, 14, 15

 

Myrsine africana (M. africana) also called Cape Myrtle or African boxwood is a Myrinaceae and is an 

evergreen shrub growing to 2 m at a slow rate. The plant native to Africa and Asia and usually grows 

well in dry parts.
16

  The study of phytochemical analysis confirmed the presence of saponins, 

flavonoids, tannins, steroidal and phenolic compounds in the methanolic leaf extract of M. africana. 

Besides, the result confirmed that leaf extract of M. africana has strong antioxidant activity.
17

 Based on 

previous findings, M. africana has shown a potential therapeutic effect for helminths, bacteria, and 

antitumor activities.
18, 19

 However, the antidiabetic activity of M. africana is not investigated. Hence, 

this study was aimed to assess the antidiabetic and antidyslipidemic effects of methanolic leaf extract 

of M. africana in alloxan-induced diabetic mice. 

 

 

 

 



 

 

Methods 

Drugs, Chemicals, and Instruments 

In this study, we have used the following drugs, chemicals, and instruments. Alloxan (Sigma Aldrich, 

Germany), methanol absolute (Nice Chemicals, India), glibenclamide (Julphar Pharmaceuticals, 

Ethiopia), normal saline (Addis Pharmaceutical Factory, Ethiopia), 40% glucose solution (Addis 

Pharmaceutical Factory, Ethiopia), PRODIGY
®
 blood glucose meter, and strips (Ok Biotech Co., Ltd., 

Taiwan), Mindray BS-240 clinical chemistry analyzer (Shenzhen Mindray Bio-Medical Electronics 

Co., Ltd, China). All other chemicals used were of analytical grade.  

Plant Material Collection and Extraction 

The permission was obtained from Debre Berhan University institutional review board committee 

members (Dr. Esubalaew Tesfahun, Dr. Amare Ayalew, and Dr. Gezahegn Degafe). Fresh leaf of M. 

africana was collected from Ankober, North Shoa Zone of Amhara region, Ethiopia in May 2019. The 

plant specimen was kept at the Herbarium of Addis Ababa University with the voucher number 

ATA0001 after taxonomic identification and authentication by Dr. Abiyou Tilahun.  Then, dried fresh 

leaf (100g) of the plant material was macerated, stayed for five days in stoppered conical flasks 

containing 200 mL of methanol, and filtered. The filtrate was dried under reduced pressure using a 

rotary evaporator to yield 3 g of crude extract. The weighed crude extract was stored at -4 °C until 

used. 

Experimental Animals 

Healthy Swiss albino mice of both sexes weighing 20-30g were used in this study. The animals were 

purchased from the Ethiopian Public Health Institute, Addis Ababa, Ethiopia. The animals were 

housed using standard cages and kept under standard conditions (12 hours‘ light and 12 hours‘ dark 

cycle) at the Department of Pharmacology, Addis Ababa University. The mice were acclimatized for 

seven days before the experiment and given a standard diet and water ad libitum.  

Acute Oral Toxicity Study 

Acute oral toxicity study of M. africana was performed based upon the organization for economic 

cooperation and development (OECD) 425 guidelines.
20

  Five female albino mice weighing 20-30 

grams were used. Firstly, 4 hours fasted single mouse received 2000mg/kg of the leaf extract orally 

and left under careful observation for behavioral or/and physical changes for 24 hours. Then, the 

remaining four female mice received the same dose, and strict follow-up continued until the end of 



 

 

fourteen days for potential signs of toxicity and mortality. The dose of the extract was increased to 

5000mg/kg and a similar procedure was followed on another five female mice.  

Induction of Diabetes 

Alloxan (2, 4, 5, 6-tetraoxypyrimidine; 5, 6-dioxyuracil) was administered to induce diabetics in the 

albino mice. Before alloxan administration, the mice have subjected to sixteen hours of fasting.  Fresh 

alloxan solution was prepared using normal saline (0.9%) and administered intraperitoneally at the 

dose of 150mg/kg, according to previous studies.
21, 22, 23

  The mice were screened for glucose level 

after 72 hours of alloxan administration. Animals with fasting blood glucose levels> 200mg/dl were 

included in the study as diabetic mice.
23-25 

After the screening test, diabetic mice were randomized to 

their respective groups.  

Designs and Procedures of the Experiment 

Male mice were used for the following test groups (normoglycemic, oral glucose loaded, single dose-

treated diabetic, and repeated daily dose-treated diabetic). The animals were randomly allocated into 

five groups for the hypoglycemic test, oral glucose tolerance test, and single dose-treated diabetic test, 

each group consisting of six mice.  

Group I:  negative control mice received 10ml/kg normal saline (NS), Group II: tested mice 

administered MA extract 250mg/kg body weight, Group III: tested mice administered MA extract 

500mg/kg body weight, Group IV: tested mice administered MA extract 1000mg/kg body weight, 

Group V: positive control mice treated with glibenclamide (5mg/kg).  

For repeated daily dose-treated diabetic models, the mice were grouped into 6 (five groups‘ diabetic 

mice and one group of normal mice, each group containing six mice). Group I:  diabetic control mice 

received 10ml/kg NS, Group II: tested mice administered MA extract 250mg/kg body weight, Group 

III: tested mice administered MA extract 500mg/kg body weight, Group IV: tested mice administered 

MA extract 1000mg/kg body weight, Group V: positive control mice treated with glibenclamide 

(5mg/kg), Group VI: normal control mice received 10ml/kg NS.  Plant extract doses were determined 

based on acute oral toxicity results. By using oral gavage the plant extract was administered to the 

respective dose groups after dissolving it in normal saline at a volume not more than 10mL/kg body 

weight of the individual animal.
26 

 

 



 

 

Determination of Blood Glucose Level 

Blood samples were collected from the tail vein of each animal using an aseptic technique. The blood 

glucose level was determined using PRODIGY® blood glucose meter and strips (Ok Biotech Co., Ltd., 

Taiwan) according to the operating procedures. The test was done in triplicate. 

For the hypoglycemic test, overnight fasted mice received their respective treatment, and BGL was 

measured at zero (just before treatment), one, two, four, and six hours after treatment.
27, 28

 Thirty 

minutes after each group's respective treatment,
27, 29

 40 % w/v glucose solution was given orally to 

each animal at the dose of 2.5g/kg for glucose tolerance test.
27 

BGL was measured for each animal just 

before respective treatments (at zero minutes), and then at 30, 60, and 120 minutes after oral glucose 

loading.
27, 28  

For the single-dose test, overnight fasted animals received normal saline, M. africana leaf 

extract, and glibenclamide according to their corresponding grouping.  BGL was measured at zero 

hours (just before treatment); and at two, four, six, and eight hours after treatment.
27, 28  

In the 

antihyperglycemic activity study with a repeated daily dose, mice were treated in regular timing with 

normal saline, M. africana leaf extract, and glibenclamide once per day for fourteen days per each 

grouping. Each overnight fasted (16 hours) animal BGL was documented just before starting the 

treatment, on the first day of treatment (72 hours after alloxan administration) as a baseline, on the 

seventh and fourteenth day of treatment.
30

 

Assessing the Body Weight and Serum Lipid Level Change on Repeated Daily Dose of M. 

africana Treated Diabetic Mice 

The body weight of each animal was recorded just before the commencement of treatment, on the first 

day (72 hours after alloxan administration), on the seventh and fourteenth day of respective treatment. 

On the 15
th

 day, overnight fasted mice were sacrificed with intraperitoneal (IP) administration of 

sodium pentobarbitone at a dose of 150mg/kg.
30, 31

  Then, the blood specimen was collected using a 

sterile gel tube via cardiac puncture. The blood samples were kept at room temperature for two hours 

and centrifuged. The serum lipid profile such as high-density lipoprotein, total cholesterol, and 

triglyceride was measured using Mindray BS-240 clinical chemistry analyzer (Shenzhen Mindray Bio-

Medical Electronics Co., Ltd, China). 

Data Management and Analysis 

Data were recorded, summarized, and analyzed using SPSS version 21 software (USA). The mean and 

standard deviation (SD) were calculated and the association between and within groups was 



 

 

determined using mixed-design ANOVA.  A p-value of ≤ 0.05 was considered indicative of a 

statistically significant difference. 

Results 

Acute Oral Toxicity Study 

Myrsine africana (MA) methanolic leaf extract did not cause mortality in mice at 5000mg/kg dose; and 

none of them showed signs of toxicity (behavioral, neurological, or autonomic) in the first 24 hours 

and up to 14 days of study duration. The LD50 of the M. africana leaf extract was more than 

5000mg/kg. 

Hypoglycemic Activity of M. africana Methanolic Leaf Extract in Normoglycemic Mice  

There was no significant difference in baseline fasting BGL across all the groups (Table 1). All three 

doses (MA 250mg/kg, MA 500mg/kg, and MA 1000mg/kg) did not show a statistically significant 

reduction in BGL when compared to the negative control group. But, glibenclamide (5mg/kg) reduced 

the BGL at the 1
st
 (P<0.05), 2

nd
 (P<0.01), 4

th
, and 6

th
 (P<0.001) hours compared to the negative control 

group. The GLC reduced BGL significantly the 1
st
 (P<0.05), 2

nd
, 4th

, 
and 6

th
 hours (P<0.001) 

compared to the 250mg/kg MA treated group; at the 2
nd

, 4
th

, 
and 

6
th

 
 
 hours (P<0.001) compared to 

500mg/kg MA treated group; at the 1
st
 (P<0.05), the 2

nd
, 4

th
, and 6

th
 
(
P<0.001) hours compared to the 

1000 mg/kg MA treated group. At all-time points, a statistically insignificant difference of BGL was 

seen when groups of M. africana leaf extract were compared with each other. At all-time points, all 

three doses of the plant extract and normal saline did not decrease the BGL significantly when 

compared to the corresponding baseline level. However, glibenclamide reduced the BGL significantly 

at the 1
st
 (P<0.01), 2

nd
, 4

th
, and 6

th
 (P<0.001) hours compared to the initial level.  

 

 

 

 

 

 

 

 

 



 

 

Table 1 Hypoglycemic activity of methanolic extract of leaf of M. africana in normoglycemic mice 

 Fasting Blood Glucose Level (mg/dl) 

Group 0 hr 1 hr 2 hr 4 hr 6 hr 

NS 10ml/kg 89.1± 5.1 90.1± 4 83.6± 5.7 93.3 ± 4.9 84.3± 6.3 

MA 250mg/kg 86.6 ± 3.3 90.6± 6.4 85.1± 6.3 94.6± 5.7 85.8± 6.4 

MA 500mg/kg 85.8± 5.5 88.5± 3.3 87.1± 5.3 88.6± 5.7 87 ± 6 

MA 1000mg/kg 89.1± 5.9 90.8 ± 6.1 87.3 ± 6.3 92.3± 3.8 85.3± 6.9 

GLC 5mg/kg 89.8± 3.7 81.1± 3.3
aE  bE  dE

 
βF

 68.8± 4.1
aF  bG  cG  dG

  
βG

 

 
 

67.6± 3.38
aG  bG  cG  dG

 
βG

 57.1± 3.7
aG  bG  cG  dG

 𝛽
G
 

Values are expressed as mean ± SD; n=6; 
a
 compared to the negative control, 

b
 compared to MA 250mg/kg, 

c
 compared to MA 500mg/kg, 

d
 

compared to MA 1000mg/kg, and 
β
 compared to baseline blood glucose level; 

E
 P<0.05, 

F
 P<0.01, 

G
 P<0.001; MA, Myrsine africana leaf 

extract; NS, normal saline; GLC, glibenclamide.  



 

 

Antihyperglycemic Activity of Methanolic Leaf Extract of M. africana in Oral Glucose Loaded 

Mice  

The baseline data of BGL showed that there was no statistical difference among the groups (Table 2). 

MA 1000mg/kg (P<0.001 and MA 500mg/kg (P<0.01) reduced the hyperglycemia significantly at the 

1
st
 hour compared to the negative control. GLC (5 mg/kg) significantly reduced the hyperglycemia at 

the 1
st
 (P<0.001) and 2

nd
 (P<0.01) hours after glucose administration compared to the vehicle-treated 

group. There was no significant difference in BGL among the three doses of the plant extract. 

Glibenclamide (5mg/kg) significantly reduced the hyperglycemia at the 1
st
 and 2

nd
 hour (P<0.001) 

when compared to all the three M. africana leaf extract doses.  

After 30 minutes of oral administration of glucose, a statistically significant (P<0.001) increment of 

BGL was observed in all groups when compared to baseline fasting BGL irrespective of treatments 

delivered. Moreover, remarkable hyperglycemia was seen at 1 hour after oral glucose administration in 

negative control and all M. africana leaf extract-treated groups when compared to the corresponding 

initial BGL. The BGL level at the 1
st
 and the 2

nd
 hours were significantly decreasing (P<0.001) when 

compared to the BGL level at 30 minutes after oral glucose administration across all the groups.   

 



 

 

 

Table 2 Effect of M. africana methanolic leaf extract on oral glucose tolerance in normal mice  

 Fasting Blood glucose level (mg/kg) 

Group 0 min 30 min 60 min 120 min 

NS 10ml/kg 84.8 ± 3.8 206.6± 10.8 
β G

 160.6± 10.1 
π G

 96.1± 3.6 
π G

 

MA 250mg/kg 85.3± 3.9 204 ± 12.8 
β G

 146 ± 7.6 
π G

 98.8± 4.2 
π G

 

MA 500mg/kg 83.3 ± 4.7 208 ± 7.5 
β G

 141.6± 11.6 
πG  aF 

 106.3± 14 
π G

 

MA 1000mg/kg 83 ± 5.5 203.1 ± 9.6 
β G

 132 ± 6.6 
πG  aG 

 98.5± 5.2 
π G

 

GLC 5mg/kg 83.5± 4.3 206.3± 14.7 
β G

 85.3± 4.7 
π G  aG  bG  cG   dG 

 75.3± 4.6 
π G  aF  bG  cG dG 

 

Values are expressed as mean ± SD; n=6; time refers to the time after oral glucose administration;  
a
 compared to the negative control, 

b
 compared to MA 250mg/kg, 

c
 compared to MA 500mg/kg, 

d
 compared to MA 1000mg/kg, and 

β
 compared to baseline blood glucose 

level, and 
π
 compared to the blood glucose level at 30 minutes;  

F
 P<0.01, 

G
 P<0.001; MA, Myrsine africana leaf extract; NS, normal 

saline; GLC, glibenclamide.  



 

 

Antihyperglycemic Activity of Single Dose of M. africana Methanolic Leaf Extract in Diabetic 

Mice 

There were no significant BGL reductions at 2
nd

 hour of treatment across all three doses of MA when 

compared to the negative control group (Table 3).  However, glibenclamide (5mg/kg) significantly 

decreased the BGL at the 4
th

 and 6
th

 (P<0.05), and 8
th

 (P<0.001) hours compared to the negative 

control. The GLC treated mice showed significantly decreased glucose levels at the 4
th

 (P<0.05), at the 

6
th

, and at the 8
th

 (P<0.01) hours compared to plant extract-treated mice at 250mg/kg, at 500mg/kg, and 

1000mg/kg doses respectively. The glibenclamide (5mg/kg) treated diabetic mice showed a 

significantly reduced BGL at the 4
th

, then 6
th

 and the 8
th

 hours compared to the baseline BGL. 

 

 

 

 

 



 

 

 

Table 3 Antihyperglycemic activity of a single dose of  M. africana methanolic leaf extract in diabetic mice 

 Fasting Blood glucose level (mg) 

Group 0 hr  2 hr 4 hr 6 hr 8 hr 

NS 10ml/kg 262.8± 29.7 272.5± 61.9 277 ± 44.4 255.5± 45.9 272.6± 42.8 

MA 250mg/kg 270.1± 50.5 263.1± 50.5 273 ± 50.3 262.6± 50.4 245 ± 39 

MA 500mg/kg 270 ± 39.6 257.3 ± 44 267.1± 44.2 256.5± 43.8 255.1± 43.2 

MA 1000mg/kg 256.5± 48.9 247.1± 49.4 256.6± 50.1 247.5 ± 48.9 246.5± 48.9 

GLC 5mg/kg 283.6± 50.1 275.8 ± 49 184.5± 38.8 
βG  aE  bE cE

 164.8± 34.6 
βG  aE  bF  cE  dE 

 152 ± 30.8 
βG  aG  bF  cF dF

 

Values are expressed as mean ± SD; n=6; 
a
 compared to the negative control, 

b
 compared to MA 250mg/kg, 

c
 compared to MA 

500mg/kg, 
d
 compared to MA 1000mg/kg, and 

β
 compared to baseline blood glucose level; 

E
 P<0.05, 

F
 P<0.01, 

G
 P<0.001; MA, 

Myrsine africana leaf extract; NS, normal saline; GLC, glibenclamide.  



 

 

Antihyperglycemic Activity of Repeated Daily Dose of M. africana Methanolic Leaf Extract in 

Diabetic Mice 

As indicated in Table 4, the baseline BGL was not significantly different in all diabetic mice groups.  

However, the BGL in the diabetic groups was significantly higher than the control group at all-time 

intervals (P<0.001). On the 7
th

 day of the treatment, MA 500mg/kg and MA 1000mg/kg reduced BGL 

significantly (P<0.05) as compared to diabetic control. All the extract doses, MA 250mg/kg, MA 

500mg/kg, and 1000mg/kg significantly decreased the BGL on the 14
th

 day of treatment when 

compared to the diabetic control at the significance level of P<0.01, P<0.001, and P<0.001 

respectively. A significant BGL reduction was seen in the GLC-treated group on the 7
th

 (P<0.01) and 

14
th

 (P<0.001) day of treatment when compared to diabetic control. However, there was no significant 

difference in BGL seen between GLC-treated and Plant extract-treated groups at all times. The BGL of 

plant extract treated groups did not show a statistically significant difference in each dose at all-time 

intervals. The GLC (5mg/kg) and M. africana leaf extract-treated groups reduced the BGL 

significantly (P<0.001) on both the 7
th

 and 14
th

 day of treatment when compared to their respective 

baseline level.     

 

 

 



 

 

Table 4 Antihyperglycemic activity of repeated daily dose of M. africana methanolic leaf extract in diabetic mice 

 Fasting Blood Glucose Level (mg/dl) 

Group Baseline  7
th

 day 14
th

 day 

Diabetic control 262.8± 29.7 
nG

 234.1± 28.8 226.8± 31.9 

MA 250mg/kg 270.1± 50.5 
nG

 199.8± 42.3 
βG

 172.1± 13
 βG  αF

 

MA 500mg/kg 270 ± 39.6 
nG

 179.6 ± 17.4 
βG  αE

 167.6± 13.7 
βG   αG

 

MA 1000mg/kg 256.5± 48.9 
nG

 167.1± 9.3 
βG   αE

 159.3± 6.9 
βG  αG

 

GLC 5mg/kg 283.6± 50.1 
nG

 165.1± 21.3 
βG   αF

 140.5± 32.5 
βG  αG

 

Normal control 80.6± 5.7 61 ± 4.3 66.5 ± 5.3 

Values are expressed as mean ± SD; n=6; 
α
 compared to diabetic control, 

n
 compared to normal control, 

β
 compared to baseline blood 

glucose level; 
E
 P<0.05, 

F
 P<0.01, 

G
 P<0.001; MA, Myrsine africana leaf extract; NS, normal saline; GLC, glibenclamide.  



 

 

Effect of Repeated Daily Dose of M. africana Methanolic Leaf Extract on Body Weight in 

Diabetic Mice  

Alloxan-treated mice showed significant weight loss in diabetic control on the 7
th

 and 14
th

 day when 

compared to the normal control (P<0.001) (Table 5). The plant extract at the dose of 1000mg/kg 

started showing significant weight increment on the 7
th

 day of treatment compared to the control group 

(P<0.05). However, the 250mg/kg and 500mg/kg didn‘t show any significant weight gain on the 7
th

 

day of treatment. All three plant extract doses showed significant weight improvements on the 14
th

 day 

of treatment compared to diabetic control. The MA at 250mg/kg and the MA at 500mg/kg revealed 

significant weight reduction as compared to the normal control group on the 7
th

 and 14
th

 day of 

treatment. The weight of the glibenclamide treated group was improved significantly (P<0.001) on the 

7
th

 and 14
th

 day of treatment while compared to the diabetic control group.  

 

Table 5 Effect of the repeated daily dose of M. africana methanolic leaf extract on body weight in 

diabetic mice 

 Body weight (gm.) 

Group Before induction 

of Diabetes 

Baseline 7
th

 day of 

treatment  

14
th

 day of 

treatment  

Diabetic control 24.3± 4.1 19.3± 4 19.6± 3.2 
nG

 15 ± 2.8 
βF   nG

 

MA 250mg/kg 23 ± 3.2 18.3± 1.8 23 ± 1.2 
nE

 19.6± 2.4 
nG   αE

 

MA 500mg/kg 25 ± 1.5 19.3± 3 21.6± 2.4 
nF

 22.3 ± 2.5 
nE  αG

 

MA 1000mg/kg 23 ± 3.2 18.3± 2.8 24.3± 2.5 
αE

 22.6± 2 
αG

 

GLC 5mg/kg 25 ± 3.5 19.3± 2 27.6± 1.8 
αG

 26.8± 1.4 
αG

 

Normal control 23 ± 2.2 21.6± 2.1 28 ± 1.8 26.8± 2.1 

Values are expressed as mean ± SD; n=6; 
α
 compared to diabetic control, 

n
 compared to normal 

control, 
β
 compared to baseline blood glucose level; 

E
 P<0.05, 

F
 P<0.01, 

G
 P<0.001; MA, Myrsine 

africana leaf extract; NS, normal saline; GLC, glibenclamide. 

Effect of Repeated Daily Dose of M. africana Methanolic Leaf Extract on Serum Lipid Level in 

Diabetic Mice  

Total cholesterol (TC) and triglycerides (TG) were significantly increased (P<0.001) in diabetic 

control compared to normal control (Table 6).  However, high-density lipoprotein (HDL) cholesterol 



 

 

reduced significantly (P<0.001) in diabetic control when compared to normal control. The 14
th

 days of 

administration of MA 250mg/kg, 500mg/kg (P<0.05), and 1000mg/kg had shown markedly increased 

HDL level when compared to the diabetic control (P<0.001). All the doses of MA significantly 

reduced the level of serum total cholesterol (P<0.001). The MA extract at 500mg/kg (P<0.05) and MA 

at 1000mg/kg (P<0.01) doses decreased the serum triglyceride level when compared to diabetic 

control. GLC (5mg/kg) significantly decreased (P<0.001) the serum total cholesterol and triglycerides 

level while it increased (P<0.001) the HDL cholesterol as compared to diabetic control. The serum 

level of TC, TG, and HDL-C did not show a statistically significant difference when each plant extract-

treated group was compared to each other. But, GLC treated group showed significant (P<0.01) 

variation in the serum level of HDL-C, TG, and TC when compared to all doses of plant extract 

groups.  

Table 6 Effect of the repeated daily dose of M. africana methanolic leaf extract on serum lipid 

level in diabetic mice 

 Serum Lipid Level (mg/dl) 

Group HDL-C TC TG 

Diabetic control 19.6± 2.1 
nG

 177.3± 3.3
 nG

 142.8± 7.1 
nG

 

MA 250mg/kg 25.5± 1.8 
nG  αE

 153.6± 2.1 
nG   αG

 135.1± 4.4 
nG

 

MA 500mg/kg 26.5± 1.8 
nG  αE

 157.5± 13 
nG   αG

 133.6± 3.5 
nG  αE

 

MA 1000mg/kg 28.8± 2.4 
nG  αG

 153 ± 4 
nG   αG

 130.1± 2.8 
nG   αF

 

GLC 5mg/kg 36.6± 5 
αG   bF   cF   dF

 83 ± 2 
αG  bF   cF  dF

 57.5± 4.5 
αG  bF   cF   dF

 

Normal control 38.1± 3.1 70.3± 3.7 53.3± 3.7 

Values are expressed as mean ± SD; n=6; 
α
 compared to diabetic control, 

b
 compared to MA 

250mg/kg, 
c
 compared to MA 500mg/kg, 

d
 compared to MA 1000mg/kg, and 

n
 compared to normal 

control; 
E
 P<0.05, 

F
 P<0.01, 

G
 P<0.001; MA, Myrsine africana leaf extract; NS, normal saline; GLC, 

glibenclamide; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol.  

 

Discussion 

In the current study, the methanolic leaf extract from M. africana has the potential for the treatment of 

diabetes millets. Limited acute oral toxicity data showed that the extract seems nontoxic 

(LD50>5000mg/kg). The extract has a significant effect of decreasing the blood glucose level in 



 

 

diabetic-induced albino mice. The extract also showed the ability to increase the protective HDL and 

decrease the unwanted lipid profiles. Also, M. africana leaf extract might contribute to improved 

weight gains. 

DM is the known metabolic disease described by elevated blood glucose levels due to compromised 

metabolism of macromolecules such as carbohydrates, lipids, and proteins; and related to absolute or 

relative deficiencies in insulin secretion or/and insulin action.
32  

The need for safe and efficient anti-

diabetic drugs is still the issue of the world scientific community. Exploring new modern medications 

from traditional medicinal plants is an important research area, which does not require advanced 

pharmaceutical settings and with easier accessibility.
8, 29

 

Based on the results of this study, the LD50 of the methanolic leaf extract of M. africana is found to be 

more than 5000mg/kg. The result of acute toxicity study of seed extract of M. africana had shown 

LD50 of more than 5000mg/kg in rats.
17

 

Alloxan is a commonly used chemical for the induction of diabetes in rodents.
33, 34

 This study revealed 

that experimental diabetes achieves using alloxan compound. Administration of 150 mg/kg alloxan-

induced persistent hyperglycemia in mice as indicated by a previous study.
21 

Likewise, this study 

confirmed that alloxan induces hyperglycemia without substantial variation in BGL during the study 

period of two weeks as perceived in the diabetic control mice (Table 4). The mechanisms related to 

pancreatic β cell malfunctioning next to alloxan exposure are DNA fragmentation and damage, the 

production of superoxide radicals, and reactive oxygen species.
34

 

This study revealed that the baseline BGL did not show statistically significant differences across all 

groups of experimental animals. A substantial decrement in BGL was seen in all groups after treatment 

with the respective dose of methanolic leaf extract and GLC (5mg/kg), revealing the changes in BGL. 

The methanolic leaf extract of M. africana did not show significant hypoglycemic activity at all dose 

levels in normoglycemic mice (Table1). In contrast, the extract at the dose of 1000mg/kg and 

500mg/kg revealed significant antihyperglycemic activity after the treatment of a single dose of the 

plant extract in oral glucose-loaded mice.  Additionally, the administration of repeated doses of the 

plant extract revealed significant antihyperglycemic activity and body weight increment in diabetic 

mice (Table 4, and Table 5). M. africana extract at a dose of 1000mg/kg has shown a relatively higher 

reduction of BGL, revealing that the antihyperglycemic activity of plant extract was in a dose-

dependent manner.   



 

 

In most medicinal plants the presence of phytochemicals such as alkaloids, phenolic compounds, 

flavonoids, and terpenoids may be attributed to their antidiabetic activity.
7-12 

The β cell regenerating 

and insulinogenic effects of flavonoids are reported by others.
9, 10 

Therefore, the blood-glucose-

lowering effect of the M. africana methanolic leaf extract would be because of the presence of such 

phytonutrients.
16, 17

 

The underlying mechanism of antidiabetic action of M. africana maybe by facilitating insulin secretion 

and thereby augments glucose uptake in peripheral tissues.
21, 35 

But, further molecular studies are 

recommended to ascertain the real mechanism for the antihyperglycemic effects noticed in this study.  

Alloxan-induced diabetes is related to a remarkable loss of weight in experimental animals. Likewise, 

this study confirmed that alloxan produced a significant reduction in body weight in diabetic control 

mice (Table 5). DM is associated with an increased rate of glycogenolysis, lipolysis, gluconeogenesis, 

and thereby producing loss of tissue protein and muscle wasting.
36, 37   

Hence, the weight gains after 

repeated administration of the M. africana methanolic leaf extract in alloxan-induced diabetic mice 

might suggest the antihyperglycemic effects of the plant material. 

Dyslipidemia is one of the serious complications of DM which is commonly manifested with low 

HDL-C, high serum TG, and TC.
37, 38

 It is through increased lipolysis, and secretion of VLDL from the 

liver because of the stimulation of hormone-sensitive lipase.
38, 39 

Secondary to beta-cell dysfunction 

with alloxan administration, insulin shortage also causes the reduced activity of lipoprotein lipase 

which leads to decreased clearance of VLDL and chylomicrons.
40  

Moreover, the enzymatic activity of 

cholesteryl ester transfer protein can be stimulated due to increased triglyceride level; and thereby 

causing increased triglyceride content of HDL and LDL. Subsequent hydrolysis of triglyceride 

enriched LDL particles via lipoprotein lipase or hepatic lipase producing a dense LDL particle.  

However, triglyceride–enriched HDL particles are prone to breaking down the cascade.
 38 

This study 

revealed that a significant increment of serum TG, TC, and a remarkable decrement of HDL-C in 

vehicle-treated diabetic control mice (Table 6). Treatments with M. africana methanolic leaf extract for 

two weeks significantly decreased the serum level of TG, TC, and elevated HDL-C level in a dose-

dependent fashion. But, the molecular mechanism is not clearly understood whether the leaf extract 

antidyslipidemic activity is attained only because of controlled hyperglycemia or had a direct effect on 

lipid metabolism. 

 



 

 

Conclusion   

The results of this study depicted that the methanolic leaf extract of M. africana revealed significant 

antihyperglycemic and antidyslipidemic activity in alloxan-induced mice, and the plant extract has 

shown improvements in oral glucose tolerance and body weight. We recommend future studies to 

identify and understand the mechanisms of action of the plant ingredients. 
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