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ABSTRACT  

Standardization of the Roots of Echinops kebericho Mesfin 

Awraris Anbasie  

Addis Ababa University 

Echinops kebericho Mesfin, valued primarily for its roots, is one of the most important 

medicinal plants of Ethiopia with a long traditional use against a range of ailments. However, 

quality control parameters and marker compound identification for E. kebericho have not been 

carried out. In the present study, standardization of the roots of E. kebericho was carried out 

using standard protocols with samples collected from two different sites. 

Morphologically, the fresh roots are found to be externally brown and internally pale yellow in 

color. They are cylindrical and tapering towards the end with hard and fibrous surface, 

characteristic odour and mildly pungent and bitter taste. Microscopically the transverse section 

shows vascular cambium and secondary xylem while vascular cambium is also detected in 

longitudinal view of the root.  

The physicochemical parameters; i.e., moisture content, total ash, acid insoluble ash, water-

soluble ash, extractive values, swelling index, foaming index and particle size were also 

determined. Preliminary phytochemical analysis, chromatographic fingerprinting including 

TLC, HPLC, LC-QTOF-MS, GC-MS, and spectroscopic fingerprinting using FTIR were done.  

Preliminary analysis indicated the possible presence of phenols, cardiac glycosides, flavonoids, 

tannins, alkaloids, proteins, carbohydrate and volatile oils. Similarly, ranges of compounds 

were identified from LC-QTOF-MS and GC-MS analysis. Marker compounds were selected 

for additional quality assessment based on the major constituents of the identified compounds; 

these are pyrocurzerenone and lappaconitine from LC-QTOF-MS, and dehydrocostus lactone 

and dihdrodehydrocostus lactone from GC-MS analysis.   

The residue analysis showed that most heavy metals except chromium were within the WHO 

permissible limit. In microbial load test, total aerobic and mold counts were found to exceed 

the WHO limit. Radionuclide contamination with 238U, 232Th and 40K were detected and 

quantified. These parameters give characteristic identities for E. kebericho, which will be 

useful in its quality control and safe use.  

Keywords: Echinops kebericho Mesfin, standardization, quality control, phytochemical 

characterization, fingerprinting, marker compound  
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1. INTRODUCTION  

1.1. Herbal medicines 

Herbal medicines refer to the use of whole plant or the medicinal products made from a plant, 

i.e., roots, leaves, barks, seeds, berries or flowers that can be used to prevent and treat diseases 

or to promote health (Li et al., 2008). Herbal medicines can be processed as crude fractions, 

extracted from aerial or underground parts of a plant or other plant material or combination 

thereof (Chawla et al., 2013).  

Since time immemorial, medicinal plants have been a major source of treatment for a range of 

human diseases and have played a key role in health (Calixto, 2000). Medicinal plants 

constitute an extremely important resource for the development of the global pharmaceutical, 

cosmetics and fragrance industry (Brendler et al., 2010). They play an important role in the 

development of potent therapeutic agents and a significant segment of natural product-based 

pharmaceuticals is of plant origin (Verma and Singh, 2008; Pathak and Das, 2013).  

According to WHO, about 80% of the world population uses herbs and other traditional 

medicines for fulfilling their primary health care needs. In many developing countries, about 

80% of the population relies on herbal medicines for its primary care due to high cost or 

unavailability of synthetic drugs (Springfield et al., 2005; Brendler et al., 2010). During the 

past decades, public interest in alternative or complementary therapies, including medicinal 

herbs has also increased in industrialized countries (Calixto, 2000). 

Similar to many developing countries particularly those in Sub-Sahara; in Ethiopia, about 70% 

of the population depends on traditional medicine, mainly (95%) on medicinal products of plant 

origin (Bekele, 2007; EPHI, 2015).  

Ethiopia is also one of the most diverse floristic regions in the world with over 6500 species of 

higher plants of  which 12% are endemic (Bekele, 2007; EPHI, 2015). However, only a small 

percentage of the existing medicinal herbs is traded (Bekele, 2007).  
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1.2. Standardization and quality control of herbal medicines 

Currently, the use of herbal medicines has expanded globally and it is gaining a huge market 

potential (Júnior et al., 2011). WHO also encourages the use of herbal medicines having proven 

safety and efficacy in achieving its goal of providing affordable, accessible and culturally 

acceptable health care to global population (Springfield et al., 2005; Srivastava and Misra, 

2018). However, the quality of the herbal medicines along with problems of adulteration 

remains the main obstacle to the integration of herbal medicines into modern medical practices 

(Fong, 2002). Moreover, the general consumer and health-care professionals need up-to-date, 

authoritative information on the safety and efficacy of medicinal plants (WHO, 1999). Thus, 

the quality control of these drugs is of paramount importance in justifying their acceptability 

(Verma and Singh, 2008). 

Herbal quality variations could be due to a number of factors, both intrinsic and extrinsic, which 

affect the qualitative, and quantitative chemical accumulation of pharmacologically active 

chemical constituents. Intrinsic factors include: species differences, organ specificity, and 

growing conditions and geographical region (Fong, 2002). Growing conditions such as soil, 

altitude, seasonal variation in temperature, atmospheric humidity, length of daylight, rainfall 

pattern affect the concentration of a component in the herbal medicines (Zhang et al., 2012).  

Furthermore, the intrinsic toxicity, which is directly related to the inherent properties of the 

herbal preparation, is due to some active constituents, over dosage and drug interaction (WHO, 

2011; de Mel et al., 2017).   

On the other hand, environmental conditions, cultivation and field collection practices, 

postharvest handling, storage, manufacturing; inadvertent contamination, substitution, and 

intentional adulteration are extrinsic factors affecting the quality of herbal medicines (Benzie 

and Wachtel-Galor, 2011).   Herbal medicines may be deliberately adulterated if the original 

plant is difficult to obtain or for economic reasons such as shortage or expensive original 

ingredient or accidentally substituted if there has been misinterpretation or inaccurate 

transcribing of the names or formulae in texts.  Moreover, in some of the cases, synthetic 

medicines are intentionally added to herbal preparations to increase the efficacy. In addition to 

the potential risk of ingesting uncontrolled amounts of these drugs, there are risks of allergies 

to undisclosed ingredients, drug resistance and of interactions with prescribed medications 

(Byard et al., 2017).  Extrinsic toxicity, which is not related to the herb itself, can also result 
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from foreign substance present in the herbal preparation such as heavy metal contaminations, 

pesticides, naturally occurring radionuclides or pathogenic microbes (de Mel et al., 2017).  

These extrinsic problems can be sufficiently minimized with proper quality control measures 

of the manufacturing process (Drew and Myers, 1997; WHO, 2011; de Mel et al., 2017). 

However, the quality assurance/quality control requirements are far short of those required in 

the production of herbal drugs (Calixto, 2000).   

Although, ensuring the quality of the herbal medicines is the responsibility of the regulatory 

authorities, in most countries the herbal medicines market is poorly regulated, and herbal 

products are often neither registered nor controlled (Verma and Singh, 2008; WHO, 2011). 

Moreover, lack of proper documentation, stringent quality control, and standardization is a key 

obstacle (Bigoniya et al., 2012).  

Thus, knowledge about the popular use of medicinal plants should be supported with scientific 

research based on detailed studies of the plant species, as well as botanical, phytochemical, 

pharmacological, toxicological aspects to develop reliable, specific and sensitive quality 

control methods (Júnior et al., 2011). In other words, standardization of herbal medicines is 

essential to establish a comprehensive specification and for ensuring the quality control of the 

herbal drugs (EMAE, 2011; Garg and Sardana, 2016). 

WHO defines standardization and quality control as the process involved in evaluation of a 

crude drug covering aspects such as selection and handling of the crude material, safety, 

efficacy and stability assessment of the finished product, documentation of safety and risk 

based on experience, provision of product information for the consumer and product promotion 

(WHO, 2011; Aarland et al., 2014). Thus, it is the process of prescribing a set of standards or 

inherent characteristics, constant parameters, and definitive qualitative and quantitative values 

that carry the assurance of quality, efficacy, safety, and reproducibility (Kunle et al., 2012).  

Methods of standardization must take into account all aspects that contribute to the quality of 

a given herbal medicine. These are: macroscopical and microscopical characterization 

physicochemical assay, phytochemical characterization, toxicity studies, biological activity 

and determination of contaminants such as microbial load tests, toxic metals, mycotoxins and 

radioactive substances (EMAE, 2011; WHO, 2011; Aarland et al., 2014).  

 



  

4 

 

Of these, the phytochemical assay is of particular significance because it has a direct influence 

on the activity of an herbal medicine. Phytochemical standardization encompasses the 

generation of all possible information regarding the chemical compounds present in the herbal 

medicine and it includes phytochemical screening, the establishment of chemical fingerprint 

profiles and quantification of marker compounds (Aarland et al., 2014).  

After establishing specifications for an herbal drug, pharmaceutically relevant information is 

collected in monographs, which are then included in national or international Pharmacopoea.  

Thus, a monograph provides scientific information on the safety, efficacy, and quality control 

and quality assurance of medicinal plants, in order to facilitate their correct use (WHO, 1999; 

Bigoniya et al., 2012).  

In 1991, WHO prepared guidelines for the assessment of herbal medicines that are used to 

establish international specifications for the most widely used medicinal plants and 

preparations (WHO, 1999). The manual is periodically revised as needed to incorporate 

improvements and additional tests. In addition, WHO periodically publishes monographs for 

assistance in providing safe and effective herbal medicines for use in national health-care 

systems (WHO, 1999, 2011). There are also well-established Pharmacopoea, which include the 

International Pharmacopoeia, Chinese Herbal Pharmacopoea, Ayurvedic Pharmacopoea of 

India, British Herbal Pharmacopoea, Japanese Standards for Herbal Medicine, and the United 

States Herbal Pharmacopoea based on the medicinal plants used in their respective countries 

(Garg and Sardana, 2016).  

Recently, African Association of Medicinal Plants Standards (AAMPS) prepared African 

Herbal Pharmacopoeia with a monograph, which provides comprehensive and up to date 

botanical, biochemical, pharmacological and commercial information on more than fifty of the 

most important medicinal plants used in Africa (Brendler et al., 2010).   

1.3. Statement of the problem  

Herbal medicines are generally regarded as safe based on their long-standing use in various 

cultures and increasingly being consumed without consulting health care professionals 

(Choudhary and Sekhon, 2011). However, age-old wisdom does not necessarily guarantee that 

the product in question is efficacious with reasonable specificity. In addition, many of these 

medicines remain untested, their use is either poorly monitored and the potential side effects 

are not expected (Chawla et al., 2013). The potential contaminants and residues are also not 
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tested in these preparations (WHO, 2007). Therefore, standardization of herbal medicines is 

essential in order to assess the quality of the drugs (Choudhary and Sekhon, 2011).  

Moreover, plant materials and herbal remedies derived from them represent a substantial 

portion of the global market. This necessitates strong commitment by the stakeholders to 

safeguard the consumer and the industry.  In this respect, internationally recognized guidelines 

for quality assessment and quality control are necessary (Folashade et al., 2012).  

Echinops kebericho Mesfin is among valuable medicinal plant of Ethiopian traditional 

medicine used for a range of ailments. A number of medicinal uses of the root have been 

documented and are recognized by traditional healers. Moreover, the chopped tuberous roots 

or the whole roots are sold in many open markets in Shewa, Gojjam and Wollega and Southern 

region (Hareya, 2003; Tadesse and Mesfin, 2010).  

Data from literature review clearly shows that E. kebericho has been investigated for its 

pharmacological as well as for its volatile constituents. However, information is lacking on its 

phytochemical, physicochemical, microscopic, purity and other related parameters, which are 

essential for its identification and quality control.  Therefore, this study aims to standardize the 

roots of E. kebericho and develop a monograph. The results are expected to be used in the 

quality control of the herbal medicine by regulatory authorities against the standards set so that 

the society will use herbal medicine whose quality is studied and assured. Furthermore, once 

the quality control parameters are established the herbal drug will be traded, and will give 

economic benefit for the country. 

 

 

 

 

 

 

 



  

6 

 

1.4. The genus Echinops 

Echinops is one of the genera under the family Asteraceae. This genus is reported to comprise 

125– 130 species distributed in semi-humid zones of tropical and North Africa, Mediterranean 

basin, and temperate regions up to Central Asia (Tariku et al., 2011). Among those species 12 

are found in Ethiopia of which four (E. kebericho Mesfin, E. buhaitensis Mesfin, E. ellenbeckii 

O. Hoffm and E. longisetus A. Rich) are endemic and are generally dispersed in the Ethiopian 

highlands (Hedberg et al., 2004; Haile et al., 2015).  

1.5. Ethnobotany of the genus Echinops 

The genus Echinops has been used traditionally for different diseases. Among the documented 

traditional uses are:  E. longifolius A. Rich for the treatment of rheumatism and dry cough 

(Suleman and Alemu, 2012); E. kebericho Mesfin against  malaria,  diarrhoea, migraine, mental 

illness, heart pain, kidney disease and amoeba (Abebe and Ayehu, 1993; Teklehaymanot and 

Giday, 2007), and E. giganteus A. Rich for haemorrhoid treatment (Desta, 1995). E. 

macrochaetus Fresen has been used for the treatment of toothache, headache and abdominal 

colic (Belayneh and Bussa, 2014; Moravec et al., 2014) as well as the use of E. hoehnelii 

Schweinf for amoeba, common cold, malaria and snakebite has also been recorded (Giday et 

al., 2010; Tekle, 2014).  

1.6. Phytochemistry and pharmacologic activities of the genus Echinops 

The genus Echinops has been widely investigated, with numerous compounds isolated from 

various species. Echinops species were reported to contain a wide range of chemical 

constituents comprising acetylenic and thiophenes, carotenoids, sesquiterpene lactones, 

alkaloids, lignans, flavonoids and hydroxycinnamates which are thought to account for many 

of their presumed therapeutic effects (Tariku et al., 2011; Senejoux et al., 2013).  

The family Asteraceae including the genus Echinops is well known to produce sesquiterpene 

metabolites. From all the other species in the genus, E. amplexicaulis and E. kebericho are 

distinguished by their ability to produce sesquiterpene lactones (STL) of which dehydrocostus 

lactone and costunolide are the major constituents, respectively (Abegaz et al., 1991). 

E. ellenbeckii O. Hoffm., E. giganteus, E. hispidus Fresen, E. hoehnelii Schweinf and E. 

longisetus are polyacetylene thiophene producing species in the genus. E. pappii Chiov and E. 

macrochaetus Fresen produce the di- and tri-thiophene derivatives (Abegaz et al., 1991). 

Thiophene acetylene compounds are known to have anthelmintic activity (Hymete et al., 2005).  
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Phenolic compounds such as flavonoids are reported in E. integrifolius and isoflavone 

glycoside is reported in E. echinatus, alkaloids reported from E. nanus and E. ellenbeckii 

(Hymete et al., 2005; Singh et al., 2006; Nakano et al., 2012; Senejoux et al., 2013). Flavonoids 

and phenolic compounds exhibit antimicrobial effect (Tungmunnithum et al., 2018).  

Volatile constituents of the roots of E. kebericho was determined and the main constituent 

found were eudesm-7 en-4-ol (14.3%), followed by caryophyllene oxide (9.7%) and τ-cadinol 

(8.3%) with essential oil yield of 0.05% reported from dried root of the plant (Hymete et al., 

2007).  In another study, where fresh root was employed, the essential oil yield was 1.39% and 

the main constituents of the oil were dehydrocostus lactone (41.83%), β-phellandrene 

(10.84%), germacrene B (5.38%), α-selinene (4.13%), α-pinene (3.63%), and β-pinene (3.62%) 

(Tariku et al., 2011). Stigmasterol and β-sitosterol-3-glucoside were reported from E. 

integrifolius (Senejoux et al., 2013). These compounds could be responsible for anti-microbial, 

antitumor, antileishmanial, and antimalarial activity of the species in the genus (Senejoux et 

al., 2013; Tariku et al., 2011; Toma et al., 2015).  

1.7. Echinops kebericho Mesfin  

Echinops kebericho Mesfin (Amharic: Qebericho; Afaan Oromo: Qerebicho), is an erect 

massive root stock-bearing perennial herb or shrub that grows up to a height of 1.2 m with leafy 

stems, elliptical leaf lamina that is divided into segments which commonly end in spikes with 

white or bright blue corolla (Figure 1). It grows at an altitude range of 2300-2600 m (Hedberg 

et al., 2004). 

 

Figure 1: Echinops kebericho Mesfin in its natural habitat (Photo Courtesy Awraris Anbasie). 
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It is valued primarily for its root, which is traditionally used in treating fever, headache 

diarrhoea, stomachache, malaria, typhus, toothache, tonsillitis, vomiting, and acute sickness. 

The smoke is also used as a fumigant, mainly after childbirth, as a cure for “evil eye”, as a 

repellent for mosquitoes and snakes (Abebe and Ayehu, 1993; Teklehaymanot and Giday, 

2007; Regassa, 2013). Orally chewed preparation and infusions of the roots for  malaria, 

diarrhoea, stomach, migraine, heart pain as well as  inhalation of  the smoke from burning the 

root for pain relief are among the different preparations of the plant used in traditional medicine 

(Abebe and Ayehu, 1993; Teklehaymanot and Giday, 2007).  

The solvent extract as well as essential oils of E. kebericho roots were also investigated for a 

range of medicinal activities. The evaluation of antiplasmodial activity of hydroethanolic root 

extract of E. kebericho on early malaria infection, in a four-day suppressive test, shows a 

statistically significant parasitaemia suppression of 57.29 ± 1.76 % at dose of 500 mg/kg (Toma 

et al., 2015). Similarly, the methanol extract of the plant showed a dose-dependent in vivo 

antiplasmodial chemo-suppression in a four-day suppressive test (Biruksew et al., 2018). 

Alcohol extracts of E. kebericho at 80 µg/ml also showed comparable antimicrobial activity 

with the positive control against Staphylococcus aureus, Aspergillus flavus and Candida 

albicans (Ameya et al., 2016). Essential oils of E. kebericho also showed strong activity against 

promastigote and axenic amastigote of Leishmania ethiopica and Leishmania donovani that 

was even higher than that of amphotericin B with significant cytotoxicity (Tariku et al., 2011).  

Moreover, the aqueous root extract of E. kebericho produced a significant, dose-dependent 

(61.78% at 400mg/kg) antidiarrheal, and spasmolytic activities (Shiferie and Shibeshi, 2013).   
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2. OBJECTIVES OF THE STUDY 

2.1. General objective 

 To develop quality control standards (monograph) of the roots of E. kebericho Mesfin 

2.2. Specific objectives 

The specific objectives of this study are:  

 To establish macroscopic characteristics of the roots of E. kebericho, which include 

size, color, odor, taste and texture; 

 To determine microscopic characteristics of the roots of E. kebericho 

 To determine physicochemical parameters for the roots of E. kebericho including 

powder fineness, swelling index, foaming index, extractive values, ash values, moisture 

content; 

 To determine phytochemical analysis of the roots of E. kebericho: preliminary 

screening, TLC, HPLC, LC-QTOF-MS and GC-MS, FT-IR fingerprinting and 

analytical marker compounds selection and characterisation;  

 To determine residual contamination of the roots of E. kebericho. The common residues 

to be checked include; foreign matter, heavy metals, pathogenic microorganisms, and 

radioactive contaminants. 
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3. MATERIALS AND METHODS  

3.1. Materials 

3.1.1. Plant material 

The roots of E. kebericho were collected in early December 2017 from two different 

geographical regions; Horo Guduru Wollega Zone, Jarte Jardaga Woreda, at a specific place 

called Alibo (coded WG) and from Addis Ababa, Ethiopian Public Health Institute, Traditional 

medicine directorate botanical garden (coded AA). The authenticity of the plant materials was 

confirmed by taxonomists of the National Herbarium, the Department of Plant Biology and 

Biodiversity Management, Addis Ababa University and voucher specimen (collection number: 

AW 001, AW 002) were deposited for future references.  

3.1.2. Chemicals, reagents and drugs 

Methanol, acetonitrile, n-hexane (Sigma-Aldrich, United Kingdom),  ethyl acetate (Riedel-de 

Haën, Germany),  chloroform, silica gel for thin layer chromatography F254 (Macherey-Nagel, 

Germany), acetic acid (Fisher scientific, UK), ammonia solution (Park Scientific, UK), 

potassium iodide (UNI-CHEM Chemical Reagents, USA), hydrochloric acid, acetic anhydride, 

Iron (III) chloride (Riedel-de Haen, Germany), buffered peptone water,  Casein-soybean agar, 

Rose-bengal chloramphenicol agar, Tryptone soya agar, Xylose lysine deoxychocolate agar 

from (Oxoid Ltd.  England). All chemicals used were of analytical grade. 

3.2. Methods 

3.2.1. Preparation of the roots of E. kebericho 

After collection, the fresh roots were separated from the aerial portion and any other foreign 

matter, washed thoroughly with tap water, and shade dried for one week at room temperature. 

It was then grinded into homogenous powder using mechanical grinder and stored at room 

temperature in an airtight container for future use.  

3.2.2. Extraction of the root material 

The powdered plant material (200 g of each collection) was macerated with 80% MeOH for 72 

h after shaking for 6 h on a shaker. The mixture was then filtered using filter paper and the 

mark was re-macerated (2X). The filtrates were combined and concentrated under reduced 

pressure in a rotary evaporator (Bucci Rotavapor R-200) and dried in freeze dryer (Biobase, 
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China). The dried extract was transferred into vials and kept in a desiccator until future use. 

The percentage yield of the extract was calculated using the following formula; 

% Yield = 
Weight of extract 

Weight of sample  
 × 100 

The 80% extract was then fractionated by increasing polarity of solvents hexane, butanol, ethyl 

acetate and water by using separatory funnel and the solution was concentrated and dried by 

rotary evaporator with the exception of water, which was dried by freeze drier. The dried 

extract was transferred into vials for future use.  

The powdered plant material (40 g of each collection) was also macerated with hexane and 

chloroform for 72 h after shaking for 6 h on a shaker. It was then filtered with a filter paper. 

The solution was then concentrated and dried using rotary evaporator. The dried extract was 

transferred into vials for future use.  

3.2.3. Macroscopic evaluation of the root 

All the studies on morphological evaluation were performed on the fresh roots according to 

guidelines of WHO (WHO, 2011).   

3.2.3.1. Size 

The size of E. kebericho roots was determined by using a ruler graduated in millimetres and a 

slide calliper. The length and width of the crude root was measured and recorded.   

3.2.3.2. Color 

The color of the untreated sample was examined under diffuse daylight. The color of the sample 

was compared with that of a reference sample. The most nearer color of the E. kebericho were 

assigned on a standard color chart. 

3.2.3.3. Surface characteristics, texture and fracture characteristics 

The untreated sample was examined for surface characteristics, texture and fracture 

characteristics. Touching was to determine roots were soft or hard. The roots were bent and 

ruptured to obtain information on brittleness and the appearance of the fracture plane (fibrous, 

smooth, rough, and granular). 
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3.2.3.4. Odor 

The odor of E. kebericho was determined first by shattering the root part between two fingers/ 

palms and smelled by selected panellists. Each panellist was asked to determine the strength of 

the odor as none, weak, distinct, or strong; and the odor sensation as aromatic, fruity, musty, 

mouldy, rancid, or burnt, etc. 

3.2.3.5. Taste 

The taste of E. kebericho was evaluated by putting an extractive solution in the mouth. In the 

process, panellists were asked to tell the taste type and degree of bitterness.  

3.2.4. Microscopic characterization 

The microscopic characterization includes a detailed text description of the microscopic 

characteristics of the root part of E. kebericho in its whole form, along with a listing of the 

primary tissues. The root bark was prepared in longitudinal and cross sectional forms and 

softening and clearing of the root sample was done using chloral hydrate solution (Upton et al., 

2011). Various diagnostic characters of the crude roots were studied by taking 

microphotographs using microscope fitted with camera (A. Kruss Optronic, Germany).  

3.2.5. Fluorescence analysis of powdered drug  

The fluorescence analysis of powdered samples was observed using ultra-violet lamps of short 

(254 nm) and long (365 nm) wavelengths after the powdered drug was made to react with 

various classes of chemical reagents bearing acidic or basic media. The samples were also 

observed as such after mixing with these reagents (Chase Jr and Pratt, 1949; Singh et al., 2014).  

3.2.6. Physicochemical characterization 

The physicochemical constants of the air-dried powdered roots was determined as per the 

methods provided by WHO, European Pharmacopoeia as well as American Herbal 

Pharmacopeia (Upton et al., 2011; WHO, 2011; Elena, 2012).  Physicochemical parameters 

determined were sieve size, loss on drying, ash values, extractive values, swelling index, 

foaming index, and tannin content.  

3.2.6.1. Determination of powder fineness    

Powder fineness was determined by a sequence of sieves fitted with an auto shaker (Auto sieve 

shaker, Abron, India). Each of the empty sieves was weighed first and then arranged in 

sequences. Powdered plant material was placed on the top of sieves stacked in decreasing order 
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of sieve aperture up to bottom. It was then closed properly and the shaker was put on for ten 

min. The sieves were then unlocked and weighed separately together with the powder retained 

on each. The actual weight of the powder retained on each sieve aperture was calculated by 

subtracting the weight of the empty sieves from their final weight. The percentage of weight 

on each sieve was calculated from the initial weight of the powder and the particle size 

distribution was evaluated (Upton et al., 2011; WHO, 2011; Elena, 2012).  

3.2.6.2. Determination of loss on drying  

The air-dried powder was accurately weighed (2 g), in a previously dried and tared flat 

weighing bottle. For estimation of loss on drying, the sample was dried in an oven at 105 °C 

for 5 h. Sample was then cooled in a desiccator for 30 min, and weighed immediately. The 

samples were re-dried until a constant weight was obtained in two consecutive weighing (i.e. 

weighing do not differ by more than 5 mg). The loss on drying was calculated using the 

following formula  (WHO, 2011; Sanmugarajah et al., 2013).  

% Loss on drying=
W2-W1

SW
×100 

Where, W2 is weight of sample and crucible, W1 is weight of dry sample and crucible, and 

SW is sample weight 

3.2.6.3. Determination of extractable matters  

Range of solvents covering different polarities (i.e. water, methanol, ethyl acetate, chloroform, 

and hexane) were employed to determine extractable matter (WHO, 2011). Accurately weighed 

(4 g), coarsely powdered, air-dried sample was placed in a glass-stoppered conical flask. It was 

then macerated with 100 ml of a specified solvent by frequently shaking for 6 h and then 

allowed to stand for 18 h without agitation. On the next day, it was filtered rapidly; taking care 

not to lose any solvent, then 25 ml of the filtrate was transferred to a tared flat-bottomed dish 

and evaporated to dryness on a water-bath. It was then dried in an oven at 105 °C for 6 h. After 

6 h, the samples were taken out, cooled in a desiccator for 30 min, and weighed immediately. 

The content of extractable matter was calculated using the following formula (WHO, 2011). 

% Extractive value =
W3-W2 

W1
×100 

Where, W3 is weight of dried extract plus crucible, W2 is weight of empty crucible, and W1 

is weight in gram of the sample taken for analysis 
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3.2.6.4. Determination of ash value 

The ash of any organic material is composed of their non-volatile inorganic components. The 

ash remaining following ignition of herbal materials was determined by three different 

methods, which measure total ash, acid-insoluble ash and water-soluble ash (WHO, 2011; 

Elena, 2012).  

3.2.6.4.1. Total ash 

 The powdered air-dried sample was accurately weighed (2 g) and placed in a previously 

ignited and tared crucible. The sample was spread in an even layer and put in a furnace at 550 

°C for 5 h until it is white, indicating the absence of carbon. The crucible was cooled and 

moistened by adding 2 ml of deionized water to attain a maximum ashing. After drying on a 

water-bath, and a hot plate, it was ignited to a constant weight. The residue was cooled in a 

desiccator for 30 min and weighed without delay. The content of total ash was calculated using 

the following formula (WHO, 2011; Sanmugarajah et al., 2013). 

% Total ash= 
W3-W2

W1
×100 

Where, W3 is weight of ashed sample and crucible, W2 is weight of empty crucible, and W1 

is weight of pre-ashed sample 

3.2.6.4.2. Acid insoluble ash 

To the crucible containing the total ash, 25 ml of hydrochloric acid (70 g/l) was added and 

gently boiled for 5 min by covering with a watch glass. The watch glass was rinsed with 5 ml 

of hot water and this liquid was added to the crucible. The insoluble matter was collected on 

an ashless filter paper and washed with hot water until the filtrate is neutral. The filter paper 

containing the insoluble matter was transferred to the original crucible and the crucible was 

dried on a hotplate and ignited by gradually increasing the heat to 550 °C for 3 h in a muffle 

furnace to constant weight. The residue was allowed to cool in a desiccator for 30 min and then 

weighed immediately. Acid-insoluble ash content was calculated using the following formula 

(WHO, 2011; Sanmugarajah et al., 2013).   

% Acid insoluble ash value=
W3-W2

W1
 ×100 

Where, W3 is weight of total ash and crucible, W2 is weight in gram of the empty crucible, 

and W1 is weight in gram of the sample taken for analysis 
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3.2.6.4.3. Water-soluble ash 

Twenty- five ml of water was added to the crucible containing the total ash, covered with a 

watch glass and boiled gently for 5 min. Insoluble matter was collected on an ashless filter 

paper. It was ten washed with hot water and ignited in a crucible for 15 min at a temperature 

not exceeding 450 °C in a muffle furnace. The residue was allowed to cool in a suitable 

desiccator for 30 min, and then weighed immediately. The weight of the residue was subtracted 

from the weight of total ash. Water-soluble ash content was calculated using the formula 

(WHO, 2011; Sanmugarajah et al., 2013).  

% Water soluble ash value= 
W3-W2

W1
×100 

Where, W3 is weight of total ash and crucible, W2 is weight of water insoluble ash and 

crucible, and W1 is weight of crude drug taken 

3.2.6.5. Swelling index 

Powdered root sample, previously reduced to the required fineness, was accurately weighed to 

1 g, and put in to a glass-stoppered measuring cylinder (internal diameter of about 16 mm, the 

length of the graduated portion about 125 mm, marked in 0.2 ml divisions from 0 to 25 ml in 

an upwards direction). Following this, water was added upon the powder up to volume of 25 

ml. The mixture was shaken thoroughly every 10 min for 1 h. Finally, after being allowed to 

stand for 3 h at room temperature, the volume occupied by the plant material was measured 

and the mean value of the individual determinations, related to 1 g of herbal material was 

calculated (WHO, 2011).  

3.2.6.6. Foaming index 

Coarsely powdered root (1 g) that passed through sieves of pore size (sieve no. 1250/0.01 mm) 

was transferred into a 500 ml conical flask containing 100 ml boiling water. After moderate 

boiling for 30 min, it was cooled and filtered into another volumetric flask and diluted with 

water to 100 ml. This decoction was then poured in to 10 stoppered test tubes (height 16 cm, 

diameter 16 mm) in successive portions of 1ml -10 ml. Each of the test tubes was diluted and 

made up to 10 ml with water. All tubes were stoppered and shaken for 15 min, with two shakes 

per second. Finally, after being allowed to stand for 15 min, the height of the foam formed in 

each tube was measured and recorded (WHO, 2011).  

If the height of the foam in every tube is less than 1cm, the foaming index is less than 100. If 

a height of foam of 1cm is measured in any tube, the volume of the herbal material decoction 
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in this tube (a) is used to determine the index. If this tube is the first or second tube in a series, 

an intermediate dilution was prepared in a similar manner to obtain more precise result.  

Foaming index was calculated using the following formula:  

    1000/α,  

Where α = the volume in ml of the decoction used for preparing the dilution in the tube where 

foaming to a height of 1 cm is observed. 

3.2.6.7. Determination of tannins 

Determination of tannin follows the following steps (WHO, 2011). The herbal material extract 

was prepared by decocting 2 g of herbal material, previously powdered to a known fineness 

and weighed accurately, with 150 ml of water over a boiling water-bath for 30 min. The mixture 

was cooled and transferred to a 250- ml volumetric flask and diluted to volume with water. The 

solid material was allowed to settle and the liquid was filtered through a filter paper (diameter 

12 cm), discarding the first 50 ml of the filtrate.  

In determination of the total amount of material that is extractable into water, 50.0 ml of the 

plant material extract was evaporated to dryness; the residue was dried in an oven at 105 °C 

for 4 h and weighed (T1). In the determination of the amount of herbal material not bound to 

hide powder that is extractable into water, 6.0 g of hide powder was added to 80.0 ml of the 

herbal material extract and shaken for 60 min. After filtering the mixture, 50 ml of the filtrate 

was evaporated to dryness. The residue was dried in an oven at 105 °C and weighed (T2). To 

determine the solubility of hide powder, 80.0 ml of water was added to 6.0 g of hide powder 

and shaken for 60 min. It was filtered and 50.0 ml of the clear filtrate was evaporated to dryness. 

The residue was further dried in an oven at 105 °C and weighed (T0). The quantity of tannin 

was calculated as a percentage using the following formula: 

% Tannin= 
T1-(T2-T0)X 500

W
 

Where, T1 is weight of water extractable matter, T2 is weight of herbal material not bound to 

hide material, T0 is weight of water soluble hide material, and W is weight of sample taken for 

analysis.  
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3.2.7. Phytochemical analysis 

3.2.7.1. Preliminary phytochemical screening 

The preliminary phytochemical screening of the 80% methanol, choroform, hexane extracts of 

the root powder of E. kebericho was carried out using standard laboratory procedures, to detect 

the presence of different phytochemical constituents. Each specific test was done in triplicates 

for both samples of different sites.  

Test for alkaloids (Dragendorff’s test)  

Approximately 3 ml of extract was added to 3 ml of 1% HCl and heated for 20 min. To the 

filtrate in test tube, 1 ml of Dragendoff’s reagent was added drop by drop after which it was 

observed whether alkaloids were present or absent in the turbidity, or precipitate formation. 

The formation of a reddish-brown precipitate would indicate the presence of alkaloids (Suman 

et al., 2013; Madike et al., 2017).  

Cardiac glycosides (Keller – Kiliani test) 

The 80% MeOH extract (100 mg) was dissolved in 2 ml of glacial acetic acid and 1 ml of 

concentrated H2SO4 was added carefully against the wall of the test tube, followed by 1 ml of 

FeCl3 solution. The formation of a thick green blue color was to indicate for the presence of 

cardiac glycosides (Sasidharan et al., 2011). 

Flavonoids (Alkaline Reagent Test) 

Three millilitres of the 80% MeOH plant extract was treated with 1 ml of 10% NaOH solution. 

Any formation of an intense yellow color was examined (Madike et al., 2017).  

Tannins (Braemer’s test) 

To 3 ml of the methanol extract 2 ml of 10% alcoholic FeCl3 was added. Any formation of dark 

blue or greenish grey coloration of the solution was examined (Sasidharan et al., 2011).  

Terpenoids (Salkowski test)  

5 ml of solvent extract was mixed in 2 ml of chloroform followed by the careful addition of 3 

ml concentrated H2SO4. A layer of the reddish brown coloration at the interface was checked 

(Suman et al., 2013) .  
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Phenols 

To 1 ml of solvent extract of sample, 2 ml of distilled water followed by a few drops of 10% 

aqueous FeCl3 solution were added. Formation of blue or green color was examined (Suman et 

al., 2013).  

Saponin (Frothing Test)  

To 0.5 ml of filtrate, 5 ml of distilled water was added and shaken well. Formation of a 

persistent frothing was checked (Sasidharan et al., 2011).   

Steroids 

Chloroform (5 ml) and 5 ml of H2SO4 were added to 500 µl of the prepared plant extract. The 

possible presence of steroids is indicated by a color change from violet to blue or green or a 

ring of blue/green or if the upper layer turns red and the sulphuric layer is yellow with a green 

fluorescence (Sasidharan et al., 2011).  

Phlobatannin 

HCl (1%, 2 ml) was added to 3 ml of plant extract and boiled. The deposition of a red precipitate 

was examined (Madike et al., 2017).  

Anthraquinones (Borntrager’s test) 

The extract (5 ml) was boiled with 1 ml of dilute H2SO4 in a test tube for 5 min, filtered while 

hot, the supernatant or filtrate was pipetted out, cooled and shaken with equal volumes of 

CH2Cl2. The lower level of CH2Cl2 was separated and shaken with half its volume with dilute 

NH3. Any appearance of rose pink to red color in the ammonical layer was checked (Kumar et 

al., 2012). 

Reducing sugars (Fehling’s Test) 

Fehling solutions A (solution of copper (II) sulfate pentahydrate crystals) and B (aqueous 

potassium sodium tartrate) were boiled and added with equal volumes to crude plant extract. 

A red color precipitate indicated the presence of reducing sugars (Jaradat et al., 2015).  
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3.2.7.2. Chromatographic fingerprinting 

3.2.7.2.1. TLC fingerprinting 

The 80% methanol extract of E. kebericho was fractionated with solvents of increasing 

polarity; hexane, butanol, ethyl acetate and water.  For the TLC fingerprinting previously 

activated (105°C, for 2 h) pre coated silica gel plates were used after activation. The plate 

development was done in various solvent systems, i.e., chloroform: methanol (6:4), hexane: 

ethylacetate (7:3), ethyl acetate: methanol: water (50:8:5) and ethyl acetate: methanol: water 

(40:5.5:5) each in a pre-saturated developing chamber. Spots were detected in daylight and 

under UV (254 nm and 366 nm). The pattern of the spots that appeared were photographed 

with camera and kept for record (Liu, 2011). 

3.2.7.2.2. HPLC fingerprinting 

A sample of 80% methanol extract was used for LC-QTOF-MS analysis. 1mg/ml of the extract 

was dissolved in 1ml of HPLC grade methanol: water (80:20) and, vortexed for 2 min. The 

resulting mixture was transferred into a 5 ml syringe and filtered into an HPLC vial. 

The HPLC fingerprints were obtained by using a 1200 Infinity HPLC (Agilent technologies, 

USA), fitted with a C-18 column (Nucleodur 100-5 EC-C18, 4.6 mm × 250 mm) (Macherey- 

Negas, Germany). Diode array detector (DAD) detector was used. Two solvents 95% water 

with 0.1% formic acid (A); and 5% acetonitrile with 0.1% formic acid (B) were used. Elution 

was with a linear gradient of 5% - 60% B in 30 min at flow rate of 1 ml/min. Sample injection 

volume was 10 µl; and column temperature was set at 30 ± 0.8 °C. . The chromatograms were 

recorded at the wavelength of 320 nm. 

3.2.7.2.3. LC-QTOF-MS fingerprinting 

Sample preparation 

A sample of 80% methanol extract was used for LC-QTOF-MS analysis. 1mg/ml of the extract 

was dissolved in 1ml of HPLC grade methanol: water (80:20) and, vortexed for 2 min. The 

resulting mixture was transferred into a 5 ml syringe and filtered through a 0.22 µm acrosdisc 

syringe filter into an HPLC vial. 

LC-QTOF-MS analysis 

A rapid resolution LC 1260 series coupled to 6530 accurate mass Q-TOF spectrometer 

equipped with dual electrospray ionization (ESI) source was used for the analysis. Data 
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acquisitions were collected under both positive (+) and negative (-) ion mode using full 

spectrum scan for qualitative analysis of the samples.  25 µl of the prepared plant extract was 

injected on reversed phase column (Poroshell 120 EC-C18, 2.7 µm x 2.1 mm x 100 mm) 

(Agilent Technologies, USA). For positive mode, two solvents, i.e., solvent (A) 95% water 

with 0.1% formic acid and solvent (B) 5% of acetonitrile with 0.1% formic acid were used.  

For negative mode, solvent (A) was composed of 95% water with 5% ammonium acetate 

whereas solvent (B) was composed of 5% acetonitrile. Pressure limit was 30 bar minimum and 

a maximum of 550 bar. Gradient elution of 5% -100% B in 30 min, at flow rate of 0.25 ml/min 

and column temperature of 40 °C was set. The analysis was enabled when the temperature was 

within ± 0.8 °C.   

For the mass spectrometer conditions, the nebulizing and drying gas was nitrogen supplied at 

a flow rate of 35 Psig and 8 ml/min, respectively. Drying gas temperature was 350 °C. 

Ionization source was dual ESI (electrospray ionization) with a capillary voltage of 3500 V. 

Fragmentor voltage was 175 V. The LC-Q-TOF-MS data was acquired and analysed using 

Agilent Technologies Mass Hunter Software version B.07.03. 

3.2.7.2.4. GC- MS fingerprinting  

Sample preparation  

A sample of hexane extract was used for GC-MS analysis. For GC-MS, 1 mg of the dried 

extract was dissolved in 1ml of fresh HPLC grade hexane and, vortexed for 2 min. The resulting 

mixture was transferred into a 5 ml syringe and filtered through a 0.22 µm acrosdisc  syringe 

filter into vial. 

Method  

The GC-MS analysis of the extract was performed with Agilent instrument (7820A, MS 

detector 5977B, Ionisation for MS: Electron Ionisation (EI) mode, Mass Analyser: Single 

Quadruple equipped with a Column: HP-5, Dimensions: 30 m L x 0.32 mm ID x 0.25 µm film 

thickness (Agilent Technologies, USA). 

GC-MS were obtained under the following conditions: carrier gas He; flow rate 1.0 mL/min; 

injection volume 1.0 μL; injection temperature 230 °C; oven temperature progress included an 

initial hold at 70 °C for 2 min, a rise to 280 °C at 50 °C/min, for 3 min. Total run time was 40 

min. Acquisition type: full scan; scan mass range: 50-1000 m/z. Software: Agilent Mass Hunter 



  

21 

 

software. The phytochemical constituents were identified by comparing the results of mass 

spectrum with inbuilt National Institute of Standard and Technology (NIST) library database.    

3.2.8. FT-IR fingerprinting   

The powdered roots and solvent extracts were employed for FTIR fingerprinting analysis and 

the analysis was performed using PerkinElmer FT-IR instrument (PerkinElmer, UK). Solvents 

of different polarities, i.e., 80% methanol, chloroform, and hexane were used to extract 

components.  For FT-IR analysis, a portion of the sample was placed on the FT-IR plate with 

a spatula on Smart iTR™ Attenuated Total Reflectance (ATR) accessory composed of diamond 

crystal as sample handling technique at a controlled ambient temperature (25°C) and the 

spectrum was read after background subtraction using the Perkin Elmer Analyst software 

version 10.5.2 (PerkinElmer, 2011) . 

3.2.9. Residue analysis 

3.2.9.1. Determination of foreign matter 

The herbal samples (100 g) were weighed and spread in a thin layer. Foreign matter was 

separated and sorted into groups by visual inspection, and with the aid of magnifying lens 

(10X). The portions of this sorted foreign matter was weighed to within 0.05 g. The content of 

each group was calculated in g per 100 g of air-dried sample (WHO, 2011).   

3.2.9.2. Determination of trace and heavy metals 

3.2.9.2.1. Preparation of sample 

The sample was dried in an oven set at 50 °C for 24 h. It was then removed from the oven and 

cooled and ground to pass through a 2 mm sieve. The dried sample (1 g) was weighed into a 

porcelain crucible and placed into a muffle furnace set at 450 °C for 12 h. The sample was then 

removed from furnace and placed in a desiccator for 2 h. The sample was then diluted with 2-

3 drops of deionized water and 5 ml of aqua Regia (mixture of HNO3: HCl in 1:3 ratio); and 

heated on a hotplate for 5 min.  It was then cooled to room temprature and filtered through a 

Whatman filter paper number 42 into a 50 ml volumetric flask. After washing the residue in 

the filter paper with deionized water, the filtrate was made to the 50 ml mark with deionized 

water. This solution was used for elemental analysis and concentration of element in the sample 

was calculated as the percentage of dry matter (Jorhem, 2000; WHO, 2011). 
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3.2.9.2.2. Standard preparations 

Standard stock (1000 mg/l) solutions of Cu, Pb and Ni, Fe, Mn, Co, Cr, were prepared by 

dissolving 1 g of each metal in 1:1 HNO3 and made to 1 L with deionized water. Similarly, 

solutions of Cd and Zn were prepared by dissolving 1 g of each metal 1:1 HCL made to 1 L 

Volume. Then, 100 mg/l solutions of each metal were prepared by pipetting 10 ml of the 1000 

mg/l solution into a 1L volumetric flask and making to the mark with deionized water.  

Serially diluted solutions for each metal were then made from the respective 100 mg/l solution 

by pipetting to 0, 1, 2, 5 and 10 ml each into 1 L volumetric flask, and made to the mark with 

deionized water. Each metal, hence, had serially diluted standard solutions of 0 mg/l, 1 mg/l, 2 

mg/l, 5 mg/l and 10 mg/l. The absorbance of these solutions was read on Atomic absorption 

spectrophotometer (Varian SpectraAA50, Australia) (Jorhem, 2000).   

3.2.9.2.3. Instrument used 

Metal analysis was performed on single beam Flame Atomic Absorption Spectrophotometer 

(FAAS) (Varian SpectraAA50, Australia) equipped with a deuterium lamp for background 

correction and fitted with high intensity hollow cathode lamps of Fe, Mn, Zn, Cu, Cr, Cd, Co, 

Ni and Pb as radiation source. Compressed air and acetylene gas were used to ignite the flame 

while the carrier gas used was nitrogen. Standard operating parameters for working heavy 

metal elements were set and given in Table 1. 

Table 1: Instrumental parameters for trace and heavy metals analysis 

S.N. Element Wavelength 

(nm) 

Slit width 

(nm) 

Lamp current 

(mA) 

1 Fe 248.3 0.1 5 

2 Ni 232.0 0.2 10 

3 Pb 217.0 1.0 10 

4 Zn 213.9 1.0 5 

5 Cd 228. 0.5 4 

6 Cu 324.7 0.5 4 

7 Mn 403.1 0.2 5 

8 Co 240.7 0.2 7 

9 Cr 257.9 0.2 7 

3.2.9.3. Microbial contamination  

The microbiological contamination was determined for microbial load or total bacterial count, 

total yeast and mold count (Escherichia coli, Salmonella Species, Shigella species, Coliform 
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and fecal coliform) in crude powder of the E. kebericho roots; according to standard methods 

given in the WHO guideline and other literatures (WHO, 2007, 2011; Salari et al., 2012; 

Bedada et al., 2018). 

The powdered herbal sample (25 g) was weighed and homogenized with 225 ml sterile buffered 

peptone water. Serial dilution was made with phosphate buffer and counting plates were 

prepared up to 1:105 dilutions. 1 ml of the pre-treated plant material was pipetted out on to a 

sterile Petri dish (9 cm in diameter). Then 20 ml of liquefied Casein-soybean digest agar was 

added in the dish, mixed, and the content was allowed to solidify. In the determination of 

coliform, 5 ml of tryptone soya agar was added to 1 ml of 1:10 diluted sample and pre-incubated 

at 20 – 25 °C for 1-2 h. The plates were then incubated at temperatures: for 48 ± 3 h at 35 °C 

for total aerobic bacteria. 

Alternatively, for the determination of yeast and mould, 0.1 ml of the dilution was spread on 

the surface of the solidified medium in a Petri dish (spreading method) on Rose-bengal 

chloramphenicol agar and incubated for seven days at 25 °C.  All colonies were counted as 

colony-forming units per g and the number of colonies in each sample was evaluated by 

multiplying the average number of colonies per plate by the dilution used.  

E. coli determination was done by incubating the diluted sample, which was streaked on to 

MacConkey agar and incubated at 43–45 °C for 18–24 hours. Growth of red, generally non-

mucoid colonies of Gram-negative rods, surrounded by a reddish zone of precipitation, 

indicates the possible presence of E. coli. 

The determination of Salmonella and Shigella species were performed using various broths 

followed by selective enrichment media and isolation media incubated at 37 oC for 24 h. 

Buffered peptone (225 ml) water was mixed with 25 g of sample and incubated at 37 oC for 1 

day. Presumptive Salmonella and Shigella were then sub cultured on Xylose lysine 

deoxychocolate agar, and then biochemically, and serologically verified for confirmation. 

3.2.9.4. Determination of radioactive contamination 

The samples were open air dried on trays for a period of one week and then oven dried at a 

temperature of 110 °C for 24 h. The oven-dried samples were then powdered to fine grain size, 

sieved, and homogenized.  The homogenized samples were then transferred to standard cans 

(General purpose Marinelli Beakers) and sealed hermetically to avoid any possibility of 

outgassing of radon. Samples were stored for 30 days to allow 232Th or 238U and its short-lived 
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decay products to reach secular equilibrium (Tettey-Larbi et al., 2013; Najam et al., 2015).  

Radionuclides were then counted by gamma spectrometry with an n-type coaxial CAMBERRA 

high-purity germanium detector (HPGe), (Model GX 7019, crystal diameter of 72.5 mm, 

thickness of 72.5 mm, relative efficiency 70%, 1.9 keV energy resolution (FWHM), energy 

peak of 1332 KeV of 60 Co isotope, a peak-to-compton ration of 70:1). The HPGe-detector 

was coupled to a computer based multi-channel analyzer card system, which could determine 

the area under characteristic's peak energy using Genie 2000 software. 

3.2.10. Monograph of roots of E. kebericho  

Monograph (Appendix II) of roots of E. kebericho were developed according to WHO 

guideline (WHO, 1999). 

3.2.11. Statistical analysis 

All the results of the physicochemical and residual analysis parameters were expressed as mean 

± SD (Standard deviation). The data were analysed using Microsoft Office Excel 2016. 
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4. RESULTS AND DISCUSSION  

4.1. Extraction yield 

The percentage yield of the 80% methanol extract was calculated and was found to be 11 % in 

Addis Ababa (AA) and 10.26 % in Horo Guduru Wollega (WG). 

4.2. Macroscopic evaluation of the root powder 

The fresh roots of E. kebericho were evaluated for color, size, shape, odor, taste and other 

surface characteristics and the results are summarized in Table 2. The macroscopic evaluation 

of the roots showed relatively the same characteristic for both samples of different sites.  

These identification methods are quick and easy, so they are considered the primary steps to 

establish identity, purity and possibly quality of crude drugs (Laloo et al., 2014). The herbal 

drug is considered as not fulfilling the requirements if it is significantly different from the 

specifications in terms of color, consistency, odor or test. On the other hand, since these 

characteristics are determined subjectively and adulterants may closely resemble the herbal 

material, WHO recommends supporting the findings from macroscopic studies by microscopy 

and/or physicochemical analysis (WHO, 2011).  

Table 2: General morphological profiles of the root of Echinops kebericho Mesfin collected 

from Addis Ababa (AA) and Horo Guduru Wollega (WG) 

Morphological 

characteristics 

AA WG 

Color (External) Brown Brown 

Color (Internally) Pale yellow Pale yellow 

Size 15 – 18 cm long and 1 – 4 cm in 

width 

15–20 cm long and 1–4 cm 

in width 

Shape Cylindrical, tapering towards 

the end 

Cylindrical, tapering 

towards the end 

Surface, texture and fracture 

characteristics  

Hard and fibrous Hard and fibrous 

Odor Characteristic (distinctive) Characteristic (distinctive) 

Taste Mild pungent and bitter Mild pungent and bitter 
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4.3. Microscopic characterization 

The sections, and the microscopical structures detected in microscopic study are presented in 

Figures 2-4. Transverse section of the root bark of E. kebericho showed the presence of cortex 

occupying the larger area of the section made up of rounded parenchyma cells and vascular 

cambium made up of longitudinal cells. Vascular cambium was also observed in the radial 

longitudinal view of E. kebericho. In addition, secondary xylem were also detected in the cross 

sectional view of the root. Vascular bundles are made up of alternative xylem and phloem 

components fitting circularly. Xylem consists of vessels single or in groups covered by xylem 

parenchyma.  

In most of the cases, misuse of the herbal drugs results from wrong botanical identification of 

herbal drugs. To overcome these problems preparing pharmacognostic specifications for the 

herbal drug is essential. The results of microscopic characterization for E. kebericho when used 

with other analytical methods can supply invaluable supporting evidence in authentication of 

the herbal drug and ensuring its quality (WHO, 2011).   

 

Figure 2: Microscopy of transverse section of the roots of Echinops kebericho Mesfin showing: 

cortex (black arrow), cambium region (blue arrow) (magnification 40X). 
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Figure 3: Microscopy of longitudinal section of the roots of Echinops kebericho Mesfin 

showing: cortex (black arrow), cambium region (blue arrow) (magnification 40X). 

 

Figure 4: Microscopy of transverse section of the roots of Echinops kebericho Mesfin 

showing:  phloem (blue arrow), secondary xylem with vessels single or in groups (black arrow) 

(magnification 40X).  

4.4. Fluorescence analysis of powdered drug 

The color intensity of the powdered root of E. kebericho treated with different chemical 

reagents was analysed by comparing sample color with a color index chart. The results of the 

fluorescence characteristics of E. kebericho powder both in day light as well as under UV light 

(254 nm and 365 nm) is represented in Table 3.  
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The fluorescence analysis of the powdered drugs showed similar color for both samples, i.e., 

AA and WG.  Furthermore, the powdered drugs showed varied fluorescence character upon 

treatment with different chemical reagents. This difference in fluorescence property depends 

on the chemical nature of the drug and hence different chemical constituents have characteristic 

color upon treatment with chemical reagents. In addition, some constituents show fluorescence 

in the visible range of daylight, while in other natural products, fluorescence is produced by 

ultra violet light (Alam and Najum us Saqib, 2015; Roy et al., 2018). The fluorescence 

character of powdered E. kebericho, which will be employed to identify the drug with specific 

fluorescent colors and can be used as a diagnostic tool for detecting adulteration.  

Table 3: Fluorescence analysis of Echinops kebericho Mesfin collected from Addis Ababa 

(AA) and Horo Guduru Wollega (WG), in day light and UV light. 

Treatment               Fluorescence in  

day light 

Fluorescence  

Under short UV 

light (254nm) 

Fluorescence 

under long UV 

light (365nm) 

AA/WG AA/WG AA/WG 

Powder as such Light Brown NF Light grey 

NaOH in methanol  Brown NF NF 

NaOH in Water Golden rod NF Yellow Green 

KOH in methanol Brown NF Yellow Green 

KOH in water Brown NF Yellow Green 

HCL Light warm Golden rod Gold 

10% H2SO4 Light warm NF Light warm 

0.5% H2SO4 Light warm  NF Light warm 

5% Iodine  Dark Red Black Black 

5% Ferric Chloride Light Olive Black Black 

Picric Acid Yellow Bright green Yellow Green 

(25% v/v) Ammonia Light Brown NF Sea green 

Acetic Acid Dark Brown Greenish Brown Sea green 

NF= Not Fluorescing     
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4.5. Physicochemical characterization 

Results of physicochemical characteristics analyses including solvent extractive values, ash 

values, loss on drying, swelling index, foaming index and tannin content of roots of E. 

kebericho are presented in Table 4.  

Table 4: Physicochemical values for the roots of Echinops kebericho Mesfin collected from 

Addis Ababa (AA) and Horo Guduru Wollega (WG) 

 

In the present study, the extractive value was found to be higher for AA compared to WG for 

all solvents. In case of both samples of E. kebericho, the extractive value for water was greater 

than that of other solvents; i.e., methanol, ethyl acetate, chloroform and hexane. Generally, 

extractive values are useful to evaluate the chemical constituents present in a crude drug. In 

                                                                         

Parameters                                                                                                             

Result (M ± SD) 

      

       AA                                     WG 

Extractive value (Cold maceration (%)  

 Water 3.83 ± 0.27 2.17 ± 0.26 

 Methanol 1.88 ± 0.38 1.62 ± 0.16 

 Ethyl acetate 1.27 ± 0.19 1.00 ± 0.25 

 Chloroform 1.28 ± 0.07 1.33 ± 0.29 

 Hexane 1.06 ±0.94 0.94 ± 0.25 

Ash value ( % ) 

 Total Ash (g % W/W) 11.83 ± 1.26 8.00 ± 0.5 

 Acid Insoluble Ash ( % W/W) 4.67 ± 1.67 3.50 ± 0.5 

 Water Soluble Ash (% W/W) 9 ± 1.00 6.33 ± 0.58 

Loss on drying (%) 6.18 ± 0.15 5.37 ± 0.5 

Swelling index 2.50 ± 0.10 2.13 ± 0.31 

Foaming index <  100 <  100 

Tannin content 7.08 ± 0.72 8.75 ± 1.25 

Values are mean ± SD, n= 3   
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addition, it gives an idea about the nature of the chemical constituents present in a crude drug, 

specifically can be used for estimation of specific constituents soluble in a particular solvent, 

and are useful for inspection of the purity of the herbal drug (Sanmugarajah et al., 2013; Roy 

et al., 2018). The higher water-soluble extractive value of E. kebericho roots, hence, could 

mean there is more amount of polar constituents derived from the herbal drug.   

Ash values give an idea of inorganic composition and other impurities in a crude drug; the 

values are hence used to determine authenticity and purity. A higher ash value could be due to 

contamination, substitution or adulteration by minerals. The total ash content in both samples 

of this study was within the acceptable limit of 14%; the content was found to be higher for 

AA (11.83%) as compared to that of WG (8.00%). Low level of total ashes in the results could 

mean low levels of carbonates, phosphates, silicates and silica in the samples. Water-soluble 

ash value is used to confirm the presence of specific amounts of  inorganic matter in the herbal 

drugs (Roy et al., 2018) whereas  acid insoluble ash is used to detect unacceptable quantities 

of certain minerals such as silica (Ph. Eur, 2007).  

 Moisture is one of the major factors responsible for the deterioration of drugs and herbal 

formulations (Abdu et al., 2015). The moisture content in both samples of E. kebericho roots 

as indicated by the percentage of loss below the maximum stated limit of 10% (Table 3).  

Moisture higher than 10% favours the growth of bacterial, yeast or moulds as well as promotes 

oxidation and hydrolysis reactions, which can deteriorate the quality of the herbal drugs 

through storage (Ph. Eur, 2007).   

The foaming index was found to be less than 100 in both samples, which could indicate the 

possible absence of phytoconstituents such as saponins, which readily produce foam in an 

aqueous medium. Quantitative assay in the present study revealed the presence of tannins in 

the samples within the range of 7.08% to 8.75%. Tannins, which are known as astringent 

agents, have antibacterial effect, which could prevent possible infection during wound healing 

process (WHO, 2011).  

Another physicochemical parameter determined was particle size distribution of the E. 

kebericho powder (Table 5). Following the guidelines of the American Herbal Pharmacopoea, 

the powder of E. kebericho would be classified as moderately fine powder (i.e. less than 50% 

of the particles are smaller than 0.18 mm and greater than 50% of the particles are larger than 

0.355 mm) (Upton et al., 2011). Moreover, a greater yield of particles was found to concentrate 

between sizes of 1.18 mm to 0.015 mm (80.55% in AA and 80.3% in WG).  
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Table 5: Summary of percent weight of powdered Echinops kebericho Mesfin collected from 

Addis Ababa (AA) and Horo Guduru Wollega (WG) 

 Weight retained on each sieve 

Sieve size (mm) AA WG 

< 0.15 18.44 ± 0.79 19.1 ±1.1 

0.15 8.11 ± 0.94 8.5± 0.6 

0.18 10.20 ± 1.18 9.3 ± 0.9 

0.25 7.15 ± 1.01 7.4 ± 0.8 

0.355 15.52  ± 1.01 14.9  ± 1.4 

0.425 15.20 ± 0.75 14.3 ± 0.9 

0.6 19.20 ± 1.48 17.9 ±0.6 

0.85 1.74 ± 0.36 15 ± 0.3 

1.18 3.67 ± 0.67 6.5 ± 0.9 

 

The particle size distribution of herbal drugs is a preliminary and important parameter for 

choosing the appropriate extraction process, as it has direct effect on the dissolution of cellular 

components in the outer liquid and its efficiency. It determines the contact surface available 

for interaction with the solvent used to obtain an herbal formulation (Júnior et al., 2011; WHO, 

2011). Practically, extraction of a drug as a whole or divided into coarse fragments is 

incomplete due to poor penetration of the solvent in the plant tissue and the cell membranes act 

as real barriers hindering the extraction procedure. In powdered drug, however, membranes are 

partially destroyed, making the dissolution easier and efficient (Júnior et al., 2011).  

Nevertheless, the excessive division of the herbal drug should be avoided because it may form 

very fine dust, which may cause problems during extraction. The problem could be powder 

compaction, which blocks the passage of solvents (in percolation) resulting in incomplete 

extraction or the very fine particles might pass to the extract (in maceration) and bring it to a 

cloudy appearance (Júnior et al., 2011). Hence, if formulation is to be prepared, the moderately 

fine powder of E. kebericho is an advantage.  
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4.6. Phytochemical analysis 

4.6.1. Preliminary phytochemical screening 

Screening for the presence of active phytoconstituents of E. kebericho samples was done in 

three different solvent extracts; methanol, chloroform and hexane solvents (Table 6). The 

results of the phytochemical investigation were relatively the same for both samples.  

Table 6: Results of preliminary phytochemical analysis of different solvent extracts of 

Echinops kebericho Mesfin collected from Addis Ababa (AA) and Horo Guduru Wollega 

(WG) 

S.N. Phytochemical 

test 

AA WG 

80% 

Methanol 

Chloroform Hexane 80% 

Methanol 

Chloroform Hexane 

1 Alkaloid + + - + + - 

2 Cardiac- 

Glycosides 

+ - - + - - 

3 Flavonoid + + - + + - 

4 Tannin + - - + - - 

5 Terpenoid + + + + + + 

6 Phenol + - - + - - 

7 Phlobatannins - - - - - - 

8 Saponin - - - - - - 

9 Steroid + - - + - - 

10 Anthaquinone  - - - - - - 

11 Reducing 

 Sugars 

+ - - + - - 

            +_Present, -_Absent 

In the present study, the results showed that the possible presence of eight phytochemicals, i.e. 

alkaloids, cardiac glycosides, flavonoids, phenols, tannins and terpenoids, steroid, and reducing 

sugars in the methanolic extract of E. kebericho while three phytochemicals, i.e., alkaloids, 

flavonoids and terpenoids in chloroform extract. Moreover, minimum phytochemicals, i.e., one 

phytochemicals; terpenoid  was detected in hexane extract of E. kebericho. On the other hand, 
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the phytoconstituents; saponins, anthaquinone and phlobatannins were not detected in the three 

extracts.  

The biological activity of herbal drugs essentially depends on the phytoactive secondary 

metabolites. Therefore, preliminary screening of phytochemicals is part of chemical 

evaluation, which was performed to establish a chemical profile of the crude drug (Datkhayev, 

2017). Furthermore, preliminary phytochemical studies on the different solvent extracts of E. 

kebericho root revealed that some solvents are good for extraction of phytoconstituents while 

some others are not suitable. 

4.6.2. Chromatographic fingerprinting 

Traditionally, only one or two marker compounds are determined for evaluating the quality 

and authenticity of herbal medicines (Li et al., 2004; Zhou et al., 2008).  However, unlike a 

chemically synthetic drug with much purity, herbal medicines may consist of lots of complex 

phytochemicals (Li et al., 2004). In addition, this type of quality analysis does not give a 

complete quality profile of an herbal medicine, because multiple constituents are usually 

responsible for its therapeutic effects (Zhou et al., 2008). These multiple constituents may work 

‘synergistically’ and is difficult to separate the active parts. Consequently, the herbal drug 

preparation itself as a whole is regarded as the active substance (Verma and Singh, 2008).  

Moreover, the chemical constituents in herbal medicine may vary depending on harvest 

seasons, plant origins, drying processes. Hence, real-life quality monitoring and controlling of 

herbal medicines is beyond conventional analysis, which concentrates on single or few marker 

components (Li et al., 2004).  

The fingerprinting concept, which emphasizes on the systemic characterization of 

compositions of samples is ideal for evaluation of identity, authenticity, and consistency of 

herbal products (Li et al., 2004). Fingerprint analysis is able to demonstrate both 

similarity/uniformity and differences between different samples (Agatonovic-Kustrin and 

Morton, 2017).   

The chromatographic fingerprint is currently considered to be one of the most important and 

acceptable approaches for quality evaluation of herbal medicines worldwide (Wang et al., 

2012). A Chromatographic fingerprint of herbal medicines is defined as a chromatographic 

pattern of some common kinds of pharmacologically active and chemically characteristic 

components in the herbal medicine under study (Gong et al., 2003).  
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Chromatographic fingerprinting serves as a meaningful guideline to the phytochemical profile 

in ensuring the quality of herbal medicines. It is commonly employed in herbal quality control 

to identify the authenticity of the herbal medicines, to detect adulteration, to control the 

extraction process and to evaluate the quality consistency of the finished products  (Li et al., 

2004; Zhou et al., 2008).  

Chromatographic methods like TLC, GC, HPLC and hyphenated techniques such as GC-MS 

and LC-MS are commonly employed in herbal fingerprinting. The advantages of hyphenated 

techniques in herbal quality control is that information about the structure of the separated 

components is available and often identification is possible (Merfort, 2002). 

In addition to characterizing the unknown components, chromatographic fingerprinting also 

employed to characterize marker compounds in a complex system and quantification of the 

markers would serve as an additional parameter in assessing the quality of the sample (Feng et 

al., 2014). In most of the cases, two types of markers are commonly employed in herbal drug. 

The first is an active marker, which is a constituent (s) with a known pharmacological activity 

(activities)  and the second is an analytical marker, which is a constituent (s) that does not 

contribute to the therapeutic action but are characteristic to the herb and serve only for 

analytical purposes (WHO, 2017).  

4.6.2.1. TLC fingerprinting 

In the present study, the 80% methanol extract of the herbal drug was fractionated and analysed 

by TLC on silica gel in order to obtain information on the constituents separated into a sequence 

of discrete zones or the fingerprints distinctive for E. kebericho. The fingerprint patterns were 

done in triplicates and reproducible patterns were observed and photographed (Figures 5-8). In 

TLC fingerprinting, compounds can be characterized by the distance they travel in a particular 

solvent system. Retardation factor (Rf) values for various constituents in different fractions of 

the 80% methanol extracts of E. kebericho are given in Table 7.  

As can be seen from the results, the samples from the two sites show similar characteristics at 

the two wavelengths, i.e. 254 nm (green color) and 366 nm (blue color) except for the intensity. 

The intensity difference observed may be due to the concentration differences of the 

constituents in the characteristic spots. The hexane, butanol, ethyl acetate and water fractions 

displayed series of constituents on the chromatogram. Moreover, the non-polar fractions 

showed quite a different fingerprint compared to the polar fractions under both 254 and 366 

nm.  
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TLC is an ideal technique for screening and authentication of herbal medicines because of its 

low cost, simplicity and versatility. It provides visible images or fluorescent ones and identifies 

several samples at the same time (Zhou et al., 2008). In addition to qualitative analysis of herbal 

medicines, TLC is used to characterize and track components visually, or as an initial 

separation technique (Agatonovic-Kustrin and Morton, 2017).  

                                    

    (A) 

                                              

    (B) 

Figure 5: TLC profile of the Hexane fraction of Echinops keberichoMesfin collected from 

Addis Ababa (AA) (A) and Horo Guduru Wollega (WG) (B); Ha: hexane fraction of AA, Hw: 

hexane fraction of WG . Spots are serially numbered with increasing Rf values.  Solvent system: 

chloroform: methanol (6:4).  Adsorbent; silica gel for thin layer chromatography F254.  
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    (A) 

                                     

    (B) 

Figure 6: TLC profile of the ethyl acetate fraction of Echinops kebericho Mesfin collected 

from Addis Ababa (AA) (A) and Horo Guduru Wollega (WG) (B); Ea- ethyl acetate fraction 

of AA, Ew- ethyl acetate fraction WG. Spots are serially numbered with increasing Rf values. 

Solvent system: ethyl acetate: methanol: water (50:8:5). Adsorbent; silica gel for thin layer 

chromatography F254.  
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    (A) 

`                                  

  (B) 

Figure 7: TLC profile of the butanol fraction of Echinops kebericho Mesfin collected from 

Addis Ababa (AA) (A) and Horo Guduru Wollega (WG) (B);  Ba: butanol fraction of AA, Bw: 

butanol fraction of WG. Spots are serially numbered with increasing Rf values. Solvent system: 

hexane: ethylacetate (6:4). Adsorbent; silica gel for thin layer chromatography F254.  
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(A) 

                              

(B) 

Figure 8: TLC profile of the water fraction of Echinops kebericho Mesfin collected from Addis 

Ababa (AA) (A) and Horo Guduru Wollega (WG) (B); Wa: water fraction of AA, Ww: water 

fraction of WG. Spots are serially numbered with increasing Rf values. Solvent system; ethyl 

acetate: methanol: water (40:5.5:5).  Adsorbent; silica gel for thin layer chromatography F254.  
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Table 7: Rf values of TLC fingerprints of the various fractions of 80% methanol extract of 

Echinops kebericho Mesfin collected from Addis Ababa (AA) and Horo Guduru Wollega 

(WG) 

  Observation 

Type of fraction & solvent 

system 

Light 

source 

No of 

spots 

Rf values 

Hexane fraction 

 Hex: EtOAc=7:3 

UV 254 6 0.22 (H-1), 0.41(H-2), 0.56 (H-3),  0.58 

(H-4),  0.75 (H-5),  0.91 (H-6) UV 366 6 

Ethyl acetate fraction 

EtOAc:MeOH:H2O =50:8:5 

UV 254 2 0.40 (E-1), 0.50 (E-2) 

UV 366 2 

Butanol fraction 

CHCl3: MeOH = 6:4 

 

UV 254 4 0.3 (B-1), 0.42 (B-2),  0.69 (B-5),  0.75 

(B-6) 

UV 366 3 0.42 (B-2), 0.52 ( B-3), 0.56 (B-4) 

Water fraction 

EtOAc MeOH: H2O 

= 40:5.5:5 

 

UV 254 4 0.26 (W-1),  0.44 (W-2),  0.80 (W-3),  

0.89 (W-4) 

 
UV 366 4 

UV= ultraviolet light, Hex = hexane, MeOH = methanol, EtOAc= ethyl acetate 
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4.6.2.2. HPLC fingerprinting 

The HPLC chromatogram recorded at 320nm showing fingerprint patterns produced for the 

two samples of E. kebericho of 80% methanol extracts is displayed in Figure 9  

(A) 

 

(B) 

Figure 9: HPLC fingerprint chromatogram of Echinops kebericho Mesfin collected from 

Addis Ababa (AA) (A) and Horo Guduru Wollega (WG) (B); Detection wavelength was 320 

nm 
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As can be seen from the result, the HPLC chromatograms obtained for both samples were found 

to be relatively similar. Moreover, both samples yielded seven characteristic peaks at 320 nm; 

however, the relative peak area were largely different for peaks observed at a relatively similar 

retention time (Table 8). This difference may be caused by the differences in chemical 

compositions and corresponding contents of E. kebericho roots from different sites (Zhou et 

al., 2008; Fu et al., 2015).  

HPLC method has a wide application in herbal fingerprinting due to its precision, sensitivity, 

and reproducibility. Particularly it is useful if the peaks are well separated, chemical 

fingerprinting based on the presence or absence of characteristic peaks can authenticate herbal 

medicines (Fu et al., 2015). Moreover, HPLC method is not limited by the volatility of the 

sample compounds and hence it can be used to analyse most constituents present in the herbal 

medicines. Therefore, the HPLC fingerprint established in this study could be used for the 

quality control of E. kebericho roots.  

Table 8: Retention times (RTs) and relative peak areas (RPAs) of seven characteristic peaks 

in HPLC fingerprints Echinops kebericho Mesfin collected from Addis Ababa (AA) and Horo 

Guduru Wollega (WG). 

 

 

 

 

 

 

 

 

 

 

 

AA                      WG 

S.N. RT % RPA S.N. RT % RPA 

1 7.50945 0.20 1 8.081 1.14 

2 9.22528 0.24 2 9.111 0.55 

3 12.027 19.06 3 12.055 11.11 

4 14.0854 5.70 4 13.855 3.16 

5 18.075 4.63 5 17.945 1.84 

6 18.882 23.44 6 18.516 9.37 

7 19.887 0.47 7 19.7 3.22 
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4.6.2.3. LC-QTOF-MS fingerprinting 

The identification of compounds from the herbal extract was done using Mass Hunter 

Qualitative Analysis software (version B.07.03) which relied on the data of accurate mass 

measurement, molecular formula, score (those with excellent match score, i.e., greater than 90 

were selected) as well as the comparison of the data with the previously published data for the 

compounds. Whereas the analyses of samples were done in both positive and negative modes 

to maximize compound detection, compounds were identified in positive mode of ESI-LC-MS 

analysis. 

Hence, sixteen compounds were identified by the LC-Q-TOF-MS analysis (Figure 10), which 

were common for both AA and WG; however, the relative constituency for the compounds 

were found to be different (Table 9). This difference in relative constituency was also observed 

in HPLC analyses and it may be attributed to the differences in growing conditions of the two 

samples of E. kebericho collected from different sites (Agatonovic-Kustrin and Morton, 2017).  

Furthermore, the identified compounds were from different chemical classes including; 

sesquiterpenoid, steroid, tricyclic thiophene, flavonoids, phenolic glycosides, diterpene 

lactones along with fatty acids and phospholipids.  These constituents may be possibly 

responsible for the different biological activities reported in E. kebericho.  

In addition to the metabolite fingerprinting and profiling, LC-Q-TOF-MS is also used in 

identification and selection strategy of analytical markers.  Selecting a marker compound from 

the identified compounds was done based on the presence of main or major constituents 

inferred from the relative peak height.  This is because main components in herbal medicines 

are more abundant than other components and serve as analytical markers (Li et al., 2008).  

 Hence, two compounds; pyrocurzerenone (0.56% to 0.65%) and lappaconitine (0.34% to 

0.38%), which are relatively in higher concentration in both samples, were proposed as a 

possible marker compounds from the list of identified compounds (Figure 11). The extracted 

ion chromatogram and mass spectra of the proposed marker compounds are given in Figures 

(12-13). Marker compounds may be used for both qualitative and quantitative analyses of 

herbal medicines especially for differentiation and stability evaluation. Moreover, the presence 

or absence of one or more markers can be used to differentiate between species when multiple 

plant species are analysed (Agatonovic-Kustrin and Morton, 2017).  
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Table 9: Identified compounds in 80% methanol extracts of Echinops kebericho Mesfin collected from Addis Ababa (AA) and Horo Guduru 

Wollega (WG); in LC-QTOF-MS 

Name Formula Avg Mass RT  Score %Height            

AA 

% Height 

WG 

Class of compound 

4,4-Difluoro-17-beta-hydroxyandrost-

5-en-3-one propionate 

C22H30F2O3 380.4598 9.354 95.01 0.10 0.06 Steroid 

(3S,6E)-6-Caryophyllen-15-al C15H24O 220.3475 11.762 91.06 0.09 0.09 Sesquiterpene ketone 

Dibenzothiophene C12 H8S 184.2484 16.829 90.61 0.05 0.04  Tricyclic thiophene  

5,7-Dihydroxy-8-prenylflavone C20 H18O4 322.3507 19.197 90.61 0.06 0.05 Flavonoids 

Methyllycaconitine C37H50N2O10 682.7985 23.633 95.59 0.23 0.50  Diterpenoid alkaloid 

Pyrocurzerenone C15H16O 212.2898 23.939 97.31 0.65 0.56 Sesquiterpene  

4,8,12,15-Octadecatetraenoic acid C18H28O2 276.3967 24.13 90.69 0.48 0.46 Fatty acid 

Sterebin D C18H30O3 294.4193 24.132 90.66 0.28 0.31 Diterpenoids 

Bufotenine O-glucoside C18H26N2O6 366.4143 24.572 99.77 0.14 0.12 Indole alkaloidal glycosides 

beta-Guaiene C15H24 204.3819 24.58 92.22 0.18 0.23 Sesquiterpenoids 

cis-Vaccenic acid C18H34O2 282.4605 24.763 93.42 0.06 0.07  Trans-Fatty acids 

7,18-Dihydroxykaurenolide C20H28O4 332.4349 24.939 98.58 0.03 0.04 Diterpene lactones 

Epilubimin C15H24O2 236.3349 25.277 93 0.22 0.10 Sesquiterpenoids 

Lappaconitine C32H44N2O8 584.7195 27.079 95.85 0.38 0.34 Diterpenoid alkaloid 

PG(16:1(9Z)/18:3(9Z,12Z,15Z)) C40H71O10P 742.9503 27.114 92.34 0.08 0.11 Phosphatidylglycerol  

PG(16:1(9Z)/18:2(9Z,12Z)) C40H73O10P 744.924 28.415 94.43 0.15 0.20 Phosphatidylglycerols 
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(A) 

 

(B) 

Figure 10: LC-QTOF-MS total ion chromatogram of Echinops kebericho Mesfin collected 

from Addis Ababa (AA) (A), and  Horo Guduru Wollega (WG) (B). 
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(A)                                                                                       (B)             

Figure 11: Chemical structure of proposed marker compounds for Echinops kebericho Mesfin 

from LC-QTOF-MS analyses; pyrocurzerenone (A), lappaconitine (B)  

(A)  

 

(B) 

Figure 12: Extracted ion chromatogram of pyrocurzerenone from Echinops kebericho Mesfin 

80% Methanol extract; ESI; positive ionization mode (A), Mass spectrum of pyrocurzenone 

(B). 
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(A)  

(B)  

Figure 13: Extracted ion chromatogram of lappaconitine from Echinops keberichoMesfin 80% 

Methanol extract; ESI; positive ionization mode (A), Mass spectrum of lappaconitine (B). 
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4.6.2.4. GC-MS fingerprinting 

The compounds present in the hexane extract of E. kebericho were identified based on their 

mass spectra comparison with those of NIST mass spectral library. In addition, literature search 

on the identified compounds was carried out and the results were compared with previously 

published literature.  Chromatogram of the GC-MS analysis is depicted in Figure 14. Fourty-

one compounds (Table 10) were identified from the n-hexane extract of E. kebericho.  Thirty-

four were common to both samples with different relative constituency while three components 

were detected only in AA and four were detected only in WG. The difference in relative 

constituency and variability in some of the compounds  may be attributed to the differences in 

origin and growth condition of the herbal drug (Agatonovic-Kustrin and Morton, 2017).  

In the present study, the hexane extract was observed to contain; sesquiterpene hydrocarbons, 

oxygenated sesquiterpene, monoterpenoids hydrocarbons along with minor constituents; fatty 

alcohols, esters and straight chain hydrocarbons. The secondary metabolites and bioactive 

phyto-constituents identified from GC-MS analysis may be responsible for the different 

pharmacological activities reported in the roots of E. kebericho.  

Among the identified phytochemicals, dehydrocostus lactone was found to be the major 

constituent (85.39 % to 87.1%) followed by dihydrodehydrocostus lactone (2.21% to 2.45%) 

(Figure 15). This is consistent with the previous report done on the lipid fraction of E. 

kebericho, which resulted in a higher amount of dehydrocostus lactone (Abegaz et al., 1991). 

Based on the current study and the previous report, the two major constituent were selected, as 

possible marker compounds, which can be used in the differentiation and quality evaluation of 

E. kebericho.   

GC-MS analysis of herbal medicines gives reasonable fingerprint, especially for volatile 

constituents. In addition to volatile oils, the hexane extract from plants may contain some fatty 

acids/methyl esters and straight chain alkanes and gives a complete fingerprinting for all 

volatile components in herbal drug. Furthermore, the sample preparation is easy and is 

beneficial to those volatile components with low boiling point which may be lost during the 

heating in other procedures (Xie et al., 2013). Hence, the composition and relative 

concentration of the organic compounds of these volatile oils are the characteristic of the 

particular plant and it can be used for authentication and quality control of the herbal medicine. 
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Table 10: Identified compounds in hexane extracts of Echinops kebericho Mesfin collected from Addis Ababa (AA) and Horo Guduru Wollega 

(WG), in GC-MS 

Compounds Formula Retention time % Area  AA  % Area 

WG 

Class of compound 

alpha.-Phellandrene C10H16 4.2674 0.04 0.33 Monoterpene 

o-Cymene C10H14 4.5737 - 0.07 Monoterpene  

Benzene, 1,2,3,5-tetramethyl- C10H14 4.6282 0.01 0.10 Monoterpene  

alpha.-Guaiene  C15H24 6.6822 - 0.04 Sesquiterpene   

Undecane, 3,8-dimethyl- C13H28 6.778 0.17 0.03 Alkane     

Octane, 2,7-dimethyl- C10H22 6.7785 0.01 0.03 Monoterpene   

Copaene C15H24 7.0015 0.01 - Sesquiterpene  

2-Undecanol C11H24O 7.192 0.12 0.04 Aliphatic Alcohol 

Modephene C15H24 7.1982 9.74 0.37  Sesquiterpene  

 α-Isocomene C15H24 7.2786 0.30 0.21 Sesquiterpene 

Isoledene C15H24 8.9437 0.18 - Sesquiterpene  

 δ-Cadinene C15H24 9.1354 0.94 0.19 Sesquiterpene  

 δ-Amorphene C15H24 9.3259 0.50 0.53 Sesquiterpene  

alpha.-Cubebene C15H24 9.7349 0.09 - Sesquiterpene 

cis-Calamene C15H22 9.8008 - 0.01 Sesquiterpene 

alpha.-Calacorene C15H20 10.4436 0.03 0.01 Sesquiterpene 

Dodecane, 1-iodo- C12H25I 11.8287 0.01 0.01 Alkane 

Dodecyl acrylate C15H28O2 12.0362 1.73 2.48 Aliphatic Ester 

tau.-Cadinol C15H26O 12.2887 0.09 0.08 sesquiterpene  alcohol 

1-Dodecanol, 2-hexyl- C18H38O 12.462 0.21 0.05 Aliphatic Alcohol  

.alpha.-Cadinol C15H26O 12.7176 0.16 0.12 Sesquiterpene  alcohol  

3-Ethyl-3-methylheptane C10H22 13.9682 0.02 0.01 Alkane 

7 epi-a-Selinene C15H22O 14.0842 0.05 0.08 Sesquiterpene  aldehyde  

Continue 

https://webbook.nist.gov/cgi/cbook.cgi?ID=R607791
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Continued 

Table 10: Identified compounds in hexane extracts of Echinops kebericho Mesfin collected from Addis Ababa (AA) and Horo Guduru Wollega 

(WG), in GC-MS 

Compound Formula Retention time % Area AA  % Area 

WG 

Class of compound 

 Oplopanone C15H26O2 15.6068 0.07 0.07 Sesquiterpene  lactone  

1,3,8-p-Menthatriene C10H14 16.2019 0.02 - Monoterpene  

Hexadecane C16H34 16.7014 0.04 0.02 Alkane  

Hexanoic acid, dodecyl ester C18H36O2 17.0511 0.04 0.08 Akane Ester  

trans-Valerenyl acetate C17H26O2 17.7505 0.05 0.07 Sesquiterpenes 

2,4,6-Tris(1,1-dimethylethyl)-4-methylcyclohexa-2,5-

dien-1-one 

C19H32O 18.4649 0.01 0.01 Monocyclic ketone  

1-Dodecanol, 2-octyl- C20H42O 18.9277 0.17 0.12 Aliphatic alcohol 

 β-Atlantol C15H24O 19.0249 0.06 0.19 Sesquiterpene alcohol 

7,9-Di-tert-butyl-1-oxaspiro(4,5)deca-6,9-diene 2,8-

dione 

C17H24O3 19.3285 0.34 0.26 Ketone   

Gazaniolide C15H18O2 20.0481 0.04 0.06 Sesquiterpene lactone  

10-Epigazaniolide C15H18O2 20.05 0.17 0.05 Sesquiterpene lactone 

Butanal,3,3-dimethyl-2-oxo-,hemihydrate C6H10O2 20.1576 0.01 0.03 Alkane diketone  

Dihydrodehydrocostus lactone C15H20O2 21.847 2.45 2.21 Sesquiterpene lactone 

beta.-Cyclocostunolide C15H20O2 22.7254 0.15 0.49 Sesqriterpene  

 Dehydrocostus Lactone C15H18O2 23.6396 87.10 85.39  Sesquiterpene lactone 

Sulfurous acid, butyl heptadecyl ester C21H44O3S 24.897 0.06 0.02 Alkane  sulfite Ester  

Oxalic acid, allyl octadecyl ester C23H42O4 25.549 0.02 0.01 Aliphatic Alkane Diester  

% Peak area = calculated from the identified compounds area
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(A) 

(B)  

Figure 14: GC-MS profile of Echinops kebericho Mesfin collected from Addis Ababa (AA) 

(A) and Horo Guduru Wollega (WG) (B) 

O O

                            

O O

 

(A)                                                                                               (B) 

Figure 15: Chemical structure of proposed marker compounds for Echinops kebericho Mesfin 

from GC-MS analyses; dehydrocostus lactone (A), dihydrodeydrocostus lactone (B). 
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4.7. FT-IR fingerprinting 

IR fingerprint spectra (FPS) are the complex spectra of a mixture of many compounds in herbs, 

which is characteristic. It is an effective and convenient method for identification of herbal 

medicines. The typical region, which is of value in herbal medicine identification or 

comparison, is the finger print region. Moreover, under the same experimental conditions, the 

IR fingerprint spectra of different herbal medicines show differences in their specific peaks. 

These specific peaks and their relative intensities of the IR FPS could be used to identify herbal 

medicines clearly (Zou et al., 2005; Sadasivam, 2015).  

In the present work, FTIR was used to simultaneously analyse the main chemical constituents 

in powdered root as well as in different solvent extracts of E. kebericho samples. The 

characteristic IR fingerprints of the samples were obtained in the range 4000–400 cm−1. The 

IR fingerprinting of the powdered root, 80% methanol, chloroform and hexane extracts of E. 

kebericho are given in Figures (16-19) and the characteristic IR absorption frequencies of 

functional groups are summarized in Table 11. The intensity of certain wavelength do differ 

from each other especially at the fingerprint region (1500 to 400 cm-1).  This interprets the 

similarity of the main chemical component observed between the two E. kebericho samples as 

indicated above. 

The IR result of various solvent extracts showed broad-spectrum range at 3300 – 3500 cm-1 

corresponding to phenol group (O-H stretch). The sharp absorption peak at 1763 cm-1 was 

assigned to C=O stretching vibration in carbonyl compounds which may be characterized by 

the presence of high content of terpenoids in the root of E. kebericho. In addition, ester carbonyl 

(1270 – 1150 cm-1) and phenyl (1600-1450 cm-1) absorption peaks were also observed in the 

spectra.  The presence of a narrow and sharp peak at ~2925 cm-1 and ~2853 cm-1 was assigned 

to C-H stretching vibrations. 
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(A) 

 

(B) 

Figure 16: IR spectra of the powdered roots of Echinops kebericho Mesfin collected from 

Addis Ababa (AA) (A), and Horo Guduru Wollega (WG) (B). 
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(A) 

(B) 

Figure 17: IR spectra of the 80% methanol extract of roots of Echinops kebericho Mesfin 

collected from Addis Ababa (AA) (A), and Horo Guduru Wollega (WG) (B). 
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(A)

 

(B) 

Figure 18: IR spectra of the chloroform extract of roots of Echinops kebericho Mesfin 

collected from Addis Ababa (AA) (A), and Horo Guduru Wollega (WG) (B). 
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(A) 

 

(B) 

Figure 19: IR spectrum of hexane of roots of Echinops kebericho Mesfin collected from Addis 

Ababa (AA) (A), and Horo Guduru Wollega (WG) (B).  

  



  

56 

 

Table 11: IR absorption frequencies of functional groups of the powdered root, and different 

solvent extracts of the roots of Echinops kebericho Mesfin collected from Addis Ababa (AA) 

and Horo Guduru Wollega (WG) 

 Frequency (cm-1)  

Frequency range 

(cm-1) 

 

Functional 

Group 
Powder 80% 

Methanol 

Chloroform Hexane 

3294 3294 3400 3400 3550 – 3200 O-H stretch 

  3081.8 3074.3 3100–3000 C-H stretch 

2917 2944 2929 2921.6 3000–2850 C-H stretch 

2850 2880.6 2850.8 2858.3 

1763  1763 1789.4 1870 – 1630 C=O stretch 

1643 1643 1643.9 1636.4 1680–1600 C=C stretch 

1401.8 1446.5 1446.5 1465 1450 and 1375 C-H bend 

1260  1208.6 1297.5 1300–1000 C-O stretch 

1044 1051.6 1050 1010.6 

 

4.8. Residue analysis 

4.8.1.  Foreign matters detected 

Herbal raw materials may contain foreign mater, such as of plant parts of another herb, mineral 

admixtures such as soil, stones, metal, sand and dust, any organism or parts of an organism 

other than those named in its specification and description. 

Official pharmacopeia worldwide set quantitative limits of foreign matter as part of monograph 

specifications for herbal raw materials; accordingly, a range of 2% to 5% (by weight) of other 

plant parts of the same herbal material; and a limit of not more than 2% of foreign matter not 

consisting of plant parts of the same herbal material are considered acceptable (AHPA, 2017).   

In the present study, the foreign matter collected was first grouped in to its component parts; 

soil, weed and stem part of E. kebericho and separately weighed in order to calculate the percent 

share of each (Table 12).  The total foreign matter was found to be higher than the limit set in 

American pharmacopeia. On the other hand , foreign matter content can be kept to a minimum 

by following good agriculture and collection practices, such as GAP and GMP for herbal 

medicines (WHO, 2011; AHPA, 2017).  
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Table 12: Foreign matters detected in the collected roots of Echinops kebericho Mesfin 

collected from Addis Ababa (AA) and Horo Guduru Wollega (WG) 

Type of foreign matter % in 100 g of sample, M ± SD 

 AA WG 

Soil 1.47 ± 0.31 2.10 ± 0.4 

Weeds 0.71 ± 0.13 1.25 ± 0.14 

Stem  0.82 ± 0.13 0.82 ± 0.2 

Other 1.05 ± 0.14 1.31 ± 0.38 

Total 4.04 ± 0.34 5.78 ± 0.60 

 

4.8.2. Determination of trace and heavy metals 

4.8.2.1. Quality assurance  

In the present work, the concentrations of nine metals; Fe, Ni, Cd, Co, Pb, Mn, Cr, Cu and Zn 

from the root of E. kebericho from two different collection sites, were determined by using 

FAAS. The quantitative determinations were carried out using standard calibration curve 

obtained by the standard solution of metals having optimal detectable concentration ranges.  

Suitable quality assurance procedures and precautions were carried out to ensure the reliability 

of results.  A solvent blank was run before analysis of the samples and analysis of samples was 

performed in triplicates. To determine the linearity of the detector response, regression analysis 

was calculated from calibration curve of each standard metal. The linearity of the curves was 

evaluated by calculating their squared correlation coefficient (r2 ) values (Appendix 1). 

4.8.2.2. Detected trace and heavy metals  

The concentration of the metals obtained in the plant material was expressed in terms of parts 

per million (ppm). The concentrations of different trace and heavy metals recorded in E. 

kebericho are presented in Table 13. The levels of the metals quantified in the plant samples 

were well in prescribed limits by the WHO except Cr and Ni. In addition, three metals; Pb, Co 

and Cd were not detected in either of the samples (WHO, 2007). Furthermore, the quantified 

levels of heavy and trace metals were found to be different for samples of the two sites.  

The uptake and bioaccumulation of heavy metals in herbs and other plants materials are 

influenced by different factors such as climate, atmospheric deposition, concentration in the 

soil, the nature of the soil on which the herbs are grown and the degree of maturity of the plant 
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at the time of harvest (Samali et al., 2017). Hence, one of the above factors could explain the 

difference in content of trace and heavy metals between AA and WG. 

Essential metals, i.e., which play an important role in biological systems and only become 

harmful at high concentrations include Zn, Fe, Mn, and Cu. On the other hand, Hg, Pb, and Cd 

are nonessential metals, which have no nutritive value, and are toxic even at low concentrations 

(Ababneh, 2017).  

Table 13: Trace and heavy metal content of roots of Echinops kebericho Mesfin collected from 

Addis Ababa (AA) and Horo Guduru Wollega (WG) 

 

 

Metals 

Concentration in ppm (Mean ± SD)  

 

  WHO limit 

(WHO, 2007) 

AA WG 

Fe 87.33 ±0.27 75.67 ± 0.29 < 15*  

Ni 6.92 ± 0.00 4.09 ± 0.29 < 6 

Cd 0.00 0.00 < 0.3 

Co 0.00 0.00 < 3 

Pb 0.00 0.00 < 10 

Mn 65.3 ± 0.00 69.81 ± 0.52 < 200**  

Cr 10.5 ± 0.00 3.17 ± 0.29 < 2 

Cu 9.09 ± 0.00 5.08 ± 0.00 < 150 

Zn 55.75 ± 0.87 19.75 ± 0.00 < 10** 

M±SD: mean plus standard deviation, n = 3   * (Nkansah et al., 2016)   **  (Raouf et al., 2014) 

In the present work, lead was not detected in any of the samples. Nevertheless, patients who 

use medicinal herbs with even low concentrations of Pb over a long period might be at risk of 

chronic Pb toxicity and should be monitored for any signs of lead poisoning (Nkansah et al., 

2016). 

Fe is one of the most important elements required in the human body for human growth and 

development and an essential component of hemoglobin in the blood (Nkansah et al., 2016). 

The concentration of Fe present in all the plants was in appreciable quantity to justify its use in 

human circulation system, with a highest value in WG than AA (WHO, 2007).   
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Chromium concentration, recorded in the herbal drug, was found to be higher than the 

maximum permissible limit for chromium (2 ppm) in both samples.  However, only a small 

amount of chromium (III) is required for human health, known to have a positive role in the 

prevention and control of diabetes mellitus, exposure to high levels of chromium can result in 

respiratory tract problems and cancer (Mulaudzi et al., 2017). Tanneries, steel industries, and 

sewage sludge applications along with alloys in motor vehicles release chromium, which is one 

of the most toxic pollutant in the world. Moreover, 5–30 mg/kg chromium concentrations are 

considered critical for plants as it causes heavy reduction in plant growth and yield (Kulhari et 

al., 2013).  

Hence, the rise in Cr concentration in AA sample in the present study could be attributed to 

fast industrialization, higher vehicle density and rapid urbanization in Addis Ababa. The result 

is in line with other reports where fast urbanization in cities is responsible for the increment of 

metal concentration in surrounding areas and plant species growing on those sites. A study 

conducted in Egypt showed the level of five heavy metals (Pb, Zn, Cd, Ni and Mo) in six 

medicinal plants collected from different heavily polluted locations found that all the metals 

were higher in concentration at express highways, railway stations and urban roads (Abou-

Arab and Abou Donia, 2000).  

Zinc, which is an essential element, plays an important role in growth and has a role in enzymes 

by participating in their structure or their catalytic and regulatory action (Raouf et al., 2014). 

In both samples, its concentration is higher than the permissible levels reported reflecting 

accumulation in plant.   

Nickel is also a micronutrient, essential for proper functioning of the human body, as it 

increases hormonal activity and is involved in lipid metabolism. Harmful effects of Nickel are 

genotoxicity haematotoxicity, teratogenicity, immunotoxicity and carcinogenicity at higher 

concentration (Zdrojewicz et al., 2016). In the present work, the concentration of Nickel was 

slightly higher than the permissible limit in AA (6.92 ppm) while it was lower in WG (4.09 

ppm). 

From the analyzed trace and heavy metals, some of them are beyond permissible limit set by 

WHO. These metals must be monitored in the herbal drug to reduce the risk of bioaccumulation 

of metals in our body upon consumption. This is because it will pose a potential health risk to 

the consumers of these herbal preparations over a period due to the tendency of gradual 

accumulation in the body system. In addition, highly contaminated sites are responsible for 
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heavy metal accumulation in herbal medicines. Therefore, the raw material collection sites 

need to be considered for quality evaluation and safe use of herbal medicines.   

4.8.3. Microbial contamination 

Results of evaluation of microbial count in terms of total viable count, and yeast and mold are 

given in CFU/g and summarized in Table 14. The values obtained were compared with WHO 

standard values.   

Table 14: Microbial contamination detected in the roots of Echinops kebericho Mesfin 

collected from Addis Ababa (AA) and Horo Guduru Wollega (WG) 

 Detected microbial contamination  

(CFU/g) 

 

Contaminating microbes AA WG WHO limit 

(CFU/g) 

Aerobic bacterial   1.9 X 106 1.9 X 106 < 105 

Coliform Bacteria 7 X 104 7 X 104 < 105 

Fecal Coliform < 1 X 101 < 1 X 101 < 103 

E.coli type 1 < 1 X 101 < 1 X 101 < 104 

Salmonella Nd Nd Absence 

Shigella spp Nd Nd Absence 

Mold 1.9 X 104 1.9 X 104 < 103 

Yeast < 1 X 101 < 1 X 101 < 103 

Nd= Not detected. 

In the present study, none of the samples showed contamination by Salmonella spp and Shigella 

spp, which is in line with the WHO requirement, which also requires complete absence of these 

pathogens.  Contamination by coliforms and E.coli was found to be less than the WHO limit 

which indicates low incidence of fecal contamination. For both samples, it was observed that 

the total aerobic and mold counts were higher compared to the WHO limit. 

In fact, herbal materials carry a large number of bacteria and molds, often originating in soil or 

derived from manure. Moreover, failure to control the moisture levels of herbal medicines 

during transportation and storage, poor quality of production and harvesting practices are 

additional sources of microbial contamination (Rafieian-Kopaei et al., 2014; WHO, 2007).   
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Based on the results of the present study, it is suggested that, implementing GACP, GMP as 

well as Good Hygiene Practice (GHP) reduces microbial contamination and enhance the 

quality of the final herbal preparation. 

4.8.4. Radioactive contamination 

4.8.4.1. Quality assurance 

Calibration for energy and efficiency of the instrument was carried out before sample analysis 

using the multinuclide reference standard solution which contains; Am-241, Cd-109, Ce-139, 

Co-57, Co-60, Sc-137, Sn-113, Sr-85, Y-88 and Cr-51.  Thus, a library of radionuclide’s, which 

contained the energy of the characteristic gamma emissions of each nuclide, was analysed and 

their corresponding emission probabilities were built from the data supplied in the software. 

This was to enable identification and quantification of the radionuclides in the library. 

In order to determine the background distribution due to naturally occurring radionuclide’s in 

the environment around the detector, an empty Marinelli beaker container was counted in the 

same manner as the samples. After measurement and subtraction of the background, the activity 

concentrations were calculated. 

The specific activity concentration of 238U, 232Th and 40K in the roots of E. kebericho were 

determined from the quantitative analysis of the spectra acquired from the Gamma-ray 

spectrometry using the Gamma-ray spectrum analysis software (Genie 2000) at specific 

energies.  238U was calculated from the average of 214Pb at energies of 251.9 keV and 295.2 

keV and 214Bi at energies of 609.3 keV and 1764.5 keV.  232Th was determined from the average 

of 208TI at energies of 2614.5 keV and 583.2 keV, 212Pb at the energy of 238.6 keV and 228Ac 

at the energy of 911.2 keV and 40K was determined at 1460.0 keV. The activity concentrations 

for the natural radionuclides in the measured samples were computed using the following 

relation:      

Ac=
C

mPγε
 

Where Ac is the activity concentration of the radionuclide in the sample (Bq kg−1), C is the 

count rate obtained under the corresponding peak (s−1), m is the sample mass (in kg), Pγ is the 

emission probability and ε is the detection efficiency at a specific energy.  
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4.8.4.2. Detected radioactive elements 

The radioactivity concentrations (Bq kg-1) of the natural radionuclides 238U, 232Th and 40K in 

the roots of E. kebericho of the two sample are represented in Table 15. The activity 

concentration of 238U in the medicinal plants ranges from 7.8 ± 1.11 to 9.2 ± 11.13 Bq kg-1 with 

an average value of 8.5 ± 6.67 Bq kg-1. The highest activity concentration of 238U was recorded 

for AA whilst WG had the lowest activity concentration. This accumulation may be related to 

immobilization of these elements in organic complexes present in the root tissue (Sussa et al., 

2013). For the activity concentration of 232Th, it varied from 8.3 ± 1.2 (AA) to 9.9 ± 1.3 Bq kg-

1 (WG) with an average value of 9.1 ± 2 Bq kg-1 in the medicinal plants.  

Moreover, 40K recorded the highest activity concentration in both samples of the medicinal 

plant compared to the activity concentration of 238U and 232Th observed. 40K (Bq kg−1) were 

found to be higher in AA (4.6 x 102 ± 28) compared to WG (3.9 x 102 ± 24) with an average 

value of 6.55 ± 26 Bq kg-1.  

Table 15: Activity concentrations of 238U, 232Th and 40K in in the roots of Echinops kebericho 

Mesfin collected from Addis Ababa (AA) and Horo Guduru Wollega (WG) 

 

 

 

 

 

The content of radionuclides in herbal medicine is dependent on the soil radionuclide 

concentrations. The uptake via root system is one of the main processes by which radionuclides 

are incorporated by plants. Another important pathway is the uptake of radionuclide directly 

from the atmosphere or from suspended material (Kranrod et al., 2017).  

The variation of the activity concentration of 238U, 232Th, and 40K in the different samples of E. 

kebericho may be due to, the activity concentrations of 238U, 232Th, and 40K differ 

geographically from one soil of cultivation to another and some plants also absorbs certain 

elements more than others (Chawla et al., 2013; Najam et al., 2015).  

Long term radiation exposures to Naturally Occurring Radioactive Materials (NORMs) from 

intake of medicinal plants and herbal preparations in relation to the level of NORMs in 

 Activity concentration (Bq kg-1) 

Radioactive element AA WG 

238U 9.2 ±  11.13 7.8 ± 1.11 

232Th 9.9 ± 1.3 8.3 ± 1.2 

40K 4.6 x 102 ± 28 3.9 x 102 ± 24 
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medicinal plants is associated with most form of leukaemia and cancer of many organs such as 

the bone, lung, breast and thyroid. Since 238U has affinity for electron donor and deposits itself 

in the tissues of the lung and lining on the bones marrows, which can lead to leukemia. 

Moreover, 232Th is an alpha particle emitter which settles in the lining of the bones and can 

lead to bone cancer. However, 40K is not considered to be of radiological significance since the 

body's control system of blood pressure and volume is dependent on the activity concentration 

of potassium in the body (Njinga et al., 2015).  

However, it is not possible to tell whether these concentrations of the detected radioactive 

elements are significant enough to affect health condition or not. This is because, WHO have 

not proposed limits for radioactive contamination and recommends testing herbal materials on 

a case-by-case basis according to national and regional standards if there are concerns. 

Moreover, the amount of exposure to radiation depends on the intake of radionuclides and its 

significance depends in turn on other variables such as the age, metabolic kinetics and weight 

of the individual who ingests them (WHO, 2007).  

On the other hand, having obtained the values for the specific activity concentrations of the 

individual naturally occurring radionuclides in the medicinal plants and if the unit consumption 

rate per annum is estimated or given by regulatory agencies, it is possible to calculate the annual 

committed effective dose. Furthermore, the annual committed effective dose of the natural 

radionuclides will then be compared against the world average annual committed effective dose 

limit (i.e., 0.3 mSv/yr ) for ingestion of natural radionuclides (UNSCEAR, 2000; Njinga et al., 

2015).  

Despite its wide use as a medicinal herb, the radionuclide content on E. kebericho has never 

been determined. In this sense, in this study, concentration of naturally occurring radionuclides 

were determined in samples of E. kebericho from different samples and these will be used in 

the determination of the annual effective dose of these radioactive elements.  
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5. CONCLUSION  

In the present study, quality control parameters have been determined for the roots of E. 

kebericho Mesfin collected from two geographical sites in accordance with WHO guidelines 

and standard laboratory procedures. The macroscopic, microscopic, physicochemical, and 

phytochemical characteristics of the roots of E. kebericho as well as residual contaminations 

have been established for verification of their identity, quality and purity. The specifications 

established will provide important information on identification, authentication, and on 

possible adulteration; thereby ensuring safe use of the roots of this medicinal plant. The 

specifications may also be used for quality control purposes by the regulatory authorities.  
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6. SUGGESTIONS FOR FURTHER WORK  

Depending on the findings of the present study, the following works are suggested for further 

works; 

 Evaluation of the herbal drug for microbial load and heavy metal contamination is 

recommended before recommending for the intended use. 

 Other pathogens like Staphylococcus aureus and Pseudomonas aeruginosa should be 

assessed for complete coverage of microbial load before use.  

 Other heavy metal contaminants like As and Hg has to be assessed for complete 

coverage of heavy metal contaminants in E. kebericho 

 Quantification of the identified marker compounds for additional quality assessment 

 Implementing GACP, GMP as well as GHP reduces microbial contamination and 

enhance the quality of the final herbal preparation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

66 

 

REFERENCES 

Aarland RC, River-Cabrera F and Perez-Flores L (2014). Relevance of chemical 

standardization and innocuousness in the process of development of herbal medicines: a 

review. Asian journal of plant sciences 13: 1-7. 

Ababneh FA (2017). The hazard content of cadmium, lead, and other trace elements in some 

medicinal herbs and their water infusions. International journal of analytical chemistry 

2017: 1-8. 

Abdu BA, Adamu U, Sani SM and Joshua OO (2015). Physical and phytochemicals study of 

some local herbal remedies. IOSR journal of pharmacy and biological sciences 10: 5-10. 

Abebe D and Ayehu A (1993). Medicinal plants and enigmatic health practices of Northern 

Ethiopia. Birhanna Selam Printing Press: Addis Ababa. 

Abegaz BM, Tadesse M and Majinda R (1991). Distribution of sesquiterpene lactones and 

polyacetylenic thiophenes in Echinops. Biochemical systematics and ecology 19: 323-

328. 

Abou-Arab A and Abou Donia M (2000). Heavy metals in Egyptian spices and medicinal 

plants and the effect of processing on their levels. Journal of agricultural and food 

chemistry 48: 2300-2304. 

Agatonovic-Kustrin S and Morton DW (2017). Thin-Layer Chromatography: Fingerprint 

Analysis of Plant Materials. In: Worsfold P, Townshend A, Poole CF, Miró M (ed.) 

Encyclopedia of Analytical Science. 3 ed.: Elsevier. 

AHPA (2017). Guidance on Limits of Foreign Matter in Herbal Ingredients AHPA Guidance 

Policy: Silver Spring Available at: 

http://www.ahpa.org/Portals/0/PDFs/Policies/GuidanceDocuments/Guidance_Foreign_

Matter_Limits.pdf.(Accessed 04 April  2019).  

Alam F and Najum us Saqib Q (2015). Pharmacognostic standardization and preliminary 

phytochemical studies of Gaultheria trichophylla. Pharmaceutical biology 53: 1711-

1718. 

Ameya G, Gure A and Dessalegn E (2016). Antimicrobial activity of Echinops kebericho 

against human pathogenic bacteria and fungi. African journal of traditional, 

complementary and alternative medicines 13: 199-203. 

Bedada TL, Derra FA, Gebre SG, Sima WG, Edicho RM, Maheder RF, Negassi TY and Asefa 

YB (2018). Microbial evaluation of spices in Ethiopia. The open microbiology journal 

12: 422-429. 

http://www.ahpa.org/Portals/0/PDFs/Policies/GuidanceDocuments/Guidance_Foreign_Matter_Limits.pdf
http://www.ahpa.org/Portals/0/PDFs/Policies/GuidanceDocuments/Guidance_Foreign_Matter_Limits.pdf


  

67 

 

Bekele E (2007). Study on actual situation of medicinal plants in Ethiopia. Prepared for Japan 

Association for International Collaboration of Agriculture and Forestry,‘. Addis Ababa, 

Ethiopia. Available at: http://www.jaicaf.or.jp/publications/ethiopia_ac.pdf (Accessed 

15, January 2018). 

Belayneh A and Bussa NF (2014). Ethnomedicinal plants used to treat human ailments in the 

prehistoric place of Harla and Dengego valleys, eastern Ethiopia. Journal of ethnobiology 

and ethnomedicine 10: 1-17. 

Benzie IF and Wachtel-Galor S (2011). Herbal medicine: biomolecular and clinical aspects, 

CRC press. 

Bigoniya P, Singh C and Srivastava B (2012). Pharmacognostical and physico-chemical 

standardization of Syzygium cumini and Azadirachta indica seed. Asian Pacific Journal 

of Tropical Biomedicine 2: S290-S295. 

Biruksew A, Zeynudin A, Alemu Y, Golassa L, Yohannes M, Debella A, Urge G, De 

Spiegeleer B and Suleman S (2018). Zingiber Officinale Roscoe and Echinops kebericho 

Mesfin showed antiplasmodial activities against Plasmodium berghei in a dosedependent 

manner in Ethiopia. Ethiopian journal of health sciences 28: 655-664.   

Brendler T, Eloff JN, Gurib-Fakim A and Phillips L (2010). African herbal pharmacopoeia; 

Association for African Medicinal Plants Standards (AAMPS), Viva Publication, New 

Delhi, India. 

Byard RW, Musgrave I, Maker G and Bunce M (2017). What risks do herbal products pose to 

the Australian community? Medical journal of australia 206: 86-90. 

Calixto J (2000). Efficacy, safety, quality control, marketing and regulatory guidelines for 

herbal medicines (phytotherapeutic agents). Brazilian journal of medical and biological 

research 33: 179-189. 

Chase Jr CR and Pratt R (1949). Fluorescence of powdered vegetable drugs with particular 

reference to development of a system of identification. Journal of the american 

pharmaceutical association 38: 324-331. 

Chawla R, Thakur P, Chowdhry A, Jaiswal S, Sharma A, Goel R, Sharma J, Priyadarshi SS, 

Kumar V and Sharma RK (2013). Evidence based herbal drug standardization approach 

in coping with challenges of holistic management of diabetes: a dreadful lifestyle 

disorder of 21st century. Journal of diabetes and metabolic disorders 12: 1-16. 

Choudhary N and Sekhon BS (2011). An overview of advances in the standardization of herbal 

drugs. Journal of pharmaceutical education and research 2: 55. 



  

68 

 

Datkhayev U (2017). Phytochemical investigation and technology production of alkaloids in 

the Kazakh endemic plant Echinops albicaulis Kar. Et Kir.(Asteraceae). International 

journal of green pharmacy 11: S312-S319. 

de Mel Y, Perera S, Ratnaweera PB and Jayasinghe CD (2017). Novel insights of toxicological 

evaluation of herbal medicine: Human based toxicological assays. Asian journal of 

pharmacy and pharmacology 3: 41-49. 

Desta B (1995). Ethiopian traditional herbal drugs. Part I: Studies on the toxicity and 

therapeutic activity of local taenicidal medications. Journal of ethnopharmacology 45: 

27-33. 

Drew AK and Myers SP (1997). Safety issues in herbal medicine: implications for the health 

professions. Medical journal of australia 166: 538-541. 

Elena DL (2012). Pharmacognostic methods for analysis of herbal drugs, According to 

European Pharmacopoeia. Edited by Purusotam Basnet. 

EMAE (2011). Guideline on specifications: test procedures and acceptance criteria for herbal 

substances, herbal preparations and herbal medicinal products/traditional herbal 

medicinal products. París. Available 

at:https://www.ema.europa.eu/en/documents/scientificguideline/draftguideline-

specifications-test-procedures-acceptance-criteria-herbal-substancesherbal/traditional-

herbal-medicinal-products-revision-3_en.pdf (Accessed 05 December 2018). 

EPHI (2015). In proceeding  of  the  Workshop  on  “Ethiopian  Tradition al  Medicine: Past,  

Current  and  Future. Available at: 

https://www.ephi.gov.et/images/pictures/download2009/Proceeding%20of%20Ethiopia

n%20Traditional%20medicine%20Past%20current%20and%20Future.pdf. (Accessed 

January 15, 2018). 

Feng X, Kong W, Wei J, Ou-Yang Z and Yang M (2014). HPLC fingerprint analysis combined 

with chemometrics for pattern recognition of ginger. Pharmaceutical biology 52: 362-

367. 

Folashade O, Omoregie H and Ochogu P (2012). Standardization of herbal medicines-A 

review. International journal of biodiversity and conservation 4: 101-112. 

Fong HH (2002). Integration of herbal medicine into modern medical practices: issues and 

prospects. Integrative cancer therapies 1: 287-293. 

Fu H, Fan Y, Zhang X, Lan H, Yang T, Shao M and Li S (2015). Rapid discrimination for 

traditional complex herbal medicines from different parts, collection time, and origins 

using High-Performance Liquid Chromatography and Near-Infrared Spectral 



  

69 

 

Fingerprints with aid of pattern recognition methods. Journal of analytical methods in 

chemistry 2015: 1-11. 

Garg P and Sardana S (2016). Herbal drug standardization: Overview. European journal of 

biomedical and pharmaceutical sciences 3: 531-533. 

Giday M, Asfaw Z and Woldu Z (2010). Ethnomedicinal study of plants used by Sheko ethnic 

group of Ethiopia. Journal of ethnopharmacology 132: 75-85. 

Gong F, Liang Y-Z, Xie P-S and Chau F-T (2003). Information theory applied to 

chromatographic fingerprint of herbal medicine for quality control. Journal of 

chromatography A 1002: 25-40. 

Haile M, Hishe H and Kidane Giday ST (2015). Investigation of Echinops kebericho Mesfin 

Seed Oil as a Biodiesel Production Feedstock: Opportunities From the Wilderness. 

International journal of automotive engineering and technologies 4: 193-200. 

Hareya F (2003). Local Health Knowledge and Home-Based Medicinal Plant Use in Ethiopia. 

International Development Centre. Ph. D. Dissertation, Oxford University, Oxford. 

Hedberg I, Friis I and Edwards S (2004). Flora of Ethiopia and Eritrea, Vol. 4, Part 2: 

Asteraceae (Compositae). The National Herbarium and Uppsala: The Department of 

Systematic Botany, Addis Ababa University, Addis Ababa 

Hymete A, Iversen T-H, Rohloff J and Erko B (2005). Screening of Echinops ellenbeckii and 

Echinops longisetus for biological activities and chemical constituents. Phytomedicine 

12: 675-679. 

Hymete A, Rohloff J, Iversen TH and Kjøsen H (2007). Volatile constituents of the roots of 

Echinops kebericho Mesfin. Flavour and fragrance journal 22: 35-38. 

Jaradat N, Hussen F and Al Ali A (2015). Preliminary phytochemical screening, quantitative 

estimation of total flavonoids, total phenols and antioxidant activity of Ephedra alata 

Decne. Journal of  material and environmental  science 6: 1771-1778. 

Jorhem L (2000). Determination of metals in foods by atomic absorption spectrometry after 

dry ashing: NMKL1 collaborative study. Journal of AOAC International 83: 1204-1211. 

Júnior J, Costa RMR, Teixeira FM and Barbosa WLR (2011). Processing and quality control 

of herbal drugs and their derivatives. Quality Control of Herbal Medicines and Related 

Areas. Intechopen Rijeka Croatia. 

Kranrod C, Chanyotha S, Kritsananuwat R, Ploykrathok T, Pengvanich P, Tumnoi Y, 

Thumvijit T and Sriburee S (2017). Preliminary survey of radioactivity level in Thai 

medicinal herb plants. Journal of physics: Conference Series 860: 1-7. 



  

70 

 

Kulhari A, Sheorayan A, Bajar S, Sarkar S, Chaudhury A and Kalia RK (2013). Investigation 

of heavy metals in frequently utilized medicinal plants collected from environmentally 

diverse locations of north western India. SpringerPlus 2: 1-9. 

Kumar A, Jha K, Kumar D, Agrawal A and Gupta A (2012). Preliminary phytochemical 

analysis of leaf and bark (mixture) extract of Ficus infectoria plant. The pharma 

innovation 1: 71-76. 

Kunle OF, Egharevba HO and Ahmadu PO (2012). Standardization of herbal medicines-A 

review. International journal of biodiversity and conservation 4: 101-112. 

Laloo D, Prasad SK, Kumar M and Hemalatha S (2014). Pharmacognostical and phytochemical 

standardization of the roots of Potentilla mooniana Wight. Pharmacognosy journal 6: 

70-79. 

Li B-Y, Hu Y, Liang Y-Z, Xie P-S and Du Y-P (2004). Quality evaluation of fingerprints of 

herbal medicine with chromatographic data. Analytica chimica acta 514: 69-77. 

Li S, Han Q, Qiao C, Song J, Cheng CL and Xu H (2008). Chemical markers for the quality 

control of herbal medicines: an overview. Chinese medicine 3: 1-16. 

Liu WJ (2011). Traditional herbal medicine research methods: identification, analysis, 

bioassay, and pharmaceutical and clinical studies, John Wiley & Sons. 

Madike LN, Takaidza S and Pillay M (2017). Preliminary phytochemical screening of crude 

extracts from the leaves, stems, and roots of Tulbaghia violacea. International journal of 

pharmacognosy and phytochemical research 9: 1300-1308. 

Merfort I (2002). Review of the analytical techniques for sesquiterpenes and sesquiterpene 

lactones. Journal of chromatography A 967: 115-130. 

Moravec I, Fernandez E, Vlkova M and Milella L (2014). Ethnobotany of medicinal plants of 

northern Ethiopia. Boletín latinoamericano y del caribe de plantas medicinales y 

aromáticas 13: 126-134. 

Mulaudzi R, Tshikalange T, Olowoyo J, Amoo S and Du Plooy C (2017). Antimicrobial 

activity, cytotoxicity evaluation and heavy metal content of five commonly used South 

African herbal mixtures. South African journal of botany 112: 314-318. 

Najam LA, Tafiq NF and Kitah FH (2015). Estimation of natural radioactivity of some 

medicinal or herbal plants used in Iraq. Detection 3: 1-7. 

Nakano H, Cantrell CL, Mamonov LK, Kustova TS, Fronczek FR and Ross SA (2012). 

Chemical constituents from Echinops nanus and Echinops transiliensis. Biochemical 

systematics and ecology 45: 127-129. 



  

71 

 

Njinga R, Jonah S and Gomina M (2015). Preliminary investigation of naturally occurring 

radionuclides in some traditional medicinal plants used in Nigeria. Journal of radiation 

research and applied sciences 8: 208-215. 

Nkansah MA, Hayford ST, Borquaye LS and Ephraim JH (2016). Heavy metal contents of 

some medicinal herbs from Kumasi, Ghana. Cogent environmental science 2: 1-8. 

Pathak K and Das RJ (2013). Herbal medicine-a rational approach in health care system. 

International journal of herbal medicine 1: 86-89. 

PerkinElmer (2011). Universal ATR Sampling Accessory User’s Guide. Beaconsfield, United 

Kingdom. Available at: https://www.s4science.at/wordpress/wp-

content/uploads/2019/04/L105023.pdf. (Accessed 03 Aprl 2019). 

Ph. Eur (2007). Guide for the elaboration of monographs on herbal drugs and herbal drug 

preparations, France: European Directorate for the Quality of Medicines  and 

HealthCare. Available at: 

https://www.edqm.eu/medias/fichiers/Technical_Guide_for_the_Elaboration_of_Mono

graphs_on_herbal_drugs_and_herbal_drug_preparations_2007.pdf (Accessed 04 

December 2018).  

Rafieian-Kopaei M, Sharafati Chaleshtori R and Mazroi Arani N (2014). Microbial quality of 

some medicinal herbal products in Kashan, Iran. Journal of herbmed pharmacology 3: 

1-8. 

Raouf ALM, Hammud KK and Zamil SK (2014). Macro-and trace metals in three medicinal 

herbs collected from Baghdad, Iraq market. International  journal of pharmaceutical 

science and research 5: 799-802. 

Regassa R (2013). Assessment of indigenous knowledge of medicinal plant practice and mode 

of service delivery in Hawassa city, Southern Ethiopia. Journal of medicinal plants 

research 7: 517-535. 

Roy P, Mandal P, Panda S, Roy SM and Subba A (2018). Pharmacognosy and phytochemical 

screening of some plant derived medicine to treat dysmenorrheal pain by the Rajbanshi 

Community. Pharmacognosy journal 10: 738:746. 

Sadasivam N (2015). FTIR analysis of various solvent extract of Lantana aculeata and their 

antibacterial activity.  International journal of current research 7: 18177-18180. 

Salari R, Najafi MH, Boroushaki M, Mortazavi SA and Najafi MF (2012). Assessment of the 

microbiological quality and mycotoxin contamination of Iranian red pepper spice. 

Journal of agriculture, science and technology 14: 1511-1521. 

https://www.s4science.at/wordpress/wp-content/uploads/2019/04/L105023.pdf
https://www.s4science.at/wordpress/wp-content/uploads/2019/04/L105023.pdf
https://www.edqm.eu/medias/fichiers/Technical_Guide_for_the_Elaboration_of_Monographs_on_herbal_drugs_and_herbal_drug_preparations_2007.pdf
https://www.edqm.eu/medias/fichiers/Technical_Guide_for_the_Elaboration_of_Monographs_on_herbal_drugs_and_herbal_drug_preparations_2007.pdf


  

72 

 

Samali A, Mohammed M and Ibrahim M (2017). Analysis of heavy metals concentration in 

Kano herbal preparations for major disease conditions. Chemsearch journal 8: 22-28. 

Sanmugarajah V, Thabrew I and Sivapalan SR (2013). Phyto, physicochemical standardization 

of medicinal plant Enicostemma littorale, blume. IOSR journal of pharmacy 3: 52-58. 

Sasidharan S, Chen Y, Saravanan D, Sundram K and Latha LY (2011). Extraction, isolation 

and characterization of bioactive compounds from plants’ extracts. African journal of 

traditional, complementary and alternative medicines 8: 1-7. 

Senejoux F, Demougeot C, Karimov U, Muyard F, Kerram P, Aisa HA and Girard-Thernier C 

(2013). Chemical constituents from Echinops integrifolius. Biochemical systematics and 

ecology 47: 42-44. 

Shiferie F and Shibeshi W (2013). In vivo antidiarrheal and ex-vivo spasmolytic activities of 

the aqueous extract of the roots of Echinops keberichoMesfin (Asteraceae) in rodents and 

isolated guinea-pig ileum. International journal of pharmacy and pharmacology 2: 110-

116. 

Singh A, Saharan VA and Bhandari A (2014). Pharmacognostic standardization with various 

plant parts of Desmostachya bipinnata. Pharmaceutical biology 52: 298-307. 

Singh S, Upadhyay R, Pandey M, Singh J and Pandey V (2006). Flavonoids from Echinops 

echinatus: note. Journal of asian natural products research 8: 197-200. 

Springfield E, Eagles P and Scott G (2005). Quality assessment of South African herbal 

medicines by means of HPLC fingerprinting. Journal of ethnopharmacology 101: 75-83. 

Srivastava S and Misra A (2018). Quality Control of Herbal Drugs: Advancements and 

Challenges. New Age Herbals. Springer. 

Suleman S and Alemu T (2012). A survey on utilization of ethnomedicinal plants in Nekemte 

town, East Wellega (Oromia), Ethiopia. Journal of herbs, spices & medicinal plants 18: 

34-57. 

Suman K, Venkateshwar C, Samuel G and Gangadhar Rao S (2013). Phytochemical Screening 

of some compounds from plant leaf extracts of Holoptelea integrifolia (Planch.) and 

Celestrus emarginata (Grah.) used by Gondu tribes at Adilabad District, Andhrapradesh, 

India. International journal of engineering science invention 2: 65-70. 

Sussa FV, Damatto SR, Alencar MM, Mazzilli BP and Silva PS (2013). Natural radioactivity 

determination in samples of Peperomia pellucida commonly used as a medicinal herb. 

Journal of environmental radioactivity 116: 148-151. 



  

73 

 

Tadesse M and Mesfin B (2010). A review of selected plants used in the maintenance of health 

and wellness in Ethiopia. Ethiopian e-Journal for Research and Innovation Foresight 2: 

85-102. 

Tariku Y, Hymete A, Hailu A and Rohloff J (2011). In vitro evaluation of antileishmanial 

activity and toxicity of essential oils of Artemisia absinthium and Echinops kebericho. 

Chemistry and biodiversity 8: 614-623. 

Tekle Y (2014). An ethno-veterinary botanical survey of medicinal plants in Kochore district 

of Gedeo Zone, Southern Nations Nationalities and Peoples Regional State (SNNPRs). 

Journal of scientific and innovative research 3: 433-445. 

Teklehaymanot T and Giday M (2007). Ethnobotanical study of medicinal plants used by 

people in Zegie Peninsula, Northwestern Ethiopia. Journal of ethnobiology and 

ethnomedicine 3: 1-11. 

Tettey-Larbi L, Darko EO, Schandorf C and Appiah AA (2013). Natural radioactivity levels of 

some medicinal plants commonly used in Ghana. SpringerPlus 2: 1-9. 

Toma A, Deyno S, Fikru A, Eyado A and Beale A (2015). In vivo antiplasmodial and 

toxicological effect of crude ethanol extract of Echinops kebericho traditionally used in 

treatment of malaria in Ethiopia. Malaria journal 14: 1-5. 

Tungmunnithum D, Thongboonyou A, Pholboon A and Yangsabai A (2018). Flavonoids and 

other phenolic compounds from medicinal plants for pharmaceutical and medical 

aspects: An overview. Medicines 5: 1-16. 

Upton R, Graff A, Jolliffe G, Langer R and Williamson E (2011). American herbal 

pharmacopeia, CRC Press, New York. 

UNSCEAR (2000). Sources and effects of ionising radiation. United Nations Scientific 

Committee on the Effects of Atomic Radiation. New York, United Nations. 

Verma S and Singh S (2008). Current and future status of herbal medicines. Veterinary world 

1: 347-350. 

Wang P, Li L, Yang H, Cheng S, Zeng Y, Nie L and Zang H (2012). Chromatographic 

fingerprinting and quantitative analysis for the quality evaluation of Xinkeshu tablet. 

Journal of pharmaceutical analysis 2: 422-430. 

WHO (1999). WHO monographs on selected medicinal plants. World Health Organization: 

Geneva, Switzerland. Available at: 

http://apps.who.int/medicinedocs/pdf/s2200e/s2200e.pdf.(Accessed January 15, 2018). 

WHO (2007). WHO Guidelines for Assessing Quality of Herbal Medicines with Reference to 

Contaminants and Residue. World Health Orginization  Geneva, Switzerland. Available 



  

74 

 

at: http://apps.who.int/medicinedocs/documents/s14878e/s14878e.pdf (Accessed 05 

January 2018). 

WHO (2011). Quality control methods for herbal materials. . World Health Organization 

Geneva, Switzerland. Available at: 

http://apps.who.int/medicinedocs/documents/h1791e/h1791e.pdf. (Accessed 05 January 

2018).                   

WHO (2017). WHO guidelines for selecting marker substances of herbal origin for quality 

control of herbal medicines  WHO Expert Committee on Specifications for 

Pharmaceutical Preparations. Geneva, Switzerland. Available at: 

http://apps.who.int/medicinedocs/documents/s23240en/s23240en.pdf.(Accessed 20 

December 2019). 

Xie Z-S, Xu X-J, Xie C-Y, Huang J-Y, Yang M and Yang D-P (2013). Volatile components of 

Rhizoma Alpiniae Officinarum using three different extraction methods combined with 

gas chromatography–mass spectrometry. Journal of pharmaceutical analysis 3: 215-220. 

Zdrojewicz Z, Popowicz E and Winiarski J (2016). Nickel-role in human organism and toxic 

effects. Polski merkuriusz lekarski: organ Polskiego Towarzystwa Lekarskiego 41: 115-

118. 

Zhang J, Wider B, Shang H, Li X and Ernst E (2012). Quality of herbal medicines: challenges 

and solutions. Complementary therapies in medicine 20: 100-106. 

Zhou J, Qi L and Li P (2008). Quality control of Chinese herbal medicines with 

chromatographic fingerprints. Se pu= Chinese journal of chromatography 26: 153-159. 

Zou HB, Yang GS, Qin ZR, Jiang WQ, Du AQ and Aboul‐Enein HY (2005). Progress in 

quality control of herbal medicine with IR fingerprint spectra. Analytical letters 38: 

1457-1475. 



  

75 

 

APPENDIX 

Appendix I: Calibration curve for determination of trace and heavy metals with FAAS 
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Appendix II: Standard monograph for Echinops keberichoMesfin developed according to 

WHO guideline  

Echinops kebericho Mesfin  

Definition 

Echinops kebericho Mesfin consists of the dried roots of Echinops kebericho Mesfin 

(Asteraceae).  

Synonyms 

No synonyms are recorded for this name 

Selected vernacular names 

Amharic: Qebericho 

Afaan Oromo: Qerebicho 

Description 

Erect perennial herb or shrub, up to 1.2 m high, usually from a massive (c 30-50 x 10-20 cm) 

rootstock; stem leafy throughout, perennial herbs with narrowly dissected leaves arranged on 

nodes of wide interval along the stem, arachnoid-pubescent stems and massive tuberous roots 

(Hedberg et al., 2004).  

Geographical distribution 

Echinops kebericho Mesfin is endemic and is generally dispersed in the Ethiopian highlands. 

Plant material of interest 

Dried roots. 

General appearance 

Fresh roots are hard, cylindrical with tapering towards the tip, 15 – 20 cm long and 1 – 4 cm in 

width. The root bark has externally hard, friable touch with brown color while internally it is 

relatively smooth and pale yellow colored.  

Organoleptic properties 

Odour: Characteristic (distinctive). 

Taste: Mildy pungent and slightly bitter. 
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Microscopic characteristics 

Transverse section of the root bark shows the presence of cortex occupying the larger area of 

the section made up of rounded parenchyma cells and vascular cambium made up of 

longitudinal cells. Vascular cambium was also observed in the radial longitudinal view of the 

root. In addition, secondary xylem are also detected in the cross sectional view of the root. 

Vascular bundles are made up of alternative xylem and phloem components fitting circularly. 

Xylem consists of vessels single or in groups covered by xylem parenchyma. 

General identity tests 

Macroscopic and microscopic examinations, chemical fingerprints of solvent extracts are 

obtained with TLC, HPLC, LC-MS, GC-MS and FT-IR are available, powder fluorescence 

test. 

Purity tests 

Microbiology 

Tests for specific microorganisms and microbial contamination limits are as described in the 

WHO guidelines on quality control methods for medicinal plants (WHO, 2007). Salmonella 

spp and Shigella spp, in the roots should be negative. Acceptable maximum limits of other 

microorganisms are as follows. Preparations for external use: aerobic bacteria-not more than 

102/g; fungi-not more than 102/g; Escherichia coli-not more than 102/g. Preparations for 

internal use: aerobic bacteria not more than 105/g or ml; fungi not more than 104/g or ml; 

enterobacteria and certain Gram-negative bacteria not more than 103/g or ml; Escherichia coli 

-0/g or ml. 

Foreign Matter 

Not more than 5% of plant part foreign matters and not more than 2% of other foreign matter. 

Total ash 

Contain not more than 13%. 

Acid Insoluble Ash 

Contain not more than 6.5%. 

Water Soluble Ash 
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Contain not more than 10%. 

Loss on drying 

Contain not more than 6.33. 

Heavy metals 

Contain: Fe, Ni, Mn, Cr, Cu and Zn in concentrations of 85.55, 6.92, 70.34, 10.5, 9.09 and 

56.62 ppm respectively. For maximum limits and analysis of heavy metals, consult the WHO 

guidelines on quality control methods for medicinal plants. 

Radioactive residues 

Contain 238U, 232Th and 40K in concentrations of 20.33, 11.2 and 448 Bq kg-1 respectively. 

Consult the WHO guidelines on quality control methods for medicinal plants for the analysis 

of radioactive isotopes. 

Other purity tests 

Chemical tests and sulfated ash to be established in accordance with national requirements 

Chemical and physical assays 

Swelling index  

 Contain not more than 2.6%. 

Foaming index 

Contain less than 100. 

Tannin content 

Contain not more than 9%. 

Extractive values 

Water soluble (2- 4.1%), Methanol soluble (1.46- 2.28%), Ethylacetate soluble (1.25-1.46), 

Chloroform soluble (1.35- 2.27%) and Hexane soluble (1.19-2%). 
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Major chemical constituents 

Main volatile constituents of the roots found were eudesm-7 en-4-ol (14.3%), followed by 

caryophyllene oxide (9.7%) and τ-cadinol (8.3%) with essential oil yield of 0.05% were 

reported from dried root of the plant (Hymete et al., 2007). In another study, dehydrocostus 

lactone (41.83%), b-phellandrene (10.84%), germacrene B (5.38%), a-selinene (4.13%), a-

pinene (3.63%), and b-pinene (3.62%) (Tariku et al., 2011)  with essential oil yield of 1.39% 

from fresh root. Analytical markers proposed include; pyrocurzerenone and lappaconitine from 

non-volatile constituents, dehydrocostus lactone, and dihdrodehydrocostus lactone from 

volatile constituents.  
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Uses described in traditional medicine 

Traditionally the root has been used in treating fever, headache diarrhoea, stomachache, 

malaria, typhus, as a taenicide, toothache, tonsillitis, vomiting, acute sickness. The smoke is 

also used as a fumigant, mainly after childbirth, as a cure for “evil eye”, as a repellent for 

mosquitoes and snakes (Abebe and Ayehu, 1993; Teklehaymanot and Giday, 2007; Regassa, 

2013). 

 Pharmacology  

Experimental pharmacology 

Antimalarial Activity  

The evaluation of antiplasmodial activity of hydroethanolic root extract of E. kebericho on 

early malaria infection, in a four-day suppressive test, shows a statistically significant 

parasitaemia suppression of 57.29 ± 1.76 % at dose of 500 mg/kg (Toma et al., 2015). 

Similarly, the methanol extract of the plant showed a dose-dependent in vivo antiplasmodial 

chemo-suppression in a four-day suppressive test (Biruksew et al., 2018).  

Antimicrobial Activity  

Alcohol extracts of E. kebericho at 80µg/ml also showed comparable antimicrobial activity 

with the positive control against Staphylococcus aureus, Aspergillus flavus and Candida 

albicans (Ameya et al., 2016).   

Antidiarrheal and Spasmolytic Activities  

The aqueous root extract of E. kebericho investigation suggests that E. kebericho root extract 

produced a significant, dose-dependent (61.78% at 400mg/kg) antidiarrheal, and spasmolytic 

activities (Shiferie and Shibeshi, 2013).   

Antileishmanial Activity  

Essential oils of E. kebericho showed strong activity against promastigote and axenic 

amastigote in Leishmania ethiopica and Leishmania donovani that was even higher than that 

of amphotericin B with significant cytotoxicity ((Tariku et al., 2011). 
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Toxicology 

Oral administration of the aqueous root extract produced neither significant toxic signs nor 

death during the observation period of 14 days after a single administration of 2000 mg/kg. 

The oral LD50 of E. kebericho could be, therefore, greater than 2000 mg/kg in mice (Shiferie 

and Shibeshi, 2013). 

Clinical pharmacology 

None.  

Warnings 

No information available. 

Drug interactions 

No drug interactions have been reported. 

Other precautions 

No general precautions have been reported, and no precautions have been reported concerning 

drug and laboratory test interactions, paediatric use, or teratogenic or non-teratogenic effects 

on pregnancy. 

Dosage forms 

Traditionally orally chewed preparations of the root, infusions of the roots as well as inhalation 

of the smoke from burning the plant are used. 

Storage 

Fully dried roots in well-closed containers in a cool and dry place protected from light. 

Posology 

Not specified.  


