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Abstract: Abstract: The calyx of Hibiscus sabdariffa and the leaf of 

Vernonia amygdalina are plant parts which are widely consumed in Nigeria. 

These plant parts are known for their numerous medicinal uses which is a 

function of the phytochemicals present in them. This study was undertaken 

to investigate and compare the phytochemical constituents and antioxidant 

activities of the petroleum ether, chloroform, ethyl acetate, acetone and 

methanol fractions of the calyx of H. sabdariffa and the leaf of V. amygdalina 

to ascertain their medicinal values. Phytochemical studies were done using 

standard methods such as Fehling’s test, alkaline reagent test, Keller-Kiliani 

test and spectrophotometric techniques. The antioxidant activities were 

carried out through DPPH (1,1-diphenyl-2- picrylhydrazyl) radical 

scavenging effects. The preliminary phytochemical analysis of the extracts 

of Hibiscus sabdariffa and Vernonia amygdalina revealed the presence of 

varying amounts of alkaloids, saponins, tannins, terpenoids, cardiac 

glycosides, phenols and flavonoids. The petroleum ether, chloroform, ethyl 

acetate and methanol fractions of Vernonia amygdalina contained alkaloids 

while only the chloroform fraction of Hibiscus sabdariffa contained 

alkaloids. The difference in alkaloidal content of the chloroform fractions of 

both plant extracts was not statistically significant at P<0.05. The methanol 

fraction of both plants contained saponins with Vernonia amygdalina 

showing a higher percent of saponin compared to that of Hibiscus sabdarriffa 

although the difference was not statistically significant at P<0.05. Vernonia 

amygdalina contained more flavonoids in all fractions than Hibiscus 

sabdariffa. The difference in concentration of flavonoids between the 

fractions of both plant was statically significant at P<0.05. The phenolic 

content of the petroleum ether, chloroform and methanol fractions of H. 

sabdariffa were higher than that of V. amygdalina but the difference was not 

statistically significant at P<0.005 while the phenolic content of the ethyl 

acetate and acetone fractions of Vernonia amygdalina were statistically 

higher than that of Hibiscus sabdariffa. Amongst all the fractions, the 

methanolic fraction of Hibiscus sabdariffa showed the highest antioxidant 

activity of 90.57 % at a concentration of 0.25 mg/ml. The activity decreased 

with an increase in the concentration.The result of the phytochemistry and 

antioxidant activity of the calyx of Hibiscus sabdariffa and the leaf of 

Vernonia amygdalina ascertained; the medicinal values of these plants, the 

folkloric claims and their wide consumption. 
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       INTRODUCTION  

Phytochemistry is the study of phytochemicals 

which are chemicals derived from plants. The term 

is often used to describe the large number of 

secondary metabolic compounds found in plants, 

many of which are known to provide protection 

against insect attacks and plant disea 

 Physical evidence of the use of herbal remedies 

some sixty thousand years ago has been found in a 

burial site of a Neanderthal man uncovered in 1960 

in a cave in northern Iraq (Solecki, 1975). 

The knowledge of plant-based drugs developed 

gradually and was passed on, thus, laying the 

foundation for many systems of traditional 

medicine all over the world. In some communities, 

herbal medicine is still a central part of their 

medical system (Desmet, 1995).  Medicinal plants 

are widely distributed throughout the world but 

most abundantly in tropical countries. It is 

estimated that about 25% of all modern medicines 

are directly or indirectly derived from higher plants 

(WHO, 2005).     

Over the years, many orthodox medicines have 

been obtained from plants and they have been found 

to be advantageous as they are relatively available, 

cheap and safe. Examples of drugs derived from 

plants are; penicillin from Penicillium notatum, 

quinine from Cinchonna succirubra, morphine 

from Papava somniferum, nicotine from Nicotiana 

tabacum, vincristine from Catharanthus roseus, 

theophylline from Theobroma cacao, 

physostigmine from Physostigma venenosum, 

reserpine from Rauwolfia serpentina, artemisinin 

from Artemisia annua and digoxin from Digitalis 

purpurea 

Although it is generally believed that most herbal 

preparations are safe for consumption, some herbs 

like most biologically active substances could be 

toxic and present with undesirable side effects 

(Bisset, 1994). 

To determine the phytochemical constituents and 

antioxidant activity of the calyx of Hibiscus 

sabdariffa and leaves of Vernonia amygdalina 

Hibiscus sabdariffa is known as Zobo in Western 

Nigeria while the Yorubas in Nigeria call the white 

variety “Isapa” and the Hausas call it “Zoborodo”. 

The Roselle is known as the Rosella fruit in 

Australia.  It’s close relative, Hibiscus Cannabinus 

is also known as meshta on the Indian subcontinent, 

Tengamora in Assam, Gongura in Telugu, 

lalchatni or  Kutrum in Mithula. Mathipuli in 

kerala, Chin baung in Burma, krajeab in Thailand, 

Bissapin in Senegal, Guinea Bissau, Mali, Burkina 

Faso, Ghana, Benin, Niger, Congo and France, 

Wonjo in Gambia, Chaye-Torosh in Iran, Karkade 

in Egypt, Saudi Arabia and Sudan, Omutete in 

Namibia, Sorrel in the Caribbean and in Latin 

America, Flor de Jamaica in Mexico, Saril in 

Panama, rosella in Indonesia, asam paya in 

Malaysia and Luoshen Hua in Chinese.  In Zambia 

the plant is called Lumanda in Gbemba, Katolo in 

Kikaonde and, wusi in Chilunda (Chau et al., 2000). 

Vernonia amygdalina Del is commonly called 

“bitter leaf” because of its bitter taste. The 

bitterness can, however, be abated by boiling or by 

soaking the leaves in several changes of water. In 

Nigeria, it is known as “Ewuro” in Yoruba 

language, “Onugbu” in Igbo language, “Oriwo” in 
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Bini language, “Ityuna” in Tiv, “Chusar doki or 

fatefate” in Hausa and “Etidot” in Cross River State 

of Nigeria. The bitter taste has been ascribed to anti-

nutritional factors such as alkaloids, saponins, 

tannins, and glycosides (Osuji et al.,1995). 

The economic uses of the plant are as garden 

ornamentals, potherbs, as source of dye, medicine 

and drink. In Africa, the water extract of Hibiscus 

sabdariffa is taken as a hot or cold drink which is 

commonly known as ‘Zobo’ in Nigeria, Wanjo in 

the Gambia, Karkadayin in Egypt and Sudan (Chau 

et al., 2000). 

The leaves are used as green leafy vegetable and 

may be consumed either as a vegetable (leaves are 

macerated in soups) or aqueous extracts used as 

tonics for the treatment of various illnesses. In the 

wild, chimpanzees have been observed to ingest the 

leaves when suffering from parasitic infections 

(Huffman, 2003). Many herbalists and native 

doctors in Africa recommend its aqueous extracts 

for their patients as treatment for varieties of 

ailments ranging from emesis, nausea, diabetes, 

loss of appetite, dysentery and other gastrointestinal 

tract problems to sexually transmitted diseases and 

diabetes mellitus among others (Argheore et al., 

1998) 

The leaves can be taken as an appetizer and the 

water extract as a digestive tonic (Singha, 1995). 

These are largely consumed by the female Hausas 

in their belief that it makes them more sexually 

attractive (Owoeye et al., 2011). In Northern 

Nigeria, it has been added to horse feed to provide 

a strengthening or fattening tonic called ‘Chusar 

Doki’ in Hausa (Dalziel, 1937) while the leaves 

have also been used in Ethiopia as hops in preparing 

tela beer (Getahun, 1976). Also, the leaves are 

widely used for fevers and are often known as a 

quinine– substitute in Nigeria and some other 

African countries (Oliver, 1960) while the young 

leaves are used in folk medicine as antihelmintic, 

antimalarial, laxative/ purgative, enema, 

expectorant, worm expeller and fertility inducer in 

subfertile women. 

MATERIALS AND METHOD 

PLANT COLLECTION 

Dried parts of Hibiscus sabdariffa (calyx) and 

Vernonia amygdalina (leaves) were collected from 

Tanke, Ilorin, Kwara State, Nigeria. The plant 

materials were taxonomically identified and 

authenticated by Mr. Femi at The Herbarium, 

Department of Plant Biology, University of Ilorin, 

Ilorin, Kwara State, Nigeria. They were dried under 

the shade until all the water molecules had 

evaporated and plants became well dried for 

grinding. After drying, the plant materials were 

ground into fine powder using mechanical blender 

and transferred into airtight containers which were 

properly labelled. 

EXTRACTION 

Solvent Extraction   

280g of powdered leaves of Vernonia amygdalina 

and 450g of powdered calyx of Hibiscus sabdariffa 

plant materials were weighed and uniformly packed 

into an extraction bottle each and extracted with 

600 ml each of petroleum ether, ethyl acetate, 

acetone, chloroform and methanol successively. 

Extraction was done exhaustively and the solvent 

was separated from the extract on a rotary 

evaporator followed by drying in a dessicator. 
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Dried extracts were kept in a refrigerator at 4ºC for 

their future use.  The percentage yield of the 

different fractions were calculated using the 

equation;  

Percentage yield =
Weight of extract

Weight of powered drug
 × 100----(1) 

Solubility profile 

The solubility profile of all the fractions of the 

extracts were carried out by dissolving each extract 

in petroleum ether, chloroform, ethyl acetate, 

acetone, methanol and distilled water to determine 

the solvent(s) in which they are soluble. 

Qualitative phytochemical analysis   

The extracts were tested for the presence of 

bioactive compounds by using following 

standard methods. 

Test for carbohydrates  

Fehling’s test:  1 ml each of Fehling A and Fehling 

B reagents were mixed together and added to 2ml 

of  the extract and gently boiled. A brick-red 

precipitate appearing at the bottom of the test tube 

indicated the presence of reducing sugars 

(Sofowora, 1993).   

Molisch’s test: The extract was mixed with 2ml of 

Molisch’s reagent and  the mixture was shaken 

properly. After that, 2ml of concentrated H2SO4 

was poured carefully along the side of the test tube. 

Appearance of a violet ring at the interphase 

indicated the presence of carbohydrate (Sofowora, 

1993).   

Test for phenols and tannins   

The extract was mixed with 2ml of a 2% solution of 

FeCl3. A blue-green or black color indicated the 

presence of phenols and tannins (Sofowora, 1993). 

Test for flavonoids  

Alkaline reagent test: The extract was mixed with 

2ml of a 2% solution of NaOH. An intense yellow 

color formed which disappeared on addition of few 

drops of diluted acid indicated the presence of 

flavonoids (Harbone, 1973). 

Test for saponins    

The extract was mixed with 5ml of distilled water 

in a test tube and shaken vigorously. The formation 

of a stable foam for at least 30 minutes was taken as 

an indication of the presence of saponins (Harbone, 

1973). 

Test for glycosides  

Keller-kilani test: The extract was mixed with 2 ml 

of glacial acetic acid containing 1-2 drops of 2% 

solution of FeCl3. The mixture was then poured into 

another test tube containing 2ml of concentrated 

H2SO4. A brown ring at the interphase indicated the 

presence of cardiac glycosides (Trease and Evans, 

1989).  

Test for steroid   

The extract was mixed with 2ml of chloroform and 

concentrated H2SO4 was added sidewise. A red 

colour produced in the lower chloroform layer 

indicated the presence of steroids. Another test was 

performed by mixing the crude extract with 2 ml of 

chloroform. Then 2 ml of each of concentrated 

H2SO4 and acetic acid were poured into the mixture. 

The development of a greenish color indicated the 

presence of steroids (Trease and Evans, 1989).   

Test for terpenoids   

The extract was dissolved in 2ml of chloroform and 

evaporated to dryness. To this, 2ml of concentrated 
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H2SO4 was added and heated for about 2 minutes. 

A grayish colour indicated the presence of 

terpenoids (Trease and Evans, 1989). 

Test for alkaloids   

The extract was mixed with 2 ml of 1% HCl and 

heated gently. Wagner’s reagent was then added to 

the mixture. Turbidity of the resulting precipitate 

was taken as evidence for the presence of alkaloids 

(Harbone, 1973). 

QUANTITATIVE PHYTOCHEMICAL 

ANALYSIS 

Total phenolic content   

The amount of phenol in the aqueous extract was 

determined by the Folin-Ciocalteu reagent method 

(Aiyegroro et al., 2010). 3.6 ml of 10 % Folin-

Ciocalteu reagent and 2.9 ml of 2% solution of 

sodium bicarbonate were added to 3.6ml of plant 

extract. Different concentrations (10 µg to 1000 µg) 

of gallic acid (standard) were prepared the same 

way as the extracts. The resulting mixture was 

incubated for 30 minutes at room temperature and 

the absorbance of the standard and samples were 

measured at 765 nm. A graph of the absorbance of 

standard versus concentration was plotted as the 

standard curve. All the tests were performed in 

triplicates. The results were determined from the 

standard curve and were expressed as gallic acid 

equivalent (mg/g of extracted compound). 

Total flavonoid content   

 A colorimetric method (Aiyegroro et al., 2010) 

using aluminium chloride was used to determine the 

flavonoid content. 0.5 ml of the extract was mixed 

with 2 ml of methanol and 2.5 ml of 10 % 

aluminium chloride and allowed to stand for 30 

minutes at room temperature. Different 

concentrations (10 µg to 1000 µg) of quarcetin 

(standard) were prepared the same way as the 

extracts. The absorbance was measured at 420 nm. 

A graph of the absorbance of standard versus 

concentration was plotted as the standard curve. All 

the tests were performed in triplicates. The 

flavonoid contents were determined from the 

standard curve and were expressed as quercetin 

equivalent (mg/g of extracted compound) 

Total alkaloid content 

0.1 g of the extract was weighed into 4 ml of 20 % 

acetic acid in ethanol and allowed to stand for 4 h. 

This was filtered and the extract was concentrated 

on a water bath at 55 °C to one-quarter of the 

original volume. Concentrated ammonium 

hydroxide was added drop wise into the extract 

until precipitation was complete. The whole 

solution was allowed to settle and the precipitate 

was collected and washed with dilute ammonium 

hydroxide solution and then filtered (Harbone, 

1973).. The residue which is the crude alkaloid was 

weighed and calculated according to the equation:  

Amount of alkaloid =  
Weight of precipitate 

Weight of sample
       ----(2) 

 

Total saponin content 

0.1 g of the extract was dissolved in 2 ml of 20% 

ethanol and transferred into a separator funnel. 2 ml 

of diethyl ether was added and shaken vigorously. 

The ether layer was discarded, while the 

purification process was repeated. 6 ml of n-butanol 

was added to the extract in ethanol and the extracts 

were washed twice with 1 ml of 5% aqueous 

sodium chloride. The remaining solution was 
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evaporated on a water bath. After evaporation, the 

sample was dried in the oven to a constant weight 

(Kim et al., 2003). The saponin content was 

calculated according to the equation:  

Amount of saponin (mg/g)  =  
Weight of residue

Weight of sample
  --(3) 

Antioxidant activity 

Different concentrations (0.0078125 - 0.5 μg/ml) of 

each extract were added, at an equal volume, to 

methanolic solution of DPPH (100 μM). The 

mixture was allowed to react at room temperature 

and in the dark for 30 minutes. Different 

concentrations (10 µg to 1000 µg) of vitamin C 

(standard) were prepared the same way as the 

extracts. Three replicates were made for each test 

sample. After 30 minutes, the absorbance (A) was 

measured at 518 nm and converted into the 

percentage antioxidant activity using the following 

equation: 

 % scavenged =

 
Absorbance of standard – Absorbance of extract

Absorbance of standard
 × 100  --- (4) 

  

The IC50 values which denote the concentration of 

sample which is required to scavenge 50 % of 

DPPH free radicals were calculated by linear 

regression of plots, where the abscissa represented 

the concentration of the tested plant extracts and the 

ordinate the average percent of scavenging capacity 

from three replicates (Nabari et al., 2001) 

THIN LAYER CHROMATOGRAPHY 

Spotting 

A small portion of the different fractions of extracts 

was dissolved in appropriate solvents in different 

sample bottles. TLC plates were spotted with the 

dissolved extracts using capillary tubes at the 

baseline of 1cm from the lower end of the plate. The 

plate was then allowed to dry before putting it into 

the chromatographic tank. 

Development of Chromatogram 

Different solvent systems were prepared (table 1) 

and poured into the chromatographic tank to a depth 

of about 0.5 cm. The tank was covered with a lid to 

allow saturation of the tank with the solvent. The 

spotted plate was carefully inserted into the tank 

using a pair of forceps and covered to allow proper 

development of the plate until the solvent was about 

¾ above the baseline. The plate was removed from 

the tank and the solvent marked. The developed 

chromatogram was dried and sprayed with dilute 

H2SO4. After spraying, it was dried in an electric 

oven to visualize the spots produced (Harry and 

Christopher, 1989).  

Table 1. Solvent systems of the fractions and 

their ratio 

  Mobile phase (solvent system) Ratio  

V.amygdalina Pet.Ether CHCl3:EtOAc:CH3OH 1:0.3:0.3 

V.amygdalina CHCl3 CHCl3:EtOAc 1.5:1.5 

V.amygdalina EtOAc CHCl3:EtOAc:CH3OH 1:0.3:0.3 

V.amygdalina Acetone CHCl3:EtOAc:CH3OH 1:0.3:0.3 

V.amygdalina CH3OH CHCl3:EtOAc:CH3OH 1:0.3:0.3 

H.sabdariffa CHCl3 Pet.Ether:CHCl3: EtOAc 4:1:1 

H.sabdariffa EtOAc Pet.Ether:CHCl3:EtOAc:CH3OH 0.5:2:0.3:0.1 

H.sabdariffa Acetone Pet.Ether:CHCl3:EtOAc:CH3OH 0.5:2:0.3:0.1 

H.sabdariffa CH3OH Pet.Ether:CHCl3:EtOAc:CH3OH 0.5:2:0.3:0.1 

   

 

Statistical analysis 

Data obtained were represented as Mean ± Standard 

Error of Mean (SEM). Analysis of Variance 

(ANOVA) was used to statistically analyze the data 

obtained after the experiment by comparing the data 
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obtained for each extract of H. sabdariffa with its 

V. amygdalina counterpart. P < 0.05 was regarded 

as significant. 

RESULTS AND DISCUSSION 

Percentage extractive value  

The methanol fractions had the highest extractive 

value in both H. sabdariffa (5.24%) and V. 

amygdalina (8.32%) respectively while the 

petroleum ether fraction of both plant extracts had 

the least percentage yield (table 2).    

   Table 2.  Percentage yield of Hibiscus sabdariffa and Vernonia amygdalina 

 

 

 

 

 

 

 

 

Solubility Profile 

For Hibiscus sabdariffa, the petroleum ether extract 

was soluble in all solvents except water. The 

chloroform extract was insoluble in petroleum ether 

and water but was soluble in the other solvents 

while the ethyl acetate extract was insoluble in 

petroleum ether and chloroform but soluble in other 

solvents. The acetone extract was insoluble in ethyl 

acetate, chloroform and petroleum ether but the 

methanol extract was only soluble in chloroform,  

 

methanol and water (table 3). 

For V. amygdalina, the petroleum ether extract was 

soluble in all solvents except for methanol and 

water. The chloroform and ethyl acetate extracts 

were soluble in all solvents except for petroleum 

ether and water. The acetone extract was insoluble 

in petroleum ether, chloroform and water but was 

soluble in the other solvents. Methanol extract was 

soluble in all except petroleum ether as shown in 

table 3. 

   Table 3.  Solubility profile of H. sabdariffa and V. amygdalina 

Extract      Solvents  

Petroleum 

ether 

CHCl3         EtOAc Acetone CH3OH H20 

 HS VA HS VA HS VA HS VA HS VA HS VA 

PET.ET + + + + + + + + + - - - 

CHCl3 - - + + + + + + + + - - 

EtOAc - - - + + + + + + + + - 

Acetone - - - - - + + + + + + - 

CH3OH - - + + - + - + + + + + 

   KEYS: EtOAc = Ethyl acetate ,+ = Soluble, - = Insoluble, HS = Hibiscus sabdariffa, VA = Vernonia amygdalina 

Phytochemical analysis 

The preliminary phytochemical analysis of the 

petroleum ether, chloroform, ethyl acetate, acetone 

and methanol extracts of Hibiscus sabdariffa and 

Vernonia amygdalina revealed the presence of 

varying amount of alkaloids, saponins, tannins, 

cardiac glycosides, flavonoids and shown in the 

Extract Hibiscus  

sabdariffa 

Vernonia  

amygdalina 

Plant  

weight  

(g) 

Extract   yield (%)     

weight  

(g) 

Plant        

weight    

(g)           

Extract weight (g) yield (%) 

Petroleum  

ether 

450  1.556 0.346 280  2.366 0.845 

CHCl3 450  3.999 0.889 280  7.642 2.729 

EtOAc 450  9.388 2.086 280  2.881 1.029 

Acetone 450 17.655 3.923 280  2.414 0.862 

CH3OH 450 23.566 5.237 280 23.284 8.316 
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tables 4.  

For V.amygdalina, the petroleum ether extract 

contained steroids, alkaloids and flavonoids. The 

chloroform exract contained steroids, alkaloids, 

tannins and flavonoids. The ethyl acetate extract 

contained steroids, alkaloids, flavonoids and 

cardiac glycosides.  

The acetone extract contained steroid, flavonoids 

and cardiac glycosides. The methanol extract 

contained steroid, saponins, alkaloids, flavonoids 

and cardiac glycosides as shown in Table 4. 

For H.sabdariffa, the petroleum ether extract 

contained steroids and terpenoids. The chloroform 

exract contained steroids,terpenoids, alkaloids, 

cardiac glycosides and flavonoids. The ethyl 

acetate and acetone extracts contained terpenoids, 

saponins, flavonoids and cardiac glycosides. The 

methanol extract contained terpenoids and saponins 

as shown in Table 4. 

 

 

   Table 4.  Phytochemical screening of fractions of Vernonia amygdalina and Hibiscus sabdariffa 

Phytochemicals Petroleum 

ether 

   CHCl3          EtOAc                 Acetone 

                                 

 CH3OH 

 VA HS VA HS VA HS VA HS VA HS 

Steroids + + + + + - + - + - 

Terpenoids - + - + - + - + - + 

Saponins - - - - _ + _ + + + 

Alkaloids + - + + + - - - + - 

Tannins - - + - - - - - - - 

Flavonoids + - + + + + + + + - 

Cardiac glycosides - - - + + + + + + - 

Carbohydrates + - + + + - - - + + 

KEY: + = Present, - = Absent, HS = Hibiscus sabdariffa, VA = V. amygdalina, 

Quantitative determination of phytochemicals 

Alkaloids 

For V.amygdalina, the petroleum ether extract 

contained 61.20 % of alkaloid. The chloroform 

extract contained 68.30 % of alkaloid. The ethyl 

acetate extract contained 58.60 % of alkaloid while 

the acetone extract contained no alkaloid. The 

methanol extract contained 85.40 % of alkaloid as 

shown in Figure 1. For H.sabdariffa, only the 

chloroform extract contained 64.10 % of alkaloid 

while the petroleum ether, ethyl acetate, acetone 

and methanol extract contained no alkaloid as 

shown in Figure 1. 

 

 

 

 

Figure 1. % alkaloid content of fractions of V. amygdalina (BL) and H. 

sabdariffa (ZB) 

0.00

50.00
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Saponin 

The petroleum ether and chloroform extract of both 

plants contained no saponin. For V. amygdalina, 

only the methanol extract contained 27.43 % of 

saponin as shown in Figure 2. The ethyl acetate and 

acetone extracts contained no saponin. For H. 

sabdariffa, the ethyl acetate and acetone extracts 

contained 47.73 % and 53.90 % of saponins 

respectively while the methanol extract contained 

22.3 % of saponin as shown in Figure 2. 

 

 

Figure 2. % Saponin content of V. amygdalina (BL) and H. sabdariffa (ZB) 

 

Flavonoids 

All extracts of both plants contained flavonoids in 

varying quantities. For Vernonia amygdalina, the 

petroleum ether extract contained 21.57mg/g of 

flavonoids while the chloroform extract contained 

27.69mg/g.The ethyl acetate extract contained 

8.16mg/g while the acetone and methanol extracts 

contained 16.35 and 10.51 mg/g respectively 

(Figure 3). For Hibiscus sabdariffa, its petroleum 

ether extract contained 12.34 mg/g while its 

chloroform extract contained 18.00mg/g. The ethyl 

acetate extract contained 0.55 mg/g. and the acetone 

and methanol extracts contained 2.51 and 2.59mg/g 

of flavonoids respectively (Figure 3). 

Phenols 

All extracts of both plants contained varying 

amounts of phenols. For Hibiscus sabdariffa, the 

petroleum ether and chloroform extracts contained 

3.38 mg/g and 6.72 mg/g of phenol respectively. 

The methanol extract contained 7.91 mg/g while the 

ethyl acetate and acetone extracts contained 6.00 

mg/g and 7.27 mg/g respectively (Figure 4). For 

Vernonia amygdalina, the amount of phenol in the 

petroleum ether and chloroform extracts were 3.34 

mg/g and 4.97 mg/g respectively. The methanol 

extract contained 7.35 mg/g of phenol while the 

ethyl acetate and acetone extracts contained 12.99 

mg/g and 13.01 mg/g respectively (Figure 4). 

 

 

Figure 4. Phenol content of V. amygdalina (BL) and 

H. sabdariffa (ZB) 

 

Antioxidant activity 

All extracts of both plants showed antioxidant 

activity at varying degrees and concentrations 

(figures 4.5 – 4.13). For Hibiscus sabdariffa, the 

petroleum ether extract showed its highest 

antioxidant activity (59.35 %) at a concentration of 
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concentration of 8 mg/ml. The ethyl acetate extract 

showed its highest antioxidant activity (88.13 %) at 

a concentration of 1 mg/ml while the acetone 

extract showed its highest activity (87.97 %) at a 

concentration of 0.125 mg/ml and the methanol 

extract showed its highest activity (90.57 %) at a 

concentration of  0.25 mg/ml. 

For Vernonia amygdalina, the petroleum ether 

extract showed its highest antioxidant activity 

(77.24 %) at a concentration of 0.5 mg/ml while the 

chloroform extract showed its highest activity 

(27.97 %) at a concentration of 0.5 mg/ml and the 

ethyl acetate extract showed its highest activity 

(86.18 %) at a concentration of 0.25 mg/ml. For the 

acetone extract, its highest antioxidant activity 

(89.11 %) was at a concentration of 0.125 mg/ml 

while the highest antioxidant activity of the 

methanol extract (89.43 %) was at a concentration 

of 0.5 mg/ml as shown in Figures 4.5 – 4.13. 

 

 

 

 

A    B   C   D   

 

      

  E   F   G   H 

Figure 5. % DPPH scavenging activity of methanolic (A), chloroform (B), acetone (C), and ethyl acetate fractions (D) of 

Hibiscus sabdariffa and methanolic (E), ethyl acetate (F), acetone (G), chloroform (H) fractions of Vernonia 

amygdalina. 
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Thin layer chromatography 

   The number of spots and Rf values for the fractions are shown in table 4.7 below; 

Plant Extract Number 

of spots 

Rf values of spots 

V.amygdalina  PET.Ether 2 0.22, 0.24 

CHCl3 3 0.30, 0.51, 0.68 

EtOAc 4 0.37, 0.45, 0.52, 0.59 

Acetone 5 0.20, 0.48, 0.52, 0.59, 0.65 

CH3OH 2 0.47, 0.63 

H.sabdariffa  PET.Ether   

CHCL3 2 0.14, 0.56 

EtOAc 2 0.48, 0.56 

ACETONE 2 0.52, 0.64 

CH3OH 2 0.56, 0.68 

 

 

DISCUSSION 

The methanolic fraction of both plants had the 

highest percentage yield, which implies that there 

contain more polar constituents as also observed in 

the results of the phytochemistry in which that of V. 

amygdalina contain saponins, steroids, alkaloids, 

cardiac glycosiodes and flavonoids while H. 

sabdariffa contains terpenoids, saponins and 

cardiac glycosides. Flavonoids and saponins are 

polyphenolic compounds which are very polar thus 

justifying the solubility and polarity of the 

fractions. This result is in line with that reported by 

Burda et al. (1994) who reported that V. 

amygdalina contains more polar constituents while 

Hong et al. (1990) also reported the presence of 

more polar constituents in for H. sabdariffa. 

The result of preliminary phytochemical analysis of 

these plant extracts is in agreement with earlier 

literatures (Wong et al., 2002) for H. sabdariffa, 

and for V. amygdalina (Burda et al., 1994; Tona et 

al., 2004) that these plants contain alkaloids, 

tannins, flavonoids, steroids, terpenoids, saponins 

and cardiac glycosides. 

The presence of flavonoids found in both methanol 

fractions is likely responsible for the high free 

radical scavenging effects observed in both 

methanol fractions. Flavonoids are a major group of 

compounds that act as primary antioxidants or free 

radical scavengers (Polterait, 1997). This confirms 

the antioxidant activity of the plant extracts as 

reported by Winslow and Krol (1998). 

The solubility of the petroleum ether fraction of H. 

sabdariffa in acetone and methanol shows that it 

contains the terpenoids and steroids with medium 

molecular weight while the solubility of the 

petroleum ether in acetone confirms the presence of 

flavonoids in the fraction. This result is in line with 

the report of Burda et al (1994). The chloroform 

fraction of H. sabdariffa was equally insoluble in 

water and petroleum ether but was soluble in other 
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solvents since it contains mostly alkaloids while 

that of V. amygdalina was soluble in all solvents 

except for petroleum ether and water. The ethyl 

acetate extract of H. sabdariffa was soluble in more 

polar solvents indicating presence of polar 

phytochemicals as reported by Wong et al. (2002) 

as it was insoluble in petroleum ether and 

chloroform.  

Vernonia amygdalina contains the highest 

percentage of alkaloids compared to Hibiscus 

sabdariffa since most of the fractions contained 

alkaloids. This secondary metabolite has been 

associated with numerous physiological activities 

in mammalian cells in various studies (Sofowora, 

1993). Many plants containing alkaloids and 

flavonoids have diuretic, analgesic, antispasmodic 

and anti-inflammatory effect (Owoeye et al., 2002). 

Saponins are polar compounds and thus cannot be 

found in non-polar solvents, thus explaining the 

absence of it in the petroleum ether and chloroform 

fractions of both plants. The ethyl acetate, acetone 

and methanol fractions of H. sabdariffa contains 

saponin. Only the methanol fraction of Vernonia 

amygdalina contains saponin.  Vernonia 

amygdalina methanol fraction contains higher 

percent of saponin compared to that of Hibiscus 

sabdarriffa but the difference is not statistically 

significant at P<0.05. Saponin reduces the uptake of 

glucose and cholesterol at the gut through intra-

lumenal physicochemical interaction thus could 

confer a chemoprotection against heart diseases 

(Lewis et al., 1995). Saponin also exhibit anti-

inflammatory properties (Lewis et al., 1995). 

Therefore, the methanol fraction of Vernonia 

amygdalina and the ethyl acetate, acetone and 

methanol fractions of Hibiscus sabdariffa could be 

useful in protection of the heart against diseases and 

inflammation.  

Vernonia amygdalina contains more flavonoids in 

all fractions than Hibiscus sabdariffa. The 

difference in concentration between the 

chloroform, ethyl acetate and acetone fractions of 

both plants is statistically significant at P<0.05. The 

highest concentration was found in the chloroform 

fraction of both extracts. The ethyl acetate fractions 

in both extracts contains the least amount of 

flavonoid. Since the Vernonia amygdalina extracts 

contained larger amount of flavonoid compared to 

Hibiscus sabdariffa, it is a better source of 

flavonoid and mostly from the chloroform and 

petroleum ether fractions. Flavonoids in human diet 

may reduce the risk of various cancers as well as 

prevent menopausal symptoms (Ross and Kasum, 

2002; Padayatty et al., 2003).  According to 

epidemiological studies, the consumption of 

flavonoid is effective in lowering the risk of 

coronary heart diseases (Rice Evans et al., 1997), 

thus the chloroform and petroleum ether fractions 

of both plants could be useful in treating coronary 

heart disease and prevention of various forms of 

cancer. 

The phenolic content of the ethyl acetate and 

acetone fractions of Vernonia amygdalina are 

higher than that of Hibiscus sabdariffa with the 

difference statistically significant at P<0.05.This is 

justified by the presence of flavonoids in both 

fractions. Phenols are one of the major groups of 

non-nutritive dietary components that have been 

associated with the inhibition of cancer, 

arthrosclerosis, as well as for age-related 

degenerative brain disorder (Chang et al., 2006; 

Wang et al., 2009). The high polyphenol content in 
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both plant fractions especially the ethyl acetate and 

acetone fractions of Vernonia amygdalina is 

beneficial to consumers’ health as a potential source 

of natural antioxidant.  

Amongst all the fractions, the methanolic fraction 

of Hibiscus sabdariffa showed the highest 

antioxidant activity which decreases with increase 

in concentration. The chloroform fractions of 

Vernonia amygdalina showed the minimum 

antioxidant activity which also decreases with 

increase in the concentration of the fractions. It was 

also observed that for majority of the fractions, the 

antioxidant activity decreased with a decrease in the 

concentration of the fractions.  

The DPPH test provides information on the 

reactivity of test compounds with stable free 

radical. DPPH gives a strong absorption band at 

517nm in the visible region (Ross and Kasum, 

2002). When the odd electron becomes paired off 

in the presence of a free radical scavenger, the 

absorption reduces and the DPPH solution is 

decolourised as the colour changes from deep violet 

to light yellow. The degree of reduction in 

absorbance measurement is indicative of the radical 

scavenging power of the extract which is its 

antioxidant activity as observed in both plants 

(Ross and Kasum, 2002). Both plants exhibit potent 

antioxidant activity as they both possess high 

DPPH radical scavenging activity. This therefore 

implies that Hibiscus sabdariffa and Vernonia 

amygdalina may be useful in reducing the risk of 

various cancers  

CONCLUSION  

The result of the analysis of the calyx of Hibiscus 

sabdariffa and the leaf of Vernonia amygdalina 

indicated that Vernonia amygdalina contained 

larger amounts of alkaloids, flavonoids and 

saponins in comparison with Hibiscus sabdariffa 

which on the other hand had higher saponin content 

and antioxidant activity. 

 

 

REFERENCES 

Ackerknecht, E.H. (1973). Therapeutics from the 

Primitives to the Twentieth Century. Drug Safety, 

13: 75-79. 

Aiyegroro, O.A. and Okoh, A.I. (2010). Preliminary 

phytochemical screening and in vitro antioxidant 

activities of aqueous extract of Helichrysum 

longifolium DC. BMC Complementary and 

Alternative Medicine, 10: 21 - 26. 

Argheore, E.M., Makkar, H.P.S. and Becker K. (1998). 

Feed value of some plants from the central zone of 

Delta state, Nigeria. Tropical Science Journal, 

38:97-104. 

Babalola, S.O., Babalola, A.O and Aworh, O.C. (2002). 

Compositional attributes of Roselle (Hibiscus 

sabdariffa L.). Journal of Food Technology in 

Africa, 6 : 133-134. 

 Barnes, J., Anderson, L.A. and Phillipson, J.D. (2007). 

Official Methods of Analysis of AOAC 

International, 18th edn. AOAC International, 

Gaithersburg, MD. pp 43-47. 

 Bauer, R. (1998). Herbal medicine. 3rd Edition, 

Pharmaceutical Press, London. pp 1-23.  

Bisset, N.G. (1994). Quality criteria and standardization 

of phytopharmaceuticals: Can acceptable drug 

standards be achieved? Drug Information Journal, 

https://orcid.org/0000-0001-5566-5905


 

Njinga et al, Journal of Phytomedicine Research Development and Production 2024, Volume 1, Number 1: Page Numbers 017 - 035  

DOI: https://orcid.org/0000-0001-5566-5905  

 

30 
 

32: 101–110.   

Blumenthal, M. (2000). Ephedra update: industry 

coalition asks FDA to adopt national labeling 

guidelines on ephedra; offers co-operative research 

with NIH; Herbal Gram, 50: 64-65.  

Blumenthal, M., Brusse, W.R., Goldberg, A., 

Gruenwald, J., Hall, T., Riggins, C.W. and Rister, 

R.S.  (1998). Herbal Drugs and 

Phytopharmaceuticals. CRC Press, Boca Raton, 

FL.pp 28-33. 

 Bodeker, C., Bodeker, G., Ong, C.K., Grundy, C.K., 

Burford, G. and Shein, K. (2005). WHO Global 

Atlas of Traditional, Complementary and 

Alternative Medicine. World Health Organization, 

Geneva. pp 64-67   

Brunold, C., Deters, A., Knoepfel-Sidler, F., Hafner, J., 

Muller, B. and Hensel, A. (2004). Polysaccharides 

from Hibiscus sabdariffa flowers stimulate 

proliferation and differentiation of human 

keratinocytes. Planta Medica, 70(4): 370-373. 

Burda, S., Igile, G.O., Oleszek, W., Jurzysta, M., 

Fafunso, M. and Fasanmade, A.A. (1994). 

Flavonoids from Vernonia amygdalina and their 

antioxidant activities. Journal of Agricultural Food 

Chemistry, 42:2445-2448. 

Chang, C.J., Goulding, S., Adams, R.R., Earnshaw, 

W.C., Carmana, M. (2006). Drosophila Incenpis 

required for cytokinesis and asymmetric cell 

division during development of the nervous system. 

Journal of Cellular Science, 119(6): 1144-1153. 

Chau, P.Y.K. and Au, G. (2000). Impact of Information 

Presentation Modes on Online Shopping: an 

empirical evaluation of a broad band interactive 

shopping service. Journal of Organic Systems, 12: 

5 

Chen, C.C., Hsu, J.D. and Wang, S.F. (2003). Hibiscus 

sabdariffa extract inhibits the development of 

atherosclerosis in cholesterol-fed rabbits. Journal 

of Agricultural and Food Chemistry, 51: 5472–

5477. 

Dalziel, J.M. (1937). The Useful Plants of West Tropical 

Africa. Crown Overseas Agents for Colonies; 

London, UK.  pp.65. 

Dalziel, T.M. (1973). The Useful plants of West tropical 

Africa. Third edition: Watmought Ltd Idle 

Bradford and London. pp.526-530. 

 De Smet, P.A.G.M., Keller, K., Hansel R. and 

Chandler, R.F. (1995). Adverse Effects of Herbal 

Drugs, (eds), Springer-Verlag, Heidelberg. 129(3): 

137-145.  

 De Smet, P.A.G.M., Keller, K., Hansel R. and 

Chandler, R.F. (2004). The Complete German 

Commission E Monographs. Therapeutic Guide to 

Herbal Medicines. The American Botanical 

Council, Austin, TX. pp.34-38  

De Smet, P.A.G.M., Keller, K., Hansel, R. and 

Chandler, R.F. (1992). Health risks of herbal 

remedies. Drug Safety, 13: 81-93.   

De Smet, P.A.G.M., Keller, K., Hansel R. and Chandler, 

R.F. (1997).Aristolochia species In: Adverse 

Effects of Herbal Drugs, Springer-Verlag, 

Heidelberg. p.56-57 

De Smet, P.A.G.M. (1995). Health risks of herbal 

remedies: An update. Clinical Pharmacology 

Therapeutics, 76(1): 1–17.  

Duke J.A and Martinez, R.V. (1994). Overview of 

herbal quality control. Drug Information Journal, 

https://orcid.org/0000-0001-5566-5905


 

Njinga et al, Journal of Phytomedicine Research Development and Production 2024, Volume 1, Number 1: Page Numbers 017 - 035  

DOI: https://orcid.org/0000-0001-5566-5905  

 

31 
 

33: 717-724.  

Ebrahimzadeh, M.A, Nabavi, S.F. and Nabavi, S.M. 

(2001). Antioxidant activities of methanol extract 

of Sambucus ebulus L. flower. Pakistan Journal of 

Biological Science, 12:447-450. 

EMEA (1998). Handbook of Ethnobotanicals (Peru). 

CRC Press, Boca Raton, FL. p.82-87 

EMEA (2002). Quality of Herbal Medicinal Products. 

Guidelines. European Agency for the Evaluation of 

Medicinal Products (EMEA), London. p.73-77 

EMEA (2005). Points to Consider on Good Agricultural 

and Collection Practice for Starting Materials of 

Herbal Origin. EMEA/HMPWP/31/99 Review. 

European Agency for the Evaluation of Medicinal 

Products (EMEA), London.p98-112 

Eskinazi, D., Blumenthal, M., Farnsworth, N. and 

Riggins, C.W. (1999). Guidelines on Quality of 

Herbal Medicinal Products/Traditional Medicinal 

Products, EMEA/CVMP/814OO Review. 

European Agency for the Evaluation of Medicinal 

Products (EMEA), London.p.75-79 

Farnsworth, N.R., Akerele, O., Bingel, A.S., Soejarto, 

D.D. and Guo, Z. (1985). Botanical Medicine: 

Efficacy, Quality, Assurance, and Regulation. 

Mary Ann Liebert, New York. p54-59. 

Getahun A. (1976). Some Common Medicinal and 

Poisonous Plants Used in Ethiopian Folk Medicine. 

Faculty of Science, Addis Ababa University; Adis 

Ababa, Ethopia. p.63. 

Harborne, J.B. (1973). Phytochemicals Methods. 

Chapman and Hall Ltd., London, pp. 49-188.                            

Lewis, H.W. and Moody, C.J. (1989). Experimental 

Organic Chemistry: Principles and Practice. 

WileyBlackwell. pp. 159-173. 

Holden, J.M., Eldridge, A.L., Beecher, G.R., Buzzard, 

L.M., Bhagwat, S., Davis, C.S., Douglas, C.W., 

Gebhardt, S., Haytowitz, D. and Schakel, S. (1999). 

Carotenoids content of US foods; an update of the 

database. Food Composition and analysis, 12: 169-

196. 

Hong, V. and Wrostlad, O. (1990). Use of HPLC 

Separation/ photoiodide array detection for 

characterization of anthocyanin. Journal of 

Agricultural Food and Chemistry, 38: 708- 715. 

Hou, D.X., Tong,.X., Terahara, N., Luo, D. and Fujii M. 

(2005). Delphinidin-3-sambubioside, a Hibiscus 

anthocyanin, induces apoptosis in human leukemia 

cells through reactive oxygen species-mediated 

mitochondrial pathway. Archives of Biochemistry 

and Biophysics, 440(1) pp 101-109. 

Houghton, P. (1998). Quality assurance of herbal 

medicinal products. In: Herbal Medicinal Products. 

Stuttgart: medpharm GmbH Scientific Publishers. 

p. 37-66, 81-88.  

Huffman, M.A. (2003). Animal Self-medication and 

ethno-medicine: Exploration and exploitation of the 

medicinal properties of plants. Proceedings of the 

Nutrition Society Journals, 62:371-381. 

Ibrahim, M.E., Karamalla, K.A. and Khattab, A.G. 

(1971). Biochemical Studies on Roselle; Hibiscus 

sabdariffa. Sudan Journal of Food and Science 

Technology, 3:37. 

Irie, R., Huffman, M.A., Koshimizu, K., Jisaka, M.and 

Hirota, M. (1992). Bitter steroids glucosides, 

vernoniosides A1, A2, A3 and related B1 from a 

possible medicinal plant, Vernonia amygdalina 

used by wild chimpanzees. Tetrahedron. 48:625-

https://orcid.org/0000-0001-5566-5905


 

Njinga et al, Journal of Phytomedicine Research Development and Production 2024, Volume 1, Number 1: Page Numbers 017 - 035  

DOI: https://orcid.org/0000-0001-5566-5905  

 

32 
 

632. 

Jisaka, M., Ohigashi, H., Takagaki, T., Nozaki, H., 

Tada, T., Huffman, M.A., Nishida, T., Kaji, M. and 

Koshimizu, K. (1991). Bitter principle and a related 

steroid glucoside from Vernonia amygdalina, a 

possible medicinal plant for wild chimpanzees. 

Agricultural and Biological Chemistry Journal, 

55:1201-1203. 

Jonadet, M., Bastide, J., Boyer, B., Carnat, A.P., and 

Lamaison, I.L., (1990). In vitro enzyme inhibitory 

and in vivo cardio-protective activities of Hibiscus 

sabdariffa. International Journal of Pharmacology, 

Belgium, 45(2): 120-124. 

Kim, D.O., Jeong, S.W. and Lee, C.Y. (2003). 

Antioxidant capacity of phenolic phytochemicals 

from various cultivars of plums. Food Chemistry, 

81:321-326. 

Lewis, W.S., Cody, V., Galitsky, N., Luft, J.R., 

Pangborn, W., Chunduru, S.K., Spencer, H.T., 

Appleman, J.R. and Blakley, R.L. (1995). 

Methotrexate-resistant variants of human 

dihydrofolate reductase with substitutions of 

leucine. Journal of Biological Chemistry, 270 (10) 

: 57-64. 

Majno, G.M. (1975). Establishing identification criteria 

for botanicals. Drug Information Journal, 32: 461-

469..  

Morton, J.F. (1987). Roselle. In: fruits of warm climate, 

(CF Dowling (ed). Media, Inc. Greensboro, NCP. 

pp 281-286. 

Mukherjee, P.W. (2002). Healing Hand: Man and 

Wound in the Ancient World. Harvard University 

Press, Cambridge, MA. pp 92-98.  

Nabari, M., Shibuya, Y., Kondo, M. (2001). The copper 

(II) complex with two didentate Schiff base ligands. 

The Chemistry Letters, 37 (1): 78-79. 

Odigie, I.P., Ettarh, R.R. and Adigun, S.A. (2003). 

Chronic administration of aqueous Hibiscus 

sabdariffa attenuates hypertension and reverses 

cardiac hypertrophy in 2K-1c hypertensive rats. 

Journal of Ethnopharmacology, 86: 2-3. 

Olaleye, M.T. (2007). Cytotoxicity and antibacterial 

activity of methanolic extract of Hibiscus 

sabdariffa. Journal of Medicinal Plants and 

Research, 1(1): 009-013. 

Oliver, B. (1960). Medicinal Plants in Nigeria. Nigeria 

college of Arts, Science and Technology; 

Zaria,Nigeria: 48- 51. 

Omemu, A.M., Edema, M.O., Atayese, A.O. and 

Obadina, A.O. (2006). A Survey of the Microflora 

of Hibiscus sabdariffa (Roselle) and the resulting 

“Zobo” juice. African journal of Biotechnology, 3: 

254 – 259. 

Osuji, P.O., Bonsi, M.L.K., Tuah, A.K. and Umunna, 

N.N. (1995). Vernonia amygdalina as a supplement 

to teff straw fed to Ethopian Menz sheep. 

Agroforestry system, 31:229-241. 

Owoeye, O., Farombi, E.O. and Onwuka, S.K. (2011). 

Gross morphometric reduction of rats cerebellum 

by gamma irradiation was mitigated by 

pretreatment with Vernonia amygdalina leaf 

extract. Roman Journal of Morphology and 

Embryology, 3:11- 20. 

Padayatty, S.J., Katz, A., Wang, Y., Eck, P., Kwon, O., 

Lee, J.H., Chen, S., Corpe, C., Dutta, A., Dulta, 

S.K. and Levine M. (2003). Vitamin C as an 

antioxidant: evaluation of its role in disease 

prevention. Journal of American College of 

https://orcid.org/0000-0001-5566-5905


 

Njinga et al, Journal of Phytomedicine Research Development and Production 2024, Volume 1, Number 1: Page Numbers 017 - 035  

DOI: https://orcid.org/0000-0001-5566-5905  

 

33 
 

Nutrition, 22(1): 18-35. 

Phillipson, J.D. (1993). Quality Control of Herbal 

Drugs: An Approach to Evaluation of Botanicals. 

Business Horizons Publishers, New Delhi, India. pp 

34-41  

Polterait,O. (1997). Antioxidants and Free-Radical 

Scavengers of Natural Origin. Current Organic 

Chemistry, 1: 415-440. 

Powers, T. and Walter, P. (1999). Regulation of 

Ribosome Biogenesis by the Rapamycin-Sensitive 

TOR-Signalin pathway in Saccharomyces 

cerevisae. Molecular and Cellular Biology, 10(4): 

987-1000. 

Qi, Y., K.L. Chin, F. Malekian, M. Berhame and 

J.Gager (2005). Biological characteristics, 

nutritional and medicinal value of roselle Hibiscus 

sabdariffa. Granlan –Urban Forestry National 

Resources and Environment, No. 604,pp: 1-2. 

Rice, R.P., Rice, I.W. and Tindall, H.D. (1990). Fruits 

and Vegetables Production in warm climates. 

Macmillan Press Limited; pp 40-65. 

Rice-Evans, C.A., Miller, N.J. and Paganga, G. (1997). 

Antioxidant properties of phenolic compounds. 

Trend in Plant Science Journal, 4:152-159. 

Roberts, J.E. and Tyler, V.E (1997). Quality assurance 

of medicinal plants. In: Franz C et al. First World 

Congress on medicinal and aromatic plants for 

human welfare, WOCMAP, quality, 

phytochemistry, industrial aspects, economic 

aspects. Acta Horticulturae Journal, 333: 117-122.  

Ross, J.A. and Kasum, C.M. (2002). Dietary 

Flavonoids: Bioavailability, Metabolic Effects and 

Safety. Annual Review of Nutrition, 22: 19-34. 

Sarfaraz, S., Afaq, F., Adhami, V.M. and Mukhtar, H. 

(2006). Cannabinoid receptor as a novel target for 

treatment of prostrate cancer. Cancer Research 

Journal, 65: 1635-1641. 

Singha, S.C. (1965). Medicinal plants of Nigeria. 

Nigeria National Press; Lagos, Nigeria. pp 25-32 

Sofowora, A. (1993). Medicinal Plants And traditional 

Medicine In Africa. Spectrum Books Ltd., Ibadan, 

Nigeria, pp. 191-289.  

Solecki, R.S. (1975).Tyler’s Herbs of Choice. The 

Therapeutic Use of Phytomedicinals. The Haworth 

Press, New York. pp 63-71 

Tona, L., Cimanga, R.K., Mesia, K., Musuamba, C.T., 

De Bruyne, T., Totte, J. and Vlietlink, A.J. (2004). 

In vitro antiplasmodia activity of extracts and 

fractions of seven medicinal plants used in the 

democratic republic of Congo. Journal of 

Ethnopharmacology, 93:27-32. 

 Trease, G.E., Evans, W.C. (1989). Pharmacognosy, 

11th edn., Bailliere Tindall, London , pp. 45-50.   

Wang, C.J., Wang, J.M., Lin, W.L., Chu, C.Y., Chou, 

F.P. and Tseng, T.H. (2000).Protective effect of 

Hibiscus anthocyanins against tert butyl 

hydroperoxide-induced hepatic toxicity in rats. 

Food and Chemical Toxicology, 38(5): 411-416 

Wang, S., Xin, F., Liu, X., Wang, Y., An, Z., Qi, Q. and 

Wang, P.G. (2009). N-terminal deletion of peptide: 

N-glycanase results in enhanced deglycosylation 

activity. 4(12): e8335. 

Wani, M.S. (2007). Standardized product as well as the 

quality of the consumer information on the herbal 

remedy. hanidar IV. Journal of Science, 190: 880.  

Watson, D.G. (1999). Herbal medicine and its 

https://orcid.org/0000-0001-5566-5905


 

Njinga et al, Journal of Phytomedicine Research Development and Production 2024, Volume 1, Number 1: Page Numbers 017 - 035  

DOI: https://orcid.org/0000-0001-5566-5905  

 

34 
 

standardization. Pharmaceutical Information; 1: 6.   

WHO (1979). Pharmaceutical Analysis. Churchill 

Livingstone, Edinburgh. Retrieved data from 

www.wikipedia.com 

 WHO (1981). The International Pharmacopeia, General 

Methods of Analysis, 3rd edn. World Health 

Organization, Geneva. Retrieved data from 

www.wikipedia.com 

WHO (1988). The International Pharmacopeia, Quality 

Specifications for Pharmaceutical Substances, 

Excipients, and Dosage Forms, 3rd edn. World 

Health Organization, Geneva. Retrieved data from 

www.wikipedia.com 

WHO (1988).The International Pharmacopeia, Quality 

Specifications, 3rd edn. World Health 

Organization, Geneva. Retrieved data from 

www.wikipedia.com 

 WHO (1990). Quality Control Methods for Medicinal 

Plant Materials. World Health Organization, 

Geneva.  Retrieved data from www.wikipedia.com 

 WHO (1992). The Use of Essential Drugs. Eighth 

report of the WHO Expert committee. World 

Health Organization, Geneva. Retrieved data from 

www.wikipedia.com 

WHO (1996). Quality Assurance of Pharmaceuticals: A 

Compendum of Guidelines and Related Materials, 

Good Manufacturing  Practices and Inspection. 

World Health Organization, Geneva. Retrieved 

data from www.wikipedia.com 

WHO (1996). Quality Control Methods for Medicinal 

Plant Materials. World Health Organization, 

Geneva.  Retrieved data from www.wikipedia.com 

WHO (1998). Guidelines for the Appropriate Use of 

Herbal Medicines. WHO Regional Publications, 

Western Pacific Series.  WHO Regional office for 

the Western Pacific, Manila. 3. Retrieved data from 

www.wikipedia.com 

WHO (1998). Guidelines for the Assessment of Herbal 

Medicines. WHO Technical Report Series, World 

Health Organization, Geneva. 863. Retrieved data 

from www.wikipedia.com  

WHO (1998). Quality Control Methods for Medicinal 

Plant Materials, World Health Organization, 

Geneva.  Retrieved data from www.wikipedia.com 

WHO (1999). Basic Tests for Drugs, Pharmaceutical 

Substances, Medicinal Plant Materials and Dosage 

Forms. World Health Organization, Geneva. 

Retrieved data from www.wikipedia.com 

WHO (1999). Quality Control Methods for Medicinal 

Plant Materials. World Health Organization, 

Geneva. Retrieved data from www.wikipedia.com 

WHO (2000). General Guidelines for Methodologies on 

Research and Evaluation of Traditional Medicine. 

World Health  Organization, Geneva. Retrieved 

data from www.wikipedia.com 

WHO (2000). WHO Monographs on Selected 

Medicinal Plants, World Health Organization, 

Geneva.1. Retrieved data from 

www.wikipedia.com 

WHO (2002). Ancient Remedies, New Disease. World 

Health Organization, Geneva. Retrieved data from 

www.wikipedia.com 

WHO (2002). International Programme on Chemical 

Safety, World Health Organization, Geneva.  

Retrieved data from www.wikipedia.com 

 WHO (2002). The WHO Recommended Classification 

https://orcid.org/0000-0001-5566-5905


 

Njinga et al, Journal of Phytomedicine Research Development and Production 2024, Volume 1, Number 1: Page Numbers 017 - 035  

DOI: https://orcid.org/0000-0001-5566-5905  

 

35 
 

of Pesticides by Hazard and Guidelines to 

Classification 2000–2002. Retrieved data from 

www.wikipedia.com 

 WHO (2002).WHO Monographs on Selected 

Medicinal Plants, World Health Organization, 

Geneva. 2. Retrieved data from 

www.wikipedia.com 

WHO (2003). General Guidelines for Methodologies on 

Research and Evaluation of Traditional Medicine. 

World Health Organization, Geneva. Retrieved 

data from www.wikipedia.com 

WHO (2003).WHO Global Atlas of Traditional, 

Complementary and Alternative Medicine.  

 

WHO (2004). WHO Guidelines on Good Agricultural 

and Collection Practices (GACP). World Health 

Organization, Geneva. Retrieved data from 

www.wikipedia.com 

 

WHO (2005). Guidelines on Good Agricultural and 

Collection Practices (GACP) for Medicinal Plants. 

World Health Organization, Geneva. Retrieved 

data from www.wikipedia.com 

Winslow, L.C. and Kroll, D.J. (1998). Herbs as 

medicines, Archives of Internal Medicine Journal; 

158; 2192-2199. 

Wong P., Yusof, S., Ghazah, H.M. and Cheman Y.E 

(2002). Physico-chemical characteristics of Roselle 

(Hibiscus sabdariffa L.), Journal of Nutrition and 

Food Science, 32: 68-73. 

World Health Organization, Geneva. 1and 2. Retrieved 

data from www.wikipedia.com 

 

 

https://orcid.org/0000-0001-5566-5905
http://www.wikipedia.com/
http://www.wikipedia.com/
http://www.wikipedia.com/

