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ABSTRACT` 

This study focused on the isolation, purification and characterization of an anti-

staphylococcal compound from basic metabolite of Garcinia kola. The aim was 

to find a anti-microbial compound that would fight the present resistant 

microorganisms. The crude ethanol extracts were screened by agar-well 

diffusion method and the activities of the extract were further determined by 

Minimum Inhibitory Concentration (MIC). Phytochemical screening of the 

crude extract showed presence of saponins, tannins, flavonoids, glycosides 

alkaloids and phenols and the yellow precipitate from the basic metabolite 

showed presence of tannins, phenols and flavonoids. The yellow precipitate 

from the basic metabolite was purified using column chromatographic method. 

Six (6) fractions were obtained and labeled f3, f4, f5, f6, f7, f8. Antimicrobial 

analysis of these fractions showed that fraction- f5 possessed the best bio-

activity against staphylococcus aureus with a zone of inhibition of 30±4mm. 

Spectroscopic identification of fraction- f5 showed 1H NMR peaks around 8.0-

6.0ppm and IR peak at  1648.78cm-1  indicated presence of benzene (aromatic) 

rings; IR peaks at  3429.00cm-1 and   1H NMR peaks  4.0-  3.0ppm indicate OH 

groups of glucose; 1H NMR peaks centered around  1.0 indicate aliphatic 

alkanes, among other peaks led to the conclusion that f5 is  5, 8, 3’, 4’-

butahydroxy, 8-Oglycoflavone which is a flavonoid, a naturally occurring 

antibiotic and antioxidant.  
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CHAPTER ONE 

1.1 Background of the Study 

Plants are important in our everyday existence. The use of plants in 

traditional medical practice has a long drawn history, and remains the main 

stay of primary health care in most of the third world. Traditional medicines 

are used by about 50% of the world population, in both developing and 

developed countries where modern medicines are predominantly used 

(Mythilpriya et al., 2007). 

 

The study of plants used in folklore remedies in treatment of microbial 

infections have attracted the attention of many scientists as possible 

alternatives to the existing drugs to which many infectious micro-organisms 

have become resistant. Presently, there are global problems of multiple 

antibiotics resistance as well as emergence of new and emergence of 

previously eradicated diseases leading to a pressing need for new and more 

potent anti-microbial compounds of natural origin to complement the 

existing synthetic antimicrobial anti-sickling drugs. This leads to our study 

on Garcinia kola. This study therefore focuses on the Bio-Assay Guided, 

Isolation, Purification and Characterization of an Anti-microbial (Anti-

Staphylococcal) compound from Basic metabolite of Garcinia kola. 
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For classification and easy identification, plants are divided into different 

taxonomical groups:  

Kingdom – phylum – class – order – family – Genius – Specie.  

Within the family of Clusiaceae is an amazing plant called Bitter kola or 

Garcinia kola. Its classification is as follows: 

Kingdom – Plantae 

phylum – Angiosperm 

Class – Eudicots (Rosids) 

Order – Malpighiales 

Family – Clusiaceae  

Genius – Garcinia 

Specie – G. Kola 

Binomial name – Garcinia kola  

Commercial name – Bitter Kola 

Garcinia kola seed known in commerce as bitter kola (Iwu et al., 1982), has 

a bitter astringent and resinous taste, somewhat resembling that of raw 

coffee, followed by a slight sweetness. Bitter kola is a highly valued 

ingredient in African ethno medicine because of its varied and numerous 

uses which are social and medicinal, thus making the plant an essential 

ingredient in folk medicine.  Medicinal plants such as G. Kola are believed 

to be an important source of new classical substances with potential 

therapeutic benefits (Eisner, 1990). 
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1.2  Statement of the Problem 

This work examined the bio-assay guided, isolation, purification and 

characterization of an anti-staphylococcal from basic metabolite of 

Garcinia kola seed. It is true that there are a lot of antibiotics used today 

but these pathogens – Salmonella thyphi, Coliform bacilli, Streptococcus 

spp, Staphylococcus aureus, Escherichia coli etc. are adapting to the 

present and past drugs, developing into resistant species of themselves. 

This situation brings to focus the reason for this project. 

1.3 Scope of the study 

The scope of the study was delimited to only the basic metabolite of the 

Garcinia kola seed found in Imo State, Nigeria. It focuses on the effects 

of the fraction from the G, kola extract with the best inhibition rate. 

1.4  Objective of the study 

The main objective of the research work was to – 

 Determine the phytochemicals present in the G. Kola. 

 Determine the bioactive compounds in the G. Kola. 

 Determine the antimicrobial compounds in the basic metabolite of the 

bitter kola. 

 Characterize the bioactive compound from the basic metabolite of the 

bitter kola. 
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1.5  Significance of the study 

It is hoped that the findings of this study would be useful as a guide and in 

the development of new drugs for resistant staphylococcus aureus and 

other microbe/pathogens. 

1.6  Ecology of the plant Garcinia kola 

Garcinia kola is a dicotyledonous plant found in moist rain forests and 

swaps and grows as a medium sized tree up to a height of about 12m high. 

It is cultivated through the seedlings or with cuttings. The bitter kola plant 

is found in countries like Nigeria, Ghana, Cameroon, Sierra Leone, Togo, 

Congo, Angola, Liberia, Gambia etc. across the places where it grows, it 

is known by various names such as bitter kola, male kola (English name), 

orogb (Yoruba), Aku Ilu (Igbo) and Naijin goro (Hausa) (Adesuyi et al. 

2012). It is also known as false kola mainly due to the absence of 

stimulants which characterizes the kola nut seeds. It is also known as male 

kola due to the reported aphrodisiac properties of Garcinia kola. Garcinia 

kola fruits and seeds are normally harvested annually between July to 

October which make it a highly seasonal produce. 

1.7   Importance of Garcinia kola 

Garcinia kola has been referred to as a “wonder plant” because every part 

of it has been found to be of medicinal importance (Dal Ziel., 1937). The 

medicinal importance of bitter kola is based mainly on the phytochemical 

components of the plants from its roots to its leaves, the plants is known 
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to contain several phytochemical noted for their medicinal importance 

(Iwu et al., 1990). 

The phytochemical compounds so far isolated from Garcinia Kola seeds 

includes oleoresin (Onayade et al., 1998), tannins, saponins, alkaloids, 

cardiac glycosides (Ebana et al., 1991). Other phytochemical compounds 

isolated from G.kola seeds are biflavoids such as kola flavone and 2-

hydroxybi-flavonols (Okonji and Iwu, 1991). Two new chromanols, 

garcioic and garcinal, together with tocotrienol were reported isolated 

from G.Kola (Terashima et a.l, 2002). The biflavones are predominant 

compounds in G.kola and kolaflavones are the more abundant compounds 

in Garcinia Kola, while the kola flavones are the major components of 

kolavirons. Other constituents of G.kola include benzophenone, Garcinia 

biflavones (GB-1, GB-2) and kola flavone and xanthones (Ebong et al., 

1996).   

 1.8   Physiological Properties of Garcinia Kola 

Garcinia Kola seed  is believed to contain a wide spectrum of  organic 

compounds (which several researches have confirmed) such as flavonoids 

which confer on it some antimicrobial (Iwu et al., 1990; Iwu et  al., 1982) 

actions against gram negative and gram positive micro organism. The 

biological activities of flavonoids include action against allergies, 

inflammation, free radicals and hepatoxins (Terashima et al., 2002). 

Several other works confirmed its hypolipidermic (Iwu, 1993; Oluyemi et 
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al., 2007), antiulcerogence effect (Mechendran et al., 2002), though its 

effect on the reproductive system have been investigated with no 

significant difference/change in sperm count (Ajibade et al., 2011). 

However, Akpantah et al., (2003) and Akinloye et al., (1999) findings 

varies as due to the presence of biflavonoid and xanthane in G.kola seed, 

the compounds are potent anti-oxidants. Therefore, administration of 

G.kola seeds extract caused an increase in testosterone production in 

spraque-dawley rats, due to the anti-oxidant properties of its constituents. 

G.kola  has been proven to exhibit pharmacological uses in treating 

coughs, throat infections, bronchitis, hepatitis and liver disorders 

(Farombi et al., 2005). It is served as bitter stimulant and as snake 

repellent when they are placed round the compound (Nair, 1990). G.kola 

is used in the treatment of liver disease and diarrhea (Iwu et al., 1990; 

Braid, 1991). Some other medicinal uses of this plant include purgative. 

This plant has also shown bronchodilator effect (Orie and Ekon, 1993), 

antihepatoxic effect (Braid, 1991) and anti-oxidant activity (Adaramoye, 

2005). In Nigeria, a cold water extract of the roots and bark with salt are 

administered to cases of ukwala (bronchial asthma or cough) or agboo 

(vomiting) (Iwu et al., 1990). According to Adesuyi et al (2012), the 

medicinal properties of bitter kola can be classified under:- 

 Purgative 

 Anti parasitic 
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 Antimicrobial 

The anti microbial nature is believed to be attributed to the benzophenone 

and flavones while the anti inflammatory effect of G. kola is believed to 

result from the inhibition of the cyclo oxygenase enzyme (Adesuyi et al, 

2012). 

In South West Nigeria, G. kola is one of the constituents of traditional 

recipe that is used in the management of sickle cell disease (Egunyomi et 

al., 2009).  

Nwakorie et al., (2010) showed that extract from G. kola exhibited 

significant inhibitory activity against amoxicillin resistant isolates at a 

concentration of 12.5mg/ml. Ejele (2010) studied the effect of some 

plants extracts on the microbial spoilage of Cajanus Cajan and found that 

several plant extracts (including G. kola were effective and inhibited the 

microbial spoilage. Ejele and Akujiobi (2011) evaluated the effects of 

secondary metabolites of G. kola extracts on the microbial spoilage of C. 

cajan extract and found the acidic metabolite totally inhibited the 

microbial growth. In a more recent study, Ejele et al (2012) isolated and 

compared antimicrobial potential of two crude phenolic compounds 

obtained from G. kola extract and showed that the product isolated from 

the basic metabolite possessed a greater antimicrobial activity and 

inhibited the growth of several human pathogens. 
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1.9   Phytochemicals  

Phytochemicals are non-nutritive plants chemicals that have protective or 

disease preventive properties (Adesuyi et al, 2012). They are natural 

bioactive compounds found in plant food, leaves, or other parts of plants 

that interplay with nutrients and dietary fibre to protect them (Adesuyi et 

al, 2012). Recent research demonstrates that they can protect humans 

against diseases as well as, in risk reduction for a variety of chronic or 

inflammatory conditions, Adesuyi et al (2012). Some of the well known 

phytochemicals include: lycopenes found in tomatoes, isoflavones in 

fruits. 

There are different types of flavonoids and each appears to have anti-

inflammatory, anti-oxidant, antiviral and anti-carcinogenic properties, 

Adesuyi et al (2012). Flavonoids are generally found in a variety of foods 

such as oranges, tangerines, berries, apples and onions. (Middleton et al., 

2000). 

Functions of Phytochemicals 

Most phytochemicals are known to possess many properties which makes 

them vital to both plants and animals. Some of these properties are  

 Antioxidants: most phytochemicals have antioxidants activity and 

protect cells against oxidant damage and reduce the risk of 

developing certain types of cancer. Some phytochemicals with 

antioxidants activities include :carotenoids (found in fruits), 
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flavonoids  (found in fruits and vegetables), polyphenols (in tea, 

grapes). 

 Anti-microbial properties: the phytochemical allicin from garlic has 

anti-bacterial properties while benzophenone and flavanone found 

in bitter kola also possess anti microbial properties, Adesuyi et al 

(2012). 

 Physiological activities: some phytochemicals bind physiological to 

cell walls interfering with the ability of pathogens to bind cell 

receptors. Proanthocyandins are responsible for the anti adhesion 

properties of cranberry. Consumption of cranberries will reduce the 

risk of urinary tract infections and will improve dental health 

(Leverin and Mc Matron, 1999).   
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CHAPTER TWO 

   LITERATURE REVIEW 

 

Iwu and Igboko (1985) in their research titled “Flavonoids of Garcinia 

kola seeds” defatted 3.5kg of bitter kola seed with petroleum ether and 

later extracted with acetone. The concentrated extract was digested 

successively with benzene, diethyl ether and ethyl acetate, separated into 

various compounds using column chromatography and preparative TLC. 

Nuclear Magnetic Resonance (NMR) measurements and UV analysis 

with shift reagents and direct comparison with the authentic samples 

identified the presence of 5,7-dihydroxy-4-methoxyflavone. 

Madbunyi (1995) studied the in vitro “Antimicrobial activities of 

constituents of Garcinia kola seeds”. The seeds were successively 

extracted with petroleum ether, ethanol and water. The ethyl acetate 

fraction of the ethanol extract, which showed maximum antimicrobial 

activities gave a 2.4% w/w yield. The antimicrobial property of fractions 

from the petroleum ether extract was found to be due to the presence of 

polyisophenylbenzophenone (kolanone) whereas hydroxybiflavanonols 

were found in ethyl acetate fraction of the ethanol extract. 

Arkemase et al. (1998) studied “Antimicrobial effects of Garcinia kola on 

some selected Pathogens” using the Agar diffusion method. Both ethanol 

and water extracts showed antimicrobial and antifungal activities. 
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Phytochemical such as flavonoids, tannins, saponins, steroids, cardiac 

glycosides and reducing sugars were found to be present in the extracts. 

The authors concluded that both ethanol and aqueous extracts of Garcinia 

kola seed possess strong antibacterial and antifungal properties when 

compared with standard antibiotics (used in the investigation) such as 

amoxicillin, ciproxin, tetracycline and streptomycin. 

Ajayi et al (2008) studied the “Antimicrobial activities of Garcinia kola 

seeds extract on dental caries-causing micro organisms”, using cup plate 

antimicrobial assay and Thin-layer chromatography screening method. Of 

the six pooled vacuum liquid chromatographic (VLC) fractions examined, 

the hexane:ethylacetate (fraction N) exhibited the highest activity. Thin-

layer chromatography screening showed that the major constituents of 

fraction N were flavonoid-related compounds which also showed free 

radical scavenging activity when sprayed with 2,2 diphenyl 1-1-

picrylhydrazil (DPPH) radical. 

Oluwaniyi et al (2008) investigated “Proximate and Nutritional 

Composition of Kola Nut (Cola nitida), Bitter cola (Garcinia kola) and 

alligator pepper (Afromomum melegueta)”. Crude protein was determined 

by the Kjeldahl method, crude fat by soxhlet extraction, ash by 

incineration in a muffle furnace at 550oC for 5hrs. The result showed that 

C. nitida has the highest moisture content, crude fat, fiber and highest 

contents of potassium and phosphorus. Protein and ash contents were the 
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highest in A. melegueta. G. kola had the least content of all nutrients 

considered and also recorded the least content of minerals except 

potassium and phosphorus, which were absent in A. melegueta. 

Manganese was not detected in either of Kola nut or Bitter kola. 

Adeboye et al (2008), studied the “Bioactive and Phytochemical 

properties of Garcinia kola (Heckel) seed extract on some pathogens”. 

The methanolic crude extract exhibited significant inhibitory action 

against eleven out of fifteen bacterial isolates tested at a final 

concentration of 20mg/ml. The Garcinia kola leaf extract exhibited 

greatest antisickling activity whilst the seed pod had the least antisickling 

activity. Results for screened phytochemicals of the investigated parts 

revealed the presence of saponins, tannins, combined and free 

anthraquinones. The results infer a preliminary confirmation for the 

effectiveness and use of Garcinia kola is the management of SCD and its 

implication in drug development. 

 

Frank-Peterside and Ebidiseabofa (2009) investigated “The Effects of 

Garcinia kola on the normal flora of the Mouth”. Two methods were 

adopted. In the first method, the bacterial load of saliva samples collected 

after chewing Garcinia kola for days 1-5 decreased drastically when 

compared to bacterial load collected without chewing Garcinia kola. In 

the second method, Garcinia kola extract was obtained and impregnated 
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on filter paper disc. The various results obtained from this research work 

(methods 1 and 2), showed that bitter kola possesses properties that 

reduces the bacterial load of normal flora of the mouth; including 

Streptococcus spp, Staphylococcus aeureus, Morexelle spp, and Neisseria 

spp. 

Adejumo et al (2011) investigated the “Antisickling activities of extracts 

of leaf, seed and seed pod of Garcinia kola Heckel”. Two approaches 

were used, namely: inhibition of sickling (antisickling) and reversal of 

sickled erythrocytes. Evaluation of antisickling activities of 

extracts/fractions was carried and the results showed that all the 

investigated samples of Garcinia kola contained both free and combined 

anthraquinones, saponins and tannins while alkaloids were absent. Results 

infer a preliminary confirmation for the effectiveness and use of  Garcinia 

kola in the management of SCD and its implications.  

Indabawa and Arzai (2011) investigated the “Antibacterial Activity of 

Garcinia kola and Cola nitida Seed Extracts”  using the Agar well 

diffusion method. The results indicated that the alcohol extract of 

Garcinia kola was active against Staphylococcus aureus and Klebsiella 

pneumoniae at various concentrations, with the latter displaying the 

lowest sensitivity. Escherichia coli and Salmonella typhi were completely 

resistant. Hot water extract of the same plant was however, effective 

against Salmonella typhi, Staphylococcus aureus and Klebsiella 
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pneumoniae. The other organism showed sensitivity to the alcohol extract 

of Cola nitida, but higher sensitivity was observed with the hot water 

extract of the plant. 

Ogunjobi and Ogunjobi (2011) studied the “Comparative study of 

Antibacterial Activities of Garcinia kola and Carica Papaya” using the 

Agar well diffusion method on eight bacterial strains: Staphylococcus 

aureus, Salmonella typhi B, Shigella dysentria, Pseudomonas aeruginosa, 

Serratia marcescens, Pseudomonas fluorescens, Proteus vulgaris and 

Bacillus subtillis. The results showed that the two plants contained 

reducing sugars, pheniols and alkaloids. However, the Carica papaya 

(pawpaw) plant contained tannins while G. kola has saponins. The ethanol 

extract of both plants were active against staphylococcus aureus, Shigella 

dysenteria, Pseudomonas fluorescens and Salmonella typhi B. The 

aqueous extracts of both plants were not as effective as the ethanol 

extract. 

Ezeanya and Ebakota (2012) examined the “Antibacterial Activity of 

Garcinia kola seed and leaf extracts on selected clinical isolates”. The 

seed and leaf extract were tested on clinical isolates of Staphylococcus 

aureus, Escherichia coli, Salmonella typhi and Streptococcus pyogenes 

using Agar disk diffusion method. Acetic acid extracts of seed and leaf 

showed the highest zones of inhibition against all the test organisms. The 

other extracts showed no inhibitory effect on the test organisms. 
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Phytochemical screening of the extracts revealed the presence of some 

bioactive components such as; alkaloids, saponins, tannins, 

anthraquinones  and cardiac glycosides.  

Ejele et al. (2012) studied the “Comparison of Antimicrobial Potential of 

Crude Phenolic Isolates from Garcinia kola” using soxhlet extraction, 

column chromatographic purification, IR and NMR spectroscopy. The 

results showed that both isolates possessed antimicrobial activity to 

various extents and inhibited the growth of several human pathogens, 

including: Candida albicans, Coliform bacilli, Escherichia coli, 

Salmonella typhi, Staphylococcus aureus and Streptococcus spp. The 

results showed that isolates of basic metabolite (Tannin-1) exhibited 

greater antimicrobial activity than that of acidic metabolite (Flavonoid-1). 

The highest antimicrobial activity was shown by Tannin-1 against 

Streptococcus spp, Coliform bacilli and Salmonella typhi with inhibition 

zone diameters of 30mm while the least antimicrobial activity was shown 

by Flavonoid-1 against Staphylococcus aureus and Streptococcus spp 

with inhibition zone diameter of 10mm. 

Ejele et al (2012b) studied the “Bioassay Guided Isolation, Purification 

and Partial Characterization of Antimicrobial Compound from Basic 

Metabolite of Garcinia kola”. The crude G. kola extract was prepared 

using soxhlet extraction. The antimicrobial compound was isolated and 

purified using chromatographic column packed with silica gel. The 
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fraction which showed the best antimicrobial potential was partially 

characterized using IR, 1H- and 13C-NMR spectroscopy. Analysis of the 

combined spectroscopic data suggested that the compound could be either 

Catechin, p-Napthol benzene, α-Methyl-dl-tyrosine or Naringen. 

Adesuyi et al, (2012) studied the “Nutritional and Phytochemical 

Screening of Garcinia kola”. The Nutritional analysis involved proximate 

analysis, anti-nutrient and mineral composition. The results showed that 

the sample could be a good source of carbohydrate, dietary fiber and 

protein. The anti-nutrient composites present were in negligible amounts 

while the mineral content showed a high level of calcium, potassium and 

sodium. The authors concluded that Garcinia kola could be a good source 

of minerals, saponins, flavonoids and cardiac glycosides while the 

alkaloids and tannins were present in considerable amounts. 

Akinnibosum and Itedjere (2013) investigated the “Evaluation of 

Antibacterial properties and Synergistic effect of Garcinia kola” against 

Escherichia coli. Klebsiella pneumonia, Staphylococcus aurues, Bacillus 

subtillis, Salmonella spp and Pseudomonas aeruginosa using Agar well 

diffusion method. It was observed that the synergistic use of aqueous G. 

kola extract and honey mixture was more effective in inhibiting bacterial 

growth than the separate use of aqueous G. kola extract and honey. The 

susceptibility of the test bacteria to the aqueous G. kola extract and honey 

mixture was in descending order as follows:- P. aeruginosa > E. coli > S. 
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aureus > Salmonella > K. pneumonia > B. subtillis  (> = more 

susceptible).  

Balboqui et al. (2013) studied “Flavones, lignans and terpenes from Piper 

umbellate [piperaceace]” using IR and NMR spectra and found nine 

compounds (one of which is relevant to this study). The compounds found 

are: glucosilado terpene, -O-β-D-glucopiranosido, C-orientin, Lignan, 

Sesamina and velutina (the one relevant to this study is: 5-hydroxy-

7,3’,4’-trimetoxy-flavone).           

Alaje et al (2014), studied “Nutritional, minerals and phytochemical 

Composition of Garcinia kola (Bitter cola) and Aframomum melegueta ( 

Alligator pepper).  

The results revealed presence of bioactive constituents. Aframomum 

melegueta had the highest protein and ash content while Garcinia kola 

had highest amount of moisture content and least amount of all other 

nutrients studied. The plants were good sources of minerals such as 

phosphorus, potassium, magnesium, calcium, zinc, manganese, iron, 

sodium and copper. Phytochemical analysis revealed presence of 

flavonoids, saponins, tannins, alkaloids and phenols.  
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Reagents  

• 95% Ethanol 

• Distilled water 

• Dilute hydrochloric acid (HCl) 

• Iron (iii) chloride (FeCl3) 

• Chloroform                                             

• Conc tetraoxosulphate  (vi) acid (H2SO4),  

• Sodium hydroxide (NaOH ) 

• Sodium trioxocarbonate (v) (Na2CO3) 

• 2, 4-dinitrophenyl hydrazine 

• Silica gel 

• Litmus paper 

• Cotton wool 

• Olive oil  

 

3.2 Apparatus 

• Soxhlet extractor                                

• Chromatographic  column 

• Burner 

• Water bath 
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• Conical flasks 

• Round bottom flasks 

• Beakers 

• Test tubes 

• Perkin Elmer  Infrared spectrometer  

• Agilent 1H- and 13C- Nuclear Magnetic Resonance machine 

 

3.3 Plant Material 

Garcinia kola seeds were collected in the month of September from Afor 

Oru Market in Ihiteafoukwu, Ahiazu Mbaise L.G.A, Imo State, Nigeria. 

These were sun-dried for 10 days after which they were ground to semi 

powdery forms. 

Fig: 3.3 Garcinia kola seeds 

 

3.4 Preparation of Crude Extract    
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Sixty-five (65g) of sun-dried seeds of Garcinia kola was put in a soxhlet 

extractor, equipped with a reflux condenser and extracted with 250ml of 

ethanol for 12hours. The ethanol extract was allowed to evaporate 

completely at room temperature to give a gel, which was redissolved in 

ethanol/water mixture (ratio 4:1), allowed to stand overnight and filtered. 

The filtrate was used without further purification for phytochemical 

screening, antimicrobial experiments and preparations of acidic, basic and 

neutral metabolites.  

 

3.5 Preparation of secondary metabolites (or fractions) 

3.5.1 Basic metabolite 

The basic metabolite was prepared according to the method reported by 

Ejele and Alinnor (2010). The filtrate of Garcinia kola seed extract 

obtained above was acidified by treatment with dilute HCl and extracted 

with chloroform in a separating funnel. Two immiscible layers were 

formed; the lower (chloroform) layer was removed and reserved for the 

preparation of the other metabolites. The upper (HCl) layer was treated 

with dilute NaOH solution until the mixture became basic and was 

allowed to stand overnight and filtered. The filtrate was made acidic by 

addition of dilute H2SO4 and allowed to stay overnight. The crude 

(reddish brown) precipitate was removed, washed with distilled water and 

dried in air (Ejele et al, 2014). 
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3.5.2 Neutral fraction  

The lower chloroform layer that was reserved earlier was placed in a 

separating funnel and treated with 40ml dilute NaOH solution. After 

equilibrating, two immiscible layers were formed. The chloroform layer 

was removed, put into a beaker and allowed to evaporate completely at 

room temperature to produce a gel, which was redissolved in 95% ethanol 

and filtered (Ejele and Alinnor, 2010). 

 

3.5.3 Acidic metabolite  

The aqueous NaOH layer obtained above was made acidic by treatment 

with dilute H2SO4. The brown precipitate formed was filtered, washed 

thoroughly with distilled water, allowed to dry in air and labeled as 

Flavonoid–1 (Ejele et al, 2014). Phytochemical screening of this 

precipitate showed it could be a polyphenol. It was screened for anti-

microbial activity.  

 

3.5.4 Preparation of the yellow precipitate  

The filtrate of Garcinia kola seed extract was acidified by treatment with 

dilute HCl and extracted with chloroform in a separating funnel. Two 

immiscible layers were formed. The lower chloroform layer was removed 

(and reserved for preparation of acidic and neutral metabolites). The 
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upper HCl layer was neutralized with dilute NaOH solution and filtered. 

The filtrate was allowed to stand at room temperature for about 3weeks, 

during which the sample was attacked by microorganisms of the air, and a 

yellow crystalline compound was precipitated, filtered, washed with 

distilled water and allowed to dry in air.  

 

3.6 Antimicrobial screening of crude extract and metabolites 

The experiments were carried out at the Department of Microbiology, 

Federal Medical Center, Owerri, Imo State, Nigeria, using Agar disk 

diffusion method described by Garred and O. Graddy (1983). An 

inoculating loop is touched to four or five isolated colonies of the 

pathogens growing on agar and used to inoculate a tube of culture broth. 

The culture was incubated for a few hours at 35-37oC until it became 

slightly turbid and was diluted to match a turbidity standard. A sterile 

cotton swab was dipped into the standardized bacterial test suspension 

and used to evenly inoculate the entire surface of an agar plate. After the 

agar surface has dried for about 5minutes, appropriate antibiotic test disk 

of each sample (crude extract and metabolites) was placed on it and the 

agar plate was immediately place in an incubator maintained at 35-37 oC. 

After 16-18hrs of incubation, the plate was removed and diameters of 

zones of inhibition were measured and recorded.  
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3.7   Phytochemical Analysis of Plant Extract and metabolites 

3.7.1 Tannins 

5ml of distilled water was added to1ml of sample followed by addition of 

few drops of Iron[iii]Chloride. Formation of bluish/greenish precipitate 

shows presence o condensed tannins. 

 

3.7.2 Saponins 

1ml of distilled water was mixed with 1ml of sample and 1ml of olive oil, 

and shaken vigorously. Formation of persistent frothing (foaming) shows 

presence of saponins. 

 

3.7.3 Flavonoids 

1ml of sample was dissolved in 1ml of dilute NaOH and filtered. The 

filtrate was acidified by addition of drops of concentrated HCl. Formation 

of precipitate shows presence of flsvonoids. 
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3.7.4 Steroids and Triterpenes 

10ml of Chloroform was added to 5ml of the sample and 1ml HCl in a 

separating funnel and shaken thoroughly with occasional release of 

pressure and finally allowed to stand until separation occurred. Two 

layers were formed. 3ml of the Chloroform layer was removed and placed 

in test tube and 3ml of concentrated Sulphuric acid was added carefully to 

the test tube to form a lower layer. 2ml of the organic layer was removed 

and evaporated to dryness in a water bath, after which 3ml of 

concentrated sulphuric acid was added and the mixture was heated for 

10min in the water bath and allowed to cool. A dark brown-yellow 

solution suggests the presence of steroids/triterpenoids. 

 

3.7.5 Cardio-active Glycosides- 

Salkowski test: 2ml of sample was shaken with equal volume of 

chloroform. Two layers are formed. The chloroform layer was removed 

with a clean test tube and 1ml of dilute Sulphuric acid was added 

cautiously down the side of the bent test tube. Formation of a reddish-

brown ring indicates presence of steroidal glycosides. 

 

3.7.6 Alkaloids 

A few drops of Wagner’s reagent were added to 1ml of sample. A dark 

brown precipitate formed spontaneously indicates presence of alkaloids. 
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3.7.7 Phenols 

Ferric Chloride test- A mixture of 0.5ml of sample and 4ml of water was 

heated and few drops of Iron [iii] Chloride solution was added to the 

filtrate. Formation of dark brown precipitate shows presence of free 

phenols. 

 

3.7.8 Carboxylic Acid 

Ester formation- 0.5 ml was added to a warmed mixture of 1ml sample 

and 2ml of 95% ethanol and cooled. 5ml of Sodium Trioxocarbonate 

solution was added to the mixture and cautiously poured into the 

evaporating dish. A sweet smelling aroma indicates formation of esters 

due to presence of carboxylic acids of phenols. 

 

3.8 Chromatographic purification         

The yellow compound obtained above was purified by chromatographic 

method using silica gel packed in a column. A slurry of finely powdered 

silica gel (dispersed in chloroform) was poured into glass column (2.5cm 

in diameter) with tap open, to a height of about 12cm. Then 5ml of the 

yellow precipitate (dissolved in 95% ethanol) was gently transferred onto 

the top the column and allowed to flow into the packed silica gel in the 

column while the tap was open. The mixture was eluted by gradient 

elution with chloroform/ethanol mixture (ratio 1:2). The mixture was 
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separated into six (6) fractions which were collected in different conical 

flasks and labelled F3, F4, F5, F6, F7 and F8. Each fraction was screened 

for antimicrobial activity using the Agar disk diffusion method. 

   

3.8.1 Antimicrobial screening of fractions (F3, F4, F5, F6, F7 and F8) 

The experiments were carried out at the Department of Microbiology, 

Federal Medical Center, Owerri, Imo State, Nigeria, using Agar disk 

diffusion method described by Garred and O. Graddy (1983). The 

fractions with the highest inhibition zone diameter for Staphylococcus 

aureus (F5) was selected for spectroscopic identification using IR and 

NMR.  

 

3.9  Spectroscopic Identification of F5  

The IR spectroscopic analysis of the selected antimicrobial active 

compound (F5) was performed at Central Research Laboratory, 

University of Ibadan, using the Perkin Elmer IR equipment while the 

NMR was done in Obafemi Awolowo University, Ile-Ife, Nigeria using 

the Agilent-NMR-vnmrs400 machine. The solvent used was DMSO. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1 Phytochemical analysis  

Table 4.1 below shows the results of phytochemical analysis of crude extract, 

acidic metabolite, basic metabolite and yellow precipitate.  

Table 4.1: Results Of Phytochemical Analysis 

           +  =  positive,  -  =  absent 

Phytchemicals Crude 

extract 

Basic 

metabolite 

Acidic 

metabolite 

Yellow 

ppt 

Tannins 

Saponins 

Flavonoids 

Steriods 

Glycosides 

Esters 

aldehyde/ketone 

Alkaloids 

Amino acids 

Phenols 

Carboxylic acid 

 

   +  

   + 

   + 

    - 

    + 

     - 

     - 

     + 

     + 

     + 

     + 

    + 

    + 

    - 

    - 

    + 

    - 

    - 

    - 

    - 

    - 

    _ 

   + 

    - 

    + 

     - 

     - 

     - 

     - 

     - 

    + 

     + 

     + 

     + 

      - 

     + 

     - 

     - 

     - 

     - 

     - 

     + 

     + 

     - 
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Results of phytochemical screening of extract and metabolites were 

presented in Table 4.1, which showed that crude extract contained 

alkaloids, flavonoids, fatty acids, free phenols, cardio-active glycosides, 

saponins and tannins whereas the basic metabolite contained tannins, 

saponins and glycosides. The Acidic metabolite gave positive results for 

and showed presence of amino acids, carboxylic acids, flavonoids, tannins 

and free phenols. 

 

4.2 Antimicrobial activity  

Table 4.2 below shows results of antimicrobial activity of crude extract, 

acidic metabolite, basic metabolite and yellow precipitate on some human 

pathogens from which it may be seen that all the samples and control 

drugs possessed antimicrobial activities to various extents and inhibited 

growth of test organisms with inhibition zone diameters (IZD) ranging 

between 10 and 30mm. Generally it was observed from the Table that the 

crude extract exhibited its greatest antimicrobial activity against 

Staphylococcus aureus, Coliform bacilli and E. coli with IZD of 30mm 

while the lowest activity was against Salmonella typhi with IZD of 28mm. 

For the basic metabolite, the highest activity was against Streptococcus 

spp., Coliform bacilli and Salmonella typhi with IZD of 30mm while the 

smallest antimicrobial activity was against E. coli with IZD of 25mm. In 

the case of the acidic metabolite, the greatest antimicrobial activity was 
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against Coliform bacilli with IZD of 25mm while the lowest activity was 

against E. coli with IZD of 10mm.  

 

TABLE 4.2: Results of Antimicrobial Activity on Pathogens 

Concentrations = 100mg/ml;  IZD (Inhibition zone diameter) in mm. 

 

The yellow precipitate gave the lowest activity of them all. Its highest 

antimicrobial activity against E. coli with IZD of 25mm and lowest was 

 Organisms Crude 

extract 

Basic 

metabolite 

Acidic 

metabolite 

Yellow 

precipitate 

Streptococcus spp 

Staphylococcus 
aureus 
Coliform bacilli 

E. coli 

Salmonella typhi 

29±3 

30±4 

30±5 

30±3 

28±2 

30±3 

28±2 

30±2 

25±4 

30±1 

20±1 

14±1 

25±3 

10±2 

15±4 

18±2 

10±2 

15±3 

25±1 

20±2 

CONTROL DRUGS 

Streptococcus spp 

Staphylococcus 

aureus 

Coliform bacilli 

Ciprofloxacin 

21±4 

27±2 

25±1 

Augmentin 

14±2 

16±3 

28±4 

Amoxil 

08±3 

24±1 

16±2 

Levofloxacin 

32±3 

30±1 

35±4 

E. coli 

Salmonella typhi 

15±2 

18±4 

10±3 

10±1 

18±1 

15±4 

25±3 

20±1 
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against Staphylococcus aureus with IZD of 10mm. These differences in 

bioactivity probably arose from differences in their active principles since they 

are polyphenolic compounds. As for the control drugs lavofloxacin gave the 

highest antimicrobial activity against Staphylococcus aureus with IZD of 

30mm while Augmentin gave the lowest activity with IZD of 16mm.  

 

Table 4.3 below shows the antimicrobial potential of various fractions of 

yellow precipitate obtained from column chromatographic purification           

 

Table 4.3: Results of Antimicrobial Potential of Fractions                      

  

  

Steptococcus spp 

Staphylococcus 

aureus 

Coliform bacilli 

E. coli 

Salmonella typhi 

F3 

15±2 

 0 

 20±3 

 16±4 

   F4 

    0 

   16±2 

   20±1 

   12±2 

   20±2 

 F5 

    0 

 30±4 

 18±4 

 15±1 

 20±4 

   F6 

   6±4 

   15±1 

   24±1 

   18±1 

    0 

 F7 

 20±1 

 10±4 

 15±3 

 13±4 

 15±4 

   F 8 

   20±2 

   18±3 

   24±3 

   6±1 

   24±3  20±2 

Concentration = 100mg/ml;  IZD (in mm) 
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Table 4.4  Observed Colouration of Various Eluents/Fractions (F3-8) 

F3  - pale yellow                    F6  -  light green 

F4  - dark brown                     F7  - colourless  

F5  - light brown                    F8  - colourless  

 

Figure 4.1 below shows the graph of inhibition zone diameters (izd) against 

various fractions obtained from chromatographic purification of yellow 

precipitate. 

 

Fig. 4.1:  Inhibition Zone Diameters Against Various Fractions 

 

 

 

 

  IZD 

 

 

                                                                    

 

 

Fractions ---------------------► 
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Due to the high inhibition zone diameter of fractions 5, it was chosen for 

identification using IR and NMR spectra. This research is interested 

mostly in fraction 5 since showed the highest inhibition zone diameter 

(IZD) of 30±4.   

 

Figure 4.1 below shows the photo-plate of Agar disk of antimicrobial 

experiment of Acidic Metabolite and Yellow precipitate on Human 

Pathogens 

 

Fig. 4.1: Photo-Plate Showing Agar Disk Experiment 

Fig. 4.3:  Infra Red spectrum of F5 
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4.5  DISCUSSION ON IR OF FRACTION 5 (from Figure). 

     - The peak at 3429.00cm-1 indicates the presence of hydrogen bonded  

 alcohols/phenols. 

- The peaks at 2131.42 cm-1 and 2360.00 cm-1 indicate the presence of 

alkynes. 

- The peak at 1648.78 cm-1 indicates the presence of alkenes/ aromatic ring. 

- The peak at 1024.22 cm-1 indicates the presence of C-O stretch of phenol, 

alcohol or ester. 

- The peak at 822.61 cm-1 and 761.86 cm-1 indicate the presence of phenyl 

ring substitution bands (Para substitution). 

 

 

 

 

 

 

 

 

 

 

 



35 
 

Fig. 4.4:  1H–NMR spectrum of F5 
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4.6  DISCUSSION ON NMR OF FRACTION 5  

      The NMR spectrum of fraction 5 shows the following peaks: 

- The peaks centered around 12 shows presence of C=O, ester or carboxylic 

acid. 

- The broad peak centered around 11.0-10.0 may be due to H2O or C=N of 

amines (impurities). 

- The peaks around 10.0 to 9.0 may be due to C-O of aldehydes. 

- The peaks around 8.0 – 6.0 is due to C-H peaks of an aromatic compound 

(benzene ring). 

- The peaks around 6.0 to 5.0 is due to C=C of alkenes. 

- The peaks around 5.0 and 4.0 are peaks of Hydrogen of glucose. 

- The prominent peak at 4.3 is due to a methoxy group. 

- The large peaks centered between 4.0 and 3.0  is due to  hydrogen of the 

hydroxyl group attached to aromatic carbon. 

- The Peak centered around 1.0  suggests presence of  aliphatic hydrogen of 

alkanes. 
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Fig. 4.5: 13C–NMR spectrum of F5 
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4.7 Structure of F5  

This structure was arrived at as a result of the work done by Balboqui et al., 

2013, as stated in the literature review. His compound 4 has similar spectra with 

fraction 5 of this work. When the OH group was replaced with another 

functional group, it was observed that the NMR prominent peak between 3 and 4 

disappeared But prominent NMR peaks between 0 and 2 indicates aliphatic 

carbons leading to this novel structure with the second ring being open . 
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4.8  CONCLUSION 

This thesis was aimed at the isolation, purification and characterization of 

an antimicrobial compound from the basic metabolite of bitter kola, using 

soxhlet extraction, column chromatography, IR and NMR analysis. The 

extract was fractionated into 3 different fractions namely: acidic 

metabolite, basic metabolite and neutral metabolite. Antimicrobial 

analysis of the various metabolite showed that the metabolites possess 

antimicrobial activity to various extents except the neutral metabolite, 

which lost its bio-activity after neutralization.  Six (6) fractions were 

obtained from the column chromatographic purification namely: fraction- 

f3, f4, f5, f6, f7, f8. Antimicrobial analysis of these six fractions showed 

that fraction- F5 had the best antimicrobial activity against staphylococcus 

aureus with an inhibition zone diameter of 30±4mm, hence it was chosen 

for spectroscopic characterization using IR and NMR spectroscopy. 

Interpretation of the spectroscopic data showed that fraction- f5 could be a 

flavonoid which is also naturally occurring antibiotic and antioxidant.  
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4.9  CONTRIBUTION TO KNOWLEDGE 

This thesis “Isolation, Purification and Characterization of an 

Antimicrobial Compound from the Basic Metabolite of Garcinia kola” 

has  

i) characterized the antimicrobial compound from the Basic metabolite 

of Garcinia kola, 

ii) led to the discovery of a compound in fraction 5 which is a naturally 

occurring antioxidant,  

iii) fraction 5 is also a very good anti-staphylococcal drug, compared 

to other known antibiotics in the market. 
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