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EXTENDED ABSTRACT 

 

The study of self-medication in non-human primates sheds new light on the complex 

interaction of animal, plant and parasite. The main objective of this study was to evaluate 

the antimicrobial properties and phytochemical profile of crude extracts from Sterculia 

Africana, Acacia sieberiana and Cassia abbreviata ssp. abbreviata, plants present in the 

yellow baboon diet in Mikumi National Park, Tanzania. Specifically aimed at assessing 

antibacterial activity of the crude extracts through in vitro studies using standard strains 

and to establish the phytochemical profile of the crude extracts using chromatography 

methods. Minimum Inhibitory Concentration (MIC) technique was employed to assess 

antibacterial activity whereas Thin layer Chromatography (TLC) and High Performance 

Liquid Chromatography (HPLC) techniques were used to assess the plants’ chemical 

profile. Acacia sieberiana and Cassia abbreviata ssp. abbreviata showed the lowest MIC 

values of 0.31mg/ml against the Gram negative strains whereas 0.63 mg/ml was the lowest  

value against the Gram positive strains used in this study. Total extraction was done by 

maceration and the highest extraction yields of 9.66% and 6.22% were obtained from the 

root bark of Cassia abbreviata ssp. abbreviata and the leaves of Acacia sieberiana 

respectively. Findings from Thin Layer Chromatography (TLC) indicated presence of 

saturated and unsaturated compounds while colour reactions with Vanillin reagent inferred 

presence of triterpene group of compounds in the ethanolic crude plant extracts. The 

chemical profile obtained from the HPLC for the plant extracts was comparable to the one 

from the TLC profile. Antibacterial studies revealed presence of pharmacological activity 

in the crude plant extracts suggesting that non–human primates feed on the nutrient poor 

parts of these plants for self-medication. Chromatography analysis offers a starting point 

in isolation of pure compounds for the purpose of drug development since these plant 

extracts exhibit activity against bacteria of medical and veterinary importance. 
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CHAPTER ONE 

 

1.0  INTRODUCTION 

1.1  Background 

Ingestion of plant parts supposedly for their bioactive properties has been widely reported 

across the animal kingdom (Huffman, 1989, 1993, 1996, 2001). Zoopharmacognosy is a 

term that was devised to refer to self-medication in animals particularly in non-human 

primates. The study of self-medication in non-human primates sheds new light on the 

complex interactions of animal, plant and parasite (Huffman, 1996, 2001). A variety of 

non-nutritional plant secondary metabolites (small molecules of molecular weight < 1500 

amu, produced by an organism, but not strictly necessary for the survival of the organism 

for example toxic materials providing defence against predators (Sarker and Nahar, 2007) 

and nutrient-poor bark is found in the primate diet yet little is known about the possible 

medicinal consequences of their ingestion.  

 

Whether present in the human or non- human primate diet, plants as food standardised 

extracts or pure compounds provide unlimited opportunities for new drug leads because of 

the unmatched availability of chemical diversity. The numerous structurally diverse 

compounds found in them serve as a unique source for novel drugs and several of the 

well-known drugs have had their origin in nature (Tagboto and Townson, 2001).                 

The present scenario of emergence of multiple drug resistance to human pathogenic 

organisms has necessitated a search for new antimicrobial substances from other sources 

including plants present in the non- human primate diet. Microbial resistance resulting 

from selective pressure of antimicrobial use, misuse of antimicrobial agents, societal and 

technologic changes that enhance the transmission of drug resistant organisms in humans 

and animals has grown into a great public health concern (Cos et al., 2006; Olivier et al., 
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2010; AR threats report, 2013). This phenomenon has resulted into severe reduction in 

efficacies of commonly used antibacterial, anti-parasitic, antiviral and antifungal drugs. 

The resistance mechanisms involved are complex and not clear. Of concern are the spectra 

of pathogenic bacteria that are continuously widening and so are the spectra of diseases 

they cause in humans and animals (AR threats report, 2013). Last resort drugs for severe 

bacterial infections, are neither affordable nor accessible to populations in resource-poor 

nations. In such settings, individual subjects infected with bacteria resistant to specific 

antibacterial drugs, have an increased risk of worse clinical outcomes and higher 

probability of death (Okeke et al., 2005). To compound all that, a huge knowledge gap 

exists about the magnitude of the problem, a gross under reporting and no new therapeutic 

options on the horizon to replace those that become ineffective or to protect the efficacy of 

existing drugs (Gislene et al., 2000). 

 

In light of this, Sterculia africana, Acacia sieberiana and Cassia abbreviata ssp. 

abbreviata, plants chosen solely on the basis of their consumption by non -human 

primates in Mikumi National Park, Tanzania were studied. Literature search revealed that 

Sterculia africana is one of the sources of non- traditional seed oils in Botswana (Mitei et 

al., 2008) and is widely used in African Traditional Medicine (Mitei et al., 2008, Mainen 

et al., 2007, PROTA4U, 2016). In Somalia a decoction of the crushed fresh roots of 

Sterculia africana is drunk as an antihelmintic where as a root decoction is taken against 

back pain, hernia and dizziness, a root infusion is drunk as an aphrodisiac, and leaf 

decoctions are drunk against fungal infections and convulsions (Mainen et al., 2007).  In 

some parts of East Africa, the roots, stem bark and leaves are boiled and the vapour 

inhaled for the treatment of influenza and fever (PROTA4U). Whereas a root bark 

decoction is drunk by women for the treatment of postnatal and stomach pains, a leaf 

infusion is drunk against cough and chest complaints.A fruit decoction is drunk to relieve 
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pain during pregnancy and after giving birth (PROTA4U). Additionally, in Malawi the 

irritant hairs along the splitting point of the fruits are burnt and the ash used as an ointment 

for the treatment of eye infections, especially in babies (PROTA4U, 2016). 

 

Acacia sieberiana has been utilized in ethno-medicine for treatment of skin eruptions, 

rheumatic pains and in treatment of syphilis, gastritis, cough, fever, ringworm, leprosy, 

epilepsy, dysentery, mouth ulcers, as a vermicide and contraceptive (Obidah et al., 2009). 

Different communities in Ethopia and South Africa also traditionally utilise Acacia 

sieberiana for the treatment of various ailments including inflammation, tiredness, joint 

pains, bilharzia, fever and enemas (Doka and Yagi, 2009, Elgorashi et al., 2003). The stem 

and root back extract both rich in tannins, are used in treating schistosomiasis, fever, 

stomach ache, jaundice, cough, sexual impotence, haemorrhoids, syphilis, uterine 

problems and to improve lactation after child birth (Christiana et al., 2012). Studies done 

on Acacia sieberiana reveal that it is effective against Bacillus subtilis, Staphylococcus 

epidermidis, Escherichia coli, Staphylococcus aureus, Klebsiella pneumoniae and 

Mycobacterium avium. Preliminary cold water extracts screened for phytochemicals 

showed presence of saponins, tannins, cardiac glycosides, flavonoids and anthraquinones 

(Burkill, 1995; Mahdi et al., 2013). In Bukoba and Morogoro, Tanzania the root barks of 

Cassia abbreviata are used for treatment of oral and vaginal candidiasis particularly in 

HIV/AIDS patients (Hamza et al, 2006; Runyoro et al., 2006).   

 

1.2 Zoopharmacognosy  

Mankind has for a long time developed drug therapies from observing animals utilise 

medicinal plants that were previously unknown or believed to be poisonous (Huffman, 

2001). In Tanzania about a century ago a medicine man, Babu Kalunde, learnt an 

important treatment that saved the lives of many people in his village who were suffering 
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an epidemic of a dysentery-like illness. He discovered the potential medicinal value of a 

plant known to the WaTongwe (a Kitongwe speaking tribe from areas around Lake 

Tanganyika in Kigoma district) as mulengelele by observing a similarly sick young 

porcupine ingest the roots of the plant (Huffman, 2001). Preceding this observation the 

people of this village had avoided this plant because it was believed to be highly 

poisonous. He narrated his observations of the porcupine and ingested small doses of the 

plant and thereafter proceeded to persuade them to use the plant on the sick. To this day, 

the WaTongwe use the roots of mulengelele as medicine to treat gonorrhoea and syphilis 

(Huffman, 2001). 

 

The term zoopharmacognosy was coined in the 1990s, to describe self-medication by 

animals in general and non- human primates in particular (Glander, 1994). Studies on the 

white and red Colobus monkeys, baboons, chimpanzees and lowland gorillas among 

others have provided evidence of self-medication by non-human primates (Huffman, 

1997, 2001). New light has been shed on the rather complex interaction between plant, 

parasite and animals by studies on animal self-medication. Behavioural, ecological, and 

pharmacological studies have shown that the non-human primate diet contains a variety of 

nutrient poor plant parts which may be consumed because of their secondary compounds 

(Glander, 1994;  Huffman, 1997). Chemical investigations of the medicinal hypothesis 

have found that the bitter pith of Vernonia amygdalina have chemical compounds that are 

apparently responsible for the control of nematode infections (Glander, 1994). Diospyros 

abyssinica, Uvariopsis congensis, Albizia grandibracteata, and Trichilia rubescens are 

only a few of the plants present in the non- human primate diet that have exhibited 

biological activity. However, there still exists a dearth of knowledge on the microbial 

activity of some of the plants present in their diet.  Non-human primates are infected with 

the closest relatives of important human pathogens. It has been established that 27.5 % of 
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parasites found in wild primates, have also been reported in humans, given our genetic 

relatedness with non-human primates, we perhaps select the same plants when showing 

similar symptoms of illness (Wolfe et al., 1998; Pedersen et al., 2005; Su et al., 2013 ). 

Scholars familiar with the use of plants as effective drugs by humans worldwide should 

not be amazed that non-human primates as well, exploit medicinal plants that are available 

to them from the natural pharmacopoeia found in their habitat (Glander, 1994).  

 

1.3 Plants as Medicinal Sources 

For many centuries, plants have been a valuable source of natural products in maintaining 

human health, especially in the last decade, when more intensive studies have been carried 

out on natural therapies (Gislene et al., 2000). When compared to humans and other 

animals, plants lack a specific immune system and therefore depend on a cocktail of 

chemicals to protect them against parasites and predators (Hammerschmidt, 1999). The 

knowledge of this has enabled humans to harness plants to treat diseases and in the last 

century, pure compounds from plants have been isolated and developed into 

pharmaceutical drugs. As a matter of fact 25% of prescription drugs and 11% of drugs 

considered essential by WHO are derived from plants plus a large number of drugs are 

precursor compounds obtained from plants (Rates, 2001). 

 

Plants synthesise over 100 000 small molecules, most of which have antimicrobial activity 

(Dixon, 2001). To avoid selective pressure and development of resistance, these antibiotic 

molecules are only produced when induced by pathogen attack (Hammerschmidt, 1999). 

In addition, the antibiotic molecules do not have specific cellular targets in the pathogens, 

are of low efficacy, act in synergy, target bacterial virulence rather than bacterial growth 

and work in concert with multi-drug-resistance pump inhibitors (Tegros, 2002; Gibbons, 

2004; Hung, 2005; Lewis, 2006).  
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The diversity of medicinal plants that provided therapy from antiquity continues to be used 

traditionally against infections in all countries where pathogenic microbes are endemic 

(Fabricant and Farnsworth, 2001; Al-Musayeib, 2012). A considerable number of their 

extracts and isolated compounds have been shown to possess significant anti-parasitic 

activities (Kuete and Efferths, 2010). Therefore natural products are still a major potential 

source of innovative therapeutic agents for various conditions, including infectious 

diseases, as they represent an unmet source of chemical diversity (Clardy and Walsh, 

2004). 

 

1.4  Antibacterial Resistance 

The development of bacterial resistance to presently available antibiotics has necessitated 

the need to search for new antibacterial agents. Antibacterial resistance is a worldwide 

problem and one of the most serious health threats facing mankind in the 21
st
 Century. 

Bacterial pathogens have become resistant to multiple types or classes of antibiotics and 

antibacterial resistant microbes can now cross international boundaries with ease (AR 

threats report, 2013). In most cases, antibiotic-resistant infections require prolonged and/or 

costlier treatments, extended hospital stays, necessitate additional doctor visits and 

healthcare use and result in greater disability and death compared to infections that are 

easily treatable with antibiotics. The WHO (2014) reported for the first time a 

commencement of the regional surveillance of antibacterial resistance and indicated the 

deteriorating efficacies in commonly used antibacterial drugs and the escalating resistance 

in the nine major pathogenic bacteria of international concern. All bacteria of concern 

show resistance to at least one common drug and in some, there is already resistance to 

carbapenems, the last resort treatment in severe infection (AR threats report, 2013). In its 

antibacterial resistance programme the National Institute of Allergy and Infectious 

Diseases (NIAIDs) also reported the escalating antibiotic resistance situation and the 
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urgent need for novel antibiotics NIAIDs (2014). Unfortunately, the available therapies for 

each of these diseases (caused by bacteria of medical importance) are meagre and have 

severely limited utility in disadvantaged settings due to high costs, low efficacy, high 

toxicity, poor compliance and the ever evolving resistance to mono-therapeutic drugs 

(Nwaka and Ridley, 2003). Worse still, some of these drugs are old, imposing the urgent 

need to search for new, safer, more effective and cheaper drug molecules and also for new 

leads with new mechanisms of action (Hoet et al., 2003; Nwaka et al., 2009; Brun et al., 

2010). 

 

1.5  Problem Statement and Justification  

Zoopharmacognosy as a source of information for alternative natural therapies has not 

been adequately exploited to search for safer and more efficacious drugs. A knowledge 

gap exists about the antimicrobial and phytochemical properties of most of the plants 

present in the non- human primate diet which consists of over 250 000 flowering plants. 

Studies on Acacia sieberiana, Sterculia africana and Cassia abbreviata ssp. abbreviata 

will; provide data on the spectra of microbes susceptible to plant extracts from the non- 

human primate diet. Findings will also contribute to the existing non –human primate 

foraging theory, cognition, conservation of these plants fed on while providing cognizance 

about the mechanisms of food selection as well as discovery of new therapeutic leads. 

Phytochemistry findings may also avail supplementary knowledge on the group of 

compounds found in these plants in order to provide a baseline for separation of pure 

compounds or formulation of standardised mixtures. These findings may also advance 

zoopharmacognosy as an alternative source of new therapeutic leads that are safe and 

effective to mitigate the microbial resistance phenomena. 

 



8 

 

Researchers knowledgeable about the use of plants as medicines by humans should not be 

surprised that non-human primates can also exploit plants for the same purpose.  While it 

may not be possible to pharmacologically analyse or carry out phytochemical screening 

for each one, special attention should be accorded to plants fed on by non- human primates 

exhibiting potential illness symptoms as mentioned by Krief et al. (2006) such as but not 

limited to a lack of appetite, intestinal disorder and coughing. This research was 

undertaken to establish the phytochemical profile as well as study the antimicrobial 

properties of Cassia abbreviata, Acacia sieberiana and Sterculia africana against Gram 

positive and Gram negative bacteria of medical and veterinary concern using extracts from 

a single solvent.  

 

1.6  Objectives of this Study 

1.6.1  Overall objective  

To evaluate the antimicrobial properties and phytochemical profile of crude extracts from 

Sterculia Africana, Acacia sieberiana and Cassia abbreviata ssp. abbreviata. 

 

1.6.2  Specific objectives 

i. To assess the antibacterial activity of the crude extracts in vitro using standard 

strains. 

ii. To establish the phytochemical profile of the crude extracts using chromatography 

methods. 

 

1.7  Materials and Methods 

1.7.1  Study design 

This study was designed as an experimental study. 
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1.7.2  Sample collection 

It is vital to consider climatic conditions due to the fact that they can interfere with the 

final biosynthesis particularly the final concentration of bioactive compounds (Mabiki et 

al., 2013). With this in mind, all samples for both antimicrobial and phytochemical studies 

were obtained from the same location and at the same time. This was done in order to 

minimise possible errors caused by variations in time of collection as well as location. 

Samples were collected in the month of September during a dry spell when Sterculia 

africana had shed its leaves and so these were not studied. 

 

The samples were collected and authenticated with the help a Botanist from the University 

of Dar es salaam and were assigned voucher specimen numbers FMM 3704, 3705 and 

3706 for Acacia sieberiana, Sterculia africana and Cassia abbreviata ssp. abbreviata 

respectively.  

 

1.7.3  Laboratory analysis 

1.7.3.1 Determination of the phytochemical profile of the crude plant extracts  

(a)  Preparation of samples for analysis 

Total extraction was done using maceration technique with ethanol as the menstruum. 

Samples were soaked in ethanol for 72 hrs with occasional shaking, the combination of 

ethanol and sample was strained and then filtered. The marc was re-soaked for another 72 

hours in ethanol in order to optimize extraction. Extracting the plant material in 96% 

ethanol enabled us to obtain a wide range of compounds with different polarities as well as 

preserve it from microbiological decay. 

 
(b)  Thin layer chromatography (TLC) 

The sample extracts were spotted on silica gel coated aluminium plates known as Thin 

Layer Chromatograph (TLC) paper and allowed to develop under different mobile phases 
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such as 80% Petroleum ether and 20% ethyl acetate so as to obtain maximum separation of 

compounds within the plant extracts to separate. When the TLC plate had fully developed, 

compounds were identified under natural light and unsaturated compounds identified 

under UV light at 254 nm and 365nm. Vanillin reagent was used for the colour reactions. 

(Refer to Paper II). Spray reactions with Vanillin reagent gave blue, red, purple, pink 

colours that denote presence of triterpenoids, saponins, alcohols and sterols (Wagner et al., 

1984) 

 

(c) High performance Liquid chromatography 

This technique was employed to determine the nature of compounds in each plant extract 

in order to compare with the observed TLC chemical profile. The question to be answered 

by running the HPLC was whether an extract mainly consisted of polar or non-polar 

compounds observed by the pattern of eluted peaks. A low gradient system was employed 

with an acetonitrile/methanol mobile phase at 254nm using a reverse phase C-18 column 

for separation (Mabiki et al., 2013). 

 

1.7.3.2 Assessing the anti-bacterial activity of plant crude extracts 

In evaluating the anti-bacterial activity of the crude plant extracts, both agar well diffusion 

method and Minimum Inhibitory Concentration (MIC) were used. However, Agar well 

diffusion method was only used preliminarily to determine whether the plant extracts had 

any biological activity. Agar well diffusion technique is limited by diffusivity of 

components and is better used for quantification purposes (Mabiki et al., 2013). 

Consequently, MIC method was used due to its sensitivity to small concentrations of 

sample extracts in determining bactericidal effects. 
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Figure 1.1:   Picture of a microtitre plate used during the determination of minimum 

inhibitory concentration of Staphylococcus aureus. Picture of microtiter 

plate taken after 2 hours of incubation  

 

 

1.8 Dissertation Organisation 

This dissertation has been developed in ‘publishable papers format’ comprising of three 

chapters. The first chapter consists of the extended abstract, introduction as well as the 

overall subject studies presenting description of the commonality of the concepts across 

the different papers presented in this dissertation.  

 

Chapter two and three have a paper each following the arrangement of the outlined 

specific objectives; ‘In vitro antibacterial activity of plant extracts of Sterculia africana, 

Acacia sieberiana and Cassia abbreviata ssp. abbreviata, plants ingested by primates for 

self- medication in Mikumi National Park, Tanzania (Paper 1).’ Chapter three has Paper 2 

titled, ‘Chemical profile of extracts from selected plants used for self-medication by non- 

human primates in Mikumi National Park, Tanzania.’ Chapter four consists of general 

results and discussion, conclusion, recommendations and references. 
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Abstract 

That animals in general and non- human primates in particular self-medicate has been 

widely reported, however little is still known about the pharmacological activity of the 

plants present in their diet. This study was undertaken in order to evaluate the In vitro 

antibacterial activity of the stem and root bark as well as leaf extracts of Sterculia 

Africana, Acacia sieberiana and Cassia abbreviata ssp. abbreviata. These plants were 

observed to be fed on by yellow baboons (Papio cynocephalus) in Mikumi National Park, 

Tanzania. Plant extracts were tested against both Gram positive and Gram negative 

bacteria of medical and veterinary importance employing a modified agar well diffusion 

method and Minimum Inhibitory Concentration (MIC) technique. Acacia sieberiana and 

Cassia abbreviata ssp. abbreviata showed the lowest MIC values of 0.31mg/ml for both 

Pseudomonas aeruginosa (ATCC 27853) and Klebsiella pneumoniae (ATCC 13883) 

strains. The lowest MIC value for Gram positive strains was 0.63mg/ml demonstrated by 

Cassia abbreviata ssp. abbreviata against Staphylococcus aureus (ATCC 25923). The 

highest susceptibility to the ethanol plant extracts was exhibited by Pseudomonas 

aeruginosa, Escherichia coli and Staphylococcus aureus some of which are examples of 

microbes that affect both humans and non- human primates. These findings demonstrate 

that the plant extracts from Sterculia Africana, Acacia sieberiana and Cassia abbreviata 

ssp. abbreviata have antibacterial activity. Interesting to note is that the lowest crude plant 

extract MIC of 0.31mg/ml was only 31-fold weaker than that Gentamicin, a standard drug.      

 

Key words: Papio cynocephalus, zoopharmacognosy, sterculiaceae, Caesalpiniaceae, 

mimosaceae 
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2.0 Introduction 

There is a growing body of evidence to support the theory that animals self-medicate by 

ingesting plants of both nutritional and medicinal value (Huffman, 1997, 2001; Wolfe et 

al., 1998; Carrai et al., 2003; Su et al., 2013). A Tanzanian medicine man, Babu Kalunde 

centuries ago was able to treat a dysentery-like illness by observing a porcupine with 

similar symptoms ingest the roots of mulengelele, a plant previously believed to be toxic 

(Huffman, 2001). Some of the evidence for self-medication by African great apes includes 

the infrequent intake of plant species which are not a regular part of the diet, restriction of 

plant use to seasons or other periods associated with high risk of parasitic infection 

(Huffman et al., 1990, 1997; Wrangham, 1995), illness or parasite infection of the 

individual at the time of ingestion of a putative medicinal plant (Huffman and Seifu, 1989; 

Huffman et al., 1997; Wrangham, 1995), and a subsequent positive change in this 

condition following ingestion (Huffman et al., 1993, 1996b). Furthermore, it has been 

suggested that compounds found in the ordinary diet of animals may have important 

positive effects on health and may prevent risks of infection and illness (Huffman, 1997; 

Huffman et al., 1998). Chemical investigations of the self-medication hypothesis have 

found that the bitter pith of Vernonia amygdalina has chemical compounds that apparently 

are responsible for the control of nematode infections (Glander, 1994). Diospyros 

abyssinica, Uvariopsis congensis, Albizia grandibracteata, and Trichilia rubescens are 

only a few of the plants present in the non-primate diet that have been tested for biological 

activity (Cousins and Huffman., 2002; Rodrigues et al., 2016). 

 

Among the plants observed to be fed on by yellow baboons (Papio cynocephalus) are; 

Acacia sieberiana (Mimosaceae family), Sterculia Africana (Sterculiaceae family) and 

Cassia abbreviate ssp. abbreviata (Caesalpiniaceae family) which are the focus of this 

study.  A number of studies have been done on Cassia abbreviata oliv, a close relative of 



21 

 

Cassia abbreviata ssp. abbreviata however it is important to note that Cassia abbreviata 

ssp abbreviata is endemic to Morogoro region from where this sample was taken (Maroyi, 

2011; Mwila and Shiv, 2015).  In Bukoba and Morogoro, Tanzania the root bark of Cassia 

abbreviata ssp. abbreviata are used in the treatment of oral and vaginal candidiasis 

particularly in HIV/AIDS patients (Hamza et al., 2006; Runyoro et al., 2006).  

 

Sterculia africana is valued in the study area for traditional worship and is one of the 

plants associated with ancestral sacrifices in Tanzania (Luoga et al., 2000).  Sterculia 

africana   root is used to treat Asthma in communities around Lake Victoria region in 

Tanzania (Otieno et al., 2011) and also possesses strong antifungal activity (Hamza et al, 

2006). The Maale and Ari communities in Ethopia utilize Sterculia africana to treat 

vomiting and food poisoning as well as to treat fever in the Blue Nile state, Sudan (Gibreel 

et al., 2013; Kidane et al., 2014). Literature search revealed that Sterculia africana is one 

of the sources of non- traditional seed oils in Botswana (Mitei et al., 2008) and is widely 

used in African traditional medicine. In Somalia a decoction of the crushed fresh roots is 

drunk as an anthelmintic. In Tanzania a root decoction is taken against back pain, hernia 

and dizziness, a root infusion is drunk as an aphrodisiac, and leaf decoctions are drunk 

against fungal infections and convulsions (Mainen et al., 2007). In parts East Africa the 

roots, bark and leaves are boiled and the vapour inhaled for the treatment of influenza and 

fever. In Namibia a root or bark decoction is drunk by women for the treatment of 

postnatal and stomach pains, a leaf infusion is drunk against cough and chest complaints, 

and a fruit decoction is drunk to relieve pain during pregnancy and after giving birth. In 

Malawi the irritant hairs along the splitting point of the fruits are recorded to be burnt and 

the ash used as an ointment for the treatment of eye infections, especially in babies 

(PROTA4U, 2016). 
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On the other hand, Acacia sieberiana has been utilized traditionally for treatment of skin 

eruptions, rheumatic pains, and in treatment of syphilis, gastritis, cough, fever, ringworm, 

leprosy, epilepsy, dysentery, mouth ulcers, as vermicide and contraceptive (Obidah et al., 

2009). Communities in South Africa and Ethiopia traditionally utilise Acacia sieberiana 

for the treatment of various ailment including inflammation, tiredness, joint pains, 

bilharzia, fever, enemas (Doka and Yagi, 2009; Elgorashi et al., 2003). The stem and root 

back extract both rich in tannins are used in treating schistosomiasis, fever, stomach ache, 

jaundice, cough, sexual impotence, erectile dysfunction, haemorrhoids, syphilis, uterine 

problems and to improve lactation after child birth (Christiana et al., 2012). Studies done 

on Acacia sieberiana reveal that it is effective against Bacillus subtilis, Staphylococcus 

epidermidis, Escherichia coli, Staphylococcus aureus, Klebsiella pneumoniae and 

Mycobacterium avium. Preliminary phytochemical screening showed presence of 

saponins, tannins, cardiac glycosides, flavonoids and anthraquinones (Burkill, 1995; 

Mahdi et al., 2013) the crushed pods are used in the treatment of hypertension in the Blue 

Nile state in Sudan (Gibreel et al., 2013).  

 

This study was undertaken to establish the phytochemical profile as well as study the 

antibacterial activity of Cassia abbreviata ssp. abbreviata, Acacia sieberiana, Sterculia 

africana against Gram positive and Gram negative bacteria of medical and veterinary 

concern.  

 

2.1 Materials and Methods 

Plant collection and processing 

Sterculia africana, Cassia abbreviata ssp. abbreviata and Acacia sieberiana were chosen 

solely on the basis that they were observed to be eaten by yellow baboons in Mikumi 

National Park, Tanzania shown in Figure 2.1 below. On three separate occasions while 
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observing yellow baboons, only one or two as opposed to the whole group, would feed on 

the leaves or stem bark of these plants then join up with the rest. A video of this 

phenomenon was recorded on one of these visits. In this study, the roots of the mentioned 

plants were tested as well even though they were not observed to be eaten along with the 

leaves of Cassia abbreviata ssp. abbreviata. These samples were collected in the month of 

September during a dry spell when Sterculia africana had shed its leaves and so these 

were not studied. 

 

Plant materials were collected from areas around Sokoine University of Agriculture main 

campus and areas around Mikumi National Park in Morogoro region, Tanzania.  
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Figure 2.1: A map of Tanzania showing the location of Mikumi National Park and 

Morogoro region 

 

The samples were collected during morning hours and authenticated with the help of a 

Botanist from the University of Dar es Salaam and were assigned voucher specimen 

numbers FMM 3704, 3705 and 3706 for Acacia sieberiana, Sterculia africana and Cassia 

abbreviata ssp. abbreviata respectively. From Sterculia Africana, the root bark and stem 

bark were collected while Cassia abbreviata ssp. abbreviata and Acacia sieberiana 

samples constituted of the stem bark, root bark and leaves. The 8 samples were cleaned, 

the stem bark and root bark were cut into smaller pieces to allow for better drying in air.                     

The samples were then pulverised to a particle size of 1mm. 
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2.2 Extraction of Samples 

In the Chemistry laboratory at Mazimbu Campus, one sample was handled at a time in 

order to avoid cross contamination. Using a Yanhe Analytical Electronic Balance, the dry 

samples were each weighed into a separate clean, marked plastic containers of known 

weight and the sample weight recorded. The menstruum used was ethanol (Sigma- 

Aldrich) Analytical grade, which was added till all the sample was fully soaked and 

macerated for 3 days with constant shaking. The samples were then strained and filtered 

using 110mm whatman filter paper and excess menstruum evaporated using a rotary 

evaporator then finally transferred to dry in an oven (Shel Lab) till constant weight. The 

marc was re-soaked in fresh ethanol for 3 days and treated as the previous samples then 

dried before being added to their corresponding samples. The crude plant extracts were 

then coded as shown in Table 2.1 and stored at room temperature before use for 

subsequent analysis. 

 

Table 2.1: Codes of the extracts used during this study 

Name of plant Code of plant Plant part (p p) Code of  pp 

Acacia sieberiana  

A 

Leaves A.L 

Stem bark A.S 

Root bark A.R 

    

Cassia abbreviata 

ssp. abbreviata 

B Leaves B.L 

Stem bark B.S 

Root bark B.R 

    

Sterculia africana C Stem bark C.S 

Root bark   C. R 

 

2.3 Antibacterial Screening 

Test microorganisms 

Agar well diffusion method was used for preliminary analysis to screen for samples with 

antibacterial activity and thereafter MIC was used for analysis. 
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Bacterial strains used in this study are standardized by the American Type Cell Collection 

(ATCC/Manassas, VA/USA) and constituted of Gram negative and Gram positive 

bacteria. The Gram negative bacteria tested were; Salmonella paratyphi (ATCC 9150), 

Klebsiella pneumoniae (ATCC 13883), Shigella sonnei (ATCC 25931), Enterobacter 

cloacae (ATCC 23355), Pseudomonas aeruginosa (ATCC 27853), Escherichia coli 

(ATCC 25922). Gram positive bacteria tested were; Enterococcus feacalis (ATCC 51299) 

and Staphylococcus aureus (ATCC 25923). Bacterial culture cells were maintained at 

37°C on Muller-Hinton (MH) agar on slants until required. All microbial species used 

were supplied by the Department of Microbiology, Muhimbili University of Health and 

Allied Sciences, Dar es salaam, Tanzania. 

 

2.4 Minimum Inhibitory Concentration (MIC) 

The Minimum Inhibitory Concentration (MIC) is the lowest concentration of extract that 

inhibits growth of test microorganisms. A modified method by Mabiki et al. (2013) was 

employed in determining the MIC of the different sample extracts. Sterile 100 µl of Muller 

Hinton broth was measured into each well of a 96- well microtiter plate (Mabiki et al., 

2013). 100 µl of 10mg/ml of extract prepared in Dimethyl sulfoxide (DMSO) was added 

to row 1 and mixed using a micropipette. This was followed by serial dilution to row 8 

with the additional 100 µl there in discarded. One column was used for sterility control (no 

culture was added), another column was used as a negative control (100 µl of DMSO 

without extract) and another column used as the positive control with Gentamicin 

(0.01mg/ml) making a total of 12 rows. A 0.5 McFarland standard suspension of test 

bacteria was made in nutrient broth from which 100 µl of the final inoculums containing 

approximately 1× 10
8 

cfu/ml was added to each well except the sterility control to make a 

final volume of 200 µl.  The experiments were performed in duplicate. The microtiter 

plates were sealed in a plastic film and then incubated at 37°C in a humidified incubator 
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for 18 hrs. After incubation, 40 µl of 0.2 mg/ml Iodonitrotetrazolium (INT) was added to 

each well and the microtiter plates incubated for another 2 hours before removal for 

observation. The development of a purple colour resulting from the formation of the 

red/purple formazan was an indication of growth (positive indicator of cell viability). 

Decrease in the intensity of the red/purple formazan colour was indicative of inhibition of 

growth of test microorganisms. 

 

2.5 Results  

The MIC results tabulated in Table 2.2 below showed that the crude plant extracts were 

active against all the test microorganisms. The lowest MIC value was 5mg/ml as 

compared against 0.01mg/ml the standard drug, Gentamicin. The negative control showed 

development of a purple colour resulting from formation of the purple formazan which is a 

positive indicator of cell viability as shown in Figure 1.1, row 9 whereas the sterility 

control showed no colour change as shown in Figure 1.1, row10,  an indication of absence 

of test microorganisms. Minimum Inhibitory Concentration ranged from 0.31mg/ml to 

5mg/ml with 0.31mg/ml, the lowest value denoting the greatest antibacterial efficacy from 

A.R, A.S, B.R and B.L plant parts. Gram-negative bacteria in the ethanol extracts had 

higher MIC values as opposed to the Gram positive bacteria. A.R, A.S and B.L 

demonstrated the lowest MIC values of 0.31mg/ml for both Pseudomonas aeruginosa and 

Klebsiella pneumoniae strains.  The lowest MIC value for Gram positive strains was 

0.63mg/ ml demonstrated by B.R and B.L against Staphylococcus aureus.  Overall, plants 

A and B showed lower MIC values as opposed to plant C. The experiments were 

performed in duplicate and the average value tabulated in Table 2.2 below.  

The duplicate results performed had no significant difference making statistical data 

analysis inapplicable. 
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Table 2.2: Minimum Inhibitory concentration (mg/ml) of plant extracts. 

Test organism Code of plant part 

C.R  C.S A.R A.S A.L B.R B.S B.L 

E.coli  

(ATCC 25922) 

2.50 2.50 2.50 1.25 0.63 1.25 1.25 0.63 

S. paratyphi (ATCC 9150) 1.25 1.25 0.31 0.31 0.63 0.63 1.25 0.63 

K. pneumoniae 

(ATCC 13883) 

 

1.25 

 

2.50 

 

5.00 

 

1.25 

 

5.00 

 

2.50 

 

2.50 

 

5.00 

S. sonnei  

(ATCC 25931) 

 

5.00 

 

5.00 

 

5.00 

 

5.00 

 

0.63 

 

2.50 

 

2.50 

 

1.25 

E. cloacae (ATCC 23355) 5.00 1.25 2.50 2.50 2.50 2.50 2.50 1.25 

P. aeruginosa (ATCC 

27853) 

 

1.25 

 

1.25 

 

0.31 

 

0.31 

 

0.63 

 

0.63 

 

1.25 

 

0.63 

S. aureus (ATCC 25923) 1.25 1.25 1.25 1.25 1.25 0.63 1.25 0.63 

E. faecalis (ATCC 51299) 1.25 2.50 5.00 1.25 5.00 2.50 2.50 5.00 

 

2.6 Discussion 

Cassia abbreviata ssp. abbreviata, Acacia sieberiana and Sterculia africana extracts 

possess antibacterial activity against the test strains as shown from the results of the in 

vitro experiment in Table 2.2. Cassia abbreviata ssp. abbreviata and Acacia sieberiana 

exhibited better activity against the test microorganisms as compared to Sterculia africana 

with Cassia abbreviata ssp. abbreviata showing the lowest MIC value (0.31mg/ml) of the 

three plants. The positive control was a standard drug, Gentamicin (0.01mg/ ml), an 

aminoglycoside targeting the bacterial ribosome. Interestingly, the lowest crude plant 

extract MIC of 0.31mg/ml was only 31-fold weaker than Gentamicin. The crude plant 

extracts performed better than the negative control to a concentration of 0.313mg/ml of 

extract. Other studies reported on Cassia abbreviata ssp. abbreviata and Acacia 

sieberiana concur with these findings (Christiana et al., 2012; Maroyi, 2011; Mwila and 

Shiv, 2015). A viable challenge in interpreting self-medication is differentiating between 
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plants ingested for their nutritional value but are laden with medicinal benefits and plants 

ingested solely for their medicinal benefits. This challenge exists in traditional human 

societies where medicine and food are of the same origin. For instance traditional spices 

and condiments of daily Asian cuisine, such as marine algae, ginger root, turmeric and 

herbs also play an important role in suppressing viral and parasite infections (Ramesh et 

al., 2013, Huffman, 1997). Results show that different concentrations of the plant extracts 

were required to inhibit the growth of different microbes due to the difference in potency 

of the plant extracts attributed to phytochemicals present, environment of growth or 

extraction method used. The variation in the susceptibility of microorganisms could also 

be attributed to their intrinsic properties that are related to the permeability of their cell surface 

to the plants extracts. Their pharmacological effect could therefore be experienced with 

repeated ingestion or work in synergy.    

  

This study provides evidence that the yellow baboon forage on similar plants also used in 

ethno medicine as seen from previous literature reviewed (Maroyi, 2011; Gibreel et al., 

2013; Kidane et al., 2014; Mwila and Shiv, 2015). 27.5% of microbes that affect non- 

human primates affect humans as well, Staphylococcus aureus, Salmonella and 

Escherichia coli being only a few examples of such microbes, a factor attributed to our 

phylogenetic closeness (Glander, 1994; Wolfe et al., 1998; Pedersen et al., 2005; Su et al., 

2013;). It should therefore not come as a surprise that human and non-human primates 

perhaps select similar plants when challenged with similar illnesses. It is known that non- 

human primates feed on a great variety of plant species, however it is prudent to take note 

of the ones that are fed on infrequently and or by isolated cases in an uncommon manner 

as was the case with the yellow baboons in Mikumi National Park. It may not be possible 

to pharmacologically analyse or carry out phytochemical screening for each one, however, 

special attention should be accorded to plants fed on by non- human primates exhibiting 
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potential illness symptoms or in uncommon feeding behaviour as mentioned by Krief et 

al. (2006) such as but not limited to; a lack of appetite, intestinal disorder and coughing.  

 

2.7 Conclusion 

The results of the in vitro experiment in Table 2.2 demonstrate that ethanol extracts from 

the different plant parts of Cassia abbreviata ssp. abbreviata, Acacia sieberiana and 

Sterculia africana exhibit antibacterial activity against the test microbes. Some of these 

microorganisms are of medical and veterinary importance because they affect both 

humans and non-human primates. Additionally, these findings contribute to the foraging 

theory that suggests that the diet of non- human primates contains plants that are fed on for 

self-medication. Their diet could therefore act as a sieve through which plants fed on in 

uncommon manner by the non- human primates are tested. A combination of long term 

dietary data, pharmacological studies and analysis of plant chemistry may lead to 

discovery of new therapeutic leads. In addition to that, conservation of the plants fed on is 

vital for primate conservation because of the pharmacological benefits obtained from these 

medicinal trees. These findings therefore propose zoopharmacognosy as an alternative 

field in search for new therapeutic leads and drug discovery and further suggest that non-

human primates feed on the non-nutritive parts of these plants for their pharmacological 

benefits. 
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Abstract 

 

This study was undertaken to evaluate the chemical profile of Sterculia africana, Cassia 

abbreviata ssp. abbreviata and Acacia sieberiana plants present in the non – human 

primate diet using HPLC and TLC analytical techniques. Polar and non-polar solvents 

where employed in running both HPLC and TLC methods. The ethanolic crude plant 

extracts demonstrated presence of saturated and unsaturated compounds when viewed 

under natural light and UV light at 254nm and 365nm. Colour reactions with Vanillin 

reagent revealed likelihood of the presence of terpernoids and saponins group of 

compounds. HPLC method confirmed presence of highly polar, polar and medium polar 

compounds in the crude plant extracts as earlier observed when running TLC. The peaks 

of leaf extracts from Acacia sieberiana and Cassia abbreviata ssp. abbreviata, showed 

great similarity in time of elution, an observation attributed to the fact that Acacia 

sieberiana (Fabaceae) and Cassia abbreviata ssp. abbreviata (caesalpiniaceae) belong to 

one large family of leguminosae. 

 

Key words: Sterculia africana, Cassia abbreviata ssp. abbreviata, Acacia sieberiana 
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3.0 Introduction 

In the 1990s, the term zoopharmacognosy was coined to describe self-medication by 

animals in general and by non- human primates in particular. Studies on the white and red 

Colobus monkeys, baboons, chimpanzees and lowland gorillas among others have 

provided evidence of self-medication in animals particularly in non-human primates 

(Huffman, 1997, 2001).  

 

The chemical profile of three plants; Acacia sieberiana (mimosaceae family), Cassia 

abbreviata ssp. abbreviata (caesalpiniaceae family) and Sterculia africana (Sterculiaceae 

family) observed to be consumed by yellow baboons in Mikumi National Park, Morogoro 

region in Tanzania was evaluated. In Botswana, the seeds of Sterculia africana have been 

tested for fatty acid (FA) and 95 triacylglycerol (TAG) profiles. GC–MS and 1H-NMR 

analyses showed the FA profiles for S. africana containing significant amounts of cyclic 

FAs of approximately 19.9% (Mitei et al., 2008). On the other hand, preliminary 

phytochemical screening of Acacia sieberiana have shown presence of saponins, tannins, 

cardiac glycosides, flavonoids and anthraquinones (Burkill, 1995; Anisa, 2010; Mahdi et 

al., 2013). HPLC analysis of the leaves of this plant showed the presence of two flavonols 

and a flavone (Anisa, 2010). The seeds of Acacia sieberiana were reported to contain 4% 

concentration of fixed oils with a composition of 44% oleic acids and 31% palmitic acids.  

The bark was also reported to contain about 3.8% of condensed tannins, 4.9% and 5.1% 

catechin (Shittu et al., 2010; Mahdi et al., 2013).   

 

A number of studies have been done on Cassia abbreviata oliv, a close relative of Cassia 

abbreviata Oliv. however it is important to note that Cassia abbreviata ssp. abbreviata is 

endemic to Morogoro region from where this sample was taken. A variety of non-

nutritional plant secondary compounds and nutrient-poor bark is found in the primate diet, 
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yet little is known about the chemical composition of the plants found in the non-human 

primate diet (Cousins and Huffman., 2002; Rodrigues et al., 2016). An understanding of 

the analysis of plant chemistry, underlying wildlife behaviour combined with long term 

dietary data may lead to new chemotherapeutic drugs (Wolfe et al., 1998). This study was 

undertaken in order to evaluate the phytochemical profile of these three plants consumed 

by non- human primates in Mikumi National Park, Tanzania to contribute to the 

knowledge on the chemistry of plants consumed in the non- human primate diet leading to 

possible isolation of pure compounds. 

 

3.1 Materials and Methods 

3.1.1 Plant collection and processing  

Sterculia africana, Cassia abbreviata ssp. abbreviata and Acacia sieberiana were chosen 

solely on the basis that they were observed to be eaten by non- human primates in 

uncharacteristic feeding behaviour, in Mikumi National Park, Tanzania. 

 

The fresh plants were collected from areas around Mikumi National Park and Sokoine 

University of Agriculture main campus found in Morogoro region, Tanzania the location 

of which is shown on a map in Figure 2.1. 

In an effort to minimise possible errors brought by variations in time of collection as well 

as location, samples were obtained from the same location and at the same time. The 

samples were collected and authenticated with the help of a Botanist from the University 

of Dar es salaam and were assigned voucher specimen numbers FMM 3704, 3705 and 

3706 for Acacia sieberiana, Sterculia africana and Cassia abbreviata respectively. From 

Sterculia Africana, the root bark and stem bark were collected while Cassia abbreviata 

ssp. abbreviata and Acacia sieberiana constituted of the stem bark, root bark and leaves.               

The 8 samples were cleaned, the stem bark and root bark were cut into smaller pieces to 
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allow for better drying in air. The samples were then pulverised to a particle size of 1mm 

in readiness for use. 

 

3.2 Extraction of Crude Samples  

3.2.1 Total extraction technique by maceration 

In the laboratory, one sample was handled at a time in order to avoid cross contamination. 

The dry samples were each weighed into a separate clean, marked container and the initial 

weight recorded. Total extraction was done by use of maceration technique using ethanol 

as the menstruum which was added till the entire sample was fully soaked. Samples were 

soaked in ethanol for 72 hrs with occasional shaking, the combination of ethanol and 

sample was strained, filtered and dried using a rotary evaporator to obtain 8 crude extracts. 

The marc was re-soaked for another 72 hours in ethanol in order to optimize extraction 

and treated as the previous samples and dried before adding them to their corresponding 

samples. Extracting the plant material in 96% Ethanol enabled us to get a wide range of 

compounds with different polarity as well as preserve it from microbiological decay. The 

crude plant extracts were then coded as shown in Table 3.1 and stored at room temperature 

before Phytochemistry screening was carried out. 

 

Table 3.1: Codes of the extracts used during this study 

Name of plant Code of plant Plant part  (p p) Code of  pp 

Acacia sieberiana A Leaves A.L 

Stem bark A.S 

Root bark A.R 

    

Cassia abbreviata 

ssp. abbreviata 

B Leaves B.L 

Stem bark B.S 

Root bark B.R 

    

Sterculia Africana C Stem bark C.S 

Root bark C. R 
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3.2.2 Thin layer chromatography  

TLC plates used as the stationary phase were analytical TLC conducted on a TLC silica 

gel 60F254 pre coated alumina sheets (Merck). Each of the eight plant extracts were spotted 

on TLC plates and developed under different polar solvent systems. A sheet of paper was 

used to saturate the atmosphere inside the chamber with the solvent phase in order to get 

better separation with the plant extracts. Visualization of developed TLC plates was 

achieved using UV (254 and 365 nm) and vanillin-sulphuric acid spray. Spray reaction 

with Vanillin reagent gives blue, red, purple, pink colours that denote presence of 

triterpenoids, saponins, alcohols and sterols (Wagner et al., 1984). 

 

3.2.3 High performance Liquid chromatography 

Ten milligrams of dry ethanolic extract was dissolved in 10ml of HPLC grade methanol/ 

acetonitrile and then filtered with a 0.2 µm microfilter. The filtrate was then analysed 

using an HPLC (Shimadzu, 20AD) fitted with an auto sampler and an SPA UV detector at 

254 nm using a reversed-phase supelco C-18 column (150 x 4.60 mm and particle size of 5 

µm) with the column temperature set at 40°C. The sample injection volume was set at 1µL 

and flow rate of 1mL/min. The mobile phase constituted of 2 solvents; Solvent B: 

Methanol and Solvent C: Acetonitrile. A low gradient elution system of changing solvents 

was used: 0–15 min, 5% B; 15–20 min, 95% B; 20-25 min, 5% B (Mabiki et al., 2013).  

 

3.3 Results and Discussion 

Solvents of varying polarities were used to prepare the mobile phase used. The table below 

presents a summary from one of the experiments using 30% methanol/ ethyl acetate. 

Results from colour reactions using vanillin reagent followed by observation at 254nm, 

365nm are presented in Table 3.2 below. 
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Table 3.2: Phytochemical profile of crude plant extracts run using 30% 

methanol/ethyl acetate 

Plant part Number of compounds Colour reaction with 

vanillin reagent 

Inference from colour 

reaction 

 At 254 nm At 365 

nm 

    

A.L 1 4 Green  Triterpenoids  

A.S 4 

 

 

1 Pink, blue/purple  Saponins, 

Triterpenoids 

 

A.R 5 3 Pink, blue/ purple  Saponins, 

Triterpenoids 

 

B.L 4 2 Green    

B.S 4 1 Pink  Saponins  

B.R 3 1 Pink, blue/ purple  Saponins, 

Triterpenoids 

 

C.S 3 1 Pink, blue/ purple  Saponins, 

Triterpenoids 

 

C.R 4 1 Pink, blue/ purple  Saponins, 

Triterpenoids 

 

 

 

From the results obtained in Table 3.2, the number of compounds observed on the TLC 

paper for plant part A.S at 254nm is 4 and 1 observed at 365nm.  4 compounds were 

observed for plant part B.L at 254nm and 2 compounds observed at 365nm. On spraying 

with Vanillin reagent, pink and blue/purple compounds were observed for plant part A.S 

inferring presence of Triterpenoids and saponins.  When Plant part B.L was sprayed with 

vanillin reagent, green compounds were observed inferring presence of triterpenoid 

compounds. (Wagner et., 1984) 
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Figure 3.1: A chromatogram showing eluted peaks of crude extract B.L 

 

 

 

 

Figure 3.2: A chromatogram showing eluted peaks of crude extract A.S  
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From the HPLC results obtained in Figure 3.1 of extract B.L has eluted peaks at 1.5 

minutes and at 4 minutes, other peaks were eluted at 8, 9, 10 and 11 minutes. Figure 3.2 of 

crude plant extract A.S eluted peaks at 1.0, 2.0, 2.5, 3.0, 3.5, 4 and 5 minutes.  

 

Since a reverse phase column and a low pressure gradient system were employed in this 

separation, Figure 3.1 of the chromatogram from B.L shows that peaks were all eluted in 

the first 15 minutes with a mobile phase composition of 5% methanol and 95% 

Acetonitrile.  Figure 3.2 of chromatogram A.S shows peaks eluted before 5 minutes and 

others between 8 and 11 minutes with the running time set at 25 minutes since there were 

no peaks eluted after 18 minutes. Crude extract B.L consists of both highly polar and 

medium polar compounds. A.S on the other hand has mainly highly polar compounds with 

all its peaks eluted in the first 5 minutes. The leaves, root and stem barks of these three 

plants namely; B.R, A.L, A.R, C.S, C.R contain polar and medium polar compounds as 

evidenced from the eluted peaks. The chromatograms obtained of A.L and B.L extracts 

show that peaks obtained have a great similarity in time of elution, which had been 

observed earlier while carrying out TLC. This could be attributed to the fact that Acacia 

sieberiana (Fabaceae) and Cassia abbreviata ssp. abbreviata (caesalpiniaceae) belong to 

one large family of leguminosae.  

 

HPLC and TLC results were comparable.  A total of 6 compounds were observed for Plant 

part B. L under UV light at 254nm and 365nm and also about 7 peaks are shown on the 

HPLC chromatograms of the same compound. The HPLC method confirmed presence of 

highly polar, polar and medium polar compounds present in the crude plant extracts as 

earlier observed when running TLC. 

 

The TLC technique revealed presence saponins which are the starting points for the semi-

synthesis of steroidal drugs, these metabolites are highly sought after by the 
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pharmaceutical industry. There is a growing interest in natural triterpenoids due to their 

wide spectrum of biological activities. Presence of these compounds in the plant extracts 

may be responsible for medicinal activity. Triterpenoids are studied for their anti-

inflammatory, hepatoprotective, analgesic, antimicrobial, antimycotic, virostatic, 

immunomodulatory and tonic effects. They are used in the prevention and treatment of 

hepatitis, parasitic and protozoal infections and above all, for their cytostatic effects 

 

3.4 Conclusion 

Observations from running TLC method confirmed presence of both saturated and 

unsaturated compounds as viewed under natural light, UV light at 254 nm and 365 nm 

respectively.  

 

Observations from TLC results show presence of triterpene group of compounds which 

include sterols and triterpenes, which can accumulate as glycosides (saponins). Saponins 

are glycosylated (aglycone = sapogenin) secondary metabolites found in a variety of plant 

species. Their surface-active properties are what distinguish these compounds from other 

glycosides (Papadopoulou et al., 1999).  

 

Further chemical analysis could yield pure compounds that may possess therapeutic 

benefits.  
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CHAPTER FOUR 

 

4.0 GENERAL RESULTS, DISCUSSION AND CONCLUSION 

4.1 General Results and Discussion 

For the antibacterial study, MIC results tabulated in Table 2.2 showed that the crude plant 

extracts were active against all the test microorganisms. The lowest MIC value was 

5mg/ml as compared against 0.01mg/ml the standard drug, Gentamicin. The negative 

control showed development of a purple colour resulting from formation of the purple 

formazan which is a positive indicator of cell viability as shown in Figure 1.1, row 9 

whereas the sterility control showed no colour change as shown in Figure 1.1, row10, an 

indication of absence of test microorganisms. Minimum Inhibitory Concentration ranged 

from 0.31mg/ml to 5mg/ml with 0.31mg/ml, the lowest value denoting the greatest 

antibacterial efficacy from A.R, A.S, B.R and B.L plant parts. Gram-negative bacteria in 

the ethanol extracts had higher MIC values as opposed to the Gram positive bacteria. A.R, 

A.S and B.L demonstrated the lowest MIC values of 0.31mg/ml for both Pseudomonas 

aeruginosa and Klebsiella pneumoniae strains.  The lowest MIC value for Gram positive 

strains was 0.63mg/ ml demonstrated by B.R and B.L against Staphylococcus aureus.  

Overall, plants A and B showed lower MIC values as opposed to plant C. Cassia 

abbreviata ssp. abbreviata, Acacia sieberiana and Sterculia africana extracts possess 

antibacterial activity against the test strains as shown from the results of the in vitro 

experiment in Table 2.2. Cassia abbreviata ssp. abbreviata and Acacia sieberiana 

exhibited better activity against the test microorganisms as compared to Sterculia africana 

with Cassia abbreviata ssp. abbreviata showing the lowest MIC value (0.31mg/ml) of the 

three plants. The positive control was a standard drug, Gentamicin (0.01mg/ ml), an 

aminoglycoside targeting the bacterial ribosome. Interestingly, the lowest crude plant 

extract MIC of 0.31mg/ml was only 31-fold weaker than Gentamicin. The crude plant 
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extracts performed better than the negative control to a concentration of 0.313mg/ml of 

extract. Other studies reported on Cassia abbreviata ssp. abbreviata and Acacia 

sieberiana concur with these findings (Christiana et al., 2012; Maroyi, 2011; Mwila and 

Shiv, 2015). A viable challenge in interpreting self-medication is differentiating between 

plants ingested for their nutritional value but are laden with medicinal benefits and plants 

ingested solely for their medicinal benefits. This challenge exists in traditional human 

societies where medicine and food are of the same origin. For instance traditional spices 

and condiments of daily Asian cuisine, such as marine algae, ginger root, turmeric and 

herbs also play an important role in suppressing viral and parasite infections (Ramesh et 

al., 2013, Huffman, 1997). Results show that different concentrations of the plant extracts 

were required to inhibit the growth of different microbes due to the difference in potency 

of the plant extracts attributed to phytochemicals present, environment of growth or 

extraction method used. The variation in the susceptibility of microorganisms could also 

be attributed to their intrinsic properties that are related to the permeability of their cell surface 

to the plants extracts. Their pharmacological effect could therefore be experienced with 

repeated ingestion or work in synergy.    

 

This study provides evidence that the yellow baboon forage on similar plants also used in 

ethno medicine as seen from previous literature reviewed (Maroyi, 2011; Gibreel et al., 

2013; Kidane et al., 2014; Mwila and Shiv, 2015). 27.5% of microbes that affect non- 

human primates affect humans as well, Staphylococcus aureus, Salmonella and 

Escherichia coli being only a few examples of such microbes, a factor attributed to our 

phylogenetic closeness (Glander, 1994; Wolfe et al., 1998; Pedersen et al., 2005; Su et al., 

2013;). It should therefore not come as a surprise that human and non-human primates 

perhaps select similar plants when challenged with similar illnesses. It is known that non- 

human primates feed on a great variety of plant species, however it is prudent to take note 
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of the ones that are fed on infrequently and or by isolated cases in an uncommon manner 

as was the case with the yellow baboons in Mikumi National Park. It may not be possible 

to pharmacologically analyse or carry out phytochemical screening for each one, however, 

special attention should be accorded to plants fed on by non- human primates exhibiting 

potential illness symptoms or in uncommon feeding behaviour as mentioned by Krief et 

al. (2006) such as but not limited to; a lack of appetite, intestinal disorder and coughing.  

 

The chemical profile of Cassia abbreviata ssp. abbreviata, Acacia sieberiana and 

Sterculia africana is drawn from results obtained in Table 3.2, the number of compounds 

observed on the TLC paper for plant part A.S at 254nm is 4 and 1 observed at 365nm.  4 

compounds were observed for plant part B.L at 254nm and 2 compounds observed at 

365nm. On spraying with Vanillin reagent, pink and blue/purple compounds were 

observed for plant part A.S inferring presence of Triterpenoids and saponins.  When Plant 

part B.L was sprayed with vanillin reagent, green compounds were observed inferring 

presence of triterpenoid compounds (Wagner et al., 1984). 

  

From the HPLC results obtained in Figure 3.1 of extract B.L has eluted peaks at 1.5 

minutes and at 4 minutes, other peaks were eluted at 8, 9, 10 and 11 minutes. Figure 3.2 of 

crude plant extract A.S eluted peaks at 1.0, 2.0, 2.5, 3.0, 3.5, 4 and 5 minutes.  

 

Since a reverse phase column and a low pressure gradient system were employed in this 

separation, Figure 3.1 of the chromatogram from B.L shows that peaks were all eluted in 

the first 15 minutes with a mobile phase composition of 5% methanol and 95% 

Acetonitrile.  Figure 3.2 of chromatogram A.S shows peaks eluted before 5 minutes and 

others between 8 and 11 minutes with the running time set at 25 minutes since there were 

no peaks eluted after 18 minutes. Crude extract B.L consists of both highly polar and 
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medium polar compounds. A.S on the other hand has mainly highly polar compounds with 

all its peaks eluted in the first 5 minutes. The leaves, root and stem barks of these three 

plants namely; B.R, A.L, A.R, C.S, C.R contain polar and medium polar compounds as 

evidenced from the eluted peaks. The chromatograms obtained of A.L and B.L extracts 

show that peaks obtained have a great similarity in time of elution, which had been 

observed earlier while carrying out TLC. This could be attributed to the fact that Acacia 

sieberiana (Fabaceae) and Cassia abbreviata ssp. abbreviata (caesalpiniaceae) belong to 

one large family of leguminosae.  

 

HPLC and TLC results were comparable.  A total of 6 compounds were observed for Plant 

part B. L under UV light at 254nm and 365nm and also about 7 peaks are shown on the 

HPLC chromatograms of the same compound. The HPLC method confirmed presence of 

highly polar, polar and medium polar compounds present in the crude plant extracts as 

earlier observed when running TLC. 

 

The TLC technique revealed presence saponins which are the starting points for the semi-

synthesis of steroidal drugs, these metabolites are highly sought after by the 

pharmaceutical industry. There is a growing interest in natural triterpenoids due to their 

wide spectrum of biological activities. Presence of these compounds in the plant extracts 

may be responsible for medicinal activity. Triterpenoids are studied for their anti-

inflammatory, hepatoprotective, analgesic, antimicrobial, antimycotic, virostatic, 

immunomodulatory and tonic effects. They are used in the prevention and treatment of 

hepatitis, parasitic and protozoal infections and above all, for their cytostatic effects 
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4.2 Conclusion  

This study shows that the diet of non- human primates contains plants with antibacterial 

activity that may be used for self-medication and their diet could therefore act as a sieve 

through which plants fed on in uncommon manner are tested for antimicrobial activity. 

Observations from TLC results show presence of triterpene group of compounds which 

include sterols and triterpenes, which can accumulate as glycosides (saponins). Saponins 

are glycosylated (aglycone = sapogenin) secondary metabolites found in a variety of plant 

species. Their surface-active properties are what distinguish these compounds from other 

glycosides (Papadopoulou et al., 1999).  

 

These findings therefore propose zoopharmacognosy as an alternative field in search for 

new therapeutic leads and drug discovery and suggest that non-human primates feed on 

the non-nutritive parts of these plants for their pharmacological benefits.  

They also provide more information on the spectra of microbes susceptible to plant 

extracts from the non- human primate diet.  

Additionally, these findings contribute to the existing non –human primate foraging theory 

and cognizance about the mechanisms of food selection. 

 

4.3 Recommendations  

The existing knowledge gaps observed in self-medication in non-human primates could be 

reduced through long term collection of dietary data, pharmacological studies and analysis 

of plant chemistry.  

 

Plants fed on by non- human primates should be conserved because they are not only vital 

to non-human primate preservation but to humans as well because of their 

pharmacological benefits.  
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Column chromatography and further separation should be done for purposes of structural 

identification to avail supplementary knowledge on the group of compounds found in 

these plants and act as a baseline for separation of pure compounds or formulation of 

standardised mixtures. 
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