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ABSTRACT 

In recent years, accumulating studies on traditional edible plants species have shown potential 

Pharmaceutical and health benefits including antioxidant, anticancer, anti-aging, anti-

atherosclerosis, antimicrobial and anti-inflammatory activities. There are limited studies on 

traditional edible plant species of Botswana. In this study, seven edible wild fruits (Vangueria 

infausta, Ximenia americana, Ximenia caffara, Grewia flava, Gweria cana Grewia bicolor and 

Mimusops zeyheri) were extracted with ethanol, distilled water and methanol and the pulp extract 

were investigated for their phytochemical properties, antioxidant and antimicrobial potential. 

Ximenia spp. showed the presence of phenols, saponins, terpenoids and tannins, while Grewia 

spp., Mimusops zeyheri and Vangueria infausta showed the presence of phenols, saponins and 

terpenoids as screening by qualitative method. Methanolic extract of Ximenia. Caffra showed 

significantly higher total flavanoid content (TFC) and total phenolic content (TPC) with 38.25 

±1.00 quercetin acid equivalent (QAE)/10 mg Dry Weight (DW) and 233.78 ±21.07 gallic acid 

equivalent (GAE)/10 mg Dry Weight respectivelly whereas lowest was recorded in V. infausta 

with 2.08 ±0.29 QAE/10 mg DW and G. flava with and 4.25 ±0.83 GAE/10 mg DW 

respectively. Higher 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2, 2'-Azino-Bis-3-

Ethylbenzothiazoline-6-Sulfonic Acid (ABTS) activity was observed in methanolic extract of X. 

caffra (91.44 ±44 QAE/10 mg DW and 67.16 ±0.95 AAE/10 mg DW respectively) whereas the 

lowest was recorded in ethanolic extract of G. flava and distilled water extract of G. bicolor 

(13.40 ±0.86 QAE/10 mg DW and 2.78 ±0.50 AAE/10mg DW respectively). For antimicrobial 

activity, X. americana, X. caffra and M. zeyheri extracts displayed antibacterial action against 

Staphylococcus aureus and Escherichia coli when tested using the well diffusion method and 

mimimum inhibitory concentration respectively whereas no antifungal activity was recorded for 

the three methanolic extracts. Pearson correlations showed strong positive correlation for DPPH 

versus TFC, TPC and ABTS versus TFC, TPC, whereas TPC/TFC versus minimum 

concentration inhibition and zone of inhibition were strongly posititve and negative resepctively. 

The findings show the potential use of these fruit pulps for the development of functional 

ingredients with medicinal benefits.  

 



1 

 

CHAPTER ONE INTRODUCTION 

1.1 Background 

Reactive oxygen species (ROS) are generated from cellular oxygen metabolism as well as 

exogenous sources such as tobacco smoke, pollutants, ultraviolet radiation, and ionization 

radiation (Adom et al., 2005; Hancock et al., 2001). Free radicals tend to exhibit considerable 

reactivity when there are unpaired electrons present and if not adequately regulated, they can 

cause damage to cell membranes, cellular proteins, lipids, and Deoxyribonucleic acid (DNA) 

(Young and Woodside., 2001; Halliwell., 1996). Oxidative stress occurs when cells are subjected 

to excessive levels of these unstable ROS. Several studies have described the relationship 

between increased cellular ROS and the pathogenesis of chronic diseases including cancer, 

inflammation, cardiovascular diseases, and age-related macular degeneration (Leavy., 2014; 

Nogueira and Hay., 2013; Sugamura and Keaney., 2011). The process of oxidation in cells is 

regulated by antioxidants, which delay or prevent cellular oxidation. Antioxidant protection is 

normally achieved through a balance between pro-oxidants and endogenous and/or dietary 

antioxidants (Sobha and Andallu., 2013; Hancock et al., 2001). Pathogenesis is most prominent 

when there is antioxidant depletion, an inadequate supply of dietary antioxidants, and/or faulty 

antioxidants in cells, which compromise the body’s ability to regulate cellular oxidation. Some 

of the dietary nutrients with significant antioxidant potential are phytochemicals from fruits, 

vegetables, and cereal grains (Krinsky and Johnson., 2005; Tapiero et al., 2004). The 

suppression of cell proliferation by phytochemicals found in wild fruits has been linked to a 

lower risk of cancer, cardiovascular disease, inflammation, cataracts, and macular degeneration. 

(Sobha and Andallu., 2013; Adom et al., 2005). Wild fruits are wild plants and are often exotic, 

underutilized, or less known. Many wild fruits are safe to consume, and some have been 

developed as medicine (Motlhanka et al., 2008). Due to different genotypes and environmental 

concerns, wild fruits contain rich phytochemicals such as polyphenols, anthocyanin and 

flavonoids that are known for their antioxidant and antimicrobial activities, hence their role in 

the management and prevention of diseases associated with oxidative stress (Atawodi et al., 

2009; Kyung et al., 2007; Lin et al., 2005). In recent years, studies on wild edible fruits species 

have been increasing in the world, however, in Botswana there are limited studies on 

antioxidants and antimicrobials of edible wild fruits species. Therefore, this study is aimed at 
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screening selected edible fruits of Botswana for their antioxidant and antimicrobial potential. In 

addition to providing empirical data on Botswana's wild fruits and their health benefits, the study 

will contribute to the existing body of knowledge. 

1.2 Problem Statement 

In the past, Botswana, like most African countries, relied heavily on edible wild fruit species to 

treat diseases and illnesses. In the 21st century, people increasingly turn to technology and 

biotechnology for medicines, with the majority relying on pharmacies and hospitals to obtain 

their medications. Moreover, there has been inadequate scientific research done on edible wild 

fruits in terms of isolating and characterizing their bioactive compounds. As public concerns 

grow about the safety of artificial dietary supplements, it becomes imperative to examine organic 

alternatives to synthetic antioxidants, such as plant-derived antioxidants and antimicrobials.  

The goal of this project was to screen edible wild fruits for their antioxidant and antimicrobial 

potential, a prospective nutraceutical that has a significant tie to Botswana. The findings will 

help researchers better understand how indigenous fruits can be used in the management of 

oxidative stress-related chronic illnesses; this endorses the development and commercialization 

of indigenous plants as nutraceuticals, which will have a significant influence on Botswana's 

Agriculture and Economy sectors. 

1.3 Rationale 

The increasing body of evidence suggests that edible wild fruits can help to protect against 

oxidative stress. The protective role of wild edible fruits is associated with high levels of 

phytochemicals and antioxidants. Despite agricultural advancement and people heavy reliance on 

crop plants, the habit of consuming wild fruits has not entirely disappeared. In fact, numerous 

studies have documented its nutritional and health benefits. In Botswana, wild edible plant 

species play a distinctive, biologically diverse, and extensive role. A close relationship exists 

between the phytochemical composition, antimicrobial activity of edible wild fruits and their 

efficacy in treating oxidative stress-related diseases. It also aimed to reduce dependency on 

synthetic antioxidants by demonstrating that edible wild fruits have antioxidant potential as well 

as their importance in diets. Edible wild fruits were selected based on their ability to scavenge 

free radicals in our bodies based on traditional uses, beliefs, and literature review.  

 



3 

 

1.4 Hypotheses  

Edible wild fruits of Botswana are a good source of secondary metabolites and can act as 

antioxidant and antimicrobial agents in managing oxidative stress.  

1.5 Objectives of the study 

1.5.1 General objective  

To screen seven edible wild fruits from the Tswapong region for their antioxidant and 

antimicrobial potential. 

1.5.2 Specific objectives: 

o To extract crude secondary metabolites from the pulp of the seven edible fruits 

o To qualitatively determine phytochemicals of the pulp extracts 

o To quantify total phenolic content and total flavonoid content of the pulp extracts 

o To examine biochemical antioxidant activities of the pulp extracts using DPPH 

and ABTS assays 

o To examine antimicrobial activity of the pulp extracts 
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CHAPTER TWO LITERATURE REVIEW 

 

2.1 Edible Wild fruits of Botswana  

In Botswana, hundreds of native fruit tree species exist, many of which are important locally 

despite being obscure globally. These trees are used primarily for food and medicine, but also for 

fuel, craft, or monetary items, and many wild fruits harvested from the wild in Botswana, include 

Sclerocarya birrea, Ziziphus mucronata, Vanguera infausta, Mimosopus zeyheri, Adenosoni 

adigitata, Ximenia spp. and Grewia spp. that can support nutritional needs within rural 

communities. It is estimated that low crop yield occurs every 3 years on average in Botswana, 

emphasizing how vital edible wild fruits are for the survival of Batswana people. Projects for 

domesticating these fruits could have a profound impact on local people's livelihoods and 

nutrition (Badimo et al., 2015; Motlhanka et al., 2008; Amarteifio and Mosase., 2006; 

Mojeremane and Tshwenyane., 2004; Rossiter et al., 1997). 

However, despite the worsening global food situation, it is worth highlighting that indigenous 

people in African countries like Botswana live off wild fruit (Badimo et al., 2015; Marumo et al., 

2009).  

2.1.1 Vangueria infausta  

Vangueria infausta subsp. infausta (VI) known as wild medlar or African medlar in English and 

mmilo in Setswana is a fruit whose plant parts are prized for their medicinal effects in numerous 

cultures, and it’s mostly found in Madagascar, Tanzania, Kenya, Botswana, and Southern and 

Central Mozambique. (Maroyi., 2018; Chiau et al., 2013). It is a shrub to small plant that grows 

primarily on rocky slopes in Botswana. The fruit has a substantial vitamin C content and is 

usually consumed when ripe and the root extracts, leaves, fruits, seeds, and barks are mostly used 

to treat malaria, pneumonia, parasitic worms, and chest pains (Setshogo and Fenter., 2003). 

Phytochemicals that have been identified from this plant include alkaloids, anthraquinones, 

coumarins, glycosides, polyphenols, saponins, secoiridoids, steroids, tannins, and terpenoids 

(Maroyi., 2018; Ketlhoilwe and Jeremiah., 2016; Mbukwa et al., 2007). Researchers have 

examined V. infausta leaves methanol extract for its antioxidant activity and it was concluded 

that the extracts exhibited hepatoprotective and pancreatic protective properties (Sanad., 2020). 
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2.1.2 Ximenia americana L and Ximenia caffara Sond  

Ximenia americana and Ximenia caffara also known as sour plum in English or Moretlologa wa 

pudi and moretlologa wa kgomo respectively in Setswana from the family Olacaceae. These are 

two distinct tree species native to Botswana as well as other regions of Africa. The size 

difference distinguishes them from each other. The roots, fruits, barks, and leaves are used to 

treat diseases like malaria, intestinal worms, stomach aches, bilharzia, fever, leprosy, chest pains, 

headaches, coughs, an antidote to poison, infertility, and inflamed joints. The species blooms in 

November. The oil collected from the seeds has been scientifically proven to have an anti-

proliferative effect on human cells (Caco-2) and human embryonic kidney (HEK-293) (Neelo et 

al., 2015; Majinda and Motswaledi., 1998). A report by (Mølgaard et al., 2001) highlighted that 

some countries, including Ethiopia, Kenya, Malawi, Mozambique, Namibia, Somalia, Tanzania, 

South Africa, and Zimbabwe, commonly use X. caffra to treat parasites like tapeworms, 

ectoparasites, and schistosomes. 

2.1.3 Grewia Genus 

Grewia genus is a large angiosperm family with around 400 flowering plant species, trees, and 

shrubs found across the sub-tropical and coastal areas. As outlined in other publications, it was 

noted that Grewia avellana Heirn (Marago-a-bahumagadi in Setswana and Velvet bushwillow in 

English), Grewia schinzii K.Schum (Mokgomphate in Setswana and Rough leaved in English), 

Grewia bicolor (mogwana in Setswana and bastard brandy bush in English), Grewia flava 

(moretlwa/moseme in Setswana and velvet raisin in English) and Grewia asiatica L (phalsa in 

English), as distinct species based on the form of the leaf shape, arrangement of tertiary veins 

and quantity of flower stalks (Lamola et al., 2017; Badimo et al., 2015; Bartsch., 2000). Local 

people harvest different parts of these plants for medicinal purposes. Commercially accessible 

goods manufactured from these plants can be found in health food stores and businesses that sell 

organic products from the wild. These plant's fruits and barks are often used to cure a variety of 

ailments which include skin illness, hypertension, ulcers, and diarrhea, as well as for food 

security (Lamola., 2015; Lamola et al., 2017; Ullah et al., 2012). Phytochemicals that have been 

identified during qualitative phytochemical screening include alkaloids, flavonoids, saponins, 

tannins, anthraquinones, and reducing sugars (Gololo et al., 2016; Lamola et al., 2017). A 

chemical analysis of G. asiatica's acetone extract from Gwalior India revealed that its antifungal 

and antioxidant properties are strong as indicated by (Goswami et al., 2018). 
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2.1.4 Mimusops zeyheri  

Known as mompudu in Setswana and red milkwood in English, it is a midsized tree that grows 

up to 15 m tall. It has thick leathery leaves that are glossy dark green on top and lighter green on 

the bottom (Daniel and Shimane., 2011). It is a plant that may be found in most of Southern 

Africa and Tanzania. The pulp from the fruit may be made into a dry pulp known as "sesema." It 

is also fermented in some regions to make native fruit liquor. Conventional healers mostly utilize 

the plant's roots and leaves for treating wounds, candidiasis, gonorrhea, inflammation, bleeding 

gums, tuberculosis, and ulcers (Omotayo et al., 2020; Semenya et al., 2012). 

2.2 Antioxidants 

Antioxidants are described as any chemicals that significantly protect the body against the toxic 

effects of free radicals (Fig. 1) (Antolovich et al., 2002). The presence of antioxidant 

compounds, particularly those with a phenolic structure, is believed to play a very imperative 

role in preventing oxidative stress in the body (Pisoschi et al., 2021). Different antioxidants act at 

different levels: they may prevent the initiation of chain reactions by removing free radicals 

(preventative antioxidants), they may scavenge free radicals generated in chain reactions, thereby 

interrupting the chain sequence (chain breaking) and they may remove peroxides, thereby 

preventing the further generation of ROS. They further help to prevent detrimental effects 

brought about by oxidants which can either be enzymatic or non-enzymatic driven (Birben et al., 

2012; Cao et al., 2004). 

2.2.1 Edible Wild fruits-antioxidant (in vitro and in vivo antioxidant potential) 

Numerous experiments, particularly on animals and cell lines, have been conducted to assess the 

antioxidants activity of edible wild fruits. A study carried out by (Masisi et al., 2021) 

demonstrated that ethanol Grewia flava extracts displayed cytoprotective qualities against H2O2 

induced HeLa cells. The MTT test was used to assess the cytotoxic effects of water and acetone 

extracts of Grewia flava leaves on Vero monkey kidney cell lines. It was concluded that the 

extracts of Grewia flava were less harmful to Vero cells as compared to the positive control 

doxorubicin. The edible wild fruit Grewia flava proved to be non-toxic, and the chemicals in the 

fruits are effective against intestinal infections (Lamola., 2015). It is noteworthy that (Mongalo et 

al., 2017) also observed that the 15 acetone extracts of selected medicinal plants under 

investigation were shown to have significant antimicrobial action against the chosen microbes 
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and were less toxic to Vero kidney monkey cells. According to in vitro and animal investigations 

on nutraceutical properties of Vangueria infausta subsp. infausta (VI) carried out by (Maroyi., 

2018), it was established that the fruits have antibacterial, anti-inflammatory, and antioxidant 

properties. In accordance with (Taneva et al., 2016), rosehip (Rosa canina L.) fruit extracts were 

analyzed, and their antioxidant activity and polyphenol content were assessed in vitro. The 

findings indicated that the examined extracts might be used as a natural source of antioxidant 

chemicals that have therapeutic effects.  

The impact of polyphenol-rich extract (PrB) from Vaccinium angustifolium (wild blueberries) 

was evaluated on adult mice (3-4 months old) whose brains were induced with oxidative stress. 

The brain supernatant was evaluated for its antioxidant potential using the FRAP test as well as 

amounts of ascorbic acid, malondialdehyde, and reduced glutathione present. It was concluded 

that PrB treatment reduced MDA levels in the brain while increasing ascorbate levels. 

(Papandreou et al., 2009).  

The antioxidant activities of selected 7 wild edible fruits were investigated in vitro in this study 

using different methods which included DPPH, ABTS, TPC, TFC, and cell-based assay. 

  

 

 

 

  

 

 

 

 

Figure 1: Relationship Between Oxidative Stress, Antioxidants and ROS 
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2.2.2 Evaluation of antioxidant Capacity 

Antioxidant capacity is the overall ability of organisms or food to catch free radicals and prevent 

their harmful effects. Antioxidant activity is measured using three different types of assays: 

chemical/biochemical assay: (2.2-diphenyl-1-picrylhydrazyl (DPPH), 2,2′-azinobis-(3-

ethylbenzothiazoline6-sulfonic acid) (ABTS•+), Ferric reducing antioxidant power (FRAP), 

Hydrogen peroxide scavenging activity (Halvorsen et al., 2002), animal model assay and cell-

based assay (Leong and Shui., 2002). Animal models and human experiments provide the most 

accurate results; nevertheless, these are costly and require a lengthy time to perform and are not 

appropriate for the first antioxidant assessment of food extracts and supplements. The chemical 

assay is the most frequently used method because of its low cost and its simplicity (Moon and 

Shibamoto., 2009; Wolfe and Liu., 2007). Nevertheless, the results are dubious when it comes to 

estimating antioxidant capacity in vivo due to the use of non-physiological pH and temperature in 

the chemical experiment and the fact that the antioxidant compound's absorption and metabolism 

are excluded (Frankel and Meyer., 2000). 

2.2.3 Chemical/biochemical based antioxidant activity assays 

Several techniques have been developed for determining the antioxidant content of foods and 

chemicals. These assays use a variety of methods for measuring antioxidant activity, including 

single electron transfer (ET), metal chelating, reducing power, and hydrogen atom transfer 

(HAT). Each approach has its own set of benefits and disadvantages, therefore it's critical to 

assess antioxidant activity using a variety of methods for measuring antioxidant activity 

(Magalhães et al., 2008; Pérez-Jiménez et al., 2008 Aruoma., 2003). On a general basis, the tests 

mainly focus on assessing the ability to scavenge particular biological reactive oxygen species 

(ROS) or nitrogen-oxygen species (NOS) from stable non-biological radicals, as well as an 

assessment of overall reduction capacities and this, include 2.2-diphenyl-1-picrylhydrazyl 

(DPPH), 2,2′-azinobis-(3-ethylbenzothiazoline6-sulfonic acid) (ABTS•+), Ferric reducing 

antioxidant power (FRAP), Hydrogen peroxide scavenging activity (Burawat et al., 2016; 

Shahidi and Zhong., 2015; She et al., 2010; Koleva et al,. 2001). 

2.2.4 Mechanism actions of phenolic acids as antioxidants  

Phenolics and polyphenolics are presented by a very large group of natural products which 

include quinones, flavones, tannins, and flavonoids. Phytochemicals like phenolic acids have a 
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diverse range of powerful antioxidative effects and are prevalent in many widely consumed 

plant-based foods (Mattila and Kumpulainen., 2002). They are secondary metabolites present in 

almost all fungi and plants produced via shikimic acid and they are divided into two major 

groups namely: hydroxybenzoic acids and hydroxycinnamic acids (Khanam et al., 2012). The 

configuration of phenolic compounds, particularly the benzene ring, the amount, and location of 

OH groups (Fig. 2), determines their capacity or effectiveness to act as antioxidants.  

A phenolic compound's antioxidant action might be mediated by either a hydrogen atom transfer 

(HAT) action or single-electron transfer (SET) via proton transfer (Fig. 3) (Balasundram et al., 

2006) and electron transfer in a series of proton losses (Lee et al., 2020). The hydrogen atom 

from the phenolic antioxidant by HAT mechanism can be added to the free radicals thus making 

them be more stable (Zeb., 2020). The efficacy of a powerful antioxidant by single-electron 

transfer mechanism is determined by transferring one electron to decrease the oxidative rate on a 

molecule containing carbon, radicals, and oxygen. A phenolic compound donates an electron to a 

free radical and forms an anion, which then transfers an electron to create a stable molecule via 

the sequential proton loss electron transfer (SPLET) process (Ojha et al., 2018). 
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Figure 2: An overview of phenolic acids' chemical structure. This figure was adopted from (Al 

Harthi et al., 2015) 

 

 

Figure 3: Mechanism actions of phenolic acids as antioxidants. This figure was adopted from 

(Tadapaneni., 2010) 

2.2.5 Mechanism actions of flavonoids as antioxidants  

Flavonoids are polyphenolic secondary metabolites widely dispersed throughout the plant 

kingdom and originate in substantial levels in commonly consumed fruits, vegetables, wines, 

grains, and beverages (Panche et al., 2016; Manach and Donovan., 2004). The flavonoid family 

is divided into several sub-groupings; the six main classes are flavonols, flavones, flavan-3-ols, 

isoflavones, flavanones, and anthocyanidins (Fig. 4) (Kurutas., 2015). Flavonoid antioxidant 

activity is determined by their chemical structure, which is based on the phenol hydroxyl, and the 

ability to stabilize the resultant phenoxyl radicals by hydrogen bonding or prolonged hydrogen 

delocalization (Fig. 5). The antioxidant activity of functional hydroxyl groups in antioxidants is 

mediated by their capacity to bind metal ions and scavenge free radicals. Metal chelation might 

be critical in preventing the formation of radicals that could harm target biomolecules. (Chen et 

al., 2014).  
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Apart from their significant antioxidant activity, flavonoids can activate a variety of antioxidants 

and defensive genes through nuclear transcription factors and blocking biochemical pathways of 

inflammatory agents (Salaritabar et al., 2017). Several flavonoids, including pigenin, luteolin, 

quercetin, genistein, and kaempferol, have been shown to inhibit the growth and production of 

vascular endothelial growth factor (VEGF) in ovarian cancer cells in vitro and to improve the 

defense mechanism against breast cancer and lung cancer, particularly in smokers. (Romagnolo 

and Selmin., 2012; Skowyra., 2014). 



12 

 

 

Figure 4: Chemical structures of main classes of flavonoids. This figure was adapted (Nebo et 

al., 2014) 
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Figure 5: Mechanism actions of flavonoids as antioxidants. This figure was adapted from (Katz 

et al., 2011) 

2.2.6 Health benefits of antioxidants in humans 

Phytochemicals present in fruits are thought to contribute to the health benefits of fruit, offering 

protection against disease and enhancing longevity. It has been shown, for instance, that high 

polyphenol intake reduces mortality rate in humans (Joseph et al., 2016; Ivey et al., 2015; 

Tresserra-Rimbau et al., 2014). In addition, flavonoids intake is also linked to a lower risk of 

cardiovascular disease and dementia (Commenges et al., 2000; Hertog et al., 1993). 

Toxicological concerns about synthetic antioxidants have led to increasing popularity of natural 

antioxidants such as phenols and flavonoids. (Shahidi and Ambigaipalan., 2015). Eating fruits 

and vegetables may also reduce the dependency syndrome associated with refined foods. 
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2.3 Oxidative stress 

Oxidative stress refers to a condition that occurs when free radicals are present in excess in the 

body, causing oxidative stress on lipids, membranes, proteins, and DNA. It can be measured as 

an increase in GSH/GSSG (glutathione/glutathione disulfide) in the plasma (Farías et al., 2017; 

Jones., 2006). Oxidants and free radicals (mainly formed in the mitochondria) have sparked a 

huge interest in the field of biological science because of their fundamental role seen in 

physiological conditions as well as their inference on numerous wide ranges of diseases 

(Lushchak., 2014). Oxidative stress has been associated with diseases like diabetes, tumor (Al-

Abrash et al., 2000), Alzheimer’s disease (Smith et al., 2000), autism (James et al., 2006), lung 

and kidney malfunctions, Parkinson’s disease, cardiovascular diseases (Rahman et al., 2012) 

various cancers (colorectal, prostate, breast, lung, bladder cancers) (Phaniendra et al., 2015) 

(Fig. 6).  

 

  

Figure 6: Diseases Associated with Oxidative 

 

2.3.1 Reactive oxygen species and Reactive Nitrogen species 

Free radicals from nitrogen and oxygen are quite volatile, and reactive (Poljšak and Dahmane., 

2012). The main assumption that they damage chemical pathways indiscriminately and, thereby, 
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causing cell death. However, it has now been fully established that ROS may also function as 

signaling molecules for both physiological and pathologic conditions (Finkel., 1998). These 

benefits include activating transcription factors of a nucleus, gene expression, signal 

transduction, and preventing unfavorable aftermath of tumor cells. Furthermore, superoxide 

radicals (O2-) responsible for cell development can also attack pathogens stimulating the 

response of biological inflammatory signals. The signaling molecule Nitric Oxide (NO.) 

responsible for organ and cellular function is essential for vasodilation and can help enhance the 

response of the immune system (El-Bahr., 2013; Fang et al., 2002) 

Free radicals can cause oxidative stress, a harmful process that can harm all cellular components 

when present in high doses making cells become free radicals themselves resulting in clinical 

symptoms (Phaniendra et al., 2015; Fang et al., 2002). They can either be endogenous or 

exogenous (Birben et al., 2012).  Additionally, endogenous oxidation can either be free radicals 

where a single electron is accepted/donated from other molecules and can exist on their own or 

non-radicals whereby they are produced from accepting two electrons and their interaction with 

transition metal can convert them to radical products (Abaturov et al., 2014). Though non-radical 

species are not free radicals, they play a significant role in the production of free radicals in 

living organisms (Phaniendra et al., 2015).  

Exogenous ROS/RNS are mainly formed due to external environmental factors such as smoking, 

alcohol consumption, unhealthy diet, physical exercises, and drugs which in turn are metabolized 

into free radicals inside the body (Liguori et al., 2018). The regular redox mechanism is greatly 

altered by free radicals that are generated from organic and non-organic molecules that have an 

unequal number of electrons thus making them extremely reactive and detrimental to vital 

biological molecules such as proteins, lipids, and nucleic acids required for the synthesis of 

Deoxyribonucleic acid (DNA). Consequently, this increases the level of oxidative stress in an 

organism and limits other systems of antioxidant enzyme activity such as catalase (CAT) and 

glutathione peroxide (GPx) (Phaniendra et al., 2015; Sen et al., 2010). 

2.3.2 Oxidative stress on cellular component 

When cells are exposed to high levels of oxidative stress, they activate numerous biochemical 

events in a cell. These cellular events may include DNA damage, apoptosis, and increased 

proliferation finally leading to the death of most or all the cells. Moreover, the production of 
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hydroxyl radicals (HO•) or oxido‐iron (IV) radicals induces the susceptibility of lysosomes to 

oxidative stress, and when in high concentrations this may lead to the rupture of lysosomes 

releasing harmful contents to the cytosol causing cellular damage and consequently apoptosis 

and necrosis (Kurz et al., 2006). The DNA oxidative modifications are primarily generated by 

free radicals which are associated with risks of proliferation of cancer cells, disruption of normal 

synthesis of DNA, and inactivation of significant proteins needed for antioxidant activity 

(Kryston et al., 2011; Risom, et al., 2005). 

2.4 Antioxidant analyses of edible wild fruits       

2.4.1 In vitro analysis of wild edible fruits 

Compounds and complex samples can be assessed for their antioxidant properties using various 

techniques. Most employed two chemical parameters that are used to evaluate the antioxidant 

potential of different wild edible fruits include electron transfer (ET) and hydrogen atom transfer 

(HAT). In the HAT method, researchers can test whether an antioxidant compound can scavenge 

ROS (e.g., peroxyl radicals) by hydrogen donation. ORAC and TRAP assays are examples of 

HAT tests. Numerous research has been reported on the suppressive ability of different berries 

against cytochrome P450 (CYP isozymes). Raspberry inhibited CYP1A2, CYP2D6, and 

CYP3A4 in vitro to a little extent (Langhammer and Nilsen., 2014). Cranberry suppressed the 

activity of CYP2C9 and intestinal CYP3A4/5 in vitro but had no impact in vivo. (Ngo et al., 

2009; Ngo et al., 2010).  

A study by (Babu et al., 2013) revealed that at doses of 2, 4, 6, 8, and 10 mg/mL, the triphala 

extract was able to inhibit the DPPH free radicals by 16.46, 29.27, 52.10, 70.24, and 84.35% 

respectively by means of hydrogen donating activity. Based on a study by (Uchôa et al., 2016), it 

was verified that methanolic extract of Ximenia Americana L. stem bark at a concentration of 

100 g/mL indicated a very high DPPH radical scavenging activity surpassing percent inhibition 

of 90 %. 

2.4.2 (2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay) 

The DPPH technique is the most used test for determining plant extracts' ability to scavenge free 

radicals. The DPPH assay is a free stable radicle that measures the activity of antioxidants. The 

DPPH reacts with a hydrogen donor which is an antioxidant or reducing compound. It is formed 
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upon absorption of hydrogen from an antioxidant and the reduced molecular forms DPPH by 

indicating color changes from purple (strong absorption) to pale yellow depending on the 

number of electrons accepted. Therefore, the antioxidant concentration effect can easily be 

evaluated by following the decrease of ultraviolet absorption at 517 nm. Trolox is mostly used as 

a standard antioxidant (Kasote et al., 2019; Skowyra., 2014). Since the radical molecules are 

stable and don't have to be produced in another experiment, the assay done with a methanol 

DPPH solution is regarded as reliable, simple, and precise for evaluating the antioxidants' radical 

scavenging ability (Kedare and Singh., 2011). 

2.4.3 ABTS radical scavenging assay 

The ABTS assay measures ABTS•+ radical cation induced by metmyoglobin and hydrogen 

peroxide. This assay measures radical scavenging activity by electron donation and when 

combined with an antioxidant assay, it provides a comprehensive analysis of a test sample’s 

antioxidant activity. Ferryl myoglobin is formed from myoglobin and hydrogen peroxide. The 

ferryl myoglobin radical can oxidize ABTS to generate radical cation ABTS•+ that is green in 

color and can be measured by absorbance. Antioxidants suppress this reaction by electron radical 

scavenging activity and inhibiting the formation of colored ABTS radicals. The concentration of 

antioxidants in a sample is inversely proportional to ABTS•+ radical formation and absorbance 

(Rajurkar and Hande., 2011; Zheleva-Dimitrova et al., 2010). 

In a study by (Adebiyi et al., 2017), the results revealed that Grewia carpinifolia stem extracts 

were shown to have a 100% scavenging activity of the ABTS•+ radical, which is comparable to 

the standard at the maximum concentration of 1 mg/mL. This demonstrates that Grewia 

carpinifolia extract has a strong capacity to neutralize the ABTS radicals. 

2.4.5 Hydrogen Peroxide Scavenging Activity 

Although hydrogen peroxide does not react with most physiologically essential compounds, it is 

an intracellular precursor of hydroxyl radicals, which are hugely harmful to cells (Goud et al., 

2008). Thus, the antioxidant capacity of the extracts can be measured by their ability to scavenge 

hydrogen peroxide. Research led by (Sivasankari et al., 2013) showed all the Ehretia laevis roxb 

had the ability to scavenge hydrogen peroxide. The methanol extract had the best hydrogen 

peroxide scavenging efficacy of the four Ehretia laevis roxb extracts investigated (IC50: 

14.860.28 g/mL). The scavenging activity of Triphala recorded an IC50 of 16.63 ± 2.01 μg/m as 
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documented by (Babu et al., 2013). This might be due to the existence of phenolic groups, which 

can transfer electrons to hydrogen peroxide, neutralizing it and converting it to water (Bhaskar 

and Balakrishnan., 2009; Umamaheswari and Chatterjee., 2008). 

2.5 Antimicrobial activity assay (Agar well diffusion method and Minimum Inhibitory 

Concentration) 

Antibiotic resistance has increasingly become a problem in recent years due to the increase in 

infections and its prevalence. As a result of multidrug resistance and its consequences, this has 

made the use of natural alternative remedies more popular. Higher plants may yield 

antimicrobials with new mechanisms of action from natural products (Kavitha and Padma., 2011; 

Machado et al., 2003; Austin et al., 1999). While the mechanisms of antimicrobial activity of 

polyphenolic compounds have not yet been fully elucidated, some studies have found that this 

activity is associated with alterations in intracellular functions caused by the hydrogen bonding 

between phenolics and enzymes in cells. Microbes lose their intracellular constituents due to 

these mechanisms, thus causing cell wall integrity to be compromised hence inhibiting microbial 

growth instantly (Bouarab-Chibane et al., 2019). For In vitro antimicrobial activity, an extract 

can be assessed using a variety of laboratory methods. Among the most popular and fundamental 

methods are disk-diffusion and broth/agar dilution. (Balouiri et al., 2016). Antimicrobial agents 

are classified by their MIC as low concentrations that impede the noticeable growth of microbes 

after overnight incubation (Merkl et al., 2010). A report by (Ogbonna et al., 2003) stated that X. 

Americana has effective antibacterial effects against Proteus vulgaris, Bacillus subtilis, E. coli, 

and Salmonella typhi.  
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CHAPTER THREE MATERIALS AND METHODS 

3.1 Samples 

Edible wild fruits including Vangueria infausta subsp.Infausta (VI), Ximenia americana L, 

Ximenia caffara S, Grewia flava, Gweria cana Sond, Grewia bicolor and Mimusops zeyheri were 

handpicked from the Tswapong area in the Central District of Botswana (22°39′55″S 

27°13′12″E). The samples were hand separated to get the fleshy pulp for use throughout the 

study. 

Edible wild fruits were selected based on the following criteria: 

1. Plant species must be readily available in the research region for easy collection of samples 

for analysis. 

2. In the research area, plant species should normally be frequently utilized to treat human 

diseases. 

3. Phytochemical classes with known antioxidant activity should also be found in plant species 

belonging to families that have historically been demonstrated to possess them. 

3.2 Chemicals 

Sodium carbonate and Potassium Persulfate were purchased from Sigma-Aldrich Company (St. 

Louis, Missouri, United States), 2,2- Diphenyl-1- picrylhydrazyl (DPPH), Aluminium chloride, 

Ascorbic acid, absolute Ethanol, Methanol, Folin-Ciocalteu reagent, (2,2'-azino-bis (3-

ethylbenzothiazoline-6-sulfonic acid (ABTS), reference standards (Gallic acid, Quercetin), 

Mueller-Hinton were purchased from Rochelle Chemicals & Lab Equipment (Johannesburg, 

2180, South Africa) and distilled water. Choloroform, Mueller-Hinton agar, Mueller-Hinton 

broth, yeast extract peptone dextrose, DMSO, Sulfuric acid, and ferric chloride were purchased 

from Sigma-Aldrich (Burlington, Massachusetts, USA). Germanticin and Cycloheximide were 

purchased from Glentham Life Sciences Ltd (Corsham SN13 9SW 

United Kingdom). 

3.3 Analytical Methods 

3.3.1 Sample preparation 

The fleshy pulp from seven samples was frozen prior to freeze-drying using a Freeze Dryer 

(VirTis Benchtop 3.3 ES, Pennsylvania, United States of America). Dried samples were then 

ground into fine powder by using a coffee grinder, then a mortar and pestle were used to get an 
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even-sized particle. The fine powder was stored at -80°C before analysis in zip-lock bags to 

keep secondary metabolites from degrading. A summarized flow chart (Fig. 7) illustrates the 

quantification and qualitative analysis of bioactive active compounds extracted from edible wild 

fruits. 

3.3.2 Extraction of secondary metabolites from edible wild fruits 

The crude extracts from the samples were extracted under low light intensity to prevent 

excessive light, which could alter the quality of the bioactive compounds. Appropriately 10 mg 

of each ground sample were immersed in various 100 mL solvents in 100 mL conical flasks 

(absolute methanol, absolute ethanol, and distilled water). Absolute methanol and ethanol 

extracts were then stored in the dark (cupboard) at room temperature for 24 hours with frequent 

agitation. For distilled water extracts, they were covered with aluminum foil and then stored in a 

4°C cold room to prevent microbial contamination since water is a good medium for their 

survival, and most of the microbes don’t survive at very low temperatures. The extracts were 

then filtered through Whatman No.3 filter paper, afterward, the filtrates were re-suspended with 

their respective solvents then kept in the dark at room temperature for 24 hours then filtered 

again in a clean beaker through Whatman No.3 filter paper and this was repeated 3 times to 

ensure maximum collection of bioactive compounds. Subsequently, the solvents from the crude 

extracts were evaporated using a rotary evaporator (Sanjing chemglass Jiangsu, China) then 

placed in the fume hood (Escoglobal, Changi South Sheet 1, Singapore) for 1 hour (to limit the 

chances of microbial growth in the extracts) to remove any solvent left behind from the rotary 

evaporator, also to obtain pure and concentrated bioactive compounds. The fume hood 

(Escoglobal, Changi South Sheet 1, Singapore) vertical sash was covered with aluminum foil to 

prevent light (due to bioactive compounds being light sensitive). Dried crude extracts were then 

collected in dark vials (to prevent bioactive degradation from light) then and stored at -80°C until 

needed for analysis. The biochemical test samples were reconstituted in absolute methanol with a 

concentration of 1 mg/mL. 

3.4 Qualitative phytochemical screening of edible wild fruits 

Phytochemical screening in seven aqueous extracts were performed using standard procedures to 

identify the chemical compounds such as tannins, saponnin, terprnoids, and phenols as described 

by (Rajesh et al., 2014) with modifications.  
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3.4.1 Test for Tannins 

About 1 mL of each extract in a test tube was boiled in 20 mL of water and then filtered through 

Whatman No.3 filter paper. After adding 3 drops of 2% ferric chloride using a dropper, red or 

blue hues could be observed, indicating tannins were present. Measurements were carried out in 

triplicates for each experiment. 

3.4.2 Test for Saponnin 

In a water bath, 5 mL of the extract was boiled in 20 mL of distilled water and then filtered 

through Whatman No.3 filter paper, followed by a mixture of 10 mL of the filtrate and 5 mL of 

distilled water, which was then vigorously shaken using vortex Stuart™ Scientific SA8 vortex 

mixer, Sigma-Aldrich, (Burlington, MA, United States) for a stable persistent foam. In addition, 

3 drops of olive oil were added to the frothing and shaken vigorously, then the emulsion formed 

confirmed the presence of saponins. Measurements were carried out in triplicates for each 

experiment. 

3.4.3 Test for Terpenoids (Salkowski test) 

The terpenoids in the extract were detected by mixing 5 mL of each extract with 2 mL of 

chloroform and 3 mL of concentrated H2SO4 as an interface layer. The reddish-brown coloration 

of the interface indicated the presence of terpenoids. Measurements were carried out in triplicates 

for each experiment. 

3.4.4 Test for Phenols 

To 1 mL of the crude extract, 2 mL of distilled water was added, thereafter 0.5 mL of 60 g/L 

Sodium Carbonate and 0.5 mL of 10× fold Folin Ciocalteau's reagent (dissolved in distilled 

water) were added next. The presence of phenols was indicated by the formation of a blue or 

green color. Measurements were carried out in triplicates for each experiment. 

3.5 Quantification of main phytochemical classes 

3.5.1 Total phenolic content quantification (Folin-Ciocalteu method) 

Total phenolic content (TPC) of the extracts was determined by the Folin-Ciocalteu method (She 

et al., 2010) with minor modifications. Appropriately, 200 µL of diluted extracts were separately 

mixed with 1.5 mL of freshly made 10-fold diluted Folin-Ciocalteu reagent (dissolved in distilled 

water). After 15 minutes of incubation in a dark at room temperature, the mixture was 

neutralized with freshly prepared 1.5 mL of 60 g/L Sodium Carbonate. The absorbance of the 
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mixture was measured at 725 nm with a Thermo Scientific™ SPECTRONIC™ 200 

Spectrophotometer (Madison, United States of America) against a blank of distilled water after 

90 minutes’ reaction in the dark after observing the blue color of the samples. Gallic acid, a 

phenolic chemical (100, 300, 400, 500, 600, 800, 900, 1000 µg/mL) was used to prepare 

standard curve from a stock of concentration 1 mg/mL prepared in absolute methanol. 

Thereafter, 200 µL of adequately diluted Gallic acid was mixed with 1500 µL of freshly made 

10- fold diluted Folin-Ciocalteu reagent, after 15 minutes, Sodium Carbonate (60 g/L) was added 

to the mixture to neutralize it. The solution was then properly mixed with a vortex Stuart™ 

Scientific SA8 vortex mixer, Sigma-Aldrich, (Burlington, MA, United States) for homogeneity 

then stored at room temperature in the dark for 90 minutes before recording the absorbance at 

725 nm with a Thermo Scientific™ SPECTRONIC™ 200 Spectrophotometer (Madison, United 

States of America) against a blank of distilled water. The TPC was calculated with the formula: 

y = mx + c, where x= concentration of the sample, y= absorbance of sample, m and c were 

derived from the standard curve. The results were expressed as milligrams of Gallic Acid 

Equivalent (GAE) per milligram of Dry Weight of the sample (mg GAE/mg DW).  All 

measurements were conducted in triplicates. 

3.5.2 Total Flavonoid Content quantification 

The TFC was determined by the colorimetric technique for Aluminum chloride adapted from a 

protocol described by (Chlopicka et al., 2012) with modifications. For the preparation of 10% 

Aluminum Chloride, 10 g of Aluminum Chloride was dissolved in 100 mL of distilled water in a 

100 mL volumetric flask. For the preparation of the Quercetin acid standard curve, 3 mg of 

quercetin was mixed with 3 mL of absolute ethanol to prepare a stock solution of 1 mg/mL. The 

working dilutions were prepared over a concentration range in order to produce differently 

concentrated solutions (100, 200, 300, 400, 500, 600, 700, 800µg/mL). Separately, 3 mL of the 

diluted standard solutions were mixed with 3 mL of 10% Aluminum Chloride (1:1 ratio). The 

absorbance of the reaction mixtures was measured at 415 nm after 30 minutes of incubation 

period at room temperature against a blank of distilled water with a Thermo Scientific™ 

SPECTRONIC™ 200 Spectrophotometer (Madison, United States of America). Similarly, for 

estimation of the flavonoid content of crude extracts, the same procedure was followed. The TFC 

was calculated with the formula similar to that of TPC. The results were expressed in milligrams 
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of Quercetin Acid Equivalent (QAE) per milligram of Dry Weight of the sample (mg QAE/mg 

DW). All measurements were conducted in triplicates. 

3.6 Evaluation of antioxidant activity (DPPH and ABTS radical scavenging capacity assay) 

3.6.1 DPPH radical scavenging capacity assay 

The capacity of the samples to scavenge radicals using the stable free radical DPPH was used to 

assess the antioxidant activity of the edible wild fruits, as described by (She et al., 2010) with 

slight modifications. The DPPH stock solution of 0.3 mM prepared in absolute methanol in 100 

mL conical flasks covered with aluminum foil (due to its sensitivity to light) at room temperature 

was used to prepare 0.07 mM of DPPH radical solution in absolute methanol. Aliquots of 0.1 mL 

reconstituted crude extracts alongside control (0.1 mL absolute methanol with no crude extract) 

were treated with 3.9 mL of 0.07 mM DPPH radical solution in test tubes then incubated for 30 

minutes at room temperature in the dark. The absorbance at 524 nm was used to monitor the 

reduction in DPPH radical concentration using a Thermo Scientific™ SPECTRONIC™ 200 

Spectrophotometer (Madison, United States of America) against a blank of absolute methanol. 

Measurements of all samples were performed under dim light. The standard curve for Quercetin 

acid was prepared with concentrations range of 100, 300, 400, 500, 600, 800, 1000 µg/mL. The 

DPPH activity was calculated with an equation generated from the standard curve with the 

formula (Ab-Ba) = mx + c where x= concentration of the sample, Ab=absorbance of control, 

Ba= absorbance of sample, m and c were derived from the standard curve. The results were 

expressed as mg QAE/mg of Dry Weight sample. All measurements were conducted in 

triplicates. 

3.6.2 ABTS radical scavenging capacity assay 

The ABTS cation radical scavenging assay was based on a previous report by (Koleva et al., 

2001). To make the ABTS cation chromophore, 7 mM ABTS was mixed with 2.4 mM potassium 

persulfate (1:1) in distilled water to make stock solution. From then on, the stock solution was 

stored at room temperature for 16 hours in the dark before use. In order to obtain an absorbance 

at 734 nm of 0.7 ± 0.02, the stock solution was diluted with distilled water before the assay using 

a Thermo Scientific™ SPECTRONIC™ 200 Spectrophotometer (Madison, United States of 

America). The Ascorbic acid standard was prepared from a variety of concentrations ranging 

from 100, 200, 300, 400, 500, 600µg/mL. After mixing 100 µL of each concentration standard 
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with 3900 µL of ABTS solution and incubating for 30 minutes in the dark at room temperature, 

absorbance at 735 nm was measured against a blank of distilled water. Under the same 

parameters, the total antioxidant capacity of crude extracts was estimated relative to the 

reactivity of Ascorbic acid as a reference, and the findings were represented as mg AAE/mg 

DW. The diluted reconstituted extracts were treated in the same way. The ABTS activity was 

calculated with the formula: (Ab-Ba) = mx + c where x= concentration of the sample, 

Ab=absorbance of control, Ba= absorbance of sample, m and c were derived from the standard 

curve. All measurements were conducted in triplicates for each experiment. 

3.7 Antimicrobial activity assay (Agar well diffusion method and Minimum Inhibitory 

Concentration) 

3.7.1 Agar well diffusion method 

For the antimicrobial activity, fruit extracts with satisfactory antioxidant activity were selected 

along with the best solvent. From the preliminary experiments, methanolic extracts of Ximenia 

americana L, Ximenia caffara S and Mimusops zeyheri were selected for antimicrobial activity 

due to their significantly higher antioxidant activity, TFC, and TPC as compared to other fruits.  

An in vitro antimicrobial test using agar well diffusion was conducted on the selected methanolic 

extracts against pathogenic microbes following a procedure outlined by (Rakholiya et al., 2014). 

The microorganisms used in the test were Staphylococus areus, Escherichia coli for antibacterial 

activity whereas for antifungal activity Rhizophus oryzae and Aspergillus niger were used. 

Antibacterial and antifungal susceptibility tests were conducted using Mueller-Hinton agar 

(MHA) and yeast extract peptone dextrose (YPD) respectively. The media were prepared and 

autoclaved then poured aseptically in sterile petri dishes. To obtain a concentration of 10 mg/mL, 

the 3 methanolic extracts, there were reconstituted in 10% dimethyl sulfoxide (DMSO). A 

Mueller-Hinton broth (MHB) was used to culture bacteria and fungi for 18 hours before being 

incubated in a VWR 3500 Incubating Orbital Shaker (12620-948, VWR International, Radnor 

Township, Pennsylvania, USA) at 160 rpm at 37°C and 30°C repectively. Thereafter, microbial 

suspensions were diluted with MHB to obtain an absorbance of 0.4 at 600 nm. The microbe cells 

were then plated aseptically into the agar media using spread plate technique. A sterile pipette tip 

of 8 mm diameter was used to punch the wells on the agar after which the bottom end of the well 

was covered with a bit of the agar to avoid the extract from overspilling underneath the media. 

Afterwards, 100 µL of the extracts were introduced into the wells of the YPD and MHA after 
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which the wells were sealed with their respective agar. Gentamicin antibiotic 200 µg/mL was 

used as a positive control for bacterial samples and MHB used as a negative control. 

Cycloheximide 200 µg/mL was used a positive control for fungal samples whereas negative 

controls were the same as those used in antibacterial tests. A 24 hours’ incubation using 

(Lamworld Technologies PTY LTD Gaborone, Botswana) incubator was performed on the plates 

at 37°C and 30°C for bacteria and fungi respectively. All measurements were performed in 

triplicates, along with positive and negative controls. Antimicrobial activity was determined by 

measurement of the inhibition zones (millimetres) with a 30 cm ruler. 

3.7.2 Minimum Inhibitory Concentration (MIC) 

The MICs were only performed based on the specimens that showed a zone of inhibition of >15 

mm for the crude extracts following procedure outlined by (Rakholiya et al., 2014). To 

determine the MIC of fruit extracts, a micro broth dilution procedure was used in sterile 96 well 

surface treated tissue culture plates (VWR North American, Radnor, PA USA). In each well, 150 

µL of MHB was added followed by 20 µL of each varying concentration of fruit extracts (10, 5, 

2.5, 1.25, 0.625 mg/mL) in decreasing sequence then lastly 30 µL of microbe suspension. Each 

well reached a final capacity of 200 µL. Each test set had 2 control wells which were comprised 

of positive control (Muller-Hinton broth, microbe suspension, and Gentamicin antibiotic 200 

µg/mL) for bacteria and negative control (Muller-Hinton broth, DMSO, and microbe 

suspension). A 24 hours incubation using (Lamworld Technologies PTY LTD Gaborone 

Botswana) was performed on the plates at 37°C. Absorbance was recorded at 600 nm using a 96-

microplate reader (Themo Scientific, Multiskan FC, Shanghai, China). The MIC was calculated 

using an equation: y= mx + c where y=50%, m, and c were obtained after performing regression 

analysis and x= IC50. All experiments were done in triplicates.  
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Figure 7: A summarized flow chart illustrating the Quantification and Qualitative analysis of 

bioactive active compounds extracted from edible wild fruits 

3.8 Statistical analysis 

Results were subjected to a one-way analysis of variance (ANOVA) by GraphPad Prism 7.05 

statistical software. Values are presented as mean ±standard error of 3 replicates (n=3). 

Statistical significance of the difference among means was estimated at P < 0.05, using Tukey-

Kramer’s multiple range test. Graphical representation of data was done using OriginPro 2022. 

Regression analysis was performed on DPPH, ABTS, TPC, MIC, and TFC.  
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CHAPTER FOUR RESULTS 

4.1 Phytochemical Screening  

4.1.1 Qualitative Analysis 

As shown in (Table 1), tannins were absent in edible wild fruits for all the solvents with an 

exception noticeable in Ximenia caffara S and Ximenia americana L. Terpenoids were present in 

almost all the solvents for all the samples except for distilled water extracts of Grewia bicolor, 

Gweria cana Sond, Mimusops zeyheri, Grewia Flava and ethanolic extract of Grewia flava. 

Phenols were found in almost all methanolic and ethanolic solvent-extracted samples except for 

ethanolic extract of Grewia flava and distilled water extracts of Ximenia caffara S, Mimusops 

zeyheri and Ximenia americana L. Saponins were present in all solvents for Ximenia americana 

L and Ximenia caffra S but abscent in Grewia bicolor, Vangueria infausta, Grewia flava and 

Grewia cana Sond for all the solvents with an exception noticeable in methanolic Grewia bicolor 

and Vangueria infausta. 

 

Table 1: Phytochemicals present in seven edible wild fruits: Qualitative Analysis 

Sample  Grewia 

bicolor 

Grewia 

cana 

Sond 

Grewia 

flava 

Ximenia 

caffara S 

Ximenia 

americana 

L 

Mimusops 

zeyheri 

Vangueria 

infausta 

Solvent  M E D M E D M E D M E D M E D M E D M E D 

1 Tannins - - - - - - - - - + + + + + + - - - - - - 

2 Phenols + + - + + - + - - + + + + + + + + + + + - 

3 Saponins  + - - - - - - - - + + + + + + + + - + - - 

4 Terpenoids  + + - + + - + - - + + + + + + + + - + + + 

(+ shows the phytochemical class is present, - shows the phytochemical class is not present) 

(M- Methanol, E- Ethanol, D- Distilled water) 
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4.2 Quantification of main phytochemical classes 

4.2.1 Total Flavonoids Content  

The total flavonoids content of extracts in all the seven edible wild fruits were calculated using 

Quercetin as a reference and represented as equivalents (mg QAE/mg) (Fig. 8). The antioxidant 

concentrations of the extracts for all the solvents were calculated using the regression equation 

R2 = 0.9682, y = 0.0002x + 0.0035 as shown in appendix (Auxilary Fig. 16). Ximenia caffara S, 

Ximenia americana. L and Mimusops zeyheri showed significant higher values (P< 0.0001) 

respectively for ethanol, methanol and water extracts followed by Grewia spp., while Vangueria 

infausta showed the lowest TFC value (Fig. 8). 
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Figure 8: Illustrates concentration of total flavonoid content per 10 mg Dry Weight of 

methanolic, ethanolic and distilled water extracts of Grewia bicolor, Grewia cana Sond, 

Vangueria infausta subsp.Infausta (VI), Ximenia caffara S, Mimusops zeyheri, Ximenia 

americana L, Grewia flava, and standards-based on Quercetin acid equivalent. Bar graphs 

represent mean ± standard error (n=3). Different superscripts indicate significant differences (P < 

0.05, Tukey-Kramer’s range test) amongst the samples within each solvent 
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4.2.2 Total Phenolic Content 

In terms of Gallic acid equivalents, the concentration of the methanol, ethanol, and distilled 

water extracts were determined with a folin-Ciocalteu assay (Fig. 9) to construct a standard 

curve equation of y= 0.0005x - 0.0089 and a regression line of R2 = 0.9955 and expressed as 

equivalents (mg GAE/ mg) as shown in appendix (Auxilary Fig. 17). 

Ximenia caffara S, X. americana. L and Mimusops zeyheri showed a significant higher (P< 

0.0001) TPC respectively for all the solvents (Fig. 9) compared to the rest of the extracts. 

Grewia flava indicated low TPC for methanolic and ethanolic extracts followed by Vangueria 

infausta subsp. Infausta (VI). Grewia bicolor, Grewia cana Sond Vangueria infausta subsp. 

Infausta (VI) and Grewia flava showed the lowest (P< 0.0001) TPC for all the solvents (Fig. 9) 

as comapared to all the extracts. 
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Figure 9: Illustrates concentration of total phenolic content per 10 mg Dry Weight of 

methanolic, ethanolic and distilled water extracts of Grewia bicolor, Grewia cana Sond, 

Vangueria infausta subsp.Infausta (VI), Ximenia caffara S, Mimusops zeyheri, Ximenia 

americana L, Grewia flava, and standards based on Gallic acid equivalent. Bar graphs represent 

mean ± standard error (n=3). Different superscripts indicate significant differences (P < 0.05, 

Tukey-Kramer’s range test) in the same solvent 
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4.3 DPPH and ABTS scavenging activity 

4.3.1 ABTS Assay 

The antioxidant potency of Ascorbic acid (standard) was employed as a reference in this assay, 

which evaluated the relative potential of antioxidants to scavenge the ABTS.+ radical. As a result, 

this standard curve was used to accurately predict the antioxidant capacity of crude extracts and 

it indicated a significantly favorable linear R2 = 0.9428 and linear equation y = 0.0009x + 0.0074 

as shown in appendix (Auxilary Fig. 18). The results are presented as (mg AAE/mg) (Fig. 10).  

Methanolic, ethanolic and distilled water extracts of X. caffara S, and X. americana L showed a 

significant higher (P<0.0001) ABTS activity when compared to other extracts (Fig. 10). This 

was followed by distilled water and ethanolic extracts of Grewia cana Sond showing significant 

low ABTS activity whereas Vangueria infausta subsp. Infausta (VI) showed significant lower 

ABTS activity for methanol extracts as compared to other fruit extracts (Fig. 10). 
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Figure 10: scavenging activity for ABTS per 10 mg Dry Weight of methanolic, ethanolic and 

distilled water extracts of Grewia bicolor, Grewia cana Sond, Vangueria infausta subsp. Infausta 

(VI), Ximenia caffara S, Mimusops zeyheri, Ximenia americana L, Grewia flava, and standards 

based on Ascorbic acid equivalent. Bar graphs represent mean ± standard error (n=3). Different 

superscripts indicate significant differences (P < 0.05, Tukey-Kramer’s range test) amongst the 

samples within each solvent 
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4.3.2 DPPH assay 

The regression equation R2 = 0.9882 and linear equation y = 0.001x - 0.0607 as shown on the 

appendix was used to calculate the concentration of antioxidants from the samples (Auxilary 

Fig. 19) from the appendix. The DPPH scavenging ability of the fruit extracts was presented as 

milligrams of Quercetin acid equivalent (QAE) per milligram (mg QAE/mg) (Fig. 11). 

The extracts for Ximenia. caffara S, Ximenia americana L and Mimusops zeyheri had significant 

higher DPPH scavenging activity respectively while Grewia flava, Grewia bicolor and 

Vangueria infausta subsp. Infausta (VI) had the lowest DPPH scavenging activity for all the 3 

solvents (P<0.0001) (Fig. 11). 
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Figure 11: Illustrates the scavenging activity for DPPH per 10 mg Dry Weight of methanolic, 

ethanolic and distilled water extracts of Grewia bicolor, Grewia cana Sond, Vangueria infausta 

subsp. Infausta (VI), Ximenia caffara S, Mimusops zeyheri, Ximenia Americana L, Grewia flava, 

and standards based on Gallic acid equivalent. Bar graphs represent mean ± standard errors 

(n=3). Different superscripts indicate significant differences (P < 0.05, Tukey-Kramer’s range 

test) within each solvent 
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4.4 Antimicrobial activity assay (Agar well diffusion method and Minimum Inhibitory 

Concentration) 

4.4.1 Agar well diffusion method 

The antimicrobial activity against specific microorganisms tested was confirmed. Methanolic 

extracts of X. americana L, X. caffra S and M. zeyheri were tested for the antimicrobial activity 

on two bacteria, E. coli and S. aureus and two fungi, R. oryzae and A. niger using agar well 

diffusion method based on their satisfactory antioxidant activity from preliminary analysis 

(DPPH, ABTS, TFC, TPC) along with the best solvent. The antibacterial properties of 

methanolic extracts of edible wild fruits against microorganisms are shown in (Tables 2). All 

methanolic fruit extracts showed promising antibacterial activity against S. aureus and E. coli 

bacteria (Table 2). In S. aureus and E. coli bacteria, the Gentamicin positive control produced 

inhibition zones of 41.67 ±1.53 and 26.00 ±1.00 mm respectively while there was no zone of 

inhibition for negative control for both bacterial strains, whereas the fruit crude extracts of X. 

americana L, X. caffra S and M. zeyheri displayed an inhibition zones of 27.33 ±2.08, 30.67 

±1.53 and 19.67 ±0.58 mm for E. coli, respectively whereas for S. aureus a record of 29.33 

±1.53, 34.33 ±1.53 and 20.67 ±1.53 mm for X. americana, X. caffra and M. zeyheri was 

observed respectively (Table 2). The two fungi, R. oryzae and A. niger tested showed no zone 

of inhibition for all the extracts. 

Table 2: Antibacterial activity of methanolic extracts of X. Americana L, X. caffra S and M. 

zeyheri 

Edible wild fruit sample Zone of Inhibition (mm) 

E. coli S. aureus 

X. americana L 27.33 ±2.08d 29.33 ±1.53d 

X. caffra S 30.67 ±1.53d 34.33 ±1.53d 

M. zeyheri 19.67 ±0.58b 20.67 ±1.53b 

Positive Control  26.00 ±1.00c 41.67 ±1.53c 

Negative Control 0 ±0.00a 0 ±0.00a 

 

Values are presented as the mean ±standard error of 3 replicates (n=3) at (P<0.0001) 
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4.4.2 Minimum Inhibitory Concentration 

Minimum inhibitory concentrations are the lowest concentrations of antimicrobial agents that 

prevent the observable microbial activity of a microorganism after overnight incubation (Brady 

et al., 2006). In light of the results of the study (Table 3), E coli and S. aureus strains were 

inhibited at a minimum concentration of 4.86 ± 0.76 and 3.56 ±0.60 mg/mL respectively for X. 

caffra when compared to X.americana and M.zeyheri with a record of 7.51 ±0.51 and 10.20 

±0.38 mg/mL for E.coli respectively, 6.37 ±0.34 and 8.83 ±0.25 mg/mL for S.aureus 

respectively.  As a result of the tests, aqueous extracts are valid in their ability to inhibit the 

tested microbes (Table 3). 

Table 3: Minimum Inhibitory Concentration for methanolic extracts of X.americana L, X.caffra 

and M.zeyheri 

Specimen E. coli (IC50 mg/mL) S. aureus (IC50 mg/mL) 

X. americana L 7.51 ±0.51b 6.37 ±0.34b 

X. caffra S 4.86 ±0.76a 3.56 ±0.60a 

M. zeyheri 10.20 ±0.38c 8.83 ±0.25c 

Values are presented as the mean ±standard error of 3 replicates (n=3) at (P<0.0001) 

4.5 Correlations 

In order to determine whether phytochemicals contributed to the antioxidant activity in ABTS 

and DPPH assays, the positive correlations between the TPC/TFC and antioxidant scavenging 

assays were compared along with antimicrobial activity. In this study, there is a high positive 

correlation amongst zone of inhibition, TPC, TFC, ABTS assay, and DPPH assay. The 

correlation for TFC versus ABTS, TPC versus ABTS, TPC versus DPPH, and TFC versus DPPH 

for methanol, ethanol and distilled water extracts ranged from 0.73 to 1 as depicted in (Fig. 12, 

13, 14) whereas a negative correlation for minimum inhibitory concentration ranged from -0.97 

to -0.99 inidicating significantly strong correlation whereas for zone of inhibition a positive 

correlation of 1 was recorded (Fig. 15)  
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Figure 12: Heat map of Pearson correlation for seven distilled water extracts with respect to 

TPC versus DPPH, TPC versus ABTS, TFC versus ABTS, and TFC versus DPPH 

 

 

Figure 13: Heat map of Pearson correlation for seven ethanol extracts with respect to TPC 

versus DPPH, TPC versus ABTS, TFC versus ABTS, and TFC versus DPPH  
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Figure 14: Heat map of Pearson correlation for seven methanol extracts with respect to TPC 

versus DPPH, TPC versus ABTS, TFC versus ABTS, and TFC versus DPPH 

 

Figure 15: Heat map of Pearson correlation for three methanol extracts with respect to 

antimicrobial activity versus TPC and TFC 
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  CHAPTER FIVE DISCUSSION  

The present study's findings indicated that the wild edible fruits of the target species have 

antioxidant activity. These observations may justify their usage in traditional medicine and 

encourage its use as a health nutritional supplement.  

5.1 Qualitative phytochemical analysis 

In a similar study by (Jacob et al., 2021; Geyid et al., 2005) it was reported that methanolic 

Ximenia caffra S revealed the presence of tannins, saponins, flavonoids, phenols which is in 

agreement with the present study. Likewise, in different research by (Khanal et al., 2016) 

methanolic extracts of both Grewia asiatica and Grewia optiva showed the presence of tannins, 

flavanols, terpernoids, steroids, alkaloids and saponnins and this is consistent with the outcomes 

of methanolic Grewia bicolor. Furthermore, M. zeyheri and V. infausta subsp. Infausta (VI) 

displayed the presence of phenols, flavones, and saponins which was inline with a study by 

(Monyela., 2021; Abosi et al., 2006). According to the present results, water had poor ability to 

extract most of the phytochemicals as compared to methanol and ethanol. Methanol is an 

excellent solvent for extracting polyphenols, tannins, flavones, and anthocyanins (Masuku et al., 

2020; Daniel and Topo., 2012; Handa., 2008; Lapornik et al., 2005; Masoko et al., 2005;) which 

is also evident from the results obtained showing methanol being able to extract most of the 

bioactive active compounds during qualitative analysis. It implies that they are more efficient in 

degrading un-polar cell walls and seeds, which causes the release of anthocyanins and other 

polyphenols from cells (Lapornik et al., 2005) Plants generally produce different types of 

secondary metabolites with which plant pathogens can be effectively suppressed (Monyela., 

2021; Geyid et al., 2005). 

5.2 Quantitative phytochemical analysis  

5.2.1 Total phenolic content  

In this study, the Folin Ciocalteu test was used, which relies on electron transfer from phenolic 

compounds to phosphomolybdic/phosphotungstic acid complexes in an alkaline solution to 

create blue compounds that can be measured spectrophotometrically (Dai and Mumper., 2010).  

Grewia flava, Gweria Cana Sond and Gweria bicolor had a significant lower recorded TPC in 

the present study for distilled water extracts. This might be because the qualitative analysis of 

these species revealed that they were devoid of saponins, phenols, tannins, and terpenoids. On 
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the contrary a study conducted by (Masisi et al., 2021; Zia-Ul-Haq et al., 2013) showed that 

ethanol-water (60:40, v/v), dionized water, 70 % acetone, ethyl acetate and Dichloromethane 

extractes Gweria flava, Gweria bicolor, and Grewia asiatica exhibited a significant higher TPC 

comparable to those of present results. The methanolic extracts of Vangueria infausta subsp. 

Infausta (VI) pulp studied by (Mausse et al., 2021) recorded lower TPC (0.528 ±0.03 EAG mg/g) 

whereas for M. zeyheri its TPC was lower which ranged from 1.58 to 2.47 mg/g as indicated by 

(Monyela., 2021) compared to the results of the present study. The varying findings might be due 

to different extraction procedures, environmental condition, geno and phenotypes characteristics 

and solvents and thus, it requires more research at different levels. 

The data analysis indicated that amongst the edible wild fruit extracts examined, X. caffra S and 

X. american L exhibited a significantly higher TPC when compared to the other fruits in the 

present study. Similar investigations on the TPC of fruit extracts of Ximenia species in 

Zimbabwe and South Africa have found significant higher TPC when compared to the other 

fruits (Masuku et al., 2020; Munodawafa et al., 2010; Ndhlala et al., 2008). Another reason for 

their high TPC in the present study could be attributed to the view that saponins, terpenoids, 

phenols and tannins were all present from qualitative analysis hence contributing to their higher 

phenolic content. Another study led by (de Menezes et al., 2019) also identified flavonoids, 

glycosides, tannins, phenolic acids, terpenoids and quinones for Ximenia species which is 

agreement with the results recorded in the present study. 

Even though all methanolic extracts gave a significant higher TPC in this experiment, a study by 

(Masisi et al., 2021) indicated that water extracts of Gweria flava and Gweria bicolor recorded a 

significantly higher TPC than methanolic extracts, this is due to different extraction methods. 

But that’s not the case in this present experiment since all distilled water extracts recorded the 

lowest TPC, and this present experiment was in line with a study carried out by (Lapornik et al., 

2005). Microorganisms may be a chief factor in the low TPC recorded in this experiment for 

distilled water extracts, as water is a better medium for microorganisms’ survival than ethanol 

and methanol. Nonetheless, phenolic components have an antimicrobial effect as documented by 

(Cueva et al., 2010; Nohynek et al., 2006; Puupponen‐Pimiä et al., 2001), hence this theory is 

less plausible. The enzyme polyphenol oxidase, which degrades polyphenols in water extracts 
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but is inactive in methanol and ethanol, provides a more appropriate explanation for the decline 

in TPC of the distilled water fruit extracts (Zhang et al., 2001).  

5.2.2 Total flavonoid content 

The TFC recorded in this study for absolute methanolic Xamenia extracts was significantly 

higher as compared to Ximenia parviflora Benth. var. parviflora and X. americana as reported by 

(Lamien-Meda et al., 2008; Sánchez-Gutiérrez et al., 2018) with 0.30 ± 0.03 mg QE/g FW and 

0.25 ± 0.01 mg CE/g respectively. TFC for all the absolute methanolic extracts for Gweria 

species in the current study were found to be higher than those of G. asiatica (4.81 ±0.4 mg 

QE/g) and averaged G. coriacea (5.72 ±1.72 mg QU/g FW) as reported by (Malela et al., 2016; 

Qamar et al., 2020) whereas for M. zeyheri recorded TFC which ranged from 0.012 to 1.15 mg/g 

which was lower than the recorded results (Monyela., 2021). When fruit samples are kept in a 

freezer before biochemical analysis, this leads to greater extraction efficiency of phenolics due to 

increased plant cell breakage during ice crystal formation and melting (Asami et al., 2003). 

Hence this might be attributable to the premise that the fruit samples for the current study were 

stored at -80°C before analyzing them. Enviromental effects, mature stage of the fruit and 

preparation techniques could have attributed to the differences in TFC of the mentioned fruits. 

Additional studies are required to confirm such speculations.  

There is noticeable variation in terms of TPC and TFC amongst edible wild fruits as evidenced 

by the results obtained from this research. Overall, TPC is higher than TFC for all the fruit 

extracts in all solvents in the present study. The present study's findings are consistent with those 

reported by (Song et al., 2018; Wong et al., 2014). Although all fruits were collected from the 

same place, the substantial variance is thought to be related to genetic make-up, stage of fruit 

ripening and the ability of the fruit to adapt to ecological parameters while synthesizing 

phytochemicals. The content and quantity of secondary metabolites, as well as the nutritive value 

of fruits and vegetables, are heavily influenced by genetic and environmental variables (Rana et 

al., 2019; Shan et al., 2019; Contessa et al., 2013).   
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5.3 Evaluation of antioxidant activity (DPPH and ABTS radical scavenging capacity assay) 

5.3.1 DPPH scavenging activity  

According to the findings of this experiment, all fruit extracts successfully decreased the DPPH 

radicals. For M. zeyheri, a satisfactory 56% radical scavenging activity was recorded by 

(Abdelmohsen et al., 2020) which is inline with the recorded results. The fruit X. caffra S and X. 

american L had a significant higher DPPH radical scavenging activity for all the solvents 

repectively. Remarkably, these results agree with the ones reported by (Mapunda and Mligo., 

2019) who recorded a significant higher radical scavenging activity of 96.70 % at a dosage of 10 

µg/mL for X. caffra as compared to other fruits investigated (P<0.05). These two fruits also 

contained saponins, terpenoids, phenols and tannins which explains their high DPPH activity. 

Grewia flava and Vangueria infausta subsp. Infausta (VI) species had significant lower 

scavenging activities which might be attributed to the low TPC and TFC and absence of tannins 

and saponins for all the solvents (except methanolic extracts) and abscense of terpenoids and 

phenols in ethanol and distilled water extracts as compared to other fruit extracts in the 

experiment. Incongruent with the conclusions reached by (Masisi et al., 2021; Maroyi., 2018; 

Lamola., 2015), Grewia species and Vangueria madagascariensis exhibited a significant 

stronger radical scavenging activity. Numerous factors, such as the kind of polarity of the 

solvents employed, extraction method, extraction time, temperature, the location where the plant 

material was obtained, and harvest seasons, may impact the number of bioactive chemicals and 

antioxidant capabilities of the plant (Abubaka and Haque., 2020; Yao et al., 2012). These factors 

might account for the disparities in the results of different research conducted.  

Of the seven edible wild edible fruits analyzed, methanol extracts had the highest radical 

scavenging activity for all the edible wild fruit extracts followed by ethanol and lastly distilled 

water. The analyses are in conformity with the results documented by (Masuku et al., 2020; 

Daniel and Topo., 2012) who found that using methanol as an extraction solvent yielded 

significant high DPHH scavenging activity. For all extracts, distilled water extracts showed the 

lowest antioxidant activity, possibly due to minimal secondary metabolites in most water extracts 

results of qualitative analysis. Previusoly published findings by (Majhenič et al., 2007; Parekh et 

al., 2006; Clarkson et al., 2004; Karaman et al., 2003;) are in agreement with our study findings 

showing that water is ineffective in extracting phytochemicals from medicinal plants when 

compared to organic solvents like methanol. To begin with, water is incapable of extracting 
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lipophilic phytochemicals that need methanol extraction. Secondly, it's conceivable that the low 

antioxidant activity of distilled water extracts might be because they weren't processed using 

traditional techniques, which frequently entail boiling for many hours (Clarkson et al., 2004; 

Koenen., 2001).  

5.3.2 ABTS scavenging activity  

In general, all solvent extracts for the DPPH assay displayed higher antioxidant activity than that 

of the ABTS assay. The results generated in this experiment were found to be consistent with 

those published by (Moonmun et al., 2017; Amensour et al., 2010) who stated that various 

chemical processes involved in the experiments, as well as varied chemical characteristics of the 

radicals, may explain the differences in the behavior of the extracts in ABTS and DPPH assays. 

On the contrary, research by (Adebiyi et al., 2017) indicated that the Grewia carpinifolia 

extracts' ability to scavenge the DPPH radical was noticeably lower than that of ABTS+. This 

supports the assumption that plants with DPPH scavenging capabilities may not be able to 

prevent the ABTS radical due to differences in solubility and preparation methods (Ercisli et al., 

2007).  

The Ximenia species have been found to have substancial antioxidant activity as reported by 

(Ndhlala et al., 2008) which is inline with the recorded results of the present study. There were 

several significant polyphenolic compounds found within the Ximenia extracts which included 

catechin, hyperoside, isoquercitrin, and procyanidin B1. The flavonoid hyperoside, which is 

mostly present in Hypericum perforatum L., has a wide range of biological activities. One of the 

most crucial benefits is the alleviation of oxidative stress brought on by reactive oxygen species 

as reported by (Park et al., 2016). According to (Villaño et al., 2007), it has been concluded that 

procyanidins B1 and B2 are amongst the most effective scavenging molecules. Therefore, its 

speculated that fruits with higher antioxidant activity in the present study might have been 

attributed to the availability of these specific compounds.  
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5.4 Antimicrobial activity assay (Agar well diffusion method and Minimum Inhibitory 

Concentration) 

5.4.1 Agar well diffusion method 

Numerous investigations have suggested that phytoconstituents extracts have antimicrobial 

effects against poison-causing microorganisms such as Staphylococcus aureus and Listeria 

monocytogenes (; Chun et al., 2005; Lin et al., 2005; Akiyama et al., 2001; Cowan., 1999). 

According to the results, three selected methanolic extracts showed a satisfactory inhibition zone 

against two strains of bacteria. The fruits found in Tswapong region appear to be as powerful as 

Gentamicin as an antibacterial treatment, indicating that their usage in the food and 

pharmaceutical sectors might be promising. The three selected methanolic extracts possessed 

greater potency against S. aureus than E. coli as shown in the present study. The majority of 

scientists agree that plant extracts are more effective against gram-positive bacteria than gram-

negative bacteria (Chanda et al., 2010; Baravalia et al., 2009; Parekh and Chanda., 2008; Parekh 

and Chanda., 2007; Rios and Recio., 2005). This might be due to the notion that gram-negative 

bacterial cells have a complex and multilayered wall (characterized by lipopolysaccharides) that 

restricts elements such as artificial and natural antibiotics from passing through the membrane 

into the cell as compared to gram-positive bacteria (Rakholiya et al., 2014). Our results show 

that there was no antifungal activity for the three methanolic extracts. According to (Maikai et 

al., 2009) the results revelaved that plant extracts at higher concentrations (2 g/3 mL) exhibited 

antifungal activity against Solanum trilobatum. The concentration crude extracts of the present 

study were 1 mg/10 mL which shows low concentration which could give a better explanation as 

to why there was no antifungal activity recorded. Another reason could be that the extracts were 

in their crude form comprised of many chemical constituents as comapred to the positive control 

which is in its purest form. It may be possible to isolate purer chemicals with higher 

antimicrobial activity by further purifying the fruits extracts (Maikai et al., 2009).  

5.4.2 Minimum Inhibitory Concentration 

From the results obtained, X. caffra S revealed to be a better antibacterial agent followed by X. 

americana L and lastly M. zeyheri. The fruits found in Tswapong region appear to be as powerful 

as Gentamicin as an antibacterial treatment. According to (James et al., 2007), aqueous 

methanolic extracts of X. americana roots, stem barks, and leaves inhibited the growth of S. 

aureus, Klebsiella pneumoniae, and Shigella flexneri pathogens. These effects were attributed to 
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the presence of carbohydrates, glycosides, flavonoids, and tannins in these extracts. As 

demonstrated by (Monik et al., 2015), ethanolic extracts of X. americana leaves with 

erythromycin combined exhibited synergistic antibacterial activity against Staphylococcus 

aureus, which is attributed to high content of phenolic contents, which inhibits membrane 

penetrability, resulting in improved bactericidal activity. This trend is also noticeable in the 

present study. Additionally, it has been noted that tannins have been discovered to generate 

irreversible compounds with proline-rich proteins, which inhibits the creation of cell proteins for 

bacteria hence hindering their survival (Devi et al., 2014). Furthermore, with impetigo 

contagiosa patients, (Sharquie et al., 2000) reported an 81.3% cure rate using crude tea ointment 

containg tannic acid. In vitro and in vivo studies have shown isoquercitrin isolated from Ximenia 

spp. to have a better bioavailability than quercetin and to have a range of biological activities 

such as anticarcinogenic properties against oxidative stress, cancer, cardiovascular disease, 

diabetes, and allergy responses (Valentová et al., 2014). Thus it can be safe to speculate that the 

three studied wild fruits might have this chemical compound. Further studies are needed to 

validate such speculation.  

5.5 Correlations 

The antioxidant and antimicrobial activity of phenolic compounds correlates positively with its 

total phenolic content, according to recent studies (Tshikalange et al., 2016; Zhang and Wang., 

2009; Samarth et al., 2008; Kouri et al., 2007; Djeridane et al., 2006; Capecka et al., 2005; Payet 

et al., 2005). According to the results in this study, TFC and TPC may have contributed 73-98% 

antioxidant activity on scavenging antioxidant radicals (ABTS and DPPH). These findings imply 

that various phenolics are in charge of neutralizing various reactive oxygen species. Furthermore, 

it may be deduced that the antioxidant activity of edible wild fruit extracts may not be caused by 

these compounds alone and could also be influenced by the existence of some specific active 

phytochemical compounds. Plant-based antibacterial compounds are predicted to halt the growth 

of microorganisms and inhibit subsequent infection (Farag et al., 2015) The orientation of 

phenolic compounds' hydroxyl groups affects the antimicrobial activity of the plant. Thus, the 

impact will be greater the more phenolic components the extract has (Demir and Ağaoğlu., 2021; 

Pandino et al., 2011) which is evident in the present study. Positive and negative correlation for 

zone of inhibition and MIC respectively were recorded suggesting that the higher TFC/TPC the 

higher antimicrobial activity.  
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CHAPTER SIX CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions 

A successful extraction of phytochemicals from seven fruits from the Tswapong region and their 

identification of their chemical components were obtained. According to the findings of the 

present study, the examined fruit samples have significant antioxidant characteristics, notably 

phenolic and flavonoid components, and may scavenge free radicals. A high phenolic and 

flavonoid content of Mimusops zeyheri, Ximenia americana and Ximenia caffra species found in 

Tswapong region has been demonstrated to be responsible for its antioxidant properties, which 

are attributed to the presence of phytochemicals and that might also explain their better 

antibacterial properties. The fruit's beneficial properties are not limited to treating health 

conditions, but they could also contribute to preventing degenerative conditions. Excellent 

correlation found in ABTS-TPC, ABTS-TFC, DPPH-TPC and DPPH-TFC suggest that phenols 

and flavonoids are the main components responsible for the antioxidant potential in the tested 

extracts. Methanol solvent extraction were shown to be better in terms of secondary metabolites 

and antioxidant capacities. The high values of TPC, TFC, ABTS, DPPH and presence of all 

secondary metabolites make Mimusops zeyheri, Ximenia americana and Ximenia caffra 

methanol extract preferable among the studied wild fruits for antimicrobial assay using the 

bacterial and fungal cells. The model studies revealed growth inhibition of S. aureus and E. coli 

which was at the same level and better than commercial antibiotic Gentamicin. Excellent 

correlation found in growth inhibition-TPC suggest that phenols are the main components 

responsible for the antibaterial potential in the three extracts. Finally, MIC showed X. caffra to 

be a better antibacterial agent followed by X. americana and M. zeyheri. Therefore, further 

studies are required to unfold the mechanism. In conclusion Mimusops zeyheri, Ximenia 

americana and Ximenia caffra exhibited excellent antioxidant and antibacterial properties and 

can be suggested as functional food ingredients in lowering the risk of free radical mediated by 

bacteria. However, their bioavailability needs to be further confirmed.  

6.2 Recommendations 

Based on the results obtained from the present study, Mimusops zeyheri, Ximenia americana and 

Ximenia caffra are source of antioxidants, antibacterial and secondary metabolites, and can be 

regarded as a functional food ingredient. However, there are still additional investigations 

required to validate the antioxidant and atibacterial potential of these extracts. In order to 
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confirm the unidentified antioxidant activity contributors in Mimusops zeyheri, Ximenia 

americana and Ximenia caffra, further HPLC-MS/MS analyses are needed. Furthermore, cell 

lines and cellular based antioxidant activity assay are useful in investigating the antioxidant 

mechanism of wild fruits associated phenolic compounds in cell culture assays.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



50 

 

 

REFERENCES 
 

Abaturov, O.Y., Volosovets, A.P., and Yulish, Y.I., 2014. Endogenous oxidants and antioxidants 

in human body. Childs Health, (8.59), pp.88-93. 

Abdelmohsen, G., Dawoud, G.T., and Mohamed, M.S., 2020. Investigation of the biochemical 

and ultrastructural mechanisms underlying the antimicrobial activity of Mimusops spp.. 

extracts. Baghdad Science Journal, 17(2). 

Abosi, A.O., Mbukwa, E., Majinda, R.R., Raseroka, B.H., Yenesew, A., Midiwo, J.O., Akala, 

H., Liyala, P., and Waters, N.C., 2006. Vangueria infausta root bark: in vivo and in vitro 

antiplasmodial activity. British Journal of Biomedical Science, 63(3), pp.129-133. 

Abubakar, A.R., and Haque, M., 2020. Preparation of medicinal plants: basic extraction and 

fractionation procedures for experimental purposes. Journal of Pharmacy and Bioallied 

Sciences, 12(1), pp.1. 

Adebiyi, O.E., Olayemi, F.O., Ning-Hua, T., and Guang-Zhi, Z., 2017. In vitro antioxidant 

activity, total phenolic and flavonoid contents of ethanol extract of stem and leaf of Grewia 

carpinifolia. Beni-Suef University Journal of Basic and Applied Sciences, 6(1), pp.10-14. 

Adom, K.K., Sorrells, M.E., and Liu, R.H., 2005. Phytochemicals and antioxidant activity of 

milled fractions of different wheat varieties. Journal of Agricultural and Food Chemistry, 53(6), 

pp.2297-2306. 

Akiyama, H., Fujii, K., Yamasaki, O., Oono, T., and Iwatsuki, K., 2001. Antibacterial action of 

several tannins against Staphylococcus aureus. Journal of Antimicrobial Chemotherapy, 48(4), 

pp.487-491. 

Al Harthi, S.S., Mavazhe, A., Al Mahroqi, H. and Khan, S.A., 2015. Quantification of phenolic 

compounds, evaluation of physicochemical properties and antioxidant activity of four date 

(Phoenix dactylifera L.) varieties of Oman. Journal of Taibah University Medical 

Sciences, 10(3), pp.346-352. 



51 

 

Al-Abrash, A.S., Al-Quobaili, F.A., and Al-Akhras, G.N., 2000. Catalase evaluation in different 

human diseases associated with oxidative stress. Saudi Medical Journal, 21(9), pp.826-830. 

Amarteifio, J.O., and Mosase, M.O., 2006. The chemical composition of selected indigenous 

fruits of Botswana. Journal of Applied Sciences and Environmental Management, 10(2). 

Amensour, M., Sendra, E., Pérez-Alvarez, J.A., Skali-Senhaji, N., Abrini, J., and Fernández-

López, J., 2010. Antioxidant activity and chemical content of methanol and ethanol extracts from 

leaves of rockrose (Cistus ladaniferus). Plant Foods for Human Nutrition, 65(2), pp.170-178. 

Antolovich, M., Prenzler, P.D., Patsalides, E., McDonald, S., and Robards, K., 2002. Methods 

for testing antioxidant activity. Analyst, 127(1), pp.183-198. 

Aruoma, O.I., 2003. Methodological considerations for characterizing potential antioxidant 

actions of bioactive components in plant foods. Mutation Research/Fundamental and Molecular 

Mechanisms of Mutagenesis, 523, pp.9-20. 

Asami, D.K., Hong, Y.J., Barrett, D.M., and Mitchell, A.E., 2003. Comparison of the total 

phenolic and ascorbic acid content of freeze-dried and air-dried marionberry, strawberry, and 

corn grown using conventional, organic, and sustainable agricultural practices. Journal of 

Agricultural and Food Chemistry, 51(5), pp.1237-1241. 

Atawodi, S.E., Atawodi, J.C., Idakwo, P., Pfundstein, B., Haubner, R., Wurtele, G., 

Spiegelhalder, B., Bartsch, H., and Owen, R.W., 2009. Evaluation of the polyphenol composition 

and antioxidant activity of African variety of Dacryodes edulis (G. Don) HJ Lam fruit. Journal 

of Medicinal Food, 12(6), pp.1321-1325. 

Austin, D.J., Kristinsson, K.G., and Anderson, R.M., 1999. The relationship between the volume 

of antimicrobial consumption in human communities and the frequency of 

resistance. Proceedings of the National Academy of Sciences, 96(3), pp.1152-1156. 

Babu, D., Gurumurthy, P., Borra, S.K., and Cherian, K.M., 2013. Antioxidant and free radical 

scavenging activity of triphala determined by using different in vitro models. Journal of 

Medicinal Plants Research, 7(39), pp.2898-2905. 



52 

 

Badimo, D., Lepetu, J., and Teketay, D., 2015. Utilization of edible wild plants and their 

contribution to household income in Gweta Village, central Botswana. African Journal of Food 

Science and Technology, 6(7), pp.220-8. 

Balasundram, N., Sundram, K., and Samman, S., 2006. Phenolic compounds in plants and agri-

industrial by-products: Antioxidant activity, occurrence, and potential uses. Food 

Chemistry, 99(1), pp.191-203. 

Balouiri, M., Sadiki, M., and Ibnsouda, S.K., 2016. Methods for in vitro evaluating antimicrobial 

activity: A review. Journal of Pharmaceutical Analysis, 6(2), pp.71-79. 

Baravalia, Y., Kaneria, M., Vaghasiya, Y., Parekh, J. and Chanda, S., 2009. Antioxidant and 

antibacterial activity of Diospyros ebenum Roxb. leaf extracts. Turkish Journal of 

Biology, 33(2), pp.159-164. 

Bartsch, S., 2000. A Comparative Study of Grewia bicolor Juss. and Grewia flava 

DC (Bachelor's thesis, University of Cape Town). 

Bhaskar, H., and Balakrishnan, N., 2009. In vitro antioxidant property of laticiferous plant 

species from Western Ghats Tamilnadu, India. International Journal of Health Research, 2(2). 

Birben, E., Sahiner, U.M., Sackesen, C., Erzurum, S., and Kalayci, O., 2012. Oxidative stress 

and antioxidant defense. World Allergy Organization Journal, 5(1), pp.9-19. 

Bouarab-Chibane, L., Forquet, V., Lantéri, P., Clément, Y., Léonard-Akkari, L., Oulahal, N., 

Degraeve, P., and Bordes, C., 2019. Antibacterial properties of polyphenols: characterization and 

QSAR (Quantitative structure–activity relationship) models. Frontiers in Microbiology, 10, 

pp.829. 

Brady, A., Loughlin, R., Gilpin, D., Kearney, P., and Tunney, M., 2006. In vitro activity of tea-

tree oil against clinical skin isolates of meticillin-resistant and-sensitive Staphylococcus aureus 

and coagulase-negative staphylococci growing planktonically and as biofilms. Journal of 

Medical Microbiology, 55(10), pp.1375-1380. 

Burawat, J., Uabandit, N., Sripanidkulchai, B., Nualkaew, S., and Iamsaard, S., 2016. Capacidad 

Antioxidante y Toxicidad Testicular Aguda de Brotes Acuosos con Extracto de Hojas Nuevas de 

Leucaena leucocephala. International Journal of Morphology, 34(2), pp.514-521. 



53 

 

Cao, L., Leers-Sucheta, S., and Azhar, S., 2004. Aging alters the functional expression of 

enzymatic and non-enzymatic anti-oxidant defense systems in testicular rat Leydig cells. The 

Journal of Steroid Biochemistry and Molecular Biology, 88(1), pp.61-67. 

Capecka, E., Mareczek, A., and Leja, M., 2005. Antioxidant activity of fresh and dry herbs of 

some Lamiaceae species. Food Chemistry, 93(2), pp.223-226. 

Chanda, S., Dudhatra, S., and Kaneria, M., 2010. Antioxidative and antibacterial effects of seeds 

and fruit rind of nutraceutical plants belonging to the Fabaceae family. Food and Function, 1(3), 

pp.308-315. 

Chen, Z., Zheng, S., Li, L., and Jiang, H., 2014. Metabolism of flavonoids in human: a 

comprehensive review. Current Drug Metabolism, 15(1), pp.48-61. 

Chiau, E., Francisco, J.D.C., Bergenstaring, B., and Sjouml, I., 2013. Softening of dried 

Vangueria infausta (African medlar) using maltodextrin and sucrose. African Journal of Food 

Science, 7(10), pp.382-391. 

Chlopicka, J., Pasko, P., Gorinstein, S., Jedryas, A., and Zagrodzki, P., 2012. Total phenolic and 

total flavonoid content, antioxidant activity and sensory evaluation of pseudocereal breads. LWT-

Food Science and Technology, 46(2), pp.548-555. 

Chun, S.S., Vattem, D.A., Lin, Y.T., and Shetty, K., 2005. Phenolic antioxidants from clonal 

oregano (Origanum vulgare) with antimicrobial activity against Helicobacter pylori. Process 

Biochemistry, 40(2), pp.809-816. 

Clarkson, C., Maharaj, V.J., Crouch, N.R., Grace, O.M., Pillay, P., Matsabisa, M.G., 

Bhagwandin, N., Smith, P.J., and Folb, P.I., 2004. In vitro antiplasmodial activity of medicinal 

plants native to or naturalised in South Africa. Journal of Ethnopharmacology, 92(2-3), pp.177-

191. 

Commenges, D., Scotet, V., Renaud, S., Jacqmin-Gadda, H., Barberger-Gateau, P., and 

Dartigues, J.F., 2000. Intake of flavonoids and risk of dementia. European Journal of 

Epidemiology, 16(4), pp.357-363. 



54 

 

Contessa, C., Mellano, M.G., Beccaro, G.L., Giusiano, A., and Botta, R., 2013. Total antioxidant 

capacity and total phenolic and anthocyanin contents in fruit species grown in Northwest Italy. 

Scientia Horticulturae, 160, pp.351-357. 

Cowan, M.M., 1999. Plant products as antimicrobial agents. Clinical Microbiology 

Reviews, 12(4), pp.564-582. 

Cueva, C., Moreno-Arribas, M.V., Martín-Álvarez, P.J., Bills, G., Vicente, M.F., Basilio, A., 

Rivas, C.L., Requena, T., Rodríguez, J.M., and Bartolomé, B., 2010. Antimicrobial activity of 

phenolic acids against commensal, probiotic and pathogenic bacteria. Research in 

Microbiology, 161(5), pp.372-382. 

Dai, J., and Mumper, R.J., 2010. Plant phenolics: extraction, analysis and their antioxidant and 

anticancer properties. Molecules, 15(10), pp.7313-7352. 

Daniel, M. and Topo, E., 2012. Analysis of nutrients, total phenols and antioxidant activity of 

Ficus sansibarica warb. fruits from Eastern Botswana. Journal of Drug Delivery and 

Therapeutics, 2(6). 

Daniel, M.M. and Shimane, W.M., 2011. Medicinal and edible wild fruit plants of Botswana as 

emerging new crop opportunities. Journal of Medicinal Plants Research, 5(10), pp.1836-1842. 

de Menezes, I.R.A., da Costa, R.H.S., Boligon, A.A., Rolón, M., Coronel, C., Vega, C., 

Coutinho, H.D.M., da Costa, M.S., Tintino, S.R., Pereira, R.L.S., and de Albuquerque, T.R., 

2019. Ximenia americana L. enhances the antibiotic activity and inhibit the development of 

kinetoplastid parasites. Comparative Immunology, Microbiology and Infectious Diseases, 64, 

pp.40-46. 

Demir, T., and Ağaoğlu, S., 2021. Antioxidant, antimicrobial and metmyoglobin reducing 

activity of artichoke (Cynara scolymus) powder extract-added minced meat during frozen 

storage. Molecules, 26(18), pp.5494. 

Devi, P.N., Kaleeswari, S. and Poonkothai, M., 2014. Antimicrobial activity and phytochemical 

analysis of fruit extracts of Terminalia bellerica. International Journal of Pharmarcy and 

Pharmaceutical Sciences, 6(5), pp.639-642. 



55 

 

Djeridane, A., Yousfi, M., Nadjemi, B., Boutassouna, D., Stocker, P., and Vidal, N., 2006. 

Antioxidant activity of some Algerian medicinal plants extracts containing phenolic 

compounds. Food Chemistry, 97(4), pp.654-660. 

El-Bahr, S.M., 2013. Biochemistry of free radicals and oxidative stress. Biochemistry, 1(5567/5), 

pp.11-11. 

Ercisli, S., Orhan, E., Ozdemir, O. and Sengul, M., 2007. The genotypic effects on the chemical 

composition and antioxidant activity of sea buckthorn (Hippophae rhamnoides L.) berries grown 

in Turkey. Scientia Horticulturae, 115(1), pp.27-33. 

Fang, Y.Z., Yang, S., and Wu, G., 2002. Free radicals, antioxidants, and 

nutrition. Nutrition, 18(10), pp.872-879. 

Farag, M.A., Al‐Mahdy, D.A., Salah El Dine, R., Fahmy, S., Yassin, A., Porzel, A., and Brandt, 

W., 2015. Structure  Activity Relationships of Antimicrobial Gallic Acid Derivatives from 

Pomegranate and Acacia Fruit Extracts against Potato Bacterial Wilt Pathogen. Chemistry and 

Biodiversity, 12(6), pp.955-962. 

Farías, J.G., Molina, V.M., Carrasco, R.A., Zepeda, A.B., Fig.ueroa, E., Letelier, P., and Castillo, 

R.L., 2017. Antioxidant therapeutic strategies for cardiovascular conditions associated with 

oxidative stress. Nutrients, 9(9), p.966. 

Finkel, T., 1998. Oxygen radicals and signaling. Current Opinion in Cell Biology, 10(2), pp.248-

253. 

Frankel, E.N., and Meyer, A.S., 2000. The problems of using one‐dimensional methods to 

evaluate multifunctional food and biological antioxidants. Journal of the Science of Food and 

Agriculture, 80(13), pp.1925-1941. 

Geyid, A., Abebe, D., Debella, A., Makonnen, Z., Aberra, F., Teka, F., Kebede, T., Urga, K., 

Yersaw, K., Biza, T. and Mariam, B.H., 2005. Screening of some medicinal plants of Ethiopia 

for their anti-microbial properties and chemical profiles. Journal of Ethnopharmacology, 97(3), 

pp.421-427. 



56 

 

Gololo, S.S., Mogale, M.A., Agyei, N.M., and Shai, L.J., 2016. Phytochemical, antioxidant and 

antibacterial screening of the leaves of Barleria dinteri (Oberm), Grewia flava (DC) and Jatropha 

lagarinthoides (Sond). Journal of Chemical and Pharmaceutical Research, 8(10), pp.56-60. 

Goswami, S., Jain, R. and Masih, H., 2018. Antifungal, antioxidant and DNA protection 

potential of Grewia asiatica L. leaves acetone extract. Journal of Pharmacognosy and 

Phytochemistry, pp.212-217. 

Goud, A.P., Goud, P.T., Diamond, M.P., Gonik, B., and Abu-Soud, H.M., 2008. Reactive 

oxygen species and oocyte aging: role of superoxide, hydrogen peroxide, and hypochlorous 

acid. Free Radical Biology and Medicine, 44(7), pp.1295-1304. 

Halliwell, B., 1996. Antioxidants in human health and disease. Annual Review of 

Nutrition, 16(1), pp.33-50. 

Halvorsen, B.L., Holte, K., Myhrstad, M.C., Barikmo, I., Hvattum, E., Remberg, S.F., Wold, 

A.B., Haffner, K., Baugerød, H., Andersen, L.F., and Moskaug, Ø., 2002. A systematic screening 

of total antioxidants in dietary plants. The Journal of Nutrition, 132(3), pp.461-471. 

Hancock, J.T., Desikan, R., and Neill, S.J., 2001. Role of reactive oxygen species in cell 

signalling pathways. Biochemical Society Transactions, 29(2), pp.345-349. 

Handa, S.S., 2008. An overview of extraction techniques for medicinal and aromatic plants. 

Extraction Fechnologies for Medicinal and Aromatic Plants, 1, pp.21-40. 

Hertog, M.G., Feskens, E.J., Kromhout, D., Hollman, P.C.H., and Katan, M.B., 1993. Dietary 

antioxidant flavonoids and risk of coronary heart disease: the Zutphen Elderly Study. The 

Lancet, 342(8878), pp.1007-1011. 

Huang, D., Ou, B., and Prior, R.L., 2005. The chemistry behind antioxidant capacity 

assays. Journal of Agricultural and Food Chemistry, 53(6), pp.1841-1856. 

Ivey, K.L., Hodgson, J.M., Croft, K.D., Lewis, J.R. and Prince, R.L., 2015. Flavonoid intake and 

all-cause mortality. The American Journal of Clinical Nutrition, 101(5), pp.1012-1020. 



57 

 

Jacob, A.D., Dauda, J.A., Idowu, O.L., Adaji, M.U., Akeji, S.A., Ejim, C.C. and Idowu, O.M., 

2021. A Comparative Assessment of the Phytochemical Composition of Ximenia Caffra (Sour 

Plum) Leaf. Arabian Journal of Chemical and Environmental Research, 8(02), pp.418-435. 

Jagtap, U.B., Panaskar, S.N., and Bapat, V.A., 2010. Evaluation of antioxidant capacity and 

phenol content in jackfruit (Artocarpus heterophyllus Lam.) fruit pulp. Plant Foods for Human 

Nutrition, 65(2), pp.99-104. 

James, D.B., Abu, E.A., Wurochekke, A.U. and Orji, G.N., 2007. Phytochemical and 

antimicrobial investigation of the aqueous and methanolic extracts of Ximenia 

americana. Journal of Medical Sciences, 7(2). 

James, S.J., Melnyk, S., Jernigan, S., Cleves, M.A., Halsted, C.H., Wong, D.H., Cutler, P., Bock, 

K., Boris, M., Bradstreet, J.J. and Baker, S.M., 2006. Metabolic endophenotype and related 

genotypes are associated with oxidative stress in children with autism. American Journal of 

Medical Genetics Part B: Neuropsychiatric Genetics, 141(8), pp.947-956. 

Jones, D.P., 2006. Redefining oxidative stress. Antioxidants and Redox Signaling, 8(9-10), 

pp.1865-1879. 

Joseph, S.V., Edirisinghe, I. and Burton-Freeman, B.M., 2016. Fruit polyphenols: A review of 

anti-inflammatory effects in humans. Critical Reviews in Food Science and Nutrition, 56(3), 

pp.419-444. 

Karaman, I., Şahin, F., Güllüce, M., Öǧütçü, H., Şengül, M., and Adıgüzel, A., 2003. 

Antimicrobial activity of aqueous and methanol extracts of Juniperus oxycedrus L. Journal of 

Ethnopharmacology, 85(2-3), pp.231-235. 

Katz, D.L., Doughty, K. and Ali, A., 2011. Cocoa and chocolate in human health and 

disease. Antioxidants & Redox Signaling, 15(10), pp.2779-2811. 

Kasote, D.M., Katyare, S.S., Hegde, M.V. and Bae, H., 2015. Significance of antioxidant 

potential of plants and its relevance to therapeutic applications. International Journal of 

Biological sciences, 11(8), p.982. 

 



58 

 

Kavitha, D., and Padma, P.R., 2011. A study of the antimicrobial effect of Albizia amara leaf 

extracts. Advances in Plant Sciences, 24(1), pp.49-52. 

Kedare, S.B. and Singh, R.P., 2011. Genesis and development of DPPH method of antioxidant 

assay. Journal of Food Science and Technology, 48(4), pp.412-422. 

Ketlhoilwe, M.J., and Jeremiah, K., 2016. The role of traditional ecological knowledge in natural 

resources management: a case study of village communities in eastern part of 

Botswana. European Journal of Education Studies. 

Khanal, D.P., Raut, B., and Kafle, M., 2016. A comparative study on phytochemical and 

biological activities of two Grewia species. Journal of Manmohan Memorial Institute of Health 

Sciences, 2, pp.53-60. 

Khanam, U.K.S., Oba, S., Yanase, E., and Murakami, Y., 2012. Phenolic acids, flavonoids and 

total antioxidant capacity of selected leafy vegetables. Journal of Functional Foods, 4(4), 

pp.979-987. 

Khandhadia, S., and Lotery, A., 2010. Oxidation and age-related macular degeneration: insights 

from molecular biology. Expert Reviews in Molecular Medicine, 12. 

Koenen, E.V., 2001. Medicinal, Poisonous, and Edible Plants in Namibia. Klaus hess publishers. 

Koleva, I.I., Niederländer, H.A., and van Beek, T.A., 2001. Application of ABTS radical cation 

for selective on-line detection of radical scavengers in HPLC eluates. Analytical 

Chemistry, 73(14), pp.3373-3381. 

Kouri, G., Tsimogiannis, D., Bardouki, H., and Oreopoulou, V., 2007. Extraction and analysis of 

antioxidant components from Origanum dictamnus. Innovative Food Science and Emerging 

Technologies, 8(2), pp.155-162. 

Krinsky, N.I., and Johnson, E.J., 2005. Carotenoid actions and their relation to health and 

disease. Molecular Aspects of Medicine, 26(6), pp.459-516. 

Kryston, T.B., Georgiev, A.B., Pissis, P., and Georgakilas, A.G., 2011. Role of oxidative stress 

and DNA damage in human carcinogenesis. Mutation Research/Fundamental and Molecular 

Mechanisms of Mutagenesis, 711(1-2), pp.193-201. 



59 

 

Kurutas, E.B., 2015. The importance of antioxidants which play the role in cellular response 

against oxidative/nitrosative stress: current state. Nutrition Journal, 15(1), pp.1-22.  

Kurz, T., Gustafsson, B., and Brunk, U.T., 2006. Intralysosomal iron chelation protects against 

oxidative stress‐induced cellular damage. The Federation of European Biochemical Socieities 

Journal, 273(13), pp.3106-3117. 

Kyung, K.H., Woo, Y.H., Kim, D.S., Park, H.J., and Kim, Y.S., 2007. Antimicrobial activity of 

an edible wild plant, apiifolia Virgin's Bower (Clematis apiifolia DC). Food Science and 

Biotechnology, 16(6), pp.1051-1054. 

Lamien-Meda, A., Lamien, C.E., Compaoré, M.M., Meda, R.N., Kiendrebeogo, M., Zeba, B., 

Millogo, J.F., and Nacoulma, O.G., 2008. Polyphenol content and antioxidant activity of 

fourteen wild edible fruits from Burkina Faso. Molecules, 13(3), pp.581-594. 

Lamien-Meda, A., Lamien, C.E., Compaoré, M.M., Meda, R.N., Kiendrebeogo, M., Zeba, B., 

Millogo, J.F., and Nacoulma, O.G., 2008. Polyphenol content and antioxidant activity of 

fourteen wild edible fruits from Burkina Faso. Molecules, 13(3), pp.581-594. 

Lamola, M.S., 2015. Antimicrobial Activity and Cytotoxicity of Extracts and an Isolated 

Compound from the Edible Plant Grewia flava Against Four Enteric Pathogens (Doctoral 

dissertation, University of Pretoria). 

Lamola, S.M., Dzoyem, J.P., Botha, F., and Van Wyk, C., 2017. Anti-bacterial, free radical 

scavenging activity and cytotoxicity of acetone extracts of Grewia flava. African Health 

Sciences, 17(3), pp.790-796. 

Langhammer, A.J., and Nilsen, O.G., 2014. In vitro inhibition of human CYP1A2, CYP2D6, and 

CYP3A4 by six herbs commonly used in pregnancy. Phytotherapy Research, 28(4), pp.603-610. 

Lapornik, B., Prošek, M., and Wondra, A.G., 2005. Comparison of extracts prepared from plant 

by-products using different solvents and extraction time. Journal of Food Engineering, 71(2), 

pp.214-222. 

Leavy, O., 2014. Inflammation: regulating ROS. Nature Reviews Immunology, 14(6), p.357. 



60 

 

Lee, C.Y., Sharma, A., Semenya, J., Anamoah, C., Chapman, K.N., and Barone, V., 2020. 

Computational study of ortho-substituent effects on antioxidant activities of phenolic dendritic 

antioxidants. Antioxidants, 9(3), p.189. 

Leong, L.P., and Shui, G., 2002. An investigation of antioxidant capacity of fruits in Singapore 

markets. Food Chemistry, 76(1), pp.69-75. 

Liguori, I., Russo, G., Curcio, F., Bulli, G., Aran, L., Della-Morte, D., Gargiulo, G., Testa, G., 

Cacciatore, F., Bonaduce, D., and Abete, P., 2018. Oxidative stress, aging, and diseases. Clinical 

Interventions in Aging, 13, p.757. 

Lin, Y.T., Kwon, Y.I., Labbe, R.G., and Shetty, K., 2005. Inhibition of Helicobacter pylori and 

associated urease by oregano and cranberry phytochemical synergies. Applied and 

Environmental Microbiology, 71(12), pp.8558-8564. 

Lushchak, V.I., 2014. Free radicals, reactive oxygen species, oxidative stress and its 

classification. Chemico-Biological Interactions, 224, pp.164-175. 

Machado, T.B., Pinto, A.V., Pinto, M.C.F.R., Leal, I.C.R., Silva, M.G., Amaral, A.C.F., Kuster, 

R.M., and Netto-dosSantos, K.R., 2003. In vitro activity of Brazilian medicinal plants, naturally 

occurring naphthoquinones and their analogues, against methicillin-resistant Staphylococcus 

aureus. International Journal of Antimicrobial Agents, 21(3), pp.279-284. 

Magalhães, L.M., Segundo, M.A., Reis, S., and Lima, J.L., 2008. Methodological aspects about 

in vitro evaluation of antioxidant properties. Analytica Chimica Acta, 613(1), pp.1-19. 

Maikai, V.A., Maikai, B.V., and Kobo, P.I., 2009. Antimicrobial properties of stem bark extracts 

of Ximenia americana. Journal of Agricultural Science, 1(2), p.30. 

Majhenič, L., Škerget, M., and Knez, Ž., 2007. Antioxidant and antimicrobial activity of guarana 

seed extracts. Food Chemistry, 104(3), pp.1258-1268. 

Majinda, Runner R.T., and Motswaledi, M.S., 1998. Antibiotic activity of selected Botswana 

Medicinal plants. Botswana Notes and Records, 30(1), pp.157-162. 



61 

 

Malela, K.E., Petit, J., Nzikou, J.M., and Scher, J., 2016. Physicochemical characterisation and 

phytochemical study of Grewia coriacea Mast powders: focus on polyphenols. International 

Journal of Innovative Science, Engineering & Technology, 3, pp.512-525. 

Manach, C. and Donovan, J.L., 2004. Pharmacokinetics and metabolism of dietary flavonoids in 

humans. Free Radical Research, 38(8), pp.771-786. 

Mapunda, E.P., and Mligo, C., 2019. Nutritional content and antioxidant properties of edible 

indigenous wild fruits from miombo woodlands in Tanzania. International Journal of Biological 

and Chemical Sciences, 13(2), pp.849-860. 

Maroyi, A., 2018. Nutraceutical and ethnopharmacological properties of Vangueria infausta 

subsp. infausta. Molecules, 23(5), p.1089. 

Maroyi, A., 2018. Vangueria madagascariensis fruit tree: nutritional, phytochemical, 

pharmacological, and primary health care applications as herbal medicine. Scientifica, 2018. 

Marumo, R., Kommula, V.P., and Gandure, J., 2009, May. Digitizing the survival ideas for 

future generations: African Wild Fruits. In African Digital Scholarship and Curation 

Conference (pp. 12-14). 

Masisi, K., Masamba, R., Lashani, K., Li, C., Kwape, T.E., and Gaobotse, G., 2021. Antioxidant, 

Cytotoxicity and Cytoprotective Potential of Extracts of Grewia Flava and Grewia Bicolor 

Berries. Journal of Pharmacopuncture, 24(1), p.24. 

Masoko, P., Picard, J. and Eloff, J.N., 2005. Antifungal activities of six south African Terminalia 

species (Combretaceae). Journal of Ethnopharmacology, 99(2), pp.301-308. 

Masuku, N.P., Unuofin, J.O., and Lebelo, S.L., 2020. Phytochemical content, antioxidant 

activities and androgenic properties of four South African medicinal plants. Journal of Herbmed 

Pharmacology, 9(3), pp.245-256. 

Mattila, P., and Kumpulainen, J., 2002. Determination of free and total phenolic acids in plant-

derived foods by HPLC with diode-array detection. Journal of Agricultural and Food 

Chemistry, 50(13), pp.3660-3667. 



62 

 

Mausse, B.J., Munyemana, F., Uamusse, A., and Manjate, A., 2021. Determination of total 

phenols and evaluation of the antioxidant activity of pulps and fruit derivatives of Vangueria 

infausta and Strychnos spinosa. Journal of Medicinal Plants, 9(3), pp.06-13. 

Mbukwa, E., Chacha, M., and Majinda, R.R., 2007. Phytochemical constituents of Vangueria 

infausta: their radical scavenging and antimicrobial activities. Arkivoc, 9, pp.104-112. 

Merkl, R., HRádkoVá, I., FIlIp, V., and ŠMIdRkal, J., 2010. Antimicrobial and antioxidant 

properties of phenolic acids alkyl esters. Czech Journal of Food Sciences, 28(4), pp.275-279. 

Mojeremane, W., and Tshwenyane, S.O., 2004. The resource role of morula (Sclerocarya birrea): 

A multipurpose indigenous fruit tree of Botswana. Journal of Biological Sciences, 4(6), pp.771-

775. 

Mølgaard, P., Nielsen, S.B., Rasmussen, D.E., Drummond, R.B., Makaza, N. and Andreassen, J., 

2001. Anthelmintic screening of Zimbabwean plants traditionally used against 

schistosomiasis. Journal of Ethnopharmacology, 74(3), pp.257-264. 

Mongalo, N.I., McGaw, L.J., Finnie, J.F., and Van Staden, J., 2017. Pharmacological properties 

of extracts from six South African medicinal plants used to treat sexually transmitted infections 

(STIs) and related infections. South African Journal of Botany, 112, pp.290-295. 

Monik, K., Thiago, P., Ravely, L., Deysiane, O., Hugo, F., JÚNIOR, R., Joséde, F., SANTOS, 

D., Vanda, L., and Cláudia, A., 2015. Modulation of the erythromycin resistance in 

Staphylococcus aureus by ethanolic extracts of Ximenia americana L and Schinopsis brasiliensis 

Engl. Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas, 14(2), pp.92-

98. 

Monyela, S., 2021. Characterisation of Mmupudu (Mimusops zeyheri) Leaf Rust in Limpopo 

Province (Doctoral dissertation). 

Moon, J.K., and Shibamoto, T., 2009. Antioxidant assays for plant and food 

components. Journal of Agricultural and Food Chemistry, 57(5), pp.1655-1666. 

Moonmun, D., Majumder, R., and Lopamudra, A., 2017. Quantitative phytochemical estimation 

and evaluation of antioxidant and antibacterial activity of methanol and ethanol extracts of 

Heliconia rostrata. Indian Journal of Pharmaceutical Sciences, 79(1), pp.79-90. 



63 

 

Motlhanka, D.M., and Makhabu, S.W., 2011. Medicinal and edible wild fruit plants of Botswana 

as emerging new crop opportunities. Journal of Medicinal Plants Research, 5(10), pp.1836-

1842. 

Motlhanka, D.M.T., Motlhanka, P., and Selebatso, T., 2008. Edible indigenous wild fruit plants 

of Eastern Botswana. International Journal of Poultry Science, 7(5), pp.457-460. 

Munodawafa, T., Chagonda, L.S., Viol, I., Muchuweti, M. and Moyo, S.R., 2010. Total phenolic 

content and antioxidant activity of some Zimbabwean traditional medicinal plants. Drug Plants 

III, pp.363-373. 

Ndhlala, A.R., Muchuweti, M., Mupure, C., Chitindingu, K., Murenje, T., Kasiyamhuru, A., and 

Benhura, M.A., 2008. Phenolic content and profiles of selected wild fruits of Zimbabwe: 

Ximenia caffra, Artobotrys brachypetalus and Syzygium cordatum. International Journal of 

Food Science and Technology, 43(8), pp.1333-1337. 

Nebo, L., Varela, R.M., Molinillo, J.M., Sampaio, O.M., Severino, V.G., Cazal, C.M., das 

Graças Fernandes, M.F., Fernandes, J.B. and Macías, F.A., 2014. Phytotoxicity of alkaloids, 

coumarins and flavonoids isolated from 11 species belonging to the Rutaceae and Meliaceae 

families. Phytochemistry Letters, 8, pp.226-232. 

Neelo, J., Kashe, K., Teketay, D., and Masamba, W., 2015. Ethnobotanical survey of woody 

plants in Shorobe and Xobe villages, northwest region of Botswana. Ethnobotany Research and 

Applications, 14, pp.367-379. 

Ngo, N., Brantley, S.J., Carrizosa, D.R., Kashuba, A.D., Dees, E.C., Kroll, D.J., Oberlies, N.H., 

and Paine, M.F., 2010. The warfarin–cranberry juice interaction revisited: A systematic in vitro–

in vivo evaluation. Journal of Experimental Pharmacology, 2, p.83. 

Ngo, N., Yan, Z., Graf, T.N., Carrizosa, D.R., Kashuba, A.D., Dees, E.C., Oberlies, N.H., and 

Paine, M.F., 2009. Identification of a cranberry juice product that inhibits enteric CYP3A-

mediated first-pass metabolism in humans. Drug Metabolism and Disposition, 37(3), pp.514-

522. 



64 

 

Nogueira, V., and Hay, N., 2013. Molecular pathways: reactive oxygen species homeostasis in 

cancer cells and implications for cancer therapy. Clinical Cancer Research, 19(16), pp.4309-

4314. 

Nohynek, L.J., Alakomi, H.L., Kähkönen, M.P., Heinonen, M., Helander, I.M., Oksman-

Caldentey, K.M., and Puupponen-Pimiä, R.H., 2006. Berry phenolics: antimicrobial properties 

and mechanisms of action against severe human pathogens. Nutrition and Cancer, 54(1), pp.18-

32. 

Ogbonna, A.I., Enukora, E.I., Olorunfemi, P.O., Aguiyi, J.C., Ekwere, E.O., Akueshi, E.U., and 

Onyekwelu, N.A., 2003. Antibacterial activity of the aqueous leaf extract of Ximenia Americana 

Linn.(Olacaceae). Nigerian Journal of Botany, 16, pp.151-155. 

Ojha, K., Dubey, S., Chandrakar, J., Minj, R.A., Dehariya, R., and Dixit, A.K., 2018. A review 

on different methods of determination of antioxidant activity assay of herbal plants. Research 

Journal of Life Sciences Bioinformatics  Pharmaceutical and Chemical Sciences, 4, pp.707-730. 

Omotayo, A.O., Ijatuyi, E.J., Ogunniyi, A.I., and Aremu, A.O., 2020. Exploring the Resource 

Value of Transvaal Red Milk Wood (Mimusops zeyheri) for Food Security and Sustainability: 

An Appraisal of Existing Evidence. Plants, 9(11), p.1486. 

Panche, A.N., Diwan, A.D., and Chandra, S.R., 2016. Flavonoids: an overview. Journal of 

Nutritional Science, 5. 

Pandino, G., Lombardo, S., Mauromicale, G., and Williamson, G., 2011. Profile of polyphenols 

and phenolic acids in bracts and receptacles of globe artichoke (Cynara cardunculus var. 

scolymus) germplasm. Journal of Food Composition and Analysis, 24(2), pp.148-153. 

Papandreou, M.A., Dimakopoulou, A., Linardaki, Z.I., Cordopatis, P., Klimis-Zacas, D., 

Margarity, M., and Lamari, F.N., 2009. Effect of a polyphenol-rich wild blueberry extract on 

cognitive performance of mice, brain antioxidant markers and acetylcholinesterase 

activity. Behavioural Brain Research, 198(2), pp.352-358. 

Parekh, J., and Chanda, S., 2007. In vitro antimicrobial activity and phytochemical analysis of 

some Indian medicinal plants. Turkish Journal of Biology, 31(1), pp.53-58. 



65 

 

Parekh, J., and Chanda, S., 2008. Antibacterial activities of aqueous and alcoholic extracts of 34 

Indian medicinal plants against some Staphylococcus species. Turkish Journal of Biology, 32(1), 

pp.63-71. 

Parekh, J., Jadeja, D., and Chanda, S., 2006. Efficacy of aqueous and methanol extracts of some 

medicinal plants for potential antibacterial activity. Turkish Journal of Biology, 29(4), pp.203-

210. 

Park, J.Y., Han, X., Piao, M.J., Oh, M.C., Fernando, P.M.D.J., Kang, K.A., Ryu, Y.S., Jung, U., 

Kim, I.G. and Hyun, J.W., 2016. Hyperoside induces endogenous antioxidant system to alleviate 

oxidative stress. Journal of Cancer Prevention, 21(1), p.41. 

Payet, B., Shum Cheong Sing, A., and Smadja, J., 2005. Assessment of antioxidant activity of 

cane brown sugars by ABTS and DPPH radical scavenging assays: determination of their 

polyphenolic and volatile constituents. Journal of Agricultural and Food Chemistry, 53(26), 

pp.10074-10079. 

Pérez-Jiménez, J., Arranz, S., Tabernero, M., Díaz-Rubio, M.E., Serrano, J., Goñi, I. and Saura-

Calixto, F., 2008. Updated methodology to determine antioxidant capacity in plant foods, oils 

and beverages: Extraction, measurement and expression of results. Food Research 

International, 41(3), pp.274-285. 

Phaniendra, A., Jestadi, D.B., and Periyasamy, L., 2015. Free radicals: properties, sources, 

targets, and their implication in various diseases. Indian Journal of Clinical Biochemistry, 30(1), 

pp.11-26. 

Pisoschi, A.M., Pop, A., Iordache, F., Stanca, L., Predoi, G., and Serban, A.I., 2021. Oxidative 

stress mitigation by antioxidants-an overview on their chemistry and influences on health 

status. European Journal of Medicinal Chemistry, 209, p.112891. 

Poljšak, B., and Dahmane, R., 2012. Free radicals and extrinsic skin aging. Dermatology 

Research and Practice, 2012. 

Prior, R.L., Wu, X., and Schaich, K., 2005. Standardized methods for the determination of 

antioxidant capacity and phenolics in foods and dietary supplements. Journal of Agricultural and 

Food Chemistry, 53(10), pp.4290-4302. 



66 

 

Puupponen‐Pimiä, R., Nohynek, L., Meier, C., Kähkönen, M., Heinonen, M., Hopia, A., and 

Oksman‐Caldentey, K.M., 2001. Antimicrobial properties of phenolic compounds from 

berries. Journal of Applied Microbiology, 90(4), pp.494-507. 

Qamar, M., Akhtar, S., Ismail, T., Sestili, P., Tawab, A., and Ahmed, N., 2020. Anticancer and 

anti-inflammatory perspectives of Pakistan’s indigenous berry Grewia asiatica Linn 

(Phalsa). Journal of Berry Research, 10(1), pp.115-131. 

Rahman, T., Hosen, I., Islam, M.T., and Shekhar, H.U., 2012. Oxidative stress and human health. 

Rajesh, K.D., Vasantha, S., Rajesh, N.V., and Panneerselvam, A., 2014. Qualitative and 

quantitative phytochemical analysis in four pteridophytes. Int J Pharm Sci Rev Res, 27(2), 

pp.408-412. 

Rajurkar, N.S., and Hande, S.M., 2011. Estimation of phytochemical content and antioxidant 

activity of some selected traditional Indian medicinal plants. Indian journal of Pharmaceutical 

Sciences, 73(2), p.146. 

Rakholiya, K., Vaghela, P., Rathod, T., and Chanda, S., 2014. Comparative study of 

hydroalcoholic extracts of Momordica charantia L. against foodborne pathogens. Indian Journal 

of Pharmaceutical Sciences, 76(2), p.148. 

Rana, Z.H., Alam, M.K., and Akhtaruzzaman, M., 2019. Nutritional composition, total phenolic 

content, antioxidant and α-amylase inhibitory activities of different fractions of selected wild 

edible plants. Antioxidants, 8(7), p.203. 

Rios, J.L., and Recio, M.C., 2005. Medicinal plants and antimicrobial activity. Journal of 

Ethnopharmacology, 100(1-2), pp.80-84. 

Risom, L., Møller, P., and Loft, S., 2005. Oxidative stress-induced DNA damage by   particulate 

air pollution. Mutation Research/Fundamental and Molecular Mechanisms of 

Mutagenesis, 592(1-2), pp.119-137. 

Romagnolo, D.F., and Selmin, O.I., 2012. Flavonoids and cancer prevention: a review of the 

evidence. Journal of Nutrition in Gerontology and Geriatrics, 31(3), pp.206-238. 



67 

 

Rossiter, S., Pellegrin, S., Hill, K., Bunting, A., Robinson, S., Mason, T., Boitumelo, T., and 

Madiba, A., 1997. The Present Importance and Future Potential of Veld Products in the 

Livelihoods of Villagers from the Tswapong Hills. Botswana Notes and Records, 29(1), pp.9-22. 

Sanad, F.A.A., 2020. Evaluation of the hypolipidemic and antioxidant activities of chloroformic 

extract from Vangueria infaustaleaves in rats with hypercholesterolemia. Current Science 

International, 9(3), pp.462-471. 

Salaritabar, A., Darvishi, B., Hadjiakhoondi, F., Manayi, A., Sureda, A., Nabavi, S.F., 

Fitzpatrick, L.R., Nabavi, S.M., and Bishayee, A., 2017. Therapeutic potential of flavonoids in 

inflammatory bowel disease: A comprehensive review. World Journal of 

Gastroenterology, 23(28), p.5097. 

Samarth, R.M., Panwar, M., Kumar, M., Soni, A., Kumar, M., and Kumar, A., 2008. Evaluation 

of antioxidant and radical-scavenging activities of certain radioprotective plant extracts. Food 

Chemistry, 106(2), pp.868-873. 

Sánchez-Gutiérrez, J.A., Vázquez-Sánchez, M., Álvarez-Bernal, D., Mares-Quiñones, M.D., 

Valiente-Banuet, J.I., Medina-Medrano, J.R., and Villar-Luna, E., 2018. Determination of 

phenolic compounds and the antioxidant capacity of Ximenia parviflora Benth. var. parviflora 

(Olacaceae) fruit by high-performance liquid chromatography with diode array 

detection. Analytical Letters, 51(13), pp.1986-1998. 

Semenya, S., Potgieter, M., and Erasmus, L., 2012. Ethnobotanical survey of medicinal plants 

used by Bapedi healers to treat diabetes mellitus in the Limpopo Province, South Africa. Journal 

of Ethnopharmacology, 141(1), pp.440-445. 

Sen, S., Chakraborty, R., Sridhar, C., Reddy, Y.S.R. and De, B., 2010. Free radicals, 

antioxidants, diseases and phytomedicines: current status and future prospect. International 

Journal of Pharmaceutical Sciences Review and Research, 3(1), pp.91-100. 

Setshogo, M.P. and Venter, F., 2003. Trees of Botswana: names and distribution, Southern 

African Botanical Diversity Network Report No 18. Cape Town, South Africa. 



68 

 

Shahidi, F., and Ambigaipalan, P., 2015. Phenolics and polyphenolics in foods, beverages and 

spices: Antioxidant activity and health effects–A review. Journal of Functional Foods, 18, 

pp.820-897. 

Shahidi, F., and Zhong, Y., 2015. Measurement of antioxidant activity. Journal of Functional 

Foods, 18, pp.757-781. 

Shan, S., Huang, X., Shah, M.H., and Abbasi, A.M., 2019. Evaluation of polyphenolics content 

and antioxidant activity in edible wild fruits. BioMed Research International, 2019. 

Sharquie, K.E., AL‐Turfi, I.A., and AL‐Salloum, S.M., 2000. The antibacterial activity of tea in 

vitro and in vivo (in patients with impetigo contagiosa). The Journal of Dermatology, 27(11), 

pp.706-710. 

She, G.M., Xu, C., Liu, B., and Shi, R.B., 2010. Polyphenolic acids from mint (the aerial of 

Mentha haplocalyx Briq.) with DPPH radical scavenging activity. Journal of Food 

Science, 75(4), pp.C359-C362. 

Sivasankari, B., Pitchaimani, S., and Anandharaj, M., 2013. A study on traditional medicinal 

plants of Uthapuram, Madurai District, Tamilnadu, South India. Asian Pacific Journal of 

Tropical Biomedicine, 3(12), pp.975-979. 

Skowyra, M., 2014. Antioxidant properties of extracts from selected plant materials (Caesalpinia 

spinosa, Perilla frutescens, Artemisia annua and Viola wittrockiana) in vitro and in model food 

systems. 

Smith, M.A., Rottkamp, C.A., Nunomura, A., Raina, A.K. and Perry, G., 2000. Oxidative stress 

in Alzheimer’s disease. Biochimica et Biophysica Acta (BBA)-Molecular Basis of 

Disease, 1502(1), pp.139-144. 

Sobha, R.I., and Andallu, B., 2013. Oxidative stress and cancer: role of anticarcinogenic herbs 

and species. American Journal of Phytomedicine and Clinical Therapeutics, 3, pp.351-369. 

Song, Y., Wei, X.Q., Li, M.Y., Duan, X.W., Sun, Y.M., Yang, R.L., Su, X.D., Huang, R.M., and 

Wang, H., 2018. Nutritional composition and antioxidant properties of the fruits of a Chinese 

wild Passiflora foetida. Molecules, 23(2), p.459. 



69 

 

Sugamura, K., and Keaney Jr, J.F., 2011. Reactive oxygen species in cardiovascular 

disease. Free Radical Biology and Medicine, 51(5), pp.978-992. 

Tadapaneni, R.K., 2010. Effect of High Pressure Processing & Dairy on the Antioxidant Activity 

of Strawberry Based Beverages (Doctoral dissertation, Illinois Institute of Technology). 

Taneva, I., Petkova, N., Dimov, I., Ivanov, I., and Denev, P., 2016. Characterization of rose hip 

(Rosa canina L.) fruits extracts and evaluation of their in vitro antioxidant activity. Journal of 

Pharmacognosy and Phytochemistry, 5(2), p.35. 

Tapiero, H., Townsend, D.M., and Tew, K.D., 2004. The role of carotenoids in the prevention of 

human pathologies. Biomedicine and Pharmacotherapy, 58(2), pp.100-110. 

Tresserra-Rimbau, A., Rimm, E.B., Medina-Remón, A., Martínez-González, M.A., López-

Sabater, M.C., Covas, M.I., Corella, D., Salas-Salvadó, J., Gómez-Gracia, E., Lapetra, J., and 

Arós, F., 2014. Polyphenol intake and mortality risk: a re-analysis of the PREDIMED trial. BMC 

Medicine, 12(1), pp.1-11. 

Tshikalange, T.E., Mamba, P., and Adebayo, S.A., 2016. Antimicrobial, antioxidant and 

cytotoxicity studies of medicinal plants used in the treatment of sexually transmitted diseases. 

Uchôa, V.T., Sousa, C.M.M., Carvalho, A.A., Sant’Ana, A.E.G. and Chaves, M.H., 2016. Free 

radical scavenging ability of Ximenia americana L. stem bark and leaf extracts. Journal of 

Applied Pharmceutical Sciences, 6(02), pp.091-096. 

Ullah, W., Uddin, G., and Siddiqui, B.S., 2012. Ethnic uses, pharmacological and phytochemical 

profile of genus Grewia. Journal of Asian Natural Products Research, 14(2), pp.186-195. 

Umamaheswari, M., and Chatterjee, T.K., 2008. In vitro antioxidant activities of the fractions of 

Coccinia grandis L. leaf extract. African Journal of Traditional, Complementary and Alternative 

Medicines, 5(1), pp.61-73. 

van Dam, R.M., Naidoo, N., and Landberg, R., 2013. Dietary flavonoids and the development of 

type 2 diabetes and cardiovascular diseases: review of recent findings. Current Opinion in 

Lipidology, 24(1), pp.25-33. 



70 

 

Villaño, D., Fernández-Pachón, M.S., Moyá, M.L., Troncoso, A.M. and García-Parrilla, M.C., 

2007. Radical scavenging ability of polyphenolic compounds towards DPPH free 

radical. Talanta, 71(1), pp.230-235. 

Wolfe, K.L., and Liu, R.H., 2007. Cellular antioxidant activity (CAA) assay for assessing 

antioxidants, foods, and dietary supplements. Journal of Agricultural and Food 

Chemistry, 55(22), pp.8896-8907. 

Wong, J.Y., Matanjun, P., Ooi, Y.B.H., and Chia, K.F., 2014. Evaluation of antioxidant activities 

in relation to total phenolics and flavonoids content of selected Malaysian wild edible plants by 

multivariate analysis. International Journal of Food Properties, 17(8), pp.1763-1778. 

Yao, X., Shang, E., Zhou, G., Tang, Y., Guo, S., Su, S., Jin, C., Qian, D., Qin, Y., and Duan, 

J.A., 2012. Comparative characterization of total flavonol glycosides and terpene lactones at 

different ages, from different cultivation sources and genders of Ginkgo biloba 

leaves. International Journal of Molecular Sciences, 13(8), pp.10305-10315. 

Young, I.S., and Woodside, J.V., 2001. Antioxidants in health and disease. Journal of Clinical 

Pathology, 54(3), pp.176-186. 

Zeb, A., 2020. Concept, mechanism, and applications of phenolic antioxidants in foods. Journal 

of Food Biochemistry, 44(9), p.e13394. 

Zhang, Y., and Wang, Z.Z., 2009. Phenolic composition and antioxidant activities of two 

Phlomis species: A correlation study. Comptes Rendus Biologies, 332(9), pp.816-826. 

Zhang, Z., Pang, X., Ji, Z. and Jiang, Y., 2001. Role of anthocyanin degradation in litchi pericarp 

browning. Food Chemistry, 75(2), pp.217-221. 

Zheleva-Dimitrova, D., Nedialkov, P., and Kitanov, G., 2010. Radical scavenging and 

antioxidant activities of methanolic extracts from Hypericum species growing in 

Bulgaria. Pharmacognosy Magazine, 6(22), p.74. 

Zia-Ul-Haq, M., Stanković, M.S., Rizwan, K., and Feo, V.D., 2013. Grewia asiatica L., a food 

plant with multiple uses. Molecules, 18(3), pp.2663-2682. 

 



71 

 

 

 

 

 

 

APPENDICES 

 

 Auxiliary Figure 16: Calibration curve of standard Quercetin for determination of TFC 

 



72 

 

 

Auxiliary Figure 17: Gallic acid standard calibration curve for quantification of Total Phenolic 

Content 
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Auxiliary Figure 18: Ascorbic acid standard calibration curve for quantification of ABTS 

 

Auxiliary Figure 19: Quercetin acid standard calibration curve for quantification of DPPH 

 

 

 

 

 

 

 

Auxiliary Table 4: Analyzed DPPH One-way Ordinary ANOVA Tukey’s multiple comparison 

test (Distilled water) 

Number of families 1 
     

Number of comparisons per family 21 
     

Alpha 0.05 
     

Tukey's multiple comparisons test 

Mean 

Diff. 

95.00% CI of 

diff. 

Below 

threshold? Summary 

Adjusted P 

Value 
 

Grewia bicolor vs. Grewia cana Sond -2.700 -4.346 to -1.054 Yes *** 0.0010 A-B 
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Grewia bicolor vs. Vangueria infausta  -0.2000 -1.846 to 1.446 No ns 0.9995 A-C 

Grewia bicolor vs. Ximenia caffara S -69.20 -70.85 to -67.55 Yes **** <0.0001 A-D 

Grewia bicolor vs. Mimusops zeyheri -39.30 -40.95 to -37.65 Yes **** <0.0001 A-E 

Grewia bicolor vs. Ximenia americana L -55.80 -57.45 to -54.15 Yes **** <0.0001 A-F 

Grewia bicolor vs. Grewia flava 0.03333 -1.613 to 1.679 No ns >0.9999 A-G 

Grewia cana Sond vs. Vangueria infausta  2.500 0.8540 to 4.146 Yes ** 0.0020 B-C 

Grewia cana Sond vs. Ximenia caffara S -66.50 -68.15 to -64.85 Yes **** <0.0001 B-D 

Grewia cana Sond vs. Mimusops zeyheri -36.60 -38.25 to -34.95 Yes **** <0.0001 B-E 

Grewia cana Sond vs. Ximenia americana L -53.10 -54.75 to -51.45 Yes **** <0.0001 B-F 

Grewia cana Sond vs. Grewia flava 2.733 1.087 to 4.379 Yes *** 0.0009 B-G 

Vangueria infausta vs. Ximenia caffara S -69.00 -70.65 to -67.35 Yes **** <0.0001 C-D 

Vangueria infausta vs. Mimusops zeyheri -39.10 -40.75 to -37.45 Yes **** <0.0001 C-E 

Vangueria infausta vs. Ximenia americana 

L -55.60 -57.25 to -53.95 Yes **** <0.0001 C-F 

Vangueria infausta vs. Grewia flava 0.2333 -1.413 to 1.879 No ns 0.9987 C-G 

Ximenia caffara S vs. Mimusops zeyheri 29.90 28.25 to 31.55 Yes **** <0.0001 D-E 

Ximenia caffara S vs. Ximenia americana L 13.40 11.75 to 15.05 Yes **** <0.0001 D-F 

Ximenia caffara S vs. Grewia flava 69.23 67.59 to 70.88 Yes **** <0.0001 D-G 

Mimusops zeyheri vs. Ximenia americana L -16.50 -18.15 to -14.85 Yes **** <0.0001 E-F 

Mimusops zeyheri vs. Grewia flava 39.33 37.69 to 40.98 Yes **** <0.0001 E-G 

Ximenia americana L vs. Grewia flava 55.83 54.19 to 57.48 Yes **** <0.0001 F-G 

 

Auxiliary Table 5: Analyzed DPPH One-way Ordinary ANOVA Tukey’s multiple comparison 

test (Methanol) 

Number of families 1 
     

Number of comparisons per family 21 
     

Alpha 0.05 
       

95.00% CI of 

diff. 

Below 

threshold? Summary 

Adjusted 

P Value Tukey's multiple comparisons test Mean Diff. 

Grewia bicolor vs. Grewia cana Sond -11.43 -13.60 to -9.269 Yes **** <0.0001 A-B 
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Grewia bicolor vs. Vangueria infausta  -3.867 -6.031 to -1.702 Yes *** 0.0004 A-C 

Grewia bicolor vs. Ximenia caffara S -70.53 -72.70 to -68.37 Yes **** <0.0001 A-D 

Grewia bicolor vs. Mimusops zeyheri -47.40 -49.56 to -45.24 Yes **** <0.0001 A-E 

Grewia bicolor vs. Ximenia americana L -61.50 -63.66 to -59.34 Yes **** <0.0001 A-F 

Grewia bicolor vs. Grewia flava 5.600 3.435 to 7.765 Yes **** <0.0001 A-G 

Grewia cana Sond vs. Vangueria infausta  7.567 5.402 to 9.731 Yes **** <0.0001 B-C 

Grewia cana Sond vs. Ximenia caffara S -59.10 -61.26 to -56.94 Yes **** <0.0001 B-D 

Grewia cana Sond vs. Mimusops zeyheri -35.97 -38.13 to -33.80 Yes **** <0.0001 B-E 

Grewia cana Sond vs. Ximenia americana L -50.07 -52.23 to -47.90 Yes **** <0.0001 B-F 

Grewia cana Sond vs. Grewia flava 17.03 14.87 to 19.20 Yes **** <0.0001 B-G 

Vangueria infausta vs. Ximenia caffara S -66.67 -68.83 to -64.50 Yes **** <0.0001 C-D 

Vangueria infausta vs. Mimusops zeyheri -43.53 -45.70 to -41.37 Yes **** <0.0001 C-E 

Vangueria infausta vs. Ximenia americana L -57.63 -59.80 to -55.47 Yes **** <0.0001 C-F 

Vangueria infausta vs. Grewia flava 9.467 7.302 to 11.63 Yes **** <0.0001 C-G 

Ximenia caffara S vs. Mimusops zeyheri 23.13 20.97 to 25.30 Yes **** <0.0001 D-E 

Ximenia caffara S vs. Ximenia americana L 9.033 6.869 to 11.20 Yes **** <0.0001 D-F 

Ximenia caffara S vs. Grewia flava 76.13 73.97 to 78.30 Yes **** <0.0001 D-G 

Mimusops zeyheri vs. Ximenia americana L -14.10 -16.26 to -11.94 Yes **** <0.0001 E-F 

Mimusops zeyheri vs. Grewia flava 53.00 50.84 to 55.16 Yes **** <0.0001 E-G 

Ximenia americana L vs. Grewia flava 67.10 64.94 to 69.26 Yes **** <0.0001 F-G 

 

 

Auxiliary Table 6: Analyzed DPPH One-way Ordinary ANOVA Tukey’s multiple comparison 

test (Ethanol) 

Number of families 1 
     

Number of comparisons per family 21 
     

Alpha 0.05 
     

Tukey's multiple comparisons test Mean Diff. 

95.00% CI of 

diff. 

Below 

threshold? Summary 

Adjusted 

P Value 

A-B Grewia bicolor vs. Grewia cana Sond -16.30 -18.45 to -14.15 Yes **** <0.0001 
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Grewia bicolor vs. Vangueria infausta  -8.333 -10.48 to -6.188 Yes **** <0.0001 A-C 

Grewia bicolor vs. Ximenia caffara S -69.17 -71.31 to -67.02 Yes **** <0.0001 A-D 

Grewia bicolor vs. Mimusops zeyheri -47.67 -49.81 to -45.52 Yes **** <0.0001 A-E 

Grewia bicolor vs. Ximenia americana L -64.70 -66.85 to -62.55 Yes **** <0.0001 A-F 

Grewia bicolor vs. Grewia flava 5.000 2.854 to 7.146 Yes **** <0.0001 A-G 

Grewia cana Sond vs. Vangueria infausta  7.967 5.821 to 10.11 Yes **** <0.0001 B-C 

Grewia cana Sond vs. Ximenia caffara S -52.87 -55.01 to -50.72 Yes **** <0.0001 B-D 

Grewia cana Sond vs. Mimusops zeyheri -31.37 -33.51 to -29.22 Yes **** <0.0001 B-E 

Grewia cana Sond vs. Ximenia americana L -48.40 -50.55 to -46.25 Yes **** <0.0001 B-F 

Grewia cana Sond vs. Grewia flava 21.30 19.15 to 23.45 Yes **** <0.0001 B-G 

Vangueria infausta vs. Ximenia caffara S -60.83 -62.98 to -58.69 Yes **** <0.0001 C-D 

Vangueria infausta vs. Mimusops zeyheri -39.33 -41.48 to -37.19 Yes **** <0.0001 C-E 

Vangueria infausta vs. Ximenia americana L -56.37 -58.51 to -54.22 Yes **** <0.0001 C-F 

Vangueria infausta vs. Grewia flava 13.33 11.19 to 15.48 Yes **** <0.0001 C-G 

Ximenia caffara S vs. Mimusops zeyheri 21.50 19.35 to 23.65 Yes **** <0.0001 D-E 

Ximenia caffara S vs. Ximenia americana L 4.467 2.321 to 6.612 Yes **** <0.0001 D-F 

Ximenia caffara S vs. Grewia flava 74.17 72.02 to 76.31 Yes **** <0.0001 D-G 

Mimusops zeyheri vs. Ximenia americana L -17.03 -19.18 to -14.89 Yes **** <0.0001 E-F 

Mimusops zeyheri vs. Grewia flava 52.67 50.52 to 54.81 Yes **** <0.0001 E-G 

Ximenia americana L vs. Grewia flava 69.70 67.55 to 71.85 Yes **** <0.0001 F-G 

 

 

Auxiliary Table 7: Analyzed ABTS One-way Ordinary ANOVA Tukey’s multiple comparison 

test (Distilled water) 

Number of families 1 
     

Number of comparisons per family 21 
     

Alpha 0.05 
     

       

Tukey's multiple comparisons test Mean Diff. 

 95.00% CI of 

diff. 

Below  

Threshold? Summary 

Adjusted P 

Value 
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Grewia bicolor vs. Grewia cana Sond 1.000 -2.012 to 4.012 No ns 0.906917 A-B 

Grewia bicolor vs. Vangueria infausta  -11.66 -14.67 to -8.652 Yes **** <0.000001 A-C 

Grewia bicolor vs. Ximenia caffara S -53.81 -56.82 to -50.80 Yes **** <0.000001 A-D 

Grewia bicolor vs. Mimusops zeyheri 2.050 -0.9615 to 5.062 No ns 0.297955 A-E 

Grewia bicolor vs. Ximenia americana L -39.33 -42.34 to -36.32 Yes **** <0.000001 A-F 

Grewia bicolor vs. Grewia flava -10.61 -13.62 to -7.602 Yes **** <0.000001 A-G 

Grewia cana Sond vs. Vangueria infausta  -12.66 -15.67 to -9.652 Yes **** <0.000001 B-C 

Grewia cana Sond vs. Ximenia caffara S -54.81 -57.82 to -51.80 Yes **** <0.000001 B-D 

Grewia cana Sond vs. Mimusops zeyheri 1.050 -1.962 to 4.062 No ns 0.886601 B-E 

Grewia cana Sond vs. Ximenia americana L -40.33 -43.34 to -37.32 Yes **** <0.000001 B-F 

Grewia cana Sond vs. Grewia flava -11.61 -14.62 to -8.602 Yes **** <0.000001 B-G 

Vangueria infausta vs. Ximenia caffara S -42.14 -45.15 to -39.13 Yes **** <0.000001 C-D 

Vangueria infausta vs. Mimusops zeyheri 13.71 10.70 to 16.72 Yes **** <0.000001 C-E 

Vangueria infausta vs. Ximenia americana L -27.67 -30.68 to -24.66 Yes **** <0.000001 C-F 

Vangueria infausta vs. Grewia flava 1.050 -1.962 to 4.062 No ns 0.886601 C-G 

Ximenia caffara S vs. Mimusops zeyheri 55.86 52.85 to 58.87 Yes **** <0.000001 D-E 

Ximenia caffara S vs. Ximenia americana L 14.47 11.46 to 17.48 Yes **** <0.000001 D-F 

Ximenia caffara S vs. Grewia flava 43.19 40.18 to 46.20 Yes **** <0.000001 D-G 

Mimusops zeyheri vs. Ximenia americana L -41.38 -44.39 to -38.37 Yes **** <0.000001 E-F 

Mimusops zeyheri vs. Grewia flava -12.66 -15.67 to -9.652 Yes **** <0.000001 E-G 

Ximenia americana L vs. Grewia flava 28.72 25.71 to 31.73 Yes **** <0.000001 F-G 

       
 

Auxiliary Table 8: Analyzed ABTS One-way Ordinary ANOVA Tukey’s multiple comparison 

test (Ethanol) 

Number of families 1 
     

Number of comparisons per family 21 
     

Alpha 0.05 
     

Tukey's multiple comparisons test Mean Diff. 

95.00% CI of 

diff. 

Below 

threshold? Summary 

Adjusted P 

Value 
 

Grewia bicolor vs. Grewia cana Sond 7.013 3.639 to 10.39 Yes **** <0.0001 A-B 
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Grewia bicolor vs. Vangueria infausta  6.533 3.159 to 9.907 Yes *** 0.0002 A-C 

Grewia bicolor vs. Ximenia caffara S -54.75 -58.12 to -51.38 Yes **** <0.0001 A-D 

Grewia bicolor vs. Mimusops zeyheri 0.1533 -3.221 to 3.527 No ns >0.9999 A-E 

Grewia bicolor vs. Ximenia americana L -49.80 -53.17 to -46.42 Yes **** <0.0001 A-F 

Grewia bicolor vs. Grewia flava 0.9633 -2.411 to 4.337 No ns 0.9516 A-G 

Grewia cana Sond vs. Vangueria infausta  -0.4800 -3.854 to 2.894 No ns 0.9987 B-C 

Grewia cana Sond vs. Ximenia caffara S -61.76 -65.14 to -58.39 Yes **** <0.0001 B-D 

Grewia cana Sond vs. Mimusops zeyheri -6.860 -10.23 to -3.486 Yes *** 0.0001 B-E 

Grewia cana Sond vs. Ximenia americana L -56.81 -60.18 to -53.44 Yes **** <0.0001 B-F 

Grewia cana Sond vs. Grewia flava -6.050 -9.424 to -2.676 Yes *** 0.0004 B-G 

Vangueria infausta vs. Ximenia caffara S -61.28 -64.66 to -57.91 Yes **** <0.0001 C-D 

Vangueria infausta vs. Mimusops zeyheri -6.380 -9.754 to -3.006 Yes *** 0.0002 C-E 

Vangueria infausta vs. Ximenia americana L -56.33 -59.70 to -52.96 Yes **** <0.0001 C-F 

Vangueria infausta vs. Grewia flava -5.570 -8.944 to -2.196 Yes *** 0.0009 C-G 

Ximenia caffara S vs. Mimusops zeyheri 54.90 51.53 to 58.28 Yes **** <0.0001 D-E 

Ximenia caffara S vs. Ximenia americana L 4.953 1.579 to 8.327 Yes ** 0.0028 D-F 

Ximenia caffara S vs. Grewia flava 55.71 52.34 to 59.09 Yes **** <0.0001 D-G 

Mimusops zeyheri vs. Ximenia americana L -49.95 -53.32 to -46.58 Yes **** <0.0001 E-F 

Mimusops zeyheri vs. Grewia flava 0.8100 -2.564 to 4.184 No ns 0.9787 E-G 

Ximenia americana L vs. Grewia flava 50.76 47.39 to 54.13 Yes **** <0.0001 F-G 

 

 

Auxiliary Table 9: Analyzed ABTS One-way Ordinary ANOVA Tukey’s multiple comparison 

test (Methanol) 

Number of families 1 
     

Number of comparisons per family 21 
     

Alpha 0.05 
     

Tukey's multiple comparisons test Mean Diff. 

95.00% CI of 

diff. 

Below 

threshold? Summary 

Adjusted P 

Value 
 

Grewia bicolor vs. Grewia cana Sond 3.810 0.1043 to 7.516 Yes * 0.0421 A-B 
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Grewia bicolor vs. Vangueria infausta  8.860 5.154 to 12.57 Yes **** <0.0001 A-C 

Grewia bicolor vs. Ximenia caffara S -53.48 -57.18 to -49.77 Yes **** <0.0001 A-D 

Grewia bicolor vs. Mimusops zeyheri -1.667 -5.372 to 2.039 No ns 0.7210 A-E 

Grewia bicolor vs. Ximenia americana L -38.00 -41.71 to -34.29 Yes **** <0.0001 A-F 

Grewia bicolor vs. Grewia flava 5.523 1.818 to 9.229 Yes ** 0.0024 A-G 

Grewia cana Sond vs. Vangueria infausta  5.050 1.344 to 8.756 Yes ** 0.0053 B-C 

Grewia cana Sond vs. Ximenia caffara S -57.29 -60.99 to -53.58 Yes **** <0.0001 B-D 

Grewia cana Sond vs. Mimusops zeyheri -5.477 -9.182 to -1.771 Yes ** 0.0026 B-E 

Grewia cana Sond vs. Ximenia americana L -41.81 -45.52 to -38.10 Yes **** <0.0001 B-F 

Grewia cana Sond vs. Grewia flava 1.713 -1.992 to 5.419 No ns 0.6968 B-G 

Vangueria infausta vs. Ximenia caffara S -62.34 -66.04 to -58.63 Yes **** <0.0001 C-D 

Vangueria infausta vs. Mimusops zeyheri -10.53 -14.23 to -6.821 Yes **** <0.0001 C-E 

Vangueria infausta vs. Ximenia americana L -46.86 -50.57 to -43.15 Yes **** <0.0001 C-F 

Vangueria infausta vs. Grewia flava -3.337 -7.042 to 0.3690 No ns 0.0907 C-G 

Ximenia caffara S vs. Mimusops zeyheri 51.81 48.10 to 55.52 Yes **** <0.0001 D-E 

Ximenia caffara S vs. Ximenia americana L 15.48 11.77 to 19.18 Yes **** <0.0001 D-F 

Ximenia caffara S vs. Grewia flava 59.00 55.29 to 62.71 Yes **** <0.0001 D-G 

Mimusops zeyheri vs. Ximenia americana L -36.33 -40.04 to -32.63 Yes **** <0.0001 E-F 

Mimusops zeyheri vs. Grewia flava 7.190 3.484 to 10.90 Yes *** 0.0002 E-G 

Ximenia americana L vs. Grewia flava 43.52 39.82 to 47.23 Yes **** <0.0001 F-G 

 

 

Auxiliary Table 10: Analyzed TPC One-way Ordinary ANOVA Tukey’s multiple comparison 

test (Ethanol) 

Number of families 1 
     

Number of comparisons per family 21 
     

Alpha 0.05 
     

Tukey's multiple comparisons test 

Mean 

Diff. 

95.00% CI of 

diff. 

Below 

threshold? Summary 

Adjusted P 

Value 
 

Grewia bicolor vs. Gweria cana Sond 0.4667 -25.30 to 26.24 No ns >0.9999 A-B 
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Grewia bicolor vs. Vangueria infausta  7.800 -17.97 to 33.57 No ns 0.9372 A-C 

Grewia bicolor vs. Ximenia caffara S -186.8 -212.6 to -161.0 Yes **** <0.0001 A-D 

Grewia bicolor vs. Mimusops zeyheri -61.20 -86.97 to -35.43 Yes **** <0.0001 A-E 

Grewia bicolor vs. Ximenia americana L -168.3 -194.1 to -142.6 Yes **** <0.0001 A-F 

Grewia bicolor vs. Grewia flava 11.27 -14.50 to 37.04 No ns 0.7446 A-G 

Gweria cana Sond vs. Vangueria infausta  7.333 -18.44 to 33.10 No ns 0.9523 B-C 

Gweria cana Sond vs. Ximenia caffara S -187.3 -213.0 to -161.5 Yes **** <0.0001 B-D 

Gweria cana Sond vs. Mimusops zeyheri -61.67 -87.44 to -35.90 Yes **** <0.0001 B-E 

Gweria cana Sond vs. Ximenia americana L -168.8 -194.6 to -143.0 Yes **** <0.0001 B-F 

Gweria cana Sond vs. Grewia flava 10.80 -14.97 to 36.57 No ns 0.7775 B-G 

Vangueria infausta vs. Ximenia caffara S -194.6 -220.4 to -168.8 Yes **** <0.0001 C-D 

Vangueria infausta vs. Mimusops zeyheri -69.00 -94.77 to -43.23 Yes **** <0.0001 C-E 

Vangueria infausta vs. Ximenia americana L -176.1 -201.9 to -150.4 Yes **** <0.0001 C-F 

Vangueria infausta vs. Grewia flava 3.467 -22.30 to 29.24 No ns 0.9990 C-G 

Ximenia caffara S vs. Mimusops zeyheri 125.6 99.83 to 151.4 Yes **** <0.0001 D-E 

Ximenia caffara S vs. Ximenia americana L 18.47 -7.303 to 44.24 No ns 0.2495 D-F 

Ximenia caffara S vs. Grewia flava 198.1 172.3 to 223.8 Yes **** <0.0001 D-G 

Mimusops zeyheri vs. Ximenia americana L -107.1 -132.9 to -81.36 Yes **** <0.0001 E-F 

Mimusops zeyheri vs. Grewia flava 72.47 46.70 to 98.24 Yes **** <0.0001 E-G 

 

Ximenia americana L vs. Grewia flava 179.6 153.8 to 205.4 Yes **** <0.0001 F-G 

Auxiliary Table 11: Analyzed TPC One-way Ordinary ANOVA Tukey’s multiple comparison 

test (Methanol) 

Number of families 1 
     

Number of comparisons per family 21 
     

Alpha 0.05 
     

Tukey's multiple comparisons test Mean Diff. 

95.00% CI of 

diff. 

Below 

threshold? Summary 

Adjusted 

P Value 
 

Grewia bicolor vs. Gweria cana Sond 2.800 -22.39 to 27.99 No ns 0.9997 A-B 

Grewia bicolor vs. Vangueria infausta  8.133 -17.06 to 33.33 No ns 0.9172 A-C 
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Grewia bicolor vs. Ximenia caffara S -213.7 -238.9 to -188.5 Yes **** <0.0001 A-D 

Grewia bicolor vs. Mimusops zeyheri -76.93 -102.1 to -51.74 Yes **** <0.0001 A-E 

Grewia bicolor vs. Ximenia americana L -160.1 -185.3 to -134.9 Yes **** <0.0001 A-F 

Grewia bicolor vs. Grewia flava 13.13 -12.06 to 38.33 No ns 0.5800 A-G 

Gweria cana Sond vs. Vangueria infausta  5.333 -19.86 to 30.53 No ns 0.9887 B-C 

Gweria cana Sond vs. Ximenia caffara S -216.5 -241.7 to -191.3 Yes **** <0.0001 B-D 

Gweria cana Sond vs. Mimusops zeyheri -79.73 -104.9 to -54.54 Yes **** <0.0001 B-E 

Gweria cana Sond vs. Ximenia americana L -162.9 -188.1 to -137.7 Yes **** <0.0001 B-F 

Gweria cana Sond vs. Grewia flava 10.33 -14.86 to 35.53 No ns 0.7932 B-G 

Vangueria infausta vs. Ximenia caffara S -221.9 -247.1 to -196.7 Yes **** <0.0001 C-D 

Vangueria infausta vs. Mimusops zeyheri -85.07 -110.3 to -59.87 Yes **** <0.0001 C-E 

Vangueria infausta vs. Ximenia americana L -168.3 -193.5 to -143.1 Yes **** <0.0001 C-F 

Vangueria infausta vs. Grewia flava 5.000 -20.19 to 30.19 No ns 0.9919 C-G 

Ximenia caffara S vs. Mimusops zeyheri 136.8 111.6 to 162.0 Yes **** <0.0001 D-E 

Ximenia caffara S vs. Ximenia americana L 53.60 28.41 to 78.79 Yes **** <0.0001 D-F 

Ximenia caffara S vs. Grewia flava 226.9 201.7 to 252.1 Yes **** <0.0001 D-G 

Mimusops zeyheri vs. Ximenia americana L -83.20 -108.4 to -58.01 Yes **** <0.0001 E-F 

Mimusops zeyheri vs. Grewia flava 90.07 64.87 to 115.3 Yes **** <0.0001 E-G 

Ximenia americana L vs. Grewia flava 173.3 148.1 to 198.5 Yes **** <0.0001 F-G 

 

 

Auxiliary Table 12: Analyzed TPC One-way Ordinary ANOVA Tukey’s multiple comparison 

test (Distilled water) 

Number of families 1 
     

Number of comparisons per family 21 
     

Alpha 0.05 
     

Tukey's multiple comparisons test Mean Diff. 

95.00% CI of 

diff. 

Below 

threshold? Summary 

Adjusted P 

Value 
 

Grewia bicolor vs. Gweria cana Sond 4.267 -10.03 to 18.57 No ns 0.9411 A-B 

Grewia bicolor vs. Vangueria infausta  5.267 -9.034 to 19.57 No ns 0.8597 A-C 



82 

 

Grewia bicolor vs. Ximenia caffara S -122.9 -137.2 to -108.6 Yes **** <0.0001 A-D 

Grewia bicolor vs. Mimusops zeyheri -35.13 -49.43 to -20.83 Yes **** <0.0001 A-E 

Grewia bicolor vs. Ximenia Americana L -114.8 -129.1 to -100.5 Yes **** <0.0001 A-F 

Grewia bicolor vs. Grewia flava 5.867 -8.434 to 20.17 No ns 0.7930 A-G 

Gweria cana Sond vs. Vangueria infausta  1.000 -13.30 to 15.30 No ns >0.9999 B-C 

Gweria cana Sond vs. Ximenia caffara S -127.2 -141.5 to -112.9 Yes **** <0.0001 B-D 

Gweria cana Sond vs. Mimusops zeyheri -39.40 -53.70 to -25.10 Yes **** <0.0001 B-E 

Gweria cana Sond vs. Ximenia americana L -119.1 -133.4 to -104.8 Yes **** <0.0001 B-F 

Gweria cana Sond vs. Grewia flava 1.600 -12.70 to 15.90 No ns 0.9997 B-G 

Vangueria infausta vs. Ximenia caffara S -128.2 -142.5 to -113.9 Yes **** <0.0001 C-D 

Vangueria infausta vs. Mimusops zeyheri -40.40 -54.70 to -26.10 Yes **** <0.0001 C-E 

Vangueria infausta vs. Ximenia americana L -120.1 -134.4 to -105.8 Yes **** <0.0001 C-F 

Vangueria infausta vs. Grewia flava 0.6000 -13.70 to 14.90 No ns >0.9999 C-G 

Ximenia caffara S vs. Mimusops zeyheri 87.80 73.50 to 102.1 Yes **** <0.0001 D-E 

Ximenia caffara S vs. Ximenia americana L 8.133 -6.167 to 22.43 No ns 0.4872 D-F 

Ximenia caffara S vs. Grewia flava 128.8 114.5 to 143.1 Yes **** <0.0001 D-G 

Mimusops zeyheri vs. Ximenia americana L -79.67 -93.97 to -65.37 Yes **** <0.0001 E-F 

Mimusops zeyheri vs. Grewia flava 41.00 26.70 to 55.30 Yes **** <0.0001 E-G 

Ximenia Americana L vs. Grewia flava 120.7 106.4 to 135.0 Yes **** <0.0001 F-G 

 

Auxiliary Table 13: Analyzed TFC One-way Ordinary ANOVA Tukey’s multiple comparison 

test (Ethanol) 

Number of families 1 
     

Number of comparisons per family 21 
     

Alpha 0.05 
     

Tukey's multiple comparisons test Mean Diff. 

95.00% CI of 

diff. 

Below 

threshold? Summary 

Adjusted P 

Value 
 

Grewia bicolor vs. Gweria cana Sond 6.867 3.712 to 10.02 Yes **** <0.0001 A-B 

Grewia bicolor vs. Vangueria infausta  6.883 3.729 to 10.04 Yes **** <0.0001 A-C 

Grewia bicolor vs. Ximenia caffara S -21.07 -24.22 to -17.91 Yes **** <0.0001 A-D 
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Grewia bicolor vs. Mimusops zeyheri -16.23 -19.39 to -13.08 Yes **** <0.0001 A-E 

Grewia bicolor vs. Ximenia americana L -9.783 -12.94 to -6.629 Yes **** <0.0001 A-F 

Grewia bicolor vs. Grewia flava 2.267 -0.8876 to 5.421 No ns 0.2470 A-G 

Gweria cana Sond vs. Vangueria infausta  0.01667 -3.138 to 3.171 No ns >0.9999 B-C 

Gweria cana Sond vs. Ximenia caffara S -27.93 -31.09 to -24.78 Yes **** <0.0001 B-D 

Gweria cana Sond vs. Mimusops zeyheri -23.10 -26.25 to -19.95 Yes **** <0.0001 B-E 

Gweria cana Sond vs. Ximenia americana L -16.65 -19.80 to -13.50 Yes **** <0.0001 B-F 

Gweria cana Sond vs. Grewia flava -4.600 -7.754 to -1.446 Yes ** 0.0029 B-G 

Vangueria infausta vs. Ximenia caffara S -27.95 -31.10 to -24.80 Yes **** <0.0001 C-D 

Vangueria infausta vs. Mimusops zeyheri -23.12 -26.27 to -19.96 Yes **** <0.0001 C-E 

Vangueria infausta vs. Ximenia americana L -16.67 -19.82 to -13.51 Yes **** <0.0001 C-F 

Vangueria infausta vs. Grewia flava -4.617 -7.771 to -1.462 Yes ** 0.0029 C-G 

Ximenia caffara S vs. Mimusops zeyheri 4.833 1.679 to 7.988 Yes ** 0.0019 D-E 

Ximenia caffara S vs. Ximenia americana L 11.28 8.129 to 14.44 Yes **** <0.0001 D-F 

Ximenia caffara S vs. Grewia flava 23.33 20.18 to 26.49 Yes **** <0.0001 D-G 

Mimusops zeyheri vs. Ximenia americana L 6.450 3.296 to 9.604 Yes *** 0.0001 E-F 

Mimusops zeyheri vs. Grewia flava 18.50 15.35 to 21.65 Yes **** <0.0001 E-G 

Ximenia americana L vs. Grewia flava 12.05 8.896 to 15.20 Yes **** <0.0001 F-G 

 

Auxiliary Table 14: Analyzed TFC One-way Ordinary ANOVA Tukey’s multiple comparison 

test (Methanol) 

Number of families 1 
     

Number of comparisons per family 21 
     

Alpha 0.05 
     

Tukey's multiple comparisons test Mean Diff. 

95.00% CI of 

diff. 

Below 

threshold? Summary 

Adjusted 

P Value 
 

Grewia bicolor vs. Gweria cana Sond 6.083 3.787 to 8.380 Yes **** <0.0001 A-B 

Grewia bicolor vs. Vangueria infausta  6.583 4.287 to 8.880 Yes **** <0.0001 A-C 

Grewia bicolor vs. Ximenia caffara S -25.92 -28.21 to -23.62 Yes **** <0.0001 A-D 

Grewia bicolor vs. Mimusops zeyheri -19.42 -21.71 to -17.12 Yes **** <0.0001 A-E 



84 

 

Grewia bicolor vs. Ximenia americana L -23.75 -26.05 to -21.45 Yes **** <0.0001 A-F 

Grewia bicolor vs. Grewia flava -2.583 

-4.880 to -

0.2867 Yes * 0.0232 A-G 

Gweria cana Sond vs. Vangueria infausta  0.5000 -1.797 to 2.797 No ns 0.9869 B-C 

Gweria cana Sond vs. Ximenia caffara S -32.00 -34.30 to -29.70 Yes **** <0.0001 B-D 

Gweria cana Sond vs. Mimusops zeyheri -25.50 -27.80 to -23.20 Yes **** <0.0001 B-E 

Gweria cana Sond vs. Ximenia americana L -29.83 -32.13 to -27.54 Yes **** <0.0001 B-F 

Gweria cana Sond vs. Grewia flava -8.667 -10.96 to -6.370 Yes **** <0.0001 B-G 

Vangueria infausta vs. Ximenia caffara S -32.50 -34.80 to -30.20 Yes **** <0.0001 C-D 

Vangueria infausta vs. Mimusops zeyheri -26.00 -28.30 to -23.70 Yes **** <0.0001 C-E 

Vangueria infausta vs. Ximenia americana L -30.33 -32.63 to -28.04 Yes **** <0.0001 C-F 

Vangueria infausta vs. Grewia flava -9.167 -11.46 to -6.870 Yes **** <0.0001 C-G 

Ximenia caffara S vs. Mimusops zeyheri 6.500 4.203 to 8.797 Yes **** <0.0001 D-E 

Ximenia caffara S vs. Ximenia americana L 2.167 -0.1300 to 4.463 No ns 0.0703 D-F 

Ximenia caffara S vs. Grewia flava 23.33 21.04 to 25.63 Yes **** <0.0001 D-G 

Mimusops zeyheri vs. Ximenia americana L -4.333 -6.630 to -2.037 Yes *** 0.0002 E-F 

Mimusops zeyheri vs. Grewia flava 16.83 14.54 to 19.13 Yes **** <0.0001 E-G 

Ximenia americana L vs. Grewia flava 21.17 18.87 to 23.46 Yes **** <0.0001 F-G 

 

Auxiliary Table 15: Analyzed TFC One-way Ordinary ANOVA Tukey’s multiple comparison 

test (Distilled water) 

Number of families 1 
     

Number of comparisons per family 21 
     

Alpha 0.05 
     

Tukey's multiple comparisons test 

Mean 

Diff. 

95.00% CI of 

diff. 

Below 

threshold? Summary 

Adjusted P 

Value 
 

Grewia bicolor vs. Gweria cana Sond 1.767 -0.2199 to 3.753 No ns 0.0968 A-B 

Grewia bicolor vs. Vangueria infausta  2.267 0.2801 to 4.253 Yes * 0.0210 A-C 

Grewia bicolor vs. Ximenia caffara S -14.07 -16.05 to -12.08 Yes **** <0.0001 A-D 

Grewia bicolor vs. Mimusops zeyheri -9.233 -11.22 to -7.247 Yes **** <0.0001 A-E 
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Grewia bicolor vs. Ximenia americana L -9.000 -10.99 to -7.013 Yes **** <0.0001 A-F 

Grewia bicolor vs. Grewia flava 1.433 -0.5533 to 3.420 No ns 0.2434 A-G 

Gweria cana Sond vs. Vangueria infausta  0.5000 -1.487 to 2.487 No ns 0.9732 B-C 

Gweria cana Sond vs. Ximenia caffara S -15.83 -17.82 to -13.85 Yes **** <0.0001 B-D 

Gweria cana Sond vs. Mimusops zeyheri -11.00 -12.99 to -9.013 Yes **** <0.0001 B-E 

Gweria cana Sond vs. Ximenia americana L -10.77 -12.75 to -8.780 Yes **** <0.0001 B-F 

Gweria cana Sond vs. Grewia flava -0.3333 -2.320 to 1.653 No ns 0.9967 B-G 

Vangueria infausta vs. Ximenia caffara S -16.33 -18.32 to -14.35 Yes **** <0.0001 C-D 

Vangueria infausta vs. Mimusops zeyheri -11.50 -13.49 to -9.513 Yes **** <0.0001 C-E 

Vangueria infausta vs. Ximenia americana L -11.27 -13.25 to -9.280 Yes **** <0.0001 C-F 

Vangueria infausta vs. Grewia flava -0.8333 -2.820 to 1.153 No ns 0.7768 C-G 

Ximenia caffara S vs. Mimusops zeyheri 4.833 2.847 to 6.820 Yes **** <0.0001 D-E 

Ximenia caffara S vs. Ximenia americana L 5.067 3.080 to 7.053 Yes **** <0.0001 D-F 

Ximenia caffara S vs. Grewia flava 15.50 13.51 to 17.49 Yes **** <0.0001 D-G 

Mimusops zeyheri vs. Ximenia americana L 0.2333 -1.753 to 2.220 No ns 0.9995 E-F 

Mimusops zeyheri vs. Grewia flava 10.67 8.680 to 12.65 Yes **** <0.0001 E-G 

Ximenia americana L vs. Grewia flava 10.43 8.447 to 12.42 Yes **** <0.0001 F-G 

 

 

Auxilary Table 16: Total Phenolic and Flavonoid Content of the wild edible fruits examined per 

10 mg dry sample 

Solvent used for 

extraction 

Edible wild fruit 

sample 

Total Phenolic 

Content (mg GAE/ 

10 mg DW) 

Total Flavonoid 

Content (mg AAE/10 

mg DW) 

 

 

   

Grewia bicolor 20.05 ±0.12b 12.35 ±0.74b 

Grewia cana Sond 17.25 ±0.95a 6.25 ±0.50a 

Grewia flava 6.91 ±0.70a 14.92 ±0.76c 
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Methanol 

Ximenia caffra S 233.78 ±21.07c 38.25 ±1.00e 

Ximenia 

americana L 

180.18 ±6.00c 36.08 ±1.04e 

Mimusops zeyheri 96.98 ±9.46b 31.75 ±1.00d 

Vangueria infausta  

subsp.Infausta (VI) 

11.91 ±0.90a 6.25 ±0.50a 

Ethanol 

 

Grewia bicolor 16.31 ±0.31a 10.52 ±0.53b 

Grewia cana Sond 15.85 ±0.58a 3.65 ±0.23a 

Grewia flava 5.05 ±0.50a 8.25 ±0.50b 

Ximenia caffra S 203.11 ±20.53c 31.58 ±1.04e 

Ximenia 

americana L 

184.65 ±1.80c 20.30 ±1.38c 

Mimusops zeyheri 77.51 ±13.11b 26.75 ±2.29d 

Vangueria infausta  

subsp.Infausta (VI) 

8.51 ±1.01a 3.63 ±0.38a 

 

Distilled water  

Grewia bicolor 10.11 ±1.50a 4.35 ±0.48a 

Grewia cana Sond 5.85 ±0.83a 2.42 ±0.29ab 

Grewia flava 4.25 ±0.83a 2.92 ±0.29ab 

Ximenia caffra S 133.05 ±13.17c 18.42 ±0.76d 

Ximenia 

americana L 

124.91 ±1.90c 13.35 ±0.95c 

Mimusops zeyheri 45.25 ±1.72b 13.58 ±1.26c 

Vangueria infausta  4.85 ±0.70a 2.08 ±0.29b 
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subsp.Infausta (VI) 

 

Values are presented as the mean ±standard error of 3 replicates (n=3). Same subscripts in the 

same column show no significant difference at P > 0.05 (Tukey-Kramer's multiple range test) 

within each solvent. 

 

 

 

 

 

 

 

 

Auxilary Table 17: fruit extracts' DPPH radical scavenging activity compared to that of ABTS 

per 10 mg of dry sample 

Solvent used for 

extraction 

Edible wild fruit 

sample 

DPPH Concentration 

(mg QAE/10 mg DW) 

ABTS Concentration 

(mg AAE/10 mg 

DW) 

 

 

   

 

 

Grewia bicolor 20.90 ±0.25a 13.68 ±1.00c 

Grewia cana Sond 32.34 ±0.47d  9.88 ±2.36a 

Grewia flava 15.30 ±0.96b 8.16 ±1.84ab 

Ximenia caffra S 91.44 ±0.68g 67.16 ±0.95e 

Ximenia 82.40 ±1.17f 51.69 ±1.00d 
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Methanol americana L 

Mimusops zeyheri, 68.30 ±0.99e 15.35 ±0.64c 

Vangueria infausta  

subsp. nfausta (VI) 

24.77 ±0.46c 4.83 ±0.25b 

Ethanol 

 

Grewia bicolor 18.40 ±1.07a 13.35 ±1.57b 

Grewia cana Sond 34.70 ±0.47d 6.45 ±0.36a 

Grewia flava 13.40 ±0.86b 12.50 ±1.09ab 

Ximenia caffra S 87.57 ±1.25g 68.21 ±1.22e 

Ximenia 

americana L 

83.10 ±0.38e 63.26 ±1.61d 

Mimusops zeyheri 66.07 ±0.26f  13.31 ±1.64c 

Vangueria infausta  

subsp.Infausta (VI) 

26.74 ±0.51c 6.92 ±0.30b 

 

Distilled water  

Grewia bicolor 17.90 ±0.40a 2.78 ±0.50a 

Grewia cana Sond 20.60 ±0.60b 1.78 ±0.08a 

Grewia flava 17.87 ±0.36a 13.40 ±0.62b 

Ximenia caffra S 87.10 ±0.58e 56.59 ±1.22d 

Ximenia 

americana L 

73.70 ±0.42d 42.11 ±0.66c 

Mimusops zeyheri 57.20 ±0.95c 7.35 ±0.46a 

Vangueria infausta  

subsp.Infausta (VI) 

18.10 ±0.61a 14.45 ±2.36b 
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Values are presented as the mean ±standard error of 3 replicates (n=3). The same subscripts in 

the same column within individual solvent show no significant difference at P > 0.05 (Tukey-

Kramer's multiple range test) 

 

 

Auxilary Figure 20: Antimicrobial activity (Minimum Inhibitory Concentration) of methanolic 

extract of Mimusops zeyheri for S. aureus bacteria (Trial #1) 
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Auxiliary Figure 21: Antimicrobial activity (Minimum Inhibitory Concentration) of methanolic 

extract of Mimusops zeyheri for S. aureus bacteria (Trial #2) 

 

Auxiliary Figure 22: Antimicrobial activity (Minimum Inhibitory Concentration) of methanolic 

extract of Mimusops zeyheri for S. aureus bacteria (Trial #3) 
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Auxilary Figure 23: Antimicrobial activity (Minimum Inhibitory Concentration) of methanolic 

extract of Ximenia caffra S for S. aureus bacteria (Trial #1) 

 

Auxilary Figure 24: Antimicrobial activity (Minimum Inhibitory Concentration) of methanolic 

extract of Ximenia caffra S for S. aureus bacteria (Trial #2) 
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Auxiliary Figure 25: Antimicrobial activity (Minimum Inhibitory Concentration) of methanolic 

extract of Ximenia caffra S for S. aureus bacteria (Trial #3) 
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Auxiliary Figure 26: Auxillary Figure Antimicrobial activity (Minimum Inhibitory 

Concentration) of methanolic extract of Ximenia americana L for S. aurus bacteria (Trial #1)  
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Auxiliary Figure 27: Antimicrobial activity (Minimum Inhibitory Concentration) of methanolic 

extract of Ximenia americana L for S. aureus bacteria (Trial #2) 

 

Auxiliary Figure 28: Antimicrobial activity (Minimum Inhibitory Concentration) of methanolic 

extract of Ximenia Americana L for S. aureus bacteria (Trial #3) 
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Antimicrobial Figure 29: activity (Minimum Inhibitory Concentration) of methanolic extract of 

Ximenia caffra S for E. coli bacteria (Trial #1) 

 

Auxilary Figure 30: Antimicrobial activity (Minimum Inhibitory Concentration) of methanolic 

extract of Ximenia caffra S for E. coli bacteria (Trial #2) 
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Auxiliary Figure 31: Antimicrobial activity (Minimum Inhibitory Concentration) of methanolic 

extract of Ximenia caffra S for E. coli bacteria (Trial #3) 

 

Auxilary Figure 32: Antimicrobial activity (Minimum Inhibitory Concentration) of methanolic 

extract of Ximenia americana L for E. coli bacteria (Trial #1) 
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Auxiliary Figure 33: Antimicrobial activity (Minimum Inhibitory Concentration) of methanolic 

extract of Ximenia americana L for E. coli bacteria (Trial #2) 

 

Auxiliary Figure 34: Antimicrobial activity (Minimum Inhibitory Concentration) of methanolic 

extract of Ximenia americana L for E. coli bacteria (Trial #3) 
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Auxilary Figure 35: Antimicrobial activity (Minimum Inhibitory Concentration) of methanolic 

extract of Mimusops zeyheri for E. coli bacteria (Trial #1) 

 

Auxiliary Figure 36: Antimicrobial activity (Minimum Inhibitory Concentration) of methanolic 

extract of Mimusops zeyheri for E. coli bacteria (Trial #2) 
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Auxiliary Figure 37: Antimicrobial activity (Minimum Inhibitory Concentration) of methanolic 

extract of Mimusops zeyheri for E. coli bacteria (Trial #3) 
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Auxiliary Table 18: below shows the zone of inhibition from the selected plate of Bacterial 

strains (S. aureus and E. coli). A= (X. caffra S for S.aurus bacteria), B=( X. caffra S for E. coli), 

C=(Gentamici positive control for E. coli), D= (Negative control for S.aurus), E= (X. americana 

L for E. coli bacterial strain), F=(Mimusops zeyheri for S. aureus bacterial strain), G= 

(Gentamicin positive control for E. coli), H= (Ximenia americana L for E. coli bacterial strain), 

I= (X. americana L for S. aureus bacterial strain), J= (X. caffra S for S.aurus bacteria), J= 

(Mimusops zeyheri E. coli bacteria), K= (Negative Control for S.aurus bacteria) 
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