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ABSTRACT 

Phytosynthesis of TiO2 NPs from Ximenia Caffra leaf extract and their application in poultry 

feeds as an antibacterial agent was done. Reaction time and pH effect for the synthesis of TiO2 

NPs were optimized using a single factor method. A Central Composite Design (CCD) was 

used to determine the effect of linear factors (titanium tetrachloride concentration, temperature 

and leaf extract volume) and their interactions on the synthesis of TiO2 NPs. A total of twenty 

experiments formulated from the central composite design were carried out, measuring 

absorbance as the response. Optimum conditions for the synthesis were 5 hrs, pH 7, 9 mM 

TiCl4, 11 ml extract and 33 ℃. UV-Vis and FT-IR techniques were used to characterize the 

synthesised nanoparticles. FT-IR spectra of synthesized TiO2 NPs exhibited prominent peaks 

at 3440 cm-1 phenol (O-H stretch), 3109.06 cm-1 carboxylic acids (O–H stretch), 2108.62 cm-1 

alkynes and 1075.04 cm-1 (C–O) (stretch alcohols, carboxylic acids, esters). An absorption 

peak at 400 nm confirming the presence of TiO2 NPs was observed in the UV-visible 

spectrophotometric graph. Photocatalytic effect of the phytosynthesized TiO2 NPs and feed 

paste were tested by disc diffusion and colony forming unit methods against pathogenic E.coli. 

The minimum zone of inhibition were observed at concentration of 5 mg/ml (TiO2 NPs) and 

11 mg/ml (TiO2 NPs Feed paste). Green synthesized TiO2 NPs indicates a promising approach 

that can satisfy their use as an antibacterial agent in poultry feeds. 
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CHAPTER ONE 

 

INTRODUCTION 

1.1 Background 

Infectious diseases are the most common killer diseases in small scale and backyard poultry 

production in developing countries [1]. Bacterial infectious diseases, terrorise the poultry 

industry especially in areas where there is limited access to medications and some of these 

infections are transmitted from the host into the food chain [2]. Bacterial outbreaks are being 

reported throughout the world, spreading via beef, chicken and poultry is the common known 

vector [3]. Pathogens such salmonella and E.coli are transmitted via contaminated water and 

feeds, infected birds remain carriers for a long time, possibly for life [4]. In poultry industry, 

bacterial diseases are treated using water-soluble antibiotics or anti-bacterial drugs and some 

of the antibiotics are used also in humans. This is reported as one of the causes of growing 

microbial resistance against metal ions, antibiotics and emergence of resistant strains [5]. 

Several methods  and procedures are being developed to counter act the development of  

resistant strains such as drug dosages, use of ethnoveterinary medicine, good management and 

the use of nanoparticles [6–8]. 

 Synthesis of metal oxide nanoparticles is a current field of material chemistry that has attracted 

considerable interest due to the applications of these compounds in vast fields such as in air 

and water purification, medicine, information technology, catalysis, energy reservoirs, and 

biosensors [9,10]. TiO2 NPs have become more useful in the field of chemistry and 

nanomedicine as a result of their unique antibacterial and antimicrobial properties as well as 

their chemical stability [11,12]. TiO2 NPs are incorporated in cosmetics whereby creams and 

ointments are prepared having these nanoparticles to prevent skin aging and sun burns [10]. 
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Successful applications of TiO2 NPs is due to their increased surface area which contributes to 

an increase in surface energy thereby enhancing their microbial and bacterial inhibition [13] 

Several methods have been employed in the synthesis of TiO2 NPs which include chemical and 

physical means with the former being the one mostly practiced industrially [14]. These methods 

however have demerits as they require high pressure, high temperatures, incorporates toxic 

chemicals and are expensive [15] 

Currently the attention has been shifted towards the use of cheaper, environmentally friendly 

and biocompatible methods for synthesis of these TiO2 NPs [11]. Phytosynthesis of TiO2 NPs 

has been done making use of different biological organisms such as actinomycetes, fungi, 

plants and bacteria [9,10,16–19] . Among the various biosynthetic proposed, the use of plant 

extracts has several advantages such as easy availability, safe to handle and possess a broad 

viability of secondary metabolites [9]. The main phytochemicals which are responsible for the 

oxidation/ reduction during synthesis of nanoparticles are flavones, terpenoids, courmorines, 

phenols, amides [9,11,13]. TiO2 NPs have demonstrated significant antibacterial and 

antioxidant activity, its action is by oxidative damage to the bacteria cell wall [13]. 

In pursuing the efforts for synthesizing TiO2 NPs, here we report a green synthesis using the 

leaf extract of X.Caffra. The plant has been chosen because of its antioxidant and exhibit low 

antimicrobial activities with recorded maximum zone of inhibition being 2.79 ± 0.96 𝑚𝑚  

[20]. The phytosynthetic route for nanoparticles has not yet been exploited for the synthesis of 

TiO2 NPs using X.Caffra. 
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1.2 Aim 

To synthesise TiO2 nanoparticles using Ximenia Caffra leaf extract and its application in 

poultry feeds as an antibacterial agent. 

1.3 Objectives  

 To synthesise TiO2 NPs using Ximenia Caffra leaf extract. 

 To characterise synthesised TiO2 NPs using UV-Vis and FTIR. 

 To assess the antibacterial activity of TiO2 NPs, plant extract and prepared feed. 

 To determine the minimum inhibitory concentration of the synthesised TiO2 NPs and 

the prepared feed. 
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1.4 Problem statement 

Most rural households in Africa and other continents keep poultry native to their areas, 

especially chickens. The major challenge in the poultry production under rural settings include 

diseases, poor nutrition and predation [1]. Farmers indicate high production costs, (antibiotics, 

vaccines, conditioners) and stock feed shortages as other predicaments that causes high 

mortality in small scale poultry industry [21]. Due to the current economic situation in 

developing countries, it is expensive to acquire poultry medication and as a result the industry 

is prone to bacterial disease and pathogens transmittance through contaminated feeds and 

drinking water which resulting in severe economic losses [22,23]. There is need of better and 

cheaper biocides compatible with feed which undergoes self sanitisation and at the same time 

inhibiting the growth of bacteria in order to prevent and control out-break of feed and water 

borne bacterial infectious diseases. 

1.5 Justification  

Agriculture is the backbone of the Zimbabwean economy which contributes enormously to the 

country’s gross domestic product [5]. Due to a number of reasons, urban and peri-agriculture 

is on the rise where there is increase in the growing of plants and raising of animals within and 

around cities [5]. Poultry and Pig farming are easy entry for many urban growers in Zimbabwe 

as indicated by the Zimbabwe Poultry Association [ZPA] that a growth of 22 percent was 

observed in the first quarter of 2015 after producing 17 million broiler day old chicks. Several 

challenges are emerging in this sector which includes a growing demand for healthy, an 

increasing risk of disease and threats to agricultural production from changing weather patterns 

[24]. Access to quality agricultural medication to support poultry farming is critical for the 

viability of this sector. Modern technologies can be utilised to assist urban and rural poultry 

farmers with medication [25]. Escherichia coli, Salmonella species, and Staphylococcus 

species are the major bacterial pathogens terrorising poultry industry in developing countries 
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[26]. Difference in susceptibility to antibiotics by microorganisms has become a major factor 

in drug choice and success of treatment [26,27]. Great concerns has been raised regarding the 

emergence of antimicrobial resistance among bacteria which results in antimicrobial 

unpredictable susceptibility and failure of therapy [26].   

TiO2 NPs have been found to be useful in treating bacterial infections thus phytosynthesis of 

these nanoparticles will help in dealing with bacterial infections which have become a menace 

due to their resistance to available medications [11,13,16,26]. Phytosynthetic methods of TiO2 

NPs are of great advantage as it eliminates the risk posed by toxic chemicals since the method 

does not involve the use of these chemicals [9,13,17,18].  

1.6 Ximenia Caffra 

 

 

Figure 1: 1 Ximenia Caffra leaves and fruits  

Common name: Munhengeni 

Family: Olacaceae 

1.6.1 Plant description 

Ximenia Caffra is a deciduous tree which attains an average height of six meters and some 

spikes are found on the stem of the old plants. Barks are dim and unpleasant, however light 

green or cocoa on the more youthful branches [20]. Branches and twigs are armed with stout 

axillary spines and are glabrous, regularly bristly when youthful and changes to gleaming green 
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while getting more seasoned and shift in size [28]. Sapwood is white and heartwood is hard 

and rosy chestnut [20]. The root framework is non aggressive and the blooms are little, sweet 

scented and rich green [20]. The tree is dispersed widely in forests and fields and on rough 

outcrops and in certain cases on termites hills [20,29]. 

TiO2 NPs generate strong oxidizing species when illuminated with UV light with wavelengths 

of 400 nm. Holes (h+) and hydroxyl radicals (OH·) are produced in the valence band, and 

electrons and superoxide ions (O2
-) in the conduction band [30]. Death of microorganism is 

proposed to occur as a result of direct oxidation of an intracellular coenzyme A that is 

responsible for cell respiration [31]. 

There is, however lack of knowledge on the antimicrobial activity of green synthesised TiO2 

NPs from X. Caffra leaf extract. Thus, it is essential to research on the antimicrobial ability of 

these green synthesised TiO2 NPs to establish baseline data that is essential for formulating 

ways of supplementing poultry medication to improve poultry farming, human health and 

increase profitability of the entrepreneurs thus enhancing income generation.  
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CHAPTER TWO 

 

                                            LITERATURE REVIEW 

2.0 Introduction  

This chapter gives an outline on nanoparticles in general and also more specifically the TiO2 

NPs. Applications of the nanoparticles are highlighted together with the various methods and 

analytical techniques that have been used for the synthesis of TiO2 NPs. 

2.1 Nanoparticles   

Nanotechnology is a rapidly growing field with vast applications in science and technology for 

the purpose of developing new materials at nanoscale level [17]. Nanoparticles are solid 

particles of size between atoms or molecules and macroscopic objects [32]. They constitute 

several of tens or hundreds of atoms or molecules which vary in sizes and morphologies [33]. 

Nanoparticles are demonstrating special physical properties and are being widely used in 

variety of applications [32]. Different kinds of nanoparticles are being produced commercially 

in the form of dry powders or liquid dispersions. The latter is as a result of combining 

nanoparticles with an aqueous or organic liquid to form a suspension or paste [32]. 

Nanoparticles exhibit completely improved physio-chemical properties based on specific 

characteristics such as size, distribution and morphology [10,17]. Nanomaterials significantly 

affect areas of physics, chemical science, electronics, optics, materials science and biomedical 

science [33]. Mass production of nanoparticulate materials such as carbon black, polymer 

dispersions, or micronized drugs within industries has been established. One of the most 

important class of nanoparticulate materials is metal oxide nanoparticles that considers silica 

(SiO2), titania (TiO2), alumina (Al2O3) etc. 

Due to the abundance of titanium dioxide, TiO2 NPs has become a new generation of advanced 

materials and one of the most widely used nanostructures in various fields [34]. Titanium 
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dioxide is a semiconductor with a wide band gap having crystalline forms which are anatase, 

rutile or brookite [35]. Due to its opacity, it has been used in bulk form over the years as a 

white pigment in paints and in paper making process [36]. The polymorphs of TiO2 is found to 

be in an octahedral coordination, i.e., having a coordination number equals six [36]. The 

octahedral in rutile, anatase and brookite vary with respect to their spacing relative to each 

other and only rutile and anatase differs from each other in their physical properties. The value 

of shared edges increases from two in rutile, to three in brookite, to four in anatase [35]. Rutile 

is thermodynamically the most stable since the relative stability in the bulk phase inversely 

related to the number of shared edges [36,37]. Among the three forms, anatase and brookite 

rearrange monotropically to rutile when exposed to elevated temperatures ranges of 750 ℃  to 

1000 ℃.  

2.1.0 Crystal structure of TiO2 

Rutile: it consist of hexagonal closely packed oxygen atoms where the other half of the 

octahedral spaces are filled with titanium atoms. 

                                                      

Figure 2: 1 Rutile phase of TiO2     

Black spheres: titanium atoms and white spheres: oxygen atoms 

In anatase: oxygen atoms are closely packed in a cubic form having half of the tetrahedral                          

spaces occupied by titanium atoms. 
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Figure 2: 2 Anatase phase of TiO2    

Black spheres: titanium atoms and white spheres: oxygen atoms 

Brookite: 

                                     

Figure 2: 3 Brookite phase of TiO2  

Black spheres: titanium atoms; white spheres: oxygen atoms 

Technology has shifted attention from the bulk titanium dioxide to nanoparticles and there are 

several methods developed for the synthesis of these nanoparticles [36]. 
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2.2 Methods for synthesis of Titanium dioxide nanoparticles 

Synthesis of nanoparticles, one of the major objective that is important in materials science and 

engineering branches [38]. TiO2 NPs are being produced by a number of chemical, physical, 

or biological processes, some of which are totally new and innovative, while others are of age.  

2.2.0 Chemical Method 

2.2.1 Sol–Gel Method 

The sol–gel process involves the development of networks through the organisation of a 

colloidal suspension (sol) and gelation of the sol to form a network in a continuous liquid phase 

(gel) [39]. The process constitutes of several stages, first stage involves the synthesis of the 

colloid. Sol–gel processes are well adapted for metal oxide nanoparticles, starting material is 

processed to form  dispersible oxides, titanates and forms a sol that is in contact with water or 

dilute acid [40]. Liquid is then removed from the sol after reaction to form a gel, the sol–gel 

transition controls the particle size and shape of the TiO2 NPs. The gel takes an average of 7 

days to mature and then calcination of the gel occurs to produce TiO2 NPs [41] .  

2.2.2 Solvothermal 

Solvothermal reaction process is done in a stainless steel pressure vessel [42]. The synthesis 

method allows for the precise control over the size, shape distribution and crystallinity of TiO2 

NPs. In a typical synthesis, titanium (IV) alkoxide is dissolved in a test tube containing alcohol, 

which is then subjected to heat in an autoclave [42]. The autoclave is thoroughly purged with 

nitrogen gas, heated to desired temperature range usually (523–573 K) at a specific rate, and 

kept at that temperature for a required time [32]. Having done the autoclave treatment, resulting 

TiO2 NPs are repeatedly washed with acetone and then air dried. 
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2.2.2.1 Disadvantages of chemical methods 

 Makes use of vast number of chemicals which are highly toxic and hazardous 

 Usually high temperature and pressure conditions are employed 

 Involvement of difficult separation techniques 

 Cost of running the process are expensive 

2.2.3 Mechanical Grinding 

Physical grinding method are being used for the size reduction of TiO2 bulk powder. A known 

amount of TiO2 bulk powder is placed in a grinding machine which has a high speed rotator 

[43]. TiO2 bulk powders are subjected to grinding under a protective atmosphere to avoid 

contamination in equipment that is capable of high-energy compressive impact forces such as 

attrition [32]. The machine will uniformly grind, crush the TiO2 bulk powder and at the end 

separate the finely ground powder [44]. Thus, the bulk TiO2 powder will be having nano-sized 

powder [45]. 

2.2.3.1 Demerits of mechanical 

 Expensive as special instruments are requires which withstand pressure that builds up 

during the process and avoiding contamination 

 High energy intensive process 

 Time consuming process 

2.3.0 Biosynthesis of TiO2 NPs methods 

Biosynthesis involves the use of environmentally friendly green chemistry based approach that 

utilises unicellular and multicellular biological entities for example actinomycetes, bacteria, 

fungus, plants, viruses, and yeast [46]. Synthesising nanoparticles through natural sources 

going about as organic manufacturing plants offers a perfect, nontoxic and environment-



12 

 

accommodating technique for integrating nanoparticles with a wide scope of sizes, shapes, 

organizations, and physicochemical properties  

2.3.1 Synthesis of TiO2 NPs from fungus 

TiO2 NPs synthesis from fungi has been done whereby the fungi are first isolated from the roots 

and stems of wilted tomato plants [47]. The isolated fungi are treated with borax and mercury 

chloride solutions [47]. Sterilized inoculums obtained are then cultured to produce a fungal 

hyphae which is reacted with precursor salt of titanium to produce TiO2 NPs [19,21].   

2.3.1 Synthesis of TiO2 NPs using Yeast   

Biosynthesis of TiO2 NPs from baker’s yeast was done whereby a culture solution of yeast 

cells was prepared using glucose aqueous solution at room temperature [38]. The mixture was 

stirred to produce a uniform bio-emulsion which was then reacted with TiCl4 and hydrochloric 

acid (HCl) [49]. TiO2 NPs were observed as white precipitate after 24 hours of continuous 

stirring [48]. The synthesis procedure was also repeated varying the precursor solutions using 

solution of TiO·(OH)2 and bulk TiO2 . 

2.3.2 Synthesis of TiO2NPs using Bacteria  

The method involves isolation and then culturing the selected microorganism for example 

Planomicrobium sp, Chromohalobacter salexigens were used for the synthesis of TiO2 NPS 

[15,50]. The bacteria were cultured for 24 hours, a solution containing precursor of titanium 

was added and heated to a specified temperature using a water bath to form white colour 

depositions. The solution was allowed to cool and the nanoparticles were obtained either by 

direct filtration, centrifugation or decantation [51]. 

2.3.2.1 Drawbacks of using microorganisms 

 Culturing micro-organisms is a must which may take weeks up to a month and it is not 

always a success [9,15,52]. 
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 During synthesis there is need for maintaining micro-organism cell walls that makes 

the process laborious and time consuming [47].  

 Low  yields [51] 

2.3.3 Synthesis from Plants  

Plants are one of the important candidates which have the potential to hyper-accumulate and 

biologically reduce metallic ions [53]. Plants are considered to be more environmental friendly 

source for bio-synthesis of metallic nanoparticles and for detoxification applications [54]. 

Plants contain the secondary metabolites (phytochemicals) which are responsible for the 

defence mechanism against external threats and allow them to adapt to the changes that occur 

due climate changes [54]. Variations of phytochemical composition and concentration between 

different plants and their subsequent interaction with aqueous metal ions contributes to the 

formation of nanoparticles of different sizes and shapes. Bio-synthesis of nanoparticles from 

reducing metal salts via plants is simple and straightforward usually done at room temperature 

[55]. Phytosynthesis involves mixing a sample of plant extract with a precursor solution. The 

initial step during biochemical reduction involves activation period when metal ions are 

converted from their mono or divalent oxidation states to zero-valent states followed by 

nucleation of the reduced metal atoms [56]. As soon as the nucleation process begins, growth 

occurs whereby smaller neighbouring particles unify to form bigger nanoparticles which are 

thermodynamically stable [56]. As growth continues a variety of morphologies such as spheres, 

triangles, pentagons, rods, and wires are produced [23]. In the final stage of synthesis, the plant 

extracts ability to stabilize the nanoparticle ultimately determines it’s most energetically 

favourable and stable morphology [55]. Phytochemicals which are  responsible for the 

biochemical reduction of metal salts and stabilises the nanoparticles are as follows alkaloids, 

phenolic acids, flavonoids, proteins, sugars, and terpenoids [55]. 
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2.4.0 Phytochemical description  

2.4.1 Flavonoids  

These are water soluble polyphenolic molecules having 15 carbon atoms which can be pictured 

with two benzene rings that are joined together with a short three carbon chain [20]. Among 

the three short carbon chains, one of the carbons of the short chain is always connected to a 

carbon of one of the benzene rings, either directly or through an oxygen bridge to form a middle 

ring [57] . Flavonoids pharmacological properties includes anticancer, antimicrobial, anti-

inflammatory, antioxidant and antimalarial activity [58]. 

 

 

                                                        

Figure 2: 4 Flavonoids glycoside   

2.4.2 Phenolic acids  

Phenolic phytochemicals represent the largest category of phytochemicals widespread in 

various fruits and vegetables and one of the major groups of secondary metabolites in plants 

[59]. They are divided into two classes which are derivatives of benzoic acid such as gallic acid 

and derivatives of cinnamic acid such as caffeic [60]. They are characterized by hydroxylated 

aromatic rings and possess a single carboxylic acid functional group [61]. Pharmacological 

properties includes anti-oxidants, anti-tumor and antibacterial activities [62]. 
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Figure 2: 5 Structure of hydroxybenzoic acid   [63] 

 

Table 2: 1 Phenolic Acids  

Position R1 R2 R3 R4 

Benzoic acid H  H H H 

Gallic acid H OH OH OH 

Vaillinic acid H OCH3 OH H 

Salicylic acid OH H H H 

2.4.3 Alkaloids 

Alkaloids are basic substances that contain one or more nitrogen atoms, usually in combination 

or as part of a cyclic system [64]. Alkaloids contains a complex molecule structure and having 

significant pharmacological activities [32].The nitrogen generally makes the compound basic 

and the compound are found in the plant as a salt .  

TiO2 NPs synthesis from plant extracts is of current interest due to the availability of different 

phytochemicals which are found within the kingdom plantae that stabilises nanoparticles. Aloe 

vera, Nyctanthes arbor-tristis, Curcuma longa, Psidium guajava and Moringa oleifera are 

some the plants that were reported to have been used for the synthesis of TiO2 NPs 
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[9,11,13,16,18]. For example, Annona squamosa peel reportedly used to effectively synthesize 

TiO2 NPs, while Nyctanthes arbor-tristis leaf extract yields spherical particles of size that 

ranges from 100 to 150 nm [257] and Eclipta prostrata leaf extract produces particle sizes of 

36 to 68 nm [9,65]. The use of Catharanthus roseus leaf extract for phytosynthesis of TiO2 

NPs reported to produce nanoparticles with irregular shape that ranges from 25 to 110 nm [66]. 

2.5.0 Application of TiO2 NPs 

2.5.1 Nanotechnology in Medicine 

Nanomedicine includes utilization of nanotechnology for the benefit of ethnical health and 

well beings [67]. Biomedical nanotechnology affords progressive possibilities among the fight 

towards many disease causing pathogens [68]. Nanotechnology provides extraordinary ways 

that improves materials and medical devices and also creates unique devices with better 

performance than the existing conventional technology [69]. Advanced drug delivery system 

are being developed which aims to enhance bioavailability and pharmacokinetics of 

pharmaceuticals and to substitute invasive administration methods  [70]. Nano-carriers which 

consist of optimized physicochemical and biological properties are more easily taken up by 

cells than larger molecules and it acts as a successful delivery tools for currently available 

bioactive compounds [71]. The delivery systems is site-specific which targets a specific cell or 

tissue [72]. TiO2 NPs reported to be a promising candidate that acts against malignant brain 

tumors which are resistant to conventional therapies [73].  TiO2 NPs linked to an antibody are 

used to recognize, bind specifically to cancer cells and a beam of visible light is focused onto 

the affected region to induce photo-killing of the cancer cells by free radical mechanism 

[74,75]. TiO2 NPs are reported to be used in wound healing, antibacterial, antifungal, 

antioxidants and some as antiviral activities [76–78]. 



17 

 

2.5.2 Water purifying applications 

It has been reported that TiO2 NPs induces detrimental organic substances such as organic 

chlorine compounds and other toxic substances to disintegrate into less harmful products [79].  

In water purification given for example chloroform in the presence of TiO2 NPs, it will breaks 

down as illustrated by the equation below: 

Equation 2. 1:  2H2O (l) + 2CHCl3 (aq) + O2 (g)                                    2CO2 (g) + 6HCl (g)    

 

2.5.3 TiO2 NPs Antibacterial Activity 

There is an increase in the number of microbial resistance against antibiotics, metal ions and 

also the development of new resistant strains [80]. TiO2 NPs are of current interest as they have 

demonstrated significant antibacterial activity [81]. Titania nanorods synthesized by sol-gel 

electrospinning technique has been reported to have an antibacterial activity when tested 

against S. aureus, E. coli, Klebsiella pneumonia and Salmonella typhimurium [82]. Evidence 

deduced experimentally has shown that exposure to TiO2 NPs and UV radiation destroys cells 

by generating oxidative stress [83]. Oxidative stress is reported to be an emerging fundamental 

mechanism of nanoparticles toxicity [84]. Bacteria cell wall is reported to be damaged by 

oxidation process which leads to a decrease in the interfacial energy of bacteria adhesion 

causing an increase in the chemical interaction between bacteria and the nanoparticles, an 

additional factor for increasing bactericidal activity [85]. When TiO2 NPs photo-irradiated with 

UV light suitable to their bandgap energy of 3.06 eV (rutile), 3.2 eV (anatase), or higher, they 

have a propensity to experience all physical phenomena which involves absorption, reflection 

and scattering of light [86]. Other essential process also occurs which involves photophysical 

and photochemical processes. During photophysical process, the absorbed photons of light 

result in the excitation of electrons (e−) from the valence band to the conduction band creating 

holes (h+) in the valence band which generates electron and hole pairs [87]. Energized electron 

TiO2NPs 
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and hole pairs are said to either recombine and release energy as heat or dissociate because of 

charge trapping thus producing charge carriers resulting in the redox reaction of materials 

adsorbing on the surface such as water and molecular oxygen [88]. UV light on the surface of 

TiO2 NPs stimulates the formation of various reactive species when reacted with water or 

oxygen that leads to the damage of bio-macromolecules [89]. Reactive species formed by 

photo-irradiating are h+, hydroxyl radicals (OH⋅), superoxide (O2⋅-), hydrogen peroxide (H2O2), 

and singlet oxygen (1O2) [90]. Photocatalyzed formation of singlet oxygen was suggested that 

it contributes to the oxidation of the protein membranes [91]. Hydroxyl radicals plays the most 

crucial role in deactivating microorganism by oxidizing the polymers of unsaturated 

phospholipid that makes up the microbial cell membrane. 

 

Figure 2: 6 Band gap of crystalline form of TiO2 NPs 

Photochemical Reaction Process 

 

Figure 2: 7 Photochemical production of oxidative species  
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Photocatalytic formation of reactive oxygen species 

The singlet oxygen is formed when O2
.- produced by TiO2 NPs photocatalysis is reoxidised on 

the h+ of TiO2 NPs surface. Equation for the reaction to produce singlet oxygen is as follows: 

Equation 2. 2                  O2
∙- + h+                              1O2 

 

2.6.0 Mechanism of Bacterial Resistance 

Bacterial resistance occurs as result of either natural or acquired mechanism. Natural resistance 

results when the properties of a bacteria inhibits the action of a certain antibiotic [92]. As 

reported, an antibiotic designed to attach to certain specific receptors on a bacterial cell is 

unable to act if the bacterial species does not have the receptors. Acquired resistance results 

due to alteration of bacterial species and its genetic makeup in such a manner that it decreases 

the action of antibiotics [93]. There are several ways in which the bacterial genome can be 

altered such as vertical gene transfer, horizontal gene transfer. Vertical gene transfer is whereby 

random mutations and reproduction confer resistance on the next generations while horizontal 

gene transfer involves genetic information being conferred to members of the exact generation 

[94].  

In both vertical and horizontal gene transfer bacterial genetic characteristics are varied, altering 

their own physiology, qualifying them to respond to environmental factors like antibiotics [94]. 

Physiological alterations consist of four major mechanisms which are drug inactivation 

(modification), target site alteration, making use of different metabolic pathways and reduction 

of drug accumulation within cell [95]. 
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2.7 Characterization Techniques 

2.7.1 FT-IR 

Infrared spectroscopy is a non-destructive technique for materials analysis and it is used to 

study the interaction between an infrared radiation with a sample that can be solid, liquid or 

gaseous as a function of photon frequency [96]. FT-IR provides exact information concerning 

the vibration and rotation of the chemical bonding and molecular structures [97]. An infrared 

spectrum obtained during analysis represents a fingerprint of a sample with absorption peaks 

which correspond to the vibrational frequencies between atomic bonds making up the sample 

[98]. Vibrational transitions which occurs as a result of infrared photon correspond to distinct 

energies, and molecules absorb infrared radiation only at certain wavelengths and frequencies 

[99]. These frequencies are helpful for the identification of the sample’s chemical make-up 

since no two compounds produce the exact same infrared spectrum [99].  

2.7.2 UV.Vis  

UV spectroscopy is a technique of absorption spectroscopy whereby light in the ultra-violet 

region is absorbed by the molecule. The absorbed electromagnetic radiations will result in 

changes in electronic structure of ions and molecules through the excitations of bonded and 

non-bonded electrons [100] . The energy absorbed is equal to the energy difference between 

the ground state and higher energy states. The technique is useful for quantification of light 

which a sample absorbs with respect to the wavelength of radiation [101] .The technique obeys 

the Beer-Lambert law, which states that there is a linear relationship between the absorbance 

and the concentration of a sample [102,103] . Thus:  

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝐴 =  𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑥 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑥 𝑐𝑒𝑙𝑙 𝑙𝑒𝑛𝑔𝑡ℎ   
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By making use of the Beer-Lambert law, it has been found that the greater the number of 

molecules capable of absorbing light of a given wavelength, the greater the extent of light 

absorption [103,104]. 

2.7.2 SEM 

The scanning electron microscope is used for the examination and analysis of the 

microstructure morphology and chemical composition characterizations [13]. An electron 

beam is focused onto the sample surface kept in a vacuum by electro-magnetic lenses and the 

beam is then scanned over the surface of the sample [105]. Scattered electrons from the sample 

are fed to the detector and then to a cathode ray tube through an amplifier, where images are 

formed, portraying information on the sample surface [106]. 

2.7.3 XRD 

The XRD pattern of a pure substance is used as a fingerprint of that particular substance. One 

of the main application of XRD is to identify components within a sample by a search and 

match procedure [107]. Crystalline substances behave as 3D diffraction gratings for X-ray 

wavelengths similar to the spacing of planes in a crystal lattice. XRD is derived from 

constructive interference of monochromatic X-rays and the crystalline sample. Cathode ray 

tube generates x-rays which are filtered to produce a monochromatic radiation, adjusted to 

concentrate, and directed toward the sample under analysis. The interaction between the 

incident rays and the sample produces constructive interference and a diffracted ray when 

conditions are in sync with the Bragg’s Law. The law is satisfied by an equation; 𝑛𝜆 =

2𝑑 𝑠𝑖𝑛 𝜃 which relates the wavelength of electromagnetic radiation to the diffraction angle and 

the lattice spacing within the crystalline sample. Diffracted X-rays are detected, processed and 

then counted [107]. The sample is scanned through a range of 2θ angles so that all possible 

diffraction directions of the lattice can be attained because of the random orientation of the 
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powdered sample. Identification of the sample is done by conversion of the diffraction peaks 

to d-spacings, compares it with standard reference patterns because each sample has a set of 

unique d-spacings [108]. Particle size can be calculated from the peak area as width of peaks 

of a given pattern provides information on the crystalline’s average size. The larger the 

crystallite the sharper are the peaks. The Scherrer equation is used to calculate the crystallite 

particle size and it is given as follows: 

D = kλ
β cos θ⁄                  Whereby   β = HWFM X 22

7X180⁄    

θ is the Bragg angle,  

λ (the X- ray wavelength used),  

β is the width (full) at half the maximum diffraction peak in the 2θ scale in radians  

k Scherrer constant with a value of 0.9 

HWFM is the half width at full maximum for the diffraction peak with maximum intensity. 
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CHAPTER THREE 

METHODOLOGY 

3.0 Introduction 

The chapter focuses on the experimental procedures that were carried out to achieve the aim 

and objectives in this research. 

3.1.1 Reagents 

All chemicals utilized for vast experiments in this research were of analytical reagent grade 

unless otherwise stated and were utilized without undergoing additional purification 

process. Distilled water was used in every part of the research for different purposes. The 

most important reagents used were aqueous titanium tetrachloride ( TiCl4 , 16-17 % wt.) , 

Acetic anhydride ((CH3CO)2O 40 %), ferric chloride (FeCl3, 5 % w/v), sodium hydroxide 

(NaOH, 10%), sulphuric acid (H2SO4, 98 %), potassium iodide (KI, 99.9 %), Chloroform 

(CHCl3, 55 %), potassium bromide (KBr, 99.9 % FT-IR grade), glacial acetic acid 

(CH3COOH, 99.7 %) , hydrochloric acid (HCl, 30%), dichloromethane (CH3Cl2, 99.8 %), 

ammonia (NH3, 10 %) , Copper sulphate (CuSO4, 1%) and methanol (CH3OH, 75 %). 

3.1.2 Equipment/ Instrumentation 

 Laboratory incubator model LABOTEC M15 was used to provide a controlled, 

contaminant-free environment for safe, reliable work with bacterial cultures by 

regulating temperature, humidity, and CO2. The incubator was used mainly to 

optimize the growth of pathogenic bacterial E.coli. 

 Autoclave RAU-123 was used to sterilize laboratory equipment which were used 

for culturing the bacterial E.coli and also the nutrient agar. 

 Vortex Shaker QL 866 was used for deglomeration of nanoparticles and allow an 

even distribution of particles within a prepared mixture.  
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 Laboratory analytical balance model JJ 224 BC was used for weighing all the 

samples used in this research, from reagent to products formed. 

 Water bath ZWY 110X30 was used for controlling the heating temperature during 

the synthesis of titanium dioxide nanoparticles. 

 UV-Vis 752 model was used to measure the absorbance of the synthesized titanium 

dioxide nanoparticles during optimization reaction and also to characterize the 

synthesized nanoparticles. 

 FTIR Nicolet 6700 instrument was used in the determination of functional groups 

associated with extract and that of the synthesized titanium dioxide nanoparticles.   

3.2 Plant Identification and Sample collection 

Plant identification was done with the help of a qualified botanist. Fresh leaves of X. Caffra 

were randomly collected from more than four different plants in Mkoba Village.  The leaves 

were placed in a polyethylene plastic bag and transferred to the laboratory on the same day. 

3.3 Sample preparation 

The collected X. Caffra leaves were washed with running tap water followed by distilled water 

to remove the unwanted impurities such as scum, dust and other particulates [109]. The leaves 

were dried at room temperature. After complete drying when a constant mass was attained, 

leaves were ground into powder and sieved to achieve a homogeneous particle size of 2 mm in 

diameter. A mass of 25.0020 g dried leaves were suspended in 100 ml distilled water subjected 

to shaking on a rotary shaker for 24 hours under room temperature and the mixture was filtered 

by suction method, the extract produced was stored in a refrigerator [15].  
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3.4 Phytochemical analysis 

The solution of 10 ml extract was obtained from the refrigerated volumetric flask and heated 

using a hot plate up to a temperature of 30℃ and was allowed to cool to a room temperature 

for analysis. 

3.4.1 Test for phlobatannins 

A volume of 5 ml dilute hydrochloric acid (1%) was added to 2 ml of plant extract followed 

by boiling on a hot plate with a stirrer. Positive test of phlobatannins is indicated by the 

formation of a red coloured precipitate [110]. 

3.4.2 Test for Saponins (Froth test) 

Saponins were tested by dissolving 1 ml of the sample extract in a test tube containing 6 ml of 

hot distilled water. The mixture was subjected to vigorous shaking for approximately one 

minute and persistent foaming indicates the positive [111,112]. 

3.4.3 Test for Cardiac Glycosides  

To a 1 ml of extract, 1 ml of glacial acetic acid containing a drop of ferric chloride solution 

was added followed by 1 ml of concentrated sulphuric acid. A positive result is indicated by 

formation of a reddish brown colour [113]. 

3.4.4 Liebermann- Burchard Steroids Test 

A volume of 5 ml of extract was added to 10 ml dichloromethane followed by addition of 10 

ml of acetic anhydride. Drops of concentrated sulphuric acid were added while observing any 

colour changes and appearance of greenish blue colour indicates the presence of steroids [114]. 

3.4.5 Test for phenolic compounds 

From the stock, 1 ml of extract was obtained and three drops of 5 % FeCl3 (w/v) were added. 

A positive result is indicated by formation of a greenish precipitate [57]. 
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3.4.6 Test for proteins 

A volume of 1 ml (4 %) solution of NaOH and 1 ml (1 %) CuSO4 were added to 1 ml of leaf 

extract. Appearance of a pink or purple colour indicates the presence of proteins [57]. 

3.4.7 Test for terpenoids 

A volume of 1 ml sample extract was added to 10 ml of methanol and subjected to shaking. 

From the mixture 5 ml were taken and mixed with 2 ml of chloroform and then 3 ml of 

sulphuric acid. A positive result is indicated by the formation of reddish brown colour [57,115]. 

3.4.8 Test for Quinone 

A volume of 1 ml plant extract was treated with concentrated HCl and a yellow precipitate 

indicates a positive result [114]. 

3.4.9 Test for flavonoids 

A volume of 1 ml plant extract was added to10 ml of distilled water followed by 5 ml ammonia 

and then few drops of concentrated H2SO4. A positive result is given by a yellow colour [57]. 

3.4.10 Test for Tannins 

By means of a measuring cylinder, 10 ml of distilled water were added to 2 ml of extract while 

stirring and the mixture was filtered. Exactly 1 ml of ferric chloride was added to the filtrate. 

Formation of a blue-green precipitate indicates a positive result [113]. 

3.4.11 Test for alkaloids 

Wagner’s test was used whereby a volume of 1 ml of the extract was mixed with iodine in 

potassium iodide. Formation of a cream or reddish precipitate indicates the presence of 

alkaloids [57]. 
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3.4.12 Test for carbohydrates 

A volume of 1 ml of the plant extract was mixed with Benedict’s reagent and heated to boil. 

Brick red precipitate confirms the presence of reducing sugars [116]. 

3.4.13 Test for Anthraquinones 

To a dry test tube, 1 ml of sample extract was placed followed by addition of 10 ml chloroform. 

The mixture was subjected to shaking for 5 minutes, decanted and the upper part was shaken 

in ammonia solution. A positive result is indicated by a brick red colour [117]. 

3.5.0 Nanoparticle Synthesis 

3.5.1 Optimization of pH   

A volume of 10 ml leaf extract was added to 90 ml of 5 mM aqueous TiCl4 in a fumehood and 

pH of the solution was measured. The values of pH were adjusted by adding dilute acid (HCl) 

or dilute base (NaOH) to the solution. The pH ranges of 5 to 9 were used for the synthesis of 

TiO2 NPs over a period of 6 hours at room temperature and their absorbance was measured in 

wavelength range of 200 – 800 nm. 

3.5.2 Optimization of time 

Volume of 90 ml (5 mM) aqueous TiCl4 was mixed with 10 ml leaf extract and the reaction 

was carried out at pH 7 at room temperature. The absorbance of reactants was measured at 30 

minutes interval in a spectral range of 200 – 800 nm over a period of 6 hours. 
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3.6.0 Experimental Design 

Three factors investigated by Central Composite Design (CCD) were aqueous TiCl4 

concentration, X.Caffra volume and Temperature. CCD is an experimental design used to 

assign the operation factors into a scope of assessment. CCD experimental design lead to a set 

of 20 experimental runs as shown in table 3.2 below and was used to optimize factors for the 

synthesis of TiO2 NPs. The design was constructed using Minitab version 17 and analysis of 

variance over the quadratic model was conducted with 95 % confidence level. 

3.6.1 Response Surface Methodology 

The RSM gives the statistical components essential for the assessment of concentration of 

TiCl4, X.Caffra volume and Temperature. The RSM is centred in the development of 

geometrical models that can predict the response of the factors in the area of assessment. By 

making use of RSM, independent assessment of each factor and their interaction in this 

experiment was determined. 

Table 3: 1 Experimental Domain values 

Levels TiCl4 

Concentration (mM) 

X.Caffra 

Volume (ml) 

Temperature 

℃ 

-1 3 5 15 

0 6 10 25 

+1 9 15 35 
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Table 3: 2 Experimental Runs 

 

Run 

 

A:TiCl4 

 

B:X.Caffra 

 

C:Temperature 

 

Absorbance 

Mm Ml ℃ a.u 

1 6.00 10.00 25.00  

2 6.00 10.00 25.00  

3 9.00 15.00 35.00  

4 6.00 5.00 25.00  

5 9.00 5.00 15.00  

6 6.00 10.00 15.00  

7 6.00 10.00 25.00  

8 9.00 5.00 35.00  

9 9.00 15.00 15.00  

10 9.00 15.00 25.00  

11 3.00 15.00 35.00  

12 6.00 10.00 25.00  

13 9.00 10.00 25.00  

14 6.00 10.00 35.00  

 

     



30 

 

  Table 3:2 Cont. 

 A: TiCl4 B: X. Caffra C: Temperature Absorbance 

mM Ml ℃ a.u 

15 3.00 15.00 15.00  

16 6.00 10.00 25.00  

17 3.00 5.00 35.00  

18 6.00 10.00 25.00  

19 3.00 10.00 25.00  

20 3.00 5.00 15.00  

 

The experimental methodology was done in accordance with the design where the tests were 

performed in 250 ml Erlenmeyer flask containing leaf extract and TiCl4 solution. 

3.6.2 Synthesis of TiO2 NPs 

The TiO2 NPs were synthesised using optimum conditions, filtered from the solution and 

allowed to dry at 30 ℃ in an oven. The dried nanoparticles were transferred to a ceramic 

crucible, placed in a muffle furnace and heated to a temperature of 450 ℃ for a length of 4 

hours. The ceramic crucible was allowed to cool and the obtained particle was taken for 

characterisation and bioactivity tests.    
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3.7.0 Characterisation Techniques 

3.7.1 Characterising using FTIR 

X.Caffra extract was placed on polished KBr plate and allowed to spread over the surface 

before another plate was mounted on top so that a thin layer of liquid was achieved between 

the plates. The clamped plates, free from liquid on their edges were analysed in the spectral 

range of 4000 cm-1-400 cm-1.  

The synthesized TiO2 NPs were analyzed by FT-IR, 0.0251 g TiO2 NPs were mixed with dried 

2.5003 g KBr and pressed in a sample holder to produce a transparent pellet disk. The disk was 

analyzed in the spectral range of 4000 cm-1- 400 cm-1. 

3.8.0 Bioactivity 

Bacteria E.coli was identified and then isolated prior to conducting bioactivity tests by using 

gram  test [118]. 

3.8.1 Identification tests 

Gram staining was done on isolated bacteria in order to differentiate bacteria into two 

categories, gram positive and gram negative. Gram negative staining was used to identify 

pathogenic bacteria E.coli [119] 

3.8.2 Preparation of culture media 

A mass of 55.1002 g powdered nutrient agar was suspended in 1000 ml of distilled water. The 

solution was heated to boil in order to dissolve the medium completely. The dissolved agar was 

kept in a tightly closed Pyrex glass bottle and sterilized by autoclaving at 121 ℃ for 15 minutes 

at pressure 15 lbs [120]. 
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3.8.3 Disk Preparation 

Whatman filter paper no. 1 was used to prepare disc of 6 mm in diameter and were sterilized 

in a hot air oven. The prepared discs were then placed in TiO2 NPs solutions of different 

concentrations ranging from 10 mg/ml to 80 mg/ml for a period of 18 hours [121]. 

3.8.4 Culturing of bacteria 

The workplace was sterilized by treating it with UV-lamp, methylated spirit and then flamed. 

A 100 ml of the prepared nutrient agar was poured into petri dishes such that the whole base 

was totally covered. The media was left to solidify for a period of 15 minutes inside a laminar 

flow. E.coli was transferred to the prepared petri dishes by means of a loop [122]. Inoculated 

paper disk in different concentrations of the antibiotics were placed in petri dishes using 

forceps. The petri dishes were incubated at 37 ℃ for a period of 24 hours and the zones of 

inhibitions were observed [60]. 

3.8.5 Determination of Minimum Inhibitory Concentration (MIC) 

Various concentrations of TiO2 NPs were prepared by serial dilution method ranging from 11 

mg/ml to 1 mg/ml. Minimum inhibitory concentration was determined as the lowest 

concentration of TiO2 NPs that inhibited the visible growth of  E.coli after overnight incubation, 

by the disk diffusion method [123]. 

3.8.6 Mean Inhibition Zone 

It was determined by the making use of the equation below. 

𝑚𝑒𝑎𝑛 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 =
𝑠𝑢𝑚 𝑜𝑓 𝑎𝑙𝑙 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟𝑠

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑖𝑠𝑐𝑠 𝑢𝑠𝑒𝑑
 

3.8.7 Feed Paste Preparation and Bioactivity test 

A solution was made by placing 1.0401 g of TiO2 NPs in 15 ml of distilled water. To the 

solution, 2.0031 g of broiler starter mesh feed was added and the mixture was subjected to 
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shaking for 5 minutes, then oven dried at 29 ℃ for 30 minutes. Feed paste of mass 0.6048 g 

was placed in 5 ml of distilled water and to the solution, 6 mm disk were inoculated for 18 

hours [124]. The disc were transferred to a petri-dish together with the cultured bacteria and a 

control, using feed without TiO2 NPs, the prepared petri-dishes were then subjected under U.V 

light for 30 minutes. After a period of 30 minutes, the petri-dishes were then incubated at 37 ℃ 

for 24 hours and the zone of inhibitions were then estimated. 

3.8.8 Colony Forming Unity (C.F.U) Bioactivity test  

Mass of 0.6052 g of the feed paste was placed in 5 ml of distilled water and the two were 

sonicated to obtain a homogeneous mixture. From the sonicated mixture, 1 ml was measured 

and placed in a cuvette, to the cuvette a loop full of bacteria was placed [125]. A control was 

also prepared were by distilled water without the nanoparticles was mixed with broiler starter 

mesh feed without antibacterial agent [126]. The cuvettes were then placed in a pyrex glass 

beak and subjected under UV radiation for 2 hours and the contents were poured in different 

petri dishes have nutrient agar. Petri dishes were then incubated at 37 ℃ for 24 hours. The 

number of viable colony was then calculated, in this case physical counting was done [127]. 
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CHAPTER FOUR 

4.0 Introduction 

The chapter outlines the results obtained by qualitative analysis of phytochemicals, UV-Vis 

and FTIR. Results obtained are illustrated in graphs, tables, pictures and are discussed in this 

chapter.  

4.1 Qualitative phytochemical analysis of X.Caffra leaf extract 

Table 4.1 gives summary results of the qualitative phytochemicals analysis of the X.Caffra leaf 

extract which was done. 

 

Table 4: 1 Phytochemical Results of X.Caffra Leaf Extract 

Phytochemical Observation Deduction 

Terpenoids Reddish brown Present 

Alkaloids Reddish precipitate Present 

Cardiac Glycosides Reddish brown Present 

Phenols Greenish Present 

Saponins Froth Present 

Flavonoids Yellow precipitate Present  

Tannins Green precipitate Present 

Quinones Yellow color Present 

Phlobatannins Red precipitate Present 
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Table 4: 1 Cont.  

Phytochemicals Observation Deduction 

Anthraquinones Deep Red Present 

Protein Deep Purple Present 

Carbohydrates Reddish brown Present 

Steroids Brown color (extract) Absent 

 

Qualitative tests done on X.Caffra leaf extract tests indicated the presence of flavonoids, 

phenols, tannins, aldehydes amides, terpenoids and these phytochemicals are responsible for 

reduction of titanium ions in solution to form TiO2 NPs. Compared to previously reported work, 

flavonoids were considered to be absent in X.Caffra leaves while in this research a yellow color 

was observed when the leaf  extract was treated with NH3 and concentrated H2SO4  which 

indicated the presence of flavonoids [20]. The variation might be due to difference in locations 

to which the plant leaf samples were collected as plants tend to adapt to the environment by 

making use of these secondary metabolites [128]. 

4.2 Optimization of process parameters 

4.2.1 Effect of pH 

The phytosynthesis reaction was carried out in an initial pH range of 5-9 and pH range was 

adjusted by adding dilute NaOH or dilute HCl to the solution. After a length of 6 hour the 

absorbance of the solution were measured at 400 nm and the results are shown in figure 4:1. 
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Figure 4:  1 pH Optimization 

Optimum initial pH was found to be 7.0. The results suggested that neutral medium is more 

suitable for the phytosynthesis of TiO2 NPs than acidic / alkaline pH as rate of hydrolysis of 

titanium ions were higher at pH 7.0. The results obtained are similar to other works reported 

before, whereby the neutral pH was found to be the most favorable for the phytosynthesis of 

TiO2 NPs [16]. 

4.2.2 Effect of reaction time 

Effect of time was determined by carrying out a reaction at neutral initial pH, temperature was 

maintained at 25 ℃ and the absorbance of TiO2 NPs was measured at 400 nm on 30 minutes 

intervals. 
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Figure 4:  2 Optimization of Time 

After 300 minutes there was no significant increase in absorbance as shown by the graph at 

360 minutes which is almost similar to that of 300 minutes. Thus the phytochemical synthesis 

of TiO2 NPs reached its maximum at 300 minutes. The maximum amount of time, 300 minutes 

taken to produce maximum concentration of TiO2 NPs is more than the previously reported of 

240 minutes [129]. The difference in this research might be attributed to the absence of stirring, 

since stirring increases collision among the reactants hence speeding up the rate of reaction 

[129]. 

4.3.0 Characterization 

4.3.1 UV-Vis spectra of TiO2 NPs 

The phytosynthesized titanium dioxide nanoparticles were characterized using UV-Vis 

spectroscopy to determine their structural properties as shown in Figure 4.3.  The spectra was 

plotted as a function of reaction time of TiO2 NPs. By analyzing the spectra, it was observed 
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that the maximum absorbance of the phytosynthesized TiO2 NPs was achieved at close to 400 

nm as evident from absorbance spectrum and this peak was attributed to the presence of surface 

plasmon. 

 

Figure 4:  3 Absorption spectra of TiO2 NPs in the wavelength range of 300 to 700 nm. 

From the graph, the energy responsible for the excitation at maximum peak value can be 

calculated by making use of equation, 𝐸 = ℎ𝑐
⋋⁄ . Energy value of  3.10 𝐸𝑉 is deduced from the 

calculation and it can be used to substantiate the presence of TiO2 NPs [18,130]. The spectra 

peak value obtained is in the range of previously reported wavelength of  387 – 428 nm [18]. 

4.3.2 FTIR Analysis 

FTIR peaks showed two spectrums namely synthesized TiO2 NPs and X.Caffra leaf aqueous 

extract. The peaks were given along with the functional groups responsible for the 

phytosynthesis of the TiO2 NPs, which could be portrayed to be  3440 cm-1 phenol (O-H 

stretch), 3109.06 cm-1 carboxylic acids (O–H stretch), 2108.62 cm-1 alkynes and 1075.04 cm-1 

(C–O) (stretch alcohols, carboxylic acids, esters). The functional groups depicted acts as 

capping and stabilizing agents of the phytosynthesized TiO2 NPs. 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

200 250 300 350 400 450 500 550 600 650 700

A
b
so

rb
an

ce
 (

a.
u
)

wavelength (nm)

UV-Vis spectra of TiO2NPs



39 

 

 

Figure 4:  4 FTIR Spectra of X. Caffra Extract and TiO2 NPS 

Aldehyde are reducing agents, their presents in the leaf extract enables the reduction of the 

titanium ions to produce titanium dioxide nanoparticles. Capping and stabilizing functional 

groups such as esters, carbohydrates and phenols plays a major role on the effectiveness of 

TiO2 NPs as an antibacterial agent. Phenol acts as an antioxidant while the esters and 

carbohydrates acts as the binding groups [13]. 

4.4.0 Experimental Design 

4.4.1 Experimental analysis 

Synthesis and yield of TiO2 NPs was investigated in the experimental domain which conform 

to the Central Composite Design in table 3.2. A maximum of 20 experimental runs were 

conducted in the research in order to optimize the yield of TiO2 NPs. Six replicates within the 

design were used to determine the precision of the experimental model. Effects of three 
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parameters to the yield of TiO2 NPs produced by green synthetic method were investigated 

using the design and experimental conditions which were in accordance to the CCD [131]. 

4.4.2 Method Error 

The experimental method was validated by running three replicates within the design and the 

results obtained were used as a measure to determine consistency of the method. 

Table 4: 2 Method Error Results  

Number of runs 𝒎𝒆𝒂𝒏 𝒔𝒕𝒂𝒏𝒅𝒂𝒓𝒅 𝒅𝒆𝒗𝒊𝒂𝒕𝒊𝒐𝒏 
𝑹𝑺𝑫 =  

𝟏𝟎𝟎𝑺

𝒎𝒆𝒂𝒏
 

3 0.79 0.01 1.27 % 

 

The calculated RSD was 1.27 % which is less than 5 % and this concludes that the method is 

suitable for the optimization of reaction parameters [131]. 

 

4.4.3 CCD (Central Composite Design) 

The RSM technique was utilized to fit the experimental results of CCD by using a second order 

polynomial equation: 

 𝑦 = 𝛽0 +  𝛽1𝑥1 +  𝛽2𝑥2   +  𝛽12𝑥1𝑥2 +  𝛽11𝑥1
 2 +  𝛽22𝑥2

  2 +  𝜀    

The model can be used to predict the response at any stated level of the independent variable 

that is within the experimental domain.  

Minitab 17 and Design Expert v. 7.0 tools were used to generate all the experimental conditions 

based on CCD method, which resulted in 20 experimental conditions. TiO2 NPs were produced 

under these conditions and absorbance was measured at 400 nm. The tool was used to perform 
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all the statistical analysis of the experimental results. A mathematical correlation was derived 

by applying least squares method to fit a response surface to the measured values of absorbance 

at specific data of the experimental design matrix.  

Table 4: 3 Experimental Matrix with response measured at 400 nm. 

Run A: TiCl4 B: X. Caffra C: Temperature Absorbance 

𝑚𝑀 𝑚𝑙 ℃ 𝑎. 𝑢 

1 6.00 10.00 25.00 0.80 

2 6.00 10.00 25.00 0.81 

3 9.00 15.00 35.00 0.90 

4 6.00 5.00 25.00 0.77 

5 9.00 5.00 15.00 0.65 

6 6.00 10.00 15.00 0.63 

7 6.00 10.00 15.00 0.80 

8 9.00 5.00 35.00 0.87 

9 9.00 15.00 15.00 0.78 

10 9.00 15.00 25.00 0.90 

11 3.00 15.00 35.00 0.73 
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Table 4.3 Cont. 

Run A: TiCl4 B: X.Caffra C: Temperature Absorbance 

mM ml ℃ a.u 

12 6.00 10.00 25.00 0.80 

13 9.00 10.00 25.00 0.90 

14 6.00 10.00 35.00 0.82 

15 3.00 15.00 15.00 0.58 

16 6.00 10.00 25.00 0.80 

17 3.00 5.00 35.00 0.75 

18 6.00 10.00 25.00 0.80 

19 3.00 10.00 25.00 0.73 

20 3.00 5.00 15.00 0.50 

 

In this research independent variables were coded as A, B and C therefore the second order 

polynomial equation was given as follows: 

𝒀 (𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒) =  𝛽0 +  𝛽1𝑨 + 𝛽2𝑩 + 𝛽3𝑪 +  𝛽12𝑨𝑩 + 𝛽13𝑨𝑪 +  𝛽23𝑩𝑪 +  𝛽11𝑨𝟐 +

 𝛽22 𝑩𝟐   + 𝛽33𝑪𝟐       [132] 

Whereby: 𝒀 is the absorbance, A is the concentration of TiCl4 in mM, B is the volume of 

X.Caffra leaf extract (ml), and C Temperature (℃). 
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The model incorporates linear effects, quadratic effects and two-way interactions between 

parameters understudy. Multiple regression investigation of the experimental results was 

determined by computation and a second –order polynomial model which defines all the three 

variables and their association in the phytosynthesis of titanium dioxide nanoparticles was 

established. The 𝑅2 value is used to express and determine the consistency in the experimental 

response values which are clarified by the variables and their associations. The model strength 

is determined by the extent to which a numerical value of R2 is closer to 1 and in this 

experiment was 0.9979 [133,134].  A well fitted relationship between the experimental and 

predicted response values was established on the basis of the R2 value indicating the suitability 

of the model for phytosynthesis of TiO2 NPs. Also the predicted R-Squared value of 0.9881 is 

in reasonable agreement with the adjusted R-Squared of 0.9950 and this acted as a clear 

indication that the model is significant for analysis of the response trend.  

Table 4: 4 Model fitting test results 

Parameters Full Quadratic Model Enhanced Model 

R Squared 0.9989 0.9979 

Adjusted R Squared 0.9960 0.9950 

Predicted R Squared 0.9740 0.9881 

p-value for lack-of-fit 0.0649 0.04811 

 

By making use of ANOVA results in Table 4.5, the model was bettered with removal of terms 

having p-values greater than 0.05, which are considered as statistically insignificant at a 95 % 

confidence level. The insignificant term were omitted in the regression analysis. 
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Table 4: 5 ANOVA table for the full quadratic model. 

Source of Sum of  Mean F- p-value 

Variation  Squares Df Square Value Prob > F 

Model 0.220 × 100 9 0.024 × 100 531.62 < 0.0001 

A-TiCl4 8.096 × 10−4 1 8.096 × 10−4 18.00 0.0017 

B-X.Caffra 2.899 × 10−3 1 2.899 × 10−3 64.45 < 0.0001 

C-Temperature 0.013 × 100 1 0.013 × 100 286.06 < 0.0001 

AB 1.050 × 10−3 1 1.050 × 10−3 23.34 0.0007 

AC 4.500 × 10−4 1 4.500 × 10−4 10.00 0.0101 

BC 5.000 × 10−3 1 5.000 × 10−3 111.15 < 0.0001 

A^2 1.685 × 10−4 1 1.685 × 10−4 3.75 0.0817 

B^2 4.934 × 10−4 1 4.934 × 10−4 10.97 0.0079 

C^2 0.017 × 100 1 0.017 × 100 384.88 < 0.0001 

Residual 4.498 × 10−4 10 4.498 × 10−5   

Lack of Fit 3.665 × 10−4 5 7.330 × 10−5 4.40 0.0649 

Pure Error 8.333 × 10−5 5 1.667 × 10−5   

Corrected Tot SS 0.220 × 100 19    

 

The Model F-value of 531.62 implies that the model is significant and there is only a 0.01 % 

chance that a Model F-Value this large could occur due to noise. Values of Prob > F less than 

0.0500 indicated that the model terms are significant. In this case A, B, C, AB, AC, BC, B2, C2 

are significant model terms making them the limiting factors which, majorly contributes to the 

appreciation and depreciation of the production rate. The enhanced model is defined by 

Equation:  
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𝒀( 𝑻𝒊𝑶𝟐𝑵𝑷𝒔 𝑺𝒚𝒏𝒕𝒉𝒆𝒔𝒊𝒔) 

=  −0.31 + 0.046𝑨 − 0.087𝑩 − 1.77𝑪 + 0.011𝑨𝑩 − 0.023𝑨𝑪 − 0.075𝑩𝑪

− 0.016𝑩𝟐 − 0.68𝑪𝟐 

This model predicts TiO2 NPs synthesis using absorbance (a.u) based on three linear effects, 

three-way interaction and two quadratic effects. Quadratic function of titanium tetrachloride 

concentration has been found to be negligible in this model. The enhanced model offers a 

higher prediction capability of 0.9881 for new observations than the full quadratic model of 

0.9740. 

4.4.4 Effects of measured parameters  

Coefficient values for each parameter of the second-order polynomial are expressed in coded 

units. Coded factors were used in order to eliminate possibilities of pseudo effects which may 

arise as a result of different in measurement scales [135]. These coefficients are used as a 

measure of the magnitude of the response resulting from a change in a factor by a unit while 

other parameters are constant. This explanation is rendered applicable to a range of linear 

effects over the investigated range of parameters [135]. The model includes an interaction 

which involves all the three parameters, thus the effect of a change in one parameter associated 

with the interaction term varies relying on the value chosen for the other parameters 
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Figure 4:  5 Effects of Coded Parameters 

The most significant factor for synthesis of TiO2 NPs is temperature, this can be explained due 

to the shift of pH which is dependent on temperature. As the temperature increases, the 

ionization of hydrogen containing compounds increases and results in the formation of more 

H+ thus the media became acidic. Also at low temperature reacting molecules tend to have less 

kinetic energy for them to react which result in the low production of TiO2 NPs. High 

temperature affects the activity of phytochemicals, bond breaking, function group deactivation 

and vibrations occurs result in loss of their chemical structure, and thus formation of product 

is affected. 

4.4.5 Method validation 

The model appears to fit the data well, it is of great importance to check the model in order to 

affirm that it offers an estimation with the actual framework [134]. Analyzing and optimizing 

the fitted model is considered to be erroneous if the model does not show an adequate fit. 

Normal probability plot is used to ascertain normality of the set of data obtained in the 

experiment [136]. 

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

A B C AB AC BC B^2 C^2

C
o
ef

fi
ci

en
t 

si
ze

 [
-]

coded Parameters

Effects of parameters 



47 

 

  

Figure 4:  6 (a) Normal probability plot and (b) predicted vs actual plot 

Graphically where residuals are plotted against the normal values of the model shows that all 

the points are not far away from the diagonal line which entails that the errors are normally 

dispersed and individual are not externally controlled showing similar deviations indicating a 

good fitted model. Residuals from the fitted model are normally distributed therefore all the 

major assumptions of the model have been validated. The plot shown in figure 4: 6 (b) shows 

a good correlation between the predicted and actual values of responses, thus the model is valid 

within a given domain for the synthesis of TiO2 NPs. 

4.4.6 Check for outliers 

CCD was used to check for outliers on the model and there were no outliers. This depicts the 

statistical validity of the surface model. 
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Figure 4:  7  Externally Studentized Residual plot 

4.4.7 Surface Response Contour Plots 

The interaction effects of the process parameters and their optimal levels are explained using 

contour plots derived by maintaining one of the variable unchanging at optimum value while 

the remaining two parameters fluctuates within a defined range. 

 

Figure 4:  8 (a) Contour plot of AB (Concentration of TiCl4 and X.Caffra volume) 
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Figure 4: 8 shows that at temperature 35 ℃, TiCl4 concentration has more significant effect 

than X.Caffra volume to the yield of TiO2 NPs. Initially an increase in X.Caffra volume has a 

marked increase in the yield of TiO2 NPs until an optimum volume was attained and the 

absorbance started to decrease gradually with an increase in leaf extract volume.  

The interaction between concentration of titanium chloride and temperature while the volume 

of extract was held at a constant value of 15 ml is shown in figure 4: 9. 

 

Figure 4:  9 Contour plots of AC (concentration of TiCl4 and Temperature) 

Graphically it is observed that initially as the temperature increases, so does the concentration 

of TiO2 NPs. This can be explained by increase in kinetic energy of the molecule as temperature 

increases making them more reactive as they collide to form TiO2 NPs. As the temperature 

increased from approximately 31 ℃, the yield of TiO2 NPs started to decrease and the decrease 

might be due to reduction in activity of phytochemicals at temperature range outside the norm 

[137]. As temperature increases, pH values changed to acidic and this can be due to increase 

in molecular vibration of concentration of hydrogen ion, decreasing its tendency of forming 

hydrogen bonds, thus leading to low pH value. 
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Interaction effect of X.Caffra volume and temperature is shown in figure blah. From the 

contour plot it can be seen that both the parameters were optimized. Optimum volume of 

X.Caffra was found close to 12 ml and temperature of 33 ℃ was found to produce optimum 

concentration of titanium dioxide nanoparticles.  

 

Figure 4:  10 contour plot of BC (X.Caffra and Temperature) 

An increase in the leaf extract has a marked increase in the yield of TiO2 NPs, this is because 

of increase in the number of molecules that react with titanium ions to form nanoparticles.  

When approximately 12 ml of leaf extract was added, the production of TiO2 NPs started to 

decrease gradually. The decrease is due to the saturation of the solution with the 

phytochemicals result in decrease in the number of titanium ion thus titanium ions become the 

limiting factor. Initially, temperature had a strong correlation with the yield of TiO2 NPs. There 

was a strong interaction between the volume of X.Caffra and the temperature which is also in 

sync with F-value of 111.15 obtained. Compared to previously reported work, a room 

temperature was used for the synthesis of titanium dioxide nanoparticles, though the yield 

obtained was not considered [129].  
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4.5.0 Antibacterial Test 

4.5.1 Disk Diffusion Method 

Bacterial zones of inhibition against pathogenic E. coli are indicated by clear zones around 

paper discs impregnated with antibacterial agents shown in Figure 4.11. 

 

 

Figure 4:  11 Concentration of Titanium dioxide nanoparticles against zone of inhibition 

 

1.3

2.5
3.3

3.8
4.6

5.3 5.7
6.7

4.5

6.3
7.4

8.3

9.6

11.4

12.8

14

0

2

4

6

8

10

12

14

16

10 20 30 40 50 60 70 80 90

Z
o
n

e 
o
f 

in
h

ib
it

io
n
 (

m
m

)

Nanoparticle Concentration (mg/ml)

Comparison:UV-radiated and non-radiated  

Zone of Inhibition (mm) (UV-) Zone of Inhibition (mm) (UV+)

a

b



52 

 

Effect of different concentrations of TiO2 NPs on E.coli is given in Figure 4.12 (a) and (b), and 

it was observed that an increase in concentration of TiO2 NPs has a marked increase to the zone 

of E.coli inhibition. This may be explained by increase in contact between pathogenic E.coli 

and oxidative species generated by TiO2 NPs [138]. 

Efficiency of TiO2 NPs was more pronounced in photocatalytic process as indicated by graph 

(a) than in non-photocatalytic process, that is, graph (b). The lower activity experienced in the 

absence of UV radiation is explained to occur as a result of less production of oxidative free 

radicals which are responsible for the microbial death. The results obtained in figure 4: 11 (a) 

are in agreement with the previously reported work whereby a linear correlation was reported 

between concentration of hydroxyl free radicals and inactivation of E. coli in disinfection 

process using photocatalytic TiO2 NPs [139]. 

4.5.2 Colony Forming Unity 

Figure 4:12 indicates the number of bacterial E. coli colonies which were able to grow after 

subjected under UV radiation. 

 

Figure 4:  12 Colony Forming Unit 

Feed +TiO2NPs  
Feed 
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A pronounced decrease in the number of viable bacteria was observed on the UV-radiated TiO2 

NPs-feed, demonstrating photo-killing activity. The percentage reduction of pathogenic E.coli 

may be described by considering the charge on bacterial cell wall. The bacterial cell walls are 

reported to be negatively charged and causes lipids to react with free metal ions in solution. 

The existence of charge difference between bacteria and the titanium metal ion creates an 

electromagnetic attraction between the bacteria and treated feed. TiO2 NPs are proposed to 

release ions, which react with electron donating groups such as thiols (-SH) of the protein 

present on pathogenic E.coli cell wall [139]. Protein projectiles on the cell membrane of 

bacteria facilitates the uptake of nutrients via cell wall, so by deactivating them, results in a 

decrease to the membrane permeability to nutrients and eventually cellular death occurs. Once 

enough amounts of nanoparticles bind to the bacterium cell wall, membrane fluidity would be 

affected and that leads to decomposition of membrane phospholipid structure, decrease in its 

hydrophobic properties followed by bacterial death. It is also proposed that, TiO2 NPs causes 

peroxidation of polycyclic phospholipid compounds of bacterial membrane and reduce the 

membrane properties, membrane dependent respiratory function and lastly cell death occurs 

[140].  

4.5.3 Minimum Inhibitory Concentration 

Concentration ranging from 1-11 mg/ml of TiO2 NPs and the paper disk were inoculated for 

18 hours in the solution. The bacteria was spread on an Ager and inoculated disk in different 

concentrations were transferred and placed on cultured bacteria. The MIC was determined as 

the least concentration where there was an observable zone of inhibition and results are shown 

in figure 4.13. 
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Figure 4:  13 Minimum Inhibitory Concentration 

The MIC obtained for both TiO2 NPs and feed containing TiO2 NPs were found to be 5 mg/ml 

and 11 mg/ml respectively. The MIC obtained for TiO2 NPs compared to other previously 

reported work, is of average magnitude. The small differences might be due to the effect of 

particle size and shape, as smaller particles ranging from 2-10 nm are said to be more effective 

than large particles [141]. The nanoparticles incorporated in feed has a lower MIC value which 

indicates that less prepared feed is required for inhibiting growth of the organism [142]. The 

calculated t-test value in Appendix C indicated that there is a significant difference between 

TiO2NPs in the absence of UV and standard drug, while there is no significant difference in 

the presence of UV. 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

 TiO2NPs were successfully synthesized with optimum conditions being initial pH of 7, 

reaction time 300 minutes, extract volume 11 ml, 9 mM of TiCl4 and temperature of 

33 ℃. 

 The investigated parameters indicated that temperature has greatest effect on the 

synthesis of TiO2 NPs. 

 Maximum absorption peak under UV-Vis of the synthesized TiO2 NPs is centered at 

400 nm. 

 Phenols (O-H stretch) 3440.13 cm-1, carboxylic acid (O-H) 3109.06 cm-1, alkynes 

2108.62 cm-1 and C-O  (stretch alcohols, carboxylic acids, esters) 1075.04 cm-1. 

 The synthesised TiO2 NPs exhibits maximum antibacterial activity under UV-radiation 

 Green synthesized TiO2 NPs provides a promising approach that satisfies photocatalytic 

killing of pathogenic E.coli. 
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5.2 Recommendations  

 Pharmacokinetic and pharmacodynamics studies to be conducted on the synthesized 

nanoparticles to establish the baseline toxicity level. 

 Other experimental designs and different statistical tools must be  used to investigate 

the interaction of the above parameters  

 Antioxidant activity, total phenolic content and DPPH radical scavenging assay to be 

investigated on the synthesized TiO2 NPs. 
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APPENDIX 

Appendix A: Synthesis, characterization and antibacterial studies 

 List A1: Apparatus 

 Weighing crucible, petri dishes, inoculating loop, 2 mm sieve, beakers, measuring 

cylinder, conical flask, volumetric flask, test tubes, pestle and mortar, suction filtration 

apparatus, sterile blades, cuvettes, KBr plate, bolt and nut. 

Table A1: Chemical Reagents  

Name Chemical formula Manufacturer Amount 

Aqueous Titanium 

tetrachloride 

TiCl4 TOHO Titanium Co Ltd 1 M 

Acetic anhydride (CH3CO) 2 O Cosmo chemicals 40 % 

Sodium hydroxide NaOH Associated chemical 

enterprises (ACE) 

10 % 

Iron chloride FeCl3 Sarchem 2 % 

Potassium iodide KI Radchem 99.9 % 

Chloroform CHCl3 Sarchem 35 % 

Potassium bromide KBr ACE 99.9 % 

Sulphuric acid H2SO4 Skylabs 98 % 

Distilled water H2O MSU Lab - 

Muller hinton agar - Biochemicals    500 ml 
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Table A2: Instrumentation 

Name  Model Manufacturer Use 

Analytical 

balance 

JJ 224 BC G&G Weighing 

Water bath ZWY 110X30 Bibby sterling Controlling Temperature 

UV-Vis UV 752 Shimadzu Determination of 

functional group 

FT-IR Nicolet 6700 

 

Thermo-scientific 

 

Functional group 

determination 

Incubator  LABOTEC M15A Inco-Therm Optimising E. coli growth 

Gel 

Documentational 

VISION SCIE-PLAS UV Source 

Autoclave  RAU-123 SCIE-Masters Sterilisation 

Vortex Shaker QL 866 WH-2 Homogenizing 

Muffle Furnace SX2-2.5-10 

 

 

 

Zhejiang Sujing 

Purification 

Equipment Co., Ltd 

 

Purification, calcining 
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Table A3: Effect of pH 

Wavelength 

(nm) 

Absorbance 

@ pH 5 

Absorbance 

@ pH 6 

Absorbance 

@ pH 7 

Absorbance 

@ pH 8 

Absorbance 

@ pH 9 

200 0.34 0.33 0.35 0.33 0.30 

300 0.23 0.25 0.30 0.28 0.25 

400 0.56 0.61 0.75 0.73 0.66 

500 0.44 0.46 0.55 0.50 0.45 

600 0.25 0.30 0.34 0.25 0.31 

700 0.20 0.22 0.26 0.20 0.20 

 

Table A3: Effect of reaction time 

Wavelength 

Nm 

a.u @ 

30 min 

a.u @ 

60 min 

a.u @ 

90 min 

a.u @ 

120 min 

a.u @ 

180 

min 

a.u @ 

240 

min 

a.u @ 

300 

min 

a.u @ 

360 min 

200 0.20 0.28 0.30 0.30 0.35 0.41 0.39 0.36 

300 0.10 0.13 0.16 0.18 0.22 0.24 0.25 0.256 

400 0.426 0.54 0.621 0.73 0.80 0.85 0.89 0.9 

500 0.35 0.45 0.541 0.61 0.69 0.71 0.70 0.69 

600 0.18 0.29 0.36 0.382 0.357 0.344 0.36 0.38 

700 0.03 0.19 0.11 0.18 0.12 0.11 0.14 0.19 
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Table A4: Method Error Results 

Run A:TiCl4 B:X.Caffra C:Temperature Absorbance 

mM ml ℃ a.u 

1 6 10 25.00 0.79 

2 6 10 25.00 0.80 

3 6 10 25.00 0.78 

𝒎𝒆𝒂𝒏    0.79 

𝒔𝒕𝒂𝒏𝒅𝒂𝒓𝒅 𝒅𝒆𝒗𝒊𝒂𝒕𝒊𝒐𝒏    0.01 

𝑹𝑺𝑫 =  
𝟏𝟎𝟎𝑺

𝒎𝒆𝒂𝒏
 

   1.27 % 

 

Table A5: Colony Forming Unity 

Sample  Condition  E.B.N (loop) C.F.U % reduction 

TiO2NPs (feed) UV-radiation 106 0 100 

Distilled H2O UV-radiation 106 TNTC - 

 

Table A6: Minimum Inhibitory Concentration 

Sample MIC  [mg/ml] 

TiO2 NPs 5 

TiO2 NPs + feed 11 
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Table A7: Zone of inhibitions (ZOI) 

Concentration (mg/ml) UV-radiated ZOI UV-non-radiated ZOI 

10 6.0 1.3 

20 6.9 2.5 

30 7.4 3.3 

40 8.3 3.8 

50 9.6 4.6 

60 11.4 5.3 

70 12.8 5.7 

80 14.0 6.7 

 

Table A8: X. Caffra leaf extract Antibacterial Test 

Disc number 1 2 3 Average  

Zone of inhibition 2.7 2.5 2.1 2.43 

Table A9: Ashoxy 20TM Oxytetracycline zone of inhibition 

Disc number 1 2 3 Average 

Zone of inhibition 11.50 11.42 11.67 11.53 
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Appendix B: Data treatment 

 Sample Mean =     x

 =  n

n

i
x

i

1

;                   Standard deviation, S =  √∑
(𝑥−𝑦)2

𝑁−1
𝑛
𝑖=1  

o Where     𝑌 =  𝑆𝑎𝑚𝑝𝑙𝑒 𝑚𝑒𝑎𝑛 

                𝑋 =  𝑆𝑎𝑚𝑝𝑙𝑒 𝑣𝑎𝑙𝑢𝑒 

                  𝑛 =  𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒𝑠 

                𝑁 − 1 =  𝑑𝑒𝑔𝑟𝑒𝑒𝑠 𝑜𝑓 𝑓𝑟𝑒𝑒𝑑𝑜𝑚 

 

 𝑀𝑒𝑎𝑛 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 =  
𝑆𝑢𝑚𝑚𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟𝑠

𝐷𝑖𝑠𝑐𝑠 𝑢𝑠𝑒𝑑
 

 

 𝑹𝑆𝐷 =  
100𝑆

𝑚𝑒𝑎𝑛
 

 Preparation of solution concentrations: 𝐶1𝑉1 =  𝐶2𝑉2 : having the initial concentration 

of aqueous titanium tetrachloride 1M.  
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Appendix C: Statistical Test 

Table C1. Paired T-test of UV- and UV+ at 10 mg/ml 

t-Test: Paired Two Sample for Means 
 

  Uv- UV+ 

Mean 3.8 8.3 

Variance 0.09 0.03 

Observations 3 3 

Pearson Correlation -0.866025404  

Hypothesized Mean Difference 0  

Df 2  

t Stat -17.00840129  

P(T<=t) one-tail 0.001719484  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.003438969  

t Critical two-tail 4.30265273  

 

From the calculated t-Stat value we can conclude that there is a significant difference in 

antibacterial activity between the UV-radiated and UV-non-radiated TiO2 NPs. 
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Table C2: Paired t-Test of UV+ TiO2NPs (60mg/ml) and standard drug 

t-Test: Paired Two Sample for Means 

 UV+ Standard 

Mean 11.4 11.53 

Variance 0.04 0.0163 

Observation 3 3 

Pearson Correlation 0.31330418 

 
Hypothesized Mean Difference 0 

 
Df 2 

 
t Stat -1.121634752 

 
P(T<=t) one-tail 0.189299737 

 
t Critical one-tail 2.91998558 

 
P(T<=t) two-tail 0.378599474 

 
t Critical two-tail 4.30265273   

 

From the calculated t-Stat value we can conclude that there is no significant difference in 

antibacterial activity of the UV-radiated TiO2NPs at (60mg/ml) and standard drug. 
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Table C3: Paired t-Test of UV- TiO2NPs (60mg/ml) and standard drug 

t-Test: Paired Two Sample for Means 

 UV- Standard 

Mean 5.3 11.53 

Variance 0.04 0.0163 

Observations 3 3 

Pearson Correlation -0.979075562 

 
Hypothesized Mean Difference 0 

 
Df 2 

 
t Stat -33.09649793 

 
P(T<=t) one-tail 0.000455839 

 
t Critical one-tail 2.91998558 

 
P(T<=t) two-tail 0.000911678 

 
t Critical two-tail 4.30265273   

 

From the calculated t-Stat value we can conclude that there is significant difference in 

antibacterial activity between the UV-non-radiated TiO2NPs (60mg/ml) and standard drug. 

 

 


