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1  Chapter I: Literature Review 

1.1 Introduction 

Green synthesis is a type of synthesis route that is used in nanoscience in order to create 

nanoparticles (NPs). This method is a simple one step reaction that is highly cost-effective. 

The method is a reproducible choice of synthesis and the material that is produced is highly 

stable (Mittal et al., 2014). In nanoscience, methodology approaches are either: top-down 

or bottom-up synthesis approaches, whereby the nanomaterial can be made through either 

breaking down bulk material or by self-assembly (Mittal et al., 2013). Nanomaterial has 

been identified to have its own range of beneficial properties which is due to their chemical, 

physical, electronic, and magnetic properties which are not exact to their bulk material 

and/or atoms or molecules (Rad et al., 2011).  

Silver (Ag) NPs have a wide range of applications of which antimicrobial activity is one of 

them (Alaqad and Saleh, 2016),  which include antifungal activity (Kim et al., 2012). Gold 

(Au) NPs have been noted to have low toxicity while having a high surface area. This 

becomes useful in biomedical applications. Furthermore AuNPs are also capable of binding 

to other molecules, being modified, which are useful within biochemistry due to its 

compatibility and optical properties (Alaqad and Saleh, 2016). Other NPs demonstrated to 

have antifungal activity include gold, selenium and copper NPs. Plant species are known to 

have resistance to a broad spectrum of pathogens which is why the majority of their 

microbial relationships are either symbiotic or neutral whereby parasitic infections are the 

exception (Staskawicz, 2001). Crop loss is an issue concerning the agricultural farming 

industry of which it may be a quantitative or qualitative loss. Moreover, the quantitative 

loss is associated with crop loss due to pests (Savary et al., 2018). 

In this review, the use of green nanotechnology will be discussed and its’ value-added to 

antifungal microbes, specifically fungus that has a detrimental effect on farm yield and 

compromise farm yield.  
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1.2 Nanotechnology 

In nanoscience, there are two main approaches as to how NPs are synthesised. The two 

approaches are classified as either: Top-down or bottom-up. What this means is that 

nanomaterial is either synthesised by dividing bulk material into the nanoscale range or 

undergoing a process that allows for the assembly of nanomaterial from ions (Figure 1.1) 

(Mittal et al.,  2013). There are three methods of synthesis that exist for metal NPs synthesis 

namely: Physical, chemical, and biological. Examples of physical synthesis are Ball milling 

and chemical etching whereby bulk material is broken down into material that is sized in the 

nano-range. Chemical synthesis such as chemical precipitation and vapour deposition 

making use of the self-assembly. The use of self-assembly, a bottom-up method, also occurs 

with biological synthesis. Biological synthesis, also known as biogenic or green synthesis, is 

an approach to making NPs and this process makes use of organic matter i.e., plant extract 

material is taken from various parts of the plant such as its leaves or roots or using 

microorganisms or the synthesis of the nanomaterial (Alaqad and Saleh, 2016).  

Nanomaterial itself have their criteria of dimensions ranging from one-Dimensional (1D) to 

three-Dimensional (3D) whereby 1D nanomaterial are seen to be at least <100 nm in size 

and often spherical in shape (Delgado-Ramos, 2014). 

 

 

Figure 1.1: Different synthesis routes for nanoparticles ( Adapted from Mittal et al., 2013). 

http://etd.uwc.ac.za/ 
 



 

3 
 

1.3 Characterisation of gold and silver nanoparticles 

When working with nanomaterial a crucial component coupled to the synthesis is the 

subsequent characterisation that occurs. The reason for characterising the synthesised NPs 

to confirm the actual synthesis of the NPs and its size, shape, and uniformity. The 

instruments that are capable of this are UV-visable spectrometry (UV-vis), Dynamic light 

scattering (DLS) and High resolution transmission electron microscopy (HRTEM/TEM) 

(Elbagory et al., 2016; Alaqad and Saleh, 2016; Mittal et al., 2013).  

1.3.1 UV-vis spectrometry 

The use of UV-vis for characterisation is for identification, confirmation as well as the initial 

check of uniformity (Alaqad and Saleh, 2016). It is a beneficial instrument for understanding 

electronic transition of species that capable of absorbing frequencies from near infrared 

throughout the visible light range through to the UV region of the electromagnetic 

spectrum. This occurs with transition energy within the range between 102 and 103 kJmol-1 

(Amendola and Meneghetti, 2009). Metal NPs have an absorption band within this spectrum 

which is due to the coherent oscillation of the metal’s respective conduction band free 

electrons that are being induced due to its interaction with electromagnetic field, which can 

be defined as surface plasmon resonance (SPR). This band is known to be a characteristic for 

metallic NPs and is not observed within its respective bulk metal’s absorption (Olenic et al., 

2016; Hu et al., 2006). This means that because each nanomaterial such as Au- or AgNP have 

their own SPR, the material will be identified and confirmed through a peak in the graph 

occurring at a particular wavelength. Moreover, the shape and bend of the curve can be 

seen as the preliminary confirmation of uniformity (Alaqad and Saleh, 2016). Furthermore, 

based on literature a peak for AgNPs can be observed around 400 nm and the literature 

confirms that the peak on UV-vis for AuNPs is around 520 nm (Alaqad and Saleh, 2016). 

Figure 1.2 is a depiction of a uniform curve obtained for AuNPs. 
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Figure 1.2: UV-Vis absorption spectra depicting the uniformity band in AuNPs ( Adapted from Elbagory 
et al., 2016). 

1.3.2 Dynamic Light scattering 

Dynamic light scattering (DLS) is a characterisation tool, also known as photon correlation 

spectrometry that is often coupled with other characterisation techniques such as UV-Vis 

and TEM. This is because the function of DLS to determine the hydrodynamic average 

particle size of NPs whilst suspended in liquid media as well as their polydespersive index 

(PDI) (Mittal et al., 2013; Hoo et al., 2008). The NPs are analysed as the light gets scattered 

off from them, which then results in localised variations within the refractive index of the 

solution (Hoo et al., 2008). The PDI must have a numeric value close or less than 0.7, as 

greater than 0.7 is indicative of a broad size distribution within the respective sample and is 

not ideal for DLS measurement (Noruzi, 2015). As Literature further states that DLS is an 

ideal instrument to use for monomodal samples (Hoo et al., 2008) which is initially 

confirmed by the peak of UV-vis. DLS, therefore, is used as further confirmation of 

uniformity as well as the size of the synthesised nanoparticles and to confirm the size range 

of the NPs being within the nanometre range. Figure 1.3 is indicative of the size range of the 

two respective gold nanoparticles from a study conducted by Elbagory et al. (2017).  

Wavelength (nm) 

A
b

so
rb

an
ce

 (
au

) 

http://etd.uwc.ac.za/ 
 



 

5 
 

 

Figure 1.3: Dynamic light scattering distribution of AuNPs depicting the hydrodynamic diameter 
(Adapted from Elbagory et al., 2017). 

1.3.3 High resolution transmission Electron Microscopy analysis 

In a review by Alaqad and Saleh (2016), it was recorded that the functions of HRTEM are to 

determine morphology, shape, crystallography, and particle size. This is because TEM is a 

visual tool and it is possible to see the NPs to scale. It measures the interaction of 

transmitted electrons whilst being passed towards a thin layer of the respective specimen. 

This is achieved because electron beams are focused via magnetic lenses onto the specimen 

which is resting on a metal grid. The electrons are either absorbed or they are scattered by 

the specimen. This interaction by the electrons and the specimen is noted by a detector 

which is capable of generating an image that is able to seen through a charge-coupled 

device (CCD) camera (Figure 1.4) (Wang, 2001).  Lastly HRTEM is also able to determine  the 

selected area electron diffraction (SAED) patterns  of the NPs which is used as  further 

confirmation of the respective metal as they depict with their diffraction rings index that 

confers to its face-centred cubic (FCC) (Joe et al., 2017; Elbagory et al., 2016). 
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Figure 1.4: High resolution Transmission Electron Microscopy image of AuNPs at 10nm (A) and its 
Selected area electron diffraction pattern (B) ( Adapted from Elbagory et al., 2017). 

1.4 Silver Nanoparticles (AgNPs) 

Ag has become a major contender in the commercialisation of nanomaterial with a value 

500 tons of AgNPs being produced per year, with that value expecting to increase (Ahmed et 

al., 2016; Larue et al., 2014). AgNPs have been studied to have several functions including 

being chemically stable, having well catalytically active activity and they possess 

antimicrobial activity (Figure 1.5) (Alaqad and Saleh, 2016). Furthermore, due to their 

individual plasmon optical spectra it is often applied in biosensing (Alaqad and Saleh, 2016). 

In a study conducted by Venkatpurwar and Pokharkar (2011) AgNPs that were synthesised 

were found to have greater toxicity to gram-positive bacteria when its toxicity was 

compared to gram-negative bacteria which indicates variability in the toxicity of AgNPs for 

bacteria however triggering inquisitiveness for its toxicity against fungi. The antimicrobial 

properties are further dependent on the conditions under which it was made such as the pH 

and ionic strength as well as the actual capping agent (Ahmed et al., 2016). One factor that 

is suggested to contribute to Ag’s antimicrobial activity is the positive charge of Ag+ ions, 

and Ag changes from an inert substance to being ionised once it comes into contact with 

moisture (Klueh et al., 2000). Furthermore, Ag+ ions are capable of interacting with nucleic 

acids to form complexes as well as interacting with nucleosides (Ahmed et al., 2016). When 

considering shaking in the process of synthesis Kaur  et al. (2018) reported a change in the 

range of AgNPs synthesised. It was reported that under shaking conditions the size range 

was between 5 - 20 nm and 10 - 40 nm when the reaction was conducted under static 

conditions. Furthermore, in this study AgNPs were synthesised from Pleurotus florida in a 
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biogenic synthesis route using microorganisms and underwent characterisation of the NPs 

such as size analysis mentioned and antimicrobial testing. See Table 1.1 for reference to NPs 

and their antimicrobial activity against microorganisms albeit bacteria or Fungi. 

 

 

Figure 1.5:  Types of metal nanoparticles and their applications (Mittal et al., 2013). 

 

1.5 Gold nanoparticles (AuNPs) 

Metal nanoparticles when observed are smaller enough in size in comparison to its bulk 

material yet they still contain enough units when compared to its respective atoms or 

molecules that they too differ. Therefore nanomaterial can be observed to have its own 

range of useful properties due to their chemical, physical, and electronic and magnetic 

properties which are not the same as its respective bulk material and/or atoms or molecules 

(Rad et al., 2011). AuNps once prepared can are wine-red in colour within the solution it was 

prepared in (Alaqad and Saleh, 2016). Upon analysis of size and shape, it is confirmed that 

the size range of AuNPs can range from 1 nm to 8 µm, moreover the type of shapes that can 

be observed are nanoclusters, spherical, nanorods, star-shaped, nanoshell, branched or 

nanocubed (Figure 1.6). AuNPs have a low toxicity with a high surface area for the usage of 

biomedical applications. Furthermore AuNPs are capable of being used to bind to other 
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molecules for modification purposes that are beneficial within the biochemistry sector due 

to its compatibility and optical properties (Alaqad and Saleh, 2016).  Due to the size of 

nanoclusters they are capable of being introduced to tissue, cells, and biomolecules such as 

proteins and DNA (Alaqad and Saleh, 2016).  In a study conduct by Jayaseelan et al. (2013) 

biogenic synthesis of AuNP through seed aqueous extract of Abelmoschus esculentus were 

tested for antifungal properties against fungi namely: Aspergillus flavus, Aspergillus niger, 

Candida albicans and Puccinia graminis tritci. The AuNP showed to have antifungal activity 

for the in vitro well-diffusion assay. This can be viewed on Table 1. 

 

 
Figure 1.6: Types of shapes that may be obtained from gold nanoparticles ( Adapted from Alaqad 
and Saleh, 2016). 

 

1.6 Antimicrobial nanoparticles 

In the review by Mittal et al. (2013) gold, selenium, copper as well as silver have been 

reported to have antimicrobial properties (Figure 1.5), moreover Yah and Simate (2015) 

goes on to explain which species are categorised under the term antimicrobial and goes on 

to explain antimicrobial applications (Figure 1.7). The term microbial refers to viruses, 

bacteria, fungi, and protozoa. Ahmad et al. (2013) confirmed the antifungal activity of 

AuNPs that were synthesised via a crystallisation technique known as the solvothermal 

method. The strains that were used were three clinical strains of Candida which shown the 

NPs had size-dependent antifungal activity. The reducing agents that were used in the study 

Bulk/Raw material 
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were tin (II) chloride (SnCl2) and Sodium borohydride (NaBH4) respectively. Shakibaie et al. 

(2015) synthesised selenium NPs using green synthesis, more specifically via a Bacillus 

species Msh-1, and was found to have antifungal activity against Aspergillus fumigatus and 

Candida albicans, respectively. Kalatehjari et al. (2015) found that colloidal copper NPs have 

antifungal properties against Saprolegnia species that grew on white fish (Rutilus frisii 

kutum) eggs. Lastly, Kim et al. (2012) tested three different types of AgNPs against a variety 

of fungi to confirm the antifungal properties of AgNPs. All three samples were colloidal and 

had a size range of 7 - 25 nm. 

 

 

 

Figure 1.7: Depiction of the broad usability of nanoparticles in terms of antimicrobial properties. 
Acronyms: NP =  Nanoparticles. PPE = Personal Protective equipment (Adapted from Yah and Simate, 
2015).  
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Table 1.1: Nanoparticles that have been tested against different microbes for antimicrobial activity 

Antimicroial Activity Nanoparticle Synthesis Route Shape Size Reference 

Bacteria:      

Aeromonas hydrophila Silver Biogenic: Pleurotus 

florida 

- 5-20nm and     

10-40nm 

(Kaur et al., 

2018) 

Bacillus cereus Silver Biogenic: Pleurotus 

florida 

- 5-20nm and     

10-40nm 

(Kaur et al., 

2018) 

Shigella flexneri Silver Biogenic: Pleurotus 

florida 

- 5-20nm and     

10-40nm 

(Kaur et al., 

2018) 

Staphylococcus   Silver Biogenic: Pleurotus 

florida 

- 5-20nm and     

10-40nm 

(Kaur et al., 

2018) 

Yersinia enterocolitica Silver Biogenic: Pleurotus 

florida 

- 5-20nm and     

10-40nm 

(Kaur et al., 

2018) 

Fungi:      

Alternaria alternata Silver - Colloidal 7-25nm (Kim et al., 

2012)  

Alternaria brassicicola Silver - Colloidal 7-25nm (Kim et al., 

2012) 

Alternaria solani Silver - Colloidal 7-25nm (Kim et al., 

2012) 

Aspergillus flavus Gold Biogenic: 

Abelmoschus 

esculentus (seed 

extract) 

Colloidal  (Jayaseelan et 

al., 2013) 

Aspergillus fumigatus  Selenium Biogenic: Bacillus  Spherical 120-140nm (Shakibaie et 

al., 2015) 

Aspergillus niger Gold Biogenic: 

Abelmoschus 

esculentus (seed 

extract) 

Colloidal  (Jayaseelan et 

al., 2013) 

Botrytis cinerea Silver - Colloidal 7-25nm (Kim et al., 

2012) 

Candida species Gold Solvothermal  Spherical 7 and  15nm (Ahmad et al., 

2013) 

Candida albicans Selenium Biogenic: Bacillus  Spherical 120-140nm (Shakibaie et 

al., 2015) 
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 Gold Biogenic: 

Abelmoschus 

esculentus (seed 

extract) 

Colloidal  (Jayaseelan et 

al., 2013) 

Cladosporium 

cucumerinum 

Silver - Colloidal 7-25nm (Kim et al., 

2012) 

Corynespora cassiicola Silver - Colloidal 7-25nm (Kim et al., 

2012) 

Colletotrichum 

gloeosporioides 

Cobalt Ferrite - Spherical 25nm (Sharma et al., 

2017)  

 Nickel Ferrite - Spherical 25nm (Sharma et al., 

2017) 

Cylindrocarpon 

destructans 

Silver - Colloidal 7-25nm (Kim et al., 

2012) 

Dematophora necatrix Cobalt Ferrite - Spherical 25nm (Sharma et al., 

2017) 

 Nickel Ferrite - Spherical 25nm (Sharma et al., 

2017) 

Didymella bryoniae Silver - colloidal 7-25nm (Kim et al., 

2012) 

Fusarium oxysporum f. 
sp. 
cucumerinum 

Silver - Colloidal 7-25nm (Kim et al., 

2012) 

F. oxysporum f. sp. 

lycopersici 

Silver - Colloidal 7-25nm (Kim et al., 

2012) 

F. oxysporum Silver - Colloidal 7-25nm (Kim et al., 

2012) 

 Cobalt Ferrite - Spherical 25nm (Sharma et al., 

2017) 

 Nickel Ferrite - Spherical 25nm (Sharma et al., 

2017) 

Fusarium solani Silver - Colloidal 7-25nm (Kim et al., 

2012) 

Fusarium sp. Silver - Colloidal 7-25nm (Kim et al., 

2012) 

Glomerella cingulata Silver - Colloidal 7-25nm (Kim et al., 

2012) 

Monosporascus Silver - Colloidal 7-25nm (Kim et al., 
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cannonballus 2012) 

Pythium 

aphanidermatum 

Silver - Colloidal 7-25nm (Kim et al., 

2012) 

Pythium spinosum Silver - Colloidal 7-25nm (Kim et al., 

2012) 

Saprolegnia species Copper - Colloidal - (Kalatehjari et 

al., 2015)  

Stemphylium lycopersici Silver - Colloidal 7-25nm (Kim et al., 

2012) 

 

1.7 Phytochemicals of plants 

In chemistry, the perspective of using green-chemistry outweighs non-green chemical 

processes and this is also identified within the industry of nanotechnology as biogenic 

synthesis, or phyto-nanotechnology and has been noted to be more environmentally 

friendly in synthesis when toxicity is compared to other synthesis methods (Thuesombat et 

al., 2014). The Green synthesis method has been reported to be simple, able to be done in 

one step and cost-effective. Furthermore, this method has been seen to be reproducible 

and material that is produced has been seen noted to be stable (Mittal et al., 2014). A 

further benefit to using plant matter for synthesis is due to it being able to contain both the 

reducing agent and the stabilising agent (Figure 1.8) required to make the NPs, this due to 

various concentrations of plant extract each containing their own organic reducing agents 

for the reduction and capping of the metal (Kumar and Yadav, 2009). How green synthesis is 

done is by having the plant extract in an aqueous solution to which the metal salt is added. 

Ahmed et al. (2016) managed to synthesise from Azadirachta indica in aqueous solutions at 

various volumes of plant extract: 1, 2, 3, 4 and 5 ml at AgNO3 concentrations ranging from 1 

mM to 5 mM. When preparing plant extract plant material is used at a w/v ratio of 1:10. 

This can often be done at room temperature (Mittal et al., 2013). 
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Figure 1.8:  The process through which a nanoparticle is synthesised, from its ionic state (Mittal et 
al., 2013).  

 

1.7.1 Salvia species 

The largest genus to derive from the family Lamiaceae, comprising of approximately 1000 

species, is noted to being the Salvia plant species (also known as Sage). The origin of its 

name in Latin, salvare means healing properties (Topçu, 2006).  This plant species is 

cultivated in a vast array of areas such as South Africa, Central and South America, Asia as 

well as the Mediterranean regions. These plants have been utilised for their flavouring 

agents and aromatics, aesthetics as well as in the cosmetic industry. Moreover, the Salvia 

species is vastly known for its medicinal uses especially within the sphere of traditional 

medicine (Topçu, 2006).  Within the Salvia Species, a variety of terpenoids and phenolic 

compounds are present. Terpenoids present are essential oils and di- and tri-terpenes, 

whereas the phenolic compounds comprise of flavonoids and caffeic acid derivatives which 

are known to be situated in the topical regions of the plant (Wu et al., 2012). Furthermore, 

the plant has been deduced to contain several secondary metabolites (Wu et al., 2012). 

1.7.1.1 Salvia Hispanica L. 

This is a plant species that is grown biannually and is well known for its active ingredients 

which include essential fatty acids. This plant species is specifically native to South America 
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and is recognized for its medicinal uses and it is also where it received its common name 

from Chia (Jamboonsri et al., 2012). The phytochemicals present within Chia has been 

identified to have variability in concentration due to the conditions in which the plant itself 

grows. These conditions include cultivation conditions, temperature, as well as the 

availability of nutrients (Mohd Ali et al., 2012). 

 

1.7.1.2 Salvia Africana-lutea L. 

The Western Cape region of South Africa is home to a wide variety of plant species known to 

for their traditional and medicinal purposes. Salvia Africana-lutea L is one of those species 

(Amabeoku et al., 2001). The plant can be found both in the wild as well as in various nature 

reserves within the Western Cape. Salvia Africana-lutea L. is locally known as the “geelblom-

salie” which is a common name for the plant in the Afrikaans language (Amabeoku et al., 

2001; Watt and Breyer-Brandwijk, 1962). The plant itself has been used for use of treating 

colds and is also recorded to be a diaphoretic (Watt and Breyer-Brandwijk, 1962). 

Furthermore, the Nama people of the Cape made use of the decoction of the plant to treat 

coughs and female ailments (Watt and Breyer-Brandwijk, 1962). The plant has also been 

tested to have antimicrobial activity bacterial cells namely: Escherichia coli, Staphylococcus 

aureus as well as Microsporum audouinii (Nielsen et al., 2012). The antifungal activity of 

Salvia Africana-lutea L against various Fusarium species have been confirm by a metabolic 

profiling study conducted by Nkomo et al. (2014) who conducted metabolic profiling on 

Salvia Africana-lutea L. Therefore, Salvia Africana-lutea L is an ideal candidate for the green 

synthesis of AgNPs for antifungal activity. 

1.7.2 Cotyledon orbiculata L. 

From the family Crassulaceae, stems the genus and species Cotyledon orbiculata L., this is an 

angiosperm which bares red flowering plants with the leaves being a shade of grey-green 

(James, 1963). Due to it being native to South Africa, a republic that is multilingual, the plant 

may be referred to by many names, such as Honde-oor, Varkens-ore, Pig ears, Phewula, 

Seredile and Oorlamsplakkie. Locally by the isiXhosa inhabitants of South Arica, the leaf juice 

would be warmed and used as ear drops and used specifically for ear drops and the juice 

was also used to treat toothache (James, 1963).    
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1.8 Pathogenic Fungi 

The role of Fungi in the ecosystem as well as within modern agriculture has become pivotal 

due to their nutritional versatility and its influence on plant growth and development. They 

are regarded as vital decomposers and organic recyclers of organic matter. However, fungi 

serve dual purposes in nature by being either beneficial or detrimental to the roots and 

atopical regions of various plant species (Zeilinger et al., 2016; Horwitz et al., 2013). Plants 

are generally resistant a wide range of pathogens which is why most of their microbial 

relationships are noted to be symbiotic or neutral except for parasitic infections (Staskawicz, 

2001). Moreover, the health of a plant species is highly reliant on the microbial activity that 

is situated within the rhizosphere as well as on the microbes that are involved with the plant 

directly (Zeilinger et al., 2016). It has however been recorded that 70-80 % of all diseases 

that occur within the plant species are due to fungal infections and there are about 10 000 

different fungal species that can be defined as pathogenic (Agrios, 2005).  

According to  Zeilinger et al. (2016) the pathogen-host interaction represented as the 

disease cycle is described in 7 steps (Figure 1.9). 

1. The period is defined as the fungal spread whereby the fungus moves via various 

factors in order to make contact with the plant. These factors include abiotic factors 

such as: through wind or the motion of water and biotic factors such as an insect. 

2. This stage is categorised as the pre-penetration period which includes the 

germination of the spores of the fungus. Here the fungus spores bind to the host and 

this is due to signals from the host as well as environmental factors. 

3. Stage 3 is the process through which the pathogen itself makes contact with the 

plant through various fungal mechanisms. 

4. Here the fungus begins to infect and invade the plant due to making direct contact to 

the plant’s cells. By this stage, the plant itself begins to show symptoms of infection.   

5. Now new spores are being made within the plant’s cells as the fungus now 

undergoes reproduction. 

6. Once the spores have matured, the fungus releases its spores in order to infect other 

hosts. 

7. Lastly, the spores undergo a period of dormancy to endure conditions that are not 

favourable until it makes contact with a potential new host.  
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Figure 1.9: Depiction of the disease cycle in plants ( Adapted from Zeilinger et al., 2016). 

 

1.8.1 Fusarium species 

One of the fungal species that comprises of a very broad genus is the Fusarium species. This 

genus range from mycotoxin producers, phytopathogens and opportunistic human 

pathogens to microbes that are saprotrophs and biocontrol agents (Summerell et al., 2010). 

Furthermore this fungal species has a significant role in the agriculture as well as within the 

economy due to its pathogenicity and ability to produce mycotoxins which affect a large 

number of plant species (Karlsson et al., 2016; Smith et al., 1988). Examples of Fusarium 

species that are capable of infecting a variety of crops are F. oxysporum, F. solani, and F. 

culmorum. However infection is dependent on specific environmental conditions and these 

respective species have been recorded to infect leguminous crops (Šišić et al., 2018). The 

mycotoxins that are produced by the Fusarium species occur during the maturation of the 

crop itself or in the process of post-harvesting. This is however subsequently determined 

due to environmental factors. Therefore it is crucial to prevent contamination during the 

pre-harvest period of the crop species (Niderkorn et al. 2006). An ideal candidate for pre-
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harvesting treatment would include NPs with wide spread antimicrobial properties (Alaqad 

and Saleh, 2016). 

1.8.1.1 Fusarium oxysporum 

A study conducted by Sharma et al. (2017) confirmed the antimycotic effects of pure cobalt 

and nickel ferrite for in vitro and in vivo for three types of pathogenic fungi including 

Fusarium oxysporum, Colletotrichum gloeosporioides and Dematophora necatrix. Within 

Molecular Plant Pathology, Fusarium oxysporum is ranked as one of the top ten pathogens 

(Dean et al., 2012). This species can be defined by its ubiquitous nature, that is soil-borne 

and how it affects plant species through causing vascular wilt (Vlaardingerbroek et al., 

2016). When identifying this species on agar media, it can be seen to be either: floccose, 

sparse or in abundance. Visually its colour is seen to be white, and the species is also cable 

of producing a magenta pigment (Leslie and Summerell, 2006). The microscopic view of the 

macro- and microconidia is shown in Figure 1.10. This species is capable of producing 

mycotoxins, which is known to be detrimental to animals and humans. The mycotoxins are 

zearalenone, fumonisins as well as a class of trichothecenes. Examples of these 

trichothecenes are deoxynivalenol, nivalenol and lastly T-2toxin (Niderkorn et al., 2006). 

Furthermore, the production of the toxins has been suggested to be due to epigenetic 

modifications that occur within the species (Huang et al., 2019). 

 

Figure 1.10: An adapted image of Fusarium oxysporum, A) Macrocondia and B) Microconidia. Scale 
Bar: 25 μm (Leslie and Summerell, 2006). 
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1.9 Farm maintenance 

When addressing crop loss, there are both a qualitative and quantitative factor that 

contributes to loss of crop yield, whereby quantitative crop loss can be ascribed to 

detrimental organisms and examples of this is pests, that can either be animals, pathogenic 

microbes as well as weeds (Savary et al., 2018). Postharvest loss in the farming industry 

pertains to food loss that occurs throughout the food supply chain from the initial point of 

harvesting to the consumer consuming the food product (Aulakh et al., 2013). This loss can 

further be defined as the weight that is being lost due to spoilage, qualitative losses as well 

as through nutritional loss (Boxall, 2001). Investigating crop loss is considered to be a vital 

component of a pest management strategy (Youm and Owusu, 1998).  

Moretti (2017) states that ± 25% of the food and feed outputs on a global scale is seen to be 

contaminated by mycotoxins. This is in accordance with a Food and Agricultural 

Organization (FAO) study whereby it was found that Fusarium mycotoxins are considered to 

be economically fundamental when concerning fungal toxins. When addressing farming in 

South Africa, both biotic and abiotic factors contribute to the farm yield (Beukes et al., 

2017). The authors further reported that within South Africa, 25 - 33 % of gross agricultural 

production is allocated specifically towards grain crops. Furthermore, 33 mycotoxigenic 

Fusarium species are linked to local grain crops, of which F. oxysporum has been recorded to 

infect barley, maize, sorghum and wheat. Whereby the infection caused by Fusarium species 

not only reduces the yield of the crops, but also through the quality of the grains. 

1.10 Research Proposal 

1.10.1 Problem statement 

Fungal diversity is crucial for the ecosystem as well as detrimental to other life forms. F. 

oxysporum is a toxigenic plant pathogen that negatively affect the yield and quality of 

economically important food/feed crops. This pathogen is an avid mycotoxin producer that 

presents serious health-related risks/complications for the end user/consumers. Controlling 

this toxigenic/disease causing pathogen is paramount and although commercialised 

treatments (pesticides) exists there is a need to explore safer alternatives that will not 

negatively affect the environment. The use of plant-derived NPs with antimicrobial activity 

serves as good candidates. 
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1.10.2 Aims 

The aim of this study is to synthesis gold and silver nanoparticles from Salvia hispanica leaf 

extracts and evaluate the antimicrobial activity against Fusarium oxysporum. 

1.10.3 Objectives of the study 

 To optimally synthesise gold and silver nanoparticles from the leaf extract of Salvia 

hispanica -L plants using a biogenic approach.  

 To characterise the synthesised gold and silver nanoparticles using: 

UV-vis spectroscopy (UV-vis), 

Dynamic light scattering (DLS) analysis, 

High-resolution transmission electron microscopy (HRTEM), 

 To evaluate the antifungal activity of plant-mediated nanoparticles against Fusarium 

oxysporum. 
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2 Chapter II: Material and methods 

2.1 Reagents and suppliers 

Table 2.1: List of Reagents used in the investigation 

Chemicals Suppliers 

Ca(NO3) .4H2O Sigma-Aldrich 

Carbendazim Sigma-Aldrich 

Ethanol 99.9% (EtOH) Sigma-Aldrich 

FeCl3 Sigma-Aldrich 

Glucose Sigma-Aldrich 

Glycerol Sigma-Aldrich 

Iodine Sigma-Aldrich 

KH2PO4 Sigma-Aldrich 

MnSO4 Sigma-Aldrich 

Silver nitrate (AgNO3) Sigma-Aldrich 

Tetra chloroauric gold (HAuCl4) Sigma-Aldrich 

 

2.2 Equipment and service providers 

Table 2.2: Laboratory equipment used  

Equipment Supplier Function 

Allegra® X-12R  Beckman Coulter, Cape Town, 
South Africa  

Centrifugation of plant extract 

FreeZone Plus 2.5L Freeze 
dryer  

Labconco, Kansas City, MO, 
USA  

The crystallisation of plant 
extract  

Incubator OH-800D Already Enterprise Inc.  Synthesis of AgNPs and AuNPs  
Incubator - Fungal growth and inhibition 

testing 
Optima Blender Mellerware Blend plant extract 
POLARstar Omega microplate 
reader  

BMG Labtech, Cape Town, 
South Africa  

UV-Vis spectra  

Malvern Zeta sizer  Malvern Instruments Ltd., 
Malvern, UK  

Hydrodynamic size distribution, 
polydispersity index  

TEM Tecnai G2 F20 X-Twin MAT 
200 kV Field Emission  

FEI Company, USA  Core size distribution, 
morphology and crystallinity of 
AgNPs and AuNPs  
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2.3 Stock solutions and media  

Table 2.3:  Constituents and stock solutions used 

Stock solutions and media Components 

Carbendazim 30 mg in 100 ml EtOH 

Glycerol 20 % v/v in dH2O 

Potato glucose agar (PGA) 39 g in 1 L dH2O 

Silver nitrate 3 mM AgNO3 in dH2O, foil wrapped and 

stored at 4 ˚C  

Tetra chloroauric gold 1 mM HAgCl4 in dH2O, foil wrapped and 

stored at 4 ˚C  

 

2.4 Nanoparticle synthesis and analysis 

2.4.1 Synthesis of green nanoparticles by Salvia Hispanica 

Salvia hispanica plant extract (40 g) was homogenised in 400 ml (1:10) of boiling water and 

stirred (Mittal et al., 2013). The sample was separated into 30 ml aliquots for centrifugation. 

After centrifugation, the supernatant of the samples was passed through Whatman filter 

paper and freeze-dried for 5 days (Figure 2.1). The extracts consisted of 0.125 - 32 mg/ml of 

plant extract dissolved in dH2O. Furthermore, silver nitrate was made up to a concentration 

of 3 mM with dH2O and tetrachloroauric gold was made up to 1 mM in dH2O. The plant 

extract was added to silver nitrate or tetra chloroauric gold solution in 1:5 v/v and heated at 

25 and 70 ˚C respectively while shaking at 400 rpm. 
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Figure 2.1: Preparation of Plant-extract material. The image of the Salvia hispanica plant was 
received (Adapted from Mohd Ali et al., 2012). 

2.4.2 UV-vis analysis 

In 96-well microtiter plates, aliquots of each synthesised NPs were added at a volume of 1:3 

v/v ratio of NP solution and dH2O in separate wells respectively. Spectrum analysis was then 

done via UV-vis across the wells on a nanometre range to assess for the success of NPs 

being synthesised. The frequency range for AgNp was from 300-600 nm whereas AuNPs 

were screened from 350-750 nm.  The aliquot order went from a blank, which was dH2O, 

followed by 3mM silver nitrate, then the NPs solutions 0.125- 32 mg/ml of plant extract. The 

same was done for the Au synthesis. This was done for reactions that occurred at 25˚C as 

well as 70 ˚C. 

2.4.3 Dynamic light scattering 

Aliquots of the synthesised NPs was then placed into quartz cuvette and analysed by the 

Malvern Zeta sizer for its hydrodynamic size of the NPs as well as for its polydispersity index- 

which is to determine the uniformity of the NPs. The samples that were analysed were 

based on the UV-vis data (section 2.4.2). 
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2.4.4 High-Resolution Transmission Electron Microscopy analysis  

To determine the core morphology of the Au- and AgNPs, the samples were prepared via 

drop-coating one drop of the solution onto a carbon-coated copper grid. The sample was 

then dried under a Xenon lamp for 10 minutes and analysed with HRTEM with the 

conditions being set in brightfield mode at an accelerating voltage of 200 kV. 

2.5 Antifungal testing 

2.5.1 Evaluation of antifungal activity from plant and plant mediated NPs 

 
Antifungal activities of plant extracts and plant-mediated NPs were evaluated using well 

diffusion method on potato glucose agar (PGA). Carbendazim at different concentrations 

(0.1, 0.2, 0.3 mg/ml) was used as control against F. oxysporum. An ethanol control was also 

included to ensure antifungal activity was not influenced by ethanol (carbendazim dissolved 

in ethanol). For each PGA plate, four wells (diameter = 6 mm) at opposite ends of the petri 

dish were prepared using a sterile cork borer. The assay was used to evaluate the inhibition 

of fungal growth using the freshly synthesised AgNPs and plant extracts. For each petri dish 

used in this study, a freshly maintained 1 cm x 1 cm F. oxysporum agar plug was aseptically 

transferred to the middle of the PGA plate surrounded by the four wells. For the 

carbendazim control, each well was filled with 100 μl of carbendazim at different 

concentrations. To measure the antifungal activity of each plant extract, 100 μl of each 

extract was added to each well. To measure antifungal activity of the AgNPs synthesised 

from three different plant extracts, two wells each were filled with 100 μl AgNPs at a final 

concentration of 4 mg/ml whereas the other two wells were filled with 100 μl of AgNPs at a 

final concentration of 10 mg/ml. All plates were in an incubator at 30 ˚C for 7 days.  

 

http://etd.uwc.ac.za/ 
 



 

24 
 

3 Chapter III: Biogenic synthesis and characterisation of gold and 

silver nanoparticles from Salvia hispanica L. leaf extracts 

3.1 Introduction 

When discussing synthesis routes for making nanomaterial, there are three main pathways: 

Physical, chemical and biological. Furthermore, this synthetic route is also known as 

biogenic or green synthesis and is considered a bottom route for making NPs from organic 

matter (Alaqad and Saleh, 2016). Whereby nanomaterial occur within 1D to 3D of which 1D 

NPs are recorded to be <100 nm in size and usually take on the shape of being spherical 

(Delgado-Ramos, 2014). The use of green synthesis has been noted to be a simple protocol 

that can be achieved through one step and is seen to be cost-effective. Moreover, the 

protocol itself is reproducible of which the material being used is regarded to be stable 

(Mittal et al., 2013). Another reason for wanting to synthesis NPs from plant matter is 

because the material contains both the reducing and stabilising agent that is needed for 

metal NPs synthesis (Kumar and Yadav, 2009).   

Of the Lamiaceae family, the largest genus to come from the family makes up approximately 

1000 various species known as the Salvia plant. The plant’s name stems from the Latin 

word: salvare that is translated to mean: healing properties (Topçu, 2006). The plant’s 

origins are specific to South Africa, Central and South America, Asia and also the 

Mediterranean regions. Salvia hispanica is a plant species that is cultivated biannually and is 

recognised for its active ingredients such as its essential fatty acids. It is indigenous to South 

America and is renowned for its medicinal uses. Furthermore, this is where the species 

received its common name from Chia (Jamboonsri et al., 2012). The phytochemicals that can 

be found within Chia have been identified to have changeability in concentration due to the 

respective conditions in which the species can be found cultivated in. These conditions 

include farming conditions, temperature, and the accessibility of nutrients (Mohd Ali et al., 

2012). 

The aim of this study is to synthesis and characterise Au- and AgNPs. The synthesised NPs 

will be quantitatively and qualitatively characterised using UV–vis, DLS, and HRTEM. 
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3.2 Results and Discussion 

3.2.1 Synthesis and characterisation 

Before undergoing the characterisation of the nanomaterial, visual confirmation was also 

conducted. This means that a visual assessment was done to confirm that there was a 

chemical reaction that had occurred simply by observing a colour change. AgNPs appear to 

be brown/orange (Figure 3.1) (Ahmed et al., 2016; Alaqad and Saleh, 2016) whereas AuNPs 

appears as red/purple (Alaqad & Saleh, 2016). This colour change is the first indication of a 

chemical reaction and is an indirect confirmation step used prior to subsequent 

characterisations.  

 

Figure 3.1: Visual representation of the colour changes associated with AgNP formation across a 
plant extract concentration gradient 

 

3.2.2 UV-vis spectrometry 

The use of UV-vis for the sake of characterisation is for identification, confirmation as well 

as the initial check of uniformity (Alaqad and Saleh, 2016). This means that because each 

nanomaterial i.e., Au- or AgNP have their specific plasmon resonance. The material will be 

identified and confirmed through UV-vis through a peak in the graph. Moreover, the shape 

and bend of the curve can be seen as the preliminary confirmation of uniformity (Alaqad 

and Saleh, 2016). After synthesising NPs for an hour at 70 ˚c and 25 ˚c respectively for the 

plant extract concentrations of 16 mg/ml - 0.125 mg/ml.  

3.2.2.1 Leaf extract for silver nanoparticles(AgNPs) 

When using UV-vis for AgNPs a peak is expected to occur around 410 nm (Alaqad and Saleh, 

2016). When screening the synthesis of leaf extract at 25 ˚C it was found that synthesis was 
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successful for 0.25 - 2 mg/ml of plant extract (Figure 3.2A) where the greatest peak formed 

most significantly for 2 mg/ml. There was no synthesis for 8 - 32 mg/ml plant extract. When 

compared to the 70 ˚C syntheses occurred for 0.125 - 2 mg/ml of leaf extract (Figure 3.2B) 

whereby 2 mg/ml again was the reaction that had the most pronounced peak, resulting in a 

greater peak when compared to the 25 ˚C reactions. The synthesis was unsuccessful for 4 -

16 mg/ml plant extracts. When comparing the peaks of the two temperatures. Furthermore 

a λ max of 444 nm at 25 ˚C it was observed to have an absorbance of 0.879 au and λ max 

was 432 nm at 70 ˚C with an absorbance of 1.228 au. This was indicative of a greater 

product yield at 70 ˚C for the plant extract of 2 mg/ml which was the highest peak for both 

respective temperatures. 

 

Figure 3.2: UV-vis of silver nanoparticles at various plant extract concentrations. Nanoparticles 
were synthesised at 25 ˚C (A) and 70 ˚C (B) respectively. AgNPs synthesis from leaf extracts at 
different concentrations (A-B). 

 

3.2.2.2 Leaf extract for gold nanoparticles (AuNPs) 

When using UV-vis for AuNPs a peak is expected to occur around 550 nm (Elbagory et al., 

2016; Alaqad and Saleh, 2016). When screening the synthesis of leaf extract at 25 ˚C it was 

found that synthesis was successful for 16- and 32 mg/ml of leaf extract (Figure 3.3A) and 

was unsuccessful for 0.25 - 8 mg/ml. Whereby 32 mg/ml was found to have the most 
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pronounced peak for synthesis. When looking at the reaction that occurred at 70 ˚C, 

synthesis was successful for leaf extract concentrations ranging from 4 - 32 mg/ml (Figure 

3.3B) with 32 mg/ml still being the most pronounced peak, even more so than when 

synthesised at 25 ˚C. The reaction did not occur for extract concentrations of 0.125 - 2 

mg/ml. Furthermore λ max of 538 nm at 25 ˚C it was observed to have an absorbance of 

1.902 au and λ max was 538 nm at 70 ˚C as well with an absorbance of 3.136 au which was 

indicative of a greater product yield was at 70 ˚C for the plant extract of 32 mg/ml which 

was the highest peak for both respective temperatures. 

 

 

Figure 3.3: UV-Vis of gold nanoparticles at various plant extract concentrations.  Nanoparticles 
were synthesised at 25 ˚C (A) and 70 ˚C (B) respectively. AuNPs synthesis from leaf extracts at 
different concentrations (A-B). 

  

3.2.3 Dynamic Light scattering (DLS) 

DLS is a characterisation tool used that is often coupled with other characterisation 

techniques such as UV-Vis and TEM. This is because the function of DLS to determine the 

particle size of NPs whilst suspended in liquid media (Hoo et al., 2008). The NPs are analysed 

http://etd.uwc.ac.za/ 
 



 

28 
 

as the light gets scattered off from them which then results in localised variations within the 

refractive index of the solution (Hoo et al., 2008).  In doing so this tool determines the 

hydrodynamic size of the NPs. 

After an hour synthesis reaction of NPs and based on the UV-vis data the leaf extract 

concentrations of 2, 1 mg/ml at 25 ˚C and 2, 1, and 0.5 mg/ml at 70 ˚C samples for the 

AgNPs and 32 and 16 mg/ml at 25 ˚C and 32, 16, and 8 mg/ml at 70 ˚C of leaf extract for 

AuNPs were taken for DLS analysis (Table 3.1). The hydrodynamic size was determined by 

scanning the sample 7 times and the process was repeated for 3 repeats, after which an 

average size was determined. The pdi is present to confirm the uniformity of the particles 

which were all below 0.5 which is an indication of mono-dispersity within the samples. 

Therefore the samples that were synthesised at 25 ˚C and 70 ˚C all reported being uniform 

in size based on their pdi. The uniformity of the NPs was also less than 0.4 based on their 

respective pdi which validates that the samples were unimodal.  

Table 3.1: Dynamic light analysis of gold and silver Nanoparticles. Which is the average size of the 
silver and gold nanoparticles. 

Concentration 
(mg/ml) 

Plant 
region 

Metal Temperature (c̊) Z-average Polydispersive 
index (PDI) 

2 Leaf Silver 25 87.22 0.376 

1 Leaf Silver 25 56.16 0.357 

2 Leaf Silver 70 83.99 0.351 

1 Leaf Silver 70 104.0 0.344 

0.5 Leaf Silver 70 42.28 0.282 

32 Leaf Gold 25 77.50 0.354 

16 Leaf Gold 25 66.11 0.392 

32 Leaf Gold 70 164.6 0.334 
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16 Leaf Gold 70 188.6 0.391 

8 Leaf Gold 70 175.5 0.334 

 

3.2.4 Transmission Electron Microscopy (TEM) analysis 

 Alaqad and Saleh (2016) recorded that the functions of TEM are for morphology, shape as 

well as particle size. This is because TEM is a visual tool used to see the NPs to scale.  

The NPs that were synthesised with 2 mg/ml of plant extract regarding AgNPs synthesis, as 

well as 32 mg/ml of plant extract for AuNPs, were observed under HRTEM to determine 

visually the morphology of the nanoparticles as well as to identify their shape and size. The 

nanoparticles were viewed at the following magnification: 50 nm and 2 nm (Figure 3.4 and 

3.5).  

 

Figure 3.4: Transmission Electron Microscopy for silver nanoparticles. A)  Silver Nanoparticles that 
were viewed 50 nm as per the scale depicted by the scale bar in the bottom left. This depicts 
uniformity in the size of the nanoparticles however non-uniform in shape.  B) This displays the 
crystallinity at 2 nm as depicted by the scale bar in the bottom left corner. C) This is the SAED 
patterns that depict the diffraction rings of FCC Ag. 
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Figure 3.5: Transmission Electron Microscopy for gold nanoparticles. A)  Gold Nanoparticles that 
were viewed 50 nm as per the scale depicted by the scale bar in the bottom left. This depicts 
uniformity in the size of the nanoparticles however non-uniform in shape. B) This displays the 
crystallinity at 2 nm as depicted by the scale bar in the bottom left corner. C) This is the SAED 
patterns that depict the diffraction rings of FCC Au. 

 

Whereby the shape of the NPs is not conforming to one shape however they are unimodal 

in size. This suggests possibly more than one phytochemical being responsible for NP 

synthesis as well as the abundance of the respective phytochemicals. In Figure 3.4C and 

3.5C, the selected area electron diffraction (SAED) patterns of the NPs are being depicted 

with their diffraction rings index that conferred to the face-centred cubic (FCC) Ag and Au 

respectively. The SAED patterns of the NPs are further confirmation of the respective metals 

as they depict with their diffraction rings index that confers to the FCC Ag and Au crystals 

respectively (Joe et al., 2017; Elbagory et al., 2016). 
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4 Chapter IV: Antifungal activities of plant extracts and plant-

mediated silver nanoparticles 

4.1 Introduction 

The role of Fungi in the ecosystem and modern agriculture has become pivotal due to their 

nutritional versatility and its effect on plants. They are regarded as important decomposers 

and organic recyclers of organic matter. However, Fungi serve dual roles in nature by being 

either beneficial or detrimental to the roots and atopical regions of various plant species 

(Zeilinger et al., 2016; Horwitz et al., 2013). Majority of plant relationships are seen to either 

be symbiotic or neutral - with parasitic infections being an exception - henceforth plants are 

considered to resistant to a wide range of pathogens (Staskawicz, 2001). Furthermore, the 

plant’s health is dependent on the type of microbial activity found within the rhizosphere 

and the microbes that work directly in the plant (Zeilinger et al., 2016). When looking at the 

type of infections that occur within plant species, it has been seen that 70-80 % of their 

diseases are due to fungal infections which can occur from 10 000 different fungal species 

that are considered to be plant pathogen (Agrios, 2005). 

The genus: Fusarium comprises of a broad number of fungal species. These organisms range 

from being mycotoxin producers, phytopathogens to saprotrophs and biocontrol agents 

(Summerell et al., 2010). Fusarium plays a crucial role in the agricultural- and economic 

sector because of its pathogenicity and its capability of producing mycotoxins that can affect 

a large number of plant species (Smith et al., 1988; Karlsson et al., 2016). One of the top ten 

ranked plant pathogens by Molecular Plant Pathology is Fusarium oxysporum, a ubiquitous 

organism noted to be soil-borne that affects plant species by producing vascular wilt 

(Vlaardingerbroek et al., 2016; Dean et al., 2012). 

The aim of this chapter is to evaluate the antifungal activity of plant extracts Salvia 

hispanica, Salvia Africana-L and Cotyledon orbiculata L. and plant derived AgNPs against 

Fusarium oxysporum.  
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4.2 Results and Discussion 

4.2.1 Positive control (Carbendazim) against Fusarium oxysporum 

For this section of research, a positive control was required. This meant that a known 

fungicide was required to confirm inhibition of Fusarium oxysporum a soil-borne plant 

pathogen that infects plants (Vlaardingerbroek et al., 2016; Dean et al., 2012). In a study 

conducted by Wani et al. (2011) many fungicides were tested for inhibitory properties 

against Fusarium oxysporum. One of the fungicides was carbendazim, a commercial 

antifungal agent. Zhang et al. (2018) further went onto test the solubility of carbendazim in 

organic solvents namely alcohols due to carbendazim having poor solubility within H2O. 

Therefore for this study carbendazim was dissolved in EtOH. An EtOH was included to 

ensure that the EtOH does not contribute to the influence of antifungal activity observed in 

the carbendazim treatment.  

A well-diffusion assay was performed using carbendazim at different concentrations (0.1-, 

0.2-, and 0.3 mg/ml) as positive control to quantitatively measure, the level of inhibition as 

observed for mycelial growth. After 7 days of incubation at 30 °C, F. oxysporum mycelial 

growth was measured at 55 mm. The results showed that the mycelial growth of F. 

oxysporum was restricted in a concentration dependent manner with the higher 

concentrations showing the greatest level of growth inhibition. In response to carbendazim 

at a final concentration of 0.1 mg/ml the mycelial growth was restricted to 45 mm whereas 

0.2 mg/ml and 0.3 mg/ml completely suppressed mycelial growth when compared to the 

control (Figure 4.1). 
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Figure 4.1: Antifungal activity of carbendazim against F. oxysporum. Mycelial growth was restricted 
in a concentration dependent manner. Carbendazin at 0.1 mg/ml restricted mycelial growth to 45 
mm whereas 0.2 mg/ml and 0.3 mg/ml completed inhibited mycelial growth on PGA plates after 7 
days at 30 °C. 

 

4.2.2 Antifungal activity of plant extracts 

In a study by Nkomo et al. (2014), he showed that plant extracts have antifungal properties 

and goes on to mention that Minimum inhibitory concentration (MIC) for these extracts to 

be considered for strong inhibition needs to be < 0.5 mg/ml. He then goes on to say that 

inhibition that occurs above 1.6 mg/ml is considered weak. When the leaf extracts from 

Cotyledon orbiculata var. oblonga, Salvia Africana-lutea and Salvia hispanica were tested 

against F. oxysporum no significant inhibition of mycelial growth was observed. This could 

be due to the method of testing and possibly exploring the spread plate technique instead 

of the well-diffusion assays. Well-diffusion was chosen due to the quantity of product being 

greater, however poor diffusion through the wells may have been a factor. The well-

diffusion was performed on plant extract: Salvia Africana-lutea, Cotyledon orbiculata var. 

oblonga and Salvia hispanica at 10 mg/ml and 4 mg/ml and aliquoted at a volume of 100 µl 

in each well and was incubated for 7 days however there was no significant difference in the 

growth of the control and the respective plant extract concentrations (Figure 4.2). The 

control mycelial growth was measured at 70 mm with no significant growth inhibition 

observed for each plant extracts.  
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Figure 4.2: Antifungal activity of Cotyledon orbiculata var. oblonga extract, Salvia Africana-lutea 
extract and Salvia hispanica extracts against F. oxysporum. No changes in mycelial growth were 
observed in response to different concentration (4 mg/ml and 10 mg/ml) of plant extract. All 
samples incubated for 7 days at 30 ˚C 

 

4.2.3 Antifungal activity of plant derived AgNPs 

In table 1.1 Kaur et al. (2018) and Kim et al. (2012) conducted antifungal testing against 

fungi for AgNPs which showed promise for this component of research. An antifungal well-

diffusion assay was performed using AgNPs synthesised from three plant species namely 

Salvia africana-lutea, Cotyledon orbiculata var. oblonga, and Salvia hispanica (Figure 4.3)  
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Figure 4.3: Well diffusion antiungal activity assay of Cotyledon orbiculata var. oblonga, Salvia 
Africana-lutea and Salvia hispanica L. derived AgNPs against F. oxysporum. The fungus was allowed 
to grow for 7 days at 30 ˚C. No significant reduction in mycelial growth was measured in response to 
AgNPs from Cotyledon orbiculata var. oblonga and Salvia Africana-lutea. Fungal mycelial growth 
reduction was observed in response to AgNPs synthesised from Salvia hispanica L.  

The results showed that no antifungal activity (as seen as restrictive mycelial growth) was 

observed for AgNps derived from Salvia africana-lutea and Cotyledon orbiculata var. 

oblonga. Relative to their respective controls, no change in F. oxysporum mycelial growth 

was observed. Interestingly, a distinct clear zone around the wells was observed in response 

to AgNPs synthesised from Salvia hispanica extracts. The zone of clearance around the wells 

was measured at 10 mm in diameter, which suggest that AgNPs derived from Salvia 

hispanica do have antifungal activity. To our knowledge, this was the first attempt to 

measure antifungal activity from AgNPs synthesised from Salvia hispanica. The work 

presented here lays the foundation for a more elaborative study on NP synthesis from this 

plant species to explore the antimicrobial activity possessed by these remarkable nano-

species. The lack of antifungal activity observed from Salvia Africana-lutea and Cotyledon 

orbiculata var. oblonga could be ascribed to the antifungal activity assay or perhaps the 

methods used to synthesise NPs. 
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5 Chapter V: Conclusion and future work 

5.1 Synthesis of gold and silver nanoparticles from Salvia hispanica 

Using plant extract from Salvia hispanica for the synthesis of Au- and AgNPs has proven to 

be successful based on the UV-vis spectroscopy for the leaf extract. Furthermore, based on 

UV-vis and DLS data the NPs that were formed were uniform in their size range. TEM 

imagery further specified the formation of the NPs that were not confined to a specific 

shape. Furthermore, they conformed to their SAED pattern in regards to FCC Ag and Au 

respectively. 

5.2 Antifungal activity against Fusarium oxysporum 

Upon antifungal screening via well-diffusion of carbendazim it was proven to inhibit the 

mycelial growth of the fungus at the concentrations: 0.2 and 0.3 mg/ml respectively when 

compared to the control. When testing the antifungal activity of the AgNPs it was found that 

via well-diffusion the fungus’ growth was not inhibited for AgNPs that were synthesised 

from Salvia africana-lutea and Cotyledon orbiculata var. oblonga, however, the NPs that 

were synthesised from Salvia hispanica was found to be successful for inhibition and 

displayed a zone of clearance. The plant extract from which NPs were synthesised also 

seemed to not be able to inhibit the mycelial growth of the fungus.  

5.3 Future works 

5.3.1 Nanoparticle analysis 

Further NP characterisation that could be done on both the Au- and AgNPs that were 

synthesised from the Salvia hispanica could be Fourier-Transform Infrared analysis to 

determine possible functional groups involved in the bonding of the NPs in comparison to 

that with the plant extract (Alaqad and Saleh, 2016). Furthermore, the zeta-potential could 

be investigated in order to determine the charge of the NPs for further characterisation of 

the NPs. Moreover, identifying the stability of the nanoparticles in media other than that of 

water could also be tested. 

5.3.2  Antifungal activity 

The antifungal activity of plant extract and plant-derived NPs against F. oxysporum could be 

investigated in liquid cultures. Furthermore, the antifungal activity/biocontrol of F. 
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oxysporum could be tested in plants by priming seeds with plant extract and plant-derived 

AgNPs and monitor plant growth performances under pathogen infection. 
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