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MESSAGES OF SUPPORT 

 

 

The College of Agriculture, Engineering and Science continues to play a significant 

role in being a major producer of research and postgraduates at the University of 

KwaZulu-Natal (UKZN). UKZN’s consistent placing as a top 2 university in terms of 

research outputs in South Africa is to a large extent due to the productivity of the 

College. However, as we transform our research at the University, as part of our 

strategic plan, we want to ensure that a greater emphasis is placed on the quality of 

the research that we produce. I would therefore like to encourage academics, 

researchers, and students within the College to pursue research that is both relevant 

and impactful. Researchers are encouraged to build collaborations that would enable 

multidisciplinary and transdisciplinary research. We would like for our research, in 

addition to having academic impact, to also have significant socio-economic impact. 

I would like to congratulate the College on its research performance, as well on the 

emphasis that it places on research capacity development, as is evidenced by the well organised and resourced 

Postgraduate Research and Innovation Symposium. I wish all participants in the symposium a very successful event. 

Professor Deresh Ramjugernath, Deputy Vice-Chancellor: Research, UKZN 

 

 

As scientists, every year we learn that the rate of knowledge-generation is faster than 

before. For example, we are running out of time to avert the worst impacts of climate 

change on people and on our planet.  We can only succeed if we stop working in silos 

and increase cross-disciplinary research. Description of simple observations in a 

narrow fashion is no longer accepted as original research worthy of publication by 

credible journals. At UKZN, our postgraduate students are continually pushed to a 

higher and more complex level of research. We are proud to say that our students 

meet the challenge. The College Research Symposium is a significant moment for 

UKZN to highlight the efforts and successes of our students and their supervisors. It 

is also an occasion that highlights the importance of working hand-in-hand with 

industry and our external stakeholders to contribute to a body of knowledge that 

ensures the success of every activity that is informed by our research. As we work 

together as academia and industry we have an exponential effect on efforts to make our planet more habitable for all 

of its creatures and to extend the reach and relevance of our research. Every presentation on this day is valuable. We 

are thankful to all students who took time to share their knowledge with us, and to the external stakeholders who are 

running alongside us to make what we do a success. 

Professor Albert Modi, Deputy Vice-Chancellor: College of AES, UKZN  

College of Agriculture, Engineering and Science 
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Welcome to the eighth College of Agriculture, Engineering and Science 

Postgraduate Research day organised this year by the School of Engineering 

in collaboration with the College Public Relations team. We are striving to 

ensure that the research carried out by our postgraduate students is at the 

cutting edge of innovation and contributes to the wellbeing of society. In doing 

so, we are actively seeking collaboration and partnerships with industry and 

with all relevant role players. This event highlights the world class research 

conducted by our postgraduate students and provides them with an opportunity 

to present their work to peers, academic staff and research partners. Written 

and verbal communication is a critical skill required by scientists in order to 

make their work relevant and accessible. This day provides an opportunity for 

students to develop and refine their communication skills. The format of this 

occasion is very similar to what students can expect at national and 

international conferences, with parallel sessions, poster sessions and a critical, 

informed audience. Many students have used occasions such as this to hone their presentation skills, and have gone 

on to win awards at international conferences. I would like to thank and congratulate the large number of postgraduate 

students who showed courage and enthusiasm to present their work today. Behind every postgraduate student is a 

supervisor or supervisory team, who challenges, encourages and today will be sharing in your success – we salute 

you. We are grateful to all the sponsors whose generous contributions made this day possible.  

 
Professor Kevin Kirkman, Dean: Research, College of AES, UKZN 
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PROGRAMME:  RESEARCH SYMPOSIUM 

 

Thursday 25 October 2018, T Block, Westville Campus 

 

08:00 – 08:55 Registration - Guests, Judges and Exhibitors: Downstairs, T Block entrance 

   - Oral and Poster Presenters, General Attendees: Upstairs 

   - Innovation Stream: Outside T4 

 

09:00  OPENING PLENARY (T1) - Professor Kevin Kirkman, Dean of Research, CAES 

 

09:00 – 09:15 Introduction – Professor Akshay Kumar Saha, School of Engineering 

  Official Welcome – Professor Albert Modi, Deputy Vice-Chancellor, CAES 

  Role of InQubate – Mrs Suvina Singh, Director, UKZN InQubate 

 

09:15 – 09:45 Keynote Lecture – Mr Neil Macleod, water and sanitation specialist consultant to 

  the World Bank: 

 

  “The role of Research in developing African cities of the future” 

 

09:50 – 11:10 Session 1 – ORAL PRESENTATION 
 

Time/ 

venue 

T5 

SAEES 

T6 

SLS 

T1 

SCP 

T2 

SE 

T7 

SMSCS 

09:50 – 10:10 SAEES-O-01 

Buthelezi D 

SLS-O-01 

Aruwajoye G 

SCP-O-01 

Akiri S 

SE-O-01 

Awino S 

SMSCS-O-01 

Adeyemi R 

10:10 – 10:30 SAEES-O-02 

Duma W 

SLS-O-02 

Gumede N 

SCP-O-02 

Anyanwu V 

SE-O-02 

Piliso P 

SMSCS-O-02 

Amusa L 

10:30 – 10:50 SAEES-O-03 
Kondwakwenda A 

SLS-O-03 

Jimoh A 

SCP-O-03 

Awolade P 

SE-O-03 

Buyeye Z 

SMSCS-O-03 

Gatabazi P 

10:50 – 11:10 SAEES-O-04 

Majola N 

SLS-O-04 

Madonsela L 

SCP-O-04 

Diejomaoh O 

SE-O-04 

Doubra P 

SMSCS-O-04 

Govender P 

 

11:10 – 11:40 Tea  

College of Agriculture, Engineering and Science 

Postgraduate Research & Innovation Symposium 2018 

Westville Campus 

Theme: African Cities of the Future 

Africa, home to some of the world’s fastest growing economies, is experiencing massive rural to urban migration. The 

growing urbanisation of the African continent is exacerbating socio-economic challenges, resulting in decaying 

infrastructure, energy constraints, high unemployment, skills shortages and conflict.   

The need for skilled professionals and appropriate engineering solutions that combine advanced technical expertise 

with high-level sustainability thinking has emerged as a critical challenge not only for social advancement, but also for 

higher education whose educational praxes are often not aligned with the needs of industry and society.  

To create the African Cities of the Future, UKZN’s School of Engineering is responding through its research and 

teaching in ways which are sustainable, catalytic and responsive to the needs of South Africa and beyond.   
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11:40 – 13:00 Session 2 – ORAL PRESENTATION 

 

Time/ 

venue 

T5 

SAEES 

T6 

SLS 

T1 

SCP 

T2 

SE 

T7 

SMSCS 

11:40 – 12:00 SAEES-O-05 

Malepfane N 

SLS-O-05 

Mansoor S 

SCP-O-05 

Gounden D 

SE-O-05 
Ebrahiminejadhasanabadi 

M 

SMSCS-O-05 

Hassan A 

12:00 – 12:20 SAEES-O-06 

Mandizvo T 

SLS-O-06 

Mashaphu M 

SCP-O-06 

Kunene P 

SE-O-06 

Gbadega P 

SMSCS-O-06 

Keli R 

12:20 – 12:40 SAEES-O-07 

Mathew I 

SLS-O-07 

Mnikathi A 

SCP-O-07 

Naicker K 

SE-O-07 

Khumalo M 

SMSCS-O-07 

Noreldin O 

12:40 – 13:00 SAEES-O-08 

Mdluli S 

SLS-O-08 

Mona I 

SCP-O-08 

Naicker S-A 

SE-O-08 

Mathebula V 

SMSCS-O-08 

Otegbeye O 

 

 

12:00 – 13:00 Early Lunch for Poster Presenters and Poster Judges 

 

13: 00 – 14:00 Lunch 

 

13:00 – 14:00 Poster Viewing, Presenting and Judging 

 

 

14:00 – 15:20 Session 3 – ORAL PRESENTATION 
 

Time/ 

venue 

T5 

SAEES 

T6 

SLS 

T1 

SCP 

T2 

SE 

T7 

SMSCS 

14:00 – 14:20 SAEES-O-09 

Mseleku C 

SLS-O-09 

Naidoo V 

SCP-O-09 

Onunga D 

SE-O-09 

Mdlalose S 

SMSCS-O-09 

Oyewole O 

14:20 – 14:40 SAEES-O-10 

Ngcobo B 

SLS-O-10 

Ojwach J 

SCP-O-10 

Tajuddeen N 

SE-O-10 

Nabangala M 

SMSCS-O-10 

Samuel M 

14:40 – 15:00 SAEES-O-11 

Ojo T 

SLS-O-11 

Rassool R 

SCP-O-11 

Tonui P 

SE-O-11 

Ndlovu L 

SMSCS-O-11 

Tirab M 

15:00 – 15:20 SAEES-O-12 

Pretorius L 

SLS-O-12 

Reardon S 

SCP-O-12 

Xulu N 

SE-O-12 

Ngxande M 

SMSCS-O-12 

Tombe R 

 

 

15:20 – 15:50 Finalisation of Judging and Tea 

 

15:50 – 16:20 Prizegiving (T1) 

   

16:20 – 16:30 Lucky Draw 

 

16:30  Closing 

  

College of Agriculture, Engineering and Science 
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PROGRAMME:  UKZN INQUBATE IP AND COMMERCIALISATION WORKSHOP 

 

 

Start  End Activity/Topic Description Presenter  
09:50 10:00 Welcome   UKZN InQubate Director: 

Ms Suvina Singh  

10:00 10:40 Bridging the gap 

between academia and 

industry 

The increasing push to commercialise 

university research and bridge the gap 

between science and industries has 

emerged as a significant science policy 

challenge. Internationally acclaimed 

scientist and entrepreneur, Professor 

Fernando Albericio, who was 

previously the CEO of the University 

of Barcelona Science Park, will share 

his experiences in the 

commercialisation of research. 

Prof Fernando Albericio 

10:40 11:10 Commercialising the 

LPX Luminophorous 

Powder Process  

 

 

 

Using a case study of his experiences 

with the LPX Luminophorous Powder 

Process, Dr Williams-Wynn examines 

some of the concepts and challenges 

surrounding driving a concept from the 

idea stage to commercialisation. 

School of Engineering:  

Dr Mark Williams-Wynn 

11:10 11:40 Tea Break 

11:40  12:10 Innovating in a 

conservative industry: 

The Commercial 

Journey of the 

Powerline Inspection 

Robot 

The development journey of the Power 

Line Inspection Robot has been a 

challenging one. Dr Lorimer will 

provide insight into the many exciting 

and daunting stages of this journey, 

including collaborations with power 

companies, and the positive effects 

these relationships have on the 

innovation. 

School of Engineering:  

Dr Trevor Lorimer 

12:10 13:00 Introduction to 

Intellectual Property 

 Patents 

 Copyrights 

 Designs 

 Trademarks  

 Plant Breeders’ 

Rights  

 Trade 

Secrets/Know-how 

 

Mr Vishen Pillay, a Partner at one of 

the leading intellectual property law 

firms in Africa, will provide insight 

into the Intellectual Property (IP). The 

presentation will cover the basics forms 

of IP, the patenting process, costs and 

timelines. The issue of patenting versus 

publishing will be discussed. The value 

of patents in scoping a research 

proposal will be highlighted.  

Adams and Adams:  

Mr Vishen Pillay 

 

13:00 14:00 Lunch and Exhibition 
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14:00 14:30 Funding Opportunities 

and Guidelines - 

Technology Innovation 

Agency (TIA) 

The Technology Innovation Agency is 

one of the largest government funders 

of technology-based research and has 

an established seed fund programme 

through universities nationally. Mr 

Sikhosana will provide an overview of 

the myriad funding opportunities 

available through the TIA to assist you 

in developing your next breakthrough 

innovation.  

Head: Technology 

Stations & IATs (TSP): 

Mr Vusi Sikhosana 

 

14:30 14:50 Funding Opportunities 

and Guidelines - 

Department of 

Economic 

Development, Tourism 

and Environmental 

Affairs (EDTEA): 

Technology Transfer 

Fund 

EDTEA’s Technology Transfer Fund 

has proved to be invaluable to the 

development of many UKZN 

innovations, including the Powerline 

Inspection Robot Technology and the 

Luminophorous Powder Technology. 

Ms Ndlovu will provide researchers 

with information and tools for available 

funding opportunities which can be 

used to further develop their research 

i.e. proof of concept, prototype 

development. 

Ms Thembalihle Ndlovu 

 

 

 

 

 

 

 

14:50 14:55 UKZN Extended 

Learning (UEL)  

Courses offered by UEL to assist in 

project management and other related 

courses 

Ms Noluthando Makhaza  

14:55 15:00 Closing   UKZN InQubate Director: 

Ms Suvina Singh 

15:00 Award Ceremony 
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_______________________________________________________________________________ 

_______________________________________________________________________________ 
 

 

 
 
 

IMAGINEERING: ART MEETS ENGINEERING 

 

 

The 21st Century is characterised by high levels of volatility, uncertainty and complexity.  Hence, rapidly evolving 

technological advancements and social trends require that engineering solutions involve more than technical 

competency.  

 

Today’s technology practitioners must not only be creative, have the ability to navigate complex environments in order 

to succeed, but in addition must also nurture empathy. One of the best ways to learn these skills is through the arts; not 

to become an artist, but to acquire novel ways of thinking, perceiving and doing. 

 

Imagineering: Art meets Engineering is a strategy to engage creative thinking in the pursuit of engineering design. 

Since engineering design is a combination of functionality, innovation and aesthetics, the process of involving students 

in artistic pursuit will not only invigorate design, it will also encourage engineering students to see technology 

differently. It makes sense therefore to learn principles and practices from art and design, and apply these to engineering 

practices. 

 

Activities under Imagineering: Art meets Engineering will include visual art, digital art and performance art.  

  

College of Agriculture, Engineering and Science 

Postgraduate Research & Innovation Symposium 2018 

Westville Campus 
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_____________________________________________________________________________________________ 

_____________________________________________________________________________________________ 

 

Keynote Lecture 

 

The role of Research in developing  

African cities of the future 
 

By 

 

NEIL MACLEOD – HONORARY RESEARCH FELLOW AT UKZN; 

WATER AND SANITATION SPECIALIST CONSULTANT TO THE  

WORLD BANK AND OTHERS 

Abstract:  Cities in developing countries face challenges and opportunities that often differ from those faced 

by cities in the developed world.  Factors influencing development such as poverty and rapid population 

growth, coupled with urbanisation, sustainability and response to climate change, demand innovative 

solutions.  Applied research is a critical factor in uncovering innovative ways of meeting these challenges 

and setting Africa on a new path that diverges from traditional solutions used up to now. Specifically, the 

sanitation circular economy and the food-energy-water nexus provide concrete examples of how research is 

enabling innovation. 

 

Biography: 

Neil Macleod has a BSc in civil engineering and an MBA, and is currently 

completing his PhD.  He has 43 years’ experience in the water and 

sanitation sector, with 22 years as the Head of Water and Sanitation in the 

eThekwini Municipality.  eThekwini Water and Sanitation won the 

Stockholm Industry Water Prize in 2014. 

He has held the post of Director at various water management bodies: 

Umgeni Water (2005 to 2009); Municipal Infrastructure Investment Unit 

(MIIU) (1998 to 2006); Johannesburg Water (Pty) Limited (2000 to 

2010); Building Partners for Development in Water and Sanitation, based 

in London (2000 to 2013, and Chair of the Board from 2009); and the 

Toilet Board Coalition, a UK-based private sector initiative to develop a 

sanitation solution for the urban poor. 

A registered professional engineer, he is an Honorary Fellow of the South African Institution of Civil 

Engineering (SAICE), Senior Fellow of the Water Institute of Southern Africa, Honorary Fellow of the 

Institution of Municipal Engineering of Southern Africa, Fellow of the SA Academy of Engineering and 

Fellow of the International Water Association.  He served as President of SAICE in 2007. 

  

College of Agriculture, Engineering and Science 
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ORAL PRESENTATIONS (T5) 
 

Time Room T5 Title Page No. 

09:50 – 11:10 Session 1 Chair:  Professor Pardon Muchaonyerwa 

09:50 – 10:10 SAEES-O-01:   
Duduzile Buthelezi 
PhD  216053657 
School of Agricultural, Earth and 
Environment Sciences 

THE EFFECT OF PROCESSING CONDITIONS ON 
THE QUALITY ATTRIBUTES OF ‘A4’ AND 
‘BEAUMONT’ MACADAMIA (MACADAMIA 
INTEGRIFOLIA) 

28 

10:10 – 10:30 SAEES-O-02:   
Sbongeleni Duma 
MSc  212524170 
School of Agricultural, Earth and 
Environment Sciences 

GENOTYPE BY REGION INTERACTIONS OF 
RELEASED SUGARCANE VARIETIES IN THE 
SOUTH AFRICAN SUGAR INDUSTRY 

29 

10:30 – 10:50 SAEES-O-03:  
Aleck Kondwakwenda 
PhD  215081801 
School of Agricultural, Earth and 
Environment Sciences 

DIVERSITY ANALYSIS OF PROVITAMIN A MAIZE 
INBRED LINES USING AGRO-MORPHOLOGICAL 
TRAITS AND Β-CAROTENE CONTENT  

29 

10:50 – 11:10 SAEES-O-04:   
Nkanyiso Majola 
MSc  210521995 
School of Agricultural, Earth and 
Environment Sciences 

EXPLOITATION OF INDIGENOUS KNOWLEDGE 
IN CONTROLLING GASTRO-INTESTINAL 
NEMATODES IN SCAVENGING CHICKENS  

30 

11:40 – 13:00 Session 2 Chair:  Professor Pardon Muchaonyerwa 

11:40 – 12:00 SAEES-O-05:   
Ntwanano Malepfane 
PhD  210529312 
School of Agricultural, Earth and 
Environment Sciences 

EFFECT OF LAND USE ON SOIL CARBON STOCKS 
AND POOLS IN SELECTED HUMIC SOILS 

31 

12:00 – 12:20 SAEES-O-06:   
Takudzwa Mandizvo 
MSc  217081725 
School of Agricultural, Earth and 
Environment Sciences 

SEED COAT STRUCTURAL AND IMBIBITIONAL 
CHARACTERISTICS OF DARK AND LIGHT 
COLOURED BAMBARA GROUNDNUT (VIGNA 
SUBTERRANEA L.) 

32 

12:20 – 12:40 SAEES-O-07:   
Isack Mathew 
PhD  214550352 
School of Agricultural, Earth and 
Environment Sciences 

VARIANCE COMPONENTS AND HERITABILITY OF 
TRAITS RELATED TO CARBON SEQUESTRATION 
AND DROUGHT TOLERANCE IN WHEAT 

32 

12:40 – 13:00 SAEES-O-08:   
Sibusiswangaye Mdluli 
MSc  212502727 
School of Agricultural, Earth and 
Environment Sciences 

CHARACTERISATION OF BREAD WHEAT 
(TRITICUM AESTIVUM L.) GENOTYPES FOR 
DROUGHT TOLERANCE BASED ON MORPHO-
PHYSIOLOGICAL TRAITS AND DROUGHT 
INDICES 

33 

14:00 – 15:20 Session 3 Chair:  Professor Pardon Muchaonyerwa 

14:00 – 14:20 SAEES-O-09:   
Cresswell Mseleku 
MSc  212504154 
School of Agricultural, Earth and 
Environment Sciences 

INFLUENCE OF DISTANCE TO WATER SOURCE 
ON PRODUCTIVITY OF NGUNI WEANERS AND 
DOES  

34 

14:20 – 14:40 SAEES-O-10:   
Bonga Ngcobo 
PhD  213516834 
School of Agricultural, Earth and 
Environment Sciences 

PRE-HARVEST ILLUMINATION OF CHERRY 
TOMATO REDUCES THE RIPENING PERIOD, 
ENHANCES FRUIT CAROTENOID AND QUALITY 

34 
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14:40 – 15:00 SAEES-O-11:   
Temitope Ojo 
PhD  216076996 
School of Agricultural, Earth and 
Environment Sciences 

ESTIMATING THE IMPACT OF CREDIT 
CONSTRAINTS ON CHOICE OF CLIMATE 
CHANGE ADAPTATION STRATEGIES AMONG 
RICE FARMERS IN SOUTH-WEST NIGERIA 

35 

15:00 – 15:20 SAEES-O-12:   
Lauren Pretorius 
PhD  210529452 
School of Agricultural, Earth and 
Environment Sciences 

SHORELINE PRESERVATION DURING RISING 
SEA-LEVEL: PROTEA BANKS, KWAZULU-NATAL 

35 

 

 

ORAL PRESENTATIONS (T6) 
 

Time Room T6 Title Page No. 

09:50 – 11:10 Session 1 Chair:  Professor Moganavelli Singh 

09:50 – 10:10 SLS-O-01:   
Gabriel Aruwajoye 
PhD  216074440 
School of Life Sciences 

OPTIMISATION OF BIOETHANOL PRODUCTION 
FROM CASSAVA PEELS WASTE THROUGH 
SIMUL-TANEOUS SACCHARIFICATION AND 
FERMENTATION (SSF)  

36 

10:10 – 10:30 SLS-O-02:   
Nombali Gumede 
MSc  212514153 
School of Life Sciences 

IDENTIFICATION OF Mycobacterium 
tuberculosis ADHESIN PROTEINS INVOLVED IN 
THE ATTACHMENT TO PULMONARY EPITHELIAL 
AND MACROPHAGE CELLS 

37 

10:30 – 10:50 SLS-O-03:   
Abdullahi Jimoh 
PhD  216076112 
School of Life Sciences 

BIOSURFACTANT AND DEGRADATIVE ENZYMES 
MEDIATED DIESEL AND n-HEXADECANE 
DEGRADATION BY BACTERIUM PAENIBACILLUS 
SP. D9 

38 

10:50 – 11:10 SLS-O-04:   
Luthando Madonsela 
MSc  212504578 
School of Life Sciences 

THE ANTIFREEZE BIOLOGY OF SELECTED 
ANTARCTIC ICEFISHES 
(FAMILY: CHANNICHTHYIDAE) INHABITING THE 
WESTERN ANTARCTIC PENINSULA OF THE 
SOUTHERN OCEAN 

38 

11:40 – 13:00 Session 2 Chair:  Professor Moganavelli Singh 

11:40 – 12:00 SLS-O-05:   
Shazia Mansoor 
MSc  211514139 
School of Life Sciences 

THE DEVELOPMENT OF AN ALTERNATIVE 
OBESE ANIMAL MODEL FOR TYPE 2 DIABETES 
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METHOD DEVELOPMENT AND APPLICATION: 
ULTRASONIC EXTRACTION (UE) FOLLOWED BY 
SOLID PHASE EXTRACTION (SPE) FOR ANALYSIS 
OF PESTICIDES IN SLUDGE, SEDIMENT AND SOIL 

48 

12:20 – 12:40 SCP-O-07:   
Kimara Naicker 
MSc  214505202 
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THE CORROSION MECHANISM LEADING TO THE 
FAILURE OF TRANSFORMERS: AN 
EXPERIMENTAL AND COMPUTATIONAL STUDY 

50 

  



16 
 

14:00 – 15:20 Session 3 Chair:  Professor Neil Koorbanally 

14:00 – 14:20 SCP-O-09  
Daniel Onunga 
PhD 
School of Chemistry and Physics 

TUNING THE REACTIVITY OF Pd(II) COMPLEXES 
THROUGH ALKYLATION AND 
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69 
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Macadamia nut is rich in monounsaturated fatty acids and may reduce the risk of cardiovascular diseases 

when being included in human diet. On the negative side, high concentration of unsaturated fatty acids leads 

to oxidative reactions, which result in rancidity that decreases the quality of the nut. Drying and roasting is 

thus needed to reduce the nut moisture content and hence alleviate the above-mentioned problem. This 

research was conducted to evaluate and compare quality parameters of raw and roasted ‘A4’ and ‘Beaumont’ 

macadamia nuts during the accelerated storage of 70 days. Nuts were dried for three consecutive days, 

starting at 35 °C, 38 °C for the second day and 50 °C for the third day and were roasted at 125 °C for 15 

min using hot air oven dryer. Raw kernels of the ‘A4’ cultivar had the highest protein content (9.477 - 

11.884 g/100 g), polyphenol oxidase activity (0.105 - 5.003 U/kg), peroxide value (0.851 - 19.417 meq 

O2/kg), phenols (0.88 - 4.791 mg GAE 100 g DW-1), low content of flavonoids (1.5756 - 0.3611 mg 

quercetin 100 g DW-1) and antioxidants (0.0807 - 0.1713 DPPH mg GAE 100 g DW-1 and 0.1643 - 0.2083 

ABTS mg GAE 100 g DW-1) compared to ‘Beaumont’ which had low protein content (8.03 - 10.901 g/100 

g), polyphenol oxidase activity (0.087 - 3.149 U/kg), peroxide value (0.333 - 8.199 meq O2/kg), phenols 

(0.963 - 3.097 mg GAE 100 g DW-1), high content of flavonoids (1.8181 - 0.3935 mg quercetin 100 g DW-

1) and antioxidants (0.0082 - 0.1982 DPPH mg GAE 100 g DW-1 and 0.1945 - 0.2412 ABTS mg GAE 100 

g DW-1). Roasting significantly improved quality of the kernels. ‘Beaumont’ cultivar had the lowest levels 

of protein content (5.528 - 7.853 g/100 g), polyphenol oxidase activity (0.079 - 0.659 U/kg), peroxide value 

(0.172 - 5.139 meq O2/kg), high content of phenols (1.319 - 5.209 mg GAE 100 g DW-1), flavonoids (3.2968 

- 0.6341 mg quercetin 100 g DW-1) and antioxidants (0.1031 - 0.2027 DPPH mg GAE 100 g DW-1 and 

0.2109 - 0.3186 ABTS mg GAE 100 g DW-1) compared to ‘A4’ which had high content of protein (8.864 - 

10.836 g/100 g), polyphenol oxidase activity (0.192 - 1.246 U/kg), peroxide value (1.499 - 10.597 meq 

O2/kg), low content of phenols (0.984 - 5.079 mg GAE 100 g DW-1), flavonoids (1.605 - 0.3034 mg 

quercetin 100 g DW-1) and antioxidants (0.0103 - 0.1851 DPPH mg GAE 100 g DW-1 and 0.1942 - 0.2885 

ABTS mg GAE 100 g DW-1). Therefore, it can be recommended that ‘Beaumont’ cultivar is of superior 

quality and roasting improves kernel quality and shelf life. 

 

Keywords: raw, roasted, storage, protein, polyphenol oxidase, peroxide value, antioxidant activity 
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SAEES-O-02 

 

GENOTYPE BY REGION INTERACTIONS OF RELEASED SUGARCANE  

VARIETIES IN THE SOUTH AFRICAN SUGAR INDUSTRY 

 

Sbongeleni Duma 

Chillexor@gmail.com  

Student Number: 212524170 

School of Agricultural, Earth and Environmental Sciences 

Supervised by Professor Hussein Shimelis 

 

Sugarcane (Saccharum officinarum) yields in South Africa are largely affected by genotype by environment 

interactions (GEI). The objective of this study was to investigate the nature of genotype x region interactions 

among selected sugarcane genotypes based on regional evaluation trials to inform future testing strategies. 

Eleven sugarcane hybrids were evaluated across five regions of the industry, including the Midlands (M), 

Hinterland (H), South Coast (S), North Coast (N), and Irrigated North (I). Sugarcane genotypes were tested 

using a randomized complete block design with four replications in each trial, and harvested over three to 

five crops. Data were collected for cane yield (TCANE), estimated recoverable crystal content (ERC), and 

ERC yield (TERC). Data were analysed using combined analysis of variance, additive main effects and 

multiplicative interaction (AMMI) and genotype plus genotype by environment (GGE) bi-plot analyses. 

Significant (P < 0.001) effects of genotypes, locations, crop year and their interactions were found for all 

three traits. Genotype x location contributed more to variation than genotype x crop. The AMMI bi-plot 

revealed differential genotype interactions with regions, and showed that the M and H regions discriminated 

genotypes similarly. Results from AMMI were in agreement with GGE bi-plot in terms of site 

discriminating ability, genotype mean performance and stability. The GGE bi-plot identified two mega-

environments (MGE) for the industry, with MGE1 comprising the M and H regions and MGE2 comprising 

the S, N, and I regions. This preliminary study is the first to have identified two broad regional groupings 

in the industry, and this may have implications on breeding strategies.  

 

Keywords: Additive main effect and multiplicative interaction, Genotype by environment interaction, GGE 

bi-plot analysis, Adaptability, Stability, Mega-environment 
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DIVERSITY ANALYSIS OF PROVITAMIN A MAIZE INBRED LINES USING  

AGRO-MORPHOLOGICAL TRAITS AND Β-CAROTENE CONTENT  
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Student Number: 215081801 
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Supervised by Dr Julia Sibiya 

 

Maize (Zea mays L.) provitamin A biofortification is a recent strategy for curbing vitamin A deficiency 

(VAD) among people who rely on maize dominated diets but do not afford vitamin A rich foods. To assess 

the level and pattern of phenotypic diversity among the provitamin A germplasm sourced from CIMMYT 

and IITA, forty-eight inbred lines were characterised for β-carotene content and agro-morphological traits. 

Analysis of variance, cluster analysis, genetic parameters, genetic distances and phenotypic correlation 

analysis were used to describe the pattern and level of phenotypic diversity. Inbred lines varied significantly 

for most of the traits studied. Grain yield averaged 1.8 t ha-1 ranging from 0.70 t ha-1 to 2.70 t ha-1. Beta 
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carotene, grain yield and anthesis silking interval exhibited high heritability (H2) and genetic advance as a 

percentage of the mean (GAM). Cluster analysis grouped the genotypes into three distinct clusters that are 

largely in concordance with the sources of the inbred lines. The highest phenotypic distance was 8.37 

between genotypes TZM114 and CLHPO331. No significant correlation was observed between β-carotene 

and any agro-morphological trait. Significant (p ≤ 0.001), strong and positive correlation was observed 

between grain yield and days to maturity, plant stand and shelling percentage whilst strong inverse correlation 

(r = - 0.91) was between grain yield and anthesis silking interval. The study deduced that there is considerable 

phenotypic variation between CIMMYT and IITA provitamin A maize experimental populations. Beta 

carotene content, grain yield and anthesis silking interval (ASI) were the most discriminating traits and 

should be used as key selection criteria. Genetically distanced inbred lines with high β-carotene content and 

grain yield were earmarked for further hybridisation programme. 

 

______________________________________________________________________________________ 
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EXPLOITATION OF INDIGENOUS KNOWLEDGE IN CONTROLLING  

GASTRO-INTESTINAL NEMATODES IN SCAVENGING CHICKENS  

 

Nkanyiso Majola 
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Student Number: 210521995  
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Supervised by Professor Michael Chimonyo 

 

 

The scavenging of chickens for feed make them susceptible to nematode infestations. The objective of the 

study was to explore indigenous knowledge systems of controlling nematodes in scavenging chickens. Face-

to-face interviews with herbalists were conducted in Jozini local community, uMkhanyakude District 

Municipality. Nematodes are identified and classified according to colour, size, shape and habitat preference. 

The symptoms of nematode infestation included loss of body weight, loss of appetite, diarrhoea, low egg 

production and poor meat quality.  Indigenous knowledge is the commonly used method to control nematodes 

in scavenging chickens than conventional knowledge. Medicinal plants are mostly prepared by different 

methods such as grinding and boiling the herb. Chickens are dewormed when they show clinical symptoms. 

The symptoms are presence of worms in faeces and bloody droppings. Birds usually take a maximum of 

three days to recover after treatment. The method of treatment is similar across seasons, age, group and sex 

of birds. It was concluded that resource-limited farmers should exploit indigenous knowledge for the control 

of nematodes and not over-rely on anthelmintics for sustainable chicken health management.  

 

Keywords: anthelmintics, efficacy, medicinal plants  
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EFFECT OF LAND USE ON SOIL CARBON STOCKS AND POOLS  

IN SELECTED HUMIC SOILS 
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Student Number: 210529312 

School of Agricultural, Earth and Environmental Sciences 

Supervised by Professors Pardon Muchaonyerwa and Jeffrey Hughes 

 and Dr Rebecca Zengeni  

 

 

Humic soils are unique and are among the most productive soils in South Africa, especially for sugarcane, 

forestry pasture and maize (Fey, 2010). These soils are highly weathered, acidic, well-drained and have high 

concentration of carbon (>1.8%), and their contribution to global change depends on them being a carbon 

sink. Better understanding of soil organic carbon stocks and pools and the effects of land use on carbon 

dynamics in humic soils is essential (Jobbagy and Jackson, 2000). The aim of this study was to determine 

the effects of different land uses on soil carbon stocks and pools in selected humic soils.  

 

Soil samples were collected from the 0–5, 5-10, 10-15, 15-20, 20-30, 30-40, 40-50, 50-60, 60-80 and 80-100 

cm depths, of sandy humic soils from Eston and Eshowe both under forestry and sugarcane production.  

Clayey humic soils were sampled from Karkloof and Cedara, both under grassland, pasture and under maize. 

The different sites receive 800-1200 mm of precipitation annually. The soils were analysed for bulk density, 

total carbon, particulate organic matter (POM-C) fractions, hot water-soluble C (HSWC) and mineral-

associated carbon. Soil C stocks were calculated to a depth of 100 cm using total C and bulk density. 

 

Soil carbon stock (SCS) on clayey humics were in the order pasture>grassland=maize. The majority of total 

carbon content was higher at the surface layers and decreased with depth. There was a significant difference 

on maize as compared to the other land uses and Karkloof soils had higher total C content as compared to 

Cedara. POM-C, HSWC and mineral-associated C followed the same trend as total C.  

 

There was no difference in SCS of sandy humic soil. The POM-C was higher in forestry soils than sugarcane 

and decreased with depth from Eston, but Eshowe soils did not change with depth. Total C, HSWC and 

mineral-associated C were higher in the 0-10 cm depth in forestry but declined with depth and had similar 

contents as sugarcane in deeper layers. These findings imply that sugarcane production on sandy humic soils 

has no effects on C stocks but reduces C pools content, while maize production on clayey humic soils reduces 

soil C stocks and reduces C pools. 

 

______________________________________________________________________________________ 
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SEED COAT STRUCTURAL AND IMBIBITIONAL CHARACTERISTICS OF DARK AND 

LIGHT COLOURED BAMBARA GROUNDNUT (VIGNA SUBTERRANEA L.) 
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Student Number: 217081725  
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Supervised by Dr Alfred Odindo 

 

Bambara groundnuts are cultivated using landraces of different seed coat colours. Not many studies have 

associated seed coat colour (morphological feature) with other physiological and biochemical processes that 

may explain differences in seed quality among landraces of different seed coat colour. This research sought 

to investigate seed quality characteristics (viability and vigour) of landraces on the basis of seed coat colour. 

Four landraces were analysed for differences in seed coat colour and seed coat thickness using a scanning 

electron microscope (SEM). Seed imbibition, electrolyte conductivity, tetrazolium test and standard 

germination tests were used to evaluate viability of seeds after deteriorating the seeds by accelerated aging 

(AA) at 42 ºC and 100% relative humidity (RH) for 24, 48, 72, 96 and 120 hours. There were significant 

differences (P<0.001) among landrace selections with respect to seed coat colour, seed coat thickness, 

electrical conductivity (EC), hydration rate, germination rate and length of measured seedling axis. Light 

coloured landrace (Kazai) had the highest germination (66.9%) and the dark coloured landrace (G340A) had 

the lowest final germination (53.6%) after 120 hours of seed aging. G340A and Kazai had the highest (110.33 

µS cm-1 g-1) and lowest EC (92 µS cm-1 g-1), respectively. Electron microscope revealed that dark seeds had 

the thickest (127 µm) and light seeds had the thinnest (104.6 µm) seed coats. The study concluded (1) seed 

coat thickness and colour alone do not account for hydration pattern of seeds and (2) seed viability may not 

necessarily imply good seed vigour. 

 

Keyword(s): accelerated aging, Bambara groundnuts, imbibition, landrace, seed coat colour, seed quality, 

viability, vigour 
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Increased biomass allocation to roots improves soil water exploration for drought tolerance and higher C 

fluxes to soil for carbon sequestration. Limited understanding of variance components and heritability of 

biomass allocation hinder conception of suitable breeding strategies. This study aimed to determine variance 

components and heritability of biomass allocation and related traits in ninety-nine genotypes of wheat 

(Triticum aestivum L.) and one triticale (X. Tritico secale Wittmack) under field and greenhouse conditions 

using a 10 × 10 alpha lattice design. Days to heading (DTH), days to maturity (DTM), number of tillers 

(NPT), plant height (PH), shoot and root biomass (SB, RB), root to shoot ratio (RS), thousand kernel weight 

(TKW) and yield (GY) were recorded. Analysis of variance, variance components, heritability and genetic 

correlations were computed. Significant (p<0.05) genetic and environmental variation for all the traits except 
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spike length was observed. Genetic variance and heritability for RS increased from 0.74 and 16% to 4.7 and 

42% while GY had low heritability of 18 and 29% under stressed and non-stressed conditions, respectively. 

Weaker correlations (r≤-0.50; p<0.05) were exhibited between RS with PH, NPT, SL, SB and GY under 

drought stress compared to non-stress (r≥-0.50; p<0.05) conditions suggesting that lower root biomass 

allocation compromises wheat productivity in stressed environments. Negative association between GY and 

RS (0.50<|r|; p<0.05), low heritability (<42%) and high environmental variance (>70%) for RS present 

bottlenecks for improving yield and C sequestration simultaneously. Indirect selection for DTH, PH, RB, 

and TKW, will improve drought tolerance and C sequestration. 

 

Keywords: correlation, genetic variance, heritability, root-to-shoot ratio, water stress, wheat 
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Sibusiswangaye Mdluli 

212502727@stu.ukzn.ac.za 

Student Number: 212502727 

School of Agricultural, Earth and Environmental Sciences 

Supervised by Professor Hussein Shimelis 

 

Drought tolerant wheat cultivars are yet to be developed and released in South Africa. Therefore, breeding 

for drought tolerance is of paramount importance for the wheat industry in the country. The objectives of this 

study were to characterise 15 selected bread wheat genotypes introduced from the International Maize and 

Wheat Improvement Center (CIMMYT) using morpho-physiological traits and drought tolerance indices. 

Phenotypic screening was conducted using 11 morpho-physiological traits using a randomized complete 

block design with 3 replications. Treatments were assigned as follows: drought stress 1 week before 50% 

flowering (WBF) and 1 week after 50% flowering (WAF) and fully-irrigated water regime (NS, non-stress). 

Experiments were conducted under greenhouse and field conditions at the University of KwaZulu-Natal, 

Pietermaritzburg. Also, the 15 genotypes were evaluated using nine drought tolerance indices based on yield 

data. Analysis of variance (ANOVA), Pearson and Spearman rank correlation as well as principal 

components (PC) analyses were conducted. Significant differences were recorded for genotype  (P < 0.001) 

and genotype  x environment interaction (P < 0.05) effects for days to 50% flowering and maturity, canopy 

temperature, plant height, grain number, 100 seed weight, number of productive tillers and yield. 

Furthermore, significant correlations (P < 0.05) were detected between yield and morpho-physiological traits. 

Genotypes SYM14, SYM27 and SYM29 expressed early maturity, while SYM16, SYM37 and SYM6 had 

the highest grain yield. Significant differences (P < 0.05) were detected among genotypes for the following 

drought indices: harmonic mean of yield (HM), mean productivity (MP), stress tolerance index (STI), yield 

index (YI) and drought resistance index (DR). Consistent genotype ranking and high yield was associated 

with HM, MP, STI and YI by the genotypes SYM16, SYM37 and SYM6. Whereas DR was correlated with 

early maturity and associated with the genotypes SYM14, SYM27 and SYM29. The following genotypes 

were complementary and selected for breeding: SYM14, SYM27 and SYM29 with SYM16, SYM37 and 

SYM6. Hybridisation and fixation of resultant lines is essential to develop early maturing genotypes with 

stable and high yield. Moreover, evaluation across representative test sites involving current check cultivars 

is required to further validate the present findings.  
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OF NGUNI WEANERS AND DOES  

 

Cresswell Mseleku 

212504154@stu.ukzn.ac.za  

Student Number: 212504154  

School of Agricultural, Earth and Environmental Sciences 
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The objective of the study was to determine the influence of varying distance kilometres on productivity in 

indigenous Nguni weaners and does of South Africa. Body condition score (BCS), FAffa MAlan CHArt 

(FAMACHA), rectal temperature (RT) and blood samples were collected from non-lactating does and 

weaners. Data were collected from weaners and does that were situated at 0.25, 0.75, 1.25, 1.75, 2.25, 2.75 

and 3.25 km from the Ibalamhlanga River. A negative linear regression was recorded between BCS and 

distance to water source, as the distance to water source increase, BCS decreases. A positive linear regression 

was recorded between FAMACHA scores and distance to water source. A negative linear regression was 

recorded for packed cell volume and distance to water source. A positive linear regression was recorded 

between RT and distance to water source. Body condition scores were lower in does compared to that of the 

weaners. FAffa MAlan CHArt scores were higher in does compared to that of the weaners. Packed cell 

volume was higher in does compared to that of the weaners. Rectal temperature was lower in weaners 

compared to that of the does. Both Nguni weaners and does were affected by the distance to water source, 

however, does were likely to be most affected compared to weaners. It was concluded that Nguni weaners 

and does can tolerate walking to drinking water source at a distance of 1.75 km. 
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Tomato is one of the most-consumed fruit vegetables in the world; it is recognised as a good source of 

carotenoids, particularly β-carotene and lycopene, as well as of ascorbic acid. The prevention of chronic 

diseases, such as cancer, cardio-vascular and neuro-degenerative forms, has been related to a healthy diet 

associated with the consumption of tomatoes. The demand of high quality tomatoes has, therefore, increased 

rapidly. As a climacteric fruit, tomato will ripen to final colour postharvest. Trusses of mature green (negative 

a* values) greenhouse tomatoes of a red and a yellow cultivar were used for the experiment. Twelve trusses, 

six of each cultivar, were illuminated with red LED light (RL) and a further twelve trusses, six of each 

cultivar, were illuminated with blue LED light (BL). Pre-harvest RL and BL treatments significantly affected 

fruit quality attributes of both cultivars, with colour and pigments most significantly affected. Both light 

treatments enhanced the accumulation of lycopene more so in red tomatoes than in yellow tomatoes. 

Additionally, β-carotene concentrations increased following red and blue light exposure, particularly in fruit 

of the red cultivar. Red and blue lights did not significantly affect sugar concentrations, total soluble solids 

(TSS) and size of tomato fruit. Both light treatments enhanced colour change in both cherry tomato cultivars. 
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Light treatments not only affect colour, size and pigments, but was able to prevent spoilage associated with 

tomato diseases. 

Keywords: cardio-vascular diseases, β-carotene, lycopene, red LED light (RL), blue LED light (BL) 
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Climate adaptation strategies, like any other investment, require financial resources, which are likely to be 

in short supply in the rural sector in developing countries. In analysing the impact of credit constraints on 

choice of adaptation strategies to climate change among rice farmers in South-west Nigeria, a multistage 

sampling technique was used to collect cross-sectional data from 360 smallholder rice farmers from the 

region.  

The linkage between different forms of credit constraints and choice of climate adaptation strategies was 

estimated using a Generalised Method of Moments with instrumental variables (IV-GMM) and seemingly 

unrelated regression model (SUR). A PCA was used to reduce the multidimensionality of the adaptation 

strategies and loading with highest eigenvalue was chosen and renamed as an improved technology. Credit 

constrained households are significantly less likely to adopt adaptation strategies. These results indicate that 

the severity of credit constraints depends on the nature of the credit constraint. The quantitative analysis 

points to the fact that the type of credit constraint matters for the choice of adaptation strategies of smallholder 

farmers. Responsiveness of adaptation strategies may differ depending on whether credit is accessed from 

the informal or formal sector. It could be recommended that policies that enhance and strengthen institutional 

support may also be valuable in enhancing the adaptation strategies of smallholder farmers. Hence, in future 

research, it is worth investigating the role of similar institutions in the context of climate change adaptation. 
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Supervised by Professor Andrew Green 

 

Protea Banks Reef is situated offshore Port Shepstone, KwaZulu-Natal. The southern KwaZulu-Natal 

continental shelf is narrow (width = 8 km), with a gentle gradient (EG), and is incised by numerous submarine 

canyons. Although noted as a popular marine tourism destination, the origin and factors allowing for the 

preservation of Protea Banks have not been paid much attention. 
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Protea Banks Reef itself comprises a preserved system of lithified parabolic dunes, reflecting a dominant 

wind regime similar to present-day conditions. The continental shelf in this region is considered sediment 

starved owing to low fluvial sediment input and its proximity to the western boundary Agulhas current. Given 

the gentle gradient, the narrow width and influence of the Agulhas current, shoreline preservation is 

unexpected under conventional steady-state transgressive conditions.  

 

Bathymetric and seismic interpretation show preservation of shoreline deposits at -120  and -60m below 

mean sea level. The preservation of these shorelines is likely controlled by antecedent geology of the shelf 

which provides accommodation space, and periods of rapid sea-level rise such as those associated with 

meltwater pulses. Another key factor is early, and rapid, cementation of the dunes prior to inundation by 

rising sea level. Chronological data obtained collected from the upper limits of an incised valley fill deposit 

at -120 m shows an age of 1600 cal. yr. B.P suggesting reworking and transport of younger transgressive 

material along the mid- and outer- continental shelf by the Agulhas current.  

 

This study uses sequence stratigraphy to link sea-level events to eustatic sea-level variation and assesses the 

dominant controls on preservation in sediment starved conditions. Additionally, the post-depositional 

modification of transgressive sediment by a western boundary current is explored. The outcomes of this study 

will provide insight to the response of modern shorelines to future sea-level rise and the impacts that it may 

incur on contemporary shorelines. 
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OPTIMISATION OF BIOETHANOL PRODUCTION FROM  

CASSAVA PEELS WASTE THROUGH SIMULTANEOUS  

SACCHARIFICATION AND FERMENTATION (SSF)  

 

Gabriel Aruwajoye 
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Student Number: 216074440 

School of Life Sciences 

Supervised by Professor Evariste Gueguim Kana 

 

The need for an attractive and cost-effective bioethanol fermentation process from starch-based 

lignocellulosic substrates is inimical to high-ethanol-performance bioprocess during scale up. In this study, 

simultaneous saccharification and fermentation of cassava peels waste was assessed and optimised for 

bioethanol production using the response surface methodology. Four parameters were investigated which 

includes amyloglucosidase concentration, cellulase concentration, fermentation pH and fermentation 

temperature. The range of the parameters were 10 – 20 U/g, 10 – 20 U, 25 – 50 ℃ and 4 – 6 respectively. 

Box Behnken design of experiments was used to generate 29 experimental runs which was investigated for 

bioethanol production. The predicted parameters were 14.61 U/g amyloglucosidase concentration, 15.32 U 

cellulase concentration, 33.73 ℃ fermentation temperature and a pH of 5.31. The model result was 
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significant with a high coefficient of determination of 0.95. Bioethanol concentration of 16.42±0.37 g/L and 

bioethanol production efficiency of 1.41±0.37 g/L/h was obtained. The study therefore demonstrates the 

effectiveness of simultaneous saccharification and fermentation as a suitable fermentation mode for 

maximum bioethanol production from cassava peels’ waste.     
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Mycobacterium tuberculosis (Mtb) is a causative agent of tuberculosis (TB). TB is a treatable disease, 

however, it continue to kill almost 2 million people annually. With the emergence of multi- and extensively 

drug-resistant Mtb strains, there is an urgent need for new drugs for treatment of drug resistant TB, new 

vaccines to provide protection and rapid-diagnostic tools for timely diagnosis and initiation of treatment. The 

present study aim to identify Mtb adhesins (secreted extracellular proteins) responsible for bacterial 

attachment and infection of pulmonary epithelial and the resident macrophages. Using phage display method, 

the extensively drug-resistant Mtb F15/LAM4/KZN secretome phage library was screened against A549 

epithelial and THP-1 derived macrophage cells. DNA sequence analysis of phage encoded Mtb proteins with 

binding affinity to the said cells were revealed.  We identified 28 Mtb extracellular proteins that could be 

involved in bacterial-host cell interaction and facilitate bacterial entry into host cells. These include well 

documented MPT64 antigenic virulence with potential as TB vaccine candidate. Also identified was PE/PPE 

family member PPE8 that is essential for infection and host-pathogen interactions. Unique proteins identified 

include uncharacterised hypothetical proteins such as Rv1158c, Rv1367 and Rv2840c to mention a few. 

Further studies will be conducted to elucidate the role of unknown hypothetical proteins in the attachment 

and infection of pulmonary resident cells and this could expand our understanding of Mtb pathogenesis. 

Some of the identified proteins will be investigated for their potential use as biomarkers in the development 

of rapid diagnostic test tools and new TB vaccine. 
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Elimination of long-chain hydrocarbon (HC) and hydrophobic pollutants from contaminated environments 

is of importance to diminish the severe damages on the ecosystem. Degradation of 2% each of n-Hexadecane 

(C16H34), a high molecular weight n-alkane and diesel fuel were studied by Paenibacillus sp. D9.  

 

During 14 days of incubation, n-hexadecane and diesel fuel were degraded to 98.4% and 61.2% as carbon 

and energy source respectively by Paenibacillus sp. D9. The induction of degradative enzymes such as 

alkane hydroxylase, alcohol dehydrogenase, and esterase were determined during biodegradation process. 

Higher activities of the above listed enzymes were differentially expressed and synthesised by D9 strain 

indicating their involvement in hydrocarbons degradation. The presence of specific genes of responsible for 

biodegradation and biosurfactant (BS) synthesis detected using specific polymerase chain reaction (PCR) 

primers further reinforced these results. It is inferred from the data that the effectiveness of lipopeptide BS 

to accelerate degradation of hydrocarbons by enhancing solubilisation of the hydrocarbons was guaranteed 

with high cell surface hydrophobicity tendencies, emulsifying abilities and reduced surface tension.  

 

Owing to capability in enzyme production, D9 strain was more effective to other reported BS producing 

bacteria in biodegradation efficiency of both aliphatic hydrocarbon and diesel fuel. Thus, the usage in the 

removal hydrophobic pollutants from contaminated environment. 

 

______________________________________________________________________________________ 

 

SLS-O-04 

 

THE ANTIFREEZE BIOLOGY OF SELECTED ANTARCTIC ICEFISHES 

(FAMILY: CHANNICHTHYIDAE) INHABITING THE WESTERN  

ANTARCTIC PENINSULA OF THE SOUTHERN OCEAN 

 

Luthando Madonsela 

luthando9302@gmail.com 

Student Number: 212504578  

School of Life Sciences 

Supervised by Dr Tshoanelo Miya 

 

 

Antarctic icefishes have predominantly survived freezing by evolving antifreeze proteins that reduce the 

freezing point of body fluids and non-colligatively restrict ice growth. Previously, the freeze avoidance of 

icefishes was quantified across thermal gradients by measuring antifreeze activity attributable to serum 

osmolytes, antifreeze glycoproteins (AFGPs) and antifreeze potentiating proteins to determine whether 

freeze avoidance reflected the severity of environmental temperature. As expected, species exposed to 

reduced or non-existent threats of freezing exhibited lower levels of antifreeze activity. In the present study, 

the characterisation of antifreeze glycoprotein (AFGP) isoforms of six Western Antarctic Peninsula (WAP) 

icefish inhabitants, Champsocephalus gunnari and Chaenocephalus aceratus (Snow Island, Low Island and 
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Gerlache Strait), Chaenodraco wilsoni, Cryodraco antarcticus, Chionodraco rastrospinosus and 

Pseudochaenichthys georgianus (Gerlache Strait) was accomplished. Species were collected at depths below 

150 m where warm Circumpolar Deep Water is formed. The size distribution and integrated densities 

(fluorescence intensity) of blood serum TCA-soluble AFGP isoforms was determined through 

polyacrylamide electrophoresis thereafter image analysis by ImageJ. The AFGP isoforms were grouped 

according to their molecular sizes, the larger size group (AFGPs 1-5) and the smaller (AFGPs 6 – 8). The 

AFGP profiles of both C. gunnari and C. aceratus whose AFGP profiles were compared across the three 

WAP Islands showed no significant differences (p > 0.05) in intensities between specimens with greater 

intensities observed in Snow Island than Gerlache Strait (closest to Antarctica) for both species. With the 

exception of the larger AFGPs in C. gunnari, both species maintained the same banding pattern and therefore 

suggesting that the smaller AFGPs are highly conserved through evolutionary time. A strong prevalence of 

the smaller AFGPs in the remaining four species of Gerlache Strait was observed, apart from P. georgianus 

whose AFGP profile showed no bands. These isoforms are said to contribute less to organismal freezing 

point depression, regardless of their strong intensities. In contrast, protein size heterogeneity and low AFGP 

intensities were observed in the larger isoforms. Significant variation in intensities were observed between 

species of Gerlache strait (p < 0.0001), possibly attributable to transcriptional changes influenced by 

environmental stresses. Being subjected to the warm CDW, these findings illustrate that icefishes exposed 

to minimal threats of freezing would exhibit lower levels of antifreeze intensities. Furthermore, possible 

reduction of AFGP function or a complete loss of the AFGP trait may occur in time due to global warming 

effects and/or species diversifying into ice-free environments. 

 

______________________________________________________________________________________ 

 

SLS-O-05 

 

THE DEVELOPMENT OF AN ALTERNATIVE OBESE ANIMAL MODEL  

FOR TYPE 2 DIABETES 

 

Shazia Mansoor 

211514139@stu.ukzn.ac.za 

Student Number: 211514139  

School of Life Sciences 

Supervised by Professor Shahidul Islam 

 

This study aims at developing an alternative obese rat model for type 2 diabetes that can be easily 

reproducible in any lab in the world, using the non-nutritive sweetener saccharin in conjunction with fructose 

and streptozotocin. Six-week-old male Wistar rats were randomly divided into five groups; Normal Control 

(NC), Diabetic Control (DC), Saccharin Low Dose (SACL), Saccharin Medium Dose (SACM) and Saccharin 

High Dose (SACH). The rats were given normal chow ad libitum for the duration of the experiment. For the 

first 3 weeks of the study the normal control was given water to drink ad libitum while all other groups were 

given a combination of fructose (10%) and saccharin in water. To monitor obesity, the body-mass-index 

(g/cm2) of each animal was taken weekly for the duration of the study. A BMI of >0.70 in rats is considered 

obese. When this was achieved all groups except the normal control received a single injection 

intraperitoneally of streptozotocin (40mg/kg BW) dissolved in water. The normal control received a single 

intraperitoneal injection of vehicle buffer. Animals with a blood glucose >200 mg/dl, after one week of being 

injected were considered diabetic. The non-fasting blood glucose was taken weekly to monitor the 

progression of diabetes. Once blood glucose levels were stabilised metformin was administered orally, and 

blood glucose levels were monitored. This was repeated for glibenclamide the following week. These were 

carried out to validate this type 2 diabetic, obese model. Finally, the oral glucose tolerance test was carried 

out to determine the insulin response of the animals to glucose. After sacrificing, serum insulin, HOMA-IR, 

liver glycogen and histopathology of the pancreas were carried out. 

 

______________________________________________________________________________________ 
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SLS-O-06 

 

CONSERVATION GENETICS OF MOZAMBIQUE TILAPIA IN KWAZULU-NATAL  

 

Mahlatse Fortunate Mashaphu 

fortunate.mashaphu@gmail.com 

Student Number: 217080505 

School of Life Sciences 

Supervised by Drs Sandi Willows-Munro and Gordon O’Brien  

and Professor Colleen Downs 

 

Worldwide Oreochromis spp. are used extensively for freshwater aquaculture.  In South Africa the 

Mozambique tilapia (Oreochromis mossambicus) is considered to be a suitable species for regional 

aquaculture but it is not preferred compared with the alien O. niloticus. Due primarily to the threat of 

hybridisation between these species, O. mossambicus has been listed as Near Threatened by the IUCN Red 

List. Within KwaZulu-Natal (KZN) O. mossambicus occurs in all major river systems. However, relatively 

little is known about the genetic diversity, integrity and conservation of O. mossambicus populations in the 

region. We evaluated the genetic diversity and any potential genetic contamination of ten populations of O. 

mossambicus from river catchments in KZN, using 14 microsatellite loci. Results indicate the presence of 

significant genetic variation among populations in KZN and alarmingly high levels of genetic contamination 

of native O. mossambicus with O. niloticus and O. aureus. To conserve the genetic variability in KZN, local 

populations should be considered for source stock for aquaculture and tighter controls sounds be put in place 

to prevent O. niloticus and O. aureus escaping into the wild. Conservation programmes for O. mossambicus 

should be directed to populations that are genetically uncontaminated and representative of the genetic 

variability of the species.  

 

______________________________________________________________________________________ 

 

SLS-O-07 

 

EVALUATING THE ROBUSTNESS OF SENTINEL-2 MSI’S RED-EDGE BANDS  

IN DISCRIMINATING BRAMBLE (RUBUS CUNEIFOLIUS)  

IN A SENESCENT GRASSLAND ECOSYSTEM 

 

Ayanda Mnikathi 

208522930@stu.ukzn.ac.za 

Student Number: 208522930  

School of Life Sciences 

Supervised by Professor Kevin Kirkman and Dr Mbulisi Sibanda  

 

Bramble (Rubus cuneifolius) is one of the most serious alien invasive plants in the Southern African 

grasslands costing an estimated $50.5 million worth of destruction per year. Earth observation facilities offer 

a cheap and efficient method of mapping the distribution of aggressive alien invasive plants such as bramble 

over large areas. The main objective of this study was to test the utility of red edge bands of Sentinel-2 

multispectral instrument (MSI) satellite data in mapping the distribution of bramble in a grassland ecosystem 

during the senescence stage of a grassland. Specifically, we compared the performance of all spectral bands 

(inclusive of red edge bands) in relation to selected spectral bands (exclusive of red edge bands). Four sets 

of spectral features were used as classification inputs to discriminate bramble from other land cover types. 

These were: (1) spectral wavebands, (2) normalized difference vegetation index (NDVI), (3) simple ratio 

vegetation index (SR) and (4) the combined optimal variables derived from the preceding 3 stages based on 

discriminant analysis (DA) algorithm. For all the spectral features, all spectral wavebands were compared 

with selected wavebands (exclusive of red edge) here after termed exclusive wavebands. The overall 
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classifications accuracies were 84.62% for all spectral wavebands, 87.18% for exclusive wavebands, 89.33% 

for the NDVI of all spectral wavebands, and 85.39% for NDVI derived from exclusive wavebands, 83.43% 

for SR of all spectral wavebands, and 84.57% for SR derived from exclusive wavebands. When all optimal 

wavebands were combined an overall accuracy of 85% was obtained. The most optimal wavebands in 

mapping bramble during the senescence stage of growth were bands 2, 3, 7, 11 and 12. These results 

underscore the optimal influence of Sentinel 2 MSI’s visible and the shortwave infrared (SWIR) wavebands 

in discriminating rangeland alien invasive species such as bramble during the senescing stage. 

 

______________________________________________________________________________________ 

 

SLS-O-08 

 

TAXONOMIC REVISION OF THE MEMECYLON NATALENSE SPECIES-COMPLEX  

IN SOUTHERN AFRICA 

 

Imercia Mona 

graciousmona@gmail.com 

Student Number: 210545052 

School of Life Sciences 

Supervised by Dr Syd Ramdhani and Dr Robert Stone  

 

 

Two Memecylon species (M. natalense Markgr. and M. bachmannii Engl.) were previously recognised in 

southern Africa, and three species of M. section Buxifolia as occurring in Mozambique (M. natalense, M. 

torrei and M. insulare). However, a recent nrDNA phylogeny revealed that M. natalense as previously 

circumscribed is not a monophyletic group and includes some geographically outlying populations 

warranting recognition as distinct evolutionary lineages. This study revised the “M. natalense species-

complex” including the following taxa: M. natalense sensu stricto (endemic to South Africa in KwaZulu-

Natal, Eastern Cape, Mpumalanga and Limpopo), M. incisilobum (southern Mozambique), M. nubigenum 

(southern Malawi), M. rovumense (southeastern Tanzania), M. aenigmaticum (northern Mozambique), M. 

‘kosiense’ (northeastern KwaZulu-Natal), M. ‘australissimum’ (Eastern Cape), and M. ‘soutpansbergense’ 

(Limpopo). Although M. bachmannii (Eastern Cape and KwaZulu-Natal) is morphologically distinct, it was 

also included in the present study because of recent nrDNA work indicating a close relationship with M. 

natalense. Species boundaries were investigated using phenetic and cladistic methods based on morphology. 

Phenetic analyses using the Unweighted Pair Group Method with Arithmetic Mean (UPGMA) revealed that 

M. bachmannii clustered independently, M. ‘kosiense’ clustered close to M. incisilobum, M. aenigmaticum 

clustered close to M. rovumense, and M. nubigenum clustered close to a subcluster consisting of M. natalense, 

M. ‘australissimum’ and M. ‘soutpansbergense’. The cladistic results were congruent with a previous 

molecular analysis in that M. sect. Buxifolia was monophyletic. Memecylon rovumense + M. aenigmaticum 

and M. incisilobum + M. ‘kosiense’ appeared in separate clades. Memecylon bachmannii and M. nubigenum 

were each monophyletic, while M. natalense, M. ‘australissimum’ and M. ‘soutpansbergense’ appeared in an 

unresolved polytomy. Overall, the cladistic results were in agreement with the UPGMA analysis but were 

less resolved. Vegetative and fruit morphology were found to be important for delimiting the members of the 

M. natalense species-complex. Four new species have been named and described, while a further three new 

species are proposed. Conservation status of each species is assessed according to the criteria of the IUCN. 

 

______________________________________________________________________________________ 
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DNA METHYLATION REGULATION OF INFLAMMATORY  

CYTOKINES IN TYPE 2 DIABETES MELLITUS BASED ON  

DIET-INDUCED OBESITY IN C57BL/6 MICE 

 

Velosha Naidoo 

213512780@stu.ukzn.ac.za 

213512780 
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Supervised by Dr Meenu Ghai and Dr B Nakambule 

 

 

Obesity and type 2 diabetes mellitus (T2DM) are the leading global health burdens of the 21st century. 

Obesity is characterised by chronic inflammation and has been suggested as an underlying cause in the 

development of T2DM. Environmental cues such as diet, lack of exercise and stress, can direct epigenetic 

modifications such as DNA methylation to modify gene expression affecting immunological responses. 

Therefore, the aim of this study was to examined DNA methylation and gene expression profile of pro-

inflammatory IL6 and anti-inflammatory IL10 cytokine in whole blood and neutrophils from a diet-induced 

obesity C57BL/6 mice model. Whole blood was collected from 12 low-fat diet (LFD) and high-fat diet (HFD) 

fed C57BL/6 mice at 8 and 12 weeks of age (n=3/group/age). Neutrophils were isolated from whole blood 

using magnetic cell separation. Promoter DNA methylation and gene expression of IL6 and IL10 were 

measured using bisulphite sequencing and quantitative real-time PCR respectively. Preliminary results for 

IL1RA in blood showed low expression in the LFD group at 8 weeks and overexpression in the LFD group 

at 12 weeks, whereas overexpression in the HFD group at 8 weeks and low expression in the HFD group at 

12 weeks was observed. At 8 weeks, the LFD group showed hypermethylation and the HFD group was 

hypomethylated. At 12 weeks, no differential methylation was observed as both methylated and 

unmethylated sites were seen. Hence, gene expression was inversely correlated with DNA methylation at 

early stage (8 weeks) of HFD for IL1RA in blood. If DNA methylation is found to alter inflammatory 

responses in obesity linked T2DM, due to genetic and environmental signals, it provides insight for the 

development of early detection/risk assessments and specific therapeutic targets for T2DM. 

 

______________________________________________________________________________________ 

 

SLS-O-10 

 

PURIFICATION, CHARACTERISATION AND BIOTECHNOLOGICAL APPLICATIONS  

OF AN EXTRACELLULAR FRUCTOSYLTRANSFERASE ENZYME EXTRACTED  

FROM AN INDIGENOUS COPROPHILOUS FUNGUS 

 

Jeff Ojwach 

216076931@stu.ukzn.ac.za  

Student Number: 216076931 

School of Life Sciences 

Supervised by Professor Samson Mukaratirwa 

 

The crude extracellular enzyme was partially purified 9.3-fold with a yield of 7.3 % and a specific activity 

of 2465.5 U mg-1 after a three-step procedure involving (NH4)2SO4 fractionation, dialysis and ion exchange 

chromatography. The apparent molecular weight of this enzyme was estimated by SDS-PAGE to be 

approximately 70 kDa. Zymogram analysis under non-reducing conditions showed the enzyme migrating as 

a polydisperse aggregate yielding broad band of approximately 100 kDa. The enzyme further exhibited an 

enhanced activity at a broad pH range of 4.0 – 8.0 and optimal activity at temperature range of 40 °C – 80 

°C, while the enzyme was stable at pH 8.0 and between 40 °C – 60 °C respectively. Under such conditions, 
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the enzyme remained stable retaining 95 % residual activity after incubation for 6 h. The presence of metal 

ions such as Hg2+ and Ag2+ inhibited Ftase activity while, Ca2+, Mg2+ and K+ at 1 mM activated the enzyme 

activity, with stabilisation observed with Na+, Zn2+ and Cu2+. With sucrose as the substrate, the enzyme 

kinetics fitted the Michaelis-Menten model. The Km, Vmax and kcat values were 2.076 mM, 4.717 µmole min-

1, and 4.7 min-1 respectively with a catalytic efficiency of 2.265 µmole min-1. In vito antioxidant potential of 

FOS by 1,1 - diphenyl-2-picryl hydroxyl (DPPH) assay, ferric reducing antioxidant power (FRAP) assay and 

nitric oxide (NO) radical inhibition yielded IC50 of 6.71 µg/ml, 1.76 µg/ml and IC25 of 0.27 µg/ml 

respectively. Free radical scavenging and inhibition activities showed a concentration-dependent antioxidant 

activity with no significant differences with oligosaccharide standards p < 0.01. However, vitamin C was 

significant in FRAP and NO assays. These results clearly demonstrated that indigenous coprophilous fungus 

is a potential new reservoir of salient biotechnological enzymes that can be exploited for industrial 

applications, prebiotic production as well biological applications. 

 

Keywords: Coprophilous, DPPH, FRAP, NO, partial purification, fructosyltransferase, 

fructooligosaccharides. 
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COMPARATIVE POPULATION GENETICS AND CHARACTERISATION OF 

MICROSATELLITE LOCI IN AN ANTARCTIC NOTOTHENIOID FISH  

DISTRIBUTED ACROSS THE SOUTHERN OCEAN 

Genetic diversity, population genetic structure and cross-species amplification of  

microsatellite loci in Antarctic Lepidonotothen squamifrons   
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Student Number: 213515058 
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Supervised by Dr Tshoanelo Miya 

 

The genus, Lepidonotothen belongs to the family Nototheniidae of the sub-order Notothenioidei, a group of 

acanthomorph fish and is commonly referred to as notothenioids. In terms of abundance and biomass, 

Notothenioidei fish such as Lepidonotothen squamifrons dominate the Antarctic continental shelf and upper 

slopes of the Southern Ocean. Due to insufficient phylogenetic analyses for many notothenioids, our study 

addresses the need for a molecular analysis that will resolve the taxonomic status and population structure of 

Lepidonotothen squamifrons from the Southern Ocean sectors. The overall aim of the current study was to 

re-asses the genetic structure within Lepidonotothen squamifrons populations from various localities in the 

Atlantic, Indian and Pacific Ocean sectors of the Southern Ocean. This was achieved by analysing molecular 

markers such as mitochondrial DNA cytochrome oxidase subunit I (COI) and the six microsatellite loci. 

Assessment of genetic diversity with mtDNA revealed L. squamifrons populations to be homogenous due to 

no fixed differences observed between populations from Atlantic and Pacific Oceans in COI haplotype 

genealogies and low but significant variance among-populations based on COI sequences (41.52%). 

Furthermore, the mitochondrial data revealed unclear separation between haplotypes, high haplotypic 

diversity related to low nucleotide diversity, negative values of neutrality tests, and unimodal mismatch 

distribution analysis evidenced as support to the population expansion hypothesis. On the other hand, no 

significant genetic diversity was observed on the population level from microsatellite analyses and this may 

be due to a general excess of homozygotes observed. Similar to the COI results, significantly low FST value 

of 0.18762 and significantly low variance among-populations (22.98%) were observed with microsatellite 

analyses. Bayesian model-based estimation of population structure showed a mixed probability of 

membership from the three clusters indicating a mixture among individuals from the different oceans. In 

conclusion, both genetic markers revealed similar results of low variation between populations which could 
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be a result of exposure to strong currents such as Antarctic Circumpolar Current contributing to the large-

scale dispersal of L. squamifrons larvae causing migration, gene flow and consequently homogenising the 

populations.  

 

______________________________________________________________________________________ 
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Wetlands have been heavily impacted by urbanization, agriculture, pollution and global warming and are 

now very reduced on a global scale.  Their associated species and their respective functional roles and 

ecosystem services are also declining, which will have serious consequences, particularly in terms of fresh 

water availability and quantity.  Consequently, constructed wetlands now being used by wastewater treatment 

works (WWTW) may be useful substitutes for natural wetlands, but they run the risk of accumulating 

toxicants.  As birds are frequently used as bioindicators, and WWTWs have long been used as havens by 

waterbirds, we used birds as study species to compare two clean wetlands with two wastewater treatment 

facilities between Durban and Pietermaritzburg in KwaZulu-Natal. 

 

Waterbirds were trapped using mist nets at each of the four sites and blood and feather samples were taken.  

Blood samples were used to measure haematocrit, glucose concentrations and blood counts in order to 

evaluate the overall health of the birds.  Feathers were used to measure heavy metal concentrations and 

possible bioaccumulation.  Additionally, all bird species present at each of the four sites were recorded based 

on sight and call.  Taxonomic diversity was calculated in terms of species richness, while functional diversity 

was calculated as mean pairwise distance (MPD) and mean nearest taxon distance (MNTD). 

 

Waterbirds sampled at the clean sites showed significantly higher B, Al, V, Fe, As, Cd and Se concentrations 

in their feathers than those at the wastewater sites, while only Mo concentrations were significantly higher 

in birds sampled from the wastewater sites.  Upon examining the avian blood samples, it was found that birds 

sampled from the clean sites had higher parasite loads and significantly lower haematocrit than those sampled 

from the wastewater sites.  This may be due to the quality of the water at each site, as water at the WWTWs 

is treated with chemicals to eradicate harmful pathogens, while natural wetlands provide good habitats for 

pathogens, and thus will infect more birds at the clean sites.  Therefore, based on blood tests and metal 

accumulation, birds at WWTWs were healthier than the birds from the clean natural wetlands. 

 

Neither taxonomic nor functional diversity was dependent on site type (i.e. clean water or wastewater).  

Factors found to be important drivers of bird diversity in this case were the degree of urbanization and habitat 

heterogeneity.  In terms of waterbird diversity, the areas of the water sources and the complexity of the 

shorelines were important drivers of diversity.  Therefore, if built bearing these factors in mind, constructed 

wetlands that maximize biodiversity may be efficient alternatives for natural wetlands.  Coupled with the 

results of the blood and feather analysis, there is strong evidence that well designed WWTW wetlands may 

be useful in terms of preserving healthy, diverse wetland ecosystems. 

 

______________________________________________________________________________________ 
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DESIGN OF (PHENOXY)IMINE PALLADIUM COMPLEXES AS HOMOGENEOUS AND 

IMMOBILISED CATALYSTS FOR METHOXYCARBONYLATION OF OLEFINS 

 

Saphan Akiri 
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Student Number: 216075968 

School of Chemistry and Physics 

Supervised by Professor Stephen Ojwach  

 

Schiff bases (2-phenyl-2-((3(triethoxysilyl)propyl)imino)ethanol) (L1) and (4-methyl-2-

((3(triethoxysilyl)propyl)imino)methyl)phenol ) (L2 ), and immobilised ligands L1-MCM-41 (L3), and L2-

MCM-41 (L4) were synthesised. The synthesised ligands were further reacted with palladium(II) acetate and 

palladium acetonitrile dichloride to synthesise complexes [Pd (L1)2] (C1), [Pd (L2)2] (C2), [Pd (L1)(Cl2)] 

(C3), [Pd (L2)(Cl2)] (C4). The immobilised complexes, [Pd (L1)2]-MCM 41] (C5) and [Pd (L2)2]-MCM 

41(C6) were prepared through convergent synthetic route while [Pd (L1)(Cl2)]-MCM 41] (C7) and [Pd 

(L2)(Cl2)]-MCM 41] (C8) were synthesised via sequential route. Complexes C1-C4 were characterised 

using 1H nuclear magnetic resonance (NMR) and 13C NMR, Fourier transform infrared spectroscopy (FT-

IR), mass spectrometry and elemental analysis, while C5-C8 were characterised using FT-IR, Scanning 

electron microscopy (SEM), energy-dispersive X-ray spectroscopy (EDX), transmission electron microscopy 

(TEM) and thermogravimetric analysis (TGA).  

 

Generally, all the homogeneous and immobilised catalysts showed catalytic activities from 59% to 85% 

under similar reaction conditions. The immobilised systems showed less catalytic activities than their 

respective homogeneous systems. The structures of the complexes played a role in their catalytic activities 

as the bischelated complexes C1, C2, C5 and C6 showed significantly higher activities than their 

corresponding monochelated C3, C4, C7 and C8. However, the structures of the complexes did not have 

significant effects on the selectivity of the products formed. Nature of the olefin used also affected the 

catalytic activities since the reactivities decreased with increase in the olefinic chain length while reaction 

conditions such as temperature, catalyst concentration, time, and carbon monoxide pressure also had 

profound effect on activity. However, they did not have effect on selectivity apart from the reaction time. 

Different solvent combinations displayed effects on catalytic activity as a combination of methanol and 

toluene resulted in the highest catalytic activity whereas a combination of methanol and dimethylformamide 

gave no activity. Acid promoters contributed significantly in the activities of the complexes; while 

hydrochloric acid gave the highest catalytic activities in the homogeneous systems, there was no activity 

observed for the immobilised catalysts. The type of phosphine group also influenced both the catalytic 

activity and regioselectivity in the methoxycarbonylation reactions. The immobilised catalysts were recycled 

up to four times without loss of appreciable catalytic activity while hot filtration showed insignificant 

catalytic activity of the filtrate indicating lack leaching. The analysis of the spent catalyst using TEM, SEM 

and EDX showed slight changes in the morphology of the catalysts. 
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NANO-ENGINEERED PULSED LASER DEPOSITION OF  

TRANSPARENT CONDUCTIVE ALUMINIUM DOPED ZINC OXIDE 
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Student Number: 217080622 
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Supervised by Dr Mathew Moodley 

 

Pulsed Laser deposition was used to grow aluminium doped zinc oxide thin films for solar cells applications. 

Thin films of aluminium doped zinc oxide is known to be transparent and conductive. The electrical and 

optical properties of the films are shown to strongly depend on the deposition parameters such as argon gas 

pressure, laser power density and deposition temperature. We aim to establish optimal deposition parameters 

and in doing so, the thin films where characterised by SEM, PL, UV-VIS and 4 point probe. We report on 

the results. 

 

Keywords: PLD, LCVD, Thin film, Solar Cell. 
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The world of today is faced with unnerving drug resistance in all therapeutic areas and a consequential 

menace to; effective clinical practice, public health and man’s existence. Therefore, the stern search light of 

synthetic and medicinal chemists has been focused on the development of new pharmacological agents with 

improved activity profile to contain the global threat. In this regard, molecular hybridisation is a versatile 

technique employed in the development of new molecules with improved biological potency due to their 

recognisability by multiple receptors. In the present study, a series of quinoline – 1,2,3-triazoles conjugates 

were synthesised using copper catalysed azide-alkyne Huisgen cycloaddition reaction with excellent yields. 

Structural elucidation and characterisation of synthesised conjugates was achieved via NMR spectroscopy 

(1H, 13C and 2D NMR) and HRMS. 

 

Keywords: Drug resistance, Molecular hybridisation, Quinoline, 1,2,3-triazole, Huisgen cycloaddition 
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CATION-FLUORINATED IONIC LIQUIDS: SYNTHESIS, PHYSICOCHEMICAL PROPERTIES 

AND COMPARISON WITH NON-FLUORINATED ANALOGUES  
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Supervised by Professors Bice Martincigh and Annegret Stark 

 

Fluorinated ionic liquids (FILs) containing a tridecafluoro-octyl group in imidazolium, pyridinium or 

pyrrolidinium cations with iodide anions were synthesised and compared with their non-fluorinated 

analogues.  Furthermore, fluorinated and non-fluorinated ionic liquids with different anions, i.e., 

bis(trifluoromethanesulfonyl)imide ([NTf2]
¯), trifluoromethane sulfonate ([OTf]¯) or acetate ([OAc]¯) were 

then prepared in excellent yield and purity by anion exchange of iodide anion-based precursors either in 

aqueous solution or by anion exchange resin.  All ionic liquids were characterised by means of nuclear 

magnetic resonance, Fourier-transform infrared spectroscopies and thermogravimetric analysis (TGA).   

 

Physicochemical properties such as density, viscosity and refractive index were determined over a range of 

temperatures.  These properties decreased with increase in temperature.  Ionic liquids based on the [OAc]¯ 

anion had greater viscosity and refractive index than [NTf2]
¯ based ionic liquids, while the opposite trend 

was observed for their densities.  Thermal stability of the ionic liquids increased in the order: [OAc]¯ < I¯ < 

[OTf]¯ < [NTf2]
¯.  FILs possessed higher density and viscosity but lower refractive index and thermal stability 

than non-fluorinated analogues.  The electronegativity and size of the fluorine atoms in the fluoro-alkyl chain 

was proposed to cause the differences in properties of the FILs compared with their non-fluorinated 

analogues.  Thus, fluoro-alkylation is an effective means of designing the physicochemical properties of 

ionic liquids. 
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Transparent conducting substrates are critical components in the fabrication of photovoltaic devices. These 

substrates should possess high transparency for maximum light absorption and high conductivity to minimise 

ohmic loss. This study explores the use of bacterial cellulose incorporated with silver nanowires (AgNWs) 

for the fabrication of flexible films to replace conventional transparent and conductive substrates in 

photovoltaic devices. The AgNWs are formed via a typical nucleation process using the polyol method [1]. 

The synthesised nanowires were characterised using EDX, SEM, TEM and XRD spectroscopy which 

confirmed nanowire formation. Bacterial cellulose (BC) was grown in a modified Hestrin and Shramm 

medium together with a preformed symbiotic culture of bacteria and yeast (SCOBY). Structurally, cellulose 

is a polymer made of repeating cellobiose units (Figure 1) and is recognised for its superior tensile strength 

compared to plant-based cellulose [2]. Bacterial cellulose grows as layered sheets of cellulose and once 

formed, the BC was pressed and dried into thin flexible sheets. The compression of these layers is expected 

to produce a film of sufficient mechanical durability to withstand photovoltaic applications. Spin coating 
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AgNWs onto the surface of the pressed BC films will render the surface conductive. It is anticipated that the 

AgNWs spin coated onto the surface of the BC films will serve as appropriate and flexible replacements for 

indium/fluoride doped tin oxide coated glass substrates in solar cells. 

 

 

Figure 1: Molecular structure of a cellulose polymer where the cellobiose is the smallest repeating unit in the 

polymer [2]. 

 
References: 

[1] Y. Sun and Y.N. Xia, Large-scale synthesis of uniform silver nanowires through a soft, self-seeding polyol process, Advanced 

Materials, 2002, 14, 833-836. 

[2] D. Klemm, F. Kramer, S. Moritz, T. Lindström, M. Ankerfors, D. Gray and A. Dorris, Nanocelluloses: A New Family of 

Nature-Based Materials, Angewandte Chemie International Edition, 2011, 50, 5438-5466. 
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Ultrasonic extraction method followed by solid phase extraction has been developed and applied for 

simultaneous analysis of five most commonly used triazine pesticides.  The analysis were conducted using 

LC-UV-PDA which was first optimised to improve the limit of quantification and detection. The extraction 

parameters that affect the recovery of analytes were for SPE and UE were optimised. The SPE optimised 

parameters were: conditioning solvent and sample volume. The UE optimised parameters were: extraction 

solvent, volume of extraction solvent and the extraction time. The method validation was performed using 

the analytes spiked distilled water and soil sample.  The recoveries obtained were107 - 111 % and 72 - 100% 

for SPE and UE respectively. The limits of detection (LOD) and limits of quantification (LOQ) obtained for 

SPE ranged between 0.001 -0.008µg/L and 0.005 – 0.01µg/L, respectively.  For UE the LOD and LOQ 

ranged between 0.0008-0.001mg/kg and 0.002 – 0.01mg/kg, respectively.  A good precision with a relative 

standard (RSD) less than 10% in all compounds was achieved. The developed and validated method was 

then applied to sludge, sediment and soil samples from around Kwazulu-Natal. The concentration obtained 

were 1 – 3mg/Kg in sludge, 0.1 – 1g/Kg in sediment samples and 1mg/Kg in soil samples. The most dominant 

triazine was found to be simazine. The concentrations were found to be below the Maximum Residual Limits 

(MRLs). 
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Magnetoelectric multiferroics, specifically BiFeO3 (BFO), is studied because of its large polarization and 

strong magnetoelectric coupling – a phenomenon inducing magnetisation by application of an external 

electric field and vice versa which provides an additional degree of freedom in the design of potential data 

storage and sensing devices [Desoky et al., Yahia et al. and Wang et al.]. Single phase BFO is a compound 

with coexisting ferroelectricity and anti-ferromagnetism at room temperature which is attractive as it is rare 

because atomic level mechanisms driving ferromagnetism and ferroelectricity are mutually exclusive as they 

require empty and partially filled transition metal orbits, respectively [Wang et al.]. This apparent 

incompatibility can be overcome in materials such as BFO as it is a rhombohedrally distorted perovskite 

(ABO3) oxide where A and B site cations are sources of ferroelectricity and magnetism, respectively [Naik 

et al.]. Furthermore, BFO belongs to the R3c space group, has a higher ferroelectric Curie temperature of 

∼1100 K and an anti-ferromagnetic Néel temperature of ∼643 K [Desoky et al.]. 

 

Some barriers in the applications of BFO are the impurities, its antiferromagnetic nature and the high leakage 

current due to the existence of Fe2+ ions and high density of oxygen vacancies further due to preferred 

evaporation of Bi3+, Fe2+ and Fe3+ during materials sintering [Liu et al]. 

 

In order to overcome the barriers described above, the doping method was considered the best way to enhance 

the multiferroic property [Desoky et al.]. It has been found that above the Néel temperature of pure BFO a 

large enhancement in magnetisation is observed in Ba doped samples; that magnetoelectric coupling also 

increases due to Ba substitution and substitution with Ba2+ ions improved the ferroelectric polarization. 

Several researchers have prepared doped BFO samples by using the conventional solid-state method and 

have employed X-ray diffraction (XRD) techniques to study these samples.  

 

We are the first to report measurements of the hyperfine parameters of Ba doped BFO with emission 

Mössbauer spectroscopy. In this context, the employment of the eMS technique in thin films of Ba-doped 

BFO is interesting for its high sensitivity to detect hyperfine electromagnetic fields also around the Néel 

Temperature. The nuclear probe 57Mn has been chosen due to its suitable nuclear properties and half-life.  

 

Ba substituted BiFeO3 (Ba:BFO) samples with a Ba content of 15% have been prepared by pulsed laser 

deposition from a target with 20% Bismuth excess. The magnetic properties of a 94 nm thick Ba:BFO sample 

has been analysed using emission Mössbauer spectroscopy. The obtained data is currently being analysed 

using the software program Vinda (Gunnlaugsson, H.P., 2008–2009, personal communication) which will 

be presented.  
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In the recent years a large amount of researchers have focused on understanding the failures of transformers 

and oil-filled apparatus. These failures have been linked to the formation of copper sulphide from the reaction 

of Dibenzyl disulphide (DBDS) with the copper windings. [1].  

 

Our research studies aimed to further understand the formation mechanism initially proposed by Tanimura 

et al [2]. Due to the uniqueness of not being able to track the corrosion in a transformer we decided to 

implement our testing in a running transformer. We determined an improvement to the reaction mechanism 

equation that relates to a running transformer. We also analysed the reaction mechanism through 

computational techniques, density functional theory (DFT), to determine if there was a correlation between 

our experimental and computational results. Our research also focused on the interaction of copper sulphide 

on various copper surfaces. This interaction represents the corrosion of the copper windings. First principles 

calculations based on CASTEP and DMOL3 modules were used to optimise the copper bulk structure and 

the copper surface. The energetic and electronic properties of the lowest interaction configurations were 

analysed.  

 
[1] Lewand L R, The role of corrosive sulphur transformers and transformer oil, Proc 69th Annual Int Conf Doble Clients (Doble 

Engineering, Boston) 2002. 

 

[2] Tanimura J, Toyama S, Kawarain H, Mizuno K, Hosokawa, Kato F & Amimoto T, Development of diagnostics to estimate the 

risk of copper sulfide formation for transformers, Proc 77th Int conf Doble Client ( Doble Engineering, Boston) 2010. 
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Anti-tumour activity of Pd(II) complexes have been demonstrated with some of them showing better activity 

than its wonderful analogous Pt(II) drugs. It is known that the lability of Pd(II) is 10-3–10-5 faster than Pt(II). 

The use of Pd(II) complexes as anticancer drugs was compromised due to serious side effects caused by rapid 

hydrolysis of the leaving group hence unable to reach its pharmacological targets. The challenge remains to 

find ligands that can stabilise Pd-centre to design thermodynamically stable and kinetically inert complexes 

that betters its potential as antitumour agent. There is need to understand the kinetic and thermodynamic 

behaviour of these complexes with biomolecules having sulphur in relation to medical and DNA to design 

drugs. Most of the kinetics on Pd(II) complexes have been done by Burgačić et al. involving bulky bio-
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nucleophiles. Less bulky thiourea based nucleophiles have not been systematically investigated. Studies have 

shown that six-membered chelates with methylene spacer groups reduced the reactivity of Pt(II). Based on 

this knowledge, the role of imino spacer group in six-membered chelate is explored with the main objective 

of controlling the reactivity of their Pd(II) complexes. Therefore, the rate of chloride substitution of 1,3-

bis(2-pyridylimino)isoindoline palladium(II) chloride (Pd1), 1,3-bis(4-methyl-2-pyridylimino)isoindoline 

palladium(II) chloride (Pd2), 1,3-bis(2-pyridylimino)benz(f)isoindoline palladium(II) chloride (Pd3) and 

1,3-bis(1-isoquinolylimino)isoindoline palladium(II) chloride (Pd4) by thiourea nucleophiles viz; thiourea, 

N,N-dimethylthiourea and N,N,N,N-tetramethylthiourea was investigated. The reactions were done under 

pseudo-first-order conditions using stopped-flow spectrometric, Uv/visible and 1H-NMR techniques. The 

reactions proceeded via two consecutive steps as shown in the diagram obeying the rate law kobs(1/2) = 

k(1/2)[Nu]. The reactivity followed the order Pd1>Pd2> Pd3˃Pd4 with Pd4 being the most stable, makes it 

a suitable candidate for biological applications. The reactivities of Pd1, Pd2 and Pd3 are majorly influenced 

by electronic effects while that of Pd4 is mainly determined by steric effects. Trans-benzannulation and cis-

benzannulation causes electronic and steric influences respectively, while the cis-methylation influences the 

reactivity through both factors. The reactivity trend is contrary to the increasing extended π-conjugation. The 

DFT calculations was performed to give insights into the experimental results and the data shows that 

alkylation and benzannulation successively destabilises the HOMO energy which supports the reactivity 

trend. 
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Vachellia xanthophloea, formerly Acacia xanthophloea (Benth.) P.J.H. Hurter (Fabaceae) is known in Zulu 

as umkhanyagude (to be bright or to shine), apparently due to the iconic bright yellow-green colouration of 

its bark, which appears powdery in some locations, and has long been associated with malaria. Before the 

cause of malaria was understood, early discoverers thought that the tree caused malaria because people living 

and/or travelling in areas where the trees grow usually ended up with fever and thus named it ‘the fever tree’. 

An ethnobotanical literature survey and interview with traditional healers in KwaZulu-Natal province of 

South Africa indicated that V. xanthophloea, is used as an antimalarial remedy in Zulu folk medicine. 

Moderate antiplasmodial activity was previously reported for the leaf and stem bark extracts of V. 

xanthophloea against D10 Plasmodium falciparum strain. The aim of this study was to identify the 

phytochemicals responsible for the antiplasmodial activity of V. xanthophloea leaf extract and to further 

confirm the efficacy of the extract against P. falciparum. The bioactive compounds in the leaf extract of V. 

xanthophloea were isolated using classical column chromatographic techniques. The structures of the 

phytoconstituents were established using UV and NMR spectroscopic techniques as well as GC-MS analysis 

and mass spectrometry. Antiplasmodial activity of V. xanthophloea leaf extract and isolated compounds 

against chloroquine sensitive 3D7 P. falciparum was evaluated using the parasite lactate dehydrogenase 

assay. While the cytotoxicity of the active extracts against human cervical adenocarcinoma (HeLa) and Vero 

cells was determined using the resazurin based reagent and reading resorufin fluorescence in a Spectramax 

M3 microplate reader. The ethyl acetate leaf extract of V. xanthophloea displayed moderate in vitro 

antiplasmodial activity with IC50 = 10.6 µg/mL and was not cytotoxic at 33 µg/mL. Chromatographic 

purification of V. xanthophloea ethyl acetate leaf extract afforded eight flavonoids; apigenin, kaempferol, 

catechin, quercetin, quercetin-3-methyl ether, quercetin-3,3'-dimethyl ether, quercetin-3,3',4'-trimethyl ether 

and taxifolin. In addition, a mixture of phytol and lupeol was isolated from the hexane fraction. The quercetin 
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methyl ethers and kaempferol displayed moderate to weak antiplasmodial activity, with quercetin-3,3',4'-

trimethyl ether showing the best activity (IC50 = 4.6 µg/mL). The folkloric use of V. xanthophloea as an 

antimalarial remedy could be associated with the flavonoids present in the plant.  
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Bimetallic nanocomposites were successfully synthesised by co-reduction method, which were later used to 

fabricate solution processed thin film perovskite and polymer solar cells. The incorporation of the narrow 

bandgap metal nanoparticles, at various layers of the device structures, has assisted to improve the collection 

of photo-generated current. The synthesised particles were used as hole transport layer, electron transport 

layer or/and in the photoactive medium of the devices to investigate their effect on solar cell performances. 

The nano-particles were characterised in terms of optical, electrical and morphological properties using UV-

Visible, Photoluminescence (PL), X-ray diffraction (XRD), High resolution transmission electron 

microscopy HRTEM), High resolution scanning electron microscopy (HRSEM), etc. The experimental 

evidences suggest that bimetallic nanoparticles have significantly improved the power conversion efficiency 

of the solar cells by 24% for thin film perovskite and by 34% for polymer based solar cell due to mainly the 

surface plasmon resonance effects. 
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Hypoxoside [(E)-1,5-bis(4'-β-D-glucopyranosyloxy-3'-hydroxyphenyl)pent-1-en-4-yne] is a major 

glucoside that can be isolated from Hypoxis hemerocallidea Fisch., C.A. Mey. & Avé-Lall, a plant commonly 

known as the African potato. Hydrolysis of hypoxoside by the enzyme β-glucosidase afforded its biologically 

active aglycone, rooperol [(E)-1,5-bis(3',4'-dihydroxyphenyl)pent-1-en-4-yne] that is believed to be 

responsible for the health benefits of the plant[1]. In this investigation, both hypoxoside and rooperol were 

characterised by extensive NMR studies. The reaction of rooperol with the main biological oxidant produced 

by human innate defences during oxidative burst, namely hypochlorous acid (HOCl), was investigated. 

Rooperol was attained through enzymatic digestion of hypoxoside that was isolated from the African potato 

plant[2] and was then directly reacted with HOCl in aqueous media under physiological pH conditions. The 
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accumulated data showed evidence for the reaction of a catechol moiety of rooperol with HOCl and suggested 

a 1-electron oxidation mechanism. HOCl oxidises rooperol to an ortho-quinone via a semiquinone radical 

intermediate on the 3' and 4' catechol positions[3]. The pent-4-en-1-yne chain linking the two catechol 

moieties of rooperol did not react with HOCl but possibly afforded resonance structures of the semiquinone 

radical intermediate resulting in enhanced stability and higher antioxidant ability of rooperol. The 

decomposition of the semiquinone radical is relatively slow with a second order rate constant (K2) of 1.4218 

(±0.0000051) M-1s-1. Furthermore, kinetic measurements for the formation of an ortho-quinone product also 

showed a slow rate of reaction (K2 of 1.9261 (±0.000012)) M-1s-1, suggesting a reasonable stability of the 

semiquinone radical intermediate.   

 
References: 

1. Laporta, O., et al., Isolation, characterisation and antioxidant capacity assessment of the bioactive compounds derived from 

Hypoxis rooperi corm extract (African potato). Food Chemistry, 2007. 101(4): p. 1425-1437. 

2. Drewes, S.E., et al., Isolation of hypoxoside from Hypoxis rooperi and synthesis of (E)-1,5-bis(3′,4′-dimethoxyphenyl)pent-4-en-

1-yne. Phytochemistry, 1984. 23(6): p. 1313-1316. 

3. Van Der Merwe, M.J., et al., Interaction of the di-catechols rooperol and nordihydroguaiaretic acid with oxidative systems in 

the human blood: A structure-activity relationship. Biochemical pharmacology, 1993. 45(2): p. 303-311. 
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Broadband power line communication (PLC) has attracted attention by promising very high data rates along 

with ubiquitous network providing connectivity points in the houses and buildings connected to the grid in 

the most cost effective way such that no extra costs of installations are incurred. However, since broadband 

PLC occupies a very limited frequency band, it is forced to coexist with numerous powerful licensed 

communication systems transmitting in the same band. The interference caused by these systems may 

complicate or even block data transmission in the power line network channel. In literature, there is a 

considerable amount of work regarding narrowband interference (NBI) suppression. Most of the proposed 

methods, which can be classified as NBI avoidance and NBI cancellation techniques, require interference 

statistics. In this paper, we perform measurements in the frequency band of 1 - 100 MHz with an aim to 

identify and evaluate NBI levels above the power line network noise floor by assuming some preliminary 

information about the possible sources of NBI. 
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Within the agricultural sector, irrigation is the largest consumer of electricity. South Africa has also 

experienced load shedding and increases in electricity tariffs which has negatively impacted some farmers. 

There is a lack of information in South Africa on the design, implementation and the limitations with the 

design of a solar-powered irrigation system (SPIS). There is a need to develop a model or tool that can assist 

in designing a low-cost SPIS in South Africa. 

 

The work reported in this paper outlines the development of a model, using Microsoft Excel and Visual Basic 

Application (VBA), to determine a most suitable or optimal low-cost SPIS for given conditions of climate, 

crops, soils and topography. CLIMWAT and CROPWAT are used to determine the crop water requirements 

which will be used in the model. Solar radiation data is obtained on the NASA Predication of Worldwide 

Energy Resources and this information is obtained by the model through html coding on VBA. The equations 

used to design a SPIS are placed in Excel and VBA is used to make the model user friendly.  From literature, 

the most common SPIS configurations and the design processes of each type of configuration was 

determined. These systems include the direct coupled system, the battery coupled system and direct coupled 

system with a storage water tank. The hydraulic power requirement for the pump is produced where the 

model is able to select an appropriate pump type and size. The electrical power requirement is also 

determined by the model, which then selects the appropriate size and number of photovoltaic solar panels. 

  

The model provides sizing of the battery package system for the battery-coupled configuration and also 

provides sizing of the storage water tank for the direct-coupled system with a water tank. A model to design 

different configurations of SPIS for South Africa has been developed and from here the costs can be 

estimated. 
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Use of the vertical plane for food production may provide a solution to future food security concerns caused 

by environmental damage, unpredictable climatic conditions and competition for land resources, amongst 

others. Currently, there exists a gap in literature on the scientific assessment of vertical farming structures 

against field farming. 

 

Therefore, the aim of this research is to assess the performance of hydroponic vertical structures compared 

to field farming. The objectives are to design and construct vertical hydroponic structures, to quantify the 

difference in biometric attributes for plants grown in soil and those grown in vertical hydroponic structures 

and to compare the agricultural productivity of the two growing methods. 

 

These objectives will be met by conducting research using a factorial experimental design. There will be 

three factors, each executed at two levels. The factors will be the growing method (vertical hydroponic vs 

horizontal soil), light provision (natural vs LED grow lights) and nutrient solution concentration (two 

different concentrations). The combination of these factors will result in the administration of eight 

treatments to the plants. The treatments will be administered randomly. There will be three replications of 

the treatments.  Plant biometric variables, such as weight, leaf length and width, plant height and leaf count, 

will be measured during the growing period. These attributes will be used to derive the  leaf area index, leaf 

area ratio, absolute growth, relative growth, crop growth and net assimilation rates to assess the degree to 

which growing plants in vertical hydroponic structures differs to soil growth.  Partial factor productivity, in 

the form of labour-, energy-, and land productivity, will be used to assess the agricultural productivity of the 

different growing methods. 
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Concentration methods, such as evaporation [1], freezing [2], and membrane processes [3], are reported for 

juice production, with the most common method being evaporation method. The high demand of this method 

to the thermal energy needed for the evaporation process as well as the reduction of the quality of 

temperature-sensitive materials are among the disadvantages of this technology. For temperature sensitive 

materials, membrane and freezing techniques appear to be desirable, however, each of these methods has its 

own unique disadvantages [4]. Hydrate technology is an expanding technology available for various 
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purposes, including capture of greenhouse gases, oil and gas transmissions, and recent uses recommended 

for food industry concentrations.  

 

In this research study, gas hydrate technology is considered for the concentration of sugar cane juice, as 

literature and previous work has shown the possibility of concentrating these solutions at temperatures above 

the freezing point of water and the possibility in overcoming the energy constraints. Furthermore, a high-

quality product can also be achieved as the minerals are not removed, nor product degraded since the high 

temperature operation as in evaporation, is avoided. In order to perform this research, a new gas hydrate pilot 

rig was designed, built and commissioned in the Thermodynamic research unit (TRU). The volume of the 

reactor is 750 ml, which allows for kinetic experiments. The most important aspect of this new device is the 

ability to sample the concentrated liquid, which forms due to the physical reaction of hydrate formation 

within the reactor. Several thermodynamic, kinetic and sampling experiments have been carried out. The 

effect of various parameters such as temperature, pressure, time, mixer speed, and hydrate dissociation 

measurements for the sugar solution were investigated. In the final part of this study, using the kinetic data 

generated, a preliminary process design and feasibility analysis will be presented.  
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In order to design and optimise the separation technologies based on absorption method, accurate vapour-

liquid equilibrium (VLE) data obtained through reliable experimental apparatus are required. To this end, a 

“static-synthetic” experimental setup was designed and commissioned. The novel design of the equilibrium 

cell consists of a sapphire tube sealed with o-rings between two stainless steel (SS) 316 L flanges. The bottom 

flange of the equilibrium cell was tapered (similar to a weld-neck flange). The resultant cavity in the bottom 

flange increases the total capacity of the equilibrium cell (volume of 36.29 cm3). Apart from increasing the 

total capacity of the equilibrium cell, the tapered flange allows for a notable displacement of the liquid level 

within the sapphire tube due to its smaller internal diameter. A depth gauge was designed to allow for an 

accurate measurement (± 0.4 mm) of the liquid level, thus enabling the volume of equilibrium phases to be 

determined. The experimental method was validated by measuring the CO2 solubility in pure solvents, viz., 

hexane, NMP and BMIM[BF4]. Excellent agreement was obtained between the measured data and that 

reported in literature. New solubility data was measured for CO2 in hybrid solvents with different mass 

compositions (10%, 25% and 50%) of BMIM[BF4] at temperatures of 298.15, 313.15 and 323.15 K and in 

the pressure range of 1 to 20 bar. The viscosity, density and vapour pressure for the NMP + BMIM[BF4] 

mixtures were also measured. Depending on the temperature, pressure and composition of solvents, the 
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solubility of CO2 in hybrid solvents reveals a decrease of 5% to 25% in comparison to the pure solvents. 

Meanwhile, the addition of NMP to BMIM[BF4], to make a mixture with 74% of ionic liquid reduces the 

viscosity by approximately 70% which supports the use of BMIM[BF4] for such applications. Furthermore, 

the loss of solvent and its volatility were decreased when hybrid solvents were used instead of pure NMP.  
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In PV power generation, optimal utilisation of the available solar energy has to be ensured due to the high 

cost of modules. The capital cost of the entire system is still enormous and module efficiency is not sufficient, 

therefore, it is of utmost importance to extract the maximum power from modules in order to achieve an 

overall system performance. As a result, it is expedient an accurate and reliable modelling and simulation of 

PV systems be designed for better device efficiency and performance prior implementation or installation. 

Since field tests are long term, costly and highly dependent on climatic conditions, it is necessary to define 

a simulation-based model that allows adequate inclusion of the shading or mismatch effects. This paper 

presents a Matlab-Simulink-based PV module using two-diode model that takes into account recombination 

losses, as a result, improves the accuracy of the electrical characteristics of the model compared to its 

counterpart one-diode model. The electrical parameters such as series resistance, parallel resistance and 

ideality factor are important parameters that affect the performance of a PV module. These parameters are 

estimated with the help of a simple iterative matching algorithm. The electrical equivalent circuit of two-

diode model of PV cell is known to comprise improved accuracy at low irradiation levels, which helps us for 

more accurate prediction of PV system performance under different environmental conditions when 

compared to manufacturer datasheet. The simulation results that are obtained by MATLAB/Simulink are 

validated with experimental data of a commercial PV module, using different PV technologies such as 

multicrystalline and monocrystalline, supplied by the manufacturer. It is envisaged that this work can be 

useful for professionals who require a simple and accurate PV simulator for their design. Since Partial 

shading is an important factor that affects the PV module output power, it poses the need to evaluate the 

module performance under these conditions. More so, to reduce losses due to partial shading, bypassed diode 

are typically used. A bypass diode is inserted in parallel to each module to divert the current away if shading 

occurs in order to avoid the output power being significantly reduced and generation of hot spot, which cause 

damage to the cells.  However, the module behaviour will then be more complex because the bypassed diode 

can help save the operation of the unshaded solar cells and therefore introduce another power peak in the 

lower voltage region under the conditions of partial shading. Therefore, it is essential to predict the maximum 

power point under conditions of partial shading [1],[2].    

Keywords: Photovoltaic modelling, partial shading, mismatch, bypass diode, two-diode model, 

Matlab/Simulink. 
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The poultry industry in South Africa generates about 230 million kg of waste chicken feathers per annum 

most of which is disposed of by landfilling or combustion.  Such disposal methods are not environmentally 

friendly. Considering that feathers are an abundant source of keratin source methods for beneficiation of this 

organic waste rich in keratin are needed.  Chicken feathers are comprised of 91% keratin, it is plausible that 

the feathers keratin can be exploited for application in several fields. Keratin possesses excellent properties, 

doesn’t contain any harmful chemicals, is compatible to apply or use on hair and human skin, and can be 

used in various applications including cosmetics, shampoos, conditioners, and the health sector. Research 

indicates that there is a need for biopolymers as many fields rely on petroleum-based polymers which tend 

to have biocompatibility limits, negative environmental impact, and are unsustainably resourced. This work 

aims to extract keratin from waste chicken feathers via chemical extraction and convert it into keratin 

nanofibers via electrospinning. The final product from this work can be used in biomedical applications such 

as wound dressing material. The ongoing characterisations of the extracted samples from waste chicken 

feathers has already confirmed the presence of protein in the samples. The next stage is converting the 

extracted keratin to keratin nanofibres.  

Keywords: Regenerated keratin, keratin, waste chicken feathers, keratin nanofibres. 
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Fossil fired thermal power plants auxiliary systems comprise unit and station services systems, where a unit 

comprise one boiler, one turbine, one generator, one generator step up transformer, and all associated 

auxiliaries operating together as one unit. Unitised auxiliary systems serve the respective power generating 

units, and result in direct loss of power generating capability of the unit when unit auxiliary power supply is 

interrupted [1]. Electrically driven auxiliaries are preferred over steam driven auxiliaries for both essential 

and non-essential systems because of convenience, cleanliness in operation and adaptability to automatic and 

remote control [1] [2]. Majority of electrically driven auxiliary systems of more than 90% utilises direct on-

line squirrel cage induction motors, comprising fans, pumps and mills [3].  

 

South African power generating plants comprise two sets of boiler auxiliary systems to support availability 

of the boiler plant [4]. One set of boiler auxiliary systems enables the unit to produce half of the unit 
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generating capacity. Interruption of power supply to one of the boiler boards result in 50% reduction of unit 

capability to generate power. Reduction in power generating capability of a unit is as a result of loss of boiler 

draught group system and or primary air system in the boiler furnace; however unit capability is restored to 

80% – 90% of maximum unit output power upon power reinstatement using a tie breaker between the 

respective boiler boards [4].  

 

The research focusses on the design of bus transfer system, and investigates the feasibility of utilising the 

bus transfer system to transfer boiler draught group drives and primary air system loads when power supply 

is lost to a heathy alternative power supply in order to maintain maximum unit power generating capability 

when power supply is lost on the main supply. Research results are presented, and recommendations made. 
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Engineering, Volume: 64, Issue: 11, pp 741 – 745 
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Engineers, Volume: 51, Issue, pp 329 - 330 

[3] J. Buchta, “Transient states simulation in power plant auxiliary electrical system”, IEEE Electrical Power & Energy 
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[4] P. Smit and G. Coetzee, "Power station electrical plant-auxiliary power system training manual," Eskom Generation Group, 

2008 

 

______________________________________________________________________________________ 

 

SE-O-9 

 

EVALUATION OF THE SEED STORAGE FACILITY WITH REGARD TO  

PRESERVING SEED MOISTURE, VIGOUR AND GERMINATION  

 

Siphiwe Mdlalose 

212507560@stu.ukzn.ac.za  

Student Number: 212507560 

School of Engineering 

Supervised by Professor Tilahun Workneh 

 

 

The performance of a solar energy-assisted seed storage room was evaluated. The structure was made of a 

solar collector, which was responsible for heating the ambient air before entering the structure, the chimney. 

The chimney was responsible for circulating air inside the structure and inlets, for allowing heated air into 

the structure. An ordinary 22 m3 room was retrofitted with a solar collector, inlets and a chimney. To compare 

the performance of this modified storage room, a room with a similar capacity and without the retrofitted 

components (control storage room) was used. Twelve 8 kg bags of maize were stored in each storage room 

for a period of three months. Samples were taken every two weeks to determine germination, moisture 

content and seed vigour. The temperature and relative humidity were measured during storage, at the inlet, 

centre and outlet of the storage facility. The relative humidity in the control storage was significantly higher 

(P≤0.05) (60.6 ± 5.87%) than in the modified storage (40.1 ± 3.21%) during the day. However, at night, the 

relative humidity in the control storage room was significantly lower (P≤0.05) (58.5 ± 7.32%) than in the 

modified storage (63.7 ± 6.28%).The relative humidity in the modified storage room increased from 40.1% 

during the day to 63.7% at night. The relative humidity in the control storage room decreased slightly from 

60.6% to 58.5% during the day and night. This increase in the modified storage between day and night is due 

to the high relative humidity air entering the storage room at night during operation. The seed moisture 

content in the modified storage facility was significantly lower (P≤0.05) (12.6 ± 0.21%) than in the control 

storage room (13.3 ± 0.52%). The moisture content in the modified storage room decreased from 12.6% to 

12.4%, whereas in the control room, moisture content increased from 12.6% to 13.8% in three months. The 

seed germination rate obtained after three months of storage in the modified storage room was significantly 

higher (P≤0.05) (98.5 ± 0.85%) than in the control storage room (96.8 ± 1.49%). The seed vigour obtained 
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in the modified storage room was significantly higher (93.6 ± 0.35%) than in the control room (91.7 ± 2.08%) 

(P≤0.05). Seed stored in the control storage lost vigour at a faster rate, compared to the seeds stored in the 

modified storage room. Therefore, the modified naturally-ventilated seed storage room maintained seed 

quality better than the control storage room. 
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Knowing the length of an outage time over wireless communication links is one of key elements in the choice 

of forward error control codes and suitable rain fade mitigation techniques. Development and implementation 

of rain fade mitigation techniques (FMTs) largely depend on second-order rain fade statistics such as fade 

duration, inter-fade duration and fade slope. This paper investigates rain fade duration statistics over a sub-

tropical region of Durban, South Africa (2952’S, 3058’E) with aid of precipitation measurements carried 

out in the period 2013-2015. Results in this study indicate that rain fade durations decrease with increase in 

attenuation thresholds. For instance, it was established that a rain fade spike lasts for an average of 90 seconds 

at an attenuation threshold of 20.51 dB, whereas it lasts for approximately 184 seconds at an attenuation 

threshold of 2.78 dB. Additionally, median fade durations results were compared with measurements carried 

out in New Jersey, USA (40.0583° N, 74.4057° W), and results are in agreement as regards link parameters 

such as the frequency of operation and link elevation angles. Furthermore, these rain fade statistics results 

are used to develop a model for determining rain cell sizes that aid in the design of wireless communication 

links, capable of enhancing link availability through fade mitigation using site diversity technique. 
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The catalytic partial oxidation of a perfluorinated compound X using molecular oxygen as the oxidant is 

studied in this research. Attention to the partial oxidation product Y is due to its important use in obtaining 

fluorinated materials for a wide range of applications in commercial fluoropolymers [1]. This research work 

seeks the development of a feasible and competitive process for the production of Y, the development of an 

adequate catalytic reaction model as well as the improved selectivity towards Y. Silica and alumina supported 

metal oxide catalysts were synthesised using the impregnation method. Both undoped and alkali doped 
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catalysts were prepared for testing. The catalysts were characterised by SEM-EDX, TEM, XRD and BET. 

Catalytic testing was performed for the oxidation of compound X in a continuous flow fixed bed reactor 

system. The process is investigated at a total pressure of 4, 5 bar and over the temperature range of 140 to 

220℃. The characterisation of catalysts showed the active component to be well dispersed with a much better 

dispersion on the alkali doped catalysts. The catalysts were found to comprise of spherical shaped crystallites 

with some aggregation at some regions, high surface area mesoporous material that was thermally stable at 

high temperatures. 

 
References: 

1. Furin, G. 2006. Synthesis of 2, 3-epoxyperfluoroalkanes by means of oxidation of fluorine containing olefins. Chem. Sustain. 

Dev., 14, 97-110. 

 

______________________________________________________________________________________ 

 

SE-O-12 

 

ON INTER-SECTIONAL ACCURACY DIFFERENCES IN DRIVER DROWSINESS 

DETECTION ALGORITHMS 

 

Mkhuseli Ngxande 

216077070@stu.ukzn.ac.za 

Student Number: 216077070 

School of Engineering 

Supervised by Professor Jules-Raymond Tapamo 

 

 Convolutional Neural Networks (CNNs) have been used successfully across a broad range of areas including 

data mining, object detection, and in business. The dominance of CNNs follows a breakthrough by Alex 

Krizhevsky which showed improvements by dramatically reducing the error percentage obtained in a general 

image classification task from 26.2\% to 15.4\%. In road safety, CNNs have been applied widely to the 

detection of traffic signs, obstacle detection, and lane departure checking. In addition, CNNs have been used 

in data mining systems that monitor driving patterns and recommend rest breaks when appropriate. This 

paper presents a driver drowsiness detection system and shows that there are potential social challenges 

regarding the application of these techniques, by highlighting problems in detecting dark-skinned driver’s 

faces. This is a particularly important challenge in South African contexts, where there are more dark-skinned 

drivers. Unfortunately, publicly available datasets are often captured in different cultural contexts, and 

therefore do not cover all ethnicities, which can lead to false detections or racially biased models. This work 

evaluates the performance obtained when training convolutional neural network models on commonly used 

driver drowsiness detection datasets and testing on datasets specifically chosen for broader representation. 

The architecture used contained a variety of pre-trained network models, and we modified the final layers by 

the binary cross entropy loss and used Adam optimiser. Results show that even pre-trained models that 

trained using publicly available datasets suffer from over-fitting, which leads to racial bias when testing on 

more representative datasets. We propose a novel visualization technique that can assist in identifying groups 

of races where there might be a potential of discrimination, using Principal Component Analysis (PCA) 

combined with an overlay pre-trained models (VGG-Face, VGG, and ResNet).      
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The mortality indicator used, the Standardized Mortality Rate (SMR) depends to a large degree on the size 

of the population; its variance is inversely proportional to the expected values and therefore areas with a 

small population result in estimates that vary greatly. Furthermore, the variability in the observed cases is 

usually higher than expected, which produces over dispersion. The availability of spatial data is important to 

distinguish between two sources of extra variability, which are due to ‘spatial dependence’ and the correlation 

between the spatial unit and contiguous spatial units, generally the adjacent geographical area. The variations 

in mortality rates becomes more compounded in health outcomes when it varies over time (years). Bayesian 

spatio-temporal modelling strategies can be applied to a large number of rare causes of mortality outcomes 

to enable examination of spatio-temporal variations on smaller geographic scales such as counties (districts) 

as suggested in [2]. This method allows examination of spatiotemporal variation across states (districts) in a 

developing country. The hierarchical Bayesian spatiotemporal models were implemented with spatially 

structured and unstructured random effects, correlated time effects, time varying confounders and space-time 

interaction terms in the software R-INLA to produce smoothed state level SMRs. The approach was applied 

to childhood mortality data from DHS between 2003 - 2013 to explore spatiotemporal variation in SMRs. 

Model-based estimates of SMRs were mapped to explore geographic variation.  The model performance and 

predictions were evaluated using predictive measures such as Deviance information criterion (DIC) 

Conditional Predictive ordinates (CPO) and Probability Integral Transforms (PIT) [3,4].  

 

Keywords: Bayesian methods, Geographic disparities in childhood health, Small area analysis 
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In causal inference, estimation of treatment effects based on observational data in the health and related 

sciences have been studied under different frameworks. Unlike methods that model the data to obtain 

probabilities from which weights are derived, or methods that choose weights via optimisation to guarantee 

covariate balance, we propose a simple weighting method based on rank-based Mahalanobis distance. The 

proposed method, under different data structures (via simulation), is shown to have better performance, in 

terms of bias reduction and efficient treatment effect estimation than the widely-used inverse probability 

treatment weighting estimator. We further apply the proposed method to determine the effect of exclusive 

breastfeeding on the nutritional status of children aged under five, in Nigeria, using the 2013 Nigeria 

Demographic Health Survey data.  The results demonstrate that this method is promising. This method is 

recommended to applied investigators and practitioners; and it is strongly advocated that extensive researches 

be done in improving this method. 
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The present study applies multiple events survival analysis to the infant mortality at Kigali University 

Teaching Hospital (KUTH) in Rwanda. The primary dataset of 2117 newborns from KUTH is recorded along 

the year 2016 and a complete case analysis is considered. Two events per subject are death and occurrence 

of at least one problematic cause that can led to immediate or long -term death of infant such as severe 

Oliguria, severe prematurity, Very Low Birth Weight, Macrosomia, Severe Respiratory Distress, 

Gastroparesis, Hemolytic, Trisomy, Asphyxia and Laparoschisis.  Covariates of interest include demographic 

covariates namely the age and the place of residence for parents; clinical covariates for parents include 

obstetric antecedents, type of childbirth and previous abortion. Clinical covariates for babies include 

APGAR, gender, number of births at a time, weight, circumference of the head, and height. The Wei, Lin 

and Weissfeld Model (WLWM) _t the data well. The covariates age, abortion, gender, number, APGAR, 

weight and head were found to have significant effect. 
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The blood assignment problem (BAP) is a real world and NP-hard combinatorial optimisation problem. The 

study of BAP is significant due to the continuous demand for blood transfusion during medical emergencies. 

However, the formulation of this problem faces various challenges that stretch from managing critical blood 

shortages, limited shelf life, blood type incompatibility that constrains the random transfusion of blood to 

patients. The transfusion of incompatible blood types between patient and donor can lead to adverse side 

effects on the patients. Usually, the sudden need for blood units arises as a result of unforeseen trauma that 

requires urgent medical attention. This condition can interrupt the supply of blood units and may result in 

the blood bank importing additional blood products from external sources, thereby increasing its running 

cost and other risk factors associated with blood transfusion. This however, might have serious consequences 

in terms of medical emergency, running cost and supply of blood units. Taking these factors into 

consideration, this study implements five global metaheuristic optimisation algorithms to solve the BAP. 

Each of these algorithms is hybridised with a sustainable blood assignment policy that relates to the South 

Africa blood banks. The objective of this study is to minimise blood product wastage with emphasis on 

expiry and reduction in the amount of importation from external sources. Extensive computational 

experiments were conducted over a total of six different datasets and the results validate the reliability and 
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effectiveness of each of the proposed algorithms. Results were analysed across three major aspects namely: 

the average levels of importation, expiry across a finite time period and computational time experienced by 

each of the metaheuristic algorithms. The numerical results obtained show that the particle swarm 

optimisation algorithm is better in terms of computational time. Furthermore, none of the algorithms 

experienced any form of expiry within the allotted time frame. Moreover, the results also revealed that the 

symbiotic organism search algorithm delivered the lowest average result for importation; therefore, it is 

considered the most reliable and proficient algorithm for the BAP.  

 

Keywords: Blood assignment, metaheuristics, genetic algorithm, particle swarm optimisation, duellist 

algorithm, symbiotic organism search, grey wolf optimiser. 
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In 1997, Deep Blue (chess computer) defeated then-reigning World Chess Champion Garry Kasparov which 

is the first incidence in history, a machine outperforms human intelligence [1]. To Deep Blue, chess is a 

search problem in the space of all chess board configurations. Search problems emerge in many other fields 

such as robotics [2], bioinformatics [3] and many other industrial applications. 

 

Search problems of academic and practical relevance are highly complex to the extent that it is practically 

impossible to enumerate all feasible solutions to the problem at hand; for instance, “if all atoms in the 

universe had been computing chess moves at a picosecond rate since the big bang (if any), the analysis would 

be just getting started” [4]. Consequently, the design of well-thought search methods has been at the heart of 

the artificial intelligence (AI) research [5]. 

 

Unfortunately, the manual design of search methods is a very challenging task requiring expertise and a lot 

of man-hours. Recently, a new direction of research has emerged which aim at automating the design of 

search methods [6]; hence facilitating interdisciplinary research and alleviating the human involvement in 

the design process. 

 

We present an automated approach to the design of hybrid metaheuristics (a class of search methods). The 

approach relies on algorithmic templates and evolutionary computation to keep the human intervention at 

minimal. The proposed automated approach is able to design search methods that perform competitively with 

the state-of-the-art manually designed search methods. 
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HIV/AIDS still remain a threat to many Sub-Saharan African countries. In Kenya, out of the 40 million 

people, it is estimated that 1.6 million individuals are living with HIV as at the end of 2015, with a prevalence 

rate of 5.9%; where male (5.5%) and female (6.3%), [1]. Appropriate HIV/AIDS management (policies) can 

only be formulated with the help of properly collected and analysed data. However, due to the sensitivity of 

some studies, missing values (in both predictors and outcomes) are inevitable.  

 

The study seeks to investigate the presence and strength (causal modelling) of relationships that exist between 

the multi-categorical predictor variables and the outcome(s) in the presence of missing values. Due to the 

complex nature of the model, structural equation modelling (SEM) techniques are explored. By fitting a 

logistic regression model, and considering the Kenya Aids Indicator Survey (KAIS) of 2007 empirical data, 

the effects of the demographic, behavioural and socio-economic categorical risk factors on the HIV status of 

the Kenyan women aged between 15-64 years are estimated using the full information maximum likelihood 

(FIML) estimation procedures under the missing at random (MAR) assumption.  

 

The codes were implemented in the Mplus statistical software. Results presented shows that the age, marital 

status, and age at first sex had significant effects on HIV status, and whose strength effects differed with the 

different covariate levels. 

 

Keywords: Structural Equation Modelling; Multi-categorical data; mediation analysis; missing data; Full 

information maximum likelihood (FIML). 
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In this talk, we investigate the thermal instability of fluid layer in an inclined open square cavity with an 

inclined magnetic field. A Galerkin-type method is used to solve the equations in the case of linear stability, 

and in the nonlinear case a truncated Fourier series is used to obtain a system of five general Lorenz type 

mailto:215080895@stu.ukzn.ac.za


67 
 

equations. A multi-domain spectral collocation method was used to solve the differential equations that 

describe the evolution of the disturbances in the nonlinear regime. The influence of the important physical 

parameters on the thermal instability is investigated. The results are presented in terms of streamlines, 

isotherms, isoconcentrations, the Nusselt and the Sherwood numbers. The trapping region of trajectories is 

obtained. A limited phase space analysis with trajectories of the disturbances is presented. 
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This study introduces a new numerical method for solving systems of partial differential equations. The 

method, hereinafter referred to as the multi-domain paired quasilinearisation method (MD-PQLM), involves 

pairing equations in a system and applying quasilinearisation on each pair. The innovation of MD-PQLM 

over existing methods involves the inclusion of domain splitting when solving large time-dependent PDEs. 

Chebyshev spectral collocation method is used to solve the linearised pairs of equations in the decoupled 

system. The MD-PQLM is fully described for a general system of PDEs and we display the applicability 

using an example. Comparative study is carried out on the different pairings available and also against the 

multi-domain bivariate spectral quasilinearisation method (MD-BSQLM) and the bivariate pseudo-spectral 

local linearisation method (BPSLLM). We investigate the effect of different pairings on the convergence and 

accuracy of the MD-PQLM. We also compare the accuracy and convergence of the MD-PQLM with the 

MD-BSQLM and BPSLLM. The results obtained show the MD-PQLM is a highly accurate method that 

improves on convergence speed of methods similar to the BPSLLM.   
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Let X be a real normed space and let 𝑇: 𝑋 → 𝑋 be a ∅-quasi-accretive map which is continuous and bounded. 

It is our purpose in this paper to prove the convergence of a modified happern type iterative scheme to the 

unique solution of the inclusion problem 𝑇𝑥 = 0. Further, we provide an application to the Hammerstein 

equation of the type  𝑢(𝑥) + ∫ 𝑘(𝑥, 𝑦)𝑓(𝑦, 𝑢(𝑦))𝑑𝑦 = ℎ(𝑥) where 𝑑𝑦 is a 𝜎 −finite measure on the measure 

space Ω. Our result extend [1] and many other existing results in the literature. 
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In this article, an efficient multidomain spectral collocation method is introduced and applied to solve 

parabolic partial differential equations (PDEs) that are defined on large intervals. There exist multidomain 

approaches that have been applied in either space or time variables but not simultaneously on both. In this 

work, we demonstrate that concurrent decomposition of large spatial and time computational domains into 

smaller subintervals guarantees improved accuracy and reduced computational time as opposed to the 

increment of the number of grid points in a single domain. In the solution process, the domain of 

approximation is decomposed into smaller equal overlapping and non-overlapping subintervals in space and 

time directions, respectively. The PDE is discretised on each subinterval using spectral collocation at 

Chebyshev-Gauss-Lobatto (CGL) points. The PDE is then solved simultaneously across all subintervals in 

space. In the time direction, the solution is computed independently at each subinterval and the approximate 

solution is obtained by matching solutions at different subintervals along the common boundaries. We 

demonstrate the accuracy and effectiveness of the proposed method by presenting numerical results of well-

known parabolic PDEs that have been reported literature as a single equation or systems of equations. New 

error bounds theorems and proofs have been presented to benchmark adoption of the current method of 

solution.  
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The general optimal control theory for dynamical systems with ordinary differential equations is considered. 

The formulation of optimal control problems in general form will be discussed. Analytical and Numerical 

Solutions of optimal control problems using pontryagin maximum principle technique with a fixed final time 

and free final state variable will be presented. We present applications of optimal control in epidemiology, 

namely in an SIR model where the control represents the fraction of susceptible individuals that requires 

vaccination. 
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There are huge volumes of scene images generated periodically by satellite technology which require 

effective processing for intelligent decisions. The diverse scene content, variations in illuminations, scale 

and rotations of images due to different viewpoints render a challenging task for any one-specific image 

descriptor algorithm to effectively characterise each scene image-content-semantics for correct view 

matching. This research proposes a feature-fusion-technique of complementary image descriptor features 

based on Local Binary Patterns (LBP) and Hu Moments for more accurate remote sensing image scene 

classification. Support Vector Machine Classifier is implemented to validate the result of the proposed 

technique. The Overall results achieved using the proposed feature-fusion-technique show a significant 

improvement compared to individual image descriptor algorithms in literature. 

Keywords: remote sensing, local binary patterns, feature-fusion, Hu-moments 
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Microbial infection has become a life-threatening issue, and this is due to their development of resistance to 

most of the existing antimicrobial agents (antibiotics), hence the need for the development of antimicrobial 

agent from natural sources. Ethanolic extract of 22 plant materials were investigated for their ability to inhibit 

the growth of gram positives (Staphylococcus aureus and Streptococcus faecalis) and gram negatives 

(Escherichia coli and Salmonella typhimurium) bacteria using the disc diffusion and microdilution methods. 

 

17 plant extracts display antibacterial activity against one or more of the bacteria strains and the plant extracts 

demonstrated zone of inhibition in the range of 21.33±1.50 to 10.00±0.00mm in the diffusion assay. 

Interestingly, Acacia nilotica leaves and pods extracts display a broad-spectrum antibacterial activity as they 

inhibit both gram-negative and gram-positive bacteria strains tested in this study. 

 

The minimum inhibitory concentration (MIC) recorded from the microdilution assay was in the range of 

0.391- 3.125 mg/ml, Escherichia coli is the most resistant of all the bacteria tested. The result of both agar 

disc diffusion and micro dilution assay employed in this study reveals that more plant extracts shows 

antibacterial activity in the micro dilution assay when compared to the agar disc diffusion assay result and 

that all the selected plant species has antibacterial activity against Salmonella typhimurium at varying levels 

(0.391-3.125mg/ml). 

 

It is therefore recommended that if the disc diffusion method is to be use for testing bacteria susceptibility to 

plant extracts it must be use along with microdilution assay for validation of it accuracy and ruling out false 

resistance of the microorganisms. Further study is also recommended to determine whether the effect of the 

plant extract is not due to general toxicity. 
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Goats are social animals with varying behaviour. This study aimed at determining whether quality of 

roughage influences behaviour of goats or not. 18 goats were blocked by weight into two groups of heavy 

and light and they were randomly assigned to 3 treatments namely Improved Quality Roughage (IQR), Semi-

improved Quality Roughage (SQR) and Non-improved Quality Roughage (NQR). Goats were adapted for 

14d and fed for 56d after which behaviour was studied for 4 consecutive days using 5 motorised indoor 

CCTV cameras fixed at different locations in the pen in such a way that each conveniently captured activities 

of at least 5 goats at a time. Data were saved and adapted for eating, drinking, rumination, idling and other 

behavioural activities. Time spent for each of these activities was captured with Microsoft excel and analysed 

with GLM procedure of SAS system (SAS, 2013). Only times for eating and rumination behaviour were 

significantly different (P< 0.05) at certain times of the day. It was however concluded that quality of roughage 

influences behaviour of goats and that major activities of goats in the day are eating and rumination while 

rumination proceeds mostly at night.  

 

Keywords: Goats, roughage quality and behaviour. 
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As a means of making better use of the phosphorus reserves in the world, phytase enzymes have become 

almost a compulsory addition to all poultry and pig feeds, as this enzyme releases phytate-bound phosphorus 

thereby reducing considerably the amount of inorganic phosphorus that needs to be added to a feed.  A 

possible consequence of the addition of phytase enzyme to a mixed feed is the release of some chemically 

bound calcium, but the amount that is released in this way has not been sufficiently researched, so 

nutritionists remain in the dark regarding whether it is possible, or preferable, to reduce the calcium content 

in feeds for poultry and pigs when phytase is included in the feed.   

 

It has being discovered that poultry has the ability to select feed base on their nutrient demands per time. 

This is called Choice feeding. Choice feeding ability of layers were been used in this trial as separate nutrient 

source was offered. The objective of this trial is to develop a methodology to determine the extent to which 

the amount of dietary calcium available to a laying hen is increased when phytase enzyme is included in the 

feed. 
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Three levels of calcium (1.5%, 2.5% and 3.5%) and two levels of available phosphorus (2.5%, 3.5%) were 

fed either with or without the addition of phytase enzyme. Limestone grit was also offered as a separate feed 

at ad libitum. There was a significant different (p > 0.05) between diet with phytase and without phytase. As 

layers tends to eat more limestone grit to support low calcium diet as the absence of phytase. There was 

significant differences in feed intake and egg weight. 

 

Phytase as an enzyme is best in making phosphorus available in poultry intestine as it relate with other micro 

nutrients. It interaction can be used as a predictive model to the level of calcium that can be added to the diet 

to avoid waste.  
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This study examined the differences in technical efficiency among male and female small-scale rice farmers 

in Ogun state, Nigeria. Data were collected from a sample of 145 male rice farmers and 105 female rice 

farmers using a well-structured questionnaire. The data collected was analysed using stochastic frontier 

model to determine the technical efficiency of the rice farmers.  

 

The result shows that there is no statistical difference between the technical efficiency score of male farmers 

and female rice farmers. The average technical efficiency index of male and female rice farmers is 0.85 and 

0.84 which indicated that there is still an opportunity for improving efficiency through adopting the best farm 

practices in rice production. The maximum likelihood results indicated that age, rice farming experience, 

membership of farmer organisation and access to extension services have a significant impact on technical 

efficiency for both male and female farmers. 

 

There is a likelihood that the female farmers will be more efficient than their male counterpart if they had 

equal accessibility to production inputs since there is no significant difference in their level of technical 

efficiency at the current state at which the female farmers possess limited resources. This has a great 

implication in increasing rice productivity in Ogun state and Nigeria. It is therefore recommended that there 

is need for the government and policy makers to formulate efficient policies that promote farmers’ education, 

through effective extension services, subsidizing the price of farm inputs, and agricultural programs aimed 

at addressing gender issues among the challenges encountered by rice farmers. 
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In tropical and subtropical regions, ruminant production is prominently dependent on tropical veld 

grass characterised by low nutritional quality. Feed intake is an essential constituent determining 

animal performance and the degree at which ruminants utilise feeds of poor quality is reigned by the 

passage from and degradability rates of digesta in the rumen. Feed intake by ruminants is regulated 

by rumen fill, which is further influenced by processes occurring in the rumen i.e. degradation, 

digestion, and passage rates. Furthermore, intake is a result of time spent eating and meal pattern, 

hence feeding behaviour regulates intake. Therefore, rumen fill, degradation, digestion, passage rates, 

and feeding behaviour are vital in understanding intake by ruminants. The objectives of the study 

were to: (i) determine the effect of roughage quality and period of day on diurnal rhythm of feeding 

behaviour patterns in cattle, (ii) determine the effect of roughage quality and period of day on rumen 

fill after meal termination, and (iii) confirm the effect of roughage quality on degradation, 

digestibility, and passage rates. Four ruminally cannulated Jersey heifers were assigned to four dietary 

treatments comprising improved roughage quality (IRQ), semi-improved roughage quality (SIRQ), 

moderately improved roughage quality (MIRQ), and poor roughage quality (PRQ). Consequently, 

heifers were randomly assigned to one of the four roughage diets in a 4 × 4 Latin square design. Data 

on time spent on each of 11 different behavioural activities (drinking water, eating, idling standing 

and lying, ruminating whilst standing and lying, hedonic feeding, grooming, licking objects, tongue 

rolling, and other activities i.e. feed searching) was recorded. Roughage quality had no significant 

effect on the time spent on each behavioural activity except grooming and tongue rolling. The period-

of-day affected time spent on each activity except for idling whilst lying and tongue rolling. 

Consequently, heifers spent more time eating during the day and ruminating at night. Roughage 

quality had no effect on fractional passage rates, rumen retention time, and mean retention time. 

Conversely, the mean retention time of solids in the hindgut was affected by roughage quality. 

Roughage quality had no effect on total rumen load, rumen DM, and rumen liquor. Total rumen load 

and rumen liquor were affected by period of day except for rumen DM.  Total rumen digesta and 

rumen liquor were greater at evening than in the morning, afternoon, and late afternoon.  

 

Keywords: Intake, rumen fill, digestion, degradation, passage rates, feeding behaviour, roughage 

quality, heifers.  
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Silicon (Si) is found as a natural constituent in crop species. Fertilisation with silicon has been shown to have 

a number of benefits in many crops. However, Si fertilisation has not been widely studied as an essential 

nutrient influencing yield and yield components, and drought tolerance in wheat. Drought negatively affects 

plant growth and development and drastically decreases crop productivity often leading to a complete crop 

failure under severe conditions. Drought conditions restrict mineral uptake and transport in plant tissues, 

reducing crop productivity. Silicon aids in maintaining nutrient uptake, transport and distribution during 

adverse conditions, thereby facilitating plant growth. During reproductive growth stages, drought stress 

induces early senescence, shortens the grain-filling period and reduces photosynthesis. In the present study, 

20 candidate drought-tolerant wheat genotypes were dosed with granular and liquid potassium silicate (KSil) 

fertilisers, and then subjected to drought stress. Untreated treatments were included as comparative controls. 

A slow-release granular formulation was applied only at planting, whilst a liquid formulation was applied 

weekly until the booting stage. Drought conditions were applied during the reproductive growth stages. 

Agronomic data including days-to-50% flowering; days-to-50% maturity; plant height; harvest index; 

productive tillers and total productive spikes were collected. Days-to-50% flowering showed significant 

differences for genotypes under drought and non-drought conditions, but not for the silicon treatments or 

their respective interactions. The harvest index showed non-significant difference except under drought-

stressed and non-stressed conditions. In terms of the total number of productive spikes and number of 

productive tillers, there were significant differences between the genotypes and amongst the different 

treatments, but not under drought and non-drought conditions, or with their respective interactions. Silicon 

applications affected the number of tillers and productive spikes, indicating its influence on various 

physiological responses of the tested wheat genotypes. Results on harvest index indicated that due to 

selection of elite drought tolerant genotypes, non-significant differences were expected, in contrast to the 

differences observed under drought and non-drought conditions. Drought conditions limit nutrient uptake 

and therefore decrease the biomass of the plant and therefore affects the harvest index. Overall, although 

wheat naturally takes up silicon, the level of silicon absorbed and transported varied between genotypes. 

Application of the granular Si formulation resulted in an overall higher yield performance than the liquid 

formulation, or the control treatments.   

 

Keywords: agronomic traits; drought tolerance; granular formulation; liquid formulation, silicon fertiliser; 

wheat genotypes  
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Soil erosion is a naturally occurring event, involving the detachment and transport of soil particles due to 

topography, climate, management practice and human activity. The topic of soil erosion has been 

investigated in depth in many developing countries, however very few studies in South Africa have been 

conducted on run-off and soil erosion relating to commercial Saccharum officinarum (Sugarcane) and Acacia 

mearnsii (Black Wattle) plantations. The aim of the study is to investigate the effect of run-off and sediment 

yield on water quality in a catchment consisting of commercial Acacia mearnsii plantations and Saccharum 

officinarum crop.  

The study site was chosen based on existing infrastructure and a record of historical data. Run-off plots at 

different scales, namely; 10m² and 1m², were installed at various positions along a slope profile in the two 

land uses. The 1m2 plot scale was chosen to represent rain splash and the 10m2 plots surface run-off. An 

ISCO 6712 automatic sampler was coupled to a logger at the v-notch weir. The nutrients, phosphate and 

nitrate were measured to quantify the effect of downstream pollution due to run-off from agricultural land 

use. The study site received lower than average annual rainfall for the 2016 and 2017 rainfall seasons. 

Rainfall affected the response of run-off, sediment yield and nutrient fluxes in the different climatic seasons. 

Despite lower annual rainfall experienced over the study period, high intensity storm events led to higher 

run-off volumes and increases in sediment yield for the black wattle and the sugarcane compared to 

undisturbed natural forest and grasslands. High run-off volumes were observed in the black wattle due to the 

soil being strongly repellent with lower infiltration rates. The sugarcane provided better canopy protection 

while the black wattle had higher litter percentages. The sugarcane had a high interception rate of 51% due 

to the high canopy cover percentage. High concentrations of nutrients and sediment were observed within 

the catchment, while very low nutrient and sediment concentrations were recorded in the stream. 

Due to the canopy cover being greater than 60% and a high litter content, erosion from run-off was 

significantly reduced. Low sediment concentrations were recorded in the run-off samples from both land-

uses. However, high nutrient concentrations such as P, N and DOC entrained in run-off were recorded, which 

is a concern as this can pollute receiving downstream waters, decreasing water quality and increasing water 

scarcity. At present, nutrient concentrations at the catchment outlet remain low due to the presence of sinks 

and litter cover slowing run-off velocity.  Furthermore, sediment concentrations remained low due to scale 

effects whereby surface run-off was low at the 10m2 plot scale, and rain splash was dominant at the 1m2 

scale. Spatial and temporal variations play an important role as rain splash was the dominant erosion process. 
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Intensive animal and crop production systems produce wastewaters with high nutrient concentrations, which 

may pollute the environment including water sources. High nutrient concentrations on surface water bodies 

encourages the growth of aquatic plants, and harvesting of these plants could improve water quality and 

produce an organic source of nutrients.  

 

An incubation study was conducted to determine effects of source of duckweed (Lemna minor) on mineral 

nitrogen (N) and phosphorus (P) in soil, relative to chicken litter. Duckweed was sampled from surface water 

enriched with pig effluent from Baynesfield (Lemna BF) and crocodile effluent from Wartburg (Lemna WB) 

in the Midland region of KwaZulu-Natal. The soil was amended with either dried duckweed or chicken litter 

at a rate of one percent (1%). Sampling was done after 0, 3, 7, 14, 28, 42 and 56 days of incubation and 

analysed for ammonium-N, nitrate-N, and extractable-P.  

 

Soil pH was highest in the compost treatment throughout the incubation, and declined with incubation period. 

Lemna BF showed higher amounts of ammonium-N, nitrate-N and extractable-P than all other treatments. 

Lemna WB had higher ammonium- and nitrate-N, and lower extractable-P than the chicken litter compost. 

The control had the least of all determined parameters. Ammonium-N was highest after 7 days of incubation 

and declined thereafter, while nitrate N increased. Extractable-P was highest in day 0 and 7 of the experiment 

and declined towards the end of the incubation study. The results suggested that there is a huge potential for 

duckweed to be used as a soil amendment, and the effectiveness depends on the source, which affects initial 

elemental composition.  
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Over the past decades interest in organically grown vegetables has been on the rise worldwide, as a results 

of growing interest of scientist, consumers’ health and safer produce [3]. As a results, agricultural growing 

practices have been evolving towards organic sustainable environmental friendly farming systems [2].[3] 

noted that organic vegetable production is considered as an environmentally friendly production system as it 
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contributes minimal harm to the ecosystem (i.e. soil conservation and water) as well as minimal use of farm 

production inputs. The reliance of farmers on the use of inorganic fertilisers as a source of plant nutrient is 

associated with high production costs, land and soil degradation and as well as environmental pollution [1]. 

However, today farmers are well aware about the application of organic fertiliser to improve their crop 

production as well as farming land. Hence, there is a continuous need to search for alternative safe natural 

sources of plant nutrients. Moringa oleifera leaf extract has a potential effect as a growth enhancer of many 

crops. The aim of this experiment was to evaluate the effect of MLE on the growth and development of radish 

(Raphanus sativus) and green beans (Phaseolus vulgaris). The experiment was laid out in a randomized 

complete block design (RCBD) with five replications and comprised of three treatments viz. T1 (MLE 

methanol 100%), T2 (MLE methanol 50%) and T3 (commercial fertiliser).  Application of MLE was applied 

during the flowering stage and pod formation of green beans, furthermore; radish was sprayed during the 

fourth leaf development. The obtained results exhibited that MLE increased the growth parameters, like leaf 

size, pods size, number of flowers number of matured leaves and larger roots when compared to the control 

treated plants.  Among the various treatments of moringa leaf extract applied, the performance of MLE 50% 

on both radish and green bean plants was best as it produced superior physiological growth and harvest total 

mean values when compared to the MLE 100% treated plants. From the results it can be concluded that MLE 

50% should be applied at critical growth and development stages for superior results.  

 

Keywords: Moringa leaf extract (MLE), radish, green beans and physiological growth parameters. 
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The main aim of this study was to assess remote sensing applications for detecting and mapping the spatial 

distribution of gully erosion in the communal lands of Okhombe Valley, Drakensberg, South Africa. The 

study first sought to review the progress of remote sensing by examining its usage and users over the years. 

The findings showed that the application of remote sensing for soil erosion studies has significantly increased 

by 45% since the 1960s. Although remote sensing is becoming widely accepted by a growing number of 

scientific disciplines, there is paucity in African lead authors and this is a call for more collaborative research 

and knowledge transfer. Literature further shows that Landsat series data is a popular remote sensing system 

used for soil erosion monitoring and mapping, mainly due to its multispectral bands and archival data. 

Although commercial high-resolution satellites have been demonstrated to accurately map small soil erosion 

features; their high acquisition costs remains a challenge, especially in resource-constrained regions. 

Therefore, this allows for the exploration of the freely available new-generation sensors for gully erosion 

mapping at regional scales. The second objective of the study was to evaluate the potential of the Sentinel-2 

MSI sensor in detecting and mapping the spatial distribution of gullies. The study further investigated 

mailto:author@ukzn.ac.za


79 
 

environmental variables (i.e. slope, vegetation cover, TWI and SPI) that may have a potential influence on 

gully initiation and development. The study evaluated the effectiveness of the Sentinel-2 spectral bands in 

discriminating gullies from other land cover types using the Support Vector Machine. The overall 

classification accuracy achieved for gully discrimination was 77% and all 10 Sentinel-2 spectral bands were 

selected as the ideal variables for discriminating gullies from other land cover types. Additionally, the 

findings of the study indicated that there is no significant difference between the environmental variables 

across different gully volumes and that all the measured variables have a weak influence on the volume of 

soil loss (i.e. Slope (R2 = 0.02); Vegetation cover (R2 = 0.01); TWI (R2 = 0.11) and SPI (R2 =0.02) despite 

an observable trend of influence. Overall, Sentinel-2 has demonstrated its usefulness in detecting and 

mapping gullies and it is therefore recommended that future studies explore the use of the freely available 

sensor in monitoring mapping soil erosion at regional scales. 

 

Keywords: satellite imagery, remote sensing, monitoring, gully erosion, soil loss 
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Current commercial drugs that are used to control gastrointestinal nematodes in small ruminants are no longer 

sustainable due to resistance development. Presently, research is looking into exploiting different 

combinations of ethno-medicinal plants with anthelmintic activities as a solution to delay resistance. The 

objective of the current study was to assess synergistic interaction by combining crude plant extracts at a 

fixed ratio. Using 26 combinations (1:1) from 8 plants including 0.625 % v/v of Allium cepa, Ananas, Bidens 

pilosa, Carica papaya, Nicotiana tabacum, Vernonia amygdalina, Zingiber officinale and Aloe van benelli 

as treatments. Faecal culture of L3 stage larvae was performed for 12 days using completely randomized 

faecal samples of 5 sheep and 4 goats which were grazing on contaminated pasture. These samples were then 

treated with 28 combinations. Followed by Baermannization to isolate gastrointestinal nematodes. To count 

L3 larvae under 10X microscope resolution and determine activity. Webb fractional product and simple 

method were used to compute interaction. Webb fractional method produced antagonism and mainly 

synergism. Simple method discovered only synergism interactions. In goats, V.amygdalina + Z.officinale 

(100%) was the most effective combination. In sheep, A.cepa + C.papaya (100%), V.amygdalina + 

Z.officinale (100%), V. amygdalina + Z.officinale (100%) and A.comosus + N.tabacum (100%) were most 

effective combinations. Simple method: Additive effect (a + b) differed with animal species (P=0.0003) but 

plant species (P=0.7174), while observed effect (ab) differed with animal species (P<0.001) but plant species 

(P=0.3063). Webbs fractional product method: Additive effect (a + b) differed with animal species 

(P=0.0021) but plant species (P=0.9382), while observed effect (ab) differed with animal species (P<0.001) 

but plant species (P=0.3063). The simple method might exaggerate synergism relative to the Webb fractional 

product method. Effective crude plant extract combinations should be further studied in vivo. 

Keywords: Alternative, Commercial drugs, Faecal culture, Goats, L3, Resistance, Sheep 

 

______________________________________________________________________________________ 

 

 

mailto:213520360@stu.ukzn.ac.za


80 
 

SAEES-P-012 

 

POULTRY LITTER APPLICATION INCREASES N AND P AVAILABILITY  

AND CO2 EMISSION FROM HUMIC SOILS 

 

Nontokozo Mkhonza 

pertuniamkhonza@gmail.com 

Student Number: 213535881 

School of Agricultural, Earth and Environmental Sciences 

Supervised by Professor Pardon Muchaonyerwa  

and Miss Nkosinomusa Buthelezi  

 

 

Humic soils have high concentration of generally stable organic matter and application of poultry litter as an 

organic fertiliser could possibly alter carbon dioxide emissions through accelerated decomposition of native 

soil organic carbon. Globally, soil organic carbon management have received more attention due to its 

contribution to atmospheric carbon dioxide concentrations. Two incubation studies using two soils (Magwa) 

from different locations were conducted at 25⁰C to determine effects of application rate of poultry litter on 

(i) mineralisation of nitrogen and phosphorus and (ii) carbon dioxide (CO2) emission. Poultry litter was 

applied at rates equivalent to 0, 10 and 30 t/ha to humic soil samples from the 0-10 and 10-20 cm depth. The 

samples from the first experiment were collected on 0, 7, 14, 21, 28, 56, 84 and 112 days to be analysed for 

pH, extractable P and ammonium-N and nitrates-N. Carbon dioxide emissions were measured in the second 

experiment. Sampling for CO2 emissions were collected on 3, 7, 14, 21, 28, 42, 56 days.  

 

Soil pH slightly increase initially thereafter decreased. Ammonium-N reached the peak after 2 weeks 310.98 

and 290.35 mg/kg for 0-10 cm and 243.86 and 243.68 mg/kg for 10-20 cm for Eston and Eshowe soil, 

respectively. Nitrates-N increased from 21-112 days with corresponding decrease in ammonium-N attaining 

maximum release at 112 days. A sharp decrease was observed in extractable P from day 0 to 28, thereafter it 

increase to 84 and then decreased again to 112 days. The maximum emission of CO2 was recorded after 14 

days, at 30 t/ha with 582.4 and 555.6 for 0-10 cm and 471.6 and 372.8 for the 10-20 cm depths mg CO2-C/kg 

for Eshowe and Eston soils, respectively, which declined sharply thereafter. The findings of this study 

conclusively showed that application of poultry litter to humic soils increases availability of nitrogen and 

phosphorus, and CO2 emissions and possibly decrease in soil organic carbon stocks in humic soils.  
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Scavenging hens are of importance since flock productivity is dependent on the quantity and quality of eggs 

produced by scavenging hens. The objective of the review was to assess the role played by village poultry 

systems, production challenges, factors influencing quantity and quality of scavengeable feed resource base 

and the influence of scavengeable feed resource nutrients on the nutritional status and the gut of the chicken 

is also deliberated since there is scarce information on this subject. Information on the nutrition and 

development of gastro - intestinal tract, that were published in many works were related mainly to the 
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commercial chickens than scavenging chickens. Assessing the scavenging hen feed resources will allow 

appropriate and affordable supplementation strategies to be developed to meet the growth and production 

requirements of scavenging hens. Formulation of affordable feed supplements should have an effect on gut 

health as gut health is fast becoming a reality in the poultry industries. This will enhance gut health of 

scavenging hens because, it is essential for the welfare and productivity of animals when antibiotics are not 

allowed in feed. In the long run, increasing productivity of scavenging chickens could transform subsistence 

farmers into profit-making producers that rely on using available natural resources. 
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The pathogenicity of isolates of Lecanicillium spp. was tested on Oxalis rust (Puccinia oxalidis D.) growing 

on plants of a common weed, Oxalis lateralis. The biological control agent, Lecanicillium spp., occurred 

naturally on infected Oxalis leaves, characterised by white mycelium on rust pustules. Isolation of 

Lecanicillium spp. was done by picking the white mycelium using a needle and culturing it on to Potato 

Dextrose Agar (PDA) plates. Clear colonies of suspected Lecanicillium sp. from non-contaminated PDA 

plates were transferred on to fresh PDA plates to obtain a pure culture, with one pure culture being used for 

genomic identification by Inqaba Biotech (http://www.inqababiotec.co.za/). The sample was found to be 

Lecanicillium attenuatum W., with the GenBank Accession number AB378513.1. Three doses of conidia of 

Lecanicillium spp. (102, 104 and 106 conidia ml-1) were prepared for supra-inoculation on Oxalis rust pustules. 

The dose of 106 conidia ml-1 provided more control (70% pustule colonisation) than 104 conidia ml-1 (26.49% 

pustule colonisation) and 102 conidia ml-1 (25% pustule colonisation), while on the control 4.63% pustule 

colonisation occurred. Spore penetration by Lecanicillium spp. on urediospores was viewed by scanning 

electron microscope, observing pustules that had been inoculated with L. attenuatum at 106 conidia ml-1.  At 

lower conidial doses (both 102 and 104 conidia ml-1), only hyperparasitism was observed without urediospore 

penetration. 

Keywords:  Lecanicillium attenuatum, Puccinia oxalidis, hyperparasitism 
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Narrow genetic variation limits the success of crop improvement programs. Mutagenesis using ethyl 

Methanesulphonate (EMS) provides an opportunity to increase genetic variation to enhance selection 

response in wheat improvement. This study aimed at establishing the optimum dose and treatment conditions 

of EMS for effective mutagenesis on seed germination and seedling characteristics of selected wheat 

genotypes. Seeds of three selected genotypes (LM29, LM43 and LM75) were treated with three EMS 

concentrations (0.1%, 0.3% and 0.7% v/v) at three varying temperatures (25oC, 30oC and 35oC) for three 

exposure periods (1hr, 1.5hrs and 2hrs) using three replicates. The highest mutagenic treatment combination 

(0.7% EMS for 2hrs at 35oC) reduced germination percentage, seedling survival and shoot length of the 

genotypes, while it prolonged the days to 50% emergence. The ideal treatment combinations for effective 

mutagenesis in wheat were 0.1% EMS for 1 hour at 25oC for the genotype LM43, 0.1% EMS for 1 hour at 

30oC for LM43 and 0.7% EMS for 1.5 hours at 25oC for LM43. The estimated lethal doses for the genotypes 

LM29, LM43 and LM75 were 1.07, 0.32 and 1.81%v/v EMS, respectively. This information can be used to 

induce large-scale mutation induction, explore new genetic variation, evaluate genetic improvement and 

select targeted mutant individuals with high root-shoot biomass. 

 

Keywords: chemical Mutagenesis, ethyl methanesulphonate, lethal dose, seedling characteristics, wheat. 
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‘Eureka’ is one of the important cultivated lemon variety in South Africa which plays a role in the export 

market. Over 226 000 tons of lemons were exported in 2016 which represents 73% of the total production in 

that season. During export, citrus fruit usually undergo quarantine inspections at -0.6 0C for ± 14 days cold 

treatment for prevention against fruit flies (Ceratitis sp.). However, lemon is sensitive to low temperatures 

and tend to develop peteca spot and chilling injury which causes a major economic loss. The aim of this 

study was to determine the relationship between fruit canopy position, biochemical attributes and the 

susceptibility of lemon to peteca spot. The study was conducted at the University of KwaZulu-Natal during 

2017 growing season. Fruit were harvested from Malowe farm located in UMzimkhulu, KwaZulu-Natal. 

Harvesting was done from outside and inside canopy, and upon arrival to the laboratory, they were stored at 

3 0C in order to induce the incidence of the disorder. Data collection was done at 3 weeks interval for the 
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period of 12 weeks. Results showed that fruit harvested from the inside canopy had higher incidence of the 

disorder compared to those from outside canopy. These results were associated with the flavedo and albedo 

biochemical properties that were found to be affected by the canopy position. Carotenoids, sucrose and 

fructose were found to be higher in the inside canopy with the dry matter being low while ascorbic acid and 

glucose concentrations were higher in the outside canopy where there’s maximum light exposure. Peteca 

spot disorder was negatively correlated with rind dry matter, ascorbic acid and glucose and it was positively 

correlated to carotenoids, sucrose and fructose. Overall, these results indicate that the biochemical attributes 

of the fruit are affected by different microclimatic conditions inside the tree canopy which then influences 

the response of the fruit susceptibility to physiological disorders hence, biochemical profile could be used as 

pre-symptomatic biochemical markers for predicting the susceptibility of ‘Eureka’ lemon to peteca spot. 
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The objective of this study was to compare the efficiency of novel low cost fibre bags with existing 

commercial brands (F57) in determining the chemical composition of feeds. Four feed sample (Lucerne 

(Medicago sativa); Acacia mearnsii; maize grain (Zea mays); and maize Stover (Zea mays)). These feed 

samples were divided into three replicates and one control bag which were 12 replicates of different feed 

samples and two controls for low-cost bag also 12 replicates of feed samples and two control bags for 

commercial bags. These replicates were mixed randomly and the first; 24 bags were used for the first run 

and 24 bags were also used for second run, the bags were marked numerically (1st run) and alphabetically 

(2nd run) for different runs.  Chemical composition was done used the Ankom200 Fibre Analyser (ANKOM 

Technology Corp., Fairport, NY) exploiting the principles described by Van Soest method.  The commercial 

bag was more efficient (p<0.5) in determining the nutrient composition of the feeds than the novel low-cost 

bag. The commercial bag was more efficient (p<0.5) in determining nutrient composition of Lucerne, acacia 

and maize stover, while low-cost was only efficient (p<0.5) in determining nutrient composition of maize 

grain.  Comparison between the bags was done using the already known values of NDF, ADF and ADL in 

the feeds 

 

Keywords: chemical composition, nutrients, feed evaluation, digestibility, feed intake 
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The South African Government aims to transform the socioeconomic status of the uThukela Catchment 

through development of agriculture within the region. Intensification of agricultural activities will depend on 

the availability of water resources. Agricultural activities pose a threat to the quantity and quality of water 

flowing in streams. Thus, the aim of this paper was to investigate the potential impacts of the proposed 

development of the agricultural sector through a scenario-based study using the ACRU Agrohydrological 

model. The scenarios considered were: (i) expansion of irrigated agriculture, (ii) conversion of commercial 

agriculture to subsistence practices (i.e. land reform), (iii) conversion of dryland commercial agriculture into 

crops with biofuel potential, (iv) changed burning practices, (v) intensified land degradation and (vi) 

rehabilitation of degraded areas. The impacts of these activities on accumulated baseflow, quickflow and 

streamflow were first investigated at a Quaternary Catchment scale (V31F), then up scaled to the upper 

uThukela Secondary Catchment (V1). Irrigation resulted in the highest streamflow reductions, with the 

permanent pasture and double cropping scenarios resulting in a 79% and 21% reduction in streamflow at the 

outlet of V31F and V1, respectively. Plantation of soybean as a biofuel crop increased baseflows by 20% 

and 25% at the outlet of V31F and V1, respectively, when compared to natural conditions. Further 

degradation of the catchment and severe burning practices increased quickflows and streamflows; however, 

land tenure change and rehabilitation of degraded vegetation had little impact on flows. These scenarios were 

generated from limited climate, water use and land cover information; therefore cannot be used to make final 

decisions on land management issues. However, they can be used as an indication of the possible impacts of 

certain land management decisions on water resources. 
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The increasing importance of climate-related stresses has far reached effects on yield and quality of crops. 

The production and productivity of wheat, a highly climate-sensitive crop, is greatly influenced by recurrent 

droughts in South Africa. Early generation selection can be used to efficiently identify and advance better 

performing families in plant breeding trials. This study aimed to evaluate F3 families and their parents for 

drought tolerance and agronomic traits and select the best performing families at early generations. Seventy-

eight genotypes consisting of 12 parents and 66 progenies were grown using a 13 x 6 alpha-lattice design 

with two replications in two contrasting water regimes under greenhouse and field conditions in the 
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2017/2018 growing season. Data was collected for the following agronomic traits: number of days to heading 

(DTH), days to maturity (DTM), plant height (PH), tillering number (TN), spike length (SL), spikelets per 

spike (SPS), kernels per spike (KPS), thousand kernel weight (TKW), biomass (BI) and grain yield (GY). 

Highly significant differences (P<0.05) were observed for DTH, DTM, PH, TN, KPS and TKW among the 

genotypes and all the traits for the two water regimes. Variance components and heritability estimates among 

agronomic traits and yield showed high values for days to heading and biomass under stress. Genetic advance 

reported gains to selection by 29.73% and 37.61% for stress and non-stress environments respectively. The 

families LM02X05, LM13X45, LM02X23 and LM09X45 were high yielding in both stressed and non-

stressed conditions and are recommended for advancement using single seed descent. The study has 

confirmed the usefulness and efficiency of early generation selection on wheat that can also be used on the 

improvement of cereal crops in sub Saharan Africa. 
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Genetic diversity among breeding populations is key in plant breeding programs. This study aimed to 

determine the extent of genetic diversity among 37 diverse maize genotypes using the Ager-gel assay and 

simple sequence repeat (SSR) markers. The invitro Ager-gel assay was used to evaluate the genotypes for 

their capacity to stimulate Striga asiatica seeds. Total counts of stimulated   Striga seeds with emerged 

haustoria (GC) and the maximum distance between maize root and furthest haustorium (MGD) were used as 

indices of resistance or susceptibility.  Maize genotypes were then fingerprinted using 18 polymorphic SSR 

markers. Marker and population diversity parameters were computed. A total of 191 alleles were detected 

and the number of effective alleles varied from 2 to 21 per locus with a mean of 11. The polymorphic 

information content (PIC) of the SSR markers varied from 0.59 to 0.96, with a mean of 0.80. Significant 

differences were observed among populations, individuals and within individuals. Within and among 

individual variances accounted for 85% and 13% of the total gene diversity. The genotypes were grouped 

into three main genetic clusters, which were not influenced by genotype origin. Mean genetic distance (0.43) 

and low geneflow (0.18) were observed among the populations. High mean genetic identity (0.65) was 

recorded, indicating potential genetic ‘bottleneck’ among the selected germplasm. Percent GC of Striga seeds 

after 24 hours ranged from 7.5% to 56%, while MGD ranged from 8.09 mm to over 25mm. Synthetic 

population DSTR-wSYN15 and open pollinated variety (OPV) ZM 1421 stimulated the lowest GC as well 

relatively low germination distance of less than 10 mm indicating potential resistance. The MGD highly 

correlated (r=0.76) with germination count (GC). The assay can distinguish between genotypes of high and 

low stimulatory influence on Striga germination. Low strigolactone producing genotypes can reduce Striga 

germination and thus infection.   The following open pollinated varieties; Border king, Colourado, 

CIMMYT’s ZM OPVs, Mac Pearl, Shesha, Nel Choice, Natal 8Lines, Nel Choice QPM, Hickory King, Kep 

Select, Obatanpa and the Striga resistant synthetic DSTR-wSYN15 were selected from different clusters for 

breeding.  

 

Keywords: FOS, genetic variation, microsatellites, southern Africa, Striga, Zea mays (L) 

 

______________________________________________________________________________________ 

 

mailto:shayanowako@gmail.com


86 
 

SAEES-P-021 

 

VILLAGE CHICKEN EGGS USED FOR SUSTAINABILITY  

TO OVERCOME FOOD INSECURITY 

Thando Tenza 

212522006@stu.ukzn.ac.za 

Student Number: 212522006 

School of Agricultural, Earth and Environmental Sciences 

Supervised by Professor Michael Chimonyo 

 

Poultry is a sustainable source of protein for the resource-poor households, food and nutrition insecurity is 

high, where consumption of food is for survival rather than for health reasons. 

 

The study was conducted to assess how each household uses eggs from village chickens as their source of 

protein. Households (n=300) in Ntembeni and KwaShange communities, Msunduzi district, were 

interviewed using semi structured questionnaires. Village chickens were owned and reared by mostly women 

(53.5 %) which were used for P< 0.05 eggs and meat consumption. Young girls were generally prohibited to 

eat eggs as it is believed to enhance their sexual activity and predispose them to teenage pregnancy. There 

was strong association between ownership of village chickens and other livestock (P<0.05); large chicken 

flock owners reared other livestock. Nine out of 10 households provided their chickens with supplementary 

feeds, mostly in the form of maize and kitchen wastes. The major constraints to chicken productivity were 

high prevalence of diseases and predation. Village chickens were kept for consumption purposes both meat 

and eggs.  

 

Keywords: Flock composition, Farmers, Household, Sustainability, Village Chickens 
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The objective of the current study was to establish the relationship between inclusion level of Vachellia 

tortilis leaf meal and time spent on different behavioural activities displayed by finishing pigs. A total of 

forty-eight male Large White × Landrace finishing pigs with a mean (± standard deviation) body weight of 

63.8 ± 3.28 kg aged 14 weeks were assigned to individual pens in a completely randomized design. Pigs 

were fed on diets that contained 0, 30, 60, 90, 120 and 150 g/kg dry matter of V. tortilis leaf meal ad libitum 

with fresh water provided throughout the trial. There were eight pigs in each dietary treatment. The behaviour 

of pigs was observed for three weeks once a day from 0600 to 1800 hours using six closed circuit television 

cameras.  Regression analyses was used to analyse the data. Increasing levels of V. tortilis leaf meal caused 

a linear decrease (P < 0.05) in time spent eating, lying down and the number of visit to the feeder. Time 

spent standing and biting objects increased linearly (P < 0.05) with increasing inclusion level of V. tortilis 

leaf meal. There was no relationship (P > 0.05) between V. tortilis leaf meal inclusion and time spent 

drinking, sniffing and licking of object. It can be concluded that inclusion level of V. tortilis leaf meal alters 

behavioural of pigs by reducing time spent eating, lying down and the number of feeder visit while 

prolonging time spent standing and biting of objects.  

Keywords: time spent; behavioural activities; linear relationship; pronthocynadins 
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Household Solid Waste Management (HSWM) is a major challenge in peri-urban communities, particularly 

in Southern Africa. Civil society organisations such as Environmental Non-Governmental Organisations 

(ENGOs) have attempted to provide assistance towards improving the HSWM and recycling practices in 

peri-urban communities through the implementation of Community-Based Recycling Interventions (CBRIs). 

In 2011, an ENGO in South Africa (SA), Wildlands Conservation Trust (WCT) implemented a CBRI known 

as the Waste-preneur project- termed by the researcher as “The Msunduzi Waste-Preneur Initiative”- MWPI 

in peri-urban communities throughout the country. The implementation of the MWPI has resulted in 

numerous benefits for community members; however, the MWPI experienced diverse challenges and became 

unsustainable at a community level in 2016. This led to the investigation of enviropreneurship and whether 

ENGOs contribute effectively towards sustainable recycling and HSWM practices in peri-urban 

communities. The aim of this study was to critically assess the influence and sustainability of an ENGO 

community-based recycling intervention on HSWM and recycling practices in three peri-urban communities 

in Pietermaritzburg, SA.  

The conceptual framework of the study consisted of Participatory Development Communication (PDC), 

Social Systems and Social Capital (SC) theories. The theoretical link between PDC, SC and social systems 

theories lie in the concepts of participation and feedback between stakeholders that exchange and transfer 

SC in what I characterised as “the social system of the MWPI”. A primarily qualitative data collection 

approach was used in the study. The qualitative data was combined with limited non-statistical quantitative 

data. A community questionnaire was administered to 150 respondents in three peri-urban communities and 

key informants interviews were conducted with stakeholders that were involved in the MWPI. Unstructured 

observation was also utilised to obtain empirical data. 

The results indicated that the MWPI influenced HSWM and the recycling practices of community members 

both positively and negatively over time. On the one hand, the intervention provided numerous benefits, 

however when the MWPI faltered and changed, most of the benefits were shown to be temporary. There 

were also faults identified in the research, design, implementation, and evaluation stages of the MWPI. When 

the MWPI became unsustainable in peri-urban communities, there were numerous implications for 

stakeholders. WCT then shifted the focus of the MWPI towards the commercial sector.  

The study revealed that the sustainable application of ENGO wastepreneurship interventions remain largely 

donor funded in SA. The concept and implementation of wastepreneurship by ENGOS such as WCT in SA 

could become stronger with the availability and accessibility to sufficient financial resources, integrative 

stakeholder participation, effective evaluation and monitoring tools. This study also indicated that even when 

ENGO interventions become unsustainable, community members and other stakeholders adopt a more 

positive mind-set towards environmental sustainability principles and practices.  

Keywords: Household Solid Waste Management, Community-Based Recycling Interventions, 

Wastepreneurship, Social capital, Systems theory, Participatory Development Communication. 
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The formation of the continental crust is a controversial topic in geology to date, after nearly fifty years, 

geoscientists still do not agree on one model suggesting the evolution of these crusts. Some geoscientist 

suggest that modern-day plate tectonics were present in the beginning [1,2,3] while others proposed an 

oceanic plateau related model [4]. There are still more models suggested, hence the need to study the 

evolution of the continental crust is imperative. South Africa together with Botswana and Swaziland house 

one of the world’s oldest and most preserved continental crust known as the Kaapvaal Craton (KC). The 

cratonic block assembled episodically in the Archean over a period of 1300 million years (approx. 3800 till 

2500 Ma) [5]. The oldest rock in KC the Ancient Gneiss Complex, it consists of the layered Ngwane Gneiss 

(NG) (3666 Ma) and a relatively homogenous Tsawela Gneiss (TG) at 3480 Ma [6,7]. The aim of this 

research is to study the bulk chemistry TG from South Africa and compare the overall TG with the NG.  

 

In our field observations, two field relationships are observed viz, TGs containing amphibolite as enclaves 

and, (2) amphibolite occurring within the supracrustal sequence in association with the TG  

 

In the an-ab-or plot, NGs are mainly Trondhjemite, whereas TGs from Swaziland plot in the Tonalite field, 

and TGs from South Africa plot in the trondhjemite field. In bulk chemistry NG has high SiO2 (70-80 weight 

%) with the alumina saturation index that is strongly metaluminous to weakly peraluminous. TGs from South 

Africa have higher SiO2 (70-75 weight %) than Swaziland (60-70 weight %) and are weakly peraluminous 

while TGs from Swaziland are strongly peraluminous. Being high SiO2, the TGs are geochemically dissimilar 

to modern-day adakites Form Over subduction zone. 
 

[1] Martin (1986) Geology 14, 753-756. 

[2] Foley et al. (2003) Nature 417, 837-840. 

[3] Condie (2005) Lithos 80, 33-44. 

[4] van Kranendonk et al. (2014a) Precambrian Research 254, 205-220. 

[5] Poujol et al. (2003) Precambrian Research 127, 181-213 

[6] Schoene et al. (2008) Tectonics 27. 

[7] Hoffmann et al. (2016) Precambrian Research 276, 43-66. 
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Terminal drought is primarily a constraint in the global productivity of bread wheat (Triticum aestivum L.). 

The use of tolerant germplasm remains a primary solution to improved yield under drought. The aim of this 

study was to evaluate drought tolerance among a selected lines of bread wheat using agronomic yield traits, 
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yield-based drought tolerance indices and physiological crop yield traits and to profile the magnitude of 

statistical association present between the agro-physiological traits, drought tolerance indices and genotype 

yield potential under terminal drought stress to aid identification of superior genotypes for inclusion in 

subsequent breeding. The responses of 28 CIMMYT lines of bread wheat evaluated in greenhouse and shade-

house environments under terminal drought (TDT) and well-watered (WWT) moisture regime conditions 

were studied. Significant interactions of genotype x environment x moisture regime were observed for NS, 

SW, GY, TKW, LCT, CCI and SC confirming variation in the responses of evaluated germplasm to TDT 

and WWT moisture regime levels in contrasting environments. Yield-based drought tolerance indices were 

computed and genetic material assessed for yield potential susceptibility to terminal drought stress (Ys) in 

the contrasting environments. GY correlated positively with TKW, CCI, NS and SW under TDT conditions. 

Also, positive significant associations were discovered for Ys with YSI and STI under shade-house 

environments and HM, MP, and GMP under greenhouse. Following principal component (PC) analysis, two 

important PCs explained the variations observed in the responses of studied traits under TDT with 73.54% 

cumulative variance explained. Three influential PCs were discovered under the WWT, with a cumulative 

variance of 85.61%. High loadings were obtained for NS, SW, GY and CCI in PC1. Variables TKW, and SC 

produced high loadings into PC2, and high loadings of LCT into PC3. Two influential PCs which accounted 

for 97.19% cumulative variance explained the variation observed in the responses of studied drought indices 

under greenhouse environments. High loadings were obtained for HM, MP, GMP, STI, YI, k1MSTI, and 

k2MSTI into PC1. Variables YSI, and YI produced high loadings into PC2. Likewise, two influential PCs 

were discovered under shade-house environments and accounted for a cumulative variance of 95.22%. High 

loadings of HM, GMP, SSI, STI, k1MSTI, and k2MSTI were recorded into PC1, while TOL, MP, and SSI 

produced high loadings into PC2. Principal component biplot analysis revealed the drought tolerant 

genotypes based on the responses of all evaluated traits under TDT conditions in both environments; such 

genotypes included LM40, LM70, LM72, LM88, LM61, LM95, LM44, LM02, LM32, LM72, LM95, LM22, 

LM100, LM13 and LM55. The significant yield component traits could be incorporated for use in subsequent 

breeding of drought tolerance in bread wheat. 
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The chemical composition and biological activity of the essential oil extracted from the fresh leaves and stem bark of 

Grewia lasiocarpa was determined for the first time in this study. The essential oils were extracted by hydro distillation 

and identified by GC–MS and ATR-FTIR. The antibacterial, antioxidant activity and total phenolic content of essential 

oils were determined. The major compounds identified were phytol (22.6%); α-farnesene (8.62%); n-hexadecanoic 

acid (7.24%); farnesol (4.61%) in the leaves, and 2-methylheptadecane (7.24%); heptacosane (7.60%); heptadecane, 

2,6,10,14-tetramethyl (7.30%). The presence of aromatic, alkanes and phenolic compounds were revealed by FT-IR 

analysis. The in silico oral prediction shows that some of the components are orally safe. The essential oil from the 

leaf showed a remarkable cytotoxic activity at 1mg/mL (IC50 =555.70 µg/mL) against HeLa cells. The oils exhibited 

no significant antioxidant activity (IC50 >1 000 µg/mL) with <100(mg/g GAE) of total phenol. The essential oils 

showed different degrees of activities against Escherichia coli (ATCC 25922), Pseudomonas aeruginosa (ATCC 

27853), and Klebsiella pneumonia (ATCC 314588) at 10 µg/mL, 5 µg/mL and 2.5 µg/mL. These results might provide 

a future reference basis for further exploration of more of its medicinal application. 
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Pseudodiaptomus stuhlmanni Poppe & Mrázek, 1895 is an estuarine copepod species commonly found in 

abundance along the east coast of southern Africa. This copepod species in its naturally occurring 

environment serves as a food source for numerous finfish larvae. The aim of this work was to determine the 

optimum diet for P. stuhlmanni to enhance its survival and nutritional value, along with the associated 

optimum culturing conditions of microalgal species Isochrysis galbana Parke and Tetraselmis suecica Kylin 

(Butcher) which were used as feed. The effects of a purchased diet, cultured diet and natural diet on the fatty 
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acid profile of P. stuhlmanni were also analysed. Both microalgal species were cultured using either no 

additional water or f/2 growth medium, 100 % additional water and f/2 growth medium or 50 % additional 

water and f/2 growth medium over a 7 day period. The optimum culturing technique for both microalgal 

species was determined based on their cell densities and high Fv/Fm values analysed using Pulse Amplitude 

Modulated (PAM) fluorometry. Copepod species P. stuhlmanni retrieved from the Mtunzini Fish farm, which 

received its water from the Mlalazi estuary were subjected to different I. galbana to T. suecica ratios of 

100:0; 75:25; 50:50, 25:75 and 0:100 over a 5 day period and were analysed based on their survival and fatty 

acid contents using gas chromatograph/ mass spectrometer (GC/MS) of their fatty acid methyl esters 

(FAMEs). The FAMEs of wild caught copepods and copepods fed a purchased artificial diet were also 

compared. The optimum culturing conditions for both microalgal species was observed with the 50 % 

additional water and f/2 growth medium and the overall optimum diet for P. stuhlmanni, was the 25:75 I. 

galbana to T. suecica microalgal diet. This cultured microalgal diet also showed greater potential for P. 

stuhlmanni culturing than an imported artificial feed. This information can be applied in aquaculture systems 

to enhance the nutritional value of copepods, which in turn can potentially be used to enhance the quality of 

cultured finfish products and decrease feed expenses.  

 

Keywords: Aquaculture, microalgae, copepods, fatty acids, expenses.  
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The spread of alien invasive species, especially plant species, has become a major problem as it contributes 

to biodiversity loss worldwide and alters ecosystem functioning. Their spread is facilitated by native bird 

species through seed dispersal as they form mutual relationships with native bird species. For effective 

management of invasive plant species, it is important to understand processes that have contributed to their 

successful spread. Here, we assessed the role of native bird species in the dispersal of Lantana camara, a 

well-established invasive shrub by observing species visiting the shrub and modelling potential seed dispersal 

distances. During the 152 observation hours, 42 species of birds with different levels of frugivory were 

observed visiting L. camara, of which only 17 species consumed L.camara fruits. Potential dispersal 

distances for the 17 observed feeding on L.camara fruit ranged from 9000 to 23926 meters. Seeds consumed 

by larger bird species were dispersed further than those consumed by smaller bird species. Therefore L. 

camara benefits from different frugivores, mainly small sized birds for dispersal to suitable local microsites. 

Modelled dispersal distances of L.camara showed that frugivores have effects on a local scale as long 

distances were rare due to the limited availability of large frugivores.  These results emphasised the 

importance of evaluating the role of native birds in seed dispersal of alien invasive species.  
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Corals are of great ecological and economical importance; however, they are increasingly threatened by 

human disturbances such as increasing sea surface temperature and microplastic pollution. Microplastics are 

of concern as they fall in the size range of corals’ natural food. Coral bleaching is a phenomenon, where 

corals expel their endosymbiotic algae due to the stress of increased sea surface temperature. This has been 

increasing in frequency and severity which is causing major loss of coral cover globally, which extends to 

great loss in the goods and services they provide. Literature pertaining to the ingestion of microplastics and 

its effects on corals are scarce. Thus, this study aimed to determine if: (1) both healthy and bleached 

scleractinian corals ingest microplastics, (2) biofouling affected the ingestion rates (number of particles 

polyp-1 h-1) of microplastics (beads and fibres), (3) ingestion of microplastics affected the respiration rate 

(mg O2 h-1 cm-2) of corals. This was done by conducting six separate 12-hour feeding experiments 

(zooplankton, microplastic (beads and fibres), biofouled microplastics (beads and fibres), as well as a mix 

(beads, fibres and zooplankton) in closed chambers using similar sized healthy and bleached A. irregularis 

and P. verrucosa nubbins. Both species when bleached and healthy ingested microplastics. The ingestion 

and respiration rates of both species fed microplastics (biofouled and non-biofouled) were similar to those 

fed zooplankton (when healthy and bleached) (GLM-3-way-ANOVA on ingestion rate: Wald-Chi-

Square=1.052, df=5, p=0.944; GLM-3-way-ANOVA on respiration rate: Wald-Chi-Square=8.658, df=5, 

p=0.123).  Ingestion and respiration rates for all particle types were significantly higher in bleached corals 

compared to healthy corals for both species (GLM-3-way-ANOVA on ingestion rate: Wald-Chi-

Square=53.585, df=1, p<0.0005; GLM-3-way-ANOVA on respiration rate: Wald-Chi-Square=78.085, df=1, 

p<0.0005). Ingesting microplastics did not elicit any immediate stress responses by healthy corals. Bleached 

corals seem to be more susceptible to microplastic pollution. Further long-term, monitoring of the effects of 

microplastics on corals in-situ is required for conservation purposes. 
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Temporarily open-closed estuaries (TOCEs) are especially variable over spatio-temporal scales, exhibiting 

different states across seasons. High levels of production are achieved by biota that proliferate in each system 

state. In South Africa, where the majority of TOCEs are microtidal, freshwater inflow and related covarying 

factors such as salinity and nutrient levels are determinants of state. Regional and local anthropogenic 

stressors such as drought or flooding and river abstraction can result in the exacerbation of variability of 

conditions in and length of each state. Studies have provided conceptual water quality frameworks which 
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characterise estuarine states according to the relationship between hydrology, salinity and mouth state for 

physico-chemical variables and chlorophyll-a. Temporarily open-closed systems, which make up 70% of 

South Africa’s estuaries, may exhibit system-specific regimes of freshwater inflow and mouth state due to 

their predisposed geomorphology, i.e. estuaries that have been closed for a long period could either become 

fresher or more saline depending on whether or not they are perched. It is therefore uncertain how well the 

abiotic and biotic processes map on to the existing framework. The aim of this study is to categorise different 

states of TOCEs into a quantitative framework reproducible across TOCEs using time-series analysis. To 

this end the objectives are to: 1. Find out how mouth state and freshwater inflow parameters influence 

correlations of key physico-chemical variables, and which of these is preferential to use as a state descriptor; 

2. Investigate how well biotic variables relate to the physico-chemical correlations and whether these system-

scale parameters are effectively represented by ranges of freshwater inflow; and 3. Identify ranges of these 

parameters that satisfy the state delineation, or identify magnitude of change in parameters that result in a 

state shift, such that it may be replicable over numerous TOCEs. 

 

______________________________________________________________________________________ 

 

SLS-P-006 

 

STUDIES ON THE DEVELOPMENT OF AN ANIMAL MODEL OF OBESITY  

AND ITS POSSIBLE LINK WITH TYPE 2 DIABETES 

 

Kovania Chetty 

208509662@stu.ukzn.ac.za 

Student Number: 208509662 

School of Life Sciences 

Supervised by Professor Shahidul Islam 

 

The main aim of the study was to develop an animal model of obesity by use of a novel high-fat/high-

carbohydrate liquid emulsion diet and bisphenol A (BPA) a known environmental obesogen [1]; and to study 

the possible link of obesity to type 2 diabetes mellitus. Six week old male and female Wistar rats (150-180 

g) were divided randomly into ten groups namely, Normal Control (NCM, NCF), Liquid Emulsion Diet 

(LEDM, LEDF), LED + Bisphenol A – 25 µg/kg/day (MBPA25,FBPA25), LED + Bisphenol A – 50 

µg/kg/day (MBPA50, FBPA50) and, LED + Bisphenol A – 100 µg/kg/day (MBPA100, FBPA100). All 

groups received regular rat pellet diet throughout the study and BPA groups received the respective dosages 

of BPA for a period of 28 consecutive days in the drinking water from the second week of the diet. Obesity 

parameters such as body weight and body mass index (BMI) was taken and calculated weekly. Male Wistar 

rats showed promising results with significantly (p < 0.05) higher body weight and BMI was noted in LEDM 

and MBPA50 groups in comparison to the NCM group. These groups displayed BMI >0.68 which is 

considered obese. The female Wistar rats however, displayed weight fluctuations throughout the study as 

well as BMI within the normal range for rats which is 0.42-0.68 [2]. Oral glucose tolerance conducted at in 

the second to last week of the study showed that MBPA groups had elevated final blood glucose levels 

suggesting the development of insulin resistance, a key factor in the pathogenesis of type 2 diabetes [3]. 

Histopathology revealed increased number and size of adipocytes characteristic of obesity in LEDM and 

MBPA50. Serum insulin showed elevated readings for both LEDM and MBPA50 indicating insulin 

resistance in these groups. 

 

In conclusion, the objective to induce obesity in rodents was achieved in male Wistar rats. 

 

The findings suggest that the HF/HC liquid emulsion diet successfully developed obesity without 

enhancement with BPA. From the study, the optimal dosage of BPA was found to be 50 μg/kg BW which is 

consistent with literature [1]. Obesity may be linked to type 2 diabetes since it is known that insulin resistance 

if untreated will progress to type 2 diabetes [4]. 
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Neurodegenerative diseases such as Alzheimer have been recognised as one of the microvascular 

complications of type 2 diabetes (T2D). It is often characterised by progressive neuronal loss, structural 

alterations, and metal accumulation. In this study, the effect of T2D on neuronal integrity and elemental 

concentration in the cerebellar cortex of the brain as well as the therapeutic effect of Raffia Palm (Raphia 

hookeri) wine (RPW) were investigated in male albino rats. T2D was induced in 4 groups of rats using the 

fructose-streptozotocin model. One group served as the negative control which was administered water, the 

second and third group were administered 150 and 300 mg/kg bodyweight of RPW, while the fourth was 

administered metformin (200 mg/kg bodyweight). Two other groups were administered distilled water 

(control) and of RPW (300 mg/kg bodyweight). The rats were sacrificed, and brains collected after 6 weeks 

of treatment. The cerebellum was removed, some parts were fixed in 10% buffered formalin and 2.5% 

glutaraldehyde for immunochemistry, histology and SEM analyses. While the other parts were analysed for 

oxidative stress biomarkers and acetylcholinesterase activity. These analyses revealed oxidative damage with 

concomitant increased acetylcholinesterase activity and upregulation of Nrf2 expression in the diabetic brain 

cerebellar cortexes. Histological and microscopic analysis also revealed an altered distribution of neurons 

and axon nodes with concomitant elevated levels of heavy metals. Treatment with RPW significantly 

elevated GSH level, SOD and catalase activities as well as depleted acetylcholinesterase and MDA level, 

while concomitantly inhibiting Nrf2 expression. It also led to improved neuronal integrity and depleted levels 

of heavy metals. Modification of these alterations by RPW may signify a novel therapeutic potential against 

diabetic Alzheimer. 
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The poultry industry is one of the agricultural sectors of each nation that plays a key role in fighting 

malnutrition through the supply of meats and eggs. However, the vulnerability of poultry to parasitic diseases 

has hampered on their productivity. Coccidiosis is an enteric disease that is caused by Apicomplexan parasite 

of genus Eimeria with several thousands of species. Seven of these species have been identified in chickens. 

Molecular methods of identification using internal transcribed spacers (ITS-1, ITS-2) have dominated 

literature of this disease in different regions. Despite the significant effect of this disease in poultry industry, 

there is limited study on this parasite in South Africa. Among the 200 faecal samples collected from 

KwaZulu-Natal province of South Africa, 77(38.5%) were positive for Eimeria oocyst using faecal floatation 

method. Four species (E. tenella, E. mitis, E. acervulina, and E. maxima) of this parasite were identified by 

PCR in all farms. Mixed infections were also common in all samples. This study will further help in the 

epidemiology of this parasite in South Africa. 
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Mesozooplankton communities form an important ecological link within food webs and are a key tool in 

determining changes within the environment. The Mlalazi Estuary is in considerably good condition 

however, only a few studies have been carried out on the ecosystem. By analysing the spatial and temporal 

variations in the mesozooplankton community, a baseline can be established as to how the community 

responds to changes in their environment. Monthly zooplankton samples were collected from July 2014 to 

June 2016 from four sites within the estuary; the upper, mid (constituting 2 sites) and lower reaches. 

Preliminary results indicate that calanoid copepods, Acartiella natalensis and Pseudodiaptomus spp., 

dominated throughout the estuary in density. Significant differences in density of zooplankton were detected 

with maxima being reached during the wet season and minima during the dry season. The community 

constituted of two components comprising of stenohaline marine and mesohaline groups with several 

freshwater taxa being present as outliers of these groups. No significant correlations between the community 

and the measured environmental variables were detected due to the homogenous nature of the environment. 

Prolonged drought in recent years has influenced the freshwater inflow into the system resulting in the estuary 

becoming more saline and homogenous. 
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Coral reefs are characterised by diverse community patterns and dynamic structures. These structures 

undergo both natural and anthropogenically induced change, altering community patterns and thereby 

ecosystem processes. Long-term monitoring programs are important for assessing changes and their 

consequences over time. A common method involves analysing two-dimensional (2D) photos of the 

substrate, using photoquadrats and Coral Point Count (CPCe). This method has been used on the Sodwana 

Bay reef complex for the past 25 years. Structure from Motion (SfM) Photogrammetry is a method that 

constructs high-resolution digital three-dimensional (3D) models from overlapping images.  SfM has been 

found to produce highly accurate measurements, reduce labour intensity, and quantify reef characteristics 

known to influence ecosystem structure and function. This study aims to compare SfM photogrammetry with 

photoquadrat analysis and CPCe, and evaluate their accuracy and efficiency as monitoring methods. Each 

method will be used to survey an artificial reef of known dimensions and resultant metrics will be compared. 

The optimal method will then be used to determine if the existing monitoring sites on the 9 mile reef of 

Sodwana Bay are adequately representative of the Sodwana Bay coral reef complex and if expanding the 

scope of monitoring in this area is feasible. This will be done by comparing measured metrics of alternative 

sites within the reef complex to that of the monitoring sites. Furthermore, the optimal method will be used 

to undertake a size class study on coral recruits to a senesced Acropora austera reef patch, in order to monitor 

succession of corals following disturbance. This study will identify the most appropriate strategy for 

biologically accurate, cost- and time-effective monitoring efforts for the Sodwana Bay coral reef complex, 

as well as provide information regarding the structural and biological characteristics of these critical 

ecosystems and how their communities respond to, or recover from, disturbance. 
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African trypanosomiasis results in huge economic loss within the African continent and there is an urgent 

need to develop more effective therapies. Copper, although toxic in its free form within the cell, is required 

in most cells as an essential component of cuproproteins including cytochrome c oxidase. Therefore, copper 

metabolism is very carefully regulated within cells. This research aimed to gain insight into trypanosome 

copper metabolism. Trypanosoma spp genomic databases were screened for the presence of copper 
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containing and -transporting proteins. A gene encoding a P-type copper transporting ATPase was identified 

in the T. congolense genome. The N-terminal copper binding cytosolic domain was cloned and recombinantly 

expressed in Escherichia coli as a maltose binding protein (MBP) fusion protein (MBP-NTcoCuATPase). 

The copper binding properties of the MBP-NTcoCuATPase were assessed after the protein was purified or 

by supplementing the expressing cells with a copper salt. Bicinchoninic acid was used to detect copper after 

release. Antibodies (IgY) were raised in chickens against a specific peptide in the NTcoCuATPase, and 

affinity purified using the peptide coupled to an affinity matrix for use in a western blot to detect the native 

CuATPase in T. congolense IL3000 lysates. Bioinformatic analyses identified multiple copper binding 

protein-encoding genes in Trypanosoma spp genomes, including CuATPases and copper chaperones (Cox11, 

Cox17 and Cox19). The protein encoded by the CuATPase gene was predicted to be a 112 kDa membrane-

bound protein possessing all the conserved residues and domains characteristic of known PIB-1 CuATPases. 

The recombinant MBP-NTcoCuATPase bound significantly higher (P<0.05) amounts of copper than the 

fusion tag alone. The native CuATPase was recognised by the anti-peptide antibodies in the parasite lysates. 

Host-derived antibodies against CuATPase were detected, via an indirect ELISA with the recombinant MBP-

NTcoCuATPase antigen, in sera from cattle infected with T. congolense. We showed that trypanosomes 

express a copper P-ATPase and we propose that these proteins are attractive potential targets for anti-

trypanosomal drug discovery.      
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The durability and unsustainable use of plastics coupled with inappropriate waste management has resulted 

in the extensive environmental occurrence of microplastics (MP) worldwide. It’s prevalence as marine debris 

and possibility to cause harm to marine biota has become a global concern. Also, the concern surrounding 

increasing temperatures due to climate change is steadily growing, since water temperature influences the 

physiological activities in marine animals. Thus, research on the biological impact of MP on organisms in 

their natural environment is on the increase. However few reports are available on MP ingestion in lower 

benthic marine animals sampled from their natural environment at different seasons of the year. This study 

investigated MP ingestion in Dotilla fenestrata, Pyura stolonifera and Holothuria cinerascens sampled from 

their natural environment during winter and summer. At low tide, Dotilla fenestrata, Pyura stolonifera and 

Holothuria cinerascens were collected from Durban harbour, and Park Rynie beach respectively during 

winter (July, 2017) and summer (February, 2018). Animals were cleaned and transported in ice to the 

laboratory. P. stolonifera without tunics, H. cinerascens guts and D. fenestrata with shell (rinsed in distilled 

water) were digested in 10 % KOH for 24 hours at 60 ⁰C. Hyper- saturated NaCl solution was added to the 

digestate, stirred and left to settle for 72 hours. The supernatant was vacuum-filtered onto 1.6 µm GF/A Filter 

and oven dried at 60 ⁰C for 24 hours. Each filter was analysed for microplastics with a light microscope 

(Stereo Nikon® AZ100) using morphological characteristics. Identified microplastics were subjected to the 

hot needle test. The result showed that more than 95 % of animals sampled in both seasons ingested MPs. 

MPs found in sampled animals include: microbeads, fragments, fibres, film, foam and filaments. Fibres had 

the highest occurrence in all the animals sampled in both seasons with exception of P. stolonifera in summer 

where number of fragments recorded (56) was higher than fibres (43). There is significant difference with P-

value < 0.0001 at 95 % confidence between total number of microplastics ingested in winter and summer in 

all the animals sampled. D. fenestrata ingested more MPs in winter (362 ± 5.7) than in summer (219 ± 6.1) 

while P. stolonifera and H. cinerascens ingested more MPs in summer (138 ± 3.7 and 307 ± 5.8) than in 
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winter (107 ± 2.8 and 244 ± 5.6) respectively. This difference may be due to the different feeding methods 

employed by these animals and sampling sites. D. fenestrata is a deposit feeder (sampled at Durban Harbour) 

while P. stolonifera and H. cinerascens are filter and suspension feeders (sampled at Park Rynie beach) 

respectively. Highest number of MPs recorded in P. stolonifera and H. cinerascens during summer might be 

because of increased rainfall and temperature. Ingestion of MPs in these animals indicates their potential to 

transfer MPs to higher organisms including man resulting in its bioaccumulation in the food chain. Increased 

temperatures combined with microplastics bioaccumulation in these animals have the potential to affect their 

physiological processes and thus impact their ecological roles. 

Keywords: microplastics, temperature, D. fenestrata, P. stolonifera, H. cinerascens.  

______________________________________________________________________________________ 

 

SLS-P-013 

 

MOLECULAR AND MORPHOLOGICAL CHARACTERISATION OF LYMNAEIDAE SNAILS 

FROM SELECTED REGIONS OF OKAVANGO DELTA OF BOTSWANA,  

KWAZULU-NATAL AND MPUMALANGA PROVINCES OF SOUTH AFRICA 

 

Mokgadi Pulane Malatji 

pulanemalatji@gmail.com  

Student Number: 214585800 

School of Life Sciences 

Supervised by Professor Samson Mukaratirwa 

Lymnaeidae snail species are known to be intermediate hosts of human and livestock helminths parasites, 

especially Fasciola species. Identification of these species and their geographical distribution is important to 

better understand the epidemiology of the disease. Significant diversity has been observed in the shell 

morphology of snails from the Lymnaeid family and the systematics within this family is still unclear, 

especially when the anatomical traits among various species have been found to be homogeneous. Although 

there are records of Lymnaeid species of southern Africa based on shell morphology and controversial 

anatomical traits, there is paucity of information on the molecular identification and phylogenetic 

relationships of the different taxa. Therefore, this study aimed at identifying populations of Lymnaeidae 

snails from selected sites of the Okavango Delta (OKD) in Botswana, and sites located in the KwaZulu-Natal 

(KZN) and Mpumalanga provinces of South Africa using a combination of shell morphology and molecular 

approaches. Lymnaeidae snails were collected from 8 locations from the Okavango delta in Botswana, 9 

from KZN and one from Mpumalanga provinces and were identified based on phylogenetic analysis of the 

internal transcribed spacer (ITS-2). Principal component analysis (PCA) was performed to assess if 

Lymnaeidae species determined by analysis of the ITS-2 marker can be distinguished through shell 

morphometry measurements.   Analyses based on the ITS-2 marker identified the presence of a well-

supported Radix clade containing R. auricularia, Radix (Lymnaea) natalensis and R. rubiginosa, which were 

not well resolved. Experimental samples from the Okavango Delta (OKD) and KwaZulu-Natal (KZN) 

present in this clade were referable to these species. An unidentified experimental taxon from the OKD 

formed a well-supported sister clade to the Radix clade, although it was not possible to identify it. Galba 

truncatula was well supported in a sister relationship to a well-supported Pseudosuccinea columella clade 

which included samples from Mpumalanga and KZN provinces of South Africa. We observed that P. 

columella shared the same habitats with R. natalensis and R. auricularia in KZN. Shell morphometric studies 

were not able to distinguish among the above-mentioned genera and species, indicating that morphological 

traits of the shell are not suitable for delimiting and characterising the genera and species of the family 

Lymnaeidae from the OKD of Botswana and KZN and Mpumalanga provinces of South Africa. Our study 

contributes new knowledge on the Lymnaeidae species present in Southern Africa and their phylogenetic 

relationships. The study further identifies the species which are likely to co-exist in the same environment 

and this information will be of use to those designing control programs for fasciolosis. This is the first study 

reporting the presence of R. auricularia in the OKD of Botswana and KZN province of South Africa. 
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Magnetic nanoparticles (MNPs) are widely applied in biomedical applications as contrast agents for magnetic 

resonance imaging, hyperthermia treatments, cell labelling, magneto-targeted therapy and drug delivery. 

Spinel ferrites represent a class of MNPs with unique optical, electrical and magnetic properties. In this study, 

we synthesised, characterised and evaluated cytotoxicity of polymer-coated Mg0.5Co0.5Fe2O4 MNPs as 

potential non-viral drug delivery vectors. The Mg0.5Co0.5Fe2O4 ferrites were synthesised via glycol-thermal 

method. Surface functionalisation was attained using 3 polymers viz. chitosan (CHI), poly-ethylene glycol 

(PEG) and poly-vinyl alcohol (PVA) to produce CHI-Mg0.5Co0.5Fe2O4, PEG- Mg0.5Co0.5Fe2O4 and PVA- 

Mg0.5Co0.5Fe2O4. The structure and morphology of all MNPs were characterised using transmission electron 

microscopy (TEM), high resolution TEM (HR-TEM), scanning electron microscopy (SEM), X-ray 

diffraction (XRD) and Fourier transform infra-red (FTIR) spectroscopy. Nanoparticle tracking analysis 

(NTA) was employed to measure hydrodynamic size and zeta potential. Magnetic measurements were carried 

out in fields of 14kOe at room temperature using a vibrating sample magnetometer (VSM). In vitro 

cytotoxicity was evaluated in the human embryonic kidney (HEK293) cell lines. Powder XRD patterns 

confirmed single-phase cubic spinel structure typical of ferrite MNPs with average crystallite size < 12nm. 

Further, we observed slight decrease in lattice parameters upon coating.  TEM results correlated well with 

results obtained from XRD. HRTEM images displayed spherical shapes. Agglomeration of these spherical 

MNPs was prevalent as observed in SEM micrographs. Zeta potential measurements showed improved 

colloidal stability of ferrite MNPs upon PEG and PVA coating ranging at < -30 mV. Functionalisation of the 

Mg0.5Co0.5Fe2O4 was confirmed by attenuated total reflection-FTIR. Magnetisation results revealed the 

superparamagnetic nature of both uncoated and polymer coated nanoparticles with saturation magnetisations 

values of 66.9 emu/g for Mg0.5Co0.5Fe2O4. The shielding effect led to a decrease in magnetisation saturation 

for all coated MNPs with the lowest value of 50.5 emu/g reported for CHI- Mg0.5Co0.5Fe2O4.  Along with the 

low cytotoxicity in the HEK293 cell line, the desirable physicochemical and magnetic properties exhibited 

by these polymer-coated nanoparticles provide support for their use in biomedical applications.  
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Mesoporous Silica Nanoparticles (MSNs) have been explored as effective drug delivery systems for a variety 

of therapeutic agents to fight against various kinds of disease. Their low toxicity, high drug loading capacity 
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and comparatively better biocompatibility to other metal oxides has increased their desirability as drug 

delivery vehicles, especially for cancer therapy. In this study, MSNs were synthesised and functionalised 

with chitosan and polyethylene glycol 2000, to improve the stability and bioavailability in vivo. The 

formulated particle size was shown to range between 35-70 nm, with a high surface area (809.44 m²/g), large 

pore volume (1.53 cm³/g) and uniform pore diameter (7.4 nm) as determined by electron microscopy and 

adsorption studies. The capacity to encapsulate drugs with a controlled release is one of the most important 

requirements for an efficient drug delivery system. To evaluate the drug loading and release profile of the 

MSNs, two model drugs, 5-fluorouracil (5-FU) and doxorubicin (Dox) were loaded separately, and together 

for a multidrug preparation. The 2% pegylated MSN formulation showed a higher loading capacity of 

doxorubicin (0.98 mgdox/mgmsn), whilst the 5% pegylated MSN showed a higher 5-FU (0.18 mg5-FU/mgmsn), 

and multidrug loading capacity (0.29 mgdox/mgmsn, 0.047 mg5-FU/mgmsn). Release profiles revealed higher 

percentage release from doxorubicin loaded nanoparticles, with sustained release profiles over 72 hours. 

Toxicities of the drug loaded particles were determined in vitro in four cell lines, with the pegylated particle 

showing relatively no toxicity. Drug loaded MSNs were determined to have effective concentrations ranging 

between 20-50 μg/ml. The promising in vitro tests suggest the promising potential of these nanoparticles as 

drug delivery vehicles, with further development being warranted. 
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Monitoring is an essential component of the conservation and management of ecological systems, as it 

ensures that the most recent status of a system is captured and sudden changes raise a flag to take action. A 

comprehensive study of biodiversity patterns of the intertidal rocky shores of KwaZulu-Natal (KZN) 

conducted in the late 1990s has shown distinct differences among two regions, the Maputaland and the Natal 

bioregion, the latter of which encompasses Zululand, central KZN and the south coast. With the steady 

increase of human settlements along the coast, there has been growing pressure on intertidal resources, which 

has likely affected the structure of these communities. To characterise changes that have occurred over the 

past 20 years, we are in the process of conducting repeat surveys of 15 of the sites previously surveyed in the 

Natal bioregion, using identical sampling protocols. Furthermore, to develop the most suitable sampling 

protocol for a future monitoring programme, this study aims to address the following questions: (i) How 

many quadrats are required to adequately capture variability and change, and how big should quadrats be? 

(ii) Are changes more easily detected along vertical transects or horizontal zones? (iii) Is a fixed, repeated-

measures design more suitable for monitoring than the traditionally-used randomised design? (iv) Does the 

traditionally used in-situ identification and scoring of percentage cover of all species yield the same result as 

modern image-based methods? At this stage, we have completed surveys of sites on the South coast and 

central KZN, and have collected data to address methodological questions, Preliminary results will be 

discussed. This study is the first to address spatio-temporal changes of rocky shore biodiversity in KZN. By 

developing the most suitable methodology for a future monitoring programme, it contributes significantly to 

the effective management and conservation of these highly impacted coastal ecosystems. 
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The aim of this study was to purify and characterise α-amylase of Paenibacillus sp. D9 and cloned α-amylase 

in E. coli transformants. Optimal growth and production of D9 α-amylase was obtained after 24 hr incubation 

period, at pH 7, 30℃ and 200 rpm using starch as the sole carbon source. Sodium nitrate stimulated α-

amylase production up to 3 folds while urea had an inhibitory effect comparing with yeast extract as the 

control. Characterisation results of the crude and purified enzyme was similar. Purified D9 α-amylase 

possessed 97% residual activity after incubating the enzyme at 30℃ for 120 minutes while 23% at 45℃ and 

23% at 60℃ respectively under the same condition. The presence of Ca2+ ions enhanced the activity, while 

EDTA and Fe3+ had an inhibitory effect. Kinetic parameters were obtained having values of 37.34 mM, 19.80 

U/ml and 4.84 s-1 for Km, Vmax and kcat respectively. The α-amylase gene (amyS) of Paenibacillus sp. D9 was 

amplified using PCR (1482 bp), cloned into PSF-OXB20 vector and expressed in Escherichia coli BL21DE3 

(pLysS) after transformation. The α-amylase purified from the transformant using a Hispur Cobalt column 

possessed 1.4 folds (450.81 U/mg) higher specific activity than the purified one. Cloned α-amylase was more 

thermostable at 45℃ and at 60℃, but less pH stable at pHs 5 and 6. All other biochemical properties of α-

amylases show no significant differences among these two. In conclusion, α-amylase of Paenibacillus sp. 

D9 has been purified, cloned and characterised. The potential biotechnological application(s) of α-amylase 

may be explored. 
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Due to the rapid depletion of fossil fuels, energy security has been a great global concern. Microalgae are 

third-generation biofuels that can produce biodiesel from the lipids obtained within the cell. Using dairy 

wastewater as a microalgae cultivation medium, potential low-cost lipids can be produced for biodiesel 

synthesis. The aim of the study was to use optimum cultivation conditions for Chlorella sp. within the dairy 

wastewater to increase lipid content. Further optimisation of lipid conversion into Fatty Acid Methyl Esters 

(FAME) / Biodiesel was also conducted using immobilised lipase as a biological catalyst. The 

transesterification conditions were optimised with Response Surface Methodology, using a combined box-

behnken and mixture approach. The parameters included the ratio of water: oil: methanol in the mixture, the 

catalyst concentration and temperature of reaction. Chlorella sp. cultivation was conducted in a miniaturized 

raceway pond using 100 % natural dairy wastewater, pH of 9.36 and a wastewater renewal rate of 80 %. 
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Cultivations were done over a 21-day period. The extracted lipids obtained was 480 mg per 1 g of biomass. 

Transesterification of the lipids into biodiesel was successfully conducted using a biological catalyst (Lipase 

immobilised on magnetic Fe3O4 chitosan nanoparticles) with high conversion efficiency up to 80 % (wt % 

oil).  
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Hookworms are nematodes that cause infections to the host via skin penetration of the third stage larvae and 

they are widely distributed in the tropical and subtropical regions. They parasitize a wide range of host 

species including humans and companion animals such as dogs and cats. An estimated 740 million people 

are infected worldwide, with sub-Saharan Africa having the highest documented prevalence. With the 

exception of the study conducted by Lamb et al. [1], Ancylostoma species identification in Southern Africa 

was solely based on egg morphology and morphological characteristics of adult worms. This study therefore, 

aimed to determine the hookworm species and their prevalence and the phylogenetic relationships of isolates 

from stray dogs and school-going children from KwaZulu-Natal province and selected wild canids and felids 

from Mpumalanga province of South Africa using molecular techniques. A total of 356 faecal samples were 

collected and screened for the presence of hookworm eggs using coproscopy and coproculture, with 

prevalence of 23.04% and 21.67%, respectively. Larvae from coproculture of a total of 55 samples were 

subjected to PCR amplification, PCR-RFLP and sequencing of the nuclear ribosomal internal transcribed 

spacer (ITS1) and 5.8S rRNA region. PCR-RFLP showed a prevalence of 94.55% (52/55) for A. caninum 

and 5.45% (3/55) for A. braziliense. These results are consistent with other studies that A. caninum is the 

most dominant species worldwide even though A. braziliense is regarded as a more important zoonotic 

species. Sequencing showed a 0.68% prevalence for both A. caninum and A. braziliense (mixed infections) 

in dogs. Of great importance was the revelation that A. caninum can now cause a patent infection in South 

African (Ingwavuma area) school-aged children as all human isolates matched with A. caninum with a 

prevalence of 6%. For wildlife, a prevalence of 10% was recorded. However, due to the small sample size, 

these results cannot be regarded as a true reflection of the prevalence in wildlife. Thus there is a need for 

future studies that will increase sample sizes, broaden ranges as well as look into finding better detection 

methods, primers and/or restriction enzymes that are specific to hookworm species isolated in South Africa.  

1. Lamb, J., Napier, M., Mukaratirwa, S., 2012. PCR-based identification reveals unique Southern African internal transcribed 

spacer (ITS) haplotypes of hookworms (Ancylostoma) of dogs from the Durban metropole, South Africa. African Journal of 

Biotechnology, 11(8): 2099-2106.  
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Introduction: Malaria is one of the most infectious and deadliest parasitic disease known to man, resulting 

to about three million deaths each year and the need for effective, nontoxic, easily accessible and cheap 

antimalarial novel drugs is crucial. Plasmodium falciparum is one of the most lethal strains of the malaria 

parasite. P. falciparum lacks the required enzymes to create its own purines via the de novo pathway thereby 

making hypoxanthine-guanine-xanthine phosphoribosyltransferase (HGXPRT) is a crucial enzyme in the 

malaria life cycle as it converts hypoxanthine, xanthine or guanine into inosine 5’-monophosphate, guanosine 

5’-monophosphate or xanthosine 5′-monophosphate, and an inorganic pyrophosphate in the presence of 

Mg2+ making this a target for antimalarial drugs. Iso-mukaadial acetate (MA), is a promising antimalarial 

plant extracted compound that was recently described. The current offering was aimed at investigating the 

inhibitory activity of MA against recombinant PfHGXPRT. 

Methods: Recombinant PfHGXPRT and HumanHGPRT were expressed using Lemo21 DE3 E. coli cells. 

Both proteins were expressed with an N-terminal (His)6-tag to enable affinity purification and resolved on a 

12.5% SDS-Page and confirmed by a western blot. Protein purification was performed under native 

conditions using an affinity column chromatography. Increasing concentrations were used to assess the 

inhibitory effect of MA on PfHGXPT protein. 

Results: Recombinant PfHGXPRT and HumanHGPRT were expressed and successfully purified to 

homogeneity with a band size of 28 kDa and 26 kDa, respectively. PfHGXPRT and HumanHGPRT were 

biologically characterised and were confirmed to be active and homogeneous. Inhibition assays, showed 

inhibition of PfHGXPT protein in the presence of MA. 

Conclusion: MA demonstrated direct inhibitory towards PfHGXPRT protein and further support the use of 

MA as an antimalarial candidate. 

Keywords: Iso-mukaadial acetate, Plasmodium falciparum hypoxanthine-guanine-xanthine 

phosphoribosyltransferase and inhibitory assay. 
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Biosurfactants have recently gained recognition as an eco-friendly approach and as an economic and versatile 

alternative for microbial remediation to eradicate petroleum hydrocarbons contamination in soil and water 

environments. Biosurfactants possess many advantages over their chemically synthesised counterparts 

including biodegradability, low toxicity, and availability of raw materials, physical factors as well as surface 

and interface activity. Acinetobacter sp. V2 strain, previously isolated and identified as a good biosurfactant 

producer was used in this study. The optimum conditions for biosurfactant production by Acinetobacter v2 

were 30°C at pH 8 for 7 days incubation period with coconut oil and ammonium sulphate as the nutrient 

sources and the C/N ratio was 1/7. At optimum conditions, the surface tension reduction was 34 Nm and the 

yield improved to 2,07 g/L. Crude biosurfactant was extracted and purified by chilled acetone precipitation 

and silica chromatography. The purified biosurfactant was subjected to FT-IR and GC-MS which revealed 

the polymeric nature and structural composition of the biosurfactant, consisting of a polysaccharide-protein 

complex with a fatty acid. The produced biosurfactant exhibited haemolytic activity, thermal stability in the 

range 30–80 °C for 30 min and pH stability from 4 to 9. The emulsifying property of the biosurfactant is 

significantly affected by Nacl concentration. The biosurfactant was effective at removing heavy metals 

present in a water sample from mine drainage. Furthermore, it efficiently removed cadmium (cd) from 

vegetables such as potato and carrot, with the highest removal efficiency recorded in carrot contaminated 

with Cd. These results suggest a potential application of the biosurfactant produced by Acinetobacter sp. V2 

in the agricultural and food industry. 

 

Keywords: Acinetobacter, Biosurfactant, Surface tension, Emulsification index, Optimisation, 

Characterisation, Application. 
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Nanocarriers with their array of tunable physicochemical properties have continually shown potential for 

efficient gene and drug delivery. The exciting potential of the mitochondria as an invariable target present in 

all tumours has made it a focus of cancer research in recent times. We studied the efficient delivery of 

Betulinic acid (BA) to the mitochondria of cancer cells by the biocompatible Epigallocatechin gallate reduced 

gold nanoparticles (Eg-AuNPs). Pertinent to our objective is the high affinity of EGCg for the 67-kDa 

laminin receptor over expressed in certain tumours. Synthesised AuNPs were either coated with 

Poly(Ethylene Glycol) (PEG) (p-Eg-AuNP) or Poly(L-Lysine)-graft-Poly(Ethylene Glycol] copolymers 
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(PLL-g-PEG) (Pp-Eg-AuNP) for biocompatibility, then with triphenylphosphonium cation (TPP+), for 

mitochondrial targeting. Following characterisation with TEM, NTA zetasiser, FTIR and UV spectroscopy, 

we determined the cytotoxic and mitochondrial targeting properties of drug-NP conjugates in 67LR negative 

and positive cancer cell lines, Hep G2 and Caco-2 respectively. Furthermore, we conducted a mechanistic 

study that included cell cycle analysis, apoptosis, and caspase activation assays to ascertain possible 

mechanisms of action. Enhanced cellular uptake, with significant localisation to the mitochondria were 

recorded for targeted nanoparticles compared to the non-targeted NPs, with uptake levels markedly higher 

in the 67LR positive cell line. Consistent with these results were the significant apoptotic effects of targeted 

T-Pp-BA-Eg-AuNP and T-p-BA-Eg-AuNP compared to the non-targeted constructs. These findings 

emphasise the innate targeting property of Eg-AuNP, their capacity to modulate drug pharmacodynamics 

and efficiently deliver therapeutics to cancer mitochondria. 

 

Keywords: Epigallocatechin gallate, Laminin receptor, Mitochondria, Betulinic acid, Apoptosis 
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The treatment of central nervous system (CNS) disorders is inhibited by the blood brain barrier (BBB), a vast 

capillary network that inhibits the entry of therapeutic agents into the brain. Nanoparticles (NPs) have thus 

gained much attention for neurogenetic therapy, as they have the potential to transport therapeutic agents 

across the BBB. Gold nanoparticles (AuNPs) are popular vectors, due to their biocompatibility, low toxicity, 

and ease of synthesis and functionalisation with targeting proteins and other ligands. The transferrin (Tf) 

receptor is an attractive target for delivery of therapeutics for CNS disorders, as it is over-expressed on the 

BBB, enabling efficient passage of the bound therapeutic. This project aimed to evaluate the characteristics, 

DNA binding abilities, and in vitro cytotoxicity and transfection abilities of Tf-targeted AuNPs (TfAuNPs) 

and untargeted AuNPs. AuNPs were synthesised using the citrate reduction method, and functionalised with 

chitosan (CS), polyethylene glycol (PEG) in two weight ratios of 2% and 5%, and Tf. Functionalised gold 

nanoparticles (FAuNPs) and plain AuNPs were characterised using UV spectroscopy, Transmission Electron 

Microscopy (TEM) and Nanoparticle Tracking Analysis (NTA). The ability of FAuNPs to bind and condense 

pDNA was assessed using gel retardation and ethidium bromide intercalation studies, and their protective 

capabilities were assessed using the nuclease protection assay. Cytotoxicity and transfection was evaluated 

in vitro in the HEK293, Caco-2 and HeLa cell lines using the MTT and Luciferase reporter gene assays 

respectively. The AuNPs appeared spherical, with hydrodynamic diameters ranging from 64.8 to 174.9 nm. 

Binding studies showed that FAuNPs were able to efficiently complex and condense pCMV-luc DNA, and 

partially protect the pDNA from degradation by serum nucleases, with AuCS NPs providing the least 

protection. FAuNPs exhibited low cytotoxicity profiles, with TfAuNPs generally exhibiting higher cell 

viabilities than untargeted AuNPs. The TfAuNPs displayed favourable transfection activities in the Tf 

receptor-positive HeLa cells, suggesting cellular uptake via receptor mediated endocytosis. The competition 

binding assay showed decreases in transfection efficiency for AuCSTf and AuCSTf-5% PEG NPs only, 

verifying uptake via receptor mediated endocytosis for these NPs. The promising results obtained for these 

transferrin-targeted nanocomplexes augur well for their future use in gene delivery investigations and further 

investigation in an in vivo system is warranted. 
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The Natal Bight has a unique setting and regional oceanographic features that influence the seabed habitat 

structures in the area. The region is known to have complex structural sediment features, which can be the 

prime influencer for highly diverse macrobenthic species to be site- specific and for structuring their 

communities. Soft sediments are often spatially complex, including sand waves, rippled bedforms, 

polychaete tube fields, and bioturbated sediments. Spatial variability of macrobenthic communities and their 

various functional traits can reveal the combined effects of multiple environmental gradients. This study aims 

to investigate the role of habitat complexity in promoting functionally diverse and species rich marine 

infauna. The objective is to present benthic habitat characterisation and represent a first attempt at the 

integration of geological and biological methods applicable to seafloor habitat classification and 

identification along the continental shelf of the Natal Bight. Single beam sonar surveys were conducted for 

bathymetric data at selected stations. Underwater photography and videos were collected with the use of 

dropcam, ROV and Stereo BRUVs. Sediments and macrobenthic samples were collected using a Van Veen 

grab. A CTD was used to collect water physicochemical variables such as temperature and conductivity. 

Sediment features and structures will be studied in relation to macrobenthic communities and their functional 

diversity. Software such as ArcGIS, SeaGIS will be used to model benthic habitats in relation to the 

macrobenthic communities, and to create habitat maps for the Natal Bight. It is predicted that macrobenthic 

functional diversity is related to the environmental variables that structure the benthic habitats, therefore, it 

is expected to find high species diversity and functionally diverse marine infauna within complex habitats. 

It is anticipated that this will be attributable to the different communities with various functional traits being 

adapted to different environmental variables that influence the habitat structures.  
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The cost and side effects of oral hypoglycemic agents for type 2 diabetes treatment and management has led 

to increase use of medicinal plants. Hence, the need to validate the folkloric use of these medicinal plants. In 

this present study, the antidiabetic mechanisms of the butanol fraction of Azadirachta indica (A. indica) were 

evaluated by investigating the insulin sensitising action and inhibition of α-amylase and α-glucosidase 

activity. Diabetic rats were treated with low dose (150mg/kg) and high dose (300mg/kg) of A. indica orally 

for 4 weeks. Body weight and blood glucose were determined every week. Oral glucose tolerance test 
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(OGGT), insulin homostasis and glycogen concentration were determine after 4 weeks of oral administration. 

Both doses of the fractions significantly improved body weight, reduced blood glucose, improved glucose 

homostasis and increased glycogen concentration in type 2 diabetes, with the high dose having a better 

activity. GC-MS analysis of the fraction revealed the presence of polyphenols. These polyphenols may be 

responsible for the antidiabetic effect in type 2 diabetes rats via an insulin-sensitising action, as well as 

inhibition of α-amylase and α-glucosidase activity. 

 

Keywords: Hypoglycemic, insulin homostasis, bioactive, Azadirachta indica 
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This study examined the potential of NPs-yeast immobilisation for bioethanol production using various 

immobilisation techniques. Bioethanol was produced under batch fermentation mode at optimised process 

conditions of 4.00, 28.64 oC, 0.01 wt% and 24 h for pH, temperature, Fe3O4 NPs and fermentation time 

respectively. An improve ethanol production which corresponded to over 20% bioethanol yield was 

achieved. Therefore, the utilisation of NPs-yeast immobilisation could pave way for a large-scale bioethanol 

production process.  
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In the midst of global change, where ecosystems are being pushed to their limits, it is important to understand 

how an ecosystem functions. Ecosystems are experiencing a wide range of both natural and anthropogenic 

pressures causing them to transform in ways that have never been documented. An overarching consequence 

of this, is a change and in most cases deterioration of an ecosystems' resilience. Ecosystem resilience is an 

ecosystems' ability to adapt and transform in the face of perturbations, thus ensuring its persistence. This is 

especially important for estuarine ecosystems due to their inherent natural variability and proximity to 

anthropogenic activities. The resilience of a system depends on the interrelation of processes and interactions 

of ecological components. Therefore, a systems level approach is needed, such as Ecological Network 

Analysis (ENA).  From biomass and trophic exchanges, ecological networks are established, from which 

appropriate ecosystem indices can be calculated using ENA. The networks will be perturbed under different 
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scenarios producing a range of resilience indices, that depend on the amount of disturbance from the 

"pristine" condition. The range within which an ecosystem can effectively function and persist will then be 

determined and therefore limits to the state of resilience can be delineated, the “window of vitality”. 

Furthermore, using this methodology, this study will aim to describe the resilience of real systems in South 

Africa, specifically the uMdloti estuary. The main goal of this research is to develop sound ENA 

methodology, to better understand complex estuarine food webs. The overarching aim, is to determine how 

these food webs are connected to the changes in structure and functioning, and therefore the resilience of an 

ecosystem over time. Providing a comprehensive yet digestible view of ecosystem health, in terms of 

ecosystem resilience, to conservation authorities could contribute to improved and targeted implementation 

of management strategies.   
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The process of urbanization has extensively impacted natural environments and with increasing human 

populations continues to spread. Urbanization has caused major alterations to ecosystems and has resulted in 

loss of habitats and decreased biodiversity. However, some species of mammals, birds, and reptiles, thrive 

in urban environments by making use of available opportunities and resources. These species are known as 

urban exploiters. An example is the tree agama (Squamata: Agamidae), Acanthocercus atricollis (Smith, 

1849); a heliothermic ectotherm, that can select optimal temperature zones to suite its specific needs. It is 

not known what factors within urban environments have promoted this population increase, specifically in 

the KwaZulu-Natal Province, South Africa. The study was conducted at two field sites; the first being an 

urban area (Azalea Gardens Retirement Village) and the second was a semi- green area (The Maritzburg 

Golf Course). This study was carried out to determine the habitat use and specific microhabitat preferences 

of A. a. atricollis, estimate population size and investigate what factors influence the persistence of 

populations in an urban area compared with a semi-green area. It was found that an increase in food 

availability; less predators and competition among the tree agamas; and sufficient basking opportunities 

likely promoted the population increase in the urban area. Basking plays a vital role in the thermoregulation 

of the tree agamas and more than half of the time was invested in basking. Basking and shading patterns 

changed with season and time of day. A greater number of tree agamas were observed basking on the east 

side of the retirement village, early in the morning, during the summer months. Tree agamas moved into the 

shade during midday to avoid overheating. The number of basking lizards decreased as the winter months 

approached. Their preference for basking on brick walls seems to be high.  
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Small cell lung cancer (SCLC) is a highly aggressive cancer that confers a patient 5-year survival rate of less 

than 7%. SCLC development is strongly influenced by cigarette smoke carcinogens. The most potent 

carcinogen is the nicotine nitrosamine, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone also known as 

nicotine-derived nitrosamine ketone (NNK). NNK is known to increase DNA methyltransferase 1 (DNMT1) 

activity resulting in hypermethylation of gene promoter regions, especially tumour suppressor genes (TSG). 

In SCLC, the glucocorticoid receptor (GR) has been classified as a novel TSG. The GR is comprised of 9 

exons with alternative first exons each with their own unique promoter region (1A – 1I) and many protein 

isoforms (GRα, GRβ and GR-P). We have previously shown that in SCLC cells the GR promoter region is 

methylated. In this study we show that NNK treatment further influences an accumulation of DNMT1 at the 

GR promoter region. We treated normal lung fibroblast cells (MRC-5) with NNK to understand the effect it 

has on DNMT1 activity relative to GR isoform and promoter region expression levels. Short term treatment 

of MRC-5 with NNK resulted in a decrease in GRα at both the mRNA and protein levels due to an 

accumulation of DNMT1 at the GR promoter region (1B and 1F). Long term NNK exposure caused a 

decrease in MRC-5 cell proliferation and an increase in DNA damage. Interestingly, the GR antagonist, 

RU486, displayed a protective effect against DNA damage and increased cellular proliferation. When MRC-

5 cells were subjected to NNK treatment it resulted in DNMT1 accumulation at the GR promoter region, 

which mimics characteristics found in SCLC cells. It can be concluded that there is a direct link between 

smoking derived NNK exposure and DNMT1 accumulation at the GR promoter region, leading to 

methylation and silencing of this TSG in SCLC. 

______________________________________________________________________________________ 

 

SLS-P-030 

 

GENETIC GENEALOGY - USING Y-STRS FOR: SURNAME STUDIES, POPULATION  

AND FORENSIC GENETICS BASED ON MALES (SPECIFICALLY INDIANS) IN THE 

DURBAN KWAZULU-NATAL REGION 

 

Surina Singh 

surinsingh@hotmail.co.za 

Student Number: 212519970 

School of Life Sciences 

Supervised by Professor Jenny Lamb 

 

The combination of molecular genetics and surname analysis of STR data has the potential to shed light on 

population structure and history and falls within the field of forensic DNA analysis. Since the Y-chromosome 

DNA along with surnames are paternally inherited, non-related males sharing a surname should be more 

closely related in comparison to the general population. Currently, no surname studies based on the Indian 

population in South Africa exist. This study aims to explore the genetic genealogy, population and forensic 

genetics of (1) samples comprising male Indians with a variety of surnames, geographic origins and religions 

and to compare the genetic structure found to that of other ethnic groups, such as male Zulus with different 

common surnames, all currently residing in the greater Durban area of KZN. This was achieved by: (1) 

Collecting samples and generating DNA profiles from 224 non-parentally related North Indians males, using 
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the Yfiler® Plus kit to amplify 27 Y-STR loci and generating DNA profiles from this; (2) Comparing the 

genetics of the experimental group referred to above to that of other groups with South Indian and Zulu 

African surnames found in the forensic lab database. Hypotheses were formulated to analyse differences in 

relationships at ethnic, region, religion, language and surname-based levels (Figure 1). AMOVA, used to 

search for the presence of genetic structure among surname groups, was significant for all levels tested. 

Structure and PCoA analysis showed the presence of 2 significant sub-populations, which were ethnic based. 

Preliminary results suggest that population structure and diversity was not surname based and is at an ethic 

level. This could be attributed to polyphyletic origin (many surname origin) of the analysed surnames. The 

Data generated in this study will contribute to the Indian DNA profiling database and could potentially serve 

as a baseline for further research. 

 

Keywords: Genetic genealogy, population and phylogenetics, forensics, South African Indians, Y-STRs. 

 

Figure 1: Concept Map of study setup. 

This figure illustrates comparisons made in this 

study, which will be based on 1. Ethnic groups: 

Indian vs. African; 2 Region: North Indian vs. 

South Indian; 3. Religion: Hindu vs. Muslim; 4. 

Language: Hindi vs. Tamil; 5. Surnames: a. 

North Indian (Singh, Maharaj, Khan), b. South 

Indian (Govender, Naidoo, Pillay), c. Zulu (Cele, 

Zulu, Mkhize, Buthelezi, Dlamini), and 6. Social 

data for the North Indian surnames. 
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This study investigated the authenticity of labelling and contents of meat products from selected retail 

franchises, using mitochondrial species-specific DNA primers. Sixty-percent of mutton sausages contained 

undeclared beef meat and 100% of chicken sausages contained beef meat. Additionally, 33.3% of beef 

sausages were contaminated with pork and chicken meat, whilst 12.5% of beef patties were contaminated 

with pork meat. Of the beef sausages screened, 33% contained chicken meat. It was further observed that 

25% beef products did not contain beef and the other three meat species, which were screened against. Of 

the interviewed retailers, 37.5% (3/8) acknowledged use of the same processing machinery for different meat 

species, and 37.5% (3/8) used separate machinery for each meat type and the remaining 25% used either of 

the two depending on the circumstances. Escalating meat prices and decrease in economically sustainable 

meat production have been reported to contribute to the mislabelling and adulteration of meat and its by-

products. However, contamination/adulteration of meat products detected in this study was most likely to be 

unintentional. The use of the same machine for processing different meat species without proper cleaning 

was most likely to have been the cause of contamination.   
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Cancer is one of the leading causes of death worldwide [1]. Conventional chemotherapy is limited by 

nonspecific drug distribution, resulting in the destruction of healthy and cancerous tissue, multiple drug 

resistance and below optimal concentrations of anticancer complexes at target sites [2]. Combination 

chemotherapy, use of complementary and alternate medicine (CAM), including phytochemicals, and novel 

nanoparticle drug delivery systems (including inorganic nanoparticles) provides a promising strategy to treat 

cancer while reducing side effects associated with conventional chemotherapy [3,4]. In this study silver 

nanoparticles (AgNPs) were chemically synthesised using the citrate reduction method, functionalised with 

biocompatible polymers chitosan and PLGA) and a targeting ligand (folic acid), and loaded with anticancer 

drugs cisplatin and EGCG. The physicochemical properties, morphology, pharmacodynamics and 

cytotoxicity profiles in healthy and cancer cell lines were evaluated. 

 

Functionalised silver nanoparticles (F-AgNPs) were successfully synthesised and loaded with the desired 

drugs. NTA and TEM analysis revealed polydispersed nanoparticles of varying shapes, favourable zeta 

potentials indicating stable nanocomplexes, and sizes in the range of ± 68 nm to 185 nm. UV-spectroscopy 

confirmed the formation of AgNPs, with a max at 434 nm, and a shift in this spectrum upon polymer 

functionalisation of the AgNPs. FTIR further confirmed the presence of chitosan in all nanocomplexes, 

PLGA functionalised nanoparticles displayed the most favourable drug encapsulation efficiencies of 88.7 % 

and 91.6 % for cisplatin and EGCG, respectively. Pharmacokinetic studies in pH responsive environments 

displayed controlled drug release profiles, while in vitro cell viability (MTT assay) in mammalian cells 

showed that all nanoparticles produce relatively low cytotoxic effects in comparison to the free drug. 
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Hydrological regimes are crucial in determining the structure and function of food webs in estuaries. 

Anthropogenic modifications critically alter hydrological dynamics. The St Lucia estuarine system is the 

largest estuarine ecosystem in South Africa, experiencing frequent anthropogenic impacts over the past 

century including freshwater abstractions, catchment development and mouth manipulation. The principal 

modification is the separation of the previously combined inlet of the Mfolozi River and the St Lucia system 

in 1952. In 2002, after 50 years of manual attempts to keep the mouth open, it was left to close. A dry-period 

from 2002 to 2012, resulted in low freshwater inflows, hypersaline conditions and severe desiccation. These 

issues lead to the re-establishment of the connection. Little research has considered how the ecosystem has 

responded to these changes from a holistic perspective. The aim of this study is to quantitatively assess the 

ecosystem response to changing hydrological conditions in the St Lucia estuarine-lake system using 

Ecological Network Analysis (ENA). Multiple ‘snapshots’ of the ecosystem were taken during the various 

hydrological states. The trophic exchanges in the food webs were estimated through Linear Inverse 

Modelling (LIM). The food webs were used to calculate several ecosystem-level indices, which summarise 

function and structure of the St Lucia ecosystem during the complex transitional re-connection period. 

Previous studies on hydrological impacts on food webs have found changing hydrological regimes can result 

in increased biomass, productivity and energy transfer efficiency. Outcomes from the indices calculated from 

this research will show the importance of estuarine hydrology, with increased input from the river leading to 

improved functioning and resilience of the food web. This study will give insight into the ecosystem-level 

effects of such major anthropogenic disturbances to key ecosystems which are occurring throughout the 

world. 
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TRANSFER HYDROGENATION OF KETONES CATALYSED BY  

Co(III) COMPLEXES DERIVED FROM SCHIFF BASE FUNCTIONALISED 

N-HETEROCYCLIC CARBENE LIGANDS 
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Supervised by Professor Muhammad Bala 

 

Synthesis and characterisation of moisture sensitive imine functionalised N-heterocyclic carbene (NHC) ligand 

precursors and their coordination to cobalt leading to the isolation of air stable octahedral Co(III) complexes is reported. 

NHC functionalised Schiff base ligand precursors (L) of the type 2-[-2-[3-(R)imidazole-1-yl]ethylininomethyl]phenol 

where R = methyl (1), ethyl (2) and benzyl (3) were synthesised and characterised by NMR, IR, MS and single crystal 

X-ray diffraction. The reaction of L with CoBr2 correspondingly yielded complexes 4-6 which were also characterised. 

Structural analysis of compound 4 (Figure 1) showed that the Co(III) centre lies in a symmetric (L-Co-L) octahedral 

geometry composed of two ligands hexa-coordinated in a CNO fashion. The complexes were utilised as catalysts in 

transfer hydrogenation of ketones in 2-propanol as solvent and hydrogen donor and based on catalyst (4-6) 

concentrations of 0.4 mol%, excellent conversions (80-99%) were recorded for all the ketone substrates.  

 

  
Figure 1: Co-NHC catalysed transfer hydrogenation of acetophenone. 
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Allergic contact dermatitis is a global skin health problem caused by a wide range of chemicals (skin 

sensitisers) after dermal exposures dermatitis [1]. Quinones and quinone derivatives are a large group of 

chemicals that are widely used and amongst the most common contact allergens [2]. Therefore, this study 

was aimed at determining the reactivity of benzoquinone and its derivatives with 4-nitrobenzenethiol (NBT) 

as a surrogate for protein haptenation. The BQD investigated included: 1,4-benzoquinone (BQ), 2,5-

dimethylbenzoquinone (2,5DBQ) and 2,6-dimethylbenzoquinone (2,6DBQ). Fast reactions were 

investigated by stopped-flow spectrophotometry while slow ones were monitored by UV spectrophotometry. 

The reactions followed pseudo-first-order kinetics with respect to NBT. The rate laws for the overall reaction 

and probable reaction mechanisms were elucidated and validated by simulation with Simkine3 software. A 

decrease in the pH of the reaction medium leads to an increase in the rate of reaction. Variation of the ionic 

strength has no influence on the reaction rate meaning that neutral species were involved in the rate-

determining step. The role of the BQD and BQDH+ in the reaction was established. 
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Water pollution is one of the top ten global environmental problems affecting the ecosystem.  Adsorption, 

which is considered to be safe, simple and versatile, has become the preferred water remediation technique 

for the removal of contaminants from wastewater.  There is need to use low-cost adsorbents especially those 

derived from renewable sources, e.g. nanocrystalline cellulose (NCC).  NCC has many hydroxyl groups, 

which can be chemically modified to improve its adsorption capacity.  Graphene oxide (GO), which is 

generated via the oxidation of graphite stands out among the graphene derivatives.  GO is a single monolayer 

of graphite, which contains various oxygen-containing functionalities such as epoxide, carbonyl, carboxyl 

and hydroxyl groups.  
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The aim of this study was to synthesise a composite material from amine-functionalised nanocrystalline 

cellulose and graphene oxide (NCC/GO), and to evaluate its efficiency as an adsorbent in the removal of 

Cu2+ from aqueous solutions.  Batch adsorption experiments were carried out to compare the metal uptake 

capacity of the functionalised nanocrystalline cellulose, graphene oxide and the nanocomposite.  The 

efficiency of the adsorption processes was studied experimentally at various pH values, adsorbent masses, 

contact times, initial metal ion concentrations and temperatures.  The adsorption data were fitted into some 

isotherm and kinetics models.  

 

The experimental equilibrium data was also analysed to determine the thermodynamic parameters of 

adsorption, namely, ΔG° (change in Gibbs energy), ΔS° (entropy change) and ΔH° (enthalpy change).  

Desorption studies were carried out to evaluate whether the NCC/GO composite could be regenerated for 

further use and the adsorbed metal ions recovered.  The modification of NCC and the addition of GO was 

successful in producing a novel biosorbent with improved adsorption properties that will be useful for 

application in environmental pollution control. 
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A one-step synthesis of 1 2 4Ca Zn Fe O  ( 0,  0.5 and 1)x x x   nanoferrites and nanocomposites by the glycol-

thermal method is reported. The structural, morphological and magnetic properties were studied using XRD, 

HRTEM, HRSEM, Mössbauer spectroscopy and VSM. The XRD patterns show a single phase cubic spinel 

structure for x=0. A composite phase of a spinel and hematite-like structure was observed for x=0.5, and for 

x=1, CaFe2O4 has the same structure as hematite. The superparamagnetic nature of the samples was 

confirmed from the Mössbauer and magnetisation results. 

 

______________________________________________________________________________________ 

 

SCP-P-005 

 

NANOCOMPOSITE MATERIALS AS POTENTIAL AGENTS FOR DECONTAMINATION AND 

DISINFECTION OF POLLUTED WATER 

 

James Amaku 

215082453@stu.ukzn.ac.za  

Student Number: 215082453 

School of Chemistry and Physics 

Supervised by Professor Bice Martincigh 

 

The quest for effective decontamination and disinfection of water sources without forming toxic disinfection 

byproducts, as observed with most chemical disinfectants, calls for cheap and ecofriendly novel materials 

that can be recycled.  To this end we report the fabrication of composites of Annona muricata petals, 

Funtumia elastica husk and Acacia xanthophloea bark stem with multiwalled carbon nanotubes (MWCNTs) 
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onto which silver nanoparticles were deposited.  The materials were characterised by a number of techniques.  

In addition, the antibacterial properties of these composites were evaluated against two bacteria, namely, 

gram-negative Escherichia coli (ATCC 35218) and gram-positive Staphylococcus aureus (ATCC 219213).  

The composites were observed to have an average of 99.5% kill for E. coli and 93% for S. aureus at a sample 

concentration of 100 mg L-1.  The adsorption capacity of the composites for the removal of heavy metal ions 

was tested and shown to be better than some other biomass adsorbents.  Thus, the fabrication of adsorbents 

from plant waste with bactericidal activity was successful. 
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The aim of this research was to prepare a nanocomposite from black velvet tamarind (BVT) powder and 

cobalt ferrite nanoparticles that would be suitable for the adsorption of heavy metal ions, such as Pb2+, from 

contaminated wastewaters.  To this end, magnetic cobalt ferrite was synthesised by a co-precipitation 

method.  The nanocomposite was then prepared in situ in a suspension of the BVT.  The BVT, cobalt ferrite 

and the nanocomposite were characterised by means of Fourier transform infrared spectroscopy (FTIR), high 

resolution transmission electron microscopy (HRTEM), vibrating sample magnetometer (VSM) and surface 

area (BET) measurements.  FTIR revealed the presence of the expected functional groups.  The BET surface 

areas were 100, 0.427and 99 m2 g-1 for the cobalt ferrite, BVT and nanocomposite respectively.  The 

coercivity of the nanocomposite was observed to be higher than that of cobalt ferrite according to the VSM 

results. 

 

The three materials, namely, BVT powder, cobalt ferrite nanoparticles and the nanocomposite, were then 

utilised as adsorbents in batch adsorption experiments for the removal of Pb2+ in aqueous solution.  The 

optimum pH for removal of Pb2+ was 3 and the nanocomposite showed the highest adsorption capacity with 

increasing concentration.  The nanocomposite was found to be very effective in the removal of Pb2+ in 

aqueous solution, when compared with BVT and cobalt ferrite nanoparticles, and should be considered 

further for wastewater treatment. 
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Pollutants associated with dust in various microenvironments are of great concern to the health and overall 

safety of humans.  Recently, there has been an increasing interest in the analysis and evaluation of the 

presence of different kinds of organic pollutants associated with several environmental matrices.  Polycyclic 

aromatic hydrocarbons arise from the incomplete combustion of organic materials, or occur naturally or 

through human activities in the environment.  Phthalates are released by heat, during manufacture, use, 

storage and disposal of phthalate-containing products.  This study is focussed on the development, and 

optimisation of a method to identify and then quantify polycyclic aromatic hydrocarbons as well as phthalates 

in dust from indoor and outdoor microenvironments in Durban.  The samples will be extracted by ultrasonic-

assisted solvent extraction, cleaned-up with silica gel and sodium sulfate, and subsequently analysed by gas 

chromatography-mass spectrometry.  A knowledge of the exposure to these toxic substances will assist in 

implementing measures to mitigate their effects. 
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Antimicrobial resistance (AMR) is a major health concern worldwide, as bacteria and other microorganisms 

are developing resistance to their prescribed treatment.[1] Thus, molecular hybrids have recently gained 

interest in synthetic medicinal chemistry. The principle behind molecular hybridisation; is the integration of 

two or more biologically active pharmacophores that produces a new molecule possessing amplified 

bioactivities compared to its parent molecule.[2] Quinoxaline derivatives containing the amino acid side 

chains of proline, alanine, valine and tyrosine were found to have antimicrobial activity.[3] Thiazolidinone 

compounds are known for their antimicrobial, antidiabetic, anti-inflammatory, antioxidant and anticancer 

properties.[4] Hence, this project involved the synthesis of hybrid thiazolidinone-quinoxaline molecules 

containing a tyrosine side chain via a microwave irradiation reaction. A four-step synthetic route was 

followed, which involved esterification, aromatic nucleophilic substitution, catalytic hydrogenation and 

finally cyclisation of the thiazolidinone ring on the aminoquinoxaline framework. The reaction conditions 

stated in literature were modified to improve yields and/or allow for product formation. The synthesised 

aminoquinoxaline was characterised by 1H NMR and 13C NMR.  
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In recent years, mixed oxides and bimetallic compounds were most extensively explored class of solid 

catalyst materials, either as active phases or as supports [1–3]. A practical method is designated for the one-

pot, multicomponent synthesis of 1,4-dihydropyridine derivatives by cyclo-condensation of aromatic 

aldehydes, 1,3-cyclohexanedione, acetoacetanilide and ammonium acetate. Using ethanol as solvent and 

Fe2O3/ZrO2 as heterogeneous catalyst, eleven novel 1,4-dihydropyridines were synthesised at room 

temperature (Reaction time<20 min). XRD, TEM, SEM and BET analysis were used to characterise the 

catalyst materials. Simple work-up, green solvent, short reaction times, moderate reaction conditions and 

excellent yields (90–96%) are the attractive features of this novel approach. With no need of chromatographic 

separation, the reaction product is easily separable in pure form. 

 

 
 

[1] A. Domling, W. Wang, K. Wang, Chem. Rev. 122 (2012) 3083–3135. 
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[3] A. Dastan, A. Kulkarnia, B. Torok, Green Chem. 14 (2012) 17–37. 
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Breast cancer is the most commonly diagnosed malignant tumour in females, where oestrogen receptor 

positive (ER+) has been implicated in more than 70% of the reported cases. In this vein, 1,3,4-oxadiazole, a 

heterocyclic compound that is known as a bioisostere for amides and esters with multiple receptor binding 

potentials has been identified as a significant structural motif with promising antibreast cancer activity. In 

the present study, a novel series of quinoline – 1,3,4-oxadiazole conjugates were synthesised through a 

multistep reaction sequence involving the condensation of hydrazide intermediate with carbon disulphide 

followed by in-situ cyclization to form quinoline – 1,3,4-oxadiazole-2-thiol which on further alkylation with 

different benzyl halides or alkyl mono-halides furnished the desired conjugates. All synthesised conjugates 

were characterised by 1H,13C, 2D NMR and HRMS spectroscopy. 

 

Keywords: Breast cancer, Oestrogen, Quinoline, 1,3,4 – oxadiazole, Bioisostere   
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Many plant-derived secondary metabolites have interesting biological activities and some plant compounds 

such as artemisinin (antimalarial) and vincristine (anticancer agent) are the active principles of main-stream 

pharmaceuticals. South Africa has an immense biodiversity and there are in the order of 25 000 indigenous 

plant species in the country. The phytochemistry of many of these plants has never been investigated. Many 

bioactive compounds have been isolated from the Thymelaeaceae, such as prostatin (potent anti-HIV agent) 

and anti-tumour diterpenoids. Although a large number of Thymelaeaceae species are indigenous to South 

Africa, only a limited number of species have been subjected to phytochemical investigations. Dais 

cotinifolia L. is one species on which phytochemical results have not been published and this tree was the 

subject of this investigation. 

 

Four compounds were isolated from D. cotinifolia. Three of these compounds are known metabolites, two 

furofuran lignans, kobusin and eudesmin, and the flavonoid catechin. A fourth compound is novel norlignan, 

2-hydroxy-5-(3-methoxyphenyl)-1-(4-methoxyphenyl)pentan-1-one. 

 

The compounds were isolated by applying different chromatographic procedures, such as column 

chromatography, preparative centrifugal thin-layer chromatography and semi-preparative high-performance 

liquid chromatography. The structural elucidation of the compounds was based on mass spectrometry and 

nuclear magnetic spectroscopy. 
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The antioxidant activities of the crude extracts of the different plant parts were determined by the DPPH 

assay. In comparison with ascorbic acid, the crude extracts only had mild antioxidant activities. The mild 

activities of the extracts can be explained by the fact that three of the compounds isolated are aromatic 

compounds, but have methoxy substituents and not free phenolic groups, which are often associated with 

high-antioxidant activity. 
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Recently, the threats linked with the increasing egression of antimicrobial resistance are the major pertain 

for the public health worldwide [1]. The World Health Organisation (WHO) has been listed microbial 

resistance as the biggest threat to the global health today. The antibiotic resistance crisis has been imputed 

to the overutilisation and pervert use of these medications, as well as a lack of new drug development by the 

pharmaceutical industry due to diluted economic inducements and disputing regulatory requirements [2].  

Over the past decade, it has become evident that several highly resistant bacterial pathogens have gained 

ingenious mechanisms to nullify the strength of numerous therapeutic agents [3]. Tolerance reveals that the 

bacteria can be inhibited by clinically accomplishable concentrations of the antibiotic, but will only be killed 

by concentrations far in excess of the inhibitory concentration [4]. Moreover, due to the inefficiency of the 

mainstream antimicrobial therapy ineffective to treat infections linked with the microbial infections, thus it 

is still necessity to search for the antimicrobial agent. 
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Saturated hydrocarbons are abundant in nature and are valuable components in natural gas.  These 

hydrocarbons lack functional groups which makes them inert; the inert C-H and C-C bonds need to be 

activated and functionalised into useful and valuable oxygenated products.  Cleaving these C-H bonds remain 

a challenge because they have large kinetic energy barriers. 

 

In homogenous catalysis, the choice of ligand system is important; to tune the catalytic activity of the catalyst 

and dictate the selectivity of the metal complex. Electronic and steric properties have an influence on the 

catalyst and this dictates the reaction. Ligand design has paved way for C-H functionalisation in homogenous 

catalysis due to the limited use of saturated hydrocarbons this has led to the use of transition metal complexes 

used to activate the C-H bond.  

Pyridyl-imine ligands are nitrogen donors which donates from its pyridyl and its imine fragments, known for 

their ease of synthesis and wide applications. The addition of substituents on the imine nitrogen influences 

activity and selectivity.  

 

Ni, Cu and Ru imine-pyridyl complexes are synthesised, characterised and are being tested for their catalytic 

activity for n-octane oxidation and cyclohexane oxidation.  
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Since the discovery and landmark application of penicillin and its congener – cephalosporin in combating 

Staphylococcus aureus in the 20th century, the β-lactam (2-azetidinone) ring has been a constant target in 

organic synthesis and medicinal chemistry. While their application as antimicrobial regimen continue to 

blossom with great success, the corresponding bactericidal mode of action of β-lactam containing 

antimicrobials has encouraged the development of bioactive molecular scaffolds bearing this unit [1]. β-

lactams are a significant class of heterocycles that have been intensively examined across varied scientific 

disciplines as well as the pharmaceutical industry because of their potent antibacterial activity [2]. These 

scaffolds were the useful substrates for the preparation of different heterocycles of pharmacological and 

biological significances [3]. Efficient synthetic protocols to access this four membered ring are; Staudinger, 

Gilman-Speeter, Alper, Mitsunobu, Kinugasa and reactions [4]. Amidst these synthetic strategies, the 

Staudinger [2+2] cycloaddition of ketenes to imines is the most widely employed due to its simplicity and 

easy accessibility to substrates. Moreover, transition metal assisted [2+2] cycloaddition reactions, and 

diastereoselectivity of β-lactams produced from the Rhodium-catalysed oxygenative [2+2] cycloaddition of 
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terminal alkynes and imines have been reported [5]. In addition, electronic effects of substituent on ketene 

and imine substrates are the key factors affecting diastereoselectivity. In view of these observations and in 

continuation to our work on β-lactams we synthesised simple synthetic methods of novel β-lactam-isatin 

hybrids via the Staudinger protocol using cheap and in-situ generated ketene and the corresponding effect of 

N-phenyl substitution on diastereoselectivity of cyclo addition reactions. 
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Over the years there has been an increase in the amount of organic pollutants in the environment. So, the 

development of a sensitive method that would be able to detect these pollutants at very low concentration 

(µg/L-ng/L) is of great importance. Solid phase extraction with liquid chromatography-ultra violet- photo 

diode array (SPE-LC-UV-PDA) method has been developed and applied for the analysis of five acidic 

pharmaceuticals drugs ( naproxen, fenoprofen, diclofenac, ibuprofen and carbamazepine) in water samples 

in KwaZulu-Natal. The SPE optimum conditions using Oasis HLB cartridge were 2 ml acetonitrile as 

conditioning solvent, 50 mL as sample loading volume, 2 mL distilled water as washing solvent and 2 mL 

of methanol as eluting solvent. The recoveries obtained were from 89-122%. The sensitivity of the SPE 

method was measured by calculating the LODs and LOQs, which ranged from (0.0109-0.0204 µg/L) and 

(0.0362-0.0607 µ/L) respectively. Concentrations of the acidic pharmaceuticals in river water and waste 

water samples ranged from not detected to 22.3 µg/L and not detected to 0.540 mg/L, respectively. 
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New drugs are still required for the benefit of humankind, especially for the treatment of infectious diseases 

and cancer. Many compounds used as drugs are derived from natural products, plants in particular [1]. 

Southern Africa has the richest temperate flora in the world and encompasses a rich floristic diversity of 

approximately 24 000 taxa (species and infraspecific taxa) of 368 families [2]. Euphorbiaceae is a large plant 

family. Although this family contain many toxic compounds, compounds with useful biological activity have 

been identified in this family, e.g. ingenol 3-angelate is an inducer of cell death and has been approved by 

the Food and Drug Administration (USA) and the European Medicines Agency for the treatment of actinic 

keratosis [3].  

 

This project aimed to identify bioactive compounds in South Africa Euphorbiaceae species. Two species 

within the Euphorbiaceae family, Euphorbia cooperi N.E.Br. ex A. and Antidesma venosum E.Mey. ex Tul. 

were selected for further investigation.  

 

The compounds were isolated using column chromatography and centrifugal thin-layer chromatography 

using a mixture of hexane, dichloromethane, chloroform, ethyl acetate and methanol as eluting solvents. The 

structures and stereochemistry of the compounds were elucidated by spectroscopic analysis including 1D 

and 2D NMR experiments (1H, 13C NMR, DEPT-135, COSY, HSQC and HMBC). The crude extracts were 

tested for antimicrobial activities against one Gram-positive (Staphylococcus aureus ATCC 12600), two 

Gram-negative (Pseudomonas aeruginosa ATCC 10145, Klebsiella pneumoniae ATCC 13883), and one 

drug-resistant Gram-negative (Escherichia coli ATCC 25218) bacteria. 

 

A phytochemical study of the aerial part of E. cooperi has led to the isolation of a novel norsesquiterpenoid 

and its glycoside derivative, arachiside A, along with two triterpenoids, β-sitosterol and stigmasterol and a 

phorbol ester. This is the first report on the isolation of these compounds from E. cooperi. Five known 

compounds were also isolated for the first time from A. venosum namely: (-)-loliolide, β-sitosterol-D-

glucoside, lutein, 4-hydroxyphenylethyl trans-ferulate, pheophytin A and pheophytin B. The crude extracts 

of the plants showed moderate antimicrobial activity. 

 
1. Newman, D.J. and G.M. Cragg, Natural products as sources of new drugs from 1981 to 2014. J. Nat. Prod, 2016. 79(3): p. 629-

661.  

2. Germishuizen, G. and N. Meyer, Plants of southern Africa: an annotated checklist. 2003: National Botanical Institute Pretoria.  

3. Butler, M.S., A.A. Robertson, and M.A. Cooper, Natural product and natural product derived drugs in clinical trials. Natural 

product reports, 2014. 31(11): p. 1612-1661.  
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In this thesis, observational study of the coupling effect between the neutral atmosphere and the ionosphere 

was investigated through the upward propagation of planetary wave (PW). The observations were made 

based on 2002 data. This study is very useful as it provides an understanding of various physical and 

dynamical processes that take place in the Earth’s atmosphere and the interaction between the several 

atmospheric layers. 

The coupling effect between the neutral atmosphere and ionosphere was conducted using the daily neutral 

winds data recorded by the SuperDARN HF radars as well as magnetic field data recorded by the ground-

based magnetometer at Halley 75°𝑆, 27°𝑊) and SANAE (72°𝑆, 3°𝑊) stations. In order to determine the 

relationship between the neutral atmosphere and the ionosphere, we applied the cross wavelet transform 

(CWT) to the respective time series. This technique quantifies the oscillations that are simultaneously present 

in both regions. The simultaneous existence of quasi-16-day wave (indicated as peak number 2) is shown in 

the neutral winds as well as in the X-, Y- and Z-components of the magnetic field near day 210 to 250 at 

Halley and SANAE. The phase difference of the 16-day wave between the two regions, computed as a phase 

of the analytic signal, was used to determine the traveling time. The traveling time of the 16-day oscillation 

from the neutral winds to the ionosphere was found to be 3-5 days at both stations. The travel time and the 

zonal structure hinted to the coupling effect between the neutral atmosphere and the ionosphere. 
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Benzimidazoles play an important role in medicinal chemistry and biochemistry due to its biological activity 

such as antitumour, antiviral, antifungal, anti-inflammatory and antibacterial properties. Literature study 

reveals that the addition of a methyl group and a change in its conformation on a drug candidate could lead 

to an increase in potency. Twelve benzimidazole derivatives were synthesised, characterised by proton and 

two-dimensional NMR, mass spectrometry and infrared spectroscopy, and evaluated for their antibacterial 

properties. The benzimidazole nucleus- 6-nitro-2-(trifluoromethyl)-indole was synthesised from 4-nitro-

ortho-phenyldiamine and trifluoroacetic acid under solvent free conditions. The benzimidazole derivative 

nucleus was substituted with methyl groups at either position one or three. The addition of amides and alkyl 

chains were then added onto the benzimidazole to check for activity. Compounds showed moderate to good 

activity.  
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Zinc oxide nanoparticles (ZnONPs) are of great interest due to their wide range of applications in the field 

of biomedical sciences. Research on the exploitation of plant materials for the green synthesis of 

nanoparticles is increasing rapidly. The aim of this study was therefore to extract, isolate and identify 

secondary metabolites from S. serratuloides, to use the extracts and isolates as reducing agents in the 

synthesis of zinc oxide nanoparticles, and to compare the antioxidant, antibacterial and anti-quorum sensing 

activities of extracts, isolated compounds and plant-derived zinc oxide nanoparticles. The phytochemical 

investigation yielded two jacaranones (jacaranone and a mixture of jacaranone and methyl-2-(1-hydroxy-4-

oxocyclohexyl)acetate). The synthesised zinc oxide nanoparticles were characterised using spectroscopic 

and microscopic techniques.  Spherical zinc oxide nanoparticles were successfully synthesised but exhibited 

a wide size range. ZnONPs synthesised using jacaranones showed good antioxidant activity whilst ZnONPs 

synthesised using extracts of S. serratuloides showed moderate antioxidant activity. The extracts, 

phytocompounds and nanoparticles were tested for antibacterial activity against three Gram-positive bacteria 

(Pseudomonas aeruginosa, Staphylococcus aureus and Enterococcus faecalic) and two Gram-negative 

bacteria (Escherichia coli and Chromobacterium violaceum). The extracts demonstrated promising 

antibacterial activity against Chromobacterium violaceum. The isolated phytocompounds, jacaranones 

showed promising antibacterial activity against two Gram-positive bacteria, Staphylococcus aureus and 

Enterococcus faecalic, with good antibacterial activity against Chromobacterium violaceum. 
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Enantioselective reduction of ketones via transfer hydrogenation catalysed by transition metal complexes is 

a prominent method of accessing enantiopure alcohols the production of pharmaceutics, agrochemicals and 

cosmetics.[1,2] Here, chiral (S-)-1-phenyl-N-(pyridine-2-yl)ethylidine) ethanamine (L1), (R-)-1-phenyl-N-

(pyridine-2-yl)ethylidine) ethanamine (L2) (S)-1-phenyl-N-(pyridine-2-yl methylene) ethanamine (L3), and 

(R)-1-phenyl-N-(pyridine-2-yl methylene) ethanamine (L4) were synthesised in good yields. Treatment of 

L1 - L4 with FeCl2 and NiBr2(DME) afforded dinuclear complexes [Ni2(L1)4Br2]NiBr4 (1), 

Ni2(L2)4Br2]NiBr4 (2), Ni2(L3)4Br2]NiBr4 (3) Ni2(L4)4Br2]NiBr4 (4), Fe2(L1)4Cl2]FeCl4 (5) 

Fe2(L2)4Cl2]FeCl4 (6) Fe2(L3)4Cl2]FeCl4 (7)and Fe2(L3)4Cl2]FeCl4 (8). Complexes 1-8 were characterised 

using FT-IR spectroscopy, mass spectrometry, EPR spectroscopy, elemental analysis and single crystal X-

ray crystallography. Complexes 1-6 showed moderate activity with low enantiomeric excess in asymmetric 
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transfer hydrogenation of ketones in 2-propanol. Detailed kinetics, mechanistic, catalyst poisoning profile 

have also been investigated. 

 

 

Keywords: Asymmetric transfer hydrogenation, enantiomeric excess, catalyst poisoning, enantiopure, 

imino-pyridyl 
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A series of two cross-conjugated ketones: (1E, 4E)-1,5-bis[4-(substituted)phenyl] penta-1,4-diene-3-one (R 

= H, 1a; R = 4-methoxy, 1b), were synthesised via an improved Knoevenagel condensation with an excellent 

yield and impressive reduction in reaction time when compared with the reported methods.  All the 

compounds were fully characterised by UV/Vis, IR, LC-MS and NMR spectroscopic techniques.  Their 

photostability in different solvents of varying polarity and proticity, namely, ethyl acetate, dimethyl sulfoxide 

and methanol, was investigated by exposure to simulated solar radiation.  The photodegradation behaviour 

was monitored by a standard spectrophotometric method and the photodegradation products were identified 

by NMR.  Electronic properties of the compounds were further analysed by density functional theory (DFT) 

calculations aimed at gaining some insight into their photostability behaviour.  In all cases, the experimental 

measurements (UV, NMR, and IR) were in good agreement with the theoretical data from the DFT studies.  
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Bacteria and yeasts are extraordinarily selective converters of sugar to a variety of products (including 

alcohols and carboxylic acids).  Fermentation products such as levulinic acid are of immense interest to the 

chemical, pharmaceutical and food industries in a variety of applications [1].  The market size of levulinic 

acid has been predicted to increase by a factor of 150 within 5 years, because it may be possible to use it as 

a starting material to replace petroleum-based chemicals in the chemical and fuel sectors.  One of the biggest 

challenges for the implementation of any fermentation technology on a large industrial scale is the low 

concentration of the products obtained in water.  Fermentation is an alternative to petroleum-based routes for 

production of carboxylic acids, achieving 5-10% conversion but limitations in separation and purification of 

carboxylic acids hinder its application in chemistry [2, 3].  Reactive extraction is a relatively new technology 

for the selective removal of specific compounds from mixtures.  Besides physical extraction, a reaction 

occurs between the extractant and the target molecule, supporting its phase transfer [4, 5]. 

Hence, in this study, we investigate if reactive extraction provides benefits with regards to selectivity and 

capacity when compared to a structurally similar but non-reactive extractant.  For this purpose, a hydroxyl-

functionalised hydrophobic reactive extractant has been designed, and its physico-chemical properties 

determined.  In the model reactions, the extractant was subjected to esterification with levulinic acid to obtain 

kinetic data.  Distribution coefficients (KD) were determined for the non-reactive analogue to allow for the 

prediction of mass transfer properties, selectivity and capacity, and comparison with the performance of the 

reactive extractant.  Extraction of levulinic acid from aqueous solution was studied at different initial acid: 

extractant ratios in the range 0.2 – 1.8 and the KD of levulinic acid decreased as the initial acid ratio increased.  

Maximum KD values of 29 and 34.5 were determined for the non-reactive and reactive analogues 

respectively.  In the ranges of parameters studied, KD was lowest for the physical extraction and was found 

to be 11.13.   
 

1. Murali, N., Srinivas, K., and Ahring, B.K., (2017). Biochemical Production and Separation of Carboxylic Acids for 

Biorefinery Applications. Fermentation, 3(2): p22-47. 

2. Jung, M., Schierbaum, B., and Vogel, H., (2000). Extraction of Carboxylic Acids from Aqueous Solutions with the 

Extractant System Alcohol/Trin-Alkylamines. Chemical Engineering & Technology, 23(1): p70-74. 

3. Hong, Y.K., Hong, W.H., and Han, D.H., (2001). Application of reactive extraction to recovery of carboxylic acids. 

Biotechnology Bioprocess Engineering, 6(1): p386 - 394. 

4. Wasewar, K.L., (2012). Reactive Extraction: An Intensifying Approach for Carboxylic Acid Separation. International 

Journal of Chemical Engineering and Applications, 3(4): p249-255. 

5. Datta, D., Kumar, S., and Uslu, H., (2015). Status of the reactive extraction as a method of separation. Journal of Chemistry, 

2015(1): p1-16. 
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Commelina africana L. (commonly known as iNdangabane in isiZulu and a yellow wandering jew or 

dayflower in English) is a very small herbaceous, perennial medicinal plant with stems that trail along moist 

ground with some erect branches. In Kenya, South Africa and Zimbabwe, an infusion of the plant is used as 

a wash to treat fever, colds and coughs. South Africans use the decoction of the plant with Tephrosia capensis 

for the treatment of heart failure and nervousness. Medicinal plants contain secondary metabolites. The 

secondary metabolites found in plants have redox capacity and are good for the biosynthesis of nanoparticles. 

 

The secondary metabolites from C. africana leaves were extracted using solvent extraction techniques. The 

biosynthesis of the selenium nanoparticles (SeNPs) was achieved by following the method by Kokila K et 

al. (2017) [1]. The Se-NPs were characterised by UV-Visible spectroscopy (UV-Vis), transmission electron 

microscopy (TEM) and energy-dispersive X-ray spectroscopy (EDX). 

 

UV-Vis, TEM and EDX results confirm the formation of nanoparticles. EDX confirms the presence of the 

different functional groups found in the aqueous leaf extract of C. africana. 
 

[1] Kokila, K; Elavarasan, N; Sujatha, V. New J. Chem., 20, 41, 7481. 
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A number of studies have proven that metal complexes have pronounced various biological activities in 

comparison to their organic ligand precursors [1,2].  Hence, this has continuously driven the quest for novel 

metal complex studies with improved activities.  Their biological applications and its demand have shown a 

lot of interest in research with reasons including, but not limited to, drug resistance and numerous side effect 

studies [3,4].  In this study, copper complexes are of choice since not only they have high potency as anti-

bacterial agents, but they are cost effective, less toxic and have known physiochemical application [5].  The 

current study was designed to determine novel chemical entities towards biological and medicinal importance 

of copper(I)- and copper(II) pyridinyl Schiff base complexes.  Six different pyridinyl Schiff base ligands 

were synthesised using a greener mechanochemical technique (Figure 1a).  Thereafter, these ligands were 

complexed using two methods, firstly was the conventional (batched) reaction and secondly was a one pot 

reaction.  The latter proved a better method due to ease of reaction and it also avoids multistep purification 
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whilst still producing good to high yields.  The obtained ligands and complexes were characterised via 

spectroscopy instruments and in one of the cooper complex a single-crystal structure was obtained (Figure 

1b).  The formed complexes were biologically studied for their anti-bacterial potency (Figure 1c). 

 

 

 
Figure 1: (a) Ligand synthesis, (b) copper(II) complex and (c) Kirby-Bauer antibacterial testing  
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Innate host defence mechanisms of exocrine fluids like saliva against microbial infection are mostly 

coordinated by the human defence peroxidases e.g. lactoperoxidase (LPO) and salivary peroxidase (SPO) 

[1]. The defensive peroxidases employ hydrogen peroxide as an oxidant of small inorganic ions to produce 

antimicrobials that are generally stronger than hydrogen peroxide itself. Thiocyanate (SCN-) and 

hypothiocyanite (OSCN-) are respectively regarded as an exclusive substrate and the only product of all 

defensive peroxidases in exocrine fluids like saliva. Research focus is currently directed towards identifying 

new and more effective antimicrobials iodine-based species. A recent study has reported the formation of the 

inter(pseudo) halogen cyanogen iodide (ICN) from a mixture of iodide and thiocyanate by the LPO system 

[2]. Our experiments show that the LPO system with a mixture of I- and SCN- behaves like the reaction of I2 

and SCN-, which quantitatively produces one cyanogen iodide (ICN) for every four I2 molecules that react 

with SCN-. Cyanogen iodide is a more cytotoxic antimicrobial which plays a defensive role in the oral cavity.  

Furthermore, our work shows that OSCN- oxidizes I- to I2, which subsequently reacts with SCN- to form 

ICN. Here we report for the first time the second-order rate constants for the reaction of ICN with biological 

thiol. 
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South African water sources are depleted and now contain a high content of dissolved and suspended 

materials.  Poly-DADMAC is added to drinking water as a flocculant to remove these materials. However, 

recently there is a growing concern about the fate of poly-DADMAC that is added into water treatment 

processes because of its tendency to breakdown to N-nitrosodimethylamine (NDMA) which is carcinogenic.  

Hence there is a need to detect and quantify the concentrations of poly-DADMAC in drinking water treatment 

plants.  Gold nanoparticles (Au-NPs) possess unique and interesting physico-chemical properties.  In this 

case the interest is on their optical properties.  Gold nanoparticles (AuNPs) have been employed widely as 

nanosensors in colorimetric probe detection because they have a high extinction coefficient, which makes 

them more sensitive than organic probes.  This study describes the optimisation of the citrate-capped gold 

nanoparticles method for application in quantification of poly-DADMC by UV-Vis spectrophotometry.   
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Feedstocks from fossil-based chemicals, have often been used as starting materials in the synthesis of shaped 

carbon nanomaterials (SCNMs), using chemical vapour deposition (CVD). Such materials possess exciting  

applications in different key areas, such as in energy storage [1] and conversion,[2] and water treatment.[3]  

However, not only are these conventional starting materials costly, but more importantly, not renewable.  To 

address this issue, key questions include; developing methods to prepare SCNMs from renewable resources, 

overcoming the inherently low solubility of biomass in conventional solvents as a means for liquid injection 

during CVD, and how to tailor the properties of SCNMs using biomass resources?  Biomass, a renewable 

resource, is a complex mixture of cellulose, hemicellulose and lignin.  Some ionic liquids, i.e. organic salts 
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comprising a low melting point, have been shown to dissolve biomass[4].  Thus this work presents our efforts 

to prepare SCNMs, using ionic liquids as solvents for the dissolution of sugarcane bagasse. 

 

SCNMs were synthesised using the floating catalyst CVD at 850 °C [5] and characterised by several 

physicochemical techniques. Typical hollow tubular and spaghetti like structures observed from TEM and 

SEM, respectively, correlated with the SCNM morphologies.  Raman spectroscopy indicated typical SCNMs 

bands, around 1350 and 1580 cm-1 assigned to D- and G-band and represents the defective and graphitic 

carbon vibrations, respectively.  The study showed that tubular SCNMs were successfully synthesised from 

bagasse, an abundant biomass material, which is utilised in a strategy to generate a value added product from 

agricultural residues.  The synthesised materials have dimensions which are above the nm range and this 

opens new avenues for material design, thus, this method will improve the economics of the SCNMs process. 

 
References: 

1. Sun, F., et al., Converting biomass waste into microporous carbon with simultaneously high surface area and carbon purity 

as advanced electrochemical energy storage materials. Applied Surface Science, 2018. 436: p. 486-494. 

2. Guldi, D.M. and V. Sgobba, Carbon nanostructures for solar energy conversion schemes. Chem Commun (Camb), 2011. 

47(2): p. 606-10. 

3. Peter, K.T., et al., Synthesis, Optimisation, and Performance Demonstration of Electrospun Carbon Nanofiber–Carbon 

Nanotube Composite Sorbents for Point-of-Use Water Treatment. ACS Applied Materials & Interfaces, 2016. 8(18): p. 

11431-11440. 

4. Brandt, A., et al., Deconstruction of lignocellulosic biomass with ionic liquids. Green chemistry, 2013. 15(3): p. 550-583. 

5. Keru, G., P.G. Ndungu, and V.O. Nyamori, Nitrogen-doped carbon nanotubes synthesised by pyrolysis of (4-{[(pyridine-4-

yl) methylidene] amino} phenyl) ferrocene. Journal of Nanomaterials, 2013. 2013: p. 2. 

 
______________________________________________________________________________________ 

 

SCP-P-028 

 

SYNTHESIS OF TRIAZOLE SUBSTITUTED COUMARINS  

USING CLICK CHEMISTRY 

 

Thalia Naidoo  

214506024@ukzn.ac.za 

Student Number: 214506024 

School of Chemistry and Physics 

Supervised by Dr Parvesh Singh 

 

The dire need for new and innovative chemotherapies as a consequence of drug resistance has resulted in the 

surge of research steered towards improved drug discovery strategies.  Molecular hybridisation is one such 

strategy that has been successfully employed.  This project aimed to synthesise triazole tagged coumarins, 

via a copper catalysed coupling cycloaddition reaction between propargylated coumarin and different azides.  

The prepared triazole coumarin conjugates were analysed and characterised by various spectroscopic 

methods.  These spectroscopic techniques included 1H NMR, 13C NMR, 2D NMR, and IR.  The full 

elucidation of the final products, supported by HMBC correlations is a reference point for the synthesis of 

similar or different triazole coumarin hybrids.  The yields obtained although moderate can be improved by 

optimisation studies, and overall the synthesis scheme is a viable method for the preparation of hybrid 

molecules.  Furthering the research to antibacterial studies will also confirm and establish molecular 

hybridisation as a prime means of combating super bugs as well as other multifactorial diseases.  

 

Figure overleaf. 
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Graphene based materials can be effectively modified by doping in order to specifically tailor their properties 

towards varies applications such as sensors, electrochemistry, catalysis and solar cells [1,2].  Nitrogen has 

been the most used and widely investigated heteroatom dopant.  However, boron is also an equally important 

element that can induce novel and complementary properties leading to specific implementation in solar cells 

[3].  In this study, boron was doped into graphene frameworks via chemical vapour deposition approach, in 

the presence of boric anhydride at a doping temperature of 600 °C to form boron-doped reduced graphene 

oxide (B-rGO).  The amount of boric anhydride used was varied.  B-rGO was characterised using high-

resolution transmission electron microscopy, scanning electron microscopy, Raman spectroscopy, thermal 

gravimetric analysis, inductively coupled plasma optical emission spectroscopy, ultra-visible spectroscopy 

and photoluminescence.  High-resolution transmission electron microscopy of B-rGO in Figure 1 shows not 

much difference in morphology, other than more corrugations on B-rGO and this is due to boron doping in 

the carbon framework.  Increased amount of boric anhydride lead to less thermal stability and less crystalline 

B-rGO. 
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Figure 1: HR-TEM images of (a) graphene oxide and (b) B-rGO 
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The extraction of nanocellulose (NC) from i) bacterial cellulose (grown using "Symbiotic 'Colony' of 

Bacteria and Yeast" or SCOBY), ii) Whatman filter paper, and iii) hardwood pulp was successfully 

investigated in this study.  Acid hydrolysis was applied to these three materials and nanofibrous whiskers 

were formed.  The hydrolysis products of NC without further separation was studied to produce nanofibrous 

cellulose (NFC).  The NFC structural integrity was compared to conventional NCC.  For the nanocellulose 

samples, it was found that the concentration of the dialysis-free nano-fibrous cellulose has a higher 

concentration and longer dimensions than that of dialyzed nanocrystalline cellulose.  The nanocellulose was 

then utilised as a stabiliser for the synthesis of polypyrrole using a pyrrole monomer and ferric chloride 

hexahydrate initiator that produced a well dispersed network of polypyrrole@nanocellulose (PPy@NC) 

hybrid nanocomposite.  The PPy@NC nanohybrid was subsequently suspended in polyvinyl alcohol (PVA), 

which facilitated the construction of a continuous PPy@NC conductive network in the polymer matrix for 

both NCC and NFC.  The development of a novel resistivity apparatus and tests were conducted for the first 

time on all samples using an expedient method. The PPy@NFC/PVA nanocomposite showed significant 

improvement in electrical conductivity and mechanical properties when compared with neat PPy/PVA 

composites and exhibited slightly improved performance when compared to the dialyzed nanocellulose 

composite, PPy@NCC/PVA, at the same ratio.  This was due to the dialysis-free synthesis process allowing 

the residual hydrolysis acid to act as a doping agent for the synthesised PPy, endowing PPy@NFC 

nanohybrid with improved electrical conductivity.  It was found that the nanohybrid synthesised from 

bacterial nanocellulose in a dialysis-free step, showed a resistivity of 2.341 Ω/m that has an improved 

resistivity result compared to the nanohybrid prepared from bacterial cellulose that was dialyzed which was 

2.928 Ω/m; a lower resistance value allows for greater conductance.  The nanohybrid made from 

nanocellulose sourced from Whatman filter paper, that was not subjected to dialysis gave a better resistivity 

of 2.287 Ω/m as compared to the nanohybrid from the nanocellulose subjected to dialysis, which was 4.954 

Ω/m.  The dialysis-free hardwood pulp nanohybrid produced a nanohybrid with a resistance of 6.515 Ω/m 

and the dialyzed gave a resistance of 8.402 Ω/m which had the greatest opposition of the flow of current 
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through the material.  This work conclusively demonstrated that by capitalizing on the physiognomies of 

nanocellulose not subjected to dialysis, its unique traits can be further exploited for useful applications.  By 

avoiding the costly and laborious dialysis step, one could easily utilise the residual acid as a doping agent 

that contributed to the desired conductance required.  The straightforward and sustainability of this dialysis-

free and in-situ doping synthesis of the PPy@NFC nanohybrid should facilitate in a significant way the 

scalable fabrication and application of nanocellulose based conductive nanocomposites with high 

performance. 
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Seven Thiadiazolopyrimidinone hybrid derivatives were successfully synthesised in a three step reaction that 

involved synthesis of 5-substituted phenyl-1,3,4-thiadiazole-2-amines, condensation of the amines with 

DMF-DMA (dimethylformarmide-dimethylacetal) and the 4+2 cycloaddition reaction of the 

imidoformamides and phenoxyacetylchloride. The MDF-DMA used in the second step was synthesised using 

sodium methoxide, DMF and DMS (dimethylsulfide). The synthesised compounds were all novel 

derivatives. Elucidation of the structured for all the synthesised compounds was carried out using both 1D 

and 2D NMR spectroscopy together with mass spectrometry. All the synthesised compounds were subjected 

to antibacterial testing against both gram (+) and gram (-) strains proving very good activity against 

gram (- ) and very poor against the gram (+) bacteria. Comparing to the two standards used Levoflaxocin 

and Ciproflaxocin, compounds 3a ( MBC = 0.19 µM) and 3c (MBC = 0.15- 3.92 µM) showed better activity 

from the standards for all four gram (-) strains (Ec, Pa, Kp, St) while four other compounds showed better 

activity than the standard for three of the four strains.  

 

Keywords: Thiadiazolopyrimidinone, antibacterial assay, 4+2 Cycloaddition reaction, Structural elucidation 
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Medicinal plants contain bioactive substances which are responsible for the defensive strength of the body. 

Achyranthes aspera, Linn is a medicinal plant in South Africa known for a wide range of medicinal purposes. 

The aerial parts and root of the plant was successively extracted with hexane, dichloromethane, ethylacetate 
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and methanol. In this study, the phytochemical analysis and the antioxidant activities of the crude extract and 

bioactive compounds in Achyranthes aspera was evaluated. Total phenolics and flavonoid content of the 

crude extract was also determined. The antioxidant activity was performed using the 2, 2-diphenyl-1-

picrylhydrazyl assays, ferric ion (Fe3+) reducing antioxidant power and phosphomolybdate assay. 

 

Methanol extract of the leaves and compound 1 (Lutein) was found to possess good activity comparable to 

the control, Ascorbic acid and Butylated hydroxyl toluene. The antioxidant activity was found to be in the 

decreasing order of BHT > Compound 1 > MeOH leaves > Ascorbic acid > DCM leaves > EtOAc leaves > 

Compound 2 > DCM root. Thus, it can be concluded that compound 1 (Lutein) and the MeOH extract of 

Achyranthes aspera can be used as a potential source of natural antioxidant to prevent diseases associated 

with free radicals. 
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We report synthesis of Silver nanoparticles (AgNPs) using nanocrystalline cellulose (NCC) isolated from 

discarded cigarette filters (DCF) as both reducing and stabilising agent over a pH range 5 - 10. The size and 

the yield of synthesised AgNPs varied with pH. The minimum mean diameter (4.61 nm) was observed at pH 

9 while the maximum (19.93 nm) was observed at pH 5. The spherically shape AgNps showed surface 

plasmon resonance (SPR) around 416 nm. The Ag content in dry AgNPs was 81.9 wt% as revealed by EDX 

analysis, which correlated with 82.1 wt% mass left at 600ºC in TGA analysis. SEM and BET analyses 

showed that the dry AgNPs were macroporous with reduced surface area and porosity on calcination. The 

AgNPs showed excellent SERS in the detection of riboflavin with 3 x 10-7 M LOD. Thus this paper 

demonstrated an approach to produce cheap analytical tool from most littered items (DCF) in the world.[1, 

2]  

 

 

Scheme 1: Synthesis of AgNPs using NCC isolated from DCF as both reducing and stabilising agent and 

SERS application in detection of riboflavin.   
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In this study, graphene oxide (GO) and imidazolium-based graphene oxide-ionic liquid (GO-IL) were 

synthesised, characterised and applied in the adsorption of reactive blue 19 dye (RB19) and sulfamethoxazole 

(SMZ). The adsorbents were extensively characterised with the following techniques; Fourier transform 

infrared spectra (FTIR), X-ray diffraction (XRD), surface area and porosity analyser, thermal gravimetric 

analysis (TGA), scanning electron microscope (SEM), transmission electron microscope (TEM), nuclear 

magnetic resonance (1H and 13C NMR) and the elemental analyser. Batch adsorption studies were carried out 

to ascertain the adsorption behaviour of RB19 and SMZ on GO and GO-IL based on pH, dosage, time and 

temperature study parameters. The optimum adsorption conditions for the adsorption of RB19 on GO was at 

an equilibrium time of 10 mins at 25℃, a pH 2.04 and 90 mg dose of adsorbent. For GO-IL the optimum 

adsorption was attained at 25°C using 10 mg and 9 mg dosage of adsorbent at pH of 4.01 and 6.28 for RB19 

and SMZ, respectively. 

The thermodynamic study reveals the adsorption process to be exothermic in nature. The mechanism of 

adsorption was through π-π interaction, electron donor and hydrophobic interaction. The adsorption kinetics 

supported the pseudo-second order model, while the adsorption isotherm was supported by the Langmuir 

model in the adsorption of RB19 and the Freundlich model for the adsorption of the SMZ. The regeneration 

study carried out also exposed the extent of adsorbent reusability, showing that the adsorbent material is 

suitable for the remediation of organic pollutants from wastewater. 
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Carbon-based graphene oxide was synthesised by a modified Hummer’s method with different ratios of 

graphite to sodium nitrate (NaNO3) of 1:1, 1:2, and 2:1. These variations were carried out to determine which 

conditions would afford more oxygen functional groups and the products obtained were characterised by 

means of elemental analysis, FTIR, XRD, and TEM. Graphene oxide with more oxygen functional groups 
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was used for selective separations. The adsorption characteristics of the sorbent for lead were studied under 

batch conditions at pH 5.0. The equilibrium adsorption data were fitted to a number of isotherm models and 

the monolayer capacity obtained from the Langmuir isotherm was 132.3mgg-1.  
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Dithiocarbamates have been studied extensively over the past decades due to their versatile application in 

many areas of medicine, industry and analytical chemistry [1, 2]. They are prepared by the insertion reaction 

involving carbon disulphide and either secondary or primary amines in basic media [3]. Iodine oxidation of 

the synthesised dithiocarbamate salts produces sulfur-sulfur coupling compounds which have long been used 

in biological applications [4]. In this study, symmetrical and unsymmetrical formamidine are used to 

synthesise six dithiocarbamate ligands 1 – 6, which were in turn used for the synthesis of thiuram disulphide 

compounds 7 – 12. All compounds were characterised using various spectroscopic and analytical techniques 

and in some cases even single crystal X-ray diffraction. The molecular structures reveal that two formamidine 

moeities are connected via a disulphide bond, and are perpendicular to each other.  

 

Free radical scavenging ability of both the dithiocarbamates and thiuram disulfide are studied using DPPH 

assay at different concentrations using ascorbic acid as a standard. The overall range of the DPPH radical 

scavenging was found to be between 1.98 and 77.73. Compounds 9 & 11 have the highest potential activity 

with 76.27% and 61.40% while compound 10 has the least antioxidant activity with 19.83% at 1mM 

concentration. Generally, concentration has no effect on the antioxidant activity of the dithiocarbamate 

compounds 1–6 but the activity of the thiuram disulfide 7–12 depends on concentration. 
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[3] P.A. Ajibade, J.Z. Mbese, B. Omondi, Inorganic and Nano-Metal Chemistry 47 (2017) 202-212. 

[4] F.K. Keter, M.J. Nell, I.A. Guzei, B. Omondi, J. Darkwa, Journal of Chemical Research 2009 (2009) 322-325. 
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Polycyclic aromatic hydrocarbons (PAHs) can exist in over 100 different combinations of fused 

aromatic rings.  They occur ubiquitously in environmental matrices worldwide.  They are persistent 

organic pollutants (POPs) that are lipophilic in nature.  Most are formed as a result of incomplete 

combustion of carbon-containing materials, such as oil, wood, cigarettes, garbage or coal, and also 

from other activities, such as driving, agricultural burning, paving with asphalt, road construction and 

so on.  Some PAHs have been observed to be toxic, carcinogenic, mutagenic and teratogenic and 

those not found to be carcinogenic may act as synergists.  This prompted an investigation into the 

presence of the 16 EPA PAHs in sediment samples of the uMgeni and Msunduzi rivers in KwaZulu-

Natal Province.  Little or no information is available on the concentrations and distribution of PAHs 

in these two KwaZulu-Natal rivers.  These two rivers have anthropogenic, agricultural and industrial 

activities which make them an appropriate site of study.  There are dams and tributaries along the 

courses of these rivers including various effluent discharge points from waste water treatment plants.  

Eighteen sediment samples were collected along the courses of the two rivers for the summer season.  

These sediment samples were dried and partitioned into different mesh sizes with a sieve.  Extraction 

of the sediments was carried out with the aid of an ultrasonic bath and dichloromethane as the 

extracting solvent.  The extracts were cleaned by using silica gel, anhydrous sodium sulfate and 

dichloromethane as eluting solvent.  The almost dry purified extracts were made up to 1 mL with 

dichloromethane and transferred to GC vials with the addition of the internal standard.  Quality 

assurance and quality control measures were observed.  The presence of these PAHs in the sediment 

samples was determined by means of gas chromatography-mass spectrometry (GC-MS).  The results 

obtained indicate that the 16 EPA PAHs are present in the sediment samples.  The method exhibited 

good recoveries of 80 to 118% and the percentage relative standard deviations were observed to be < 

5%. 
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This study was aimed at investigating the substitution behaviour of mononuclear trans-Pt(II) complexes with 

mixed amine ligands. The rate of substitution of the chloro moeities from the complexes: trans-

Pt(NH3)(NH2C2H5)Cl2 (tPt2), trans-Pt(NH3)(NH2C3H7)Cl2 (tPt3), trans-Pt(NH3)(NH2C4H9)Cl2 (tPt4) and 

trans-Pt(NH3)(NH2C2H5)Cl2 (tPt5), by three nucleophiles, viz. thiourea (TU), N-methylthiourea (MTU) and 

N,Nʹ-dimethylthiourea (DMTU), was studied under pseudo first-order conditions as a function of 

concentration and temperature by stopped-flow spectrophotometry.  

 

Chloride substitution from each of the trans-Pt(II) complexes proceeds by first-order kinetics in a single step. 

The pseudo first-order rate constants, kobs obeyed the rate law: kobss = k2[nucleophile]. The reactivity of the 

complexes was largely dependent on the length of the alkyl chain of the alkylamine moiety of the complexes.  

 

Computational modelling using density functional theory (DFT) calculations showed that the gradual 

increase in chain length by a methylene group has relatively negligible electronic consequence on the metal 

centre. The increase in chain length, however, posed significant steric hindrance on the substitution sites due 

to the flexibility of the alkyl chains and thus governed the overall reaction pattern. The order of reactivity of 

the complexes is tPt2 > tPt3 > tPt4 > tPt5. The reactivity of the nucleophiles with the complexes decreases 

with increase in steric demand in the following order: TU > MTU > DMTU.  

 
195Pt NMR spectroscopic results established that the mixed amine ligands remain coordinated to the metal 

centre in the final kinetic product. This implies that mononuclear trans-Pt(II) complexes are resistant to 

complete substitution of ligands at the reaction sites by the incoming thiourea-based nucleophiles. The low 

positive values of enthalpy of activation and large negative values of entropy of activation indicate an 

associative mechanism of substitution. 
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Human skin is very sensitive and, as the largest organ in the body, it tends to come into contact with 

xenobiotics such as benzoquinone and its derivatives in the environment.  It reacts to them differently 

depending on an individual’s tolerance level or threshold.  The human skin has different pH conditions 

between the surface of the stratum corneum (pH 5.5) and the epidermis (pH 7.4), which have caused 

speculations in the role that pH plays in carrier protein haptenation.  This presentation will provide details 

on the kinetics studies carried out on the reaction of benzoquinone (BQ) and its derivatives (BQD) with 4-

nitrobenzenethiol (NBT), a protein surrogate, with emphasis on the effect of pH variation on the reaction rate 

constants as the substituents around BQ change.  The BQD investigated include 1,2-naphthoquinone (1,2-

NQ), 1,4-naphthoquinone (1,4-NQ), menadione (MD), 9,10-anthraquinone (AQ) and 9,10-

phenanthrenequinone (PQ).  The BQ-NBT reaction was investigated under pseudo-first-order conditions at 

various concentration ratios at a temperature of 298 K at three different pH values by stopped-flow 

spectrophotometry while the BQD-NBT reactions were investigated similarly but either by ultraviolet-visible 

(UV-VIS) or stopped-flow spectrophotometry as appropriate.  The reaction rate constants obtained for the 

BQ-NBT reaction were observed to be in the order pH 5.65 > pH 7.42 > pH 8.41.  In the case of the BQD, 

the reactions performed at pH 7.42 showed the reaction rate constants to follow the order: BQ > 1,2-NQ > 

MD > 1,4-NQ > PQ > AQ while at pH 5.65, the order was observed to be BQ > 1,2-NQ > 1,4-NQ > PQ > 

MD > AQ and at pH 8.41, it was BQ > MD > 1,4-NQ > PQ > AQ > 1,2-NQ.  These trends for the reaction 

rate constants of the BQD at the three pH values can be attributed to inductive effects, the position of oxygen 

on the phenyl ring and resonance effects. 

 

Keywords: human skin, xenobiotics, benzoquinone, nitrobenzenethiol, pH variation. 
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The synthesis of nanoparticles using biological constituents as reducing and capping agent is gaining 

significance due to its cheap, non-toxic and environmental friendly advantages over other methods of 

nanoparticle synthesis. Magnetic nanoparticles have gained some considerable attention in biomedical 

application due to their magnetic, optical and antimicrobial properties. In this vein, cobalt ferrite nanoparticle, 
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with an inverse spinel structure has shown promising use in imaging and drug delivery due to its good 

physical and chemical stability, large anisotropy, saturation magnetisation and tunable coercivity. 

 

In this work cobalt ferrite nanoparticles were synthesised using aqueous root extract of helichrysum acuatum. 

The plant-extract mediated nanoparticles were characterised using scanning electron microscopy (SEM), 

transmission electron microscopy (TEM), energy dispersive X-ray (EDX) and X-ray diffraction (XRD). 

EDX analysis confirmed the presence of cobalt and iron. 
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A few studies focus on the biological activities of copper, nickel, silver and zinc terpyridine complexes [1, 

2], with results that show that these metal complexes have a broad range of pharmacological activity such as 

antibacterial and antifungal [3]. It is well known that the presence of a metal centre often enhances the 

biological activity of a complex rather than the free ligand [4], hence the biological activity of the silver(I) 

terpyridine complexes are studied here. The synthesis and characterisation of Ag(I) terpyridine complexes 

derived from substituted terpyridine ligands by a multistep procedure will be described. The complexes have 

been synthesised via stirring under ambient conditions at equimolar ratios [5], and were obtained in moderate 

to good yields. Characterisation was done using a range of techniques, such as melting point determinations, 

FT-IR, 1H and 13C NMR, ESI-MS and elemental (CHN) analysis. The antibacterial properties of the 

synthesised silver(I) complexes, of the general formulae: [Ag(tpy)(SCN)], [Ag(tpy)(CN)], and 

[Ag(tpy)(OAc)]  (with tpy = 4-methoxyterpyridine, 2-methoxyterpyridine, 4-hydroxyterpyridine, 4-

chloroterpyridine, 2-pyridineterpyridine, 3-pyridineterpyridine, furan-terpyridine and thiophene-terpyridine) 

were conducted for a variety of six Gram positive and negative human pathogens, namely, Escherichia coli, 

Staphylococcus aureus, Salmonella typhimurium, Pseudomonas aeruginosa, Klebsiella pneumoniae and 

MRSA . This has been done using the agar plate microdilution method, and the resulting minimum inhibitory 

concentrations (MICs) were reported. Positive results have been found through the MICs, whereby the 

compounds are active in inhibiting the growth of the bacteria. Ciprofloxacin hydrochloride and Ag(I)-

sulfadiazine were used as the standard drugs screened for comparison measures and complexes 

[(Ag)(Furanylterpyridine)SCN] and [(Ag)(Thiophenylterpyridine)SCN], especially, have been found to 

exhibit higher activities than the standard drug Ciprofloxacin. The AgSCN complexes have been found to 

have generally higher activity than complexes synthesised with the other two salts, while the Ag(OAc) 

complexes were next for exhibiting significant antibacterial activity at low concentrations. The synthesis, 

characterisation and antibacterial screening of these compounds are herein discussed. 
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Forests are a natural resource and is influential in most countries as it is a source of food, clothing, and form 

of shelter for many organisms. These sections of forested land have been sacrificed for the development of 

areas, making way for agriculture, cities and the ever increasing human population. Some of the detrimental 

effects associated with deforestation are as follows: loss of wildlife and fish habitats, increased nutrient and 

sediment loads in nearby rivers, and increases in greenhouse gas emissions. Reforestation refers to the 

planting of trees as to replenish an area that was previously a forest but due to anthropogenic effects, such as 

land deforestation, resulted in its deterioration. The project aimed to assess the impact of the eThekwini 

Municipality reforestation project on the quality of the soil within the reforestation sites, and water from the 

nearby rivers (White and Black Mhlasini Rivers) situated at the reforested Buffelsdraai area in KwaZulu-

Natal. The levels of organic pollutants were assessed from the analysis of soil, sediment and river water. 

Selected polyaromatic hydrocarbons (PAHs) and pesticides, which had been previously utilised at this site 

when it was a sugarcane farm, were analysed. The sixteen PAHs analysed were naphthalene, acenaphthylene, 

acenapthene, fluorine, phenanthrene, anthracene, fluoranthene, pyrene, chrysene, benzo[a]anthracene, 

benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[i]fluoranthene, benzo[a]pyrene, benzo[e]pyrene, 

indeno[1,2,3-cd]pyrene, dibenzo[a,h]anthracene, and benzo[g,h,i]perylene which are on the Environmental 

Protection Agency (EPA) list of priority pollutants. The pesticides analysed were hexazinone, oxamyl, and 

acetochlor. The soil and sediment samples were extracted using ultrasonication, and liquid-liquid extraction 

was utilised for the water samples. Gas chromatography mass spectrometry (GCMS) and Liquid 

chromatography mass spectrometry (LCMS) was used to analyse the extracts. PAH recoveries on the GCMS 

ranged between 60-110%, and pesticide recoveries on the LCMS were between 83-113%. The PAH LOD 

values were between 0.30–0.69 µg g-1 and between 0.17-0.32 µg g-1 for pesticides. PAH LOQ values ranged 

between 0.99-1.9 µg g-1 and between 0.56-1.33 µg g-1 for pesticides. The levels of contaminants determined 

will allow for a better understanding of the positive effects of reforestation and assist management in future 

planning to broaden the reforestation project. 
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A highly efficient and green synthetic protocol is described for the synthesis of 2-amino-4H-chromenes via 

a three-component reaction of aromatic aldehydes, malononitrile and dimedone in aqueous ethanol 

ultrasound irradiation. This protocol promotes selective conversion of starting materials to the desired 

product in short reaction times (2-5 min), affords excellent yields (95-100%) and avoids chromatography 
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and other purification steps. It is easily executed and can be repeated for the synthesis of an array of 2-amino-

4H-chromenes derivatives, this is true even for reactions with spatially hindered aromatic aldehydes. 

 

 

Figure 1. Three-component synthesis of 2-amino-4H-chromenes under ultrasound irradiation. 

 

Chromene derivatives (2-amino-4H-chromenes) are of great importance, this is due to their wide range of 

biological properties such as spasmolytic, diuretic, anti-anaphylactic, anticancer and anticoagulant activities 

[1]. They have found application in medicine, as cognitive enhancers for the neurodegenerative disease 

treatment such as senile dementia, motor neurone disease, Hantington’s, Parkinson’s, schizophrenia and 

myoclonus. As a result, these compounds have been concisely synthesised following various 

multicomponent reactions previously reported. However, the disadvantage of these methods is their use of 

toxic solvents, unstable catalysts, lower effectiveness and low environmentally benign nature. In our 

continued search for simple, eco-compatible and green synthetic methods for relevant heterocycles, we have 

discovered an improved and more efficient method for synthesis of chromenes [2]. 
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Radiant energy is a ubiquitous renewable energy source at our disposal.  Hence, there is a need to fabricate 

efficient photoactive materials with a reduced band gap, factor for efficient applications in photocatalysis 

and photoconversion.  In this study, we report the synthesis of ternary nanocomposites composed of cadmium 

sulfide (CdS) nanoparticles (NPs), reduced graphene oxide (RGO) and titania (TiO2) via a solvothermal 

method to form cadmium sulfide-reduced graphene oxide-titania (CdS/RGOT) nanocomposites.  The 

nanocomposites prepared were fully characterised by various morphological and spectroscopic analyses.  

Transmission electron microscopy (TEM) analysis reveals that both TiO2 and CdS were evenly deposited on 

the interface of RGO as indicated in Figure 1a.  The anatase phase of the deposited TiO2 was confirmed with 

X-ray powder diffraction.  A lower bandgap was recorded for the CdS/RGOT nanocomposites and this is 
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due to the introduction of CdS NPs (Figure 1b).  Furthermore, the prolonged lifetime of photogenerated 

electron-hole pairs was confirmed via photoluminescent spectroscopy.  Thus, the synergistic effect of CdS 

(which acts as a sensitiser) and RGO (which acts as a conductor/transporter) on TiO2 (an electron donor), 

presents an insight into the successful design of an efficient ternary photocatalyst, with a reduced band gap.  

 

 

 

 

 

Figure 1. (a) TEM image of CdS/RGOT 0.6 % wt. 

nanocomposite (b) Tauc’s plot of pure TiO2, pure 

CdS NPs and CdS/RGOT 0.1-1.2 % wt. nanocomposite 
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The occurrences of pharmaceuticals and personal care products as emerging organic contaminants (EOCs) 

have been reported in several developed countries with only a few from developing countries. There is 

currently scarce information on the fate of pharmaceuticals and personal care products (PPCPs) especially 

their metabolites in several matrices of African countries. Thus, this was the motivation for the investigation 

of ten PPCPs (2 anti-inflammatory, 1 central nervous system stimulant, 1 anticonvulsant, 1 antibiotic and 5 

metabolites) in sediments, surface water and wastewater from the Isipingo River in the province of KZN, 

South Africa. These compounds were chosen based on data of the most used pharmaceuticals in KZN [1]. 

Further motivation comes from the limited research of pharmaceutical metabolites worldwide, leading to the 

limited knowledge of the life span of these contaminants within the environment. 

 

The following investigation proceeded through a developed method on the LC-PDA-MS. Four types of 

binary solvent systems were investigated with 0.1% formic acid in acetonitrile and water having separated 

all 10 compounds (resolutions > 2) within 13 minutes. The linearity of the method fell in the range of 50 – 

10000 µg/L. Inter-day and intra-day precision analysed at 20, 500 and 8000 µg/L on a model mixture 

produced %RSDs which were below 5%. Three solid phase extraction (SPE) columns (Oasis HLB, Strata-

X, Sep-pak) were evaluated for the water extraction method with higher extractions reported for Oasis HLB. 

A further increase in recoveries was achieved with Oasis HLB at pH 3.3. Recoveries for tap water and surface 
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water were in the range of 52.3 – 112% and 56.2 – 109.1%, respectively. The limit of detection (LOD) and 

limit of quantification (LOQ) for the water extraction method ranged between 3.337 – 9.415 ng/L and 11.12 

– 24.40 ng/L, respectively. Extraction of sediment proceeded with the aid of an ultra-sonication bath and 

further cleaned by SPE, using Oasis HLB cartridges. Three individual extraction solvents (methanol, acetone 

and ethyl acetate) were evaluated where acetone and methanol showed good recoveries on its own however, 

increased recoveries were reported when both solvents had been combined in a four step extraction. The final 

LOD and LOQ of the developed extraction method for sediments was 1.458 – 5.037 ng/g and 4.419 – 13.06 

ng/g, respectively. This method was then used to quantify the levels of the selected analytes in the Isipingo 

River, which, fell in the range of n.d – 3.68 µg/L and n.d – 117 ng/g for surface water samples and sediment 

samples, respectively. The general trend of PPCPs and their metabolites in surface water and sediments 

revealed an increase in their total concentrations along the river resulting in an accumulation in their 

concentrations towards the lagoon. This may be of great concern since the lagoon hosts many aquatic species 

and has activities such has bathing and fishing which may be exposed to these high levels. 

 
1. ImpactRx About Us. http://www.impactrx.co.za/about-us retrieved on the 3/10/2016, ImpactRx (2013) info@impactrx.co.za. 
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Organic solar cell with photoactive medium composed of P3HT:PCBM blend. The concentration of the 

nanoparticle was varied to be able to determine the optimum amount of nanoparticles for best device 

performances. A comparison between devices containing nickel oxide (NiO) and that of the pristine 

P3HT:PCBM active layer were drawn up. The experimental evidences suggest that the devices doped with 

NiO clearly outperformed the pristine bulk-heterojunction solar cells. This was evident on the measured solar 

cell parameters such as power conversion efficiency, fill factor and short circuit current density which have 

grown by 148%, 33% and 70%, respectively. In an investigation for charge transport using space charge 

limited current, charge mobility for thNickel oxide nanoparticles were used in the preparations of bulk-

heterojunction thin film e doped device was found to be 3.66 x 10-3cm-2/Vs, which is one order of magnitude 

higher than that of the pristine device.  
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A series of novel 7-chloroquinolinopyrazole hybrid chalcones were synthesised by the Claisen-Schmidt 

condensation in moderate to good yields.  The compounds were characterised by 1H and 13C NMR 

spectroscopy along with Mass spectrometry. Density functional theory (DFT) with B3LYP/6-31G(d) level 

was used to understand the structural, molecular and electronic properties of the molecules and the effect of 

different substituents on the HOMO-LUMO orbitals and band gap. The theoretical and experimental band 

gaps were compared and the solvent model gave a better approximation of the experimental results. These 

compounds (6a-6l) were also screened for in-vivo antimicrobial activity. Compounds 6a, 6d, 6e, 6h, 6j and 

6k had a broad spectrum of activity against Gram-positive and negative pathogens; Pseudomonas 

aeruginosa, Staphylococcus aureus, Salmonella Typhimurium, Klebsiella pneumonia, Escherichia coli and 

Methicillin-resistant Staphylococcus aureus. Compounds 6a, 6d and 6h were identified as hit compounds, 

which could be further developed into pharmaceuticals as their MBC values were comparable to known 

antibiotics, ciprofloxacin and levofloxacin. 
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Traditional medicines are used by approximately 80% of South African population to treat various diseases, 

but the chemistry and biological activities of most medicinal plants have not been studied. This study focused 

on the isolation, structural elucidations, and antioxidant activity of natural products from Rhoicissus digitata 

(Vitaceae). R. digitata is an indigenous medicinal plant which is popular amongst South Africans for its use 

in treating gynaecological and obstetrics complaints. This plant is also used for treating broken bones, kidney, 

epilepsy, as well as bladder complaints. Chromatographic purification of the roots and fruits of R. digitata 

resulted in the isolation of two flavonoids (catechin and quercetin), three triterpenes (12,13 dehydrolupeol, 

β-sitosterol and oleanolic acid) and a fatty acid (virgin olive oil). The structures of these compounds were 

confirmed by NMR spectroscopy (1D and 2D NMR) and mass spectrometry. In vitro antioxidant activity of 

the methanol extract of roots and fruits, catechin and quercetin using 1, 1-diphenyl-2-picryhydrazyl (DPPH) 

assay, ferric reducing antioxidant power (FRAP) assay and phosphomolybdenum reduction assay showed 
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significantly higher antioxidant activity for methanol extract from the roots compared to the fruit, with IC50 

values (μg/ml) of 0.296±0.20 for DPPH assay, 156.991±0.91 for FRAP assay, 204.195±0.74 for 

phosphomolbidate assay. Quercetin showed higher antioxidant activity than catechin, with IC50 values 

(μg/ml) of 1.88±0.30 for DPPH assay, 147.545±0.97 for FRAP assay, 143.828±0.99 for phosphomolbidate 

assay. These results suggest that R. digitata can be used as an alternative medicine in treating or preventing 

oxidative stress related degenerative diseases. 
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Precipitation form an important component of climate and global hydrological cycle. Following the perceive 

drought in different parts of South Africa due to the decline in rainfall and water level, the impact of aerosol 

over the region on rainfall pattern is investigated using data from moderate resolution imaging 

spectroradiometer (MODIS) satellite measurement and South Africa Weather Service (SAWS). Aerosol, 

cloud and meteorological data including aerosol optical depth (AOD), water vapour content (WVC), cloud 

effective radius (CER), cloud optical depth (COT) and cumulative rainfall (CRF) were analysed statistically 

based on monthly and seasonal variation, correlation and EOF analysis for locations spanning both inland 

and coastal parts of the region. Aerosol concentration is mainly higher over the inland than the coastal parts, 

likewise and rainfall. Over the region, precipitation generally declines between 2013-2016 which is tagged 

the drought year. It is observed that the decline over the inland parts is due to the corresponding decline in 

aerosol concentration while activities of biomass burning and low atmospheric vapour affected precipitation 

over the coastal parts. CER is also found to play an important role in defining the relationship between rainfall 

and cloud.  

 

______________________________________________________________________________________ 

 

SCP-P-050 

 

THE Ag7 CLUSTER: SYNTHESIS, STRUCTURE, LUMINESCENCE AND NANOPARTICLE 

FORMATION 

 

Tunde Yusuf 

216077053@ukzn.ac.za 

Student Number: 216077053 

School of Chemistry and Physics 

Supervised by Professor Werner van Zyl 

 

 

Noble metal nanoclusters have received attention in recent times owing to their potential application in 

homogeneous and heterogeneous catalysis, medicine, hydrogen storage technology, and luminescence. 

However, the development of this chemistry has been hindered by the difficulty in growing single crystals 

suitable for X-ray diffraction studies [1]. In the past decade, a ligand protection route has been explored as 
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an alternative method for producing atomically precise high nuclearity nanoclusters. This route has led to the 

isolation and structural determination of a remarkable number of gold and silver nanoclusters such as Au133, 

Au130, Au102, Au36, Ag44, Au25, Ag50, Ag20, Ag21, Ag29, Ag48, Ag74 [1,2]. 

 

Herein we report the new cluster [Ag7(H){S2P(R)(OR’)}6] (R=ArOMe; R’=butyl) 1 was synthesised by the 

reaction of Ag(I) salt, NH4[S2P(R)(OR’)] and NaBH4 in a 7:6:1 ratio in THF  at room temperature and fully 

characterised by single crystal X-ray diffraction, electrospray ionisation mass spectroscopy (ESI-MS), NMR 

(1H, 31P), FT-IR, UV-Visible spectroscopies. The presence of encapsulated hydride was confirmed following 

the disappearance of the peak at 1.78 ppm in the 1H NMR spectrum of cluster 1 when NaBD4 was used as a 

hydride source instead of NaBH4. 

 

Further reaction of [Ag7(H){S2P(R)(OR’)}6] with 5 fold excess of NaBH4 led to monodispersed silver 

nanoparticle with an average particle size of 6 nm which were characterised by Transmission Electron 

Microscopy (TEM), scanning electron microscopy (SEM), Energy dispersive X-ray (EDX), FT-IR, UV-

visible spectroscopies.  

 

Both the cluster and the nanoparticles showed luminescent properties, the cluster and nanoparticle was 

excited at 340 nm and 430 nm, respectively, and emitted at 482nm and 579nm. 

 

 
 
[1] R.S. Dhayal, Y.R. Lin, J.H. Liao, Y.J. Chen, Y.C. Liu, M.H. Chiang, S. Kahlal, J.Y. Saillard, C.W. Liu, Chem. - Eur. J. 22 

(2016) 9943. 

[2] W. Du, S. Jin, L. Xiong, M. Chen, J. Zhang, X. Zou, Y. Pei, S. Wang, M. Zhu, J.  Am. Chem. Soc. 139 (2017) 1618. 
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The necessity for a cost effective, green and renewable replacement for petroleum based diesel as a fuel for 

compression ignition (CI) engines has led to renewed interest in biodiesel fuel. The use of waste vegetable 

oil (WVO) as feedstock for fatty acid methyl ester (FAME) production is generally believed to be gaining 

acceptance due to its advantageous cost, availability, non-interference with food chain, requires no land for 

cultivation, prevents blockage of drainages, preserves terrestrial and aquatic habitats and provides additional 

income to households and small scale businesses. Real time experimental determination of the properties, 

engine performance criteria and emission characteristics of unblended FAME is highly technical, time 

consuming, expensive, and requires sophisticated laboratory infrastructure.  

 

Emerging observation indicates that utilisation of numerical simulation and techniques are cost and time 

effective, less laborious, innovative, flexible, estimates ‘what-if’ scenarios and can be employed to provide 

a better insight to the influence of FAME properties on the activities in the combustion chambers of a CI 

engine.  However, has the numerical approach been able to predict FAME fingerprint in line with standard 

specifications and unearth the optimal FAME candidate to provoke better engine performance and mitigated 

emissions of regulated gases in unmodified CI engines. The objective of this study is to investigate whether 

an optimal FAME candidate has been unearthed through this method.  

 

This review reports that the outcomes of numerical predictions agree with experimental data and fall within 

acceptable average relative deviation. The use of high capacity modelling tools, high speed cameras and 

techniques including particle image velocimetry, phase doppler interferometry, endoscopy and laser based 

measurement techniques to gain access to the activities in the combustion chambers and accurately predict 

engine performance and emission characteristics were highlighted.  Fuel refiners, engine designers, emission 

specialists and engine researchers have found these numerical tools and techniques an invaluable companion 

in advancing the course of engine research towards improving engine performance and meeting emission 

benchmarks.   
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An approach is developed for mapping the input-output data generated by dynamic systems with exogeneous 

inputs, making it possible to train artificial neural networks to simulate the dynamic system using a training 

data set that is optimally selected through optimal experimental design. Optimal experimental design 

methods have been successfully applied to static classification and regression machine learning problems but 

have not been proved to be successful for optimally selecting time-series data generated by dynamic systems 

with exogeneous inputs. The input-output data for the dynamic system is mapped on to a state space by 

defining the system’s output data by the change in its measured output variables per unit time due to a change 

to its input data, as a result the artificial neural network is trained on the dynamic system’s response to input 

rather than the actual measured input-output values. The developed approach is successfully applied in 

training an artificial neural network to simulate the dynamics of a jacketed continuous stirred tank reactor 

using optimally selected datasets (with a reduced number of points). The optimal datasets were selected from 

the jacketed continuous stirred tank reactor operational data by applying full-factorial and fractional factorial 

methods. The much reduced optimally selected datasets were successfully used to train the artificial neural 

network simulate the dynamics of the reactor system. 
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Water governance is a multi-level and multi-actor decision-making process. The multi-actors are grouped 

under formal and informal institutions, and they collectively determine how irrigation scheme infrastructure 

is operated or managed. Infrastructure and governance interactions are precursors to a fully functional 

irrigation scheme, consequently enhancing agricultural productivity, which subsequently boosts rural 

economies. Water control infrastructure is a critical component that determines management of canal 

operation and use, and therefore, has to be built within a water governance framework that considers multi-

sector and multi-level actors. This paper sought to establish an operational and functional relationship 

between water control infrastructure and the existing water governance in Mooi River Irrigation Scheme 

(MRIS) and Tugela Ferry Irrigation Scheme (TFIS). The technology adopted was imposed rather than being 

setup in a participatory manner and only considered engineering and hydraulics, and not human and 

institutional aspects. This study used a fuzzy model to establish a link between water control infrastructure, 
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i.e., its characteristics, operational requirements, on one hand, and the existing water governance frameworks 

in the respective irrigation schemes, on the other. The approach was based on Fuzzy Analytical Hierarchy 

Process (FAHP) and Fuzzy Technique for Order of Preference by Similarity to Ideal Solution (FTOPSIS). 

The FAHP techniques was used to determine the fuzzy weight of the water control infrastructure aspects and 

the FTOPSIS was used to rank the water governance aspects, i.e., institutions, processes, procedures, rules 

and regulations, with respect to the infrastructure weights. Due to the high uncertainty and vagueness, the 

linguistic variable were expressed as triangular fuzzy numbers. Questionnaires were administered to five 

irrigation experts from each scheme. The Closeness Coefficient (𝐶𝐶𝑖) was used for ranking. The study revealed 

that TFIS had strong institutional setups (𝐶𝐶𝑇𝐹𝐼𝑆=0.18), as compared to MRIS (𝐶𝐶𝑀𝑅𝐼𝑆=0.13). However, TFIS 

showed a low ranking on rules and regulation (𝐶𝐶𝑇𝐹𝐼𝑆=0.14) as compared to MRIS (𝐶𝐶𝑀𝑅𝐼𝑆=0.20). Farmers’ 

unwillingness to pay water tariffs and contribute funds for operation and maintenance is illuminated under the 

rules and regulations governance pillar. A collective and participatory approach is required to improve on the 

water governance shortcomings. In consequent, this will improve the scheme performance. 

 
Keywords: Fuzzy Analytical Hierarchy Process (FAHP), Fuzzy Technique for Order of Preference by Similarity 

to ideal Solution (FTOPSIS), Linguistic Variables. 

 

______________________________________________________________________________________ 

 

SE-P-004 

 

DEHYDRATION OF SWEET POTATO TUBERS USING A  

SOLAR VENTURI DRYER AND A HOT-AIR OVEN DRYER 
 

Siyabonga Gasa 

212505757@ukzn.ac.za 

Student Number: 212505757 

School of Engineering  

Supervised by Professors Tilahun Workneh and Mark Laing 

 

In developing countries about 80% of food is produced by small-scale farmers with limited access to 

electricity due to its limited availability and cost. Sweet potatoes are amongst a group of small-scale farmers 

produce as a result of low input and cost requirement. However, a significant amount is lost due to a lack of 

post-harvest processing facilities. Dehydration is a method used for the preservation of perishable 

commodities. However, there is limited research on the dehydration of sweet potato for preservation. 

 

There is a need for the development of a low cost, solar drier for the dehydration of sweet potatoes and other 

commodities. The purpose of the study was to the evaluate performance of a solar dryer in terms of the 

uniformity of air temperature and decrease in the air relative humidity; to compare sweet potato quality before 

and after drying using a solar dryer and a hot-air oven dryer; to evaluate the effects of a solar drier on moisture 

content of sweet potato slices; optimise coefficients in selected drying models using the experimental data; 

and hence, to optimise the dryers performance in terms of energy use. 

 

The solar chimney dryer used in this study was developed using locally available materials with three main 

units namely: solar collectors, drying chamber and a chimney. The dryer was evaluated in terms of increasing 

drying air temperature and decreasing relative humidity. Hobo ware data loggers were used for this purpose. 

Maximal temperature and relative humidity differentials occurred at midday (12:00-13:00), with 

approximately 10±1oC and 10±2%, respectively and the dryer efficiency ranged between 44.80-45.47%. This 

should allow for drying of sweet potato chips which will be executed further. Further research is needed to 

develop models to look at the influence of chimney (height and diameter) and crop loading in the drying 

chamber. 
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The vast technologies used in purifying gas mixtures are based on the physical properties of the chemicals, 

such as boiling and melting points, relative volatility and intermolecular forces. Nitrogen fluoride (NF3) is 

an important gas used in various industries including electrical circuits etching where it is required with a 

high purity (99.999%) [1]. When produced, CF4 impurities are generated along with NF3. These two gases 

have very similar physical characteristics and to date, techniques such as membrane technology [2], 

cryogenic distillation [3] and zeolites [4] have been studied, among which the conventional method of 

cryogenic technology. The method operates at very low temperatures, ranging from -100 to -130 degrees 

Celsius, which impacts greatly on the utilities and equipment required. 

 

In the present study, absorption was investigated using several solvents. Initially a wide range of different 

solvents was proposed, and several suitable chemical families were identified via the screening method. Due 

to the toxic nature of nitrous fluoride gas, some initial measurements were done as part of the solvent 

screening process. Thereafter, phase equilibrium measurements were performed, enabling the selection of 

just three solvents. Before phase equilibrium measurements could be conducted with NF3, analysis was 

conducted on the equipment and method. The results into the screening of new solvents, for these components 

show promising trends. An absorption column will be designed, and the feasibility of this technology shall 

be compared to the previous sources. The new proposed technology has the potential in overcoming the very 

high energy demand as compared to the conventional methods. 
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It is compulsory to study substitute materials for brake pads because asbestos brake pads caused carcinogenic 

effects which are eliminated. There are several journals that investigated the alternative materials for asbestos 
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brake pad. This review paper presented some of the most appropriate environmentally friendly and optimal 

composites for brake pad. The biomass-based composites from agro-waste such as natural fibre waste (hemp, 

sugarcane-bagasse, palm kernel, jute, coir, kenaf, sisal, bamboo, cotton, palm, wheat, palm slag, banana peels 

powder, rice straw dust, rice husk dust), Shell waste (Hazelnut shells, coconut shell, palm kernel shell) and 

Biomaterial waste (Periwinkle shell, wool, cow bone, and egg shell particles) are reviewed. This paper also 

studied different substitute materials for filler, different binders, such as epoxy resins, phenolic resins and 

other adhesives. Furthermore, the paper presented their effect on the brake pad performance, also investigated 

the formulations by varying the compositions of filler, fibre binder as well as the opportunity of replacing 

existing formulations and their effects on the mechanical, physical and tribological properties. 
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Assessment of crop response to varying water regimes using crop models helps in the optimisation of water 

use and improvement of water productivity in irrigated agriculture. AquaCrop is water driven model 

developed by Food and Agriculture Organisation of the United Nations to aid in the simulation of crop 

responses to varying environmental conditions and farm management practices such as irrigation. AquaCrop 

has not been parameterized or calibrated for cowpea. Therefore, in this study, AquaCrop was calibrated and 

validated for cowpea under full and deficit irrigation conditions. The experiments consisted of drip and 

Moistube irrigation (MTI) with three water regimes i.e. full irrigation (100% ETc) and deficit irrigations of 

70% ETc and 40% ETc. The model was calibrated using data obtained under Moistube irrigated cowpea and 

validated under drip irrigation conditions. The results indicated the model simulated the canopy cover 

reasonably well with R2 ≥ 0.86, RMSE ≤ 14.4%, EF ≥ 0.81, and d ≥ 0.95. The simulated water content closely 

matched the observed values with RMSE ≤ 12 mm and d ≥ 0.78 indicating that the model captured the soil 

water dynamics well. Generally, yield and biomass were satisfactorily simulated by the model with R2 of 

0.91 and 0.97, and RMSE of 214.1 kg ha -1 and 1849.5 kg ha -1 respectively.  However, the model over-

estimated the yield and biomass under 40% ETc. The highest water productivity was achieved under 70% 

ETc. This implied that cowpea is suitable in areas experiencing water scarcity. The above results 

demonstrated the ability of AquaCrop in simulating the response of cowpea to varying water regimes. 

Therefore, the model can be used to evaluate the response of cowpea to a variety of environmental conditions 

and management scenarios.  
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The endeavour to reduce the number of on-road fatalities by increasing the level of safety in automotive and 

the desire to get closer to autonomous vehicles are among the factors that foster the research and development 

of intelligent driver assistance systems (DAS). DAS are the safety features in vehicles, which employ 

different types of technologies to identify the potentially hazardous conditions and to act accordingly. This 

consist of monitoring within the vehicle like monitoring the vehicle status, driver’s attentiveness, and 

occupants’ behaviours as well as outside of the vehicle including surrounding road and traffic conditions [1]. 

The system can then alert the driver, launch communication channels, or even actuate on the vehicle upon 

detecting any hazardous condition. 

 

Most high-end model vehicles, nowadays, have some sorts of built-in DAS such as camera systems for rear-

view, front collision warning systems. However, employing DAS on the lower-end vehicles requires further 

considerations. The cost, size, weight and power consumption of the system, its integration capability to the 

vehicle’s on-board computer, and the required time-to-market are some of the factors that are considered by 

the automotive industry. Edge computing [2], has the potential of solving the issues of smartphones’ 

insufficient processing power and battery life constraint and on the other hand, can address the high 

bandwidth and low latency requirements of the real-time vision-based DAS. Therefore, cost-effective DAS 

can be designed based on collaborative mobile and edge computing system.  

 

A conceptual model for a vision-based driver assistance system based on collaborative mobile and edge 

computing is proposed. Cloudlets are the edges of the 5G cellular network and are capable of providing edge 

computing solutions to their connected devices. The proposed system monitors the vehicles that are driving 

in front of an ego car and notifies the driver upon detecting any hazardous condition caused by the other 

vehicles movements. A smartphone, mounted on the ego car, captures and sends the required information to 

a cloudlet for further processing. The cloudlet then notifies the smartphone upon detecting any hazardous 

conditions. This system can be used as a cost-effective driver assistance system and have the potential to 

reach the mass market and be used in all ranges of vehicles including the lower-end models. 
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African countries face challenges in addressing the Sustainable Development Goals (SDGs). Although 

sustainability issues are complex to deal with, the International Solid Waste Association (ISWA) has 

identified that solving waste management issues is the best way to move towards attaining the SDGs. This is 

because waste management is directly or indirectly linked to 11 of the 17 SDGs.  

 

The traditional approach to waste management is not applicable today as the system has evolved into a 

multifaceted one. Instead of just carrying the responsibility of removing waste from the cities, municipalities 

are now expected to handle waste sustainably. Like in most developing countries, poor waste management 

in Zimbabwe has reached critical levels. Waste Management Plans (WMPs) in the country are adopted from 

other countries or cities. However, although these theoretically make sense, they are not feasible as they do 

not take into account the resources and conditions of the cities. To ensure successful running of the municipal 

waste management system, there is need for proper strategic planning and provision of detailed accounts on 

how plans will be executed.  

 

Research has identified Systems Dynamics (SD) as a decision support tool that is ideal for developmental 

planning and in solving complex sustainability issues. Emergy analysis is also a methodological approach 

that has been used in waste management for ecological-economical assessments of management plans. The 

South African environmental department has developed a methodological framework which the 

municipalities in the country are obliged to adopt for development of their custom-built Integrated Waste 

Management Plans (IWMPs). However, use of systems analysis techniques in the decision making process 

is not evident. This study thus aims use this methodological framework to develop an SD model that can be 

used to formulate an IWMP for the Harare City in Harare. Emergy analysis will also be incorporated into the 

model in order to perform an ecological-economic assessment of the model-formulated IWMPs. 
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The downscaling of the Metal-Oxide-Semiconductor Field Effect Transistors (MOSFET) devices have been 

the driving force for Nanotechnology and Very Large-Scale Integration (VLSI) systems. This is due to 

Moore’s law which states that “The number of transistors placed in an Integrated Circuit (IC) or chip 

doubles approximately every two years”. The main objectives for the transistor scaling are: to increase 
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functionality, switching speed, packing density and lower the operating power of the ICs. However, the 

downscaling of this device is posed with various challenges among which are the threshold roll-off and Drain 

Induced Barrier Lowing (DIBL) known as Short Channel Effects (SCEs). To overcome this restriction on 

the scaling of MOSFETs, a cylindrically structured MOSFET is employed because it increases the switching 

speed, current flow, packing density, and better immunity to SCEs.  

 

In this work, the threshold voltage and subthreshold swing of Cylindrical Surrounding Double Gate (CSDG) 

MOSFET has been analysed and its application is further considered. This analysis is based on the analytical 

solution of 2D Poisson equation using Evanescent-Mode analysis (EMA). Using the EMA, the 2D Poisson 

equation is decoupled into 1D Poisson equation which represent the long channel potential and 2D Laplace 

equation describing the impacts of Short Channel Effects (SCEs) in the channel potential. Furthermore, the 

derived channel potential close-form expression is extended to determine the threshold voltage and 

subthreshold swing of the proposed CSDG MOSFET device. The model is evaluated with various device 

parameter like radii silicon film thickness, gate oxide thickness, and the channel length to study the behaviour 

of the Short Channel Effects (SCEs) in the of the proposed CSDG MOSFET. The accuracy of the derived 

expressions was validated through the numerical simulation. 

 

Also, the low operating power and switching characteristics of the proposed CSDG MOSFET has been 

employed to design a simple CSDG bridge rectifier circuit for micropower electricity (energy harvester). 

Similar to the traditional MOSFETs, the switching process of CSDG MOSFET is in two operating modes: 

switch-ON (conduction of current between the drain and source) or switched-OFF (no conduction of current). 

Unlike the traditional diode bridge rectifier, the CSDG bridge rectifier circuits utilises only two CSDGs (n 

channel and p channel) for its operation to optimise cost and better efficiency. Finally, the results from the 

analyses have shown that the proposed CSDG MOSFET is a promising device for nanotechnology and self-

micro powered device system application. 
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A multi-user multiple-input multiple-output (MU-MIMO) relay system using macrocell and femtocells has 

numerous advantages, such as optimal coverage, better fairness in the resource allocation and spectral 

efficiency. Despite these advantages, interference management remains an important challenge especially 

for the cell edge (CE) users. In this article, a linear transceiver design for CE macrocell user equipment (CE-

MUEs) and amplify-and-forward (A-F) relay node (RN) dealing with the interference in perfect channel state 

information (CSI) case is proposed. The proposed scheme is based on the interference alignment (IA) 

technique, which is formulated as a sum mean square error (MSE) problem using the minimum MSE 

(MMSE) criterion. In comparison with the conventional solutions, the simulation results of the proposed IA 

scheme show a marked improvement of the system performance in terms of average sum-rate. 
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There is demand for power generation and energy from alternative fuels at low cost and friendly to natural 

environment. Waste plastic pyrolysis oil (WPPO), Ethanol are attractive renewable energy sources, as 

ethanol contains high oxygen content. This work attempted direct blending of conventional diesel, WPPO 

and ethanol with 2-ethyl hexyl nitrate (EHN). The purpose was to improve the combustion and performance 

characteristics of the WPPO blends. Secondly EHN has potential power to reduce emissions of CO, CO2, 

UHC, NOX and PM. Thirdly ethanol improves viscosity and miscibility, besides increasing the oxygen 

content of WPPO. Five mixing ratios were chosen in the following order, 50/WPPO25/E25, 60/ 

WPPO20/E20, 70/WPPO15/E15, 80/WPPO10/E10 and 90/WPPO5/E5 for conventional diesel (CD), Waste 

Plastic Pyrolysis Oil and ethanol and respectively. However, for EHN the mixing ratio was based on the 

total quantity of blended fuel and the ratio was put at 0.01%. Complete miscibility was observed throughout 

the experiment, with no phase separation from the blended mixture allowed. Performance and emission 

characteristics of a stationary single cylinder water cooled diesel power generator was evaluated. The results 

obtained were compared carefully to ASTM standards and discussed using tables and graph figure curves. 

The conclusion was that ethanol and WPPO blends can be used in diesel engine power generators as 

alternative fuel without or with modification, as their densities 792 kg/m3, 825 kg/m3 are close to CD fuel 

at 845 kg/m3. Additionally, these combinations with EHN, reduced emissions than earlier thought and 

improved engine performance, equalling that of conventional diesel fuel. 

 
Keywords: 2-ethyl hexyl nitrate, Ethanol, High Oxygen Content, Ignition Quality, Waste Plastic Pyrolysis 

Oil. 
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Roads and pavements are a critical component of transport infrastructure around the world. To put this 

statement into a South African context, the total proclaimed roads in the country amount to approximately 

535 000 km in length, 366 872 km of non-urban roads and 168 000 km of urban roads. Tyre-derived products 

can be used to replace, or supplement conventional materials used in road and pavement construction. The 

use of these products is beneficial with regards to virgin input material preservation and a repurposing of 

scrap material in the form of end-of-life tyres (ELTs).  
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Waste tyres is considered as one of the six priority waste streams in South Africa. In 2011, an estimated 

number of 60 million waste tyres were stockpiled in the country, with a further 10 million waste tyres 

estimated to be added to the stockpile every year by the tyre industry. The inadequate disposal or recycling 

of waste tyres pose significant health and environmental risks. Landfilling of waste tyres may be harmful in 

the form of fire disasters and bacteria breeding, consequently, this has been declined in many nations across 

the world including South Africa. This has further contributed to the stockpiling of waste tyres.  

 

This study utilises a Life Cycle Assessment (LCA), which is a useful tool in the quantification of 

environmental impacts and energy consumption rates. Potential impacts of asphalt production are to be 

assessed based on the product’s life cycle from raw material acquisition through production processes, use, 

end-of-life treatment, recycling, and final disposal. LCA methodologies may be a valuable tool in supporting 

the choice of preferred paving solutions, which should not be analysed solely in terms of economic impacts 

or field performance. The use of LCA tools is particularly useful in the case of recycled tyre rubber in the 

form of crumb rubber, which is an attractive alternative for asphalt road applications due to the reduced need 

for raw material consumption and use of non-renewable resources.  

 

A comparative LCA relating to the use of tyre-derived products in roadway pavement construction is 

required, to better understand the environmental implications of the crumb rubber modified product, in 

comparison to conventional asphalt mixtures. The findings of the study may be beneficial to South African 

roads authorities, such as SANRAL, and local municipalities. Municipal waste management units may 

benefit, as the appeal of this particular use for waste tyres could increase, which is likely to contribute towards 

the prevention of EOL tyre stockpiling. 
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Renewable energy has significantly grown in power generation industry with the aim of reducing 

conventional power generators. Conventional sources make use of fossil fuels that are costly and have a 

negative impact on the environment. Renewable power generators make use of natural fuel sources such as 

wind, rain, sunlight, waves etc. which do not produce carbon dioxide and other greenhouse gases. These fuel 

sources are intermittent in nature, which means they cannot be controlled, making it difficult to predict the 

system availability and power system planning.  

 

This research focuses on developing a methodology to evaluate the system reliability, where solar power 

generators are connected to the grid. The methodology will estimate the extent to which solar power 

generators can substitute for conventional sources during breakdowns or scheduled maintenance such that 

less interruption to customers is experienced. This reliability methodology will have a positive impact in 

power system planning. The planning includes: 

 Forecasting if the generated power will meet the demand.  

 Scheduling maintenance outages on some connected renewable and conventional power generators, 

while maintaining minimal customer interruption. 

 Notifying customers on time if there is a projected shortage of power from the solar power generators 

and/or planning the return time of generators that are on outage such that supply to the customers is 

maintained. 
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A solar photovoltaic plant model using MATLAB Simulink has been developed. One solar module is first 

simulated, followed by a string of series connected modules and an array of parallel connected strings. The 

plant has been subjected to different ambient conditions, aimed at studying its I-V and P-V characteristics. 

Solar irradiance and temperature were varied and the dependency of the plant to each parameter is observed. 

The plant is then simulated using real data for Upington area in South Africa. The plant will thereafter be 

connected to the grid using inverters and transformers. A reliability study will therefore be conducted. 

Research results have been presented and recommendations and improvements are highlighted. 
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The city of Durban aspires to become a Smart Aerotropolis, centred around the King Shaka International 

Airport. Sustainable urban mobility needs to be achieved to create synergy between the physical components 

of the Smart Aerotropolis and take full advantage of the time-cost accessibility principle. A comprehensive 

matrix of sustainable urban mobility indicators will be developed for the city of Durban.  

An Aerotropolis can be described as a city which depends on an international airport and a supporting 

integrated rapid transport network to provide high speed connectivity between suppliers, consumers and 

industry stakeholders. A multimodal, airport based, commercial core (i.e. Dube Tradeport) should be linked 

via integrated rapid transportation corridors to clusters of aviation-linked businesses and mixed-use 

commercial and residential developments. These components would then work in a symbiotic relationship 

based on their proximity and accessibility to the King Shaka International Airport (Kasarda, 2017). 

Standardised SMART indicators will be specific, measurable, achievable, relevant and time-bound. The 

matrix that is obtained, will be used to evaluate the mobility system in the eThekwini Municipality. This 

analysis will also be able to assess which Smart Mobility strategies impact the most efficiently on specific 

indicators. The indicators which were chosen are based on the three pillars of sustainable development.  

Sustainable urban mobility in the city of Durban, will be analysed with respect to the impact on the global 

environment (Climate Change), the quality of life experienced by citizens, the economic implications and 

the performance efficiency of the mobility system itself. An extensive literature review of peer reviewed 

sources, has resulted in the selection of indicators with measurable parameters, each with a specific 

methodology used to quantify it. Sustainable Urban Mobility or Smart Mobility in the eThekwini 

Municipality can be achieved using a three-pronged approach involving the use of Intelligent Transportation 

Systems, Smart Materials and Smart Fuels. The link between Smart Mobility and the circular economy can 

be described in the diagram below: 

 

 

Diagram overleaf. 
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The above diagram shows the link between waste management, climate change and transportation, in the context of Smart Mobility 

within the Aerotropolis. The Smart Mobility strategies which will be investigated are as follows: 

Intelligent Transportation Systems 

• Shared-Use Mobility - (Non-motorised/bicycle share schemes) 

• Mobility as a Service - (Using Smart App Technology Uber/Taxify) 

• Electromobility/Autonomous/Connected vehicles - (Implications on Smart Pavement design) 

Smart Materials 

• Construction & Demolition Waste / Plastic (Concrete Pavements) 

• Crumbed Rubber Recycled Tyres (Asphalt Pavements)  

• Self-Healing Pavements, 

Smart Fuels 

• Compressed Natural Gas (Bio-Methane from landfills) 

• Bio-Hydrogen (Digestion of food waste by algae/bacteria) for Fuel cells 

• The production of Bio-fuels/Bio-Gas from Energy Crops (Phytocapping of landfills)  
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Contaminants, excess heat and different nutrients are factors that cause surface water quality deterioration 

which in turn becomes a threat to water availability, especially in a water-stressed country like South Africa 

[1]. Furthermore, climate change and global warming are likely to lead to decreased water availability and 

increasing frequency of water-related natural disasters. These impacts pose a significant threat to ecosystems 

and freshwater supply for human use [2]. Hence, monitoring of eutrophication threats using remote sensing 

technology becomes vital as traditional sampling and laboratory monitoring of water quality parameters in 

large rivers, such as uMgeni River, is time-consuming with high operational costs. 
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The optical complexity inherent to surface water poses various challenges to the retrieval of bio-geochemical 

parameters accurately with remote sensing technologies [3]. As such, the quantitative measurement of water 

quality parameters (such as Chlorophyll-a, suspended sediments, nutrients and coloured dissolved organic 

matter) can, therefore, be derived through the integration of in-situ estimates and remote sensing techniques. 

Satellite platforms offer substantial advantages over airborne platforms mainly because of the temporal and 

spatial accuracy, larger coverage area and reduced data cost [4]. Satellite-based sensors are not usually 

hyperspectral mainly due to constraints related to instrument design (signal-to-noise ratios) and the vast 

quantities of data that have to be transmitted and stored. Remote sensing sensors are categorised based on 

their spatial resolution. These are high, moderate and low resolutions. 

 

The feasibility of measuring water quality through its colour and turbidity from satellites can be assessed by 

considering light and water interaction processing as well as by evaluation the effects of atmospheric and 

hydrological variables such as sun-elevation angle, aerosol, water depth and time of the year on dams along 

the river (Midmar, Inanda, Albert falls and Nagle) 

 

Keywords: Water quality, remote sensing, and sensors. 
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Individual travel decisions are influenced by a range of spatial, economic, physical, social and psychological 

factors. These factors may be real or perceived, within individuals’ direct control (for example, car 

ownership) or outside it (for example, working places, shop location, distance to school, provision of public 

transport and zoning policies etc.) External factors are the result of actions and decisions by people and 

institutions outside the household and provide the reason for individual travel.  

 

This development of people migrating is as a result of most jobs are found in the city centres. Public transport 

infrastructure is more geared to trips from suburbs into the Central Business District. As a result, public 

transport options are not so readily available for inter-town journeys which have increased in demand with 

the development of regional retail / commercial complexes and the decentralization of work places. Even 

when public transport services are available, off peak services can be infrequent and distances to stations or 

bus stops can be significant. In outer suburbs reliant on buses, both peak and off-peak services can be lengthy, 

indirect and with frequent stops. 

 

This study intends to look at the various factors that will make Transport Network in Durban functional and 

satisfactory in the real sense of accessibility, spatial relationship, distribution and institutional infrastructures. 
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Furthermore, motivate the decision makers (government) and various stake holders (for example Public bus 

and taxi operators) to dialogue on the best approach to achieve a long-lasting transport network. When this 

decision is reached, the factors that will make transportation network function will be known and methods 

of implementing it will be mapped out to enable it suit the uniqueness of the spatial location like Durban. 

 

______________________________________________________________________________________ 

 

SE-P-018 

 

SYNTHESIS OF CELLULOSE NANOCRYSTAL BASED BIO-ADHESIVE FOR  

FOREST PRODUCTS INDUSTRIES 

 

Fagbemi Olajumoke  

ayoniwealth@yahoo.com  

Student Number: 217080870 

School of Engineering 

Supervised by Professors Bruce Sithole and Deresh Ramjugernath 

 

 

Chemical and natural bonding of wood components has played an essential role in the development and 

growth of the wood products industry and has been a key player in the efficient utilisation of the timber 

resources. Wood adhesives from natural sources were predominant adhesives used in the wood products 

industry, but displaced by synthetic adhesives derived from petrochemical sources. Synthetic adhesives used 

in wood-based industries are formaldehyde emitters, which causes environmental pollution and is detrimental 

to human health. This has led to renew interest in the natural sources of wood adhesives or starting materials 

for the production of wood adhesives. Cellulose nanocrystals/CNC are unique nanomaterials derived from 

the most abundant and almost inexhaustible natural polymer. These nanomaterials have several notable 

mechanical, optical, chemical, electrical and rheological properties. Their size, shape and charge lead to 

unique behaviour in solutions. The high chemical reactivity of the surface makes CNC customisable for 

various applications and their heat stability allows to be used in high temperature applications. Hence, they 

serve as a sustainable and environmentally friendly material for most applications. In this project, studies 

will be undertaken to utilise CNC obtained through acid hydrolysis for bio-based wood adhesive production. 

Due to hydrophilic nature of CNC biopolymer, polymer-grafting method will be used to modify it before 

adhesive production. The binder synthesis from CNC will be optimised by using different concentration of 

glyoxal aldehyde, CNC and other additives. Then the synthesised binder will be characterised for physical, 

rheological and mechanical properties. The performances of the binders will be tested on wood composites 

like particle-board and compared against commercial phenol and urea formaldehyde resins.  

 

Keywords:  CNC, polymer grafting, adhesives, wood composites 
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SE-P-019 

 

UNUSUAL EVENT DETECTION IN SURVEILLANCE VIDEOS 

 

Oluwakorede M Oluyide 

213554623@stu.ukzn.ac.za 

213554623  

School of Engineering 

Supervised by Dr Tom Walingo 

 

 

Human Behaviour Analysis is an active area of research due to its applications in different areas of life. It is 

a key technology in video surveillance systems which are evolving from simple reactive systems to 

sophisticated smart systems. This evolution is majorly influenced by increasing security concerns which have 

led to an increase in demand for video surveillance systems that are proactive in nature. Therefore, it is no 

longer enough to record and view suspicious events at a later date, but the systems should also be able to 

predict and/or forestall them. At the very least, the video surveillance system should be able to provide 

accurate alerts of potential crises to allow adequate response time. One way of achieving this objective is by 

detecting unusual events because these are the events that need to be reported for further examination as they 

often signal potentially disastrous events. 

 

Unusual events are so named because they are rare, often subtle, difficult to describe and hard to predict. 

These, therefore, makes them difficult to detect. The goal of this research is to develop a system which detects 

and provides alerts when unusual events occur by using higher-level understanding of human behaviour 

obtained from recognised human activity to model events which will be classified as usual or unusual. 

 

______________________________________________________________________________________ 

 

SE-P-020 

 

A SUSTAINABILITY FRAMEWORK FOR INTEGRATING EQUITY AND JUSTICE IN 

EVOLUTIONARY-BASED WATER DEMAND MODELLING 

 

Oluwaseun Oyebode 

oluwaseun.oyebode@gmail.com 

Student Number: 214585625 

School of Engineering 

Supervised by Professor Derek Stretch 

 

 

The study establishes and classifies the diverse ways in which evolutionary computation (EC) techniques 

have been employed in water demand modelling and identifies important research challenges and future 

directions while recommending strategies for their use by policy-makers in meeting sustainable development 

goals (SDGs). The study also investigates the inadequacies of conventional EC techniques in influencing 

water demand management policies beyond an advisory role and proposes an integrated water demand and 

management modelling framework (IWDMMF) that enables water policy-makers to assess the wider impact 

of water demand management decisions through the principles of egalitarianism, utilitarianism, 

libertarianism and sufficientarianism. This is necessary to ensure that water policy decisions incorporate 

equity and justice. 

 

______________________________________________________________________________________ 
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SE-P-021 

 

TOWARDS CONSTRUCTED WETLANDS OPTIMISATION:  

UNDERSTANDING ROOT ZONE INTERACTIONS AND RESILIENCE OF  

PLANTS GROWN IN LANDFILL LEACHATE 

 

Brett Reimers 

217071295@stu.ukzn.ac.za 

Student Number: 217071295 

School of Engineering/CRECHE Centre of Research in  

Environmental, Coastal and Hydrological Engineering 

Supervised by Professor Cristina Trois 

 

Horizontal flow constructed wetlands CW, first developed in the 1950’s, are predominantly employed as a 

tertiary wastewater treatment for their nutrient uptake and suspended solid filtration capacity. The Illovu 

general landfill site in Durban, operated by Durban Solid Waste, employs a constructed wetland for the 

polishing of leachate. Leachate is primarily treated by a sequencing batch reactor (SBR). Following SBR 

treatment, it is polished within a horizontal flow CW. However, levels of nitrates within the polished leachate 

remain above the required discharge standards for the Department of Water and Sanitation and cannot 

therefore be released back into the environment safely. This study aims to characterise samples of the pre-

treated leachate (PTL) as it passes through the root zone (RZ) of the CW in order to determine which plants, 

within the system, have the greatest treatment ability. Samples are collected at eight points in the leachate 

treatment process, including raw leachate, PTL, at regular intervals within the CW and the polished end 

product. The intent is to characterise these samples to: 1) observe the results of different RZ interactions and 

2) to compare the interactions to meso and laboratory scale tests to provide some guidance for future plant 

upscaling studies. As part of the study, energy crops will be grown in the PTL in order to determine if they 

can survive and whether they may be viable as part of a resource recovery mechanism. In addition to Nitrates, 

chemical oxygen demand (COD), biological oxygen demand (BOD) and metals will also be analysed for. 

Nutrients and metal partitioning within the plant material will also be examined due to the potential health 

concerns relating to energy crops. From the data the study generates, recommendations will be submitted to 

increase the treatment efficacy at the Illovu general landfill site and potentially other general landfill sites. 

 

Keywords:  Constructed wetlands, Nitrates, Metals, Energy crops, Resource recovery, General landfill 

leachate treatment 

 

______________________________________________________________________________________ 
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CARBON FLOW ANALYSIS OF THE SOUTH AFRICAN  

HARVESTED WOOD PRODUCTS INDUSTRY  

 

Faith Simelane  

217081637@ukzn.ac.za 

Student Number: 217081637 

School of Engineering  

Supervised by Mr Iain Kerr and Professor Chris Buckley 

 

Forests sequester carbon and after harvesting a significant amount of the sequestered carbon is stored in 

harvested wood products (HWP). The carbon in HWP remains stored for as long as the product structure 

remains intact and useful. Incinerating and disposing of HWP results in the loss of carbon to the atmosphere. 

In 2011, at the 17th Conference of Parties (COP) in Durban, carbon storage in HWP was recognised as a 

measure to mitigate climate change and Annex I countries agreed to reduce carbon emissions and to report 
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carbon stock changes in HWP. This study examined the flow of carbon in South Africa’s HWP using material 

flow analysis (MFA) for the calendar year of 2011. The carbon was tracked from input roundwood through 

the production process to the HWP. The data used in this study was collected from Forestry South Africa 

(FSA), South African Revenue Service (SARS), the IPCC (2006) guidelines, previously conducted studies 

and using a questionnaire that was developed and circulated to various plantation owners and timber 

processors in South Africa. The results from this study will be compiled with the results from other related 

studies analysing carbon flows in various carbon pools and integrated into models that analyse the entire 

South African forest and forest product sector. The results will also be used to demonstrate the positive 

attributes of commercial forest plantations and to support the claims about sustainability. 

 

Material Flow Analysis (MFA) in this study was carried out using the STAN software and due to the inherent 

uncertainty in the MFA outputs, an uncertainty analysis was conducted. To harmonise input data the method 

of asymmetric uncertainty intervals was used and the Gauss-Jordan elimination method was used to 

propagate the uncertainty. Mass balances were used to illustrate the results of MFA for each HWP and three 

scenarios were developed to investigate the carbon storage potential of HWP. The sensitivity analysis 

performed showed that carbon storage in HWP can be enhanced by improving the recovery rate.  

 

It was hypothesised that from a carbon storage point of view, sawn timber products are the best use of forest 

resources. In 2011, more than 50% of the total plantation area in South Africa was designated to growing 

pulpwood whose primary product is wood chips. Of all the HWP, wood chips stored the highest amount of 

carbon, but the carbon in wood chips is stored for a very short time. On the other hand, sawn timber stored 

the second highest amount of carbon and the carbon in sawn timber is stored for the longest time. Although 

sawn timber stored the second highest carbon, they still store carbon longer than all the HWP, making them 

the best use of forest resources and thus proving the hypothesis. The results of this study show that the total 

carbon stored in South Africa’s HWP in 2011 was 2 984 360 Mg C yr-1 and this offset approximately 2.979% 

of the carbon dioxide emissions from South Africa. The scarcity of country specific data on HWP and the 

entire wood processing chain is the main obstacle with carbon accounting, it is thus recommended that MFA 

be periodically conducted in the forest based sector to improve estimates and the predictive capability of the 

carbon accounting model. 

 

______________________________________________________________________________________ 
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CIRCULAR DERIVATIVE LOCAL BINARY PATTERN FEATURE DESCRIPTION FOR 

FACIAL EXPRESSION RECOGNITION 

 

Ignace Tchangou Toudjeu 

itchangou@gmail.com 

Student Number: 216077029 

School of Engineering 

Supervised by Professor Jules-Raymond Tapamo 

 

This paper presents a novel feature extraction technique called circular derivative local binary pattern (CD-

LBP) for Facial Expression Recognition (FER). Motivated by uniform local binary patterns (uLBPs) which 

exhibits high discriminative potential at a reduced data dimension of the original LBP feature vector, we 

extract CD-LBP feature descriptors as a result of binary derivatives of the circular binary patterns formed by 

LBPs. Seven datasets consisting of CD-LBP feature vectors are derived from the Japanese female facial 

expression (JAFFE) database, fed individually in a K-nearest neighbour classifier and evaluated with respect 

to their respective recognition rate and feature vector size. The experimental results demonstrate the 

relevance of the proposed feature description especially when performance metrics such as recognition 

accuracy and running time value are considered. 

______________________________________________________________________________________ 
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SE-P-024 

 

DEVELOPMENT OF AFFORDABLE AND EFFICIENT SOLAR TECHNOLOGY  

FOR DEVELOPING COUNTRIES 

 

Kingsley Ukoba 

ukobaking@yahoo.com 

Student Number: 216075239 

School of Engineering 

Supervised by Professor Freddie Inambao 

 

 

This study focused on the development of an affordable, eco-friendly and efficient solar cell for global usage 

especially in developing countries. The desire to provide electricity access to the remote parts of the world 

and developing countries necessitated this study.  

 

The experiment was carried out by fabricating and characterising nanostructured metal oxide thin film based 

solar cells using chemical spray pyrolysis and magnetron sputtering deposition techniques. The study covers 

the whole course of the device lithography and development.  

 

The spray pyrolysis method was used for depositing nickel oxide (NiO) thin films. Scanning electron 

microscope (SEM), energy dispersive X-ray powder diffraction (XRD), and Fourier transform infrared 

microscopy (FTIR) were used to characterise the films and four-point probe for the final device.  

 

Experimental optimisation was conducted on the films with a focus on pre-deposition, deposition and post-

deposition. The optimised result was used to fabricate a metal oxide NiO/TiO2 P-N heterojunction solar cell 

using spray pyrolysis and magnetron sputtering techniques. The optoelectronic properties of the 

heterojunction were determined. The fabricated solar cell exhibited 16.8 mA for the short circuit current, 350 

mV open circuit voltage, 0.39 fill factor and conversion efficiency of 2.30 % under 100 mW/cm2 

illumination. 

 

The study will encourage usage of solar technology in developing countries and spur more studies on 

sustainable and ozone-friendly solar cells materials. 

 

______________________________________________________________________________________ 

 

SE-P-025 

 

PRELIMINARY RESULTS ON THE INNOVATIVE USE OF PAPER-MILL  

WASTE SLUDGE AND FIBRE FROM WASTE TYRES  

AS PERFORMANCE ENHANCER OF GREEN CONCRETE 

 

Frazer Smith, Sean Moodley, Professor Cristina Trois 

frazersmith@outlook.com 

Student Number:  216076117 

School of Engineering 

Supervised by Professor Cristina Trois 

 

Using hazardous and Industrial waste as a replacement for natural raw material whilst improving required 

physical performance of the final product can provide a double-win scenario.  This presentation displays the 

results of two preliminary experimental studies conducted in KwaZulu-Natal province (South Africa) for the 

addition of industrial waste into concrete, reducing the overall usage of natural raw materials and providing 
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physical performance enhancement.  The waste materials evaluated were polymeric fibre from recycled 

automotive tyres and paper mill sludge, following an integrated waste management approach to incorporate 

them into concrete for construction purposes, falling under the ‘green concrete’ category. 

 

South Africa has an estimated 60 to 100 million stockpiled used tyres, to which about 11 million waste tyres 

are added every year.  During the recycling of tyres, the tyre fibre fraction is separated from the other usable 

materials but has not found a useful application and continues to be sent to landfill.  This paper provides a 

preliminary evaluation of tyre fibre waste from recycled tyres, used as an additive or fine aggregate 

replacement in a concrete mix design.  The strength of the fibre reinforced concrete was evaluated and 

compared with conventional concrete, using 5% (weight) fibre replacement of fine aggregate.  Preliminary 

results show an improvement in tensile and flexural strength.  

 

Approximately 300kg of sludge is produced for one tonne of paper recycled (Mulvaney 2011), meaning that 

approximately 30% of all recycled paper is being dumped into landfill sites or incinerated.  Thus, the potential 

use of waste paper sludge as a supplement to cement in concrete mixes provides a meaningful benefit to the 

construction industry whilst reducing the load on landfill sites and subsequent environmental issues.  The 

potential of specific performance improvement in terms of concrete toughness or durability provides 

additional motivation for this research. 

______________________________________________________________________________________ 
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TREATMENT OF HIGH STRENGTH LANDFILL LEACHATES CONTAINING NITRATES 

USING LOCAL SANDS IN PERMEABLE REACTIVE BARRIERS 

 

A Zorgani a*, F Ali a, N Mahdjoub a, C Trois a 

a.ezorgani@yahoo.com 

Student No:  211559202 

a School of Engineering/Centre for Research in Environmental,  

Coastal and Hydrological Engineering 

Supervised by Professor Cristina Trois 

*Corresponding author: Abdulmutaleb E Zorgani, a.ezorgani@yahoo.com 

 

With the current water crisis in South Africa, clean water sources are desperately needed in order to shoulder 

this drought. Groundwater being one of the largest of freshwater sources can make a considerable difference 

in these current water-restricted times. The treatment of various undesirable compounds that enter 

groundwater systems, from industrial waste water processes and landfills, are difficult and not economically 

feasible to treat using conventional methods. Thus the use of an alternate means of groundwater remediation 

known as Permeable Reactive Barrier (PBR) Technology is explored. This study aims at designing a potential 

viable alternative methodology while assessing the use of a local alternative; Berea Red Sand (BRS) and a 

known substrate; Zero-Valent Iron (ZVI) in the application of PRB using small-scaled reactors under 

laboratory conditions. The contaminants considered in this study were nitrates in the presence of competing 

ions of phosphates and sulphates. The results showed nitrates being efficiently removed over a period of a 

month under anoxic conditions. When competing ions of phosphates and sulphates were introduced, the 

initial results indicated a minimal decrease to the overall nitrates removal efficiency. This investigation is 

still in its preliminary phase and further experiments need to be conducted to accurately assess other effects 

on the mechanisms of nitrates removal rates in PRB Systems. This study mainly focuses on the elaboration 

of a viable methodology in the application of PRB using local sources as mean of media. 

 

______________________________________________________________________________________ 
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STRONG CONVERGENCE OF AN INERTIAL FORWARD-BACKWARD SPLITTING 

METHOD FOR ACCRETIVE OPERATORS IN REAL BANACH SPACE 

 

Hammed A Abass 

216075727@stu.ukzn.ac.za 

Student Number: 216075727 

School of Mathematics, Statistics and Computer Science 

Supervised by Dr Oluwatosin Mewomo 

 

 

The main purpose of this paper is to introduce a modified inertial forward-backward splitting method and 

prove its strong convergence to a zero of sum of two accretive operators (with one of the two operators being 

inverse strongly accretive) in real uniformly convex Banach space which is also uniformly smooth. We then 

apply our results to solve variational inequality problem and convex minimisation problem. We also give a 

numerical example of our algorithm to show that it converges faster than the un-accelerated modified 

forward-backward algorithm. Our result extends and complements the result of [1] and other related results 

in literature. 

 

______________________________________________________________________________________ 

 

SMSCS-P-002 

 

SKIN LESION ANALYSIS TOWARDS THE MELANOMA DETECTION  

USING DEEP LEARNING FRAMEWORK 

 

Adekanmi Adegun 
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Student Number: 218082884 

School of Mathematics, Statistics and Computer Science 

Supervised by Professor Serestina Viriri 

 

Melanoma is a form of skin lesion that is cancerous and it becomes dangerous because of its ability to spread 

to other part of the body if not detected early. Early detection of melanoma can make management of the 

disease easier. The work proposes an intelligent based system that is capable of detecting melanoma from 

skin lesions images.  

 

Most of the existing techniques use system based on asymmetry, border structure, variegated colour and 

dermatoscopical structures (ABCD). These methods have always given low performance results most 

especially in skin lesion images with high presence of artefacts such as presence of hair, reflections and air 

or oil bubbles.  

 

The proposed intelligent based system will apply deep learning framework for training sample skin lesions 

images towards detection of melanoma. In the work, existing system will be investigated and critically 
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analysed. The system will perform segmentation on skin lesions images and also perform the classification 

of the skin lesions images. The performance of the system will also be evaluated and compared with the 

existing systems. 

 

The framework of the system will be subdivided into the segmentation and classification stages. During the 

segmentation process the region of interest (ROI) will be analysed and identified. This will then be sent into 

the classification system that will properly analyse and categorise the specific category the lesion will fall 

into. Various techniques such as UNET architecture and Conditional random fields (CRF) will be applied at 

the segmentation stage of the system. The U-Net is a convolutional neural network that was developed for 

biomedical image segmentation. The classification stage will adapt and improve the VGG architecture which 

is also a convolutional neural network for the classification of the skin images. Data augmentation and some 

other deep learning optimisation techniques will be used to improve the performance of the whole 

framework. 

 

The output of the system shall include segmented images of skin lesions and the classified images of 

melanoma skin lesions and the non-melanoma skin lesions. Also the result of the evaluation of the proposed 

system. 

 

Keywords: ROI, CRF, UNET, VGG, Skin Lesions, Deep Learning 
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AN ENHANCED DEEP FEATURE LEARNING FOR FACIAL AGE ESTIMATION 
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Student Number: 218085455 
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Supervised by Professor Serestina Viriri 

 

An Age Estimation from face images determine a Person’s age or age groups.  Simulation and Recognition 

from facial images is one of the popular and challenging tasks. The information extracted from face images 

can be used to determine age, gender, ethnic background, and emotional state. This has its usefulness in 

Biometrics, Security and Surveillance, Content access, Entertainment, Electronic customer relationship 

management among others. An Automatic Age Estimation from faces is a topic that has been relatively less 

explored despite being a very interesting and a challenging sub-field in facial recognition. Several solutions 

have been proposed in the past few years for studying facial age Estimation. The conventional Age estimation 

methods utilise hand-crafted features. These methods can only perform age classification using few selected 

features extracted from the image representation step, the few features extracted will not be enough to 

estimate human age accurately. To solve the problem with the existing System, a deep feature learning 

method is proposed that learn discriminative feature descriptors directly from image pixels for face 

representation. The proposed approach will develop a deep convolutional neural network whose layers are 

devoted to learn the appropriate features for the problem, followed by layers that serve for interrelating the 

information globally and conducting the regression or classification process. In the proposed method, the 

first group of layers will be repeated a number of times to extract features of progressively higher order, from 

edges, and contours to blobs and textures. This will extract the appropriate features needed to estimate age 

accurately. Our method will use VGG-16 Architect network and will be pretrained to make learning possible. 

To reduce overfitting in the fully connected layer, we will employ a dropout regularisation method. The 

proposed method will be evaluated on the three public face aging dataset: Morph, Imdb and Wiki and it is 

expected to show a better performance with a lower Mean Absolute Error (MAE) and a higher Cumulative 

Score (CS) when compared with the state-of-the-art methods.  

______________________________________________________________________________________ 
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ASYMPTOTIC FIXED-POINT SEQUENCE FOR ψ-FIRMLY NONEXPANSIVE  

MAPPINGS AND APPLICATIONS 

 

Mathew Aibinu 

aibinumathew@yahoo.com 

Student Number: 216040407 

School of Mathematics, Statistics and Computer Science 

Supervised by Dr Paranjothi Pillay 

 

 

An analogue of Banach contraction mapping principle is obtained in a reflexive smooth Banach space 

satisfying locally uniform Opial condition for a certain subclass of nonexpansive mapping, called ψ-firmly 

nonexpansive mappings. The result is applied to the class of accretive mappings and equilibrium problems. 

 
References: 

[1] J. B. Baillon and R. Schőneberg, Asymptotic normal structure and fixed points of nonexpansive mappings, Proc. Am. Math. 

Soc. 81, (1981) 257-264. 

[2] Y. Song and Y. Huang, Fixed point property and approximation of a class of nonexpansive mappings, Fixed Point Theory and 

Applications, 81, (2014), 11 pages. 

[3] E. Zeidler, Nonlinear Functional Analysis and Its Applications. Part II: Monotone Operators, Springer, Berlin (1985). 
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Student Number: 218081063 
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Supervised by Dr Oluwatosin Mewomo 

 

Suppose X is a Hadamard space. Let f, g ∶ X → (−∞, +∞] be proper, lower semicontinuous, α-weakly 

convex and quasiconvex functions. In this work, we study the backward-backward proximal point algorithm 

for split quasiconvex minimisation problems in Hadamard space. Furthermore, we prove that the sequence 

generated by the backward-backward algorithm strongly and ∆-converges to a critical point of the sum of 

two quasiconvex functions. The result extends [1] and several others in literature. 
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APPLICATION OF SPECTRAL QUASILINEARISATION METHODS  
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In this work, we used the theory of second grade fluids to study heat and mass transfer in a magneto 

hydrodynamic fluid flow over a stretching sheet [1-4]. A similarity transformation is used to reduce 

the highly nonlinear conservation equations to dimensionless form. Numerical solutions of the 

equations are obtained the bivariate simple iteration method. An assessment of the impact of various 

fluid parameters on the velocity and temperature is presented.  
 

[1] Ariel PD (1995), “A numerical algorithm for computing the stagnation point flow of a second grade fluid 

with/without suction”. J. Comput. Appl. Math. 59:9-24 

[2]  Rivlin RS, Ericksen JL (1955),”Stress deformation relations for isotropic materials”. J Ration. Mech. Anal .4:323-

425 

[3]  Hayat T, Ahmed N, Sajid M, Asghar S (2007) “On the MHD flow of a second grade fluid in a porous channel”. 

Comput. Math.54:407-414 

[4]  Das K, Sharma RP, Sarkar A (2016) “The heat and mass transfer of a second grade magneto hydrodynamic fluid 

over a convectively stretching sheet” Journal of Computational Design and Engineering. 3:330-336 
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We study totally umbilical r-null submanifold of Generalised Robertson Walker (GRW) space forms. 

Consequently, we prove new differential equations and show that they are generalisations of many well-

known results for null hypersurfaces, half null submanifolds and, in general, r-null submanifolds, where  r >1. 

 

References: 

[1] K. L. Duggal and B. Sahin, Differential geometry of lightlike submanifolds. Frontiers in Mathematics, Birkhäuser Verlag, 

Basel, 2010. 

[2] K. L. Duggal and D. H. Jin, Totally Umbilical Lightlike Submanifolds, Kodai. Math. J. 26 (2003), 49-68. 

[3] T. H. Kang, On Lightlike Submanifolds of a GRW Space-Time, Commun. Korean Math. Soc. 29 (2014, No. 2, 295-310. 

[4] F. Massamba, Totally contact umbilical Lightlike Hypersurfaces of Indefinite Sasakian Manifolds, Kodai Math. J. 31 (2008), 

338-358. 

[5] F. Massamba and S. Ssekajja, A New Approach To Totally Umbilical Null Submanifolds , NOVI SAD. J. Math. 2 (2017) 63-

76. 
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Supervised by Dr Oluwatosin Mewomo 

 

We introduce and study a new class of nonspreading-type mappings more general than the class of strictly 

pseudononspreading and the class of generalised nonspreading mappings. We state and prove some strong 

convergence theorems of the Mann-type and Ishikawa-type algorithms for approximating fixed points of our 

class of mappings in Hadamard spaces.  

 

______________________________________________________________________________________ 
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The purpose of this project is to study a split generalised mixed equilibrium problem and a fixed point 

problem for nonspreading mappings in real Hilbert spaces. We introduce a new iterative algorithm and prove 

its strong convergence for approximating a common solution of a split generalised mixed equilibrium 

problem and a fixed point problem for nonspreading mappings in real Hilbert spaces. Our algorithm is 

developed by combining a modified accelerated Mann algorithm and a viscosity approximation method to 

obtain a new faster iterative algorithm for finding a common solution of these problems in real Hilbert spaces.  

 

Also, our algorithm does not require any prior knowledge of the bounded linear operator norm. We further 

give a numerical example to show the efficiency and consistency of our algorithm. Our result improves and 

compliments many recent results previously obtained in this direction in the literature. 

 

______________________________________________________________________________________ 

 

  

mailto:izuchukwuc@ukzn.ac.za
mailto:216074984@ukzn.ac.za


173 
 

SMSCS-P-010 

 

HIRAX: COSMOLOGICAL CROSS-CORRELATIONS BETWEEN THE NEUTRAL 

HYDROGEN SIGNAL AND THE KINETIC SUNYAEV-ZEL’DOVICH EFFECT 

 

Zahra Kader 

214506052@stu.ukzn.ac.za 

Student Number: 214506052 

School of Mathematics, Statistics and Computer Science 

Supervised by Professor Kavilan Moodley 

 

 

The HIRAX (Hydrogen Intensity Real-time Analysis eXperiment) radio telescope is currently under 

construction by UKZN. It will consist of 1024 closely packed dishes and will operate in the frequency 

range of 400-800 MHz. This corresponds to the redshift range of 0.8-2.5, which is the range in which dark 

energy is dominant in the universe. We plan to use the HIRAX telescope to detect the cross-correlation 

signal between the 21 cm neutral hydrogen signal and the kinetic Sunyaev-Zel’dovich (kSZ) signal. This 

cross-correlation signal has never been detected before. 

  

The neutral hydrogen signal is a result of a spin transition of the electron in a hydrogen atom. Though the 

proton and electron can either have parallel or anti parallel spins, the anti-parallel spin has a slightly lower 

energy and is thus favoured by the atom. Though this transition is rare and can take a few million years for 

the spin flip transition of the electron to occur, there are so many hydrogen atoms that enough are 

undergoing this rare transition at any given time to be easily detected by radio telescopes. The 21 cm signal 

is important to cosmologists as it allows us to probe different stages of the evolution of the universe, such 

as the dark ages, the Epoch of Reionisation and large scale structures (LSS).  

 

Now, the CMB spectrum is distorted due to anisotropies. A good way of categorising these effects is as 

gravitational and scattering effects. The Sunyaev-Zel’dovich effect is a scattering effect which has two 

distinct components. A thermal component due to inverse Compton scattering of the cosmic microwave 

background (CMB) photons from electrons in the hot intra-cluster medium (ICM). The photon energy 

increases and the spectrum distorts in a characteristic way. The second component is the kSZ. Since the 

CMB photons and the cluster are moving in relation to each other, there is a Doppler shift due to the 

motion of the cluster. If the cluster is moving away from us then the power spectrum is lower, whereas an 

increase in power is possible if the cluster is moving towards us. The kSZ effect thus allows us to probe 

LSS. 

 

Given that both the 21 cm signal and the kSZ signal can be used to probe LSS’s, we compute the cross-

correlation. In this poster I will discuss the cross-correlation signal, the detectability of the signal by 

HIRAX and the implications if this signal was detected.   
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Multiple instruments are pursuing constraints on dark energy, observing reionisation and opening a window 

on the dark ages through the detection of the 21 cm Hydrogen line across the redshift spectrum. Hydrogen 

intensity mapping is a very important technique that can be used to study the history of the universe. Due to 

the abundance of Hydrogen in our universe and its emission of the 21 cm signal, we are able to map the 

universe at different redshifts using instruments like Hydrogen Intensity at Real-time Analysis eXperiment 

(HIRAX1). HIRAX is a UKZN built radio telescope currently under development for deployment in the 

Karoo, Northern Cape. HIRAX main goals are to constrain Dark Energy and to measure structure at high 

redshift as well as study radio transients and pulsars. Maps from large scale structure at redshift 0.8 – 2.5 

will be used to measure Baryon Acoustic Oscillations (BAO2). BAO can be used to characterise the 

expansion history of the universe and thus understand the properties of Dark Energy. The final design of 

HIRAX, which is currently in the prototyping phase, will comprise of 1024 six metre parabolic dishes 

mapping the southern sky operating at the frequency range of 400 – 800 MHz. HIRAX will complement 

CHIME3, which will be mapping the northern hemisphere at the same frequency. 

 

The HIRAX prototype is made up of 8 six metre parabolic dishes located at Hartebeesthoek Radio Astronomy 

Observatory (HartRAO). Activities of the Masters project entail; end-to-end setup of the 8-element array, 

test and development of individual components as well as the complete setup, feasibility site tests at proposed 

outrigger locations, noise source characterisation for the drone calibrator setup as well as the design and 

testing of waterproof and UV resistant fibreglass antenna feed enclosures. Advanced stages of prototyping 

have been achieved, bringing us closer to reaching the final design of HIRAX in time for deployment. 
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In this poster, we present theoretical and numerical analyses of the Klein-Gordon equation (KGE) posed in 

a real line.  
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In this paper, we formulate and analyse within-host hepatitis B viral theoretical mathematical model for 

hepatitis B virus infection in the chronic phase of liver cancer with sub-optimal adherence and drug 

resistance. The model incorporates hepatocytes, hepatitis B virus, immune cells and cytokine dynamics using 

a system of ordinary differential equations. Treatment was captured using efficacy functions replicating the 

pharmacokinetics properties of two drugs, one of which is administered intravenously and the other orally. 

Our results suggest that natural drug resistance increases the hepatitis B virus burden more than sub-optimal 

adherence to drugs from both mono-therapies and combined therapies. The results also suggest that the 

inclusion of both immune cells and cytokine responses is essential and that combination therapies are more 

significant in reducing hepatitis B virus infection than mono-therapies. 
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In this work, we obtain sufficient conditions for the existence of a unique fixed point of T-mean nonexpansive 

mapping and an integral type mean nonexpansive mapping. We also obtain sufficient conditions for the 

existence of coincidence point and common fixed point for a Jungck-type mean nonexpansive mapping in 

the frame work of complete metric space. Some examples of T-mean nonexpansive and Jungck-type mean 

nonexpansive mapping which are not mean nonexpansive mappings are given. 
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Microarray technology has produced a massive amount of gene expression data. This data can be used 

efficiently for classification that facilitates disease diagnosis and prognosis. There are many computational 

methods that are utilised for cancer classification using these gene expression data. Artificial neural networks 

(ANN), support vector machines (SVM), and random forests (RF) are among the most successful methods 

for classifying tumours. Recent research shows that combining many classifiers can yield better results than 

using one classifier. In this paper, we used stacking ensemble to combine different classifiers, namely, ANN, 

SVM, RF, naive Bayes (NB), and k-nearest neighbours (KNN) for microarray-based cancer classification. 

Results show that stacking ensemble performed better in terms of accuracy, kappa coefficient, sensitivity, 

specificity, area under the curve (AUC), and receiver operating characteristic (ROC) curve, when applied to 

publicly available microarray data. The abstract should be on an A4 page with 2.5 cm margins top and 

bottom, respectively, and side margins of 2.5 cm.  The preferred font is Times New Roman, single spaced. 
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Intensity mapping (IM) of the 21cm neutral hydrogen emission in our universe promises to be a powerful 

probe of the epoch of reionisation and large-scale structure in the post-reionisation epoch. This information 

on the neutral hydrogen distribution in our universe will enable us to better understand some of the biggest 

questions in current cosmology. Current cosmological models attempt to explain the various observations 

we encounter in our universe and reconcile these with the existing theoretical models. In the best accepted 

model of our universe, the ΛCDM model, we have major unanswered questions regarding the nature of dark 

energy and dark matter which dominates the energy budget of the universe. Current and future experiments 

aimed at mapping the 21cm IM emission will suffer the loss of long-wavelength line-of-sight modes from 

galactic foreground subtraction. While this is not expected to pose a problem for 21cm intensity mapping 

baryonic acoustic oscillation (BAO) constraints on dark energy, the loss of these modes is particularly 

problematic for cross-correlation of 21cm IM maps with projected large-scale structure tracers, such as CMB 

secondary anisotropies or photometric galaxy surveys.  

 

Here we look at the ability of the upcoming 1024 dish interferometer array HIRAX telescope in construction 

led by UKZN to constrain cosmological models by cross-correlation with other planned surveys of the large-

scale structure following a foreground mitigation treatment. We also propose higher order statistics to regain 

the cosmological signal in the presence of foregrounds by employing a squeezed bispectrum estimator that 
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recovers the cross-correlation by taking advantage of a density modulation effect that couples two short-

wavelength 21cm modes to a long-wavelength 21cm mode at second-order. We evaluate these cross-

correlation surveys between HIRAX with CMB lensing experiments like AdvACT, photometric galaxy 

surveys like LSST and EUCLID as well as spectroscopic galaxy surveys like WFIRST.   

 

With these cross-correlations we show the possible parameter constraints on various cosmological 

parameters. We find that with the bispectrum from the CMB lensing cross-correlation we can independently 

constrain previously degenerate parameters such as the growth rate of fluctuations (f) and small-scale 

amplitude of fluctuations (𝜎8). We also obtain tight constraints on galaxy and the neutral hydrogen bias’. We 

also perform cosmological forecasts of the full cosmological parameter set including curvature, dark energy 

and BAO parameters. We can then show cross BAO results as well as other techniques to beat foreground 

mitigation such as the multi-tracer methods and studying the non-gaussianity in the cosmological models as 

next step. 
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In this study we present a spectral based collocation method for solving fractional differential equations 

(FDEs). These are the types of differential equations which have a non-integer order derivatives or integrals. 

Some of the known applications of FDEs are in viscoelastic systems, heat transfer, chaotic systems, 

biological systems, chaos and fractals, electronics, signal processing, robotics and traffic systems. The non-

integer operator brings complexity in fractional calculus as a whole and therefore accurate numerical methods 

are required when solving FDEs.  

 

During the last decades, several methods such as fractional adomian decomposition method [1], collocation 

method [2], Galerkin method [3], homotopy perturbation method [4], homotopy analysis [5] and other 

methods have been used to solve FDEs and dynamic systems containing fractional derivatives. The shifted 

Chebyshev operational matrix of fractional derivatives is derived and used together with spectral methods 

for solving FDEs. The main aim of this study is to solve three types of FDEs, linear, nonlinear and their 

systems, and the exact solutions are obtained for some tested problems. Numerical results, compared with 

exact solutions are given to confirm the reliability of the used method for some FDEs. 
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Accurate recognition of speech in noisy environment is still an obstacle for wider application of speech 

recognition technology. The robustness of a speech recognition system is heavily influenced by the ability 

to handle the presence of background noise. In this research work, we propose a model based on Deep Fourier 

Neural Network (DFNN) for Automatic Speech Recognition using LibriSpeech dataset [1]. A secondary 

noisy dataset Noisex-92 [2] is combined with the LibriSpeech for further validation of the proposed model. 

Most of the existing Speech recognition techniques lack the robustness of handling background noise, as a 

result these techniques are not applicable in real-time. In order to mitigate the challenges of background 

noise, this research work proposes an efficient Speech recognition technique which analyses in detail the raw 

audio waveforms using the Deep Fourier Neural Network (DFNN). This novel deep learning approach has a 

concise architecture and is an efficient approach for automatic speech recognition. The proposed deep 

learning approach embeds the Fourier transform, which is one of the most popular feature representation 

transforms for audio signal processing. The Fourier transform extracts the core information from waveforms 

in the form of short term spectra of the speech signal as a function of time. The extracted short term spectra 

are analysed deeply in the proposed DFNN model for accurate Speech recognition in the presence of noise. 
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The emergence of facial recognition technology is an appealing solution to address the many present-day 

needs for verification of identity claims. This is the ideal attempt of mapping the identity of an individual to 

their distinctive facial features. The application of such technology has become publicly available and has 

proved its effectiveness as an added layer of security. With minimal variation in facial images, facial 
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recognition is practically solved by today’s standards with the accuracies exceeding 90% of the many 

available datasets. This is arguably better than any humans' performance under the same conditions. 

However, there still seems to be no attempt at bringing this solution to a web-based platform in real time. 

With frequent reports of websites being exploited and databases being leaked, there is a vital need for an 

intelligent security mechanism to overlay the current primitive user name and password system. 

 

In this paper, the proposed system called Foresight builds a mapping of facial images to facial similarities in 

a Euclidean space. The distances between the images build up a feature vector which will be used for 

recognition through well-established techniques. The detection and training utilise novel ideas surrounding 

deep neural networks to accurately validate an individuals' identity as quick as possible. A 99.98% facial 

recognition rate has been achieved on the Labelled Faces in the Wild dataset using these ideas. This 

recognition rate is record breaking on this dataset and this research will be used the implement a real-time 

facial recognition system over the web through web-assembly. 
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A new model representing the dynamics of HIV-1 virus which is a set of nonlinear autonomous system of 

differential equations incorporating infective immigration was developed. The basic analysis of the model 

was carried out to comprehend the behaviour of key parameters of the model.  

 

After the establishment of the stability analysis of the model, the conditions for the existence of bifurcation 

- which is termed as the phenomenon where the basic requirement of reproduction number being less than 

unity is no more enough for disease eradication - was verified.  

 

In the graphical representation of the numerical solution of the model, we discovered that in the context of a 

virus-resistance HIV-1 model, the influx of infective immigrant must be cut to a minimal point. 
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Image segmentation plays an important role in automatic detection of skin cancer. The role of image 

segmentation is to divide the image into subgroups of region with respect to the appropriate locations and 

texture. To date, several methods have been applied to solve the problems associated with skin cancer 

segmentation but with little achievement. There is a need for improvement on the existing methods for better 

segmentation. Some of the main challenges in interpreting skin images for cancer segmentation include 

diverse characteristics of lesions with varying sizes and shapes, lesions with fuzzy boundaries, different skin 

colour and the presence of hair on skin cancer [1]. Therefore, the automatic analysis of dermoscopy images 

is an invaluable aid for clinical decision making and for image-based diagnosis to recognise disease such as 

melanoma. To address these challenges, this paper presents a new skin cancer segmentation method based 

on Markov Random Field (MRF) theory. MRF theory plays a significant role in image segmentation field. 

Image segmentation methods based on MRF theory uses pixels or regions [2], or edges [3] to detect an object 

boundaries and other relevant information in the images. Each of MRF theory methods for feature extractions 

stated above have their own advantages and disadvantages. This paper focuses on exploring the advantages 

of each of this methods, to improve the skin cancer segmentation by applying the decomposition of the 

likelihood function. The experimental results obtained from the proposed method can achieve an average 

high precision 95.37% (Jaccard Index), which has outperformed the other state of art MRF theory.      
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We focus on the development of interferometric techniques for extracting extended, faint diffuse emission 

in the presence of bright, compact sources in wide-field continuum imaging data. The application of these 

techniques is to study radio halos, relics and mini radio halos using a uniformly selected and complete sample 

of galaxy clusters selected via the Sunyaev-Zel'dovich (SZ) effect by the Atacama Cosmology Telescope 

(ACT) project, and its polarimetric extension ACTPol.  The targeted radio observations are done using the 

upgraded Giant Metrewave Radio Telescope (uGMRT).  We currently have observations for fourteen clusters 

with a tentative detection of diffuse emission on two clusters. 

 

The scientific applications of extracting these diffuse radio emission include being able to study the physical 

properties of radio halos and relics, and their correlation with other cluster properties, and test the cluster 

bimodality hypothesis with an SZ-selected sample. 
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