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ABSTRACT 

 

Based on the shared expertise of two research entities at the Cape Peninsula University of Technology (CPUT) a 

transdisciplinary (TD) research approach was adopted to investigate whether Rooibos an indigenous South African 

plant with its unique bioactive compounds modulates oxidative stress and potentially acts as an ergogenic 

supplement. Due to the nature of this unique biotechnology and sport business collaboration along with support 

from the South African Rooibos Council (SARC) and associated academic stakeholders, various beneficial 

outcomes were anticipated, including: 1) to provide scientific findings informed by the innovative technologies 

that measure metabolic and gene-diet interaction responses to phenolic-rich Rooibos; 2) to assess the potential of 

Rooibos to modulate oxidative stress during exercise and underscore its anticipated ergogenic properties; 3) to 

utilize scientifically derived evidence to beneficiate Rooibos in the lucrative sport supplement market; 4) to provide 

rationale to optimize the equitable sharing of benefits derived from Rooibos to the relevant indigenous 

communities, and 5) to enhance sustainable economic benefits derived from various policy enactments including 

the Protected Designation of Origin (PDO) status. The findings from two randomized double-blinded placebo 

controlled intervention trials provide a strong indication that the unique bioactive compounds of Rooibos may have 

benefits for exercise performance and recovery and as a potential ergogenic supplement, which may have further 

positive ramifications for the Rooibos value chain in terms of beneficiating Rooibos. Additionally, the TD approach 

has acknowledged the importance of indigenous biological resources, and the commitment to share sustainable 

economic benefits with traditional knowledge holders in a fair and equitable way. 
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RESUMO 

 

Com base na experiência compartilhada de duas entidades de pesquisa na Universidade de Tecnologia da Península 

do Cabo (CPUT), uma abordagem de pesquisa transdisciplinar (TD) foi adotada para investigar se o Rooibos, uma 

planta indígena sul-africana com seus compostos bioativos exclusivos, modula o estresse oxidativo e 

potencialmente atua como um suplemento ergogênico. Devido à natureza dessa colaboração exclusiva de 

biotecnologia e negócios esportivos, juntamente com o apoio do South African Rooibos Council (SARC) e partes 

interessadas acadêmicas associadas, vários resultados benéficos foram antecipados, incluindo: 1) fornecer 

descobertas científicas informadas pelas tecnologias inovadoras que medem as respostas metabólicas e de interação 

gene-dieta aos Rooibos ricos em fenólicos; 2) avaliar o potencial do Rooibos para modular o estresse oxidativo 

durante o exercício e enfatizar suas propriedades ergogênicas antecipadas; 3) utilizar evidências cientificamente 

derivadas para beneficiar Rooibos no lucrativo mercado de suplementos esportivos; 4) fornecer justificativa para 

otimizar o compartilhamento equitativo dos benefícios derivados do Rooibos para as comunidades indígenas 

relevantes e 5) para aumentar os benefícios econômicos sustentáveis derivados de várias promulgações de políticas, 

incluindo o status de Denominação de Origem Protegida (DOP). As descobertas de dois estudos randomizados 

duplo-cegos de intervenção controlados por placebo fornecem uma forte indicação de que os compostos bioativos 

exclusivos do Rooibos podem trazer benefícios para o desempenho e recuperação do exercício e como um potencial 

suplemento ergogênico, que pode ter ramificações positivas adicionais para a cadeia de valor do Rooibos em termos 

de beneficiamento do Rooibos. Além disso, a abordagem TD reconheceu a importância dos recursos biológicos 

indígenas e o compromisso de compartilhar os benefícios econômicos sustentáveis com os detentores do 

conhecimento tradicional de maneira justa e equitativa. 

Palavras-chave: Transdisciplinar, Ergogênico, Rooibos, Sustentável.  
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INTRODUCTION 

 

This paper is considered within the South African context, which is characterized by the prevalent 

conditions of poverty, underdevelopment, legacies of colonialism and the systemic consequences of legislative 

discrimination in favor of white people under the National Party government during the period 1948–1994, 

commonly known as apartheid (Walton & Engelbrecht, 2022).  
It is worrisome that a report by Amnesty International details the repeated failure of the elected government 

since 1994 to address these issues of poverty and underdevelopment, which is not only a question of accountability, 

but also has consequences for the future of South Africa (Amnesty International, 2020). The perpetuation of such 

historically rooted problems in contemporary South Africa has meant that persistent issues of inequality prevail in 

the education system, impacting on the inclusion of traditionally marginalized racial groups to conduct research 

and innovation, especially at universities. As noted by Engelbrecht (2006:254) “[t]he central feature which 

distinguishes South Africa from other countries in terms of education provision, is the extent to which racially 

entrenched attitudes and the institutionalization of discriminatory practices led to extreme disparities in the delivery 

of education, a reflection of the fragmentation and inequality that characterized society as a whole”.  
It therefore needs to be acknowledged that educational and research endeavor in South Africa’s higher 

education system is challenging for both individuals and institutions that were historically marginalized and the 

reality is that to a significant extent these debilitating socio-economic issues persist. The present paper relates to 

the positioning of a research project within a “transdisciplinary” (TD) approach at such an institution and the 

application of innovative metabolomic and genomic research techniques that have and are creating new areas of 

knowledge e.g “sportomics” combining sport science with metabolomics and “kinesiogenomics” combining 

kinesiology, the scientific study of human movement and genomics (Bongiovanni et al., 2022; Ginevičienė et al., 

2022; Wackerhage et al., 2009). As Bijl-Brouwer and colleagues noted complex societal challenges cannot be 

resolved with quick fixes, nor can they be successfully addressed from disciplinary or institutional silos. They 

propose an innovative approach to tackling contemporary societal challenges such as the contextual circumstances 

that prevail in South Africa, which are based on complexity theory and transdisciplinarity. Therefore by adopting 

transdisciplinary approaches enables not only innovation but also helps us understand how different perspectives 

and ways of knowing held by relevant actors can be combined to serve effective action in complex contexts (Van 

der Bijl-Brouwer et al., 2021). 

Whilst the paper pivots largely around the scientific and clinical investigations into the efficacy of Rooibos 

as a potential ergogenic; it is also useful to note that the study has sought to include community-based education 

approaches, because these acknowledge real-world problems such as the unique socio-economic issues associated 

with inequality in South Africa, as well as the goals of sustainability science as a transformational scientific field.  

In particular, this paper seeks to highlight the benefits of collaboration and support from a diverse group of 

stakeholders that relates to an ongoing study into the South African indigenous plant Rooibos (Aspalathus linearis), 

which is high in antioxidant activity and bioactive phytochemicals (Marnewick, 2009). The TD approach allows 

for shared conceptual frameworks that in turn facilitate collaborative decision making through the entire learning 

process, from problem identification all the way through to viable solution discovery (Smythe, 2017). This point is 

mentioned to highlight the need (and responsibility) of the role players involved in the study to not only conduct 

ethically sound experimental research with a relevant purpose, but importantly to factor in and understand the 

correspondingly important economic and social implications for the communities involved in the Rooibos value 

chain, especially an acknowledgment of indigenous knowledge (IK) systems and the policy enactments that 

prioritize the equitable sharing of benefits arising out of indigenous biological resources. It was therefore implicit 

in the overall study design that inclusivity was a necessary precursor to promote active and positive engagement 

with all role players. Furthermore, a transdisciplinary approach is a vital factor to fulfill the sustainable development 

goals determined by the United Nations (Pennington et al., 2020). It has been argued that a TD paradigm can assist 

universities achieve their often-stated role as major driving forces of sustainable change by changing their central 

functions and the ways they interact with the world outside of classrooms and laboratories (Scott et al., 2012; 

Lozano, 2006).     

The purpose of this particular TD project included not only an experimental research study, but also 
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incorporated various teaching and learning considerations. The key elements of the TD project can be summarized 

as follows:  

1) Firstly, to provide scientific findings informed by the innovative technologies that measure metabolic 

and gene-diet interaction responses to phenolic-rich Rooibos;  

2) Secondly, to assess the potential of Rooibos to modulate oxidative stress during exercise and underscore 

its anticipated ergogenic properties;  

3) Thirdly, to utilise scientifically derived evidence to beneficiate Rooibos in the lucrative sport supplement 

market;  

4) Fourthly, to provide a rationale to optimize the equitable sharing of benefits derived from Rooibos to the 

relevant indigenous communities;  

5) Finally, to enhance sustainable economic benefits derived from various policy enactments including the 

Protected Designation of Origin (PDO) status. 

It is argued the findings from this TD orientated research project provide scientifically validated findings 

that have the potential to substantiate the beneficiation of Rooibos in the lucrative sport supplement market and 

furthermore, provide further understanding and justification to shape policy development that supports economic 

and social sustainability in the Rooibos sector. However, as Deschepper et al. (2017) note there is still a lacuna to 

fill, with transdisciplinary studies bridging the social sciences and biomedical sciences.  It becomes apparent 

therefore that the various anticipated outcomes of the study while founded on experimental scientific research 

designs also need to acknowledge the IK systems that foregrounded our contemporary understanding of the benefits 

of Rooibos. The responsibility here is for an inclusive appreciation of IK by all stakeholders in the Rooibos value 

chain, including the research teams. This is because these synergies will provide impetus for organizations and 

government agencies that are better enabled to develop and enact legislation that supports the fair and equitable 

sharing of benefits arising out of indigenous knowledge and indigenous biological resources via an inclusive 

approach to research and education.  

The research described in this paper was framed within a transdisciplinary approach to advance learning.  

The paper seeks to be innovative in terms of acknowledging the intersection of related foundational disciplines, 

such as “indigenous knowledge”, “indigenous plants”, “traditional medicine” and “ethnobotany”. However, the 

overall approach is built around the key axis, namely an experimental research project into whether Rooibos an 

indigenous South African plant with its unique bioactive compounds modulates oxidative stress and potentially 

acts as an ergogenic supplement. Whilst the study utilizes standard applied human physiological testing and 

biotechnology protocols it also informed the development of “omics”, (e.g., genomics, transcriptomics, 

metabolomics, proteomics, and epigenomics), which are technologies that are pioneering new advances in medical 

technology and the development of ergogenic aids for enhancing physical exercise and recovery. These 

considerations further embrace sport and exercise applications, along with the economic deliberations that further 

inform business decision making and meaningful policy development. This paper seeks to espouse the view that 

transdisciplinary research involves the generation of new models that transcends what was possible within any 

singular discipline (Rosenfield, 1992). This perspective of transdisciplinarity is aligned with Piaget’s wider usage 

of the term as a unity of knowledge beyond disciplinary boundaries (Piaget, 1972). Correspondingly, it is 

acknowledged that a transdisciplinary research approach is particularly suited to not only generate scientific 

knowledge, but also invent real-world solutions and to be innovative (Hölsgens et al., 2023). 

 

1 LITERATURE REVIEW  

1.1 Transdisciplinarity approaches to learning and research 

The conventional structure of learning at institutions of higher education, such as universities and colleges 

is organised into academic disciplines, which in essence are sub-divisions of knowledge that characterise teaching 

and research. Daneshpour (2022) notes that the dominant approach in the current university and educational system 

continues to be based on this single-disciplinary style, while Fortuin & Van Koppen (2016) make the observation 

that various attempts and experiments have been conducted to shift education at these institutions towards 

interdisciplinary or transdisciplinary approaches in order to better meet real-world expectations. According to 
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Appel (2018) a transdisciplinary view (or “transdisciplinarity”) is defined as practice and research efforts conducted 

by academics from different disciplines working jointly to create new conceptual, theoretical, methodological, and 

transnational innovations that integrate and move beyond discipline-specific approaches to address complex 

problems. 

Interestingly the notion of TD is not necessarily new and Daneshpour (2022) believes that the history of the 

transdisciplinary model can be traced back to the year 1840, where the term “consilience” was used, which refers 

to a “jumping together of knowledge by linking facts across disciplines to develop a common explanation” 

(Glittenberg, 2004: 8). This process emerged in part due to the perceived demand for a more rigorous learning 

process by interweaving knowledge of humanity and natural science. Nonetheless, the first observation of the term, 

transdisciplinary, dates back to the year 1982 (Glittenberg, 2004). It appears that a significant elevation of the 

concept can be associated to a conference on interdisciplinarity in 1970, and a number of subsequent publications 

on a systems approach to education and innovation by Erich Jantsch and the epistemology of interdisciplinary 

relationships by Jean Piaget (Jantsch, 1970; Piaget, 1972). The differentiation and character of the basic five 

education and research approaches in terms of complexity and function are poignantly summarised by Nicolescu 

(2002) as follows: 

Intradisciplinary: working within a single discipline (closed system). 

Cross disciplinary: viewing one discipline from the perspective of another. 

Multidisciplinary: people from different disciplines working together, each drawing on their disciplinary 

 knowledge. 

Interdisciplinary: integrating knowledge and methods from different disciplines, using a real synthesis of 

 approaches—but still disciplinary. 

Transdisciplinary: creating a unity of intellectual frameworks beyond the disciplinary perspectives. 

 Creating new “transcendent” areas of knowledge and practice (dynamic—open system). 

Nicolescu (1985) goes onto to emphasize that a special type of logic (mode of reasoning) is needed that 

 focuses on two key aspects of transdisciplinary knowledge creation, namely: 

(a) the complexity of the situation and  

(b) the need to reconcile contradictory mindsets operating on different levels of Reality (e.g., 

 anthropologists, engineers, businesses, bureaucrats, politicians, artists, social workers, and indigenous 

 elders).  

Given that TD is predicated toward resolving what Lawrence et al. (2022) refer to as the grand challenges 

and wicked problems of the Anthropocene, the same authors acknowledge that this will require skillfully combining 

a broad range of knowledge and understandings—both scientific and non-scientific—of Earth systems and human 

societies. It therefore follows that deep disagreements are likely to emerge due to historically embedded economic 

and social problems, as well as differences in often intransigent educational and research approaches that further 

impact on environmental and climate issues.  The focus of this paper revolves around an evolving TD research 

project between two research entities at the Cape Peninsula University of Technology (CPUT) in Cape Town, 

South Africa, namely the Applied Microbial and Health Biotechnology Institute (AMHBI) with specialist 

researchers in the areas of Biocatalysis, Biomarkers, Biotechnology, Chemoprevention, Oxidative Stress, 

Proteomics and related research fields and the Centre for Sport Business and Technology Research (CSBTR) with 

specialist researchers in the areas of Sport and Exercise Science and Sport Business (management, marketing, 

branding etc.), along a number of other universities who have provided additional expertise and resources, as well 

as the South Africa Rooibos Council (SARC) whose principle mandate is to responsibly promote Rooibos and its 

attributes to the consumer and protects the interests of the Rooibos consumer and SARC stakeholders supported by 

effected research and communication. The importance of SARC in the overall shaping and support of research is 

demonstrated by the fact that SARC is a significant role player in the Rooibos value chain with its stakeholder 

membership providing an estimated 80% of the volume and value of the annual production and sales of Rooibos 

(SARC, 2023). 

The researchers at the two entities developed a study based on the conceptual model proposed by Lang at 

al. (2012) (see Figure 1) of an idealized transdisciplinary research (TDR) process, which seeks to be inclusive and 
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community-based to meet both the requirements posed by real-world problems as well as the goals of sustainability 

science as a transformational scientific field.  

 
Figure – 1 Depiction of a conceptual model of an idealized transdisciplinary research (TDR) process 

 

 
Source: Adapted from Lang et al. (2012) 

 

1.2 An “Omics” approach in teaching and learning 

   It is abundantly clear that with the elevation in levels of athletic and sporting performance that scientists 

are also developing and utilizing new and innovative techniques to facilitate these improvements. In the context of 

this paper it is the application of metabolomics, namely the comprehensive and quantitative analysis of all 

metabolites of the biological system under study (Fiehn, 2001). Thus, metabolomics is the study of end-products 

of intricate biochemical pathways (deriving from genome, transcriptome, and proteome metabolism) that occur 

within and outside the cell (Rinschen et al., 2019). The ‘metabolome’ is the method by which cells communicate, 

which can provide helpful contributions to the understanding of the complex interaction between genes and the 

environment. These networks of specific biological processes or physiological phenomena are activated upon a 

given stimulus/perturbation, such as disease, pharmaceutical drug, environment, diet, or physical activity 

(Bongiovanni et al., 2022).  

Ginevičienė et al. (2022) have noted that sport and exercise scientists who study the adaptation of athletes 

to training and competition have started using a variety of physiological, biochemical and biomedical indicators 

including those techniques that elucidate the cellular and molecular responses to exercise that lead to adaptation at 

the whole-body level. In recent years, an increasing number of post-genomic analysis methods have been employed 

in the search for new markers in sports that can be used to quantify changes in the physiological and functional 

state of the human body (Bouchard et al., 2011; Tucker et al., 2012). Hasin et al. (2017) go on to describe 

metabolomics as a field that simultaneously quantifies multiple small molecule types, such as amino acids, fatty 

acids, carbohydrates, or other products of cellular metabolic functions. 

The advances in high-throughput technologies now offer sport scientists the opportunity to apply “omics” 

(e.g., genomics, transcriptomics, metabolomics, proteomics, and epigenomics) approaches to examine the global 
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features of a cell, tissue, or organism during exercise and recovery. According to Tanaka et al. (2016) omics 

approaches are being applied with some success to a wide range of pertinent biomedical problems such as cancer 

diagnosis but also in sports science and sports medicine such as for the identification of biomarkers of trainability 

or blood doping. 

It is not a surprise therefore that ‘metabolomics’ has evolved more specifically into ‘sports genomics’, which 

is the scientific discipline focusing on the organization and function of the genome in elite athletes and aims to 

develop molecular methods that may be used for sports medical practices, personalized exercise training, nutrition 

prescription and the prevention of exercise-related injury and/or disease (Guilherme & Lucía, 2019; Ahmetov et 

al., 2022). 

According to Hasin et al. (2017) genomics is the most mature of the “omics” fields. In the realm of medical 

research, genomics focuses on identifying genetic variants associated primarily with disease, and response to 

treatment, as well as other applications, namely supplement efficacy and future patient prognosis. Genome-wide 

association studies (GWAS) have involved thousands of individuals who have been genotyped for more than a 

million genetic markers, and statistically significant differences in minor allele frequencies between cases and 

controls are considered evidence of association. GWAS provide an invaluable contribution to our understanding of 

complex phenotypes. Associated technologies include genotype arrays (Voight et al., 2012; Wang et al., 2009), 

whole-genome sequencing and exome sequencing (Ng et al., 2009). 

Metabolite levels and relative ratios reflect metabolic function, and out of normal range perturbations are 

often indicative of disease. Quantitative measures of metabolite levels have made possible the discovery of novel 

genetic loci regulating small molecules, or their relative ratios, in plasma and other tissues (Ghazalpour et al., 2014; 

Shin et al., 2014; Kettunen et al., 2012; Gieger et al., 2008). Additionally, metabolomics in combination with 

modeling has been used extensively to study metabolite flux. Associated technologies include MS-based 

approaches to quantify both relative and targeted small molecule abundances (Madsen et al., 2010; Patti et al., 

2012). 

This analysis has stimulated great interest in the field of exercise/sport, not only for commercial reasons 

(such as development of sport supplements), but also for personalized nutrients and dietary management of different 

diseases (Bruce et al., 2010). It is recognized that genetics, genomics and other multi-omics are among the fastest 

advancing scientific fields, prompting innovation in many disciplines including sport and exercise science. It has 

been surmised that that metabolism and gene-diet interaction in particular, may play a crucial role in how athletes 

or individuals respond to such phenolic-rich diets, including Rooibos. 

In summary it has become apparent that it is important to understand the fate of metabolites and molecular 

mechanisms of polyphenolic compounds found in indigenous plants such as Rooibos, and also to better recognize 

how these mechanisms translate into their protective and modulatory effects (Guest et al. (2019), because these 

properties may in turn promote improved performance during sport and exercise, as well as enhancing recovery. 

 

1.3 Ethnobotany, Rooibos and the Cape Floral Region 

  The area of interest for this paper converges on the South Western tip of South Africa, which is 

characterized by its unique flora and is known in biogeographical terms as the Cape Floral Region because it is 

very distinct from that of the surrounding areas (Born et al., 2007). The diversity of the flora is substantial, with 

over 9086 species of vascular plants in its area of 90,000 km2 (Goldblatt et al., 2005; Manning & Goldblatt, 

2012), which according to Cowling et al. (1992) is comparable to that of equatorial rain forests. Interestingly, the 

species level endemism (68.8%) is comparable to that found on islands, and is unusual for mainland sites (Linder, 

2003).  

More specifically the plant Rooibos, Aspalathus linearis (Brum.f) Dahlg. (Family Fabaceae; tribe 

Crotalarieae) is indigenous to the Cederberg and neighboring mountains of the Western Cape Province of South 

Africa and was reportedly used as an herbal beverage by the indigenous Khoi people (Morton, 1983).  

Rooibos in general and Rooibos herbal tea in particular is not just a herbal remedy that soothes and 

invigorates both young and old but is a natural herb unique to the South African Cederberg Mountains of the 

Western Cape Province. The natural herb is processed into a naturally soothing drink, sweet in taste, naturally 

caffeine free, additive free, preservative free, colorant free and very low in tannin (DAFF, 2013). Rooibos is known 
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to have antioxidant qualities (Blommaert et al., 1978) and is an important dietary source of antioxidants containing 

mostly flavonoids, but also the unique C–C linked dihydrochalcone glucoside aspalathin (Koeppen, & Roux, (1965) 

and cyclic dihydrochalcone, aspalalinin (Shimamura et al., 2006). As such Rooibos has gained increasing 

popularity as a health/functional beverage both locally and worldwide (Joubert et al., 2008; Joubert and Schulz, 

2006). 

A commonly cited reference point for the identification of Rooibos, relates to the work of the botanist Carl 

Thunberg, who wrote: “Of the leaves of the Borbonia cordata [an earlier classification of Aspalathus] the country 

people made tea” (Thunberg, 1986:44). From this, Wynberg (2017) noted that it has been surmised that Rooibos 

herbal tea was inherited from San and Khoi traditions. A study by the South African government by the Department 

of Environmental Affairs (DoEA) indicated that the Khoi and San indigenous peoples appear to be the first users 

of Rooibos as a beverage. The same study has intimated that traditional knowledge (TK) in the use of Rooibos was 

likely passed down from generation to generation by the Khoi and San indigenous people before the arrival of 

European settlers in South Africa (DoEA, 2014); however, it is important to emphasize that this assertion is not 

based on empirical evidence. 

Thus, such observations and insights emphasize the importance of rigorous historical analysis and therefore 

some uncertainty should be associated with non-evidence based assertions, because as such these are not necessarily 

definitive. Even so Wynberg (2017) makes the point that while San and Khoi were part of an oral culture it is 

reasonable to contend that the absence of a historical record does not conclusively prove anything. The same author 

pragmatically summarizes that one must leave aside questions of priority, because “it is indisputable in [her] view 

that the rooibos industry drew from traditional use and knowledge, in whatever guise these were manifest” 

(Wynberg, 2017:43). 

 

1.4 Indigenous knowledge, indigenous plants and traditional medicine 

Kayser (2018) forwards the view that even though our ancestors did not have any detailed knowledge about 

chemical structures; it is quite clear those natural products that they had access to formed the basis of many 

medicines. The reasons for this are manifold and Kayser believes, but it is likely that the ability of nature to create 

fantastic complex and structurally diverse molecules is the most convincing argument that natural products show 

very broad biological activity.  

According to the World Health Organization medicinal plants are important elements of indigenous medical 

systems (WHO, 2013); which is reflected by a review by Zhang (2002) that indicates that approximately 80% of 

the world’s population currently rely on indigenous or traditional medicines for their primary health needs. Most 

of these therapies involve the use of aqueous solutions of plant extracts. It is therefore not surprising that the 

historical development of pharmaceuticals and other novel drugs has proceeded primarily through the extraction of 

efficacious compounds from such plants (Farnsworth and Bingel, 1977). This implies that the customary use of 

these plants by indigenous groups of people was informed by traditional knowledge systems, which in turn has 

allowed pharmaceutical corporations and similarly aligned industries to more readily identify plants that were likely 

to have therapeutic benefits and importantly have commercial and medical potential for drug development. This 

observation is endorsed by Farnsworth et al. (1985) who believe that 74% of all pharmaceutical drugs have been 

derived from plants. 

It is of particular interest for the reader to recognize that many of the species found in the Cape Floral 

Kingdom are also used in traditional medicine (Van Wyk & Gorelik, 2017). According to Born et al. (2007) the 

first person to attempt to provide a systematic and comprehensive account of Cape medicinal plants was accorded 

to Ludwig Pappe the first professor of botany at the South African College, which was presented in his tome ‘Florae 

Capensis Medicae Prodromus’ (or: An Enumeration of South African Plants used by the Colonists of the Cape of 

Good Hope) (Pappe, 1868). This forms a vital historical account of the best-known medicinal plants in use during 

the middle of the 19th century, which profiles 101 items, including 97 vascular plants, two algae, one fungus and 

one animal product (hyraceum). An additional contribution was made by the academic Andrew Smith, whose 

research remains the first and foremost botanical text of Xhosa indigenous knowledge (NISC, 2023). According to 

Born et al. (2007) during the late 19th century Andrew Smith added to the work of Ludwig Pappe and listed so 
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called “native” remedies according to ailments in his “A contribution to the South African Materia Medica” (Smith, 

2011). 

Van Wyk & Gorelik (2017) noted that in general terms the ethnobotany of Cape plants has remained poorly 

recorded despite the global scientific interest in both the unique flora and the indigenous Khoisan people. The same 

authors reflect that it is a great pity that there has not been any attempt at a systematic study of the medicinal and 

other useful plants during the 17th and 18th centuries. While there have been some illuminating ethnographic 

studies, summarized in Schapera (1930); however, it is unfortunate that these include only general accounts of 

useful plants without details about the species and the exact ways in which they were used. 

Therefore, a question that begs to be answered is how did the European settlers identify Rooibos not only 

as a beverage, but also for its potential medicinal use, when it is but one of over 9000 species of plants found in the 

region. The knowledge and use of Rooibos most likely pre-dated the arrival of Europeans. However, the extensive 

usage of Rooibos by inhabitants of the Cape during the 17th to 20th century was documented and also included the 

commercialization of Rooibos by a Russian immigrant Benjamin Ginsberg who started commercial Rooibos 

trading in 1904 (Joubert & de Beer, 2011). 

It appears that Japanese and South African researchers were the first to scientifically investigate the possible 

health promoting properties of Rooibos, which led to publications reporting on various biological activities 

(Snykers et al., 1974; Hessling et al., 1979; Yoshikwa et al., 1990; Saski et al., 1991; Inanami et al., 1995). More 

specifically Rooibos has been shown to be antimutagenic (Marnewick et al., 2000, 2004) and cancer modulating 

(Marnewick et al., 2005, 2009). Furthermore research by Marnewick and colleagues provided the first clinical 

evidence in humans that chronic consumption of rooibos for 6 weeks significantly improved several biomarkers of 

blood lipid status (Marnewick et al., 2011). In addition, the study also provided supporting evidence that Rooibos 

reduced oxidative stress by significantly decreasing lipid peroxidation and improving the glutathione redox status 

of adults at risk for developing cardiovascular disease (CVD). The researchers suggested that results from this 

study are optimistic, contributing to our present understanding of the health promoting properties of Rooibos and 

therefore definitely warrant further studies in this field. More recently this prompted an exploratory study into the 

efficacy of the fynbos plant Rooibos (Aspalathus linearis) to reduce and/or prevent acute mountain sickness (AMS). 

A pilot study was initiated with an expedition climbing team, attempting to ascend Aconcagua (6962 m) in the 

Andes, Argentina, the highest peak in the world outside of the Himalaya Mountain Range. Preliminary findings 

suggest the potential of the Rooibos plant to reduce the symptoms and/or onset of AMS for those persons ascending 

to high altitudes, whether for sport, leisure or for work (Davies et al., 2019a). 

This paper has a keen interest in the indigenous plant Rooibos (Aspalathus linearis), which as previously 

noted has unique bioactive compounds that have reported therapeutic benefits (Pantsi et al., 2011; Marnewick et 

al., 2011) and possibly as a prophylaxis for sojourners at high altitude (Davies et al., 2019a). In particular Rooibos 

is an indigenous plant of significant interest because traditionally, Rooibos has a long history of medicinal use with 

anecdotal evidence linking the consumption to relief of digestive disorders, skin allergies, insomnia, nervous 

tension and mild depression (Morton, 1983; Van Wyk et al., 1997). 

 

1.5 Ergogenic aids  

The search for dietary supplements and / or substances that enhance sport performance, typically referred 

to, as ergogenic aids is as ancient as sports themselves. Dietary fads are known from ca. 500–400 B.C., when 

athletes and warriors used products such as deer liver and lion heart to impart certain benefits, hoping that 

consumption would produce bravery, speed or strength (Mayer and Bullen, 1960; Reed, 1977; Van Itallie et al., 

1956; Williams, 1989). 

The field of sports and exercise science has historically prioritized research into nutritional strategies to 

optimize performance and from these investigations best-practice evidence-based recommendations and position 

stands have been developed (Goldstein et al., 2010). It is becoming increasingly apparent that many athletes and 

sports professionals are ingesting plant phytochemicals with known antioxidant qualities in an attempt to minimize 

the effects of oxidative stress during physical activity, including Rooibos (Aspalathus linearis) (Marnewick et al., 

2011); Ginkgo biloba (Rong et al., 1996); as well as oligomeric proanthocyanidins (OPCs), and polymers of 

flavanols found in grape extract (Lafay et al., 2009). Additionally, nutritional antioxidant supplements such as 
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selenium, vitamin C and E health impacts have been well explored within an exercise context in attempts to 

counteract and/or minimize effects of reactive oxygen species (ROS) (Packer, 1997), as well as glutathione (Gohil 

et al., 1998). In summary a nutritional ergogenic aid is a substance found in the diet that is ingested to produce 

improved or enhanced sport, exercise, and physical performance (Bala & Bhalla, 2022). The same author goes on 

to say that an ergogenic aid is ingested with the view that it helps an individual to tolerate heavy training to a greater 

degree by helping them recover faster or help them stay injury free and healthy during intense training. Some 

studies show that supplementation with a known ergogenic aid can significantly enhance exercise performance e.g. 

helps athletes run faster, lift more weight, or carry out more work during a given physical exercise task. On the 

other hand, it can also enhance recovery from exercise. Such supplementation, it is argued, has the potential to 

improve training performance and post exercise recovery and therefore can be considered to be ergogenic. 

It is not surprising therefore to note that multiple categories of ergogenic aids have been identified, 

developed and introduced with the aim to enhance exercise or sports performance and these have been typically 

categorized in terms of their pharmacological, physiological, nutritional, mechanical, or psychological mechanisms 

(Bishop, 2010; Londe et al., 2018; Marocolo et al., 2018, 2019). According to Mota & Marocolo (2022) the use 

and application of these ergogenic strategies are used in the belief that they may improve energy readiness and/or 

accelerate the recovery course (chronically or acutely), and eventually augmenting performance. However, it is 

somewhat problematic that many athletes commonly use these ergogenic aids even without any scientific evidence 

(Bishop, 2010; Marocolo et al., 2018). 

According to Mota & Marocolo (2022), researchers should perform studies meeting the main research 

design issues, such as dose of the intervention/substance; background of volunteers (e.g., professional; amateur); 

specific exercise type (e.g., strength, endurance); and well-controlled studies (e.g., placebo; double-blind) in order 

to establish the efficacy of the substance as an ergogenic aid. A further complicating issue has been that these 

studies often present differing findings and are often equivocal. Thus while some studies that have tested nutritional 

and/or supplementation strategies, may have shown beneficial effects on exercise performance and/or recovery, 

these effects are not universal (Mota & Marocolo, 2022). 

Bala & Bhalla (2022) noted that the ingestion / use of ergogenic aids is varied. At one end of the spectrum 

of ergogenic aids are normal foods and at the other are substances that are clearly drugs. In between, however, are 

a few compounds that are more difficult to classify. The term includes a number of foods, including for example 

those high in carbohydrates (Maughan, 1999), and carbohydrate–electrolyte sports drinks, whose effectiveness in 

improving exercise capacity is according to Williams (1998) beyond doubt. 

Due to the changing nature and availability of ergogenic aids and/or those purporting to have such properties 

different international institutions periodically publish position stands that are elaborated to guide the practice of 

supplementation, such as the Australian Institute of Sport (AIS) (Moreno et al., 2022). Daher et al. (2022) in their 

scoping review explored the prevalence of dietary supplement use among athletes worldwide, in terms of the most 

commonly used supplements, their sources of information on dietary supplements and their reasons for use of these 

supplements. They reflected on a prevalence study by Garthe & Maughan (2018) that indicated an estimated 

prevalence of dietary supplement use among athletes to be between 40% and 100%, depending on several factors 

including the level of competition, type of sport, and the definition of dietary supplement. It may be reasonable to 

argue that the increased ease of access to these supplements via the internet, makes it possible for athletes and 

sports people to easily purchase these products all over the world, and may also explain their exponential increase 

in usage in recent times. 

 

1.6  Policy and legislation 

It was highlighted at the start of this treatise that wealth and technology continue to be concentrated in the 

north as biodiversity and poverty continues to perpetuated in the South (Reid et al., 1993). However, there has been 

a significant shift in the business environment that increasingly recognizes its responsibilities in respect to 

environmental, social and governance (ESG) issues. Within the South African context there has been recognition 

of the high conservation value of the country's biodiversity along with action directed towards the sustainable 

development of the nation's natural resources for economic development.  
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South Africa became signatory to the Nagoya Protocol in January 2013, a legal framework that seeks to 

address the concept of Traditional Knowledge (TK) and Indigenous Knowledge (IK) in relation to the use of genetic 

resources, along with mutually agreed terms for granting access, and the benefit-sharing and compliance 

obligations. The benefit-sharing regulations aim to reduce the current disparity between developing and developed 

nations, notably the global north versus the global south regarding fair and transparent benefit-sharing as a result 

of the commercial utilization of the genetic resource (Nagoya protocol, 2010).  

In particular, the Convention on Biological Diversity (CBD) was a breakthrough in global policy making. 

It combined a concern for the environment with a commitment to resolving longstanding human injustices 

regarding access to and use of biological resources. The CBD aims to conserve biodiversity, achieve its sustainable 

use, and reward its custodians with fair and equitable benefit sharing (Schoeder et al., 2020).  

The South African government, along with support from various non-government organizations ratified the 

United Nations Convention on Biological Diversity in 1995 (Wynberg, 2017). In 2004 the South African National 

Environmental Management Biodiversity Act (NEMBA) was promulgated, which prescribed benefits from the use 

of biological resources that included that these are shared with the holders of traditional knowledge (TK), especially 

those indigenous communities associated with such TK (NEMBA, 2004). Therefore, within South Africa the 

alignment of legislation with commercial interests has better protected the rights of indigenous peoples and holders 

of traditional knowledge, which in turn has identified bioprospecting as an important mechanism to create 

incentives for conservation (Wynberg, 2017).  

A positive consequence of these legislative and policy developments was the signing of an Access and 

Benefit-sharing (ABS) agreement between the Rooibos Industry, represented by the South African Rooibos 

Council (SARC) and the Khoi-Khoi and San, represented by the National Khoi-San Council (NKC) and the South 

African San Council (SASC). This agreement will see the Khoi-Khoi and San communities benefit from the 

commercialization of Rooibos (SARC, 2022). The Rooibos Benefit Sharing Agreement (RBSA) was the first 

comprehensive, industry-wide benefit sharing agreement, and globally without parallel. It is exceptional as it not 

only spans an entire industry, but also because the product is already on the market (Schoeder et al., 2020).  

While such policy commitments are welcome, it was the work of the South African Rooibos Council, which 

saw Rooibos receiving the important commercial registration for Protection Designation of Origin (PDO) in the 

European Union (EU) that perhaps best illustrates how the successful enactment of an influential trading 

endorsement protects the industry from predatory corporates, while at the same time ensuring better recognition of 

stakeholders in the Rooibos value chain, notably the indigenous communities. Therefore, as a signatory to the 

Nagoya Protocol, and the other aligned legislation and policy evolvements both globally and nationally South 

Africa requires industries that trade in indigenous biological resources, such as Rooibos, to share benefits with 

traditional knowledge holders in a fair and equitable way. 

 

1.7  Business imperatives 

A key aspect of this transdisciplinary study is that it hinges on fundamental business imperatives. Simply 

put the ongoing study is dependent on funding support from the South African Rooibos Council, which in turn is 

dependent on the viability and success of the Rooibos industry to support its work, which is espoused via its mission 

statements, firstly that ‘SARC will use available resources to effectively and efficiently promote, grow and protect 

the Rooibos industry of South Africa for its stakeholders, locally and internationally’ and secondly that ‘SARC will 

support appropriate research and communication to promote the benefits of Rooibos’. 

Therefore it needs to be acknowledged that SARC has a clear commitment to support appropriate research 

to promote the benefits of Rooibos in order to protect the industry from misrepresentation and deceptive marketing 

ploys, which to some extent have plagued other aspects of the sport supplement industry, especially in regard to 

those substances that purportedly have ergogenic properties. This concern was evidenced as far back as 1989 when 

the National Council for Health Fraud established a task force to investigate ergogenic aids (Lightsey & Attaway, 

1992). In light of the expectations of the SARC it was necessary that the present study fully complied with best 

experimental research practices and research ethics principles so that any findings that may support and promote 

the Rooibos industry are transparent, peer reviewed and premised on best global standards. 
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As intimated earlier many diverse cultures attribute health benefits to foods and plants, and food companies, 

in their commercial strategies, have used this coining some foods as "functional foods" (Arai, 1996), because of 

their chemical composition and their hypothetical health effects (Richardson, 1996; Roberfroid, 1997). In terms of 

the sport supplement market athletes will invariably try to improve their diet especially for assumed performance 

gains derived from these “dietary ingredients”. The sources of these ingredients come from minerals, plants, extract 

tissues or are chemically synthesized or processed (Kerksick et al., 2018). The final product, which is often 

commercialized and sold by companies, is consumed by athletes and the general population alike (Knapik et al., 

2016). 

It is not surprising therefore to observe how the food industry has invested a lot in the creation, design, 

presentation, and distribution of these products, making them very attractive not only for professional athletes, but 

also to recreational athletes, and even to the general population. According to GrandView (2023) the global sports 

nutrition market size was valued at USD 42.9 billion in 2022 and is expected to expand at a compound annual 

growth rate (CAGR) of 7.4% from 2023 to 2030. This economic niche also attracts a multi-level marketing system, 

in which wellness (which includes sport supplements) represents 35 % of sales (Cardenas & Fuchs-Tarlovsky, 

2018). Given the bioactive compounds found in Rooibos it has been suggested by Davies et al. (2023ab) that if 

Rooibos is prepared as an iced tea and/or similar beverage in a manner that retains aspalathin and isoorientin 

contents then there appears to be a reasonable opportunity to develop it as an effective sport drink and potential 

ergogenic aid with commercial possibilities. 

 

2 RESULTS  

2.1  Preliminary findings 

As indicated earlier in this article the overall transdisciplinary research approach is built around a key pivotal 

experimental project investigating whether Rooibos an indigenous South African plant with its unique bioactive 

compounds modulates oxidative stress and potentially acts as an ergogenic supplement. It is important to emphasize 

that the two experimental studies were not done in isolation but also considered social, economic and sustainability 

issues. 

Both studies conformed to the principles of the Helsinki Accord and were approved by the Institutional 

Faculty of Health and Wellness Sciences Research Ethics Committee at the Cape Peninsula University of 

Technology (Research ethics approval number: CPUT/HWS-REC2011/H02 and CPUT/HWS-REC 2018/H2) for 

a randomized, blinded placebo controlled cross over experimental design. One study focused on the upper body, 

which involved the participants (n=32 male adults, mean age 22.2 years) performing a maximal fatiguing elbow 

extension/flexion exercise including 5 sets of 15 all-out voluntary contractions separated by 10-second intervals on 

a Biodex System 3 at a speed of 60º per second (Davies et al., 2019b). The second study concentrated on the lower 

body and required the participants (n=30 male adults, mean age 25.95 years) to perform a modified submaximal 

ramp test to 80% maximal effort on a Wattbike cycle ergometer (Davies et al., 2023b). 

In both studies an acute dose of Rooibos or placebo was ingested shortly prior to exercise, however in the 

upper body test the method of ingestion was via a capsule that contained a fermented rooibos extract (standardized 

with a content of ~340 mg of total rooibos polyphenols). While in the lower body test the delivery was via a Rooibos 

or placebo beverage, which included 1.6 g of a commercially available standardized fermented Rooibos powdered 

extract dissolved into 375 mL beverage of peach apricot flavored water.   

The results from the upper body test indicated that during elbow flexion in the Rooibos trial (when compared 

to the placebo) the participants exhibited consistently greater peak torque (Nm) and also more total work (joules) 

across the five maximal exercise bouts (Davies et al., 2019b). While the lower body submaximal test results on the 

WattBike indicated that during the Rooibos beverage intervention the participants on average were able to exercise 

for longer and therefore complete a greater distance and higher mean power when compared to the placebo trial. 

The percentage increase in distance was around 15.0% (Davies et al., 2023b). 

 

As the study evolved additional elements have been factored in namely additional education and training in 

“omics” notably in metabolomics and genomics. The progress of the study also involved the integration of issues 
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relating to economic, social and policy considerations (as espoused in greater detail in the literature review), which 

were presented at annual review progress report meetings to the South African Rooibos Council (SARC) and at the 

CPUT Postgraduate Conferences (Kamati, 2020; Kamati et al., 2022a: Kamati et al., 2022b) as well as presentations 

at international conferences (Davies et al., 2018; Kamati et al., 2021; Davies et al., 2023; Bragagna et al., 2023). 

As a consequence of the “omics” phase of the ongoing study a substantive array of biotechnology findings will be 

released in due course at conferences, workshops and in peer reviewed journals. 

 

3 DISCUSSION 

 

Nicolescu (2012) argues that the need for transdisciplinarity is necessary and realistic in order for 

universities to survive as it forces them to interact with different stakeholders. This is because it is becoming ever 

more apparent that many challenges facing mankind are complex and manifold, such as the climate emergency, 

poverty and social unrest. At a more nuanced level it is becoming increasingly important for academics and 

researchers who work at universities in the field(s) of science, engineering and technology to appreciate and 

understand that they operate in a context, which is informed and shaped by environmental, cultural, political, 

economic and historical imperatives. Thus the consequences of their work will invariably impact either positively 

or negatively in the broader context of a global society. 

As Pohl and Hardorn (2008) posited that transdisciplinary studies and approaches have the potential and 

capacity to alleviate life’s deep-seated challenging problems in the world as it uses integrated, practice-oriented 

and normative knowledge systems.  

Notably, transdisciplinary moves beyond interdisciplinary by engaging with production, use of knowledge 

and involving both academic and non-academic stakeholders in the process (Chuenpagdee 2018). Thus, the 

transdisciplinary approach surpasses interdisciplinary and multi-disciplinary approaches as it better addresses 

complex problems (Back, Greenhalgh-Spencer & Frias, 2015). 

It is therefore abundantly apparent, as the biggest suppliers and channels of knowledge (Brennenraedts, 

Bekkers & Verspagen, 2006), universities are expected to play an important role of providing a platform to facilitate 

transdisciplinarity, which engages production, use of knowledge and involvement of non-academic stakeholders 

across different disciplines and communities to solve problems. These considerations are particularly relevant in 

South Africa, which is characterized by the prevalent conditions of poverty, underdevelopment, legacies of 

colonialism along with the systemic and negative consequences of legislative discrimination against non-white 

people under Apartheid. 

Thus the Cape Peninsula University of Technology (CPUT) which is the primary institution for the research 

project into the modulatory effects of Rooibos has since its inception been committed to research and technology 

innovation with a clear strategic view that the research institutes and centers should be enabled to operate cross-

faculty in support of the institutional commitment towards trans-disciplinary approaches (CPUT, 2022). The 

institutional predilection towards transdisciplinarity as espoused by CPUT has facilitated the present evolvement 

of the Rooibos research study into its potential ergogenic properties. In the first instance the ability to conduct the 

study was premised on cooperation to initiate the project between the Applied Microbial and Health Biotechnology 

Institute (AMHBI), a research-intensive entity situated outside of any specific faculty at the university and the 

Centre for Sport Business and Technology Research (CSBTR) which is housed within the Sport Management 

Department in the Faculty of Business and Management Sciences. The viability of the TD project within the 

institutional commitment towards TD was built on the strength and experience of the researchers in the areas of 

biochemistry and health biotechnology alongside with sport science and business.  

The existing expertise allowed for the study design into health biotechnology and sport science research 

project that further engaged with business applications, notably in terms of beneficiation of a potential sport 

ergogenic supplement in a lucrative global market. Further dimensions of the study spoke to the need for policy 

enactments that respect IK and those communities who underpin the Rooibos industry. The study was augmented 

from a teaching viewpoint in terms of the innovative developments in “omics” and the need to collaborate with 

other institutions, notably North West University and Stellenbosch University in South Africa and the University 

of Vienna in Austria to facilitate the education and training, as well as new analytic techniques. 
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CONCLUSION 

 

 The preliminary findings that are based on the SARC commitment to “support appropriate research and 

communication to promote the benefits of Rooibos” shows that the application and utilization of Rooibos as a 

potential ergogenic aid may have benefits in both submaximal exercise and maximal exhausting exercise. The full 

biochemistry, metabolic mechanisms and/or genomic characteristics that make this possible will be shared in due 

course as the study matures and peer reviewed publications are released.  

The confluence of diverse skills and backgrounds gave particular impetus to the study into the potential 

ergogenic properties of Rooibos, which reflected the significant advantages of a TD approach and the contributions 

made by the researchers and academics along with stakeholders in the Rooibos industry. As Van der Bijl-Brouwer 

et al. (2021) asserted transdisciplinarity can foster flexibility in innovation and partnership approaches and help 

evolve how we work with what we learn and how we collaborate with others. It is argued that the multi-factored 

outputs and benefits that have emanated from the project, and those to be disseminated in due course demonstrate 

the value of TD in a world where science, society and environmental issues ought to be given fair and equal 

consideration. 
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