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Abstract 

Aspalathus linearis (rooibos) is a widely available natural plant, historically used in 

traditional indigenous South African medicines. Studies have shown that the biomedical 

properties of rooibos reduce oxidative stress (OS) and inflammation associated with 

cardiovascular (CVD) and Alzheimer's disease (AD) and may have neuroprotective effects. 

However, to our knowledge, no studies have explored rooibos' potential therapeutic or 

protective effects on cognition and mood in human samples. Thus, this study implemented a 

randomised placebo-controlled trial to investigate the effects of 12-weeks Fermented Rooibos 

(FR) and Green Rooibos (GR) consumption on cognition and mood in a sample of South 

African adults at risk for CVD. Participants (N = 235) were randomly assigned to consume 

FR, GR, or placebo capsules. Pre and post-intervention measures assessed critical cognitive 

domains, including attention, working and episodic memory, executive functioning, and 

mental generativity/fluency. Additionally, this study evaluated emotional regulation via heart 

rate variability (HRV) and self-reported symptoms of anxiety and depression. Results 

indicated no significant effect of FR or GR on cognition and mood (p > 0.05). Given the 

literature's indication that rooibos modulates OS and inflammation implicated in adverse 

cognitive and affective outcomes, this research emphasises the need for further investigation.  

 

Keywords: Aspalathus linearis, rooibos, cognition, mood, oxidative stress, cardiovascular 

disease, Alzheimerôs disease 
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Aspalathus linearis (rooibos) is an indigenous South African fynbos, most often 

cultivated to produce "rooibos tea" (Joubert & de Beer, 2011; Marnewick et al., 2011; van 

Wyk, 2008; Villaño et al., 2010). For centuries rooibos has been used in traditional and 

indigenous South African medicines (Mahomoodally, 2013; van Wyk, 2008). Numerous 

studies report that the biomedical properties of rooibos reduce oxidative stress (OS) and 

inflammation associated with degenerative, neuropsychological, and cardiovascular diseases 

(CVD) (Marnewick et al., 2011; Pyrzanowska et al., 2019; Salim, 2017). These non-

communicable diseases disproportionately affect low and middle-income countries (LAMIC) 

such as South Africa (RSA) (Beaglehole & Bonita, 2008; Kobayashi et al., 2018; WHO, 

2015). Given the consistent link between brain and heart health, rooibos may have a potential 

therapeutic or protective effect on the neuropathology of CVD and Alzheimer's Disease 

(AD), with implications for cognition and mood (Bouayed et al., 2009; Maydych, 2019; 

Sindhu et al., 2022; Toledo et al., 2019). 

Biochemical and Medicinal Properties of Rooibos  

Rooibos is naturally caffeine-free and rich in minerals. It contains rare polyphenolic 

compounds, namely, the C-glucoside dihydrochalcones, Nothofagin (Not) and Aspalathin 

(Asp), which are unique to rooibos (Mahomoodally, 2013; Villaño et al., 2010). Rooibos also 

contains flavones (luteolin, orientin, isovitexin, vitexin) and flavonols (quercetin and rutin) 

but does not contain catechins and is low in tannins (Bramati et al., 2003; Marnewick et al., 

2011; Pyrzanowska et al., 2019). Aspalathus linearis is either left unfermented as green 

rooibos (GR) or fermented (fermented rooibos (FR)) to produce infusions and extracts 

(Villaño et al., 2010). FR contains lower levels of Not and Asp and a significantly lower total 

antioxidant capacity (TAC) than GR due to fermentation-induced phenolic oxidation (Joubert 

& de Beer, 2011; Joubert et al., 2004; Villaño et al., 2010).  

Evidence from animal and human studies illustrates the cardioprotective (Dludla et 

al., 2014; Marnewick et al., 2011), hepatoprotective (Marnewick et al., 2003; Ulicná et al., 

2003), anti-hypertensive (Ajuwon et al., 2015), anti-mutagenic (Marnewick et al., 2009), and 

anti-diabetic (Kawano et al., 2009; Mazibuko et al., 2015; Muller et al., 2012) medical effects 

of properties of rooibos. Rooibos may also modulate the immune system, adrenal 

steroidogenesis, and lipid metabolism (Smith & Swart, 2018).   

 Anti -inflammatory and Antioxidative Effects 

Most literature suggests a linkage between the medicinal properties of rooibos and its 

antioxidative and anti-inflammatory mechanisms, which protect against damage associated 

with OS and inflammation (Crichton et al., 2013; Marnewick et al., 2011; Pyrzanowska et al., 
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2019). Acute inflammation is a healthy immune response to tissue damage, stress, and 

infection, which helps maintain homeostasis in the human body (Gronert, 2010). However, 

unresolved systematic inflammation can cause tissue and neuronal damage and death and 

increase reactive oxygen species (ROS) production (Hiles et al., 2015; Walker et al., 2019). 

At low levels, ROS regulates important cell activities related to growth and adaptation; at 

high levels, it leads to OS (Nita & Grzybowski, 2016; Uttara et al., 2009). OS refers to an 

imbalance between ROS production and antioxidant defences wherein structures, proteins, 

and DNA within the body's cells are damaged by a build-up of atomically unstable ROS 

molecules (Perkins et al., 1999; Toledo et al., 2019). Studies have shown that rooibos inhibits 

the activity of enzymes involved in ROS production by stimulating the expression of catalase 

(CAT) and superoxide dismutase (SOD), catalysts for antioxidant activities (Hong et al., 

2014; Waisundara & Hoon, 2015).  

OS and inflammation are involved in the pathology of CVD and its risk factors 

(Dludla et al., 2014; Marnewick et al., 2011); diabetes (Kealy et al., 2020); metabolic 

syndrome (Pyrzanowska et al., 2019); atherosclerosis (Roberts & Sindhu, 2009); 

hypertension (Kaliora & Dedoussis, 2007); and chronic liver disease (Ajuwon et al., 2015). 

Studies in healthy human subjects and animals report that rooibos reduces the age-related 

accumulation of lipid peroxidation (Ajuwon et al., 2015; Joubert & de Beer, 2011; 

Mahomoodally, 2013). Marnewick and colleagues (2011) findings demonstrate similar 

beneficial effects in adults at risk for CVD. This study reported that 6-weeks FR consumption 

(6 cups per day) improved serum lipid profiles and redox statuses by increasing glutathione 

(GSH) levels, GSH: GSSG ratios, and reducing lipid peroxidation, indicators of OS 

(Marnewick et al., 2011). Furthermore, reductions in ROS levels and AGE-induced ROS 

production due to Asp contained in rooibos and correlations between FR consumption and 

lowered total cholesterol, LDL cholesterol, and triacylglycerols have been reported 

(Betteridge, 2000;  Marnewick et al., 2011; Perkins et al., 1999; Smith & Swart, 2018). 

Very few studies have directly examined rooibos' anti-inflammatory capacity. 

However, there is evidence that its consumption suppresses vascular inflammation in animals 

(Ajuwon et al., 2015), and in human subjects, reduces high-sensitive C-reactive proteins (hs-

CRPs), which are inflammatory markers (Ajuwon et al., 2015; Joubert & de Beer, 2011).  

Oxidative Stress and Inflammatory Processes: Cognitive and Affective Outcomes  

Given the overlap in risk factors for CVD and AD, a recent interest in the 

neuroprotective effects of dietary antioxidants such as rooibos has emerged (Sindhu et al., 

2022; Smith & Swart, 2018; Toledo et al., 2019). CVD and its risk factors are linked to 
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cognitive impairments, increased psychological stress, and symptoms of anxiety and 

depression (Hajjar et al., 2018; Holt et al., 2013; Smith & Swart, 2018; Toledo et al., 2019). 

Moreover, research indicates that systematic inflammation and neuroinflammation may, 

directly and indirectly, affect brain function via changes in cardiovascular function (Salim, 

2017; Tangestani Fard & Stough, 2019). 

OS and inflammation are widely observed in the neuropathology of 

neurodegenerative disorders such as AD, brain injuries, ischemic strokes and age-related 

cognitive decline (Akinrinmade et al., 2017; Hajjar et al., 2018; Tangestani Fard & Stough, 

2019). In particular, age-related decline in executive functioning in healthy humans and 

animals is correlated with decreased GSH levels and increased lipid peroxidation, linked to 

OS and oxidative damage (Dröge & Schipper, 2007; Pesce et al., 2018; Pyrzanowska et al., 

2019). Studies have reported that FR tea infusions led to significant long-term spatial 

memory improvements in healthy rats (Pyrzanowska et al., 2019) and have provided 

preliminary evidence for its neuroprotective effects in rats with I/R induced injury 

(Akinrinmade et al., 2017).  

Many of the biomarkers underlying cognitive decline, depression, anxiety and 

psychological stress, such as the insulin receptor signalling pathway, stress-induced HPA-

axis alterations, and high levels of circulating cortisol; overlap with the pathology of CVD 

and AD (Dröge & Schipper, 2007; Smith & Swart, 2018; Strawbridge et al., 2017). Negative 

attentional biases, psychological stress, symptoms of anxiety, depression, and ADHD are all 

associated with defective antioxidant defences and are suggested to have a bi-directional 

relationship with increased OS and inflammation (Anand et al., 2017; Holt et al., 2013; 

Maydych, 2019; Smith & Swart, 2018; Zainal & Newman, 2021).  

Research suggests that higher levels of OS and pro-inflammatory peripheral cytokines 

disrupt the antioxidant-oxidant balance in the brain (Salim, 2017; Sindhu et al., 2022; Toledo 

et al., 2019). This disruption and resultant neuroinflammation may alter neuronal functioning 

and promote neurodegeneration, cognitive decline, and adverse affective outcomes in healthy 

human subjects (Huang et al., 2019; Hulbert et al., 2007; Schiavone et al., 2013). 

Increases in striatal dopamine, related to emotional regulation and pleasure responses, 

and elevations in taurine levels, a neuroprotective ɓ-amino acid which may modulate chronic 

stress, have been reported following FR treatment in animal models (Pyrzanowska et al., 

2019; Schaffer & Kim, 2018; Wu & Prentice, 2010). More recently, López and colleagues 

(2022) found that GR had a more significant anti-anxiolytic effect than diazepam in zebrafish 

larvae. This study suggested that GR reduced anxiety by rescuing GABA receptor signalling 
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and suppressing monoamine oxidase A (MAO-A), an enzyme implicated in the deamination 

of important mood-related neurotransmitters, namely, serotonin, dopamine, and 

norepinephrine (López et al., 2022). 

Thus, rooibos consumption may influence cognitive and affective outcomes through 

its modulation of OS and inflammation, glucocorticoid biosynthesis and cortisol levels, 

inhibition of MAO-A, and stimulation of striatial dopamine (Kealy et al., 2020; López et al., 

2022; Pyrzanowska et al., 2019; Strawbridge et al., 2017; Waisundara & Hoon, 2015). 

Overview  

While substantial literature showcases the beneficial affective and cognitive effects of 

common tea (Camellia sinensis) in humans (Mancini et al., 2017), no clinical trials to date 

have investigated whether or not rooibos produces similar effects. This research is necessary 

for establishing measurable effects that can potentially be harnessed for therapeutic purposes. 

Rooibos is widely available, accessible, and has historically been used in traditional and 

indigenous medicines in RSA, which faces high rates of CVD and AD and a significant 

treatment gap relating to neurological and mental disorders (Beaglehole & Bonita, 2008; Jack 

et al., 2014; Kobayashi et al., 2018; WHO, 2015). If proven beneficial, rooibos may present a 

cost-effective and implementable strategy for increasing dietary intake of natural antioxidants 

to support cognitive and emotional health (Marnewick et al., 2011; Sindhu et al., 2022; 

Strawbridge et al., 2017; Toledo et al., 2019). Findings from this study will contribute to the 

literature on the neuropsychological benefits of rooibos and knowledge of indigenous and 

traditional South African medicines, which are relied on by many for the management of 

physical and mental health (Mahomoodally, 2013). 

 

Rationale, Aims, and Hypotheses 

This study aimed to investigate the potential effects of 12-weeks consumption of FR 

and GR on cognition and mood in a sample of South African adults at risk for CVD. It 

hypothesised that 12-weeks consumption of concentrated FR and/or GR capsules, equivalent 

to 6 cups worth of daily intake, would improve cognitive functioning and mood in South 

African adults at risk for CVD (See Table 1 for all hypotheses).  

 

Table 1 

Hypotheses Under Investigation 
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Cognition Mood  

H0.1: There is no difference in cognition 

pre/post intervention across the three 

treatment groups. 

H0.2: There is no difference in mood pre/post 

intervention across the three treatment 

groups. 

H1.1: FR and GR supplementation both 

improve cognitive performance more than 

the placebo. 

H1.2: FR and GR supplementation both 

improve mood more than the placebo. 

H1.2 GR supplementation improves 

cognitive performance more than FR 

supplementation 

H2.2: GR supplementation improves mood 

more than FR supplementation 

Note. FR = Fermented Rooibos; GR = Green Rooibos  

 

Method 

Study Design and Setting  

This quantitative study utilised data obtained by the Cape Peninsula University of 

Technology (CPUT) in the study titled "Rooibos and Heart Health: a metabolomics 

approach", which investigated the effects of FR and GR on serum levels of OS and 

inflammation associated with CVD and AD, in South African adults at risk for CVD. This 

14-week intervention trial implemented a randomised, double-blind, placebo-controlled, 

parallel- groups design (see Figure 1). The trial site was the Applied Microbial and Health 

Biotechnology Institute, CPUT, Bellville, RSA. 

 

Figure 1 

Study Design Overview  
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Note: Measurements and data collection took place at week 2 and 14  

 

Participants  

Study Population. Participants included males and females between 30 and 80 years 

old from the Municipality of Cape Town who were at risk for CVD. This age group and 

demographic controlled for age-related changes in cognition and, per previous literature, is a 

clinically relevant sample for the detection of rooibos' potential therapeutic effects 

(Marnewick et al., 2011; WHO, 2015). 

Sample Size.  N = 300 participants were recruited, as per results from a 90% power 

analysis at a significance level of 5%. Due to COVID-19 quarantines, high levels of attrition, 

and participant factors such as fatigue and difficulty comprehending instructions, the final 

sample consisted of N = 235 participants. 

Recruitment and Screening. Participants were recruited via advertisement (see 

Appendix A) using convenience sampling, a non-probability method. Registered nurses 

screened n = 720 individuals for eligibility using health measurements and questionnaires 

(see Appendix B). N = 300 participants were selected to participate from the pool of 

participants (n= 450) who met the inclusion and exclusion criteria 
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Inclusion Criteria. This study included male and female South African adults from 

Cape Town between the ages of 30 ï 80 years with any two or more modifiable risk factors 

(not requiring any chronic medication) for CVD (see Table 2). 

 

Table 2 

Inclusion Parameters  

 

Modifiable Risk Factor for CVD Inclusion Parameters 

Hyperlipidaemia (mmol/L) 

 

Raised Cholesterol (>5.5 to 7.5) 

Triglycerides (>1.7 to <2.5) 

 

Hypertension (mm Hg) 

 

Existing (Ò 140/90) 

Prehypertension (120-139/80-90) 

 

Overweight/obese (kg/m2 BMI) Body Mass Index (> 25 to 38) 

Physically Inactive  

 

 

Atherogenic diet (Fat Intake) High in saturated fat and cholesterol. 

Note. Risk Factors as outlined by the American Heart Association (AHA, 2002) 

 

Exclusion Criteria. Table 3 captures participant exclusion criteria. Excluded 

individuals further included those with values above outlined cut-off points during screening. 

Intervention Allocation. The sample was stratified, and treatment groups were 

matched according to age, sex and CVD risk to minimize potential confounding effects. 

Participants were then randomly assigned to one of three parallel treatment groups using 

double-blinding.  

Reimbursement. Enrolled participants were reimbursed R300 for time and transport 

costs for each session. 

 

Table 3 

Exclusion Criteria 
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Materials and Measures  

Capsules. Participants received capsules containing either standardised FR, 

standardised GR (extracts manufactured by Rooibos Ltd, Clanwilliam, RSA and packaged by 

an FDA-approved facility) or microcrystalline maltodextrin (placebo). They were required to 

take three capsules per day, with each meal, for 12 weeks. Supplement dosage was deemed 

safe based on a prior high-performance liquid chromatography analysis and a previous 6-

week clinical trial where participants consumed 6 cups of FR tea daily, with no deleterious 

effects (Marnewick et al., 2011). 

Demographic Variables. A questionnaire recorded participants' gender, age, 

language, race, and highest education (see Appendix C). 

Pre/Post-Intervention Measures. This study utilised the following subset of 

measures, administered at weeks two and fourteen of the parent study. These measures took 

60 minutes to complete. 

Cognitive Tests. All cognitive measures were recorded and scored using standardised 

instructions, as outlined in the battery manuals (see Appendices D to H).  

Criteria Grounds for Exclusion 

Medical conditions 

 

Renal disorders  

Hepatic disorders  

Endocrine disorders  

Gastrointestinal disorders 

 

Undesirable alcohol consumption 

 

>2drinks per day 

 

Unusual dietary habits 

 

e.g. Vegetarian or Vegan diets 

 

Medication/ supplements 

 

 

Any chronic oral medication  

Antioxidant supplements  

Aspirin  

Any other drug with established antioxidant 

properties 

 

Pregnancy 

 

 

Actual/ intended pregnancy  

Lactating women  
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Rey Auditory Verbal Learning Test (RAVLT) (Rey, 1964). The RAVLT was used to 

assess participants' episodic memory. The administration involved immediate recall and, 

following a 20-minute interval, delayed recall and recognition of a list of words (see 

Appendix D). This study utilised delayed recall and recognition scores. The RAVLT has 

good internal consistency and test-retest reliability (Cronbach's Ŭ = 0.8) and is used 

internationally and locally to assess neuropsychological performance (Biedermann et al., 

2018; Blumenau & Broom, 2011; Magalhaes et al., 2012; Pliskin et al., 2020). 

Digit Span Forwards (DSF)/Backwards (DSB). The Digit Span is a subtest of the 

Wechsler Adult Intelligence Scale (Wechsler, 1955) and Wechsler Memory Scales 

(Wechsler, 1945). DSF and DSB assessed attention and working memory, respectively (see 

Appendix E). In these tests, examiners read participants a sequence of numbers which 

participants attempted to repeat back in order (DSF) and reverse order (DSB). DSF and DSB 

have sufficient test-retest reliabilities of Cronbach's Ŭ = 0.89 and Cronbach's Ŭ = 0.8, 

respectively (de Paula et al., 2016; Waters & Caplan, 2003). Working memory and 

attentional deficits are commonly assessed in international and local contexts using these tests 

(GrÉGoire & Van Der Linden, 1997; Peltzer & Phaswana-Mafuya, 2012). 

 Delis-Kaplan Executive Function System Trail Making Test (D-KEFS -TMT) (Delis 

et al., 2001). This test assessed executive functioning via set shifting and psychomotor speed 

(see Appendix F). It included a series of 5 timed conditions, each beginning with a short 

practice trial. This study utilised scores from Condition 4: Number-Letter Switching, which 

measures cognitive flexibility, a core aspect of executive functioning, via set-shifting. 

Participants' Trail Switch completion time (TST) and error scores (TSE) were recorded and 

scaled according to age (see Table G1 and G2 for scaling). International and local studies 

have used the D-KEFS -TMT and condition four in isolation as they display moderate to 

good internal consistencies and test-retest reliabilities (Joska et al., 2010; Rosin & Levett, 

1989; Swanson, 2005; Pa et al., 2010).   

Controlled Oral Word Association test (COWAT) (Benton et al., 1983). The COWAT 

measured participants' verbal fluency/mental generativity (see Appendix H). This test 

required participants to list as many words, beginning with a given letter of the alphabet or 

corresponding to a given semantic category, as they could in 60 seconds. Total scores were 

calculated by summing correct responses. The COWAT has relevance in diverse populations, 

including in RSA, and has a high internal consistency and test-retest reliability (Cronbach's Ŭ 

= 0.83) (Peltzer & Phaswana-Mafuya, 2012; Ross et al., 2007; Ruff et al., 1996). 
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Mood Assessments. Heart rate variability (HRV) and self-report questionnaires of 

depression and anxiety measured participants' emotional states.  

Beck Anxiety Inventory- Short Form(BAI-SF) (Beck & Steer, 1993). The BAI 

measured self-reported anxiety symptoms over the month past (see Appendix I). Responses 

were in the form of a 4-point Likert Scale ranging from 0 to 3. The 21-item scores were 

summed to obtain total scores (for score classifications, see Appendix J). The BAI is widely 

used in diverse populations, including in RSA and is considered valid and reliable, with a 

high internal consistency (Cronbach's Ŭ = 0.90 to 0.94) and acceptable test-retest reliability (r 

= 0.75) (Bantjes et al., 2016; Julian, 2011; Kagee et al., 2015; Muntingh et al., 2011). 

Beck Depression Inventory-II (BDI-II) (Beck et al., 1996). The BDI-II  assessed self-

reported symptoms of depression over two weeks past (see Appendix K). Responses ranged 

from 0 to 3 in the form of a 4-point Likert Scale. Total score calculations involved summing 

the 21-item scores (see Appendix L for score classifications). The BDI-II has been 

internationally and locally validated, yielding a good internal consistency (Cronbach's Ŭ = 

0.9) and test-retest reliability (r = 0.73 to 0.96) in clinical settings (Makhubela & 

Mashegoane, 2015; Roberts et al., 1991; Smarr, 2003; Wang & Gorenstein, 2013). 

Heart rate variability (HRV). HRV is defined as the fluctuation of the length of 

heartbeat intervals, reflecting the heart's response to potential challenges (Appelhans & 

Luecken, 2006; Thayer et al., 2012). HRV was measured using a non-invasive 

electrocardiographic method (via the Polar H10 portable 1-channel ECG monitor). HRV is an 

accepted biomarker index of emotional regulation and stress resilience, with low HRV 

indicative of poorer regulation and resilience (Kim et al., 2018). HRV has been used in a 

variety of populations (healthy and at-risk), and the Polar H10 has yielded an adequate (0.50ï

0.75) to good (0.75ï0.90) relative reliability in South African samples (Speer et al., 2020).  

Procedure 

Data collection took place between September 2020 and April 2022. Following the 

screening phase, selected participants were required to visit the trial site on three occasions. 

Individuals underwent COVID-19 screening and tests upon entry into the facility. 

Visit 1: Screening, Enrolment and Information Session. At visit 1, participants (in 

groups of 15) signed a sample and study consent form (see Appendix M), were given 

information about the study and its requirements, and were encouraged to ask/voice any 

questions/concerns. Each participant was allocated a study code upon enrolment. 

2-week Dietary Stabilization Period. For two weeks before baseline assessments, 

the study requested participants to follow their regular diet with a few dietary restrictions (see 
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Appendix N for the list of restricted foods and beverages provided). Dietary restrictions 

included limiting daily consumption of foods/beverages with a high flavonoid content or total 

antioxidant capacity to 1unit per item to prevent potential confounding effects. Participants 

also needed to detail their daily meals for three non-consecutive days. 

Visit 2: Baseline Data Collection and Allocation. After the 2-week washout period, 

participants returned for baseline data collection and supplied completed COVID-19 forms 

and dietary records. Health measurements (larger studyôs details provided in Appendix O) 

took place first. After being offered a snack, researchers measured participants' HRV and 

cognitive and mood tests/questionnaires were completed in a private room. At the end of the 

session, lasting approximately 2.5 hours, participants were given their R300 reimbursement 

and issued their capsules.  

12-week Intervention Period. During this period, participants were required to take 

their capsules, complete dietary records, and follow the same dietary restrictions as the 2-

week washout phase. 

Visit 3: Follow-up. At the follow-up visit, participants provided the same forms and 

records as visit 2, with the addition of a completed food frequency questionnaire determining 

their total daily flavonoid intake (see Appendix P). The procedure and measurements of visit 

two were replicated during this session. 

Ethical Considerations  

Ethical clearance was granted by CPUT and confirmed by the University of Cape 

Town (see Appendix Q). 

Informed Consent, Anonymity, and Confidentiality. Participants signed a 

document giving informed consent (see Appendix M). This document detailed the voluntary 

nature of participation and that participants were free to withdraw from the study at any time 

without consequences. The aims, procedure, possible risks, and incentives of the study were 

outlined, and participants were given the contact details of the study leader and doctor for any 

questions/concerns. Participants who misunderstood or declined to provide informed consent 

were excluded from participating. Anonymity and confidentiality were maintained as there 

were no direct participant identifiers in the study, and data was stored in a secure facility.  

Risks. This study did not pose any considerable risks. If participants had an adverse 

reaction to the supplementation, they contacted the registered study doctor. During data 

collection visits, participants took breaks if they were fatigued and were referred for further 

neuropsychological tests or to counselling facilities if they exhibited significant cognitive 
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impairments or mood disturbances. The study implemented and adhered to  COVID-19 

health and safety regulations. 

 Benefits. Benefits to participation included undergoing advanced cardiovascular 

screening and being alerted of any detected abnormalities. Moreover, participants were 

involved in making a valuable contribution to science. 

Debriefing. The study informed participants that, following publishing, jargon-free 

summaries would be made available (see Appendix R). 

Data analysis  

Quantitative data, including HRV, cognitive and mood data, was collated and 

imported into an excel database. Blind data analysis took place using the statistical-based 

software "R".  

Variables. The independent variable for cognition and mood was the intervention 

received (placebo, GR, or FR). Highest education level (HLE), sex, age, and risk for 

cardiovascular disease, via Body Max Index (BMI) and cholesterol, were used as controls 

(see Table 4 for dependent variables) 

 

Table 4 

Dependent Variables for Mood and Cognition  

 

Cognition Mood 

Measure  Outcome  Measure Outcome  

D-KEFS Trial Making Test: 

Number-Letter Switching  

Cognitive Flexibility Beck Anxiety 

Inventory- Short Form 

Anxiety 

Rey Auditory Verbal Learning 

Test: Delayed Recall and 

Recognition 

Episodic memory Beck Depression 

Inventory-II  

Depression 

Controlled Oral Word 

Association 

Mental Generativity/ 

Verbal Fluency 

Heart Rate Variability 

 

Emotional 

Regulation & 

Stress resilience  

Digit Span Forwards Attention   
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Digit Span Backwards Working memory   

Note. D-KEFS= Delis Kaplan Executive Function System Trail Making Test 

 

Data Management. Outliers, values above Q3 + 3xIQR or below Q1 ï 3xIQR, were 

removed from specific cognitive or mood measure data (Metcalf & Casey, 2016). When 

appropriate, missing values were replaced using mean value substitution for completeness 

(Kang, 2013). For the categorical control variable of highest education level (HLE), each 

level of education was assigned a numerical value (Primary School = 1; Highschool = 2; 

Undergraduate Degree = 3, and Postgraduate degree = 4). Similarly, males and females were 

assigned to 1 and 2, respectively. 

Descriptive and Inferential Analysis. Descriptive statistics were generated and 

presented in table format. These statistics and general trends and distributions across groups 

were visualized and inspected. ANOVAs assumptions of homogeneity of variance and 

normality were checked using Levine's Tests and Shapiro Wilks Tests and QQ plots of 

residuals, respectively. One-way ANOVAs were conducted to investigate baseline 

differences between the three-intervention group's cognitive and mood scores. 3 x 2 Factorial 

ANOVAs with covariates were then utilized to test the related cognitive and mood hypothesis 

(see Table 1) (Borm et al., 2007). Session time (baseline or follow-up) and group 

(intervention type) were used as the main effects, and an interaction effect of session and 

group was included. The variable of "participant ID" was treated as a random effect to 

account for the idiosyncratic variation due to individual differences (Correll et al., 2021). 

The nature and directionality of differences for significant ANOVA findings were 

assessed using Post-Hoc analyses. These analyses were done using Independent Samples T-

tests or Contrasts with Pairwise Comparisons and Tukey Adjustments, controlling for Type 1 

Errors. Effect sizes for significant findings were explored (Noble, 2009). 

 
Results 

Final Sample Size 

This study's final total sample size consisted of N = 235 unique participants, split into 

three overlapping samples. The cognitive sample included n = 160 participants, while the 

three mood samples, BAI, BDI, and HRV, consisted of n = 200, n = 201, and n = 132, 

respectively. 
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Cognitive data 

Three outliers were identified and removed from both RAVLT recognition and 

delayed recall, while one was removed from DSF. Refer to Table 5 for sample characteristics.  

Table 5  

Cognitive Sample Clinical and Demographic Characteristics  

 

Variable     

GR FR Control Total Sample 

Number of subjects 52 50 58 160 

Age, Mean  SD 

(Range) 

45 10.21 (30-

65) 

49 10.23 (30-

71) 

46 10.6 (30-71) 47 10.42(30-

73) 

Sex, n (%)     

       Females  39(75) 39 (80.77) 40(68.97) 118 (73.75) 

       Males  13(25) 11 (22) 18(31.03) 42 (26.25) 

*HLE, Mean SD 2.4 0.5 2.2 0.74 2.4 0.7 2.34 0.7 

BMI, Mean (range) 31.33 

(18.76 ï 59.31) 

30.27 

(18.02-47.80) 

31.89 

(15.89-51.93) 

31.20 

(15.89 ï 59.31) 

Cholesterol, Mean 

(range) 

5.46(4.16-7.72) 5.49(4.11-7.67) 5.38(3.88-7.73) 5.5(4.11-7.73) 

High, n 0 3 3 6 

Low, n 1 2 3 6 

Note. HLE = Highest education level,  

BMI= Body Max Index.  

*HLE 2= High School  

 

Descriptive statistics. Table 6 depicts descriptive statistics of pre/post-intervention 

cognitive scores across the three treatment groups  

Inferential Statistics. ANOVA's assumption of homogeneity of variance was found 

to be upheld for all cognitive measures: D-KEFS TST (p = .67) and Errors (p = .26); RAVLT 

Recognition (p = .34) and Delayed Recall (p = . 37); COWAT (p = .42); DSF (p = .51); and 

DSB (p = .73) while normality assumptions were violated for all measures (p < .05). 
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Table 6 

Descriptive Statistics for Pre/Post Intervention Cognitive Scores Across Treatment Groups 

Measure GR FR Control 

N Mean SD Min Max N Mean SD Min Max N Mean SD Min Max 

D-KEFS TMT              

   Switch time Baseline 
52 

7.67 4.06 1 14 
50 

6.84 4.37 1 14 
58 

7.12 4.01    1 17 

Follow-up 8.62 3.9 1 14 7.4 4.29 1 14 8.95 3.32 1 12 

  Switch Errors Baseline 
52 

10.15 2.07 6 12 
50 

8.8 3.42 1 12 
58 

8.95 3.32 1 14 

Follow-up 9.63 2.6 1 12 9.74 2.13 3 12 9.5 2.81 1 12 

RAVLT              

Recognition Baseline 
52 

12.33 2.44 7 15 
50 

11.9 2.96 3 15 
55 

12.67 2.74 6 23 

Follow-up 12.58 2.14 4 15 12.06 2.68 5 15 11.53 3.84 0 15 

Delayed Recall Baseline 
52 

9.33 3.55 3 15 
50 

8.4 3.42 2 15 
55 

8.64 3.37 1 15 

Follow-up 8.21 3.53 0 14 7.1 3.47 1 15 7.62 3.43 2 15 

COWAT Baseline 
52 

62.44 15.96 35 113 
50 

58.22 19.08 19 116 
58 

60.39 15.21 20 102 

 Follow-up 57.7 16.54 33 109 55.88 18.76 19 92 57.82 16.47 26 99 

DSF Baseline 
52 

8.42 2.15 5 15 
50 

8.48 1.98 4 14 
57 

8.88 2.07 4 15 

 Follow-up 8.83 2.28 6 16 8.96 2.43 4 15 9.23 2 6 15 

DSB Baseline 
52 

5.31 2.14 2 12 
50 

4.58 2.03 2 10 
58 

4.91 1.82 2 11 

 Follow-up 4.85 2.03 2 11 4.76 1.71 2 10 4.91 2 2 11 

Note. D-KEFS TMT = Delis Kaplan Executive Function System Trail Making Test: Switch time and errors= 

Number-Letter Switching completion time and errors respectively; RAVLT= Ray Auditory Verbal Learning 

Test; COWAT= Controlled Oral Word Association; DSF= Digit Span Forwards; DSB= Digit Span Backwards.  
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This assumption remained violated after data transformation, including scaling and 

log transformations. However, research indicates that ANOVAs are robust and may be viably 

implemented under violated normality assumptions (Keselman et al., 2001).  

Baseline Differences in Cognition. One-way ANOVA results showed no significant 

group differences in baseline scores for D-KEFS TST (F(2, 157) = 0.54, p = .585); RAVLT 

Recognition (F(1, 158) = 0.44, p = .507) and Delayed Recall (F(1, 158) = 1.86, p = .175); 

COWAT (F(2, 157) = 0.81, p = .447) DSF (F(1, 158) = 0.02, p = .886); and DSB (F(2, 157) 

= 1.71, p = .185). However, baseline D-KEFS TSE scores differed significantly (F(2, 157) = 

3.19, p = .044, ɖp2 = 0.04) between intervention groups. These findings indicate that 

cognitive functioning was equivalent across groups at baseline, except for D-KEFS TSE 

scores, measuring cognitive flexibility, for which the GR group had the highest (M = 

10.15, SD = 2.07) and the FR group had the lowest (M = 8.8, SD = 3.42) baseline scores, 

respectively. The difference between baseline error scores suggests that potentially 

significant changes in cognitive flexibility may be due to these differences as opposed to the 

applied intervention.  

The Effects of Rooibos on Cognition. Factorial ANOVA results indicated that the 

main effect of the intervention had no significant impact on cognitive scores (see Appendix S 

for full Type III ANOVA outputs). On the other hand, the main effect of session time 

(baseline or follow-up) was found to be significant for D-KEFS TST (F(2, 157) = 8, p = .005, 

ɖp2 = 0.04); RAVLT delayed recall (F(2, 154) = 36.74, p = .00, ɖp2 = .07); COWAT (F(1, 

157) = 16.91, p = .00, ɖp2 = 0.08); and DSF scores (F(1, 156) = 8.62, p = .004, ɖp2 = 0.02) 

with effect sizes ranging from small to medium.  

Post-Hoc Independent T-Tests results revealed a significant overall increase in D-

KEFS TST scores (t(157) = -2.89, p = .005) and a decrease in COWAT (t(157) = 4.02, p = 

.00) and RAVLT delayed recall (t(154) = 6.06, p < .001) scores from baseline to follow-up. 

memory, and verbal fluency/mental generativity at the follow-up. These results indicate that, 

overall, participants had poorer cognitive flexibility, verbal fluency/ mental generativity, and 

episodic memory at the follow-up. On the other hand, a significant improvement in follow-up 

DSF scores, measuring attention, was found (t(156) = -2.94, p = .003) (see Table T1 for 

significant pre/post intervention descriptive statistics).  

Factorial ANOVA outputs further demonstrated a significant interaction effect of 

session time and intervention on D-KEFS TSE (F(2, 157) = 3.13, p = .046, ɖp2 = 0.03 ) and 

RAVLT recognition scores (F(2, 154) = 3.43, p =. 035, ɖp2 = 0.03). Cell Means Plots (Figure 

2) depicted these interactions as disordinal. 
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Figure 2  

Cell Means Plots for Group X Session D-KEFS Trail Switch Error and RAVLT Recognition  

  

 

 

Figure 2 indicates that the intervention type had different effects on D-KEFS TSE 

scores depending on the time of measurement. Separate simple effects analysis indicated that 

the FR group's error scores increased significantly (t(157) = -2.166, p = .032), and thus, 

cognitive flexibility declined from baseline (M = 8.8, SD = 3.42) to follow-up (M = 

9.74, SD = 2.13). Moreover, findings showed that the control group's episodic memory 

(t(154) = 2.75, p = .007) declined from baseline (M = 12.67, SD = 2.74) to follow-up (M = 

11.53, SD = 3.84). These findings must be interpreted with caution given the disordinal 

nature of the interaction and because of one-way ANOVA results demonstrating the GR 

group lower baseline scores.  

The Effects of Covariates on Cognition. Factorial ANOVAs showed that HLE had a 

significant effect on all cognitive scores: D-KEFS TST (F(3, 150) = 9.49, p = .00, ɖp2 = 

0.13) and error scores (F(3, 150) = 3.61, p = .014, ɖp2 = 0.05); RAVLT recognition (F(3, 

147) = 3.57, p = .016, ɖp2 = 0.05 ) and delayed recall (F(3, 147) = 7.91, p = .00, ɖp2 = 0.12); 

COWAT (F(3, 150) = 16.29, p = .00, ɖp2 = 0.22 ); DSF (F(3, 149) = 13.96, p = .00, ɖp2 = 

0.18) and DSB (F(3, 150) = 7.38, p = .00, ɖp2 = 0.12). The effect sizes for HLE ranged from 

small to medium for all measures, apart from the large effect size found for COWAT and 

DSF. Mean investigation revealed that higher education levels were associated with better 

Note. I Bars are at 95% 

Treatment group 1 = Green Rooibos; Treatment group 2 = Control; Treatment group 3= Fermented 

Rooibos  

S1= Baseline, S2= Follow-up.  
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performance for all cognitive domains measured (see Table T2 for HLE Descriptive 

Statistics).  

The covariate of sex was found to have a significant effect on D-KEFS TST (F(1, 

150) = 36.04, p = .006, ɖp2 = 0.04 ); RAVLT recognition (F(1, 147) = 4.24, p = .04, ɖp2 = 

0.02) and delayed recall (F(1, 147)= 12.52, p = .001, ɖp2 = 0.07 ); and DSB (F(1, 150) = 

3.03, p = .083, ɖp2 = 0.02). Small effect sizes were identified for all cognitive measures 

except for RAVLT Delayed recall, which was medium (ɖp2 = 0.07). One-sided independent 

T-tests demonstrated that females scored higher than males on these cognitive tasks: D-KEFS 

TST (t(142.5)= -3.35, p = .001); RAVLT recognition (t(177.26) = -2.9, p = 0.002) and 

delayed recall (t(212.45) = -5.42, p = .00); and DSB (t(182.85) = -2.32, p = .012) (see Table 

T3 for descriptive statistics of cognitive scores for males and females).  

 Summary of Cognitive Findings. Given that no significant effect of the intervention 

was observed in the factorial ANOVAs, it can be inferred that changes in cognition between 

baseline and follow-up assessments were due to causes unrelated to the intervention type. 

This implies that neither GR nor FR showed a statistically significant ability to improve 

cognitive functioning. 

Mood data  

Three outliers were identified and removed for BDI, and eight outliers for BAI were 

removed. Appendix U captures the demographic and clinical characteristics of each mood 

sub-sample, BAI (n = 192), BDI (n = 198), and HRV (n = 132), across the three intervention 

groups.  

Descriptive Statistics. Table 7 summarises the descriptive statistics for pre/post-

intervention mood scores across the intervention groups.  

Inferential Statistics. As with the cognitive data, ANOVA's assumption of normality 

was violated for all mood measures: BAI (p = .00), BDI (p = .00) and HRV (p = .007) and 

remained violated following data manipulation. However, homogeneity of variance was 

found to be upheld: BAI (p = .430), BDI (p = .392), and HRV (p = .968). Given their 

allowance for violated assumptions of normality, ANOVAs were then conducted (Keselman 

et al., 2001).  

Baseline Differences in Mood. No significant group differences were found in 

baseline scores for BAI (F(1, 190) = 0.84, p = 0.36, ɖp2 = 0.04); BDI (F(1, 195) = 0.05, p = 

.824, ɖp2 = 0.00); and HRV (F(1, 129) = 0.21, p = .812, ɖp2 = 0.00).   

The Effects of Rooibos on Mood. Results demonstrated that differences between the 

three intervention groups' pre/post intervention BAI, BDI, and HRV scores were non-
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significant. This indicated that the type of intervention, FR and/or GR, had no significant 

impact on mood scores. See Appendix V for the full Type III ANOVA outputs for all mood 

measures. The interaction effect of session and intervention was identified as non-significant 

for all mood measures. However, a significant main effect of session for BAI (F(1, 157) = 

10.72, p = .001, ɖp2 = 0.04) and BDI (F(1, 163) = 6.09, p = .0015, ɖp2 = 0.03) was found, 

with small effect sizes.  

Post-Hoc simple effects analyses for the effect of session time revealed that BAI 

(t(157) = 3.28 p = .001) and BDI (t(163) = 2.47, p = .015) scores decreased significantly from 

baseline (BAI: M = 6.81, SD = 7.02, BDI: M = 6.82, SD = 6.45) to follow-up (BAI: M = 

5.28, SD = 6.26, BDI: M = 5.65, SD = 6.36), suggesting lower levels of anxiety and 

depression, respectively.  

The Effects of Covariates on Mood. The covariate sex had a significant effect on BAI 

(F(1,150) = 5.27, p = .023, ɖp2 = 0.02) and BDI scores (F(1,156) = 3.14, p = .078, ɖp2 = 

0.01) with one-sided Independent Samples T-tests demonstrating that females had higher 

levels of anxiety (t(190) = -3.37, p = .00) and depression (t (192) = -2.76, p = .003) than 

males. Moreover, age had a significant effect on all mood measures, including BAI (F(1,150) 

= 13.62, p = .00, ɖp2 = 0.05), BDI (F(1,156) = 11.35, p = .01, ɖp2 = 0.05) and HRV (F(1, 

100) = 4.11, p = .045, ɖp2 = 0.027) scores (see Appendix W for means and SD across sex and 

age groups).  

The cholesterol covariate only had a significant effect on BDI (F(1,156) = 5.08, p = 

.026, ɖp2 = 0.02) with individuals with low cholesterol having higher levels of depression 

(M = 11.82, SD = 12.94) than those with high cholesterol (M = 5.14, SD = 3.78).  

Summary of Mood Findings. Like cognition, although significant pre/post-

intervention changes were found, results indicate that the intervention type did not affect 

these changes. Thus, findings suggested that neither GR nor FR had any effect on mood. 
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Table 7 

Descriptive statistics for pre/post intervention mood scores across the three treatment groups 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: BAI = Beckôs Anxiety Inventory, BDI= Beckôs Depression Inventory, HRV= Heart Rate Variability. 

 

Measure GR FR Control 

  N Mean SD Min Max N Mean SD Min Max N Mean SD Min Max 

BAI  Baseline 65 7.97 7.95 0 29 60 6.87 7.46 0 36 67 5.63 5.38 0 21 

 Follow-

up 

 5.01 6.05 0 29  5.83 6.79 0 31  5.04 6.03 0 30 

BDI Baseline 65 6.94 5.76 0 30 68 6.69 7.64 0 32 61 6.83 6.03 0 28 

 Follow-

up 

 6.42 7.05 0 27  5.94 7.01 0 29  4.69 4.89 0 27 

HRV Baseline 41 53.3 10.9 30 93 39 53.5 10.0 27 72 52 52.3 8.92 30 71 

 Follow-

up 

 52.8 9.12 27 71  51.8 9.51 31 71  52.6 10.03 29 71 
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Discussion 

This study aimed to investigate the effects of 12-weeks consumption of rooibos on 

cognition and mood in a sample of South African adults at risk for CVD. Literature 

demonstrates that rooibos has beneficial antioxidative, anti-inflammatory, and 

neuroprotective properties (Marnewick et al., 2011; Pyrzanowska et al., 2019). Therefore, we 

analysed if and to what degree FR and GR could improve cognitive performance on 

neuropsychological tests and reduce symptoms of anxiety and depression. To the best of our 

knowledge, this study constitutes the first investigation of the effects of rooibos 

supplementation on neuropsychological functioning in a human sample. Results indicated 

that neither GR nor FR supplementation caused post-intervention changes in cognition or 

mood. 

In vivo studies on rooibos have shown that its neuroprotective effects are due to its 

ability to counteract ROS production and reduce levels of proinflammatory cytokines (Hong 

et al., 2014; Waisundara & Hoon, 2015). Previous literature demonstrates that rooibos can 

modulate OS and inflammation associated with impaired cognitive functioning by increasing 

GSH levels and decreasing lipid peroxidation in healthy humans and animals (Hong et al., 

2014; Marnewick et al., 2011; Pyrzanowska et al., 2019). Moreover, research indicates that 

GR has a significantly higher TAC and contains higher Not and Asp levels than FR (Joubert 

& de Beer, 2011). Given these findings, we suspected that cognition would improve in the 

rooibos groups and that GR supplementation would result in more significant cognitive 

improvements. However, our results diverge from the suggestion made by previous studies in 

that no significant changes in cognition attributable to FR or GR occurred. Rooibos is not a 

medication, and aspects of our study design and methodology may account for these null 

findings.  

Prior research provides evidence of a potential mechanistic link between rooibos and 

neuropsychological health via reduced OS and inflammation associated with cognitive 

impairments (Akinrinmade et al., 2017; Tangestani Fard & Stough, 2019). For instance, 

many studies report the beneficial effects of rooibos on lipid peroxidation and GSH levels 

based on pre-clinical models of Alzheimer's disease and neurological injury (Akinrinmade et 

al., 2017; Darvesh et al., 2010) and in samples of individuals with age-related cognitive 

decline (Ajuwon et al., 2015; Joubert & de Beer, 2011; Mahomoodally, 2013). Nevertheless, 

they do not provide direct evidence that rooibos improves cognition per se. We are aware of 

only one study that directly explored cognition in animals, finding that 12 weeks of daily FR 

administration improved spatial memory in rats (Pyrzanowska et al., 2019). In this regard, a 
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direct comparison is impracticable because we did not measure spatial memory. Therefore, 

our null findings may be attributed to this failure to assess spatial memory in conjunction 

with the measures used to evaluate other cognitive domains.  

The cognitive tests used in this study are designed to detect clinically significant 

cognitive declines (Bauer & Malek-Ahmadi, 2021). Therefore, these tools may not have been 

sensitive enough to detect subtle changes in cognition in our neurologically healthy sample. 

The cognitive measures we used are also susceptible to ceiling and floor effects, which may 

have caused an underestimation of the impact of FR or GR on cognitive performance (Scherr 

et al., 2016). Although many studies on other herbal beverages, such as green tea, have 

demonstrated improvements in cognitive functioning using similar test batteries (Cascella et 

al., 2017; Mancini et al., 2017), they were retrospective or longitudinal in design and often 

included samples with mild cognitive impairment. We surmise that the potential cognitive 

benefits of rooibos in humans may only be detectable in response to regular, life-long 

consumption. 

The reported anomalous findings in the cognitive data suggest that some extraneous 

or confounding factors may have been at play in this study. Across all samples, results 

indicated that measurement time significantly impacted all cognitive domains apart from 

working memory. Declines in cognitive performance from baseline to follow-up, except in 

attention, were observed. These changes were not attributable to FR or GR, nor can they be 

attributed to age-related cognitive decline, given the relatively short time between 

assessments. Due to the ongoing COVID-19 pandemic at the time of the trial, we cannot 

exclude the possibility that some participants may have had COVID-19 over the intervention 

period, and as recent research suggests, post-COVID syndrome negatively impacts cognition 

(Evered, 2022; Suárez-González et al., 2021).  

While the sample size may not have been large enough to cancel out most potential 

confounding variables, the finding here that education was associated with better cognitive 

performance indicates that the tests did capture valid variations in neuropsychological 

performance. Consistent with evidence suggesting that the number of years of formal 

education is positively correlated with increased cognitive functioning in adults, this study 

found that higher education levels were associated with better performance on all cognitive 

tasks (Lövdén, et al., 2020). More surprisingly, females performed better on almost all 

cognitive measures, which is unexpected given the notion that there are no sex/gender 

differences in brain anatomy and cognitive functioning (although see Asperholm et al., 2019; 

Jäncke, 2018;). Our finding is likely due to the significantly greater proportion of females as 
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opposed to males in this sub-sample (73% females) and the study's total sample, which 

suggests that sampling may have been a source of error in the analyses. 

This study also assessed the impact of rooibos on mood due to the mechanisms by 

which it can modulate OS, inflammation, glucocorticoid biosynthesis, and cortisol levels 

(Kealy et al., 2020; Strawbridge et al., 2017; Waisundara & Hoon, 2015). Although there is 

little existing data to suggest that rooibos is directly beneficial in treating depression, many of 

the biomarkers underlying CVD and AD overlap with those of depression, anxiety and 

psychological stress (Strawbridge et al., 2017). These biomarkers include the insulin receptor 

signalling pathway, stress-induced HPA-axis alterations, and high levels of circulating 

cortisol (Dröge & Schipper, 2007; Smith & Swart, 2018; Strawbridge et al., 2017). Thus, we 

hypothesised that mood would improve in the rooibos groups and potentially, given that GR 

has a higher TAC than FR, GR would result in more significant mood improvements. 

However, no beneficial effects of rooibos on depression, anxiety, or HRV emerged. 

Regarding depression levels, these findings are somewhat surprising given that 

studies have reported increased striatal dopamine, associated with emotional regulation, 

motivation, and reward systems, in response to long-term FR treatment in rats (Pyrzanowska 

et al., 2019). We suspect that in humans, rooibos-related improvements in depression may 

similarly require long-term administration. Additionally, study designs likely necessitate 

direct observations of antioxidant and neuroinflammatory serum level changes that can be 

linked to shifts in depression. These direct investigations are required given that adverse 

affective outcomes are associated with defective antioxidant defences, which have a bi-

directional relationship with increased OS and inflammation (Anand et al., 2017; Holt et al., 

2013; Maydych, 2019; Smith & Swart, 2018; Zainal & Newman, 2021).   

This study's null finding regarding anxiety and HRV is inconsistent with several pre-

existing studies which suggest that rooibos is anxiolytic. Animal studies have shown that 

rooibos prevents lipid and protein peroxidation in stressed rats by inhibiting enzyme activities 

involved in ROS production and stimulating CAT and SOD expression (Hong et al., 2014; 

Waisundara & Hoon, 2015). There are also reports that rooibos elevates taurine levels, a 

neuroprotective ɓ-amino acid which may modulate chronic stress, in rats (Schaffer & Kim, 

2018; Wu & Prentice, 2010). Similarly, rooibos has been shown to rescue GABA receptor 

signalling and suppress MAO-A in animals, with anxiolytic effects, in zebra fish larvae 

(López et al., 2022).  

We cannot discount the fact that skewed baseline measures of depression and anxiety 

may explain our null findings. Research has consistently shown that CVD and its risk factors, 
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in addition to cognitive impairments, are implicated in increased psychological stress and 

symptoms of depression and anxiety (Hajjar et al., 2018; Holt et al., 2013; Smith & Swart, 

2018; Toledo et al., 2019). While the current sample was at risk for CVD, this study found 

only mild and minimal baseline levels of anxiety and depression. Given the retrospective 

nature of these tests, participants may have struggled to accurately remember their feelings 

over the previous two or three weeks. Moreover, they could have felt uncomfortable sharing 

the potentially sensitive information requested by these questionnaires.  

Self-report measures like the BDI/BAI are also highly vulnerable to social desirability 

bias, in which participants often underreport negative emotional states due to the stigma 

associated with mental health issues (Krumpal, 2013). Cultural and socio-economic factors 

may have further impacted scores in that cultures diverge in the expression of affective 

experience through a somatic versus psychological lens (Lee et al., 2017). We did observe 

some patterns in the mood data consistent with the literature, namely, that females, 

individuals with low cholesterol, and the youngest cohort (ages 30-39) had the highest self-

reported negative affect. However, given our other findings, we suspect that responses to 

items on these measures may not have accurately reflected participants' true feelings, which 

would explain the unexpectedly low levels of anxiety and depression amongst the sample 

population.  

To overcome issues related to self-report measures, HRV was incorporated into the 

design. However, no improvements in HRV were observed between the treatment groups. 

Moreover, as indexed by higher HRV, better psychological resilience was associated with the 

oldest age group in this study. This finding is incongruent with evidence suggesting that HRV 

declines with age (Kumral et al., 2019). Together, these findings from the HRV and mood 

data sets suggest that the current protocol of rooibos supplementation was ineffective in 

modulating emotional states, but whether this was due to the protocol itself or confounds 

related to the sample size and trial compliance remains indeterminate.   

Indeed, several unanticipated confounding variables emerged. For example, although 

FR nor GR improved mood in the sample, results indicated that across all three intervention 

groups, levels of anxiety and depression decreased from baseline to follow-up. Studies have 

consistently shown that high and low-stress levels decrease and increase mood, respectively 

(de Rooij et al., 2010). We suspect that the time of year may have influenced results as 

baseline assessments were conducted at the end of 2021 during COVID-19 restrictions in 

RSA, while follow-up assessments took place at the start of 2022 after the holidays and when 
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COVID-19 restrictions had eased. These unexpected effects compound the issues related to 

sample size and representativeness.  

Limitations and Directions for Future Research 

Aside from problems related to sample size and time of year, the current study was 

limited by certain factors, the first of which pertains to experimental control. Given that the 

12-week intervention period took place outside of a controlled laboratory, there may have 

been multiple extraneous factors contributing to the changes, or lack thereof, observed in 

post-intervention scores. In particular, this study lacked a comprehensive method for 

verifying whether participants were adhering to the required procedure of taking three 

capsules daily. If participants failed to take their capsules in a timely and dedicated manner, 

results might have been affected, and post-intervention changes in cognition and mood may 

have been hindered. Thus, future studies may benefit from weekly compliance checks using 

objective measures such as blood tests.  

Literature suggests that the mechanisms by which rooibos may potentially improve 

mood and cognition involve its reduction of OS and inflammation and modulation of 

glucocorticoid biosynthesis and cortisol levels (Kealy et al., 2020; Strawbridge et al., 2017; 

Waisundara & Hoon, 2015). However, this study did not include or analyse data on FRôs and 

GR's direct effects on participants' serum levels of OS and inflammation or cortisol. Data of 

this nature could provide valuable information about the effects of rooibos and allow for sub-

group analysis of changes in mood and cognition for participants with varying degrees of 

rooibos-related changes in serum levels of OS and inflammation. Thus, future research 

should consider the combined use of neuropsychological cognitive tests, subjective mood 

questionnaires, and biomarkers.  

The process of data capturing revealed a disparity between participants' item 

responses on the BAI and BDI, measuring their levels of anxiety and depression, 

respectively. Multiple participants indicated traumatic experiences such as abuse and 

expressed suicidal ideation. However, high scores for these items existed in isolation, with 

total scores being very low. The quantitative nature of these self-report measures may thus 

have been a limitation of this study. Assessment tools that do not rely on self-reported mood 

are preferable, given their ability to overcome limitations and biases associated with 

introspection. Future studies may benefit from using a mixed methods approach combining 

quantitative data from health measurements and mood questionnaires and qualitative data 

obtained via clinical interviews. This approach may provide a more comprehensive clinical 

picture of participants' emotional states and, thus, enable more accurate results about the 
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effects of rooibos on mood. Concerning the cognitive measures utilised in this study, many 

are designed to detect mild to severe cognitive impairments, which were not a distinctive 

feature in the current sample (Bauer & Malek-Ahmadi, 2021). Therefore, future studies 

conducted in similar sample populations should employ more sensitive measures such as 

reaction times to detect potential changes. 

Although potentially unavoidable, the R300 reimbursement and food offered by this 

study may have been a motivating and, thereby, a confounding factor in the study (Meloy et 

al., 2006). The monetary reward appeared to cause an influx of participants who signed up 

based on this reimbursement without a due understanding of what participation would 

involve. Future studies will have greater success with compliance and participant motivation 

if recruitment methods emphasise what participation will involve prior to communicating 

reimbursement. 

Finally, another limitation of the study linked to sampling pertains to convivence 

sampling. Although enabling access to more participants, this method resulted in an unequal 

proportion of males to females (73.75% females) in overall and sub-samples for cognition 

and mood. This inequality may present a limitation regarding the generalisability of findings, 

as research indicates a systematic sex difference in self-reported bias (Lines et al., 2021; Hunt 

et al., 2003). Therefore, we recommend that future studies include a larger and more 

representative sample to eliminate confounding effects, increase statistical power, and 

provide more ecologically valid results.  

Conclusion 

Literature on rooibosô neuroprotective and stress-reducing effects has been steadily 

growing over the last two decades. However, this research is mainly confined to in vivo and 

animal models. Therefore, this study sought to address the lack of human studies by 

investigating the potential effects of 12-weeks consumption of FR and GR on cognition and 

mood in a sample of South African adults at risk for CVD. As the first placebo-controlled 

trial of its kind, this study contributes to the limited knowledge base on rooibos' 

neuroprotective and therapeutic effects on mood and cognition. Despite the finding that 

rooibos did not result in cognitive or affective improvements in this sample, substantial 

evidence from animal and in vivo studies has demonstrated its modulation of oxidative stress 

and inflammation, implicated in cognitive impairments, increased psychological stress, and 

symptoms of anxiety and depression. Given the biochemical mechanisms by which rooibos 

may improve cognition and mood, future studies on the acute effects of rooibos in human 

participants will require carefully controlled experimental designs that utilise sensitive 
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biophysiological measures that can detect subtle changes in neuropsychological functioning. 
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Appendix B 

Screening Health Questionnaire 
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Appendix C  

Demographic Questionnaire 
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Appendix D 

 Rey Auditory Verbal Learning Test (RAVLT)  Test 
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Appendix E 

Digit Span Forwards & Backwards Administration Procedure  
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Appendix F 

Delis-Kaplan Executive Function System (D-KEFS) Trail Making Test   
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Appendix G 

Delis-Kaplan Executive Function System (D-KEFS) Trail Making Test  ï Condition 

Four: Number-Letter Switching Scoring Procedure   

Table G1  

 

Scaled-Score Equivalents of Raw Scores by Each Age Group: Condition 4- Number-Letter 

Switching Completion Time   

 
 

 

Table G2 

 
Scaled-Score Equivalents of Raw Scores by Each Age Group: Condition 4- Number-Letter 

Switching Total All Errors  

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 


