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Abstract 
Many studies observed that older people are more likely to experience cognitive decline, in contrast to 

younger individuals. This decline in cognitive function often entails worsening of memorization, 

alertness and executive function. The composition of the diet is thought to have a major influence on 

the health of an older individual and may also have an effect on cognitive function. Additionally, as  

the diet is suggested to affect cognitive function, polyphenols could be a suitable ingredient for this 

diet. Polyphenols are bioactive compounds originating from plant-based foods and around the 20th 

century, the research on these polyphenols began to expand. There are several published studies 

suggesting that the supplementation of polyphenols results in cognitive improvements. Flavonoids are 

a subclass of these polyphenols and are found to have beneficial effects on several cognitive functions 

such as attention, psychomotor speed, memory and executive function. These flavonoids can also be 

subdivided into different types. Overall, there are several plant-based food products, including exotic 

fruits, cacao products and berries, found to contain relatively high concentrations of different 

flavonoid types. Therefore, this essay evaluates the effect on cognitive function after the incorporation 

of some specific flavonoids and flavonoid-based foods into the diet. Especially the effects of 

flavonoids found in blueberries, cacao and (citrus) fruits will be evaluated, as recently a lot of research 

has already been conducted on the flavonoid composition of these food products. This Essay aims to 

provide an adequate overview of flavonoid consumption and its effect on cognitive functions (such as 

memory, alertness and executive function) in older adults who are often vulnerable to cognitive 

decline. Additionally, several key brain mechanisms, such as inflammation and blood flow, that are 

influenced by age and flavonoid supplementation, are explained as well. Moreover, the feasibility of 

the consumption of flavonoids will also be taken into account, in order to provide adequate advice for 

older people associated with cognitive decline or even to prevent reductions in cognitive function.  
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Introduction 

 

Probably everyone recognizes the effect of cognitive decline during daily life. For example, a 

grandfather or grandmother who has difficulties remembering things you said the day before. Or even 

an uncle or your parents who are struggling with a difficult task or reacting to the comments and 

remarks you have. Moreover, people at an older age are also more afraid of becoming associated with 

cognitive diseases like dementia (Meyer et al., 2024). Is this fear justified? Yes, unfortunately, this fear 

is justified. Although not everyone, individuals at an older age are more likely to experience cognitive 

decline. More specifically, older adults often show reduced ability to form and recall old memories, 

reduced alertness and weakened executive functioning compared to younger individuals (Lenze et al., 

2022). Several studies are ongoing to investigate cognitive diseases such as Alzheimer's disease and 

dementia (Van Dyck et al., 2023). Therefore, to get a better understanding of the specific cause for 

cognitive decline, shouldn’t we first start by providing an adequate diet for the older individuals 

among us? A study by Tessier et al., (2025) observed that increased intake of plant-based foods such as 

fruits, vegetables, whole grains, nuts and legumes resulted in enhanced healthy aging, compared to a 

diet that includes a lot of trans fats, sodium, sugary beverages and red or processed meats. This healthy 

aging includes improved mental health and maintained cognitive function. Furthermore, according to 

another study, American people aged 65 or older tend to eat more nutritious food on average compared 

to younger individuals. Nevertheless, the dietary quality of the older age group was still below the goal 

for a healthy diet. Moreover, the cohort group aged 65 years or older was also the only group from 

which the Healthy Eating Index, which assesses whether food intake aligns with the dietary guidelines, 

decreased from 1999 to 2016 (Miller et al., 2016). Additionally, statistical analysis revealed that 

among older individuals, 28% of the men and 21% of the women were affected by malnutrition. 

Therefore, the diet, and in particular improving the quality of the restricted diet among older 

individuals, might be a good target for improving or recovering cognitive function in older adults 

(Yannakoulia et al., 2018).  

 

In relation to the effects of food on healthy ageing, 

considerable research has been conducted since the end of 

the 20th century. It is ongoing regarding the biological 

impact of polyphenols on human health (de Pascual-Teresa 

et al., 2017). Polyphenols are bioactive compounds found 

in plant-based foods. The molecules of these bioactive 

compounds are characterized by at least two phenyl rings, 

including one or multiple hydroxyl substituents. 

Polyphenols can be classified into flavonoids or non-

flavonoid subgroups. Flavonoid types are based on 

oxidation state and the pattern of hydroxylation, 

contributing to different types of flavonoids: flavanals, 

anthocyanidins, anthocyanins, isoflavones, flavones, 

flavanols, flavanones and flavanonols. Some of these 

flavonoids are illustrated in Figure 1. The activity of these 

polyphenols in the brain depends on their availability in tissues and ability to cross the blood-brain 

barrier (Grabska et al., 2023). Several studies have already shown that specifically flavonoids induce 

multiple beneficial effects on human cognitive function (Faysal t al., 2025). Additionally, at a cellular 

level, some flavonoids can enhance antioxidative defense, inhibit pro-inflammatory cytokine 

production and promote cell life duration by enhanced repair mechanisms. Other interesting findings 

Figure 1: basic molecular skeleton structure of some common 
flavonoids and their subclasses. 
(Panche et al., 2016) 
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include the stimulation of injury healing, reducing lesion size and stimulating synaptic plasticity and 

neurogenesis (Faysal et al, 2025). Flavonoids can be found in multiple food products. Some examples 

of foods containing high concentrations of specific flavonoids are wild blueberries, citrus fruits, cacao 

products and some tea types (Wood et al., 2023)(Saini et al., 2022)(Bloomfield et al., 2023)(Willem et 

al., 2018). Research by Wood et al., (2023) has already shown that wild blueberry extract, containing 

relatively high concentrations of anthocyanins(flavonoids), can affect cognitive function upon 

supplementation. The same holds for several kinds of fruits, which have been found to induce a 

beneficial effect on memorization (Krikorian et al., 2010). Additionally, a study by Fanelli et al., 

(2024) suggests that flavonoids can be positively associated with cognitive abilities as well, including 

executive function. Furthermore, research conducted by McCabe et al., (2010) indicated that there is a 

strong relation between memory and executive function. This relation is also apparent in 

neurodegenerative diseases. For instance, cognitive diseases like Alzheimer’s are marked by both a 

decline in memory and executive function (Kirova et al., 2015).  

 

In general, several studies have shown that cognitive function declines with age, including memory 

and executive functioning. Also, there seems to be a correlation between these cognitive functions. As 

flavonoids are found to improve cognitive functioning, a current overview of the known effects of 

specific flavonoids on these cognitive functions would be compelling. Therefore, this Essay aims to 

provide an overview with examples of the most recent knowledge of foods containing flavonoids and 

the effects of these specific flavonoids on cognitive functions such as memory, alertness and executive 

function by supplementation. Overall, this article will mostly focus on older adults, as with age, the 

probability of cognitive decline increases. In addition to the effect on cognitive functions, the effect of 

flavonoids on underlying brain processes, such as blood flow and inflammation, will be described as 

well. Furthermore, it will be evaluated whether or what kind of flavonoids or flavonoid-based food 

products should be advised to older adults, to maintain or recover their cognitive function.  

 

 

 

Effect of ‘normal’ ageing on brain mechanisms 
 

Cognitive function 

Normal ageing is associated with a decline in cognitive functions such as memory, attention, executive 

functioning, and processing speed. In this case, the term ‘normal ageing’ describes the ageing of the 

brain without accompanying neurodegenerative diseases. For instance, individuals suffering from 

neurodegenerative diseases like dementia are associated with a similar decline in the mentioned 

cognitive functions with ageing. However, in this case, the decline is associated with a more severe 

loss of cognitive function, in contrast to normal ageing (An et al., 2018). According to a large-scale 

study by An et al., (2018), which investigated the effect of ageing on cognitive function in Chinese 

males and females who were not affected by cognitive disorders, no rapid change in MMSE (Mini-

Mental State Examination) score among both males and females until the age of 70 years was found. 

These results also correlate with a study conducted in the Netherlands. As there is no rapid change 

observed in cognition before the age of 70, it was suggested that global cognition remains relatively 

stable during the period before 70 years of age. Although there is often no rapid or strong decline in 

cognitive function until the age of 70, in general, the ability of the brain to perform complicated 

cognitive functions still decreases at a slow pace (and sometimes at a fast pace) during life. Some 

examples of cognitive functions that are generally declining during early adulthood are processing 

speed, reasoning and memory. Nevertheless, other less complex cognitive functions as vocabulary, 
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remain at the same level throughout almost your entire life. Despite the decline in complex functions 

during early adulthood is often not very significant, this decline can already influence an individual’s 

daily activities and quality of life (Corley et al., 2023). Therefore, preventing this decline in cognitive 

function is essential to reduce the risk of neurodegenerative diseases.  

 

Common characteristics of brain ageing on a cellular level 

Additionally, normal brain ageing affects brain mechanisms at the cellular level, as well as ultimate 

cognitive functions. Along with ageing, molecular and cellular damage will accumulate in the brain 

and affect its functioning. In general, 12 hallmarks are common in normal ageing, including genomic 

instability, telomere attrition, epigenetic alterations, loss of proteostasis, defective macroautophagy, 

deregulated nutrient sensing, mitochondrial dysfunction, cellular senescence, stem cell exhaustion, 

altered intercellular communication, chronic inflammation, and dysbiosis (Gaspar-Silva et al., 2023). 

Eventually, neuronal cell degeneration leads to a decline in brain volume. Moreover, the mentioned 

hallmarks are closely related to inflammation. As an example, cellular senescence induces 

inflammation and the other way around, ultimately leading to a vicious cycle. Also, disabled 

macrophage function contributes to immunosenescence due to the increased inability to remove 

senescent cells from brain tissue (Li et al., 2023).  

 

Protein aggregation 

A common example of processes that cause neuronal cell damage during life is protein aggregation, 

like Tau hyperphosphorylation. In general, tau phosphorylation is useful in supporting microtubules in 

the brain by binding to these organelles. However, hyperphosphorylation causes the detachment of 

these tau proteins from microtubules, resulting in loose tau proteins in the environment of the neuronal 

cell. These loose tau proteins can cluster together and form protein aggregations, which can suppress 

and choke a neuronal cell in the case of high abundance of protein aggregations. Also, the detachment 

of these tau proteins from the microtubules leads to reduced or impaired axon functioning and 

transport of nutrients. Besides, the abundance of tau aggregates can reduce the synaptic connectivity 

and negatively affect neuronal signaling, which is important for several cognitive functions (Iqbal et 

al., 2009).  

 

Blood perfusion 

Furthermore, alterations in blood perfusion in the brain are also associated with ageing. Blood 

perfusion entails the delivery of fresh blood to the capillaries in the brain tissue. However, there are 

several contradicting studies suggesting that, along with ageing, perfusion in some brain regions 

decreases, while other studies observed an increase in perfusion with age. Therefore, a study by Hu et 

al., (2025) used for the first time both volumetric (entire brain volume is analyzed, e.g., amount of 

regional perfusion) and surface-based (analyzing the cortical surface, e.g. amount of gyrification ) 

analyses with the correction of non-partial volume effect(PVE) with ASL-MRI perfusion to investigate 

the effect of age on brain perfusion. With this method, the change in regional brain perfusion is 

measured in combination with a possible correction by the ratio between blood flow and tissue 

abundance (e.g., a decrease in grey matter automatically leads to an increase in relative blood volume 

for that area). This study found that age causes a decrease in perfusion in the grey matter of the brain 

and a slight decrease in cerebral blood flow (CBF). However, this decrease in CBF was not significant. 

Eventually, the most relevant result from this study, even after correcting with PVE, was that the 

changes in perfusion induced by age are, in general, considered to be regional. This suggests that there 

is neither an overall increase nor a decrease in brain perfusion with ageing. Overall, there are 

counteracting studies about the effects of cerebral blood flow and perfusion on cognitive functions. A 
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small-scale study by Hua et al., (2019) found that, overall, individuals with mild cognitive impairment 

were associated with increased cerebral blood volume(CBV) compared to controls. This study also 

indicates that increased CBV might be a marker of long-term effects or region-specific pathology 

associated with Aβ(Beta amyloid) deposition, which is a biomarker for Alzheimer’s disease (Anand et 

al., 2024). On the other hand, a large-scale study by Leeuwis et al., (2018), including South Asian, 

European and African Caribbean individuals, found an overall positive relation between cerebral blood 

flow and the performance on executive function and attention. In contrast to the other nationality 

groups, the European group also showed a positive relation between cerebral blood flow and 

memorization. Additionally, large-scale research by Moonen et al., (2021) found similar effects along 

with increased CBF, including improved cognitive scores in verbal memory, working memory, and 

psychomotor speed and reduced chances of mild cognitive impairment or dementia. Moreover, the 

study by Moonen et al., (2021) indicated that low cerebral blood flow is a consistent marker for 

cognitive decline and cognitive diseases like dementia as well, and lower late-life cerebral blood flow 

is even strongly associated with increased mortality risk. Ultimately, the contradictory studies on the 

effect of cerebral blood flow on cognitive function, in combination with the regional changes in blood 

flow/perfusion with age, could mean that an increase in blood flow/perfusion in some brain areas 

induces a positive effect, and in additional areas, there might be no effect or even a negative outcome 

for specific cognitive functions. Therefore, further studies should focus more specifically on 

flavonoids affecting regional brain perfusion and the eventual cognitive effects.  

 

 

 

Several food components that include specific flavonoids   
 

There are various food components containing flavonoids. However, the type and concentrations of 

flavonoids in these food components vary. One food component that contains high concentrations of 

flavonoids is wild blueberries. These berries are found to contain specific flavonoids, particularly 

anthocyanins (Wood et al., 2023). Additionally, tart cherries are also among the foods that contain high 

concentrations of anthocyanins (Brunetti et al., 2023). Moreover, concord grape fruit contains high 

concentrations of flavonoids, with almost half of these being anthocyanins. Research found that from 

these anthocyanins, delphinidin-3-O-glucoside and cyanidin-3-O-glucoside are the major ones. About 

10% of the total polyphenol amount found was identified as procyanidins and about 29% of the total 

polyphenol amount consisted of other polyphenols than flavonoids (Stalmach et al., 2011).   

 

Another food type that contains high concentrations of specific flavonoids is citrus fruit. These fruits 

typically contain polymethoxylated flavones (PMFs), which are a subgroup of flavonoids, including 

flavones. These PMFs include nobiletin, tangeritin and 5-demethyl nobiletin (Saini et al., 2022). 

Nobiletin is also found in citrus fruits such as the ponkan mandarin orange (Hashimoto et al., 2022). 

And just like Nobiletin, tageritin could also be found in several other citrus fruits (Wani et al., 2024). 

Moreover, Moro orange, another citrus fruit, is rich in anthocyanins. This type of orange is a cultivar 

of red orange, meaning it is cultivated and bred by humans(Cardile et al., 2015). Additionally, the 

original fresh-squeezed orange juice also contains a high concentration of flavanones, including 

Hesperidin(the major one) and, to a lesser extent, narirutin and didymin (Vanamala et al., 2006).   

 

Furthermore, a different food type than mentioned before, Cacao products, are found to contain high 

concentrations of cocoa flavanols. The cocoa flavanols come from the Theobroma cacao bean. 

(Bloomfield et al., 2023; Palma-Morales et al., 2023). The most abundant flavanols found in cocoa are 
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epicatechin, catechin and procyanidins. Epicatechin is the most abundant flavanol; this flavanol can be 

rapidly absorbed and can cross the blood-brain barrier very easily (Katz et al., 2011; Baker et al., 

2023). In addition to cacao products, tea, wine, apples, pomegranates and berries also contain 

epicatechin, catechin and procyanidins (Ottaviani et al., 2012). An example of tea containing catechins 

is matcha green tea drinks(Willem et al., 2018). Matcha is a finely ground green tea from Japan. 

Unlike other tea types, for the preparation of matcha green tea, the whole leaf is used in powder form.  

 

To summarize, there are many examples of plant-based food products containing high concentrations 

of specific flavonoids. Blueberries, tart cherries and concord grapes contain high concentrations of 

anthocyanins. Additionally, citrus fruits such as ponkan mandarin, moro orange, and freshly squeezed 

orange juice contain flavanones like nobiletin, as well as hesperidin and anthocyanins. Moreover, 

cocoa products also contain many flavonoids, some of which are also found in foods such as matcha 

green tea, apples, and wine.  

 

 

 

Altered brain mechanisms induced by flavonoids 
 

As the process of normal ageing affects several brain mechanisms at a cellular level, it is also relevant 

to evaluate the influence of some specific flavonoids on these mechanisms. Therefore, in this section, 

the supplementary effect of several flavonoids, such as cocoa, anthocyanins and other flavonoids or 

flavonoid-containing foods in several crucial brain mechanisms will be described. These mechanisms 

include blood flow, inflammation/oxidative stress and neurotransmission.  

 

Blood flow/perfusion 

Research by Bloomfield et al., (2023) found that flavonoid-rich cocoa supplementation could provide 

a neuroprotective effect in the brain during oxygen deprivation (severe hypoxia). The potential 

mechanism for this protective effect, suggested by this study, is that cocoa flavanols increase the 

availability of nitric oxide(NO). NO production is reduced by hypoxia, and epicatechin, a cocoa 

flavanol, can improve endothelial NO species (NOS) by scavenging NOS and enhancing endothelial 

function. Although these findings have not been investigated in humans, in theory, epicatechin can 

cross the blood-brain barrier, act at the endothelial level, and eventually, on neuronal NOS. 

Furthermore, flavonoid-rich cocoa was also found to enhance cerebral blood volume and tissue 

oxygenation. Additionally, research by Gratton et al., (2020) showed that cocoa flavanol 

supplementation resulted in more efficient tissue oxygenation in the frontal areas of the brain during 

induced hypocapnia (deficient CO2 concentrations in the blood), which overlaps with the findings 

from Bloomfield et al., (2023). The improved efficiency in coupling between hypercapnia and 

vasodilation observed is a consequence of stronger and faster tissue oxygenation. These phenomena 

indicate acute improvements in cerebrovascular reactivity in the frontal cortex. Moreover, this study 

suggested that flavanols might increase levels of NO, as shown in peripheral endothelial function, and 

thereby positively affect cerebrovascular reactivity. However, as mentioned before, increased blood 

flow or perfusion might not be beneficial for every brain region. Thus, further studies should examine 

whether increased flow and perfusion benefit the brain and what concentrations of epicatechin could 

improve cognitive functioning. 
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In addition to the effects of cocoa flavanols on blood flow, a study by Wood et al., (2023) did not find 

an effect of blueberry supplementation, containing high concentrations of anthocyanins, on cerebral 

blood flow or perfusion. This overlaps with a study conducted by Woolf et al., (2023 ), who did not 

find a change in NO metabolites with the consumption of blueberries. Nevertheless, the study by 

Wood et al., (2023) did find an improvement in endothelial function, based on flow-mediated dilation, 

after blueberry supplementation. On top of that, research by Lamport et al., (2016) found that the 

consumption of flavonoid-rich citrus fruits enhances blood flow to the brain in healthy young adults, 

which was observed with cocoa supplementation as well. This result was obtained by measuring an 

increase in regional perfusion in the inferior and middle right frontal gyrus.  

 

Inflammation and oxidative stress 

In addition to the effects of flavonoids on blood flow to and perfusion in the brain, several findings 

have been reported regarding the effects of flavonoids and flavonoid-containing foods on 

inflammation and oxidative stress. A study by Nair et al. (2014) involving individuals with metabolic 

syndrome found that blueberry supplementation resulted in decreased superoxide and total reactive 

oxygen species. Also, an increased number of myeloid dendritic cells was observed. Further, monocyte 

gene expression of TNFα, IL-6, TLR4 and serum GMCSF(which supports the production of white 

blood cells) was reduced. These findings indicate that monocyte expression and whole blood oxidative 

stress can be reduced by the consumption of blueberries. A study by Thorén et al., (2007) found that 

myeloid dendritic cells can play a protective role during oxidative stress by neutralizing extracellular 

oxygen radicals. Additionally, a study by Woolf et al. (2023) also found a reduction in oxidative stress 

with the supplementation of blueberries. At least partly, the reduction of oxidative stress was related to 

improved endothelial function. This study also observed an increase in flavonoid metabolites, which 

indicates the use of these flavonoids in metabolic pathways. Furthermore, research by Rowe et al., 

(2011) observed that the consumption of Concord grape juice was related to an increase in the number 

of circulating γδ T cells. The γδ T cells are a subset of T-cells and are associated with both effector and 

regulatory functions in the immune system. Additionally, other studies found a positive relation 

between the concentration of brain-derived neurotrophic factor (BDNF) and the daily supplementation 

with high amounts of cocoa flavanols, in contrast to supplementation with low flavanol amounts. 

Moreover, the supplementation of Perilla seed oil in combination with Ponkan powder increased 

BDNF levels as well. BDNFs are negatively correlated with inflammation, as they can reduce the 

release of inflammatory cytokines, induce neuronal communication and neuronal plasticity 

(Nehatdoust et al., 2016; Hashimoto et al., 2022). 

 

Protein aggregation 

The reason for mentioning the effect of flavonoids or flavonoid-containing foods on inflammatory 

responses and oxidative stress is that these phenomena are both consequences and causes of 

neurodegeneration (Zhang et al., 2023). For instance, protein aggregates, which are very common 

during neurodegeneration, can induce inflammation. On the other hand, chronic inflammation and 

oxidative stress could also enhance protein aggregation, leading to eventual enhanced inflammation by 

those protein aggregates. Currently, several studies have indicated that flavonoids could also directly 

affect the formation of protein aggregates. For example, a study conducted by Li et al., (2017) 

demonstrated that cyanidin-3-O-glucoside (C3G) and malvidin 3-O-glucoside (M3G), both 

anthocyanins, could inhibit the hyperphosphorylation of tau proteins in Alzheimer’s disease 

(Boespflug et al., 2018). Additionally, a study by Shengkai et al., (2022) found that supplementation of 

flavonoids from the stem and leaves of Scutellaria Baicalensis Georgi, a herb plant, led to reduced 

expression of several tau proteins in rats. This inhibition of tau proteins was associated with 
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neuroprotection and improvements in memory. Finally, according to a study by Zapletic et al., (2019) 

quercetin can clear Aβ aggregates and also hamper paralysis via the activation of macroautophagy. 

Macroautophagy is the process of removing damaged organelles, proteins, or other components from a 

cell via double-membraned vesicles, which are eventually eliminated with the help of lysosomes.  

Overall, A large number of signaling pathways and cells originating from the central nervous system 

are thought to be involved in affecting inflammation. However, many of them are still not well 

understood. Currently, blocking or inducing inflammatory signaling pathways is thought to be the 

most promising strategy for treating neurodegenerative diseases. Therefore, flavonoid supplementation 

might be a potential treatment for preventing this inflammation-induced damage.  

 

Neurotransmission 

For the performance of neuronal cell communication, neurotransmitters are essential for delivering 

‘messages’ to other neuronal cells. A study by Duan et al., (2025) showed that the simultaneous 

consumption of Phosphatidylserine(flavonoid) and a-linolenic acid by 190 mild cognitive 

impaired(MCI) patients in China led to increased levels of acetylcholine (ACh), GABA and serotonin. 

Additionally, a study by Orhan et al., (2007) found that quercetin(flavonoid) can inhibit 

Acetylcholinesterase(AChE) by about 76.2 %. AChE is responsible for the rapid breakdown of ACh in 

neuronal and muscle cells. ACh is an important neuromodulator, meaning that it is not necessarily an 

excitatory or inhibitory neurotransmitter. In the brain, ACh can change the excitability of neurons, 

presynaptic release of other neurotransmitters in the brain, and coordinate the different signal-firing 

groups of neurons (Picciotto et al., 2012). One of the causes of Alzheimer’s disease is a reduced 

cholinergic transmission to brain regions like the entorhinal cortex, crucial for memory and spatial 

recognition, and the hippocampus. An induced supply of ACh could partly resolve this problem 

(Brown et al., 2021). Additionally, according to a study from Meltzer et al., (1998 ), there is increasing 

evidence that a combination of disturbances in cholinergic and serotonergic functions could be partly 

responsible for the cognitive impairment in Alzheimer’s disease. Furthermore, according to another 

study, GABA spinal fluid levels are also significantly reduced in people associated with Alzheimer’s 

disease, and analysis on cortical tissues showed reduced GABA concentrations and reduced activity of 

the GABA-synthesizing enzyme (Mohr et al., 1986). GABA is crucial for the regulation of neuronal 

excitability. According to these findings, the supplementation of the flavonoid Phosphatidylserine 

together with a-linoleic acid could help reduce cognitive impairments in people who are associated 

with dementia and Alzheimer’s disease, and also mild cognitive decline. This also accounts for 

quercetin, a promising flavonoid for protecting neurotransmission in the brain.  

 

In summary, the consumption of some specific flavonoids can have a beneficial effect on cerebral 

blood flow and perfusion. These are interesting findings, as reduced blood flow in the brain is a 

marker for cognitive decline. Nevertheless, excessive blood flow and perfusion need to be prevented, 

as this could negatively affect cognitive function as well. Moreover, there are also several examples of 

flavonoids that attenuate or prevent inflammation and oxidative stress by inhibiting the release of 

inflammatory cytokines and inducing the release of BDNF. Furthermore, several flavonoids have been 

found to promote the levels of neurotransmitters and prevent the degradation of neurons or neuronal 

networking, leading to the maintenance of neuronal cell communication.   
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Flavonoids affecting memory 
 

Blueberries 

A study by Wood et al., (2023) involving older individuals, aged 65 to 80 years, demonstrated that 

wild blueberry extract, containing anthocyanins, enhanced episodic memory processes. The episodic 

memory can be explained by an individual's personal diary, in which past events, from several years 

ago to a few days ago, can be described in great detail. In this study, the episodic memory of the older 

individuals was examined by recalling words from a list during the experiment. Another study by 

Krikorian et al., (2010) found that supplementation with wild blueberry juice for 12 weeks also 

improved memory function in older individuals associated with early memory decline. However, the 

sample size of this study was relatively small. Furthermore, in research that has been done on older 

adults with mild cognitive impairment, it has been shown that 16 weeks of blueberry supplementation 

induced Blood-Oxygen-Level-Dependent signal (BOLD)activation in several brain regions. BOLD is 

used to measure neural activity. This neuronal activity was found in the pre-central gyrus, left-middle 

frontal gyrus and left inferior parietal lobe during working memory conditions. Nevertheless, there 

was no obvious correlation between the performance of working memory-related tasks and blueberry 

consumption (Boespflug et al., 2018). An explanation might be that the effects on the working 

memory-related tasks would become visible after a longer period of intervention only.  

 

Concord grape 

Another example of anthocyanin-containing foods that affect memory is concord grape juice. Research 

conducted by Krikorian et al., (2010) found that concord grape juice could improve non-verbal 

learning and they also observed a non-significant enhancement of verbal and spatial recall. This study 

was performed on 12 older adults with memory decline, however not affected by dementia. Concord 

grape juice consist high concentrations of polyphenols, and especially flavonoids like anthocyanins 

(Blumberg et al., 2015). Additionally, a more recent study from Coelho et al., (2021) did not find 

cognitive improvements in alertness, energy and strength by concord grape juice consumption in 

adults associated with excessive body weight. There was no correlation between the concentration and 

absolute amount of total polyphenols, compared to the outcomes of the cognitive tests. Nevertheless, it 

needs to be indicated that the concentrations of polyphenolic compounds in the other test meals of this 

study were not investigated. In case these meals were composed of flavonoids as well, this may also 

be a reason why there are no significant results for cognitive function observed.  

 

Cocoa  

Additionally, a study by Akyürek et al., (2024) with younger adults investigated the effect of cocoa 

flavanols on cognitive function. They did not find an effect of cocoa flavanol supplementation on 

attention and working memory specifically. Moreover, a similar study with young adults did not show 

an effect of cocoa flavanols on the visual working memory (Altınok et al., 2022). However, research 

by Field et al., (2011), examining the acute effects of cocoa flavanol supplementation in young adults, 

did find an improvement in spatial memory. Nevertheless, a main point of criticism in this research is 

that the participants knew what type of chocolate (dark or white) they were eating, potentially leading 

to a placebo effect. On the other hand, in contrast to the research conducted among younger 

individuals, research with older individuals, who are often associated and vulnerable to cognitive 

decline, showed a positive effect on verbal fluency tests along with the consumption of cocoa 

flavanols. Verbal fluency is highly correlated with working- and episodic memory (Mastroiacova et 

al., 2015). Additionally, another large-scale study with older individuals, performed by Brickman et 

al., (2023),  found a positive correlation between dietary cocoa flavanol consumption and 
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hippocampal-dependent memory. Therefore, cocoa flavanols may have a stronger observable effect on 

memory among older individuals.  

 

Various 

Further, catechin-rich oil palm leaf extract supplementation, from which catechin is known to be a 

cocoa flavanol, showed enhancing effects on short-term memory as well. Also, spatial visualization 

and processing speed were improved. The period of catechin-rich oil palm leaf extract consumption 

was positively associated with short-term memory, spatial visualization and processing speed 

(Mohammed et al., 2013). Another example of a catechin-containing product affecting human memory 

is matcha green tea. Research by Dietz et al., (2017) showed that consumption of matcha green tea 

slightly improves secondary episodic memory. Moreover, a study by Sakurai et al., (2020 ) showed 

that matcha green tea consumption by older women resulted in cognitive improvements as well. The 

improvements included memory, language, and attention. These findings of beneficial effects on 

memory also correlate with research that found cognitive improvements in working memory among 

elderly women (Liu et al., 2018). Nevertheless, among younger women, no effect on cognitive 

function was found.  

 

 

 

Flavonoids affecting alertness 
 

Blueberries 

In the previous section, the effects of some specific flavonoids on memory were described. In the next 

part, the cognitive effects of specific flavonoids on alertness will be explained. A study by Cheng et 

al., (2024) about wild blueberry extract affecting cognitive function in healthy older adults found a 

reduction in reaction time of the participants during executive function-related tasks, suggesting an 

improvement in both executive functioning and possibly alertness as well. Additionally, a study by 

Barfoot et al., (2019) also found an improvement in alertness, based on reaction time, after blueberry 

consumption by healthy children. On the other hand, a study by Curtis et al., (2024) found no effect of 

freeze-dried blueberry powder on alertness and other examined cognitive functions, such as executive 

function and memory. These results were remarkable as previous studies performed by the same 

researchers had found significant effects on cognitive functions like alertness. However, the 

contradictory outcomes of these studies could be explained by the age of the participants. The current 

study was performed on individuals with an average age of 63 years old. In the other study, where the 

highest cognitive benefits were observed, the participants were around 75-80 years old. Therefore, 

these findings indicate that age could be an influencing factor for observing a cognitive effect from the 

consumption of these blueberries. Furthermore, another study by Watson et al., (2019 ) examined the 

acute effect of anthocyanin-rich blackcurrant juice on cognitive function in young healthy adults. It 

was found that alertness was improved and fatigue was reduced upon the supplementation of the 

blackcurrant juice.  

 

Cocoa and Matcha tea 

Another example of flavonoid-based foods that could affect alertness is matcha green tea. A study by 

Dietz et al., (2017) found that the consumption of matcha green tea, containing high concentrations of 

epigallocatechin flavonoids, significantly improves attention and psychomotor speed. On the other 

hand, research by Karabay et al., (2018 ) found that the consumption of cocoa flavanols, containing 

epicatechins as well as matcha green tea, does not affect short-term attention and integration. 
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However, reaction time was decreased in a visual search task with a medium effect size, and without 

losing accuracy. This suggests that cocoa flavanol consumption enhances search efficiency. 

Additionally, another research on healthy young adults examining the acute effects of cocoa flavanols 

on cognitive control and response inhibition did not find a clear effect. Specifically, the accuracy, 

frequency of errors and response inhibition were not affected by cocoa flavanol consumption (Altinok 

et al., 2025). These results overlap with the study from Karabay et al., (2018).  

 

Citrus 

Furthermore, research by Alharbi et al., (2016) described, based on previous research, that flavonoid-

rich citrus fruits could have a beneficial effect on cognition. Therefore, they conducted a clinical trial 

with adult males who consumed a flavonoid-rich orange juice (272 mg of flavonoids). They found that 

the group that consumed flavonoid-rich orange juice were associated with increased attention, 

compared to the placebo group. Additionally, a later decline in attention within the placebo group was 

attenuated for the individuals who consumed the orange juice. It needs to be indicated that not every 

individual experienced a beneficial effect in all cognitive tests. However, the majority of the 

participants were observed to have an overall improvement in cognitive function. An interesting 

finding by the study of Alharbi et al., (2016) is that cognitive benefits from flavonoid-rich orange juice 

can be detected already within 6 hours after consumption.  

 

 

 

Flavonoids affecting executive function 
 

Blueberries 

In addition to alertness, in this section, the effects of some specific flavonoids on executive function 

will be described. Executive function is an overall term for high-cognitive functions such as cognitive 

flexibility, working memory, inhibitory control, planning, reasoning and problem solving (Cristofori et 

al., 2019). Therefore, the cognitive functions of memory and alertness, as discussed before, overlap 

with executive functioning and are needed for a sufficient cognitive performance. Moreover, many 

studies investigating the effect of flavonoids on executive function often include the effect on alertness 

or attention as well. According to a study by Wood et al., (2023), including older adults who were at 

risk for cognitive decline, an enhancing effect in executive function was observed upon the 

consumption of wild blueberry extract. This was observed by the improved results in a switching 

accuracy test. These findings of cognitive improvements in executive function correlate with the 

results from a study by Whyte et al., (2017), including children. In this study, a significant decrease in 

reaction time during a task related to executive functioning was found. The reaction time is seen as a 

parameter for executive function, but also alertness. Another study found that altered plasma 

concentrations of anthocyanins, which are found in blueberries, and phenolic acids were correlated 

with cognitive function. The change (0-90 days) in plasma concentration of one anthocyanin 

(malvidin-3-O-galactoside) was correlated with the change in switch error on the task-switching test 

(TST), used to examine the executive function of the individuals. Individuals with greater 

improvement on the TST had smaller increases in plasma concentrations of malvidin-3-O-galactoside, 

which could be due to the increased uptake by the cortex tissue (Rutledge et al., 2021). A previous 

study with rats did show that this type of anthocyanin was most abundant in the cortex. Additionally, a 

positive relation was found between malvidin-3-0-galactoside concentrations in the cortex and the 

performance of the Morris water maze experiment (Rutledge et al 2021).  
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Cocoa 

In addition to the effects of anthocyanin-containing foods on executive function, cocoa flavanols are 

also found to induce an effect related to executive performance. A small-scale study with healthy male 

adults by Decroix et al., (2016) found no effect of acute cocoa flavanol supplementation on executive 

function. Additionally, no effects on attention and episodic memory were observed. Nevertheless, 

according to their findings, this research still suggests that supplementation with cocoa extract could 

have beneficial effects on executive function/attention for people with poor habitual diet quality. 

Another study by Tsukamoto et al., (2025) with healthy male adults, in contrast to the other study, 

found a positive effect in decision making and the inhibitory process of executive function. This 

inhibitory process is crucial for preventing frequencies of impulsive responses, distractions and 

automatic responses like emotion. Moreover, a study by Neshatdoust et al., (2016) also observed an 

improvement in overall executive function after daily supplementation with high amounts of cocoa 

flavanols, in contrast to supplementation with low amounts of flavanols. On top of that, additional 

research found improvements in alertness and executive function for healthy older adults after daily 

cocoa flavanol consumption as well (Garciá-cordero et al., 2021; Vazour et al., 2023). 

 

Various 

Finally, the study by Alharbi et al., (2016),  mentioned before, demonstrates that the performance of 

executive tests and psychomotor responses was significantly improved by the consumption of 

flavonoid-rich orange juice, compared to the placebo group. This correlates with a study by Kean et 

al., (2015) on healthy older adults, which also observed improvements in executive function. 

Nevertheless, this improvement was (just not quite) not considered significant. Another study by 

Lamport et al., (2016 ) observed that daily consumption of a juice made from concord grape fruit 

(containing high levels of flavonoids) by healthy mothers also improves executive functioning. An 

interesting finding by this study was that the washout of flavonoids from the diet for several weeks did 

not directly result in the loss of improvements in cognitive function. Furthermore, the supplementation 

of tropical nobiletin-rich ponkan mandarin powder in combination with Perilla seed oil was found to 

improve executive functioning as well (Hashimoto et al., 2022).  
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Table 1: several food products, including the major type of flavonoids they contain, and their effect on 

brain mechanisms and cognitive function. This table provides an overview of food products that contain, in 

general, high concentrations of specific flavonoids. Also, the type of flavonoids that are included in these 

products, as well as their role in underlying brain mechanisms and their effect on cognitive function are 

mentioned. For the brain mechanisms, the effects on blood flow, inflammation and oxidative stress are included. 

Additionally, the effects of the different flavonoids on cognitive functions entail memory, alertness and executive 

functioning. An important side note is that the effects found are mostly significant in older adults who are often 

vulnerable to cognitive decline, and in younger individuals, some of the described effects from the 

supplementary flavonoid-containing foods were not always experienced.  

 

 

 

 

 

 

 

 

 

 

 

 

Food products Major type of flavonoids Role in brain mechanisms Effect on cognitive 

functions 

Blueberries • Anthocyanins • Increased Flow-mediated 

dilation 

• Decreased superoxide and 

reactive oxygen species 

• TNFα, IL-6, TLR4 and serum 

GMCSF expression decreased 

• Increased amount of myeloid 

dendritic cells  

• Improved overall and episodic 

memory 

• Increased alertness 

• Enhanced executive function 

Concord grape juice • Anthocyanins  

• Procyanidins 

• Increased number of effector 

and regulatory γδ T cells   

• Improved spatial and verbal 

memory 

• Enhanced executive function 

Citrus fruits Citrus fruit 

in general 
• Polymethoxylated flavones (PMFs), 

which includes nobiletin, tangeritin 

and 5-demethyl nobiletin  

• Enhanced blood flow to the 

brain, by increased regional 

perfusion in the inferior and 
middle right frontal gyrus.  

• Positively related with BDNF 

 

Ponkan 

powder with 

perilla seed 

oil 

• Nobiletin • Enhanced executive 

functioning  

• Increased alertness 

Moro orange • Anthocyanins  

Fresh 

squeezed 

orange juice 

• Hesperidin 

• Narirutin  

• Didymin 

• Enhanced executive function 

Cacao products • Cocoa flavanols: epicatechin, 

quercetin, catechin and procyanidins 

• Positively related with BDNF 

• Increased availability of NO 

• Enhanced cerebral blood 

volume and oxygenation, 

especially in frontal cortex 

• Protects neurotransmission 

• Improved overall memory 

• Enhanced executive function, 

and also improved regulation 

of executive function.  

 

Matcha green thee • Epicatechins • Epicatechins can cross blood-

brain barrier 

• Improved alertness  

• Enhanced executive function 
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Expenditure and feasibility of flavonoid supplementation  
 

In the end, the consumption of flavonoids and flavonoid-containing foods needs to be sustainable and 

affordable as well for every individual who desires improvements in their cognitive functioning. In 

case a specific flavonoid or flavonoid-containing food product has a protective or recurring effect on 

cognitive function in older adults, the consumption of this product should be feasible. In the case of 

anthocyanin-rich blueberries, an individual who desires to improve their cognitive function, the 

flavonoids needed could just be obtained by consuming the blueberries. Nevertheless, for receiving the 

required amount of flavonoids to experience cognitive effects, you have to eat two handfuls of 

blueberries every single day, or at least very regularly. According to several studies, the amount of 

flavonoids you need every day to experience cognitive benefits from blueberry consumption is about 

500 milligrams (mg) per day (Watson et al., 2019). The amount of anthocyanins in a single blueberry 

is between 85 and 270 mg per 100 gram (Hérnandez et al., 2022). Therefore, an individual needs to 

consume about 280 grams of blueberries every day in order to receive the beneficial cognitive effects. 

Although this amount is not impossible to consume every day, for many people, especially the elderly, 

who tend to eat less, it might not be feasible. Currently, there are already some alternative ways of 

consumption. For instance, it is also possible to use a powder or extract from these blueberries to 

obtain the flavonoids, which could be implemented in the diet. Although a powder extract of these 

blueberries is not very cheap. As an example, based on online web shops, 227 grams of blueberry 

powder can cost about 17 euros or even more. So, the consumption of this powder regularly is 

therefore only available to people with sufficient financial means. Besides, while the blueberry 

powders are often promoted as very natural, the ingredient lists do not always include flavonoids, and 

it is also not specified elsewhere on many websites whether their products actually contain flavonoids 

(morgenisnu.nl, 2026; vimergy.eu, 2026). Therefore, for online ordering of products that are promoted 

to be related to flavonoid-rich foods, it is crucial to always critically assess the information on the 

seller’s website.  

 

In addition to blueberries, cocoa flavanols seem to be more feasible for daily consumption in 

comparison with blueberries. About 40 grams of unsweetened baking chocolate, which is one of the 

food components with the highest concentrations of cocoa flavanols, contains around 592 mg of 

flavanols (Cooperman, 2026). This amount is similar to the 500 mg used in research that found 

improvements in cognitive function (Baker et al., 2023). The amount of 40 grams of baking chocolate 

is equivalent to a small chocolate bar, and therefore, daily consumption would be doable. Additionally, 

the cost of baking chocolate in Dutch supermarkets is about 5 euros per 200 grams (ah.nl, 2026). 

Therefore, the consumption of baking chocolate for receiving cocoa flavanols could be considered 

feasible.  

 

Finally, citrus fruits like orange juice could be consumed as well for obtaining the desired flavonoids. 

According to Gil-Izquierdo et al.,  (2001 ), fresh-squeezed orange juice contains around 648.6 mg per 

liter of flavanones, and according to Alharbi et al., (2016), 272 mg can already improve cognitive 

skills such as executive functioning. Therefore, daily consumption of about 400 milliliters of fresh 

orange juice would be sufficient to obtain benefits for cognitive functions. However, this amount of 

orange juice can still be a lot for someone who doesn’t prefer to drink orange juice, and especially for 

older individuals who eat less. Furthermore, in the Dutch supermarkets, the price for half a liter of 

fresh-squeezed orange juice is two and a half euros (Ah.nl, 2026). Although these product costs are not 

a lot, for daily consumption, this product might not be affordable for each individual.  
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Discussion 
 

To summarize, this Essay described several aspects of flavonoid supplementation, including its effect 

on the brain and cognitive functioning in humans. According to previous research, individuals at an 

older age are often more afraid of becoming cognitively impaired and are also at greater risk for 

cognitive decline, in contrast to younger individuals. It was aimed to provide an adequate overview of 

common food products containing flavonoids, the effects of these flavonoids on key brain mechanisms 

altered with age, and also the eventual role of specific flavonoids on cognitive function. In this Essay, 

cognitive function entailed the cognitive tasks of memorization, alertness, and executive function, and 

these were evaluated. Additionally, the feasibility of flavonoid consumption was assessed. And 

eventually, a compact overview of the evaluated food products, the major flavonoids they contain, and 

examples of their role in brain mechanisms and cognitive function was provided in Table 1.  

 

According to the findings of the literature research, in general, many studies have been conducted on 

the effect of flavonoid supplementation of blueberries, cacao, and, to a lesser extent, (citrus, grape) 

fruits. By focusing on blueberries, several studies observed beneficial effects of the consumption of 

blueberries on cognitive function. These blueberries were found to contain high concentrations of 

anthocyanins, a subclass of flavonoids. The improvements in cognitive functions included episodic 

memory and working memory. However, for working memory, no clear improvements were observed 

in cognitive-related exercises. An explanation for this could be that the timespan of 16 weeks in the 

related study was too short for detecting significant results. For instance, other studies investigating 

the protective effects of vitamins or other supplements on cognitive health often last more than 16 

weeks, and sometimes even more than 3 years  (McGrattan et al., 2018). In addition to blueberries, 

several studies indicated that cacao products, containing high concentrations of cocoa flavanols, also 

improved overall memory in humans. Moreover, supplementation with concord grape fruit was found 

to improve memory as well. On the other hand, the consumption of blueberries, cocoa flavanols and 

concord grape fruit, as well as the original orange juice, all correlated with improvements in executive 

function. This was also the case for the consumption of matcha green tea and other citrus fruits. 

Besides, several studies indicated that especially the consumption of blueberries and matcha green tea 

improved alertness among individuals. Since alertness is found to be highly correlated with executive 

functioning, the flavonoid-containing foods affecting executive functioning probably also enhanced 

alertness (VanVleet et al., 2016). However, this was not clearly observed or targeted during the other 

related studies.  

 

Overall, many studies evaluated in this essay found significant effects of flavonoid consumption in 

older individuals, although not always in younger adults. As previously indicated, this could be due to 

the fact that the neuronal health and communication at a younger age are still sufficient for the brain to 

perform cognitive tasks. At a later age, little damage or degeneration of neuronal cells could already 

affect the activity and communication between neurons, leading to features of cognitive decline. 

According to Edler et al., (2020), individuals at an older age are often associated with increased injury 

and alterations in neurons, dendritic spines, synapses and neurotransmitters, accompanied by reduced 

cerebral blood flow, a weakened blood-brain barrier and increased glial cell activation. Eventually, 

these aspects might cause the induced protective and enhancing effects on the mentioned brain 

mechanisms by the described flavonoids to be more apparent in older individuals, in contrast to 

younger adults. This could also be an explanation for the more frequent observed significant effects on 

cognitive functions observed in older adults, rather than in younger individuals, and especially among 

those who are vulnerable or associated with cognitive decline.  
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By evaluating the feasibility of consuming flavonoid-containing foods, it was clear that the way of 

consumption in itself would probably not be an issue. However, the daily amount of flavonoid-

containing food consumption and expenditure could be a point of critique. In the case of blueberries, 

the consumption of whole blueberries would be too much daily. Moreover, an alternative like a 

powder extract of blueberries is often way too expensive for daily consumption. Additionally, the 

consumption of fresh-squeezed orange juice seems to be more ideal for daily consumption, as the costs 

are much lower in contrast to blueberry extract. Nevertheless, the amount of consumption might still 

not be ideal for older individuals, because individuals at an older age tend to eat less. Finally, the 

consumption of cacao products, containing cocoa flavanols, seems to be the most feasible option. The 

reasoning is that products containing cocoa flavanols are often low in costs and the amount of daily 

consumption is also reasonable. Still, for older people who eat less and do not prefer the taste or 

structure of cacao products like dark or baking chocolate, daily consumption will be a challenge. This 

generally applies to all supplementary foods.  
 

Although there were several promising effects found along with the consumption of flavonoid-based 

products, there are also some strong limitations. Various studies specifically examined the effect of 

specific flavonoids, such as anthocyanins, on cognitive function. However, in this Essay, there are also 

many studies using whole food products containing high concentrations of flavonoids during their 

research. And often these products also contain other beneficial ingredients for neuronal health and 

related brain mechanisms, like vitamin C (Guarnieri et al., 2007). Therefore, the effect of flavonoid-

containing foods on cognitive function and other mechanisms in the brain, which are also mentioned 

in Table 1, is not necessarily caused by the flavonoids from these foods only. For that reason, it is 

sensible to realize that, in addition to flavonoids, many other ingredients from a food product can 

affect the performance of the brain. Follow-up studies should use the flavonoids only from the food 

resource and ensure that the other components from the used food products are excluded. Furthermore, 

according to a bunch of studies, many flavonoids provide a positive effect on cognitive functioning. 

Nevertheless, there are also examples of flavonoids that are possibly associated with a decline in 

cognitive performance. For instance, research on the supplementation of high amounts of the 

flavonoid peonidin found an association with increased risk for mild cognitive impairment (Liu et al., 

2024). Thus, generalizing flavonoids and polyphenols as healthy supplements is not quite right.  

 

In conclusion, a lot of research has already been conducted on the effects of flavonoid-containing 

foods such as blueberries, cacao and, to a lesser extent, citrus fruits and other plant-based products. 

Many studies observed an improving effect in cognitive functions for all these flavonoid-containing 

foods, including beneficial effects on memory, alertness and executive functioning. Moreover, there 

are multiple examples of brain mechanisms, such as neurotransmission, inflammation and blood flow, 

affected by the supplementation of these flavonoids. Ultimately, cocoa flavanols from cacao products 

seem to be the most feasible flavonoids for daily consumption for older individuals, which also 

provide significant benefits for cognitive functions like memory and executive function. Although 

many flavonoids have a positive effect on neuronal health, there are also flavonoids found to induce a 

negative effect on cognitive performance, making it very important to always critically examine all the 

possible effects of these promising flavonoids on human health before creating a flavonoid-based 

supplementary advice for supporting cognitive functioning.  
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