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Abstract: Background: Recent studies have highlighted the neuroprotective effects of
polyphenols, particularly their role in enhancing brain-derived neurotrophic factor (BDNF)
and cAMP response element-binding protein (CREB) activity. This study aimed to evaluate
the relationship between BDNF and CREB levels and cognitive performance in individuals
undergoing a polyphenol-rich dietary intervention. Methods: A randomized, crossover,
double-blind, placebo-controlled clinical trial was conducted with 92 participants. The
intervention involved the daily intake of an encapsulated concentrate of fruit, vegetable,
and berry juice powders (Juice Plus+ Premium®) over two 16-week periods, separated
by a 4-week washout phase. Cognitive function was assessed using the Stroop Test, Trail
Making Test, and Reynolds Intellectual Screening Test (RIST). The plasma levels of CREB
and BDNF were measured using ELISA. Results: The polyphenol-rich product signifi-
cantly improved cognitive performance, as evidenced by higher scores in the Stroop Test
and RIST, compared to the placebo. Additionally, the plasma levels of CREB and BDNF
were notably elevated in the product condition, indicating enhanced neuroprotective activ-
ity. Conclusions: The findings suggest that polyphenol-rich nutraceuticals can modulate
neurobiological mechanisms underlying cognitive improvements, primarily through the
reduction of oxidative stress and the regulation of signaling pathways associated with
synaptic plasticity. These results support the potential of dietary polyphenols in promoting
cognitive health and preventing neurodegenerative diseases.

Keywords: polyphenols; neuroprotection; BDNF (Brain-Derived Neurotrophic Factor);
CREB (cAMP Response Element-Binding Protein); cognitive function; nutraceuticals;
synaptic plasticity

1. Introduction
Recent research has highlighted the importance of brain proteins, such as brain-derived

neurotrophic factor (BDNF) and cAMP response element-binding protein (CREB), both of
which play crucial roles in synaptic plasticity, memory, and learning [1–3]. The activation
of CREB in the hippocampus and other brain areas facilitates the expression of BDNF [4],
which, subsequently, promotes neuronal survival and differentiation [5–7]. The evidence
suggests that oxidative stress disrupts these molecular pathways, whereas antioxidant
compounds like polyphenols exert neuroprotective effects by enhancing CREB and BDNF
activity, thereby supporting cognitive health [8].
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The scientific literature indicates that polyphenols, bioactive compounds found in
fruits and vegetables, exert neuroprotective and antioxidant effects on the brain [9,10].
These compounds are capable of crossing the blood–brain barrier, where they act as modu-
lators of signaling pathways associated with CREB and BDNF, thereby promoting improve-
ments in synaptic plasticity and overall cognitive function [11–13]. In fact, we previously
reported [14] that the intake of polyphenol-rich nutraceuticals reduces oxidative stress and
lipid peroxidation in the central nervous system, leading to decreased neuronal damage
and enhanced cognitive function [15].

Numerous studies have documented that the regular consumption of polyphenols in
fruits and vegetables is associated with cognitive improvements, particularly in aspects
such as memory and attention, which can be assessed through cognitive tests such as the
Stroop Test, Trail Making Test, and RIST [16–18]. These findings support the hypothesis
that a polyphenol-rich diet may contribute to the prevention of neurodegenerative diseases
and the maintenance of cognitive function, even in young, healthy adults [12,19].

A unique aspect of the polyphenol-rich nutraceutical evaluated in this study lies in
its composition, which integrates a blend of fruit, vegetable, and berry juice powders.
This product, Juice Plus+ Premium®, contains over 119 distinct polyphenolic compounds,
including flavanols, anthocyanins, and flavones, as demonstrated in prior compositional
analyses. Compared to other polyphenol-based interventions, this nutraceutical stands out
due to its comprehensive formulation, combining a wide range of bioactive compounds
with complementary antioxidant and neuroprotective effects. These characteristics ensure
a more diverse interaction with neurobiological pathways, including those related to
oxidative stress mitigation, synaptic plasticity, and cognitive function [20].

Previous studies on similar formulations have reported significant reductions in oxida-
tive damage and lipid peroxidation in the central nervous system, alongside improvements
in cognitive performance. Such findings justify the choice of this specific product for
evaluating the interplay between polyphenols, neuroprotective biomarkers, and cognitive
outcomes in a healthy population [21,22].

The present study aims to evaluate the relationship between BDNF and CREB levels
and cognitive performance, as measured using specific tests (Stroop Test, Trail Making Test,
and RIST). By investigating this relationship, we seek to determine whether neuroprotec-
tive markers, such as BDNF and CREB, correlate with cognitive function in individuals
undergoing a polyphenol-rich dietary intervention. This knowledge could enhance our un-
derstanding of the role of nutrition in cognitive health and pave the way for new preventive
strategies based on dietary approaches.

2. Materials and Methods
2.1. Experimental Design

This randomized, crossover, double-blind, sex-stratified, placebo-controlled clinical
trial aimed to evaluate the impact of daily intake of an encapsulated concentrate of fruit,
vegetable, and berry juice powders (Juice Plus+ Premium®, The Juice Plus Company,
Collierville, TN, USA) on cognitive functions. Participants consumed the assigned product
(active or placebo) daily for two 16-week periods, separated by a 4-week washout phase.
Following the washout, groups were switched, ensuring all participants received both the
active product and the placebo (Figure 1).
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Figure 1. Flow diagram. 

Each participant attended a total of four visits during the study period to complete 
cognitive assessments (Table 1). The protocol received ethical approval from the Catholic 
University of Murcia (UCAM) Ethics Committee (Approval date: 24 November 2017; 
Code: CE111702). The study adhered to Good Clinical Practice guidelines and the princi-
ples outlined in the Declaration of Helsinki. The trial was registered at www.clinicaltri-
als.gov (accessed on 11 June 2020) (identifier CFE/JU/44-17). The study was carried out in 
the Pharmacy Department of the Faculty of Health Sciences of UCAM. Compliance with 
European data protection regulations (EU Regulation 2016/679) was also ensured. 

Table 1. Follow-up actions at each unit visit. 

Monitoring VS V1 V2 V3 V4 
Informed consent X     
Inclusion/exclusion criteria  X     
History. Lifestyle, dietary, and eating habits X     
Randomization X     
Product/placebo delivery  X  X  
Cognition tests  X X  X 
Adherence to the study  X X X X 
Adverse events  X X X X 

Figure 1. Flow diagram.

Each participant attended a total of four visits during the study period to complete
cognitive assessments (Table 1). The protocol received ethical approval from the Catholic
University of Murcia (UCAM) Ethics Committee (Approval date: 24 November 2017; Code:
CE111702). The study adhered to Good Clinical Practice guidelines and the principles
outlined in the Declaration of Helsinki. The trial was registered at www.clinicaltrials.gov
(accessed on 11 June 2020) (identifier CFE/JU/44-17). The study was carried out in the
Pharmacy Department of the Faculty of Health Sciences of UCAM. Compliance with
European data protection regulations (EU Regulation 2016/679) was also ensured.

Table 1. Follow-up actions at each unit visit.

Monitoring VS V1 V2 V3 V4

Informed consent X
Inclusion/exclusion criteria X
History. Lifestyle, dietary, and eating habits X
Randomization X
Product/placebo delivery X X
Cognition tests X X X
Adherence to the study X X X X
Adverse events X X X X

V = Visits to the research unit.

www.clinicaltrials.gov
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2.2. Study Population

A total of 117 volunteers was recruited through mail distribution and posters targeting
university students and staff. Of these, 108 met the initial inclusion criteria. However,
16 participants were excluded as they either failed to meet the criteria during further
screening or chose to withdraw. The final sample consisted of 92 participants, comprising
47 men (51.09%) and 45 women (48.91%), with a mean age of 34 years. Table 2 provides a
description of the demographic characteristics of the population.

Table 2. Demographic data.

N1 N2 Total

N 48 44 92
Age (years) 33 ± 10 36 ± 12 34 ± 11

Women 28 19 47
Men 20 25 45

Height 1.71 ± 9 1.73 ± 9 1.72 ± 9
Weight 70.68 ± 13.88 75.68 ± 14.44 73.10 ± 14.29

BMI (kg/m2) 23.87 ± 3.43 24.99 ± 3.38 24.40 ± 3.43
BMI (Body mass index).

2.3. Inclusion and Exclusion Criteria

Participants were required to meet the following inclusion criteria:

• Provide signed informed consent.
• Have a body mass index (BMI) between 18.5 and 35 kg/m2.
• Be free of chronic illnesses.
• Consume fewer than three servings of fruits or vegetables per day.
• Be aged between 18 and 65 years.

Exclusion criteria included:

• Current medical or pharmacological treatments.
• Allergies to fruits or vegetables.
• Following a special diet, vegetarianism, or veganism.
• Smoking.
• Consuming more than three alcoholic beverages (e.g., wine or beer) daily.
• Pregnancy.
• Major surgery within the past three months.
• Sleep disorders or insufficient sleep.
• Blood donation exceeding 0.5 L in the past month.

Potential confounding variables, including general nutritional intake, physical activity,
and sleep patterns, were monitored through structured interviews conducted during
baseline and follow-up visits to the study unit. These factors were accounted for to ensure
consistency and are summarized in Table 1.

2.4. Tested Product

The tested product was composed of a homogenized blend of dehydrated juices and
pulps from various fruits, vegetables, and berries (56%), combined in varying proportions.
Key ingredients included apple, carrot, grape, pomegranate, orange, pineapple, blueberry,
lingonberry, American bilberry, blackberry, cabbage, garlic, myrtle, mango, raspberry,
acerola, peach, date, parsley, broccoli, spinach, kale, tomato, elderberry, blackcurrant, plum,
and beet. Additional components consisted of pullulan as a coating agent, cocoa powder,
green tea extract, tocopherol blend, ginger root powder, calcium ascorbate, artichoke leaf
extract, grape seed extract, rice bran, spirulina powder, silicon dioxide, magnesium salts of
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fatty acids, citrus extract, lutein, beta-carotene, lycopene, astaxanthin, and maltodextrin.
The blend was encapsulated in white pullulan capsules, with each package containing
enough capsules for a 4-month consumption period. Participants were instructed to take
six capsules daily (three with breakfast and three with dinner).

Polyphenolic analysis, conducted using UHPLC-QqQ-MS in a 2017 study by Bresciani
et al., identified 119 distinct polyphenolic compounds in the product. These compounds
spanned various phenolic families, including flavanols (e.g., kaempferol and quercetin),
anthocyanins, and flavones [23]. The daily dose of six capsules provided 600 mg of
a phenolic compound mixture, consistent with dosages used in other similar clinical
trials [24,25].

To maintain blinding, the placebo was formulated from microcrystalline cellulose
and matched the active product in both appearance and dosage, ensuring that neither
participants nor researchers could distinguish between the two treatments.

2.5. Cognitive Assessment
2.5.1. Cognitive Test

To evaluate the changes in cognitive function associated with the intervention, three
cognitive tests were applied, each measuring three different domains.

The Stroop Test [26–28] is used to assess selective attention and inhibitory control
through tasks involving reading and naming colors in congruent and incongruent contexts.
The Trail Making Test (TMT) [29] evaluates processing speed, cognitive flexibility, and
executive functions by alternating between connecting numbers and letters. Finally, the
Reynolds Intellectual Screening Test (RIST) [30,31] is designed to provide a global measure
of general cognitive abilities, assessing subcomponents such as logical reasoning and
verbal recognition.

These tests allowed for the analysis of intervention effects on specific domains related
to cognitive function.

2.5.2. CREB and BDNF Determination

Blood samples were collected via venipuncture into EDTA-coated tubes, followed
by centrifugation at 1500× g for 15 min at 4 ◦C to separate plasma. The plasma was
aliquoted and stored at −80 ◦C until further analysis to prevent protein degradation and
ensure sample integrity. This procedure is consistent with standard protocols for biomarker
analysis in plasma samples [32,33]. The plasma concentrations of CREB and BDNF were
measured using commercially available enzyme-linked immunosorbent assay (ELISA)
kits specifically validated for human samples (Thermo fisher Scientiffic, Waltham, MA,
USA) [34].

Each sample (100 µL) was analyzed in duplicate according to the manufacturer’s in-
structions. Plasma samples were incubated with specific antibodies conjugated to enzymes
in pre-treated microplates. After incubation, detection reagents, including chromogenic
substrates, were added, and absorbance was measured at 450 nm using a microplate
reader [35]. Standard curves with known concentrations of CREB and BDNF were included
to establish a linear relationship between absorbance and concentration, ensuring accurate
quantification [36].

2.6. Statistical Analysis

A descriptive analysis of the quantitative study variables was conducted, presenting
the mean and standard deviation (SD) for baseline conditions and their progression. The
Kolmogorov–Smirnov test was employed to assess the normality of continuous data dur-
ing both the experimental (EXT) and placebo (PLA) consumption periods. At baseline,
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comparisons between the two study arms were performed using Student’s t-test to ensure
group homogeneity.

To evaluate changes in variables over time and between groups, a repeated measures
analysis of variance (ANOVA) was conducted. This included an intrasubject factor (time:
baseline and final for each study arm) and an intersubject factor (treatment: experimental
product versus placebo). Post hoc analyses were carried out using the Bonferroni test to
identify specific differences, with comparisons made under assumptions of both equal
and unequal variances where applicable. A significance level of 0.05 was applied for all
statistical tests. Data analysis was conducted using SPSS Statistics version 27 (SPSS, Inc.,
Chicago, IL, USA).

3. Results and Discussion
The evaluation of cognitive performance and neuroprotective biomarkers revealed

significant differences among the three experimental conditions: baseline, placebo, and
product. As summarized in Table 3, the total Stroop Test scores (PT Stroop) for Stroop W,
Stroop C, and Stroop WC were consistently higher following treatment with the polyphenol-
rich product (C) compared to the placebo (B) and baseline (A) conditions. The most
pronounced improvement was observed in the Stroop PC task, where scores in the product
group were significantly higher (p < 0.001) compared to the placebo (p = 0.04) and baseline
(p = 0.03) groups.

Table 3. Results of cognitive assessments and neuroprotective biomarkers in the three experimental
conditions (mean ± SD).

Variable Basal (A) Placebo (B) Product (C)

PT Stroop (W) 46.05 ± 7.63 45.72 ± 6.58 49.74 ± 7.26 *
PT Stroop (C) 49.39 ± 8.66 49.67 ± 6.40 52.46 ± 9.73 *
PT Stroop (WC) 49.40 ± 8.68 50.99 ± 7.03 53.74 ± 8.51 *
PT RIST 95.91 ± 16.24 98.03 ± 14.36 110.42 ± 11.06 *
PD Execution 19.87 ± 4.34 21.48 ± 2.41 24.91 ± 4.70 *
PD Speed 405.03 ± 57.20 394.71 ± 45.90 366.22 ± 76.81 *
PD Accuracy 97.75 ± 6.39 98.17 ± 9.39 99.23 ± 1.60 *
CREB (ng/mL) 1.37 ± 0.21 1.30 ± 0.23 1.49 ± 0.28 *
BDNF (ng/mL) 6.35 ± 0.93 5.81 ± 1.05 7.16 ± 1.46 *

* There are statistically significant differences (p < 0.05).

Similarly, the PT RIST scores, reflecting overall cognitive abilities, demonstrated
a significant increase in the product condition (p < 0.01) compared to the placebo and
baseline conditions, indicating enhanced logical reasoning and verbal memory. Notably,
this improvement correlated strongly with elevated levels of BDNF (r = 0.63; p < 0.001) and
CREB (r = 0.55; p < 0.01) in the product group.

In addition, the Trail Making Test (TMT-B) performance, which assesses cognitive
flexibility and executive function, showed moderate but significant positive correlations
with CREB levels (r = 0.42; p = 0.02) in the product condition. This suggests that participants
who exhibited greater increases in CREB also demonstrated faster completion times and
improved task-switching abilities.

These findings align with the biochemical data, indicating that participants consuming
the product experienced higher CREB levels (1.49 ± 0.28 ng/mL) compared to those
consuming the placebo (1.30 ± 0.23 ng/mL) and at baseline (1.37 ± 0.21 ng/mL). Similarly,
BDNF levels were significantly elevated in the product condition (7.16 ± 1.46 ng/mL)
compared to the placebo (5.81 ± 1.05 ng/mL; p = 0.03) and baseline (6.35 ± 0.93 ng/mL;
p = 0.01) conditions.



Nutrients 2025, 17, 601 7 of 12

The correlation analysis underscores the role of BDNF and CREB as mediators in the
observed cognitive enhancements, particularly in executive functions and attention tasks.
These results suggest that the polyphenol-rich intervention not only improves cognitive
performance, but also modulates the neurobiological pathways critical to synaptic plasticity
and long-term potentiation (LTP).

In terms of neuroprotective biomarkers, CREB and BDNF levels were notably el-
evated in the product condition compared to the basal and placebo conditions. The
group consuming the product under investigation exhibited an increase in CREB levels
(1.49 ± 0.28 ng/mL) compared with the placebo group (1.30 ± 0.23 ng/mL) and baseline
group (1.37 ± 0.21 ng/mL). Moreover, a notable increase in BDNF levels was observed in
the product group (7.16 ± 1.46 ng/mL) compared to the placebo (5.81 ± 1.05 ng/mL) and
baseline (6.35 ± 0.93 ng/mL) groups.

Comparing the placebo and product groups, the product group consistently showed
greater improvements across all measured outcomes. The placebo group exhibited more
modest changes, with no substantial differences compared to baseline that surpassed
those observed in the product group. These results suggest that the product has a more
pronounced effect on cognitive, physical, and biochemical measures than the placebo,
highlighting its potential as a beneficial intervention for enhancing brain function.

The results of this study highlight a clear relationship between the consumption of
the polyphenol-rich product and improvements in cognitive function and neuroprotective
biomarkers, CREB and BDNF. These findings support growing evidence that polyphenols
can modulate key neurobiological processes underlying cognitive improvements, primar-
ily through the reduction of oxidative stress and the regulation of signaling pathways
associated with synaptic plasticity [37–39].

The significant increase in CREB and BDNF levels observed in the product condition is
a notable result that reinforces the impact of polyphenols on neuroprotection [40,41]. CREB
is an essential transcription factor for synaptic plasticity, as it promotes the expression of
BDNF and other neuroprotective genes [42]. BDNF, in turn, acts as a key modulator of
neuronal plasticity, facilitating synaptic strengthening, dendritic growth, and neuronal
survival [43,44]. The relationship between these biomarkers and the observed cognitive
function improvements in this study suggests that the investigated product activates critical
pathways for learning and memory [45,46].

In this context, it is important to highlight the observed correlation between elevated
BDNF and CREB levels and the improvements in the Stroop Test and RIST scores. The
Stroop Test, designed to measure selective attention and inhibitory control, showed signifi-
cant improvements in the product condition, particularly in the Stroop PC task. Such tasks,
requiring a high capacity for conflict resolution, are highly dependent on the functional
integrity of areas such as the prefrontal cortex and hippocampus, which are both modulated
by BDNF [47–49]. The cognitive tests employed in this study, particularly the Stroop Test
and RIST, assess several key domains, including selective attention, inhibitory control,
logical reasoning, and verbal memory. While memory is directly evaluated through these
tests, the impact of the polyphenol-rich product on learning was not specifically assessed.
Nevertheless, the significant increases in BDNF and CREB levels observed suggest potential
benefits for synaptic plasticity and mechanisms underlying learning, such as long-term po-
tentiation (LTP). Future research incorporating tests designed to measure learning explicitly
would provide a more comprehensive understanding of the cognitive effects of polyphenol-
rich interventions. The significant correlation between the plasma levels of BDNF and
CREB and the cognitive improvements observed in this study raises the question of their
causal relationship. Plasma BDNF levels have been shown to correlate with hippocampal
BDNF expression, particularly in areas critical for learning and memory, such as the hip-
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pocampus and prefrontal cortex. However, peripheral biomarkers are an indirect proxy
for neuronal activity, as their concentrations can be influenced by systemic factors and the
permeability of the blood–brain barrier. Despite these limitations, the substantial increases
in BDNF and CREB observed in this study are consistent with their established roles in
synaptic plasticity and cognitive function. Future investigations combining biomarker
analysis with neuroimaging assessments could further validate these findings and provide
more direct insights into the brain-specific effects of dietary polyphenols. Conversely,
the improvements observed in the RIST, which evaluates general cognitive skills, such as
logical reasoning and verbal memory, are also consistent with the increase in BDNF and
CREB levels. This supports the hypothesis that these proteins play a mediating role in the
cognitive effects observed, acting as convergence points between dietary interventions and
the functional responses of the central nervous system [50,51]. While this study did not
identify the specific polyphenol responsible for the observed effects, evidence suggests that
the combination of multiple polyphenols may exert synergistic neuroprotective effects. The
diverse composition of the product likely contributes collectively to reducing oxidative
stress and enhancing cognitive function. Future studies should investigate the roles of
individual polyphenols to better elucidate their contributions.

The relationship between precision in executive tasks and levels of CREB and BDNF
also deserves attention. Although a slight decrease in processing speed was observed in
the product condition, the precision improved significantly, suggesting a possible cognitive
prioritization shift towards accuracy over speed. This trend may be mediated by the effects
of BDNF in stabilizing synaptic networks, optimizing the performance in tasks that require
greater executive control [52–54]. This phenomenon is consistent with previous studies
showing that polyphenol-based interventions can favor precision over speed in complex
cognitive tasks, possibly due to greater efficiency in synaptic transmission [35].

Furthermore, the results related to CREB are particularly relevant, due to its role in
long-term memory consolidation. CREB regulates the transcription of genes associated
with the formation of new synapses, a crucial process for sustained learning [55]. The
improvement observed in RIST scores and their correlation with CREB levels suggest that
the product may have a specific effect on long-term potentiation (LTP), the synaptic mech-
anism underlying learning and memory. This finding highlights the product’s potential
to influence not only immediate processes, such as attention, but also deeper mechanisms
associated with memory and cognitive adaptation [56–59].

Another notable aspect of this study is the increase in BDNF levels, a molecule not
only related to synaptic plasticity, but also playing a critical role in protecting against
neuronal damage. The increase in BDNF levels in the product condition suggests that
polyphenol consumption could contribute to the resilience of the nervous system against
aging and oxidative stress, with significant clinical implications for the prevention of
neurodegenerative diseases [60–62].

Finally, although the results are promising, certain limitations must be considered.
The crossover and randomized design ensure high internal validity, but the sample, limited
to healthy young adults, could restrict the generalization of findings to other populations,
such as older adults or individuals with cognitive impairment. While this study was not
designed to evaluate long-term efficacy, the existing evidence suggests that the sustained
consumption of polyphenol-rich products could further enhance cognitive function due to
the cumulative neuroprotective effects of polyphenols. Their antioxidative properties and
roles in modulating synaptic plasticity and neurogenesis make it plausible that prolonged
intake would continue to support neuronal resilience and cognitive performance.

Similarly, although this study focused on healthy young adults, the observed mecha-
nisms of action, such as the elevation of BDNF and CREB levels, are relevant to populations
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with cognitive dysfunction. It is reasonable to hypothesize that individuals with cognitive
impairments might experience comparable or even more pronounced benefits from such
interventions. Future studies should investigate these effects in older populations and
those with neurodegenerative conditions to validate these potential applications.

Additionally, genotypic differences among participants could influence individual
responses to the polyphenol-rich product. Variations in genes associated with oxidative
stress pathways, polyphenol metabolism, or neurotrophic factors such as BDNF and CREB
may modulate the observed effects. Incorporating genotypic analyses in future studies
could provide a more comprehensive understanding of these individual differences and
their impact on cognitive outcomes. Moreover, it would be interesting to evaluate whether
the observed improvements in biomarkers and cognitive tests persist over time, exploring
the sustainability of the benefits associated with the product’s consumption.

Overall, this study provides solid evidence of the impact of consuming a polyphenol-
rich product on improving key cognitive functions and activating neuroprotective biomark-
ers. These findings reinforce the potential of nutraceuticals as innovative tools for promot-
ing brain health and open new opportunities for dietary interventions aimed at maintaining
cognitive function.

4. Conclusions
The present study reports the effect of a polyphenol-rich nutraceutical on cognitive

performance in relation to increased levels of neuroprotective biomarkers, specifically
BDNF and CREB. Specifically, the improvement in the Stroop PC (p < 0.001) and RIST
(p < 0.01) results was related to increased biomarker levels, underlining synaptic plasticity
as the enabling mechanism for improved cognition. Inhibitory control and conflict resolu-
tion were enhanced with increased levels of BDNF, whereas logical reasoning and verbal
memory were supported by increased levels of CREB.

Importantly, the neuroprotective effects suggested in the present study extend beyond
immediate cognitive improvements, suggesting applications for mitigating age-related
cognitive decline and preventing neurodegenerative diseases. The alignment between ele-
vated biomarkers and improved test performance supports the hypothesis that BDNF and
CREB serve as key mediators, acting as convergence points between dietary interventions
and enhanced central nervous system function. The strong correlation between cognitive
performance and elevated BDNF and CREB levels reinforces the transformative potential of
nutraceuticals as innovative tools for maintaining brain health, facilitating neuroprotection,
and opening pathways for targeted dietary interventions aimed at preserving cognitive
function and preventing neurological decline.
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