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Impact of anthocyanin-rich black rice
consumption on cognitive function, inflammation
and microvascular function in older adults: a
crossover intervention trial

Chusana Mekhora, (2 **® Daniel J. Lamport {2 € and Jeremy P. E. Spencer () *@

Typical and atypical declines in cognitive function, as well as increases in chronic, low-grade inflammation
and impaired vascular function are all impacted by the ageing process. Flavonoid-rich foods/beverages
have been extensively shown to impact human cognition and to modulate immune and/or vascular func-
tion, although the cause-and-effect relationship between these factors is unclear. Here, we examine the
acute (2 hours) and short-term (8 days) effects of anthocyanin-rich black rice on cognition, inflammation,
and vascular function in older adults. Twenty-four older adults (65 + 7 years) participated in a randomized,
single-blind, crossover trial with one-week washout periods. Participants consumed either 210 g of
anthocyanin-rich black rice (208 mg of anthocyanins) or the brown rice control (0 mg of anthocyanins)
daily for 9 days. Acute effects were assessed 2 hours after consumption on days 1 and 9, and short-term
effects were evaluated after completing 8 days of intake. Cognitive performance (RAVLT, digit span,
Stroop, and digit symbol substitution), microvascular blood flow, and blood pressure were measured for
both acute and short-term interventions, while serum inflammatory biomarkers were assessed for the
short-term intervention. Anthocyanins and phenolic acids in rice were identified by using liquid chrom-
atography-mass spectrometry (LC-MS). Data were analyzed using linear mixed models with Bonferroni-
corrected comparisons. Eight days of black rice intake significantly improved verbal memory (RAVLT final
recall: 12.64 vs. 11.92, p = 0.04; total recall: 52.57 vs. 49.54, p = 0.02) and enhanced digit span backward
(change from baseline (CFB) = 0.83, p = 0.03) compared with brown rice. In parallel, black rice signifi-
cantly reduced interleukin-6 (IL-6) levels (CFB: —0.67, p = 0.03), an effect not seen with the control.
Acute black rice consumption attenuated declines in delayed recall (CFB: —1.17, p = 0.09) and recognition
(CFB: —=0.67, p = 0.19), while significant reductions were observed following brown rice intake. No signifi-
cant treatment effects were observed for microvascular blood flow or blood pressure. Consumption of
anthocyanin-rich black rice for 8 days improved verbal memory and reduced blood IL-6 in older adults.
These data suggest for the first time that cognitive benefits induced by anthocyanin-rich black rice may
be mediated by anti-inflammatory mechanisms. The clinical trial registry number is NCT06583785
(https://clinicaltrials.gov).

defining feature of the aging process."” It significantly contrib-
utes to increased morbidity and reduced quality of life, and

Cognitive decline, whether typical as part of normal aging or
atypical due to underlying pathological mechanisms, is a
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often leads to the need for long-term supportive care.’
Maintaining cognitive health is essential not only for preser-
ving independence and functional abilities but also for pro-
moting overall well-being and reducing the risk of age-related
neurodegenerative diseases.’ Cognitive decline results from a
complex interplay of biological, genetic, and environmental
factors that collectively contribute to the gradual deterioration
of brain function. Among the underlying mechanisms,
chronic low-grade inflammation and vascular dysfunction are
particularly prominent in older adults, associated with neuro-
degenerative processes and age-related cognitive decline.’™®
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Observational studies reported that increased concentrations
of pro-inflammatory blood mediators, including interleukin-6
(IL-6), tumor necrosis factor-alpha (TNF-a), and C-reactive
protein (CRP), have all been associated with diminished cogni-
tive performance in older individuals and patients with neuro-
degenerative diseases.”'® Elevated levels of circulating inflam-
matory cytokines can lead to their crossing of the blood-brain
barrier, leading to disrupted neuronal signaling, synaptic dys-
function, and neuronal loss, which contribute to the decline of
cognitive function and neurodegenerative disorders.”'""?
Furthermore, endothelial function, particularly its impact on
vasodilatory capacity, plays a vital role in maintaining cognitive
performance by ensuring adequate delivery of oxygen and
nutrients to brain tissue.>'* Current evidence indicates that
impaired peripheral blood flow, resulting from vascular dys-
function or endothelial impairment, is associated with poorer
cognitive performance and an increased risk of neurodegen-
erative disorders,’”” with data suggesting that lower flow-
mediated dilation has been linked to declines in executive
function and working memory in older adults.'® Therefore,
interventions aimed at mitigating inflammation and improv-
ing endothelial function may provide a promising approach
for preserving cognitive function in aging populations.

There is strong clinical evidence that both acute and
chronic consumption of flavonoid-rich foods and sup-
plements, such as cocoa, citrus and berries, have a beneficial
impact on human cognitive function.'”>*> For example, acute
consumption of citrus flavanones,'®*> cocoa flavanols'” and
berry anthocyanins®® may improve episodic memory and pro-
cessing speed in older adults. Chronic intake of berry antho-
cyanins over 5-12 weeks led to the enhancement of working
memory and verbal memory in healthy aging individuals and
those with dementia.>"** Furthermore, the evidence for their
impact on the immune system, inflammatory status>®>” and
vascular function®*?*° is very well established. However,
most research to date has focused on high-cost berry interven-
tions or functional extracts and supplements, which may limit
their practicality for widespread application. As such, staple
crops such as anthocyanin-rich grains like the black rice
(Oryza sativa Linn.) used here are more promising for encoura-
ging higher intake of flavonoids at the population level. In
animal models, anthocyanin-rich black rice has been shown to
improve spatial memory, reduce hippocampal inflammation,
and modulate vascular function.*’** Clinical studies report
that acute intake of pigmented rice varieties, such as black
and red rice, significantly reduced inflammatory biomarkers
and enhanced antioxidant activity in both healthy and obese
individuals.**° Furthermore, supplementation of anthocyanin
extracts derived from black rice has been shown to attenuate
postprandial glycemic responses and improve plasma antioxi-
dants and inflammation in healthy and overweight
individuals.>**® These findings suggest that staple crops like
black rice, which are as rich in anthocyanins and phenolic
acids as berries,>®*® may offer anti-inflammatory and ben-
eficial vascular outcomes, which may contribute to potential
cognitive improvements. The aim of this investigation is two-
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fold: (1) to investigate the acute and short-term effects of black
rice consumption on cognitive performance; and (2) to assess
whether modulation of the inflammatory and vascular systems
is involved in cognitive improvements. We hypothesize that
the consumption of black rice will enhance cognitive perform-
ance relative to brown rice, through the potential of anthocya-
nins to modulate inflammatory status and vasodilatory
mechanisms.

Methods

Rice preparation and anthocyanin analysis

Black and brown rice samples were purchased from
Orientalmart UK Ltd and Healthy Supplies Ltd. All rice
samples were stored away from light in a cool and dry environ-
ment during the experiment. Brown rice was selected as a
control due to its comparable quantities of carbohydrates,
protein, fat, and fibre, but negligible anthocyanin content
(Table 1). For the acute study, the rice meal was prepared
freshly on the morning of each study visit. 100 g of raw rice
was rinsed and subsequently cooked in a rice cooker with
250 ml of water. Rice was cooked for 35 min, with a maximum
temperature of 100 °C. The post-cooking yield was approxi-
mately 210 g and represented the serving of rice. A portion of
cooked rice was served with scrambled egg (2 medium eggs, 1
tablespoon of vegetable oil). The scrambled eggs provided

Table 1 Nutrient composition and polyphenol content of rice interven-
tions per serving (210 g of cooked rice)

Content (per 210 g of cooked

rice)
Composition Black rice Brown rice
Nutrients
Energy (kcal) 360 367
Carbohydrate (g) 77.3 76.0
Protein (g) 8.0 7.5
Fat (g) 2.7 3.2
Fiber (g) 2.7 3.6
Flavonoids
Cyanidin-3-O-glucoside 189.31 ND
Cyanidin-3-O-rutinoside 0.47 ND
Peonidin-3-O-glucoside 14.60 ND
Cyanidin chloride 4.10 ND
Total anthocyanins 208.48 —
Quercetin 0.75 ND
Phenolic acids
Protocatechuic acid 43.57 ND
Vanillic acid 7.85 ND
Total polyphenols 260.65 —

Nutrient content was obtained from the nutritional labeling on the
product packaging, while flavonoid and phenolic acid contents were
analyzed using LC-MS. ND = not detected. For acute study, the black
rice intervention meal provided total energy of 623 kcal, 78.1 g of
carbohydrate, 22.6 g of protein, and 24.7 g of fat, whereas the brown
rice intervention meal provided total energy of 630 kcal, 76.8 g of
carbohydrate, 22.1 g of protein, and 25.2 g of fat.

This journal is © The Royal Society of Chemistry 2026
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263 kcal, 14.6 g of protein, 22 g of fat, and 0.8 g of carbo-
hydrate (McCance and Widdowson’s Composition of Foods
Integrated Dataset 2021). For the short-term intake study, vol-
unteers were provided with individual packages of raw rice
(100 g per pack) and a rice cooker to prepare the rice meal at
home for the subsequent seven days after the acute study. The
rice cooker provided was similar to that used in the acute
study to control the cooking method for anthocyanin content.
The flavonoids cyanidin-3-glucoside (C3G), cyanidin-3-O-ruti-
noside (C3R), peonidin-3-O-glucoside (P3G), cyanidin chloride
and quercetin, and the related phenolic acids protocatechuic
acid and vanillic acid identified in the cooked black and
brown rice interventions by LC-MS are presented in Table 1.
Details of sample preparation, extraction, and LC-MS con-
ditions, and the complete analytical procedure for the raw and
cooked black and brown rice samples are provided in SI1.

Participants

Twenty-four subjects (13 females; 11 males) with general
healthy status, aged 50-77 years (mean age: 65.0 + 7.2 years), a
body mass index (BMI) between 18.5 and 35.0 kg m ™2, and a
Mini-Mental State Examination (MMSE) score of >26 were
recruited from the local communities in Reading, UK.
Exclusion criteria were the diagnosis of cardiovascular disease,
diabetes, hyperlipidemia, hypertension (blood pressure above
140/90 mmHg), cancer, liver disease, kidney diseases bleeding
disorders or blood-related diseases, neurodegenerative dis-
eases (e.g., dementia, Alzheimer’s, Parkinson’s, or current
stroke), psychotic disorders (e.g., schizophrenia, bipolar
depression, or eating disorder), or major surgery within the
past 6 months. Exclusion criteria also included currently
taking anti-inflammatory drugs (e.g., aspirin, warfarin, or ibu-
profen) or antibiotics within the past 3 months; having signs
of infections or acute inflammation; taking medication to
lower blood fats or to stabilize blood glucose or blood
pressure; taking hormone replacement therapy; taking high
doses (more than 200% of the UK’s reference nutrient intakes)
of dietary supplements; having a pacemaker; being a heavy
smoker (more than 20 cigarettes per day); heavy alcohol drink-
ing (more than 14 units of alcohol a week); substance abuse;
allergies; hypersensitivity; or food intolerances. A power calcu-
lation was done based on similar studies investigating the
acute effect of flavonoid/anthocyanin-rich food intake on cog-
nitive function in middle-aged to older adults using G* power,
assuming an average effect size of d = 0.64."%?%*! To allow for
a 10% attribution rate, a total of 24 volunteers were required to
achieve a statistical power of 0.8 with an alpha level of 0.05.

Study design and procedure

All procedures were subjected to ethical review in accordance
with the guidelines established in the Declaration of Helsinki,
and all procedures involving human participants received
approval from the University of Reading Research Ethics
Committee, UREC 23/30. This trial was registered at clinical-
trials.gov, unique identifier: NCT06583785.
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This study employed a single blind, randomized controlled
crossover design with a washout period of at least one week to
investigate the acute (2 h) and short-term (8 d) effects of antho-
cyanin-rich black rice consumption on cognitive performance,
inflammation, and microvascular function compared to a
brown rice control in older adults. The eligible volunteers were
invited to attend one screening and four study visits at the
Hugh Sinclair Unit of Human Nutrition in the Department of
Food and Nutritional Sciences, University of Reading.
Informed consent was acquired, and individuals were ran-
domly assigned to the black or brown rice intervention using
computer-generated block randomization, with allocation con-
cealed until assignment. Allocation and randomization were
performed by an independent researcher not involved in data
collection or analysis. The participants were informed that the
study aimed to investigate the effects of two different types of
unpolished (black and brown) rice on the measured outcomes
as controlling the blinding procedure. To minimize potential
practice effects during cognitive assessment, volunteers were
required to complete a practice version of the cognitive test
battery one week prior to their first study visit. For each study
visit, cognitive performance, laser Doppler imaging with ionto-
phoresis (LDI), and blood pressure (BP) were assessed at base-
line, 2 h post-acute rice meal consumption, and repeated on
day 9 following short-term rice intake. Blood samples were col-
lected at baseline on day 1 and day 9. Volunteers were
instructed to fast for 8 h prior to each study visit and to follow
a polyphenol-restricted diet for 24 h preceding the initiation of
each intervention, in accordance with previous research exam-
ining bioavailability, vasodilatory, and cognitive function fol-
lowing acute anthocyanin-rich food interventions.?®*>™* A
one-week washout period, together with a 24-hour polyphenol-
restricted diet prior to study visits, was considered sufficient to
minimize any acutely elevated circulating metabolites that
could influence the outcomes.*>"*¢

Upon arrival at the nutrition unit, 15 mL of venous blood
was collected, followed by cognitive assessments, and then
baseline measurements of BP and LDI were performed.
Participants were then provided with 210 g of either cooked
black rice (208 mg of anthocyanins) or control cooked brown
rice (0 mg of anthocyanins) for breakfast, in a random
sequence, with scrambled egg (2 medium eggs and 1 table-
spoon of vegetable oil) and one glass of water (200 ml), and
instructed to complete the meal within 20 min. Table salt or
soy sauce was provided ad libitum. Two hours after meal con-
sumption, cognitive performance was reassessed, followed by
measurements of BP and LDI. For the short-term intervention,
participants were provided with uncooked rice and a rice
cooker for home preparation for the subsequent seven days.
They were instructed to consume cooked rice for one meal per
day, avoid other anthocyanin-rich foods and maintain their
usual physical activity levels throughout the trial. To monitor
compliance, participants were also asked to complete a daily
checklist confirming adherence to the study protocol. A sche-
matic representation of the study design and procedure is
shown in Fig. 1.

Food Funct.


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d5fo04351d

Open Access Article. Published on 13 January 2026. Downloaded on 1/14/2026 12:40:37 AM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Day 2-8

View Article Online

Food & Function

Paper
Day 0 | Day 1
24 h Restrict 8h
polyphenol rich | Fasting ‘
dict

v’ 7 days rice meal consumption (1 meal/day)

Fasting

S

Oh 2h v" Avoid other anthocyanin rich foods 0Oh
v intain habi A
Cognitive function o Maintain habitual diet/lifestyle &
LDI, BP o | o
Blood sample o] ™
B A

Acute analysis 1 (day 1)

Acute analysis 2 (day 9)

Short-term analysis (8 days)

Fig. 1 Study design and procedure.

Cognitive performance measures

The cognitive assessment batteries were selected based on pre-
vious studies in which cognitive domains have been shown to
be affected by inflammatory status, including short-term
memory, working memory, attention, processing speed and
executive function.>*” The standardized cognitive assessments
were conducted at baseline and 2 h post-consumption of the
rice meal intervention on days 1 and 9. The computer-based
cognitive batteries, including the Rey auditory verbal learning
test (RAVLT) for immediate recall, delayed recall and reco-
gnition, forward and backward digit span, and Stoop task,
were administered via the Gorilla platform, with the exception
of the Digit Symbol Substitution Task (DSST), which was con-
ducted using a paper-based format (see SI2 for task descrip-
tion and scoring). New versions of all cognitive tasks were gen-
erated and randomized for each visit to further mitigate prac-
tice and version effects.

Blood sample collection and analysis

The blood inflammatory markers were measured at each study
visit with 8 h fasting in advance. 15 ml blood samples were
taken via venipuncture by registered nurses and drawn into an
SST BD tube. To separate the serum, the blood sample was
centrifuged at 3000 rpm and 4 °C for 15 min. The serum was
aliquoted into vials, each containing 500 pL and stored in a
—80 °C freezer for analysis. High sensitivity C-reactive protein
(hs-CRP) was analyzed by using a Daytona clinical chemistry
analyzer (Randox, Crumlin, UK). IL-6, TNF-a, IL-1p, intercellu-
lar adhesion molecule-1 (ICAM-1), and vascular cell adhesion
molecule-1 (VCAM-1) were analyzed by using automated ELISA
(Ella™, Bio-Techne, UK).

Microvascular blood flow

Laser Doppler Imaging (LDI) was employed to assess microvas-
cular blood flow in response to iontophoresis of acetylcholine
(ACh) and sodium nitroprusside (SNP) vasodilators. ACh was
used to evaluate endothelium-dependent vasodilation, reflect-
ing the capacity of the endothelium cell to produce nitric
oxide (NO), whereas SNP was used to assess endothelium-inde-
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pendent vasodilation, acting directly on vascular smooth
muscle via NO release.*® To ensure consistency across repeated
test sessions, participants rested in a supine position for
30 min in a temperature-controlled room (22-24 °C) before
LDI assessment. Peripheral microvascular function was evalu-
ated using a validated method that measures vasodilatory
responses to 1% acetylcholine (ACh) and 1% sodium nitro-
prusside (SNP).*® For vascular reactivity testing, participants
were placed in a semi-recumbent position with the right arm
supported. A temperature probe and iontophoresis chambers
were applied to the volar surface of the forearm. Freshly pre-
pared solutions of acetylcholine chloride (2.5 ml; 1% w/v in
0.5% w/v NaCl) and sodium nitroprusside (2.5 ml; 1% w/v in
0.5% w/v NaCl) were introduced into the anodal and cathodal
chambers, respectively. After baseline skin perfusion was
recorded, an incremental current was applied in 5 mA steps (5,
10, 15, and 20 mA), producing a total charge (current x time)
of 8000 coulombs over a 20-minute period. Fifteen scans were
obtained as the current increased from 0 to 20 mA, followed by
five additional scans after current cessation. Skin perfusion,
expressed as erythrocyte flux, was measured using a laser
Doppler imager (Moor Instruments Ltd, Axminster, Devon,
UK). Within- and between-day coefficients of variation (CV)
were consistently below 10%, as previously reported.’® The
results are presented as incremental area under the curve
(iAUC), calculated using the baseline value as the reference
point and including only the area above this line, using a
method modified from the study protocol developed for the
unit by Trevor George under the guidance of William Ferrell’s
group in Glasgow.”

Blood pressure

BP was measured at each study visit using a clinically validated
measurement. To maintain consistency between repeat test
sessions, the volunteers were rested in a seated position for
5 min before each measurement. BP was recorded at baseline
and after 2 h in a seated position, with the cuff placed on the
left arm, and with the arm resting on an adjacent desk
throughout the measurement.

This journal is © The Royal Society of Chemistry 2026
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Sensory evaluation

Liking scores for appearance, color, taste/flavor, adhesiveness,
and softness, and overall preference were evaluated using a
9-point hedonic scale (1 = dislike extremely, 9 = like extremely)
following the completion of each treatment. Additionally, vol-
unteers were asked whether they would be willing to consume
black or brown rice instead of white rice.

Statistical analysis

All data were analyzed using IBM SPSS statistics version 28
(IBM, NY, USA). A comparable statistical approach was
employed for all outcomes, including cognitive assessments,
BP, microvascular blood flow and serum inflammatory
mediators. For reaction time data, only correct responses were
included in mean values. z-Score analysis was applied to detect
the outliers in the data; data points with a z-score over 3.29
were excluded prior to statistical analysis.”> A linear mixed-
effects model (LMM) with an unstructured covariance matrix
for repeated measurements was established to evaluate the
effects of treatment, time, and their interaction (treatment x
time) on the outcomes for varying correlations between time
points. Treatment (black rice or brown rice control), time
(baseline, day 1 - 2 h, day 9, and day 9 - 2 h), and treatment x
time interaction were entered as fixed factors in the model.
Participant ID was included as a random effect to account for
within-subject correlations. Estimated marginal means
(EMMEANS) were calculated and adjusted for multiple com-
parisons using the Bonferroni correction. Post hoc compari-
sons were used to investigate any significant effects of treat-
ment, time and their interactions. The restricted maximum
likelihood (REML) method was used for parameter estimation.
This approach aligns with an intention-to-treat principle, as it
incorporates all randomized participants in the analysis and
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appropriately handles missing data under the missing-at-
random assumption. Therefore, data from all 24 participants
were included in the LMM model, including one participant
with an incomplete period 2 intervention. The outcomes were
analyzed separately for the acute (acute analysis 1; baseline
and day 1 - 2 h), short-term (baseline on day 1 and day 9), and
acute-on-short-term (acute analysis 2; day 9 and day 9 - 2 h)
studies, as described in Fig. 1. Effect size (d) was interpreted
as small (d = 0.2), medium (d = 0.5), and large (d > 0.8) accord-
ing to Cohen’s criteria.>® Sensory evaluation outcomes were
not measured over time, therefore analysis of these ratings
only included a comparison between the two treatment con-
ditions by using paired sample ¢ tests.

Results
Participant flowchart and baseline characteristics

A total of 42 individuals were recruited for the study, of whom
18 were excluded and 24 were included and randomly assigned
to the intervention (Fig. 2). Among the 24 participants, 22
identified as White (91.7%) and 2 as Asian British (8.3%).
Educational attainment included GCSE (8.3%), A level (8.3%),
higher education (20.8%), and university degree or equivalent
(62.5%). One volunteer dropped out after completing one treat-
ment due to personal reasons unrelated to the trial. The initial
study commenced in January 2024 and concluded in October
2024, with no adverse or unintended events reported during
this period. Baseline characteristics of the participants are pre-
sented in Table 2. The analysis of the Food Frequency
Questionnaire  (FFQ) for macro- and micronutrient
intake before the commencement of the study visit is pre-
sented in SI3.

[ Assessed for cligibility n=42) |

Excluded (n = 18)

- Not meeting inclusion criteria (n = 15)
- Could not attend study (n = 3)

| Randomly assigned (n = 24) |

l

| Black rice (n=12) |

l

| Brown rice (n = 12) |

| One week wash-out period |

| Brown rice (n = 12) |

—-[ Drop-out (n = 1), personal reason

| Black rice (n= 11) |

Analyzed (n = 24)

Included all randomized participants;
one participant contributed data from period 1 only

{ Analysis ] { Crossover } [Allocation} [Enro]lment J

Fig. 2 CONSORT flow diagram outlining the number of participants at each stage of a randomized controlled crossover study.
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Table 2 Demographic characteristics at baseline

Characteristics Mean  SD Range
Age (year) 65 7 50-77
BMI (kg m™?) 24.6 3.9  19-34
MMSE score (30) 29.5 0.9 27-30
Systolic BP (mmHg) 123 9 103-140
Diastolic BP (mmHg) 80 6 64-90
Pulse rate (bpm) 72 9 57-91
Waist/hip circumference ratio 0.9 0.1 0.8-1.0
% Body fat 27.4 10.1 7.1-49.2
Vegetable consumption (portions per day) 2.7 1.2 1-6
Fruit consumption (portions per day) 2.0 0.9 1-5

Short-term analysis (8 days)

Consumption of black rice for 8 days led to significant
improvements in final recall (12.64 vs. 11.92; F(1, 22) = 4.66, p
= 0.04) and total recall (52.57 vs. 49.54; F(1, 24) = 5.97, p =
0.02), in comparison with the brown rice control (Fig. 3a
and b). In addition, black rice intake significantly increased
backward digit span from baseline (CFB: 0.83, p = 0.03,
95% CI: 0.08, 1.57), while no change was observed for the
brown rice control (CFB: 0.0, p = 1.0, 95% CI: —0.73, 0.73). For
DSST processing speed, a
significant increase from baseline was observed after con-

scores, a measure of
sumption of both black rice and the brown rice control
(CFB: 8.74, p < 0.001, 95% CI: 5.75, 11.73 vs. 4.92, p = 0.002,
95% CI: 1.99, 7.85), with no significant differences between
groups.

In parallel, black rice intake led to a significant reduction
in IL-6 levels from baseline (CFB —0.67, p = 0.03, 95% CI:
—1.26, —0.08), a change not observed with brown rice
(CFB 0.27, p = 0.36, 95% CI: —0.32, 0.87) (Fig. 4). No signifi-
cant changes were observed for hsCRP, TNF-a, ICAM-1, and
VCAM-1; however, a marginal change from baseline was
noted for hsCRP following black rice intake (CFB: —0.33, p =
0.051, 95% CIL: —0.65, 0.002). Furthermore, no significant

Final recall

*P=0.04

Scores (out of 15)

10.5 -

10.0 - : =
Baseline Day 9

H Black rice @ Brown rice
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ZBrown rice

Mean change from baseline (pg/ml)

*P=0.03

-2.0 -

Fig. 4 Change from baseline in serum IL-6 concentration after 8 days
of black rice and brown rice intake.

treatment impact was seen for microvascular blood flow and
blood pressure following the short-term intervention
(summary data from the LMM analysis are provided in
Table 3).

Acute analysis 1 (day 1)

Following both acute rice intakes, there was a trend toward
lower scores in RAVLT, a verbal memory measure, including
immediate recall, total recall, proactive interference, delayed
recall and recognition. However, black rice consumption atte-
nuated the decline in delayed recall from baseline (CFB: —1.17,
p =0.09, 95% CI: —2.54, 0.19), whereas a significant reduction
was observed for brown rice (CFB: —1.42, p = 0.04, 95% CI:
—2.75, —0.08) (Fig. 5a). A significant increase from baseline in
DSST scores was observed after consuming both black rice and
the brown rice control (CFB: 5.44, p < 0.001, 95% CI: 3.47, 7.40

Total recall

*P=0.02

55 [

Scores (out of 75)

Baseline
@ Black rice

Day 9
@ Brown rice

Fig. 3 The scores of final recall (a) and total recall (b) improved after 8 days of black rice consumption compared to the brown rice control.
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Table 3 Summary short-term (8 days) data from LMM analysis

View Article Online

Paper

Black rice

Brown rice control

LMM fixed effects F, [p-values]

Baseline Day 9 Baseline Day 9

Mean SE Mean SE Mean SE Mean SE Treatment  Time Treatment X time
Cognitive assessments
Immediate recall (out of 15) 7.00 0.39 6.92  0.38 6.83 0.39 6.50 0.38 2.12,[0.16] 0.83,[0.37 0.28, [0.60
Final recall (out of 15) 12.64 0.41 12.64 0.43 1221 041 11.92 0.43 6.50,[0.02]* 0.45,[0.51 0.45, [0.51
Total recall (out of 75) 51.18 1.88 52,57 1.95 50.75 1.87 49.54 1.94 5.29,[0.03]* 0.01,[0.91 2.44,[0.13
Learning 5.62 041 5.71 0.38 5.38 0.40 5.42  0.37 0.95,[0.34] 0.06, [0.81 0.01, [0.93
Proactive interference 1.38 0.35 0.72  0.31 1.50 0.34 0.54 0.31 0.02,[0.89] 7.36,[0.01]* 0.27, [0.61
Retroactive interference 1.31  0.32 1.66 0.39 1.13  0.31 0.92 0.38 4.62,[0.04]* 0.05,[0.83 0.79,[0.38
Delayed recall 10.86 0.62 10.86 0.65 11.13 0.61 10.79 0.65 0.12,[0.73] 0.22,[0.64 0.22, [0.64
Recognition (out of 50) 47.52 0.66 47.44 0.59 47.42 0.65 47.38 0.59 0.09,[0.77] 0.02,[0.88 0.00, [0.96
Digit span forward 599 0.25 6.34 0.28 5.83 0.24 6.21 0.27 0.84,[0.37] 4.86,[0.03]* 0.01, [0.93
Digit span backward 453 029 536 028 513 028 513 0.27 0.70,[0.41] 2.55,[0.12 2.55,[0.12
Stroop effect_reaction time (ms) 179.41 73.36 116.12 73.06 91.22 73.20 118.67 72.28 0.80,[0.38] 0.22,[0.64 1.41, [0.24
DSST 52.23 2.63 60.97 2.27 5542 260 60.33 225 0.55,[0.47] 43.11,[<0.01]* 3.38,[0.73
Inflammatory markers
hsCRP (mg dL™") 1.84 039 151 043 144 0.38 1.65 0.42 0.11,[0.74] 0.27,[0.61] 5.82, [0.02]*
IL-6 (pg mL™Y) 3.05 035 239 026 202 035 229 026 3.45,[0.08] 0.89,[0.35] 5.06, [0.03]*
TNF-a (pg mL ™) 10.44 044 1037 0.44 10.17 0.44 10.23 0.44 0.63,[0.44] 0.002,[0.97]  0.31,[0.58]
IL-1B (pg mL ™) ND — — —
ICAM-1 (ng mL™) 377.49 14.86 373.03 18.34 358.48 14.60 366.67 18.03 0.65,[0.43] 0.07,[0.80] 0.79, [0.38]
VCAM-1 (ng mL™) 655.80 28.88 653.64 27.29 656.07 28.65 657.16 26.85 0.01,[0.94] 0.002,[0.97]  0.01,[0.91]
Microvascular blood flow
Ach_iACU 195.76 46.42 136.47 31.27 170.96 46.37 94.26 32.60 0.66,[0.43] 3.70,[0.06] 0.06, [0.81]
SNP_iAUC 389.94 82.97 276.12 84.25 312.36 79.82 257.31 84.21 0.45,[0.51] 1.36,[0.25] 0.16, [0.69]
Blood pressure
Systolic 123.61 2.39 121.22 2.28 123.38 2.37 121.38 2.28 0.00,[0.96] 6.80,[0.01]* 0.05, [0.82]
Diastolic 70.11 1.35 68.76 1.38 68.96 1.34 6817 1.37 1.97,[0.17] 2.98,[0.09] 0.20, [0.66]

Estimates from LMM with mean (estimated marginal mean) + SE for cognitive, inflammatory, and microvascular outcomes across 2 time points.
* = P < 0.05. ND = non-detected, as the concentrations in most two-fold diluted samples were below the assay’s limit of detection (0.064 pg ml™).

vs. 2.38, p = 0.02, 95% CI: 0.45, 4.30). The digit span backward
and Stroop effect showed a tendency to improve following
black rice consumption; however, the results were not statisti-
cally significant.

Meanwhile, a reduction in microvascular blood flow was
observed after consuming both types of rice. A significant
decrease in SNP, a measure of vascular smooth muscle respon-
siveness to NO, from baseline was observed for both black and
brown rice treatments (CFB: —221.45, p = 0.01, 95% CI:
—-391.92, —50.98 vs. —196.01, p = 0.02, 95% CIL: —359.77,
—32.25). In contrast, a significant decrease in Ach, a measure
of endothelial dependent NO-producing capacity, was observed
only for black rice (CFB: —97.15, p = 0.04, 95% CI: —190.49,
—3.81). For blood pressure, a significant reduction from base-
line following black rice and brown rice intake was observed in
systolic pressure (CFB: —3.91, p = 0.02, 95% CL: —7.07, —0.75
vs. —5.41, p < 0.001, 95% CI: —8.51, —2.32) and diastolic
pressure (CFB: —5.17, p < 0.01, 95% CI: —8.45, —1.90 vs. —3.91,
p =0.02, 95% CI: —7.13, —0.71). However, no significant differ-
ences between treatments for cognitive function, microvascu-
lar blood flow and blood pressure were observed during day 1
of acute rice consumption (summary data from the LMM ana-
lysis are provided in Table 4).

This journal is © The Royal Society of Chemistry 2026

Acute analysis 2 (day 9)

Acute black rice consumption, following 8 days of daily intake,
attenuated the decline in word recognition from baseline
(CFB: —0.67, p = 0.19, 95% CI: —1.69, 0.35), whereas a signifi-
cant decrease was observed for brown rice (CFB: —1.30, p =
0.01, 95% CI: —2.27, —0.31) (Fig. 5b). A significant increase in
DSST scores was seen for the brown rice control (CFB: 3.50, p
<0.001, 95% CI: 1.90, 5.10).

Concurrently, a significant reduction from baseline following
black rice and brown rice intake was found in systolic pressure
(CFB: —4.13, p = 0.01, 95% CI: —6.97, —1.29 vs. —3.46, p = 0.02,
95% CI: —6.24, —0.68) and diastolic pressure (CFB: —6.61, p <
0.001, 95% CI: —9.44, —3.78 vs. —4.00, p = 0.006, 95% CI: —6.78,
—1.22). In addition, a non-significant reduction in microvascular
blood flow in response to ACh and SNP was observed after both
rice treatments. No significant differences between treatments
were detected for any outcomes during this period (summary
data from the LMM analysis are provided in Table 5).

Sensory analysis

The mean liking scores for all attributes of cooked black and
brown rice characteristics are presented in Table 6; these
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Fig. 5 Change from baseline in delayed recall (a) and recognition (b) following acute consumption of black rice and the brown rice control.

Table 4 Summary acute (2 h) data on day 1 from the LMM analysis

Black rice Brown rice control LMM fixed effects F, [p-values]

Baseline 2h Baseline 2h

Mean SE Mean SE Mean SE Mean SE Treatment  Time Treatment X time
Cognitive assessments
Immediate recall (out of 15) 6.98 0.42 611 042 6.83 041 579 0.41 0.99,[0.33] 14.24,[<0.01]* 0.12,[0.74
Final recall (out of 15) 12.63 0.39 11.89 0.47 1221 0.38 11.83 0.46 0.64,[0.43] 3.56,[0.07] 0.38, [0.54
Total recall (out of 75) 51.10 1.90 47.45 2.17 50.75 1.89 47.50 2.15 0.03,[0.87] 8.84,[0.01]*  0.03,[0.86
Learning 559 0.39 572 0.46 538 0.39 6.04 0.45 0.02,[0.89] 1.01,[0.32] 0.46, [0.50
Proactive interference 135 0.34 -0.17 047 150 033 -0.67 0.6 0.26,[0.62] 17.24,[<0.01]* 0.53,[0.47
Retroactive interference 1.32 0.31 2.54 0.54 1.13 0.31 2.50 0.53 0.09,[0.76] 12.02,[<0.01]* 0.04,[0.83
Delayed recall 10.83 0.61 9.65 0.77 11.12 0.60 9.71 0.76 0.24,[0.63] 7.50,[0.01]*  0.07,[0.80
Recognition (out of 50) 4749 070 46.27 0.65 47.42 0.69 45.87 0.64 0.26,[0.62] 11.79,[<0.01]* 0.17,[0.68
Digit span forward 594 023 594 022 58 023 600 022 0.02[0.88] 0.32,[0.57] 0.32, [0.57
Digit span backward 453 030 505 0.29 513 029 496 0.28 1.16,[0.29] 0.72,[0.40] 2.70, [0.11
Stroop effect_ reaction time (ms) 183.17 81.49 117.64 81.96 88.64 81.42 165.34 81.40 0.34,[0.57] 0.02,[0.88] 3.73,[0.06
DSST 52.14 2.47 57.57 2.28 5542 243 57.79 225 0.65,[0.43] 32.78,[<0.01]* 5.03,[0.03]*
Microvascular blood flow
Ach_iACU 196.41 47.37 99.25 34.60 181.97 47.22 116.92 34.48 0.001,[0.97] 6.11,[0.02]*  0.24, [0.63]
SNP_iAUC 393.39 86.11 171.94 32.81 312.36 82.57 116.35 32.78 1.12,[0.30] 12.66,[<0.01]* 0.05,[0.83]
Blood pressure
Systolic 123.79 2.31 119.87 2.71 123.37 2.29 117.96 2.68 0.50,[0.49] 18.04,[<0.01]* 0.47,[0.50]
Diastolic 70.21 1.30 65.04 193 68.96 1.29 65.04 1.90 0.26,[0.61] 15.93,[<0.01]* 0.31,[0.58]

Estimates from LMM with mean (estimated marginal mean) + SE for cognitive, inflammatory, and microvascular outcomes across 2 time points.

*=P<0.05.

results indicate moderate to extreme preference for both types
of rice. No significant differences in liking scores were seen for
all attributes except for softness, where volunteers indicated a
significant preference for black rice over brown rice (p <
0.001). In terms of acceptability, 69% of volunteers were
willing to consume black rice and 76% were willing to
consume brown rice, instead of white rice.

Food Funct.

Discussion

This is the first study investigating the acute and short-term
effects of anthocyanin-rich black rice consumption on cogni-
tive performance, inflammatory markers, and microvascular
function in older adults. Daily consumption of black rice, pro-
viding 208 mg of anthocyanins or 261 mg of total polyphenols

This journal is © The Royal Society of Chemistry 2026
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Table 5 Summary acute (2 h) data on day 9 from the LMM analysis

View Article Online

Paper

Black rice

Brown rice control

LMM fixed effects F, [p-values]

Day 9 Day9-2h Day 9 Day9-2h

Mean SE Mean SE Mean SE Mean SE Treatment Time Treatment X time
Cognitive assessments
Immediate recall (out of 15) 6.87 0.39 6.39 0.40 6.50 0.38 6.54 0.40 0.31,[0.58] 0.76,[0.39] 1.08, [0.31
Final recall (out of 15) 12.64 0.42 12.59 059 1192 0.42 1221 0.58 2.20,[0.15] 0.11,[0.74] 0.21, [0.65
Total recall (out of 75) 52.56 1.80 49.60 1.91 49.54 1.79 48.75 1.89 4.07,[0.06] 2.97,[0.09] 0.99, [0.33
Learning 571 037 614 057 542 037 567 056 0.89,[0.35] 0.77,[0.39] 0.06, [0.81
Proactive interference 0.69 0.32 0.69 0.38 0.54 0.31 0.46  0.37 0.61,[0.44] 0.02,[0.90] 0.02, [0.90
Retroactive interference 1.64 039 312 0.71 0.92 038 3.3 0.70 0.50,[0.49] 13.93,[<0.01]* 0.55,[0.46
Delayed recall 10.89 0.64 9.71 0.68 10.79 0.63 9.29 0.67 0.51,[0.48] 15.28,[<0.01]* 0.23,[0.64
Recognition (out of 50) 47.40 0.59 46.73 0.60 47.37 059 46.08 0.58 0.78,[0.39] 7.80,[0.01]*  0.79,[0.38
Digit span forward 6.31  0.27 6.53  0.25 6.21 0.26 6.33 0.24 1.02,[0.33] 0.88,[0.35] 0.06, [0.80
Digit span backward 536 0.29 527 031 512 028 475 030 1.84,[0.19] 1.62,[0.21] 0.63, [0.43
Stroop effect_ reaction time (ms) 119.67 62.75 140.50 59.59 118.67 61.61 110.70 58.52 0.07,[0.80] 0.03,[0.87] 0.13,[0.72
DSST 60.89 2.24 62.11 2.23 60.33 222 63.83 2.21 0.17,[0.68] 17.25,[<0.01]* 4.04,[0.05
Microvascular blood flow
Ach_iACU 135.97 31.87 90.64 28.15 81.48 33.17 58.95 28.69 2.90,[0.11] 1.57,[0.22] 0.18, [0.68]
SNP_iAUC 280.98 77.48 142.32 41.65 245.14 77.47 131.51 41.65 0.14,[0.72] 4.31,[0.04]* 0.04, [0.84]
Blood pressure
Systolic 121.25 2.29 117.12 2.49 121.38 2.28 117.92 2.48 0.20,[0.66] 14.76,[<0.01]* 0.12,[0.74]
Diastolic 68.67 1.42 62.06 1.77 68.17 1.41 64.17 1.74 0.60,[0.45] 29.02,[<0.01]* 1.76,[0.19]

Estimates from LMM with mean (estimated marginal mean) + SE for cognitive, inflammatory, and microvascular outcomes across 2 time points.

*=P<0.05.

Table 6 The linking scores (1-9 hedonic scale) on the attributes of rice
meal interventions

Attributes Black rice Brown rice

Appearance 7.26 + 1.42° 7.09 +1.28%
Color 7.04 +1.74 6.96 + 1.22%
Taste 7.83 +0.78% 7.39 +1.23%
Adhesiveness 7.13 + 1.46% 6.83 +1.37%
Softness 7.70 + 0.97° 6.43 + 1.62°
Overall 7.62 +0.93% 7.22 +1.20%

Mean and standard deviation values in the same row with different
superscripts differ significantly (p < 0.05).

for 8 days significantly improved verbal memory, with small to
medium effect sizes (d), for final recall (d = 0.32) and total
recall (d = 0.33) compared with the brown rice control. In par-
allel, a significant reduction in serum IL-6 levels (d = 0.39) rela-
tive to baseline was observed following black rice intake. No
significant changes were detected in microvascular blood flow
or blood pressure during this period. These data hint at the
fact that anti-inflammatory effects of black rice polyphenols
could potentially underpin cognitive effects behaviorally.
According to acute analysis, a trend toward reduced verbal
memory (RAVLT), microvascular blood flow, and blood
pressure was observed for both treatments. However, black rice
consumption was associated with attenuated declines in
delayed recall on day 1 (d = 0.40) and word recognition on day
9 (d = 0.33) from baseline, but there was a lack of significant
difference between treatments. Although acute intake showed

This journal is © The Royal Society of Chemistry 2026

a trend toward cognitive benefits, regular consumption may be
required to achieve more substantial and sustained enhance-
ments in cognitive function among older adults. These find-
ings contribute to the growing body of evidence that flavonoid-
rich foods may beneficially influence both cognitive perform-
ance and inflammatory status in humans.>®>*~>’

The levels and compositions of anthocyanins, the pigments
responsible for red, blue, and purple colors in plants, vary
widely among different food sources.’® Black rice contains
between 19.7 and 572 mg of cyanidin-3 glucoside per 100 g of
uncooked grain, depending on the variety;'*”° however,
cooking can reduce the available anthocyanin content by
40-60%.>°"°" Therefore, the concentration is slightly lower
than that of well-known anthocyanin-rich foods, such as blue-
berries, which typically contain 57-503 mg of total anthocya-
nins per 100 g of fresh weight.®® In our study, the anthocyanin
content in cooked black rice was quantified at 208 mg per
serving (210 g), comparable to the effective doses reported in
other anthocyanin-rich foods or supplements in human cogni-
tive trials, which have ranged from 16 to 598 mg.** During
acute intake, a transient decline in verbal memory, as
measured by the RAVLT, was observed for both interventions.
The observed cognitive changes may reflect a rapid postpran-
dial rise in blood glucose and insulin, followed by a sharp
decline, after ingestion of a carbohydrate-rich meal. Such fluc-
tuations can induce drowsiness and fatigue, potentially
impairing cognitive performance, particularly in tasks requir-
ing sustained attention and memory.®* However, acute inges-
tion of black rice attenuated declines in specific memory
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measures, such as delayed recall (d = 0.40) and word reco-
gnition (d = 0.33) from baseline. The findings indicate that the
acute cognitive effects of black rice consumption on both day
1 and day 9 consistently preserve episodic memory. This aligns
with previous acute anthocyanin studies in older adults; for
example, consumption of wild blueberries providing 475 mg of
anthocyanins preserved word recognition performance over a
2-hour period in middle-aged to older adults.®® Similarly, the
consumption of a blueberry beverage containing 508 mg of
anthocyanins alleviated the decline in immediate word reco-
gnition (d = 0.44) over a 2 h period.?° Furthermore, a single
dose of wild blueberry extract containing 222 mg of anthocya-
nins preserved executive function relative to placebo during
the post-lunch dip.®® Here, black rice consumption similarly
showed acute cognitive benefits by attenuating declines in
verbal memory and recognition among older adults, although,
higher-dose interventions may be required for larger effect
sizes.

Compared with a single intake, daily consumption for 8
days produced more pronounced cognitive gains, with
improvements in verbal memory, measured by final recall (d =
0.32) and total recall (d = 0.33) relative to the brown rice
control. Additionally, a significant improvement from baseline
was observed for digit span backward (d = 0.63) following
black rice intake, suggesting a potential facilitative effect on
working memory. These cognitive domains rely on the integ-
rity and functional capacity of the prefrontal cortex, a region
previously shown to benefit from flavonoid-rich diets.®” ®
Given the low bioavailability, rapid metabolism and excretion
of anthocyanins, regular consumption may maintain circulat-
ing levels of their metabolites, potentially sustaining cognitive
function.”””! Our findings suggest that regular anthocyanin-
rich black rice consumption may provide cumulative benefits
across memory domains, with effects comparable to those
reported in other chronic berry anthocyanin interventions,
administered at doses of 138-248 mg over 5-12 weeks.>"**7>
For example, a 5-week intake of a berry beverage containing
248 mg of anthocyanins significantly enhanced working
memory task (d = 0.37).>' Similarly, daily consumption of
cherry juice providing 138 mg of anthocyanins for 12
weeks resulted in significant improvements in verbal memory
(d = 0.94), as well as short-term (d = 0.52) and long-term (d =
0.59) memory, in individuals with mild to moderate demen-
tia.?® In addition, consuming 24 g of freeze-dried
blueberry, equivalent to 230 mg of anthocyanins, daily for 90
days significantly reduced repetition errors in the RAVLT (d =
0.49) and decreased switch cost compared to the controls.”
Notably, variations in study design, population, anthocyanin
composition and dosage, intervention duration, and the
cognitive assessments employed have limited the comparabil-
ity of findings across studies. Nevertheless, converging evi-
dence suggests that certain cognitive domains, particularly
verbal and working memory, appear to be responsive to
anthocyanin interventions in older adults, with extended inter-
vention durations and dosage likely producing larger effect
sizes.

Food Funct.
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The potential mechanisms by which anthocyanins enhance
cognitive performance, including anti-inflammation and vas-
cular function, were investigated in this study. A significant
decrease in IL-6 levels was observed, occurring in parallel with
improvements in memory recall and working memory after 8
days of black rice intake. However, no significant changes in
microvascular blood flow or blood pressure were detected over
this timeframe. Therefore, the anti-inflammatory mechanism
could potentially be linked to cognitive improvements follow-
ing black rice intake. Notably, brown rice intake improved
DSST scores, a measure of processing speed, although no
reduction in IL-6 was observed. This distinction becomes
obvious when considering domain-specific effects, as improve-
ments in verbal memory following black rice intake appear to
be related to anti-inflammatory mechanisms,”® whereas
enhancements in processing speed after brown rice intake
may occur through mechanisms independent of inflam-
mation, such as regulated glucose metabolism, enhanced
synaptic plasticity, increased neurotrophic factors, and
reduced oxidative stress.”*’> IL-6, a pivotal cytokine, has been
negatively correlated with global cognitive performance, par-
ticularly in domains related to memory and executive function
among non-dementia older adults.>’® A recent systematic
review and meta-analysis of human randomized controlled
trials supports our findings, showing that chronic polyphenols
intake significantly reduces blood IL-6 levels while improving
verbal memory and executive function.”® In addition to the
reduction in IL-6, no significant changes were observed in
serum TNF-a, hsCRP, ICAM-1, or VCAM-1 following black rice
intake. It is possible that the relatively short intervention
period limited the detection of broader inflammatory changes,
consistent with previous evidence that dietary polyphenols
often require longer durations to exert broader anti-inflamma-
tory effects.”” Alternatively, the selective effect on IL-6 may
suggest a more targeted mechanism of action by black rice
anthocyanins, which warrants further mechanistic exploration.

Regarding the vascular system, a temporary decline in
microvascular blood flow during the postprandial phase in the
acute setting was observed following intake of both types of
rice. In the same window, the timing of microvascular changes
coincides with transient declines in cognitive performance,
particularly verbal memory, suggesting a possible link between
impaired microvascular function and cognitive
dysfunction.'>”® Additionally, reductions in both systolic and
diastolic blood pressure were also observed during the post-
prandial phase of both rice treatments, suggesting that vascu-
lar responsiveness, particularly via nitric oxide (NO)-mediated
pathways, may be more sensitive to dietary compounds rather
than specifically to the effects of anthocyanins. It has been
similarly reported that acute anthocyanin intake from a blue-
berry beverage led to reduced blood pressure in older adults;
however, the control drink produced a comparable effect.”® We
are unable to exclude the possibility that acute vascular
responses are a result of other bioactive compounds identified
in both rice varieties, including y-oryzanol, peptides, and phe-
nolic acids.”® These compounds have been reported to

This journal is © The Royal Society of Chemistry 2026
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promote vascular relaxation and modulate the renin-angioten-
sin system.”® Although no specific vascular effects of black rice
were detected in the acute postprandial or short-term phases
of this study, it is important to recognize that anthocyanin-
rich foods have been linked to cardiovascular benefits such as
improved endothelial function and reduced blood pressure,
both of which are associated with enhanced cognitive perform-
ance.”® The positive vascular outcomes of anthocyanin-rich
food may require longer duration or higher dose interventions
to become measurable at the microvascular level, especially in
older adults. Overall, the observed cognitive improvements
were accompanied by reductions in the IL-6 inflammatory
marker but not by changes in vasodilatory function, support-
ing the hypothesis that anti-inflammatory mechanisms may
contribute to enhanced cognitive performance. However,
anthocyanin-derived metabolites may also exert cognitive
effects through other neuroprotective pathways, including
upregulation of neurotrophic factors, modulation of neuronal
signaling, enhancement of cerebral blood flow, activation of
cognitive brain regions, and regulation of the gut-brain
axis.®® Future research should consider these additional
mechanisms to better elucidate the effects of anthocyanin-rich
foods on cognitive function.

While many cognitive interventions focus on high-cost sup-
plements or expensive anthocyanin-rich food such as blueber-
ries, these may not be practical or sustainable at a population
level. In contrast, this study investigated a staple-based food,
black rice, which is culturally recognized and frequently con-
sumed in many parts of Asia and around the world. The effect
sizes for cognitive performance observed in this study are
lower than those reported in studies using concentrated berry
extracts, whole fruits, or beverages, likely due to lower antho-
cyanin concentrations, differences in anthocyanin compo-
sition, the influence of the food matrix, and the shorter inter-
vention period. However, the cost-effectiveness and habitual
nature of rice consumption make it a compelling choice for
population-level dietary intervention. Although cooking par-
tially degrades the anthocyanin content of black rice,>* ™! the
residual amount, approximately 208 mg per serving shown in
our study, remains sufficient to exert cognitive function and
anti-inflammatory activity, even over a relatively short interven-
tion period. Furthermore, black rice contains a variety of nutri-
ents and non-nutrients including, dietary fiber, peptides,
vitamin E, vitamin B1, y-oryzanol, and phenolic acids, provid-
ing additional benefits beyond anthocyanins.* In this context,
regular consumption of anthocyanin-rich black rice could offer
meaningful public health benefits, particularly in populations
with limited access to dietary supplements or fresh fruit.
Importantly, our sensory data indicate that black rice was well
accepted across all attributes, with 69% of participants expres-
sing a willingness to substitute black rice for white rice, high-
lighting its feasibility for broader dietary integration. Thus,
incorporating black rice into the daily diet, or substituting it
for white rice, represents a practical strategy for populations
seeking a cost-effective source of anthocyanins with potential
health-promoting effects.

This journal is © The Royal Society of Chemistry 2026
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Conclusion

This study is the first to demonstrate the effects of anthocya-
nin-rich black rice on cognitive function, inflammation, and
microvascular function in older adults. Our findings indicate
that 8 days of daily black rice consumption improved verbal
and working memory, alongside a reduction in the inflamma-
tory marker IL-6, suggesting that the cognitive benefits may be
mediated by anti-inflammatory pathways. These findings
suggest that incorporating anthocyanin-rich foods into the
diet could support cognitive health and reduce inflammatory
burden, with potential implications for aging populations and
individuals at risk of cognitive decline.
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