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1. Introduction

A randomised controlled study to investigate the
cognitive, mood, metabolic and anti-inflammatory
effects of acute oyster mushroom intervention in
healthy older adults

Sara Cha,® Lynne Bell,® Derek R. Fisher,” Barbara Shukitt-Hale,” Zicheng Zhang,®
Ana Rodriguez-Mateos (2 © and Claire M. Williams (2 **

The Pleurotus oyster is a common edible mushroom rich in ergothioneine, a bioactive that has shown
benefits to cognition in animals when administered in extract form. The OYSACO study investigated the
acute effects of oyster mushroom (OM) on cognition, mood, inflammation and metabolism in healthy
older adults. In a cross-over study, 33 participants consumed a noodle soup containing 0.5 (OM0.5), 1
(OM1) and 2 (OM2) servings of OM, and a calorie-matched control soup (OMO), on four separate
occasions, each separated by one week. Cognitive function, mood and subjective appetite were assessed
at baseline (BL, prior to intervention) and then at 2-, 4- and 6-hours post-consumption. Intervention
palatability was recorded after consumption, and a serum sample was taken at 6-hours. Linear Mixed
Modelling, with BL as covariate, revealed a significant decline in Positive Affect and concomitant increase
in Mental Fatigue over the test day after consuming OMO, while no significant variation in mood was seen
throughout the day following OM interventions. Cognitive findings were mixed with no consistent pattern
of effects seen following OM interventions compared to OMO. Postprandial inflammatory markers (nitrite,
NADPH oxidase 2 and inducible nitric oxide synthase) were significantly lower following OM interventions
compared to OMO. Unexpectedly, brain derived neurotrophic factor was found to be dose-dependently
lower after consuming OM compared to OMO. Overall, OM interventions helped maintain mood and
lower inflammatory markers in healthy older adults, following acute supplementation. Further studies are
required to unravel the underlying mechanisms involved.

variety of bioactive compounds including ergothioneine, B
vitamins, phenolic acids and terpenoids,® which are thought

Ageing is associated with a deterioration in not just physiologi-
cal function but also cognitive health." Although treatments
for age-related conditions remain limited, lifestyle factors, par-
ticularly diet, play a crucial role in promoting healthy ageing
and reducing the risk of age-related diseases.” Emerging evi-
dence suggests that diets rich in diverse nutrients and bio-
active compounds may benefit both cognitive function and
mood during the ageing process.>* Among such dietary com-
ponents, edible mushrooms are gaining attention due to their
rich nutrient profile.” Mushrooms are known to contain a
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to be responsible for neurocognitive benefits.”

Previous epidemiological research has demonstrated a clear
association between mushroom consumption and better cog-
nitive and mental well-being outcomes, when mushrooms
were included as part of a vegetable-rich diet.®”"* Whilst these
epidemiological studies typically involved Asian populations,
findings from our recent epidemiological study involving a UK
population suggested that the consumption of more than 1
portion (45 g) of mushrooms per week was associated with
better cognitive scores in the domains of episodic memory,
executive function and processing speed."”> However, human
clinical trials examining mushrooms’ effects on cognition and
mood currently remain limited, with most focusing on Lion’s
Mane mushroom, rather than common edible mushrooms."?
Notably, Lion’s Mane supplementation has shown significant
cognitive benefits in older adults with cognitive decline, par-
ticularly at doses up to 3 g day " and for durations over
12-weeks or more."*"® The effects of other edible mushroom
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species remain under investigation, and thus definitive con-
clusions about their cognitive and mood-related benefits,
cannot yet be drawn.

The Pleurotus ostreatus oyster species (OM) is a common
edible mushroom, ranking as the second-largest cultivated
mushroom type worldwide.'® This species is rich in bioactive
compounds and nutrients including proteins, vitamins, min-
erals and dietary fibre.'” Research evidence suggests that OM
are also rich in ergothioneine, a sulphur-containing amino
acid that has been shown in animal studies to exhibit anti-
depressant'® and neuroprotective'® effects. Despite the favour-
able bioactive profile of OM, only a single study to date has
investigated the cognitive and mood-related benefits in
humans.”® Here the effects of OM supplementation for
12-weeks revealed significant improvement in episodic
memory and maintenance of mood compared to placebo;
reductions in inflammatory markers compared to baseline
levels were also seen for OM-treated participants only.
However, no studies have specifically examined the immediate
postprandial cognitive and mood effects of OM in a healthy
older adult UK population. Therefore, the OYSACO study
aimed to investigate the effects of three different doses of
dried OM intervention for up to 6-hours (6 h) during the day.
The selected doses (40 g, 80 g, and 160 g fresh equivalents)
were chosen to reflect realistic intakes of edible mushrooms
within a typical diet, while spanning a broad enough range to
explore possible dose-response effects. The 80 g portion was
chosen as the mid-dose as it aligns with the typical vegetable
serving size in the UK. Importantly, whereas many prior mush-
room interventions have been employed in encapsulated form,
our design focused on OM as a whole food, reflecting its use
as a culinary mushroom rather than a medicinal extract. This
dosing approach is also consistent with Uffelman and col-
leagues’ study,”" which employed a similar portion size (84 g)
to investigate the effects of OM on cognition and mood.

The focus on the acute postprandial effects in OYSACO is
driven by emerging evidence that certain dietary components
can influence cognitive function, mood and inflammatory
markers within hours of intake. Nutrients such as vitamins,
proteins and polyphenols have been shown to exert rapid
effects on brain function through mechanisms including
modulation of neurotrophic activity, and inflammation. For
instance, single-dose interventions with flavonoid-rich foods
(e.g. berries) have demonstrated cognitive benefits within an
acute timeframe, alongside changes in neurotrophic and
inflammatory markers.>* Similarly, acute supplementation
with Lion’s Mane mushroom has been shown to improve
executive function, working memory, and/or mood in
adults.”** It is noted that oyster mushrooms contain fewer
polyphenols than berries, and lower levels of ergothioneine
than Lion’s Mane. However, in synergy, it is plausible that OM
could elicit similar acute cognitive and mood benefits, poten-
tially through modulation of inflammatory and neurotrophic
pathways, particularly in an older adult population. Therefore,
we hypothesised that the administration of more than 1
portion of dried OM would result in significantly higher cogni-
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tive test scores in the domains of episodic and working
memory, executive function and psychomotor function, along-
side better mood outcomes, up to 6 h post-consumption of
OM intervention compared to placebo. Also, we hypothesised
that metabolic, and inflammatory markers would be signifi-
cantly lower, and brain-derived neurotrophic factor (BDNF)
would be significantly higher, at 6 h post-consumption of OM
intervention compared to placebo. The novel findings from
this research will provide a better overview of the optimal dose
of OM for acute postprandial cognitive and mood benefits for
this age group and examine potential anti-inflammatory and
metabolic related mechanisms that may underlie these effects.

2. Materials and methods

This study was given a favourable ethical opinion by the
University of Reading Research Ethics Committee (UREC 22/
10) and has been registered on ClinicalTrials.gov
(NCT05594329).

Sample population

At the time we conducted the OYSACO trial, there were no
other clinical trials that specifically examined the acute effects
of edible mushrooms on cognition and mood, therefore a
power calculation using GPower 3.1 was based on research
examining the acute benefits of fruit-based interventions on
cognitive function in older adults that previously observed a
medium effect size (Cohen’s d = 0.55).>>*¢ A sample size of 30
participants was calculated to provide sufficient statistical
power. To allow for a 10% attrition rate, 33 healthy adults aged
60-80 years old were recruited from the area local to Reading
(UK). Sixty years was selected as the lower age cutoff in line
with the WHO definition of “older adults”. Cognitive decline
and changes in mood and inflammatory markers can begin to
emerge from this age, making it a sensitive period to study
dietary interventions.

Participants were required to be healthy with normal vision
and hearing, non-vegans/vegetarians, non-smokers, and with a
body mass index (BMI) less than 30. A complete list of the
inclusion and exclusion criteria for our study can be found in
Table S1. Antihypertensive or statin medications for control-
ling blood pressure and cholesterol levels were the only medi-
cations permitted during the trial. No other medications or
supplements were permitted.

Interventions

A freeze-dried OM powder (Phillips Gourmet, Pennsylvania,
USA) was used in this study. Instant noodles sourced from
Iceland Groceries (UK) were used as a vehicle for delivering the
intervention, as they are nutritionally poor and thus unlikely to
confound the effects of the OM intervention. OM was delivered
via a savoury instant noodle meal rather than in capsules to
better reflect typical culinary consumption of mushrooms and
to accommodate the large portion sizes required which would
have been impractical with capsules. We acknowledge that
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mushroom bioavailability may vary depending on food matrix,
however mushrooms are typically consumed with other foods
rather than in isolation, thereby maintaining real world rele-
vance. An impartial confederate was responsible for blinding
the interventions, so participants and researchers remained
unaware of the intervention being administered on each
occasion.

Table 1 summarises the macronutrient, micronutrient,
ergothioneine and total phenolic content of the intervention
meals. The dried OM portions of 4.70 g (OMO0.5), 9.39 g (OM1)
and 18.78 g (OM2), were equivalent to 40 g, 80 g and 160 g of
fresh OM, respectively. To match the taste, appearance and
calorie content of the intervention meals, maltodextrin (Bulk
Powders, UK) and cornflour (Lidl, UK) were added. A small
pilot trial was conducted prior to carrying out the OYSACO
trial, to ensure that the intervention meals were matched for
various palatability and satiety measures.

Procedure

The full study design is summarised in Fig. 1. Any participants
who expressed an interest in taking part in the study were sent

Table 1 Ingredients and nutrient contents of each intervention
Nutrient contents OMO OMO.5 OM1 OM2
Instant noodles (g) 30.00 30.00 30.00 30.00
Dried oyster mushroom (g) — 4.70 9.39 18.78
Cornflour (g) 10.36 7.86 536 —
Maltodextrin (g) 4.14 3.14 214 —
Energy (kcal) 188.55  189.07  189.58  188.80
Protein (g) 3.09 4.40 5.72 8.35
Total fat (g) 5.21 5.37 5.54 5.86
Saturated fat (g) 0.40 0.42 0.45 0.50
Carbohydrates (g) 31.86 31.16 30.45 28.59
Sugars (g) 0.85 1.29 1.74 2.63
Fibre (g) 0.85 1.75 2.64 4.43
Total phenolic content (mg) 2.20 3.20 4.03 4.46
Ergothioneine (mg) 0.01 2.71 6.25 13.89
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a link to complete a demographic health questionnaire, and
the EPIC-Norfolk Food Frequency Questionnaire (FFQ) to
assess their habitual dietary intake. Eligible participants were
then asked to attend a familiarisation session at the laboratory
during which anthropometric measurements including body
mass index (BMI), heart rate (HR), systolic and diastolic blood
pressure (SBP & DBP) were checked, along with a finger-prick
to check their haemoglobin (Hb) levels (a requirement for
blood sampling). Participants also completed the Raven’s
Progressive Matrices (RPM) as a measure of fluid intelligence
(IQ) and were given two full run throughs of the mood and
cognitive battery to control for practice effects in subsequent
test sessions.

One week after the familiarisation session, participants
were asked to attend four test visits that took place at 8 am
and finished around 4 pm, each separated by a one-week
washout. Prior to attending these visits, participants were
asked to follow a low polyphenol diet for 48 h and to consume
a standardised breakfast of lightly buttered toast with a glass
of water at home before coming to the laboratory. The pro-
scribed diet aimed to minimise potential confounds from
background dietary intake, as polyphenol intake prior to
testing could acutely influence cognitive, mood, metabolic or
inflammatory outcomes. During the test visits, participants
were asked to complete the battery of cognitive and mood
tasks (baseline), and they then received one of the intervention
meals (OM0, OMO0.5, OM1 or OM2) in counterbalanced order.
After consuming the intervention meal, participants were
asked to complete the cognitive and mood tests a further three
times (at 2 h, 4 h and 6 h). Participants were provided with a
standardised lunch, between 12-12:30 pm, containing a
chicken sandwich, a packet of crisps and a glass of water. In
addition to the cognitive battery, palatability measures were
taken immediately after consumption of the intervention
meal. At the end of each cognitive test session, ratings of sub-
jective appetite and fullness were recorded using a visual ana-
logue scale. Finally, a 9 ml blood sample was drawn, 6 h post-

Counterbalanced order with 1

week washout between
interventions

ke
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Fig. 1 Study design of the 4-arm OYSACO RCT. Abbreviations: FFQ (food frequency questionnaire).
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consumption of the intervention meal. After completing all
four test visits, participants were asked to complete a question-
naire relating to their habitual mushroom intake and received
a £200 payment.

Primary outcome measures

Cognitive & mood measurements. The computerised cogni-
tive-mood test battery was administered using E-Prime soft-
ware (Psychology Software Tools, USA) and took approximately
45-50 minutes to complete. The tasks included: Positive and
Negative Affect Schedule (PANAS-NOW);?” Subjective Mental
Fatigue (MF);*® Rey Auditory Verbal Learning Task (RAVLT);>’
Task Switching Task (TST);*® Corsi Blocks Task (CBT)*' and
Finger Tapping Task (FTT).** All tasks have been previously
used in other nutrition intervention studies,®"* and cover
domains of mood, episodic memory, executive function,
visuospatial working memory and manual dexterity. Detailed
description of the tasks can be found in supplementary
material S11.

Secondary outcome measures

Subjective appetite ratings. During each test day, appetite
ratings were taken,?® at baseline (BL, before consuming the
intervention meal), immediately after (0 h) and at 2 h, 4 h and
6 h following the consumption of the intervention meal.
Participants rated several satiety and appetite measures
(hunger, satisfaction, fullness, desire to eat, fatty craving, salty
craving, savoury craving and sweet craving) on a 100 mm scale
ranging from “not at all” to “very much”. Ratings of fatty, salty,
savoury or sweet cravings were worded such that higher scores
indicated higher craving.

Palatability ratings. Immediately after the consumption of
the intervention meal (0 h) during each visit, participants had
to rate various taste dimensions (visual appeal, smell, taste,
aftertaste, overall palatability) on a 100 mm scale ranging from
“bad” to “good”.*® Ratings of smell and taste were worded
such that lower scores indicated worse ratings.

Biochemical measurements. To assess general health status,
total cholesterol (TC), high-density lipoprotein cholesterol
(HDL-c), low-density lipoprotein cholesterol (LDL-c), C-reactive
protein (CRP) and creatinine were measured in serum
samples, 6 h post-consumption of OMO. All other biochemical
measures including metabolic markers [glucose and triglycer-
ides (TAG)], interleukin-6 (IL-6) and BDNF were measured in
serum samples, 6 h post-consumption of all interventions.
Blood samples were collected only at 6 h post-consumption as
cannulation was not permitted and it was necessary to reduce
participant burden across multiple test visits. Inflammatory
markers [nitrite, inducible nitric oxide synthase (iNOS), and
NADPH oxidase 2 (NOX2)] were measured in activated, serum-
treated rat microglial cells, in vitro. Circulating levels of poly-
phenol metabolites*® and ergothioneine®” were also assessed
in these serum samples, 6 h post-consumption of all interven-
tions. All quantification methods are detailed in supplemen-
tary information S12.
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Habitual dietary intake. At screening, participants were
asked to complete an online version of the EPIC-Norfolk FFQ
to assess their intake frequency for different foods including
fruits, vegetables, pasta, bread, meat, fish, dairy, sweets,
sauces and drinks. The FETA analytical tool*® was used to esti-
mate daily fruit and vegetable intake (g day '), subsequently
converted to portions per day (by dividing by 80 g).

Habitual mushroom intake. At the end of the study, partici-
pants were asked to complete a brief survey specifically relat-
ing to their habitual mushroom intake to explore which mush-
room species were most likely to be consumed in our cohort,
as well as the different ways in which participants chose to
habitually consume mushrooms (e.g. raw or cooked from fresh
or dried). Finally, participants were asked about their reasons
for consuming mushrooms.

Statistical analysis

Data were analysed using IBM SPSS statistics, version 29.
Initially, outliers were identified and excluded using boxplots
(using 3*IQR rule). For mood and cognitive outcomes, the
main analysis was a linear mixed model (LMM) using a
maximum likelihood (ML) approach and an unstructured
covariance matrix to model repeated testing. Intervention
(OMo0, OMO0.5, OM1, OM2), time (BL, 2 h, 4 h, 6 h), visit (1-4)
and time x intervention were entered as fixed factors in the
model. Participant number was treated as a random factor in
all analyses to further control for non-independence of data.
For all measures except for palatability and serum markers, BL
performance was included as a covariate. For cognitive, mood
and appetite measures, LMM analysis investigated: (a) the
main effect of time (within subject factor), (b) the main effect
of intervention (between subject factor), (c) the main effect of
visit (within subject factor) and (d) the time x intervention
interaction. For palatability measures, LMM analysis examined
the main effects of visit and intervention, while for serum
marker measures, LMM analysis only investigated the main
effect of intervention since these measures were only examined
at one time point during the test day. For the Switching task,
switch trial type was included as an additional fixed factor.
Finally, one-way ANOVA was applied in all measures, to
examine whether there were any significant differences
between the interventions at BL. In all analyses, a Bonferroni
correction was applied to post-hoc pairwise comparisons to
compare both between- and within-interventions. All signifi-
cant main effects and post hoc comparisons have been
reported (*p < 0.05, **p < 0.01, ***p < 0.001).

3. Results

Cohort characteristics

As shown in Fig. 2, 112 participants expressed an interest in
participating in the study, 71 completed the questionnaires,
and 38 of these were excluded for health reasons, for not fully
completing the questionnaires, or for inability to commit to
the study. Thirty-three participants were invited to take part in

This journal is © The Royal Society of Chemistry 2025
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Fig. 2 OYSACO study consort diagram. Abbreviations:
pressure).

BP (blood

the trial, of these, one person was excluded at the familiaris-
ation visit due to health reasons. Participants did not report
any side effects while participating in the trial.

The data from 32 participants (n = 16 females) were
included in the analysis with a mean (+SE) age of 67.9 + 1.1
and with 96.9% being from a British ethnic origin. Regarding
the participants’ habitual mushroom intake in the last year,
data from the mushroom survey (Table S2) revealed that most
participants in the cohort (70%) consumed at least 1 (or more)
portion (~45 g) of mushrooms per week, with the most
popular mushroom species being white button, chestnut and
portobello mushrooms. Table 2 provides a summary of the
cohort sample characteristics.

Mood & cognitive function outcomes

Estimated marginal means and standard errors for all
measures and time points are available in Tables S3-10. Only
significant main effects of visit, time, intervention, and time x
intervention interactions and relevant post hoc comparisons
are presented here.

Main effect of visit. The effect of visit was included in the
model to determine whether repeated testing across test visits
led to practice-related improvements in cognitive performance,
mood outcomes or appetite ratings. Significant main effects of
visit were observed for the desire to eat measure [F(3.88) =
4.504, p = 0.005], PANAS-NOW PA [F(2.86) = 5.620, p = 0.001],
RAVLT-Recall 4 [R4, F(3.83) = 3.534, p = 0.018], TST RT all trials
(S1-S4) [F(3887) = 4.061, p = 0.007] and accuracy score of the

This journal is © The Royal Society of Chemistry 2025
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Table 2 OYSACO study cohort sample characteristics
'Cohort sample characteristics (n = 32)
Age 67.9 (1.1)
Gender
Female 16 (50%)
Male 16 (50%)
Nationality
British/Irish 31 (96.9%)
European 1(3.1%)
*Fruit & vegetable intake (portions per day) 6.1 (0.5)
Raven’s IQ Score (/60) 50.8 (1.0)
BMI (kg m™?) 25.0 (0.5)
HR (beats per minute) 64.7 (1.4)
SBP (mmHg) 126.7 (2.1)
DBP (mmHg) 80.4 (1.6)
Haemoglobin (g L™") 144.4 (2.2)
*Glucose (mmol L) 5.2 (0.2)
*TC (mmol L) 5.6 (0.2)
*HDL-¢ (mmol L") 1.9 (0.1)
*LDL-c (mmol L") 3.2 (0.2)
*TAG (mmol L") 1.3 (0.1)
3Creatinine (mmol L") 84.1(2.1)
3CRP (mg L) 1.6 (0.3)

Abbreviations: BMI (body mass index), CRP (C-reactive protein), DBP
(diastolic blood pressure), HDL-c (high density lipoprotein-
cholesterol), HR (heart rate)) LDL-c (low density lipoprotein-
cholesterol), SBP (systolic blood pressure), TAG (triglycerides), TC
(total cholesterol). 'n (%): Mean (SE), *n = 30, *n = 28.

sequence of blocks on CBT [F(3.86) = 5.198, p = 0.002]. In
general, ratings of desire to eat increased across the 4 visits.
PANAS PA, RAVLT R4 and CBT performance improved over the
testing period. In contrast, slower RT in TST was evident at
later visits, compared with earlier visits.

Mood outcomes. A significant main effect of time was
shown for positive affect (PA) [F(2123) = 4.329, p = 0.015] and
mental fatigue (MF) [F(2121) = 6.561, p = 0.002], with pairwise
comparisons (irrespective of intervention) showing a decline
in PA at 6 h compared to 2 h (p = 0.020) and 4 h (p = 0.028),
and increase in MF at 6 h compared to 2 h (p = 0.010) and 4 h
(p = 0.003). Further analysis revealed that these time effects
were mainly driven by significant declines in PA (Fig. 3A) and
increases in MF (Fig. 3C) over the test day after consuming
OMO, while no changes were seen following consumption of
any of the OM interventions, suggesting a protective effect of
OM. For negative affect (NA), the analysis showed a significant
main effect of intervention [F(3.47) = 3.087, p = 0.036].
Although between-intervention pairwise comparisons (irre-
spective of time) showed a significant decrease in NA for
OMO.5 compared to OM1 (p = 0.041), comparisons at specific
time points revealed a significant effect only at 2 h (p = 0.049,
Fig. 3B).

Rey auditory verbal learning task (RAVLT). Analysis of the
RAVLT recall data showed a significant main effect of interven-
tion for R2 [F(3.75) = 5.340, p = 0.002], R3 [F(3.79) = 3.364, p =
0.023] and R7 [F(3.81) = 4.056, p = 0.010]. Pairwise compari-
sons (Fig. 4A), revealed significantly fewer recalled words at R2
(p = 0.001) and R7 (p = 0.007) for OMO0.5 compared to OMO,
and fewer recalled words at R3 (p = 0.017) for OMO0.5 compared
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differences are denoted by different lowercase letters (a and b) (p < 0.05). Significant between-intervention differences are denoted by asterisks *(p
< 0.05); **(p < 0.01); ***(p < 0.001). Abbreviations: RAVLT (Rey’s Auditory Verbal Learning Task), R (recall), Recog (recognition).

to OM2. These findings were somewhat mirrored in analysis of
the RAVLT recognition data that showed a significant main
effect of intervention [F(3.79) = 3.408, p = 0.022], with a decline
in recognised words following consumption of OM0.5 com-
pared to OM1 (p = 0.025) irrespective of time point. A time x
intervention interaction [F(6115) = 3.369, p = 0.004] was also
shown, with between-intervention pairwise comparisons

Food Funct.

(Fig. 4B) revealing fewer recognised words for OM0.5 at 6 h
compared to both OM1 (p < 0.001) and OM2 (p = 0.003).
Within the OMO.5 intervention, pairwise comparisons showed
fewer recognised words at 6 h compared to 2 h (p = 0.007) and
4h (p=0.010).

Task switching task (TST). TST accuracy scores were high
[mean 98% (SE 0.2)], suggesting a possible ceiling effect, in

This journal is © The Royal Society of Chemistry 2025
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performance. Despite this concern, a significant main effect of
time was observed [F(2892) = 5.344, p = 0.005], with accuracy
declining significantly at 4 h compared to 2 h (p = 0.008) and
6 h (p = 0.045) possibly indicative of a dip in concentration. A
time x intervention interaction [F(6986) = 4.395, p < 0.001] was
also shown, with between-intervention pairwise comparisons
(Fig. 5A), revealing higher accuracy for OM2 at 2 h (p = 0.010)
and for OMO.5 at 4 h (p = 0.014) and lower accuracy for OM1 at
6 h (p = 0.015), all compared to OMO0. Within-intervention pair-
wise comparisons indicated higher accuracy for OMO at 6 h
compared to 2 h (p = 0.005) and 4 h (p < 0.001) and lower accu-
racy for OM2 at 4 h compared to 2 h (p < 0.001). When examin-
ing the most cognitively demanding trials (S1 trial only), data
analysis revealed a significant effect of intervention [F(3182) =
3.275, p = 0.022], however pairwise comparisons did not reveal
any significant between-intervention differences for accuracy,
irrespective of time point. Further analysis (Fig. 5B) only
showed significantly higher accuracy for OMO0.5 at 4 h com-
pared to OMO (p = 0.019).

For TST reaction time (RT), a significant main effect of time
[F(2907) = 11.480, p < 0.001] was shown, with a quicker RT at
6 h compared to 2 h (p < 0.001) and 4 h (p = 0.010). However,
intervention-related findings failed to show any clear pattern.
A time x intervention interaction [F(6907) = 9.695, p < 0.001]
was observed, with between-intervention pairwise comparisons
(Fig. 5C), revealing quicker RT for OMO at 4 h compared to
OM2 (p = 0.030), and at 6 h compared to OMO0.5 (p = 0.036).
Additionally, quicker RT was shown for OM1 at 4 h compared
to OMO.5 (p = 0.015) and OM2 (p = 0.001) and slower RT at 2 h
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compared to OM2 (p = 0.004). Within-intervention pairwise
comparisons indicated quicker RT for OMO at 4 h (p = 0.021)
and 6 h (p < 0.001) compared to 2 h, for OM1 at 4 h (p < 0.001)
and 6 h (p < 0.001) compared to 2 h and for OM2 at 2 h (p <
0.001) and 6 h (p < 0.001) compared to 4 h. When looking at
S1 trial only, data analysis again showed a significant main
effect of time [F(2185) = 4.556, p = 0.012], with quicker RT at
6 h compared to 2 h (p = 0.031) and 4 h (p = 0.036). A time x
intervention interaction [F(6185) = 2.343, p = 0.033] was also
shown, with pairwise comparisons (Fig. 5D) revealing signifi-
cantly quicker RT for OM2 at 6 h compared to 4 h (p = 0.005).
These findings suggest mixed effects of OM interventions on
TST performance. Although time-related improvements, par-
ticularly faster RT on TST at 6 h were consistently observed,
intervention-related effects were inconsistent and lacked a
clear pattern. This may be due in part to ceiling effects in
accuracy.

No significant main effects or time X intervention inter-
actions were shown for Corsi Blocks Task (CBT), Simple or
Complex Finger Tapping Tasks (SFT, CFT).

Palatability & appetite outcomes

Palatability. Data analysis revealed a significant main effect
of intervention on the subjective ratings of visual appeal
[F(3.86) = 20.645, p < 0.001], smell [F(3,85) = 5.853, p = 0.001],
taste [F(3,90) = 10.390, p < 0.001] and overall palatability
[F(3.88) = 15.153, p < 0.001]. Pairwise comparisons as shown in
Fig. 6, indicated that OMO was rated significantly more visually
appealing than OM0.5 (p = 0.038), OM1 (p < 0.001) and OM2
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Fig. 5 TST accuracy scores for all trials (Panel A) and S1 (switch trial 1) only (Panel B). TST RT for all trials (Panel C) and S1 only (Panel D). Reported
values are estimated marginal means with baseline measure as covariate (mean + SE). Significant within-intervention differences are denoted by
different lowercase letters (a and b) (p < 0.05). Significant between-intervention differences are denoted by asterisks *(p < 0.05); **(p < 0.01); ***(p

< 0.001). Abbreviations: TST (Task Switching Task), RT (reaction time).
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(p <0.001); and OMO.5 was more visually appealing than OM2
(p < 0.001). Additionally, OM2 received significantly lower
ratings for smell compared to OMO (p = 0.001) and OMO.5 (p =
0.023), was rated less tasty than OMO0.5 (p < 0.001) and OMO
(p < 0.001), and was considered less palatable than OMO (p <
0.001), OMO0.5 (p < 0.001) and OM1 (p = 0.002).

Appetite. A significant main effect of time was shown across
all appetite measures, including hunger [F(3119) = 13.572, p <
0.001], satisfaction [F(3123) = 11.470, p < 0.001], fullness
[F(3121) = 22.414, p < 0.001], desire to eat [F(3120) = 8.520, p <
0.001], sweet craving [F(3123) = 4.206, p = 0.007], salty craving
[F(3122) = 3.492, p = 0.018], savoury craving [F(3123) = 3.810, p
= 0.012] and fatty craving [F(3118) = 5.641, p = 0.001]. These
findings reflect expected fluctuations in hunger and satiety
throughout the day in response to periodic meals and snacks.
Pairwise comparisons (irrespective of intervention) revealed
that immediately after consuming the intervention meal (0 h),
participants reported significantly less hunger and desire to
eat, and significantly greater satisfaction and fullness, com-
pared to 2 h and 6 h (all p < 0.05). Similarly, following lunch
(4 h), participants reported less hunger and greater satisfac-
tion, and fullness compared to 2 h and 6 h (all p < 0.05). In
terms of cravings, pairwise comparisons showed that craving
sweet food was greater at 6 h compared to 0 h (p = 0.007),
craving salty food was greater at 2 h than at 0 h (p = 0.025),
craving savoury food was greater at 2 h compared to 0 h (p =
0.032) and 4 h (p = 0.017), and craving fatty food was greater at
2 h compared to 0 h (p = 0.024) and 4 h (p = 0.002) and greater
at 6 h compared to 4 h (p = 0.028).

Although no significant intervention-related findings were
observed across appetite measures, a significant time x inter-
vention interaction [F(9119) = 2.095, p = 0.035] was observed
for hunger. Between-intervention pairwise comparisons indi-
cated that participants reported significantly greater hunger
for OM1 at 0 h compared to OMO0.5 (p = 0.046) and OM2 (p =
0.048), and greater hunger for OMO0.5 at 4 h compared to OM2
(p = 0.048). Within-intervention pairwise comparisons showed
that OMO0.5 was more filling at 0 h compared to 2 h (p = 0.006),
4 h (p=0.018) and 6 h (p = 0.009), while OM2 was more filling
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at 0 h compared to 2 h (p < 0.001) and 6 h (p = 0.002) and at
4 h compared to 2 h (p =0.001) and 6 h (p < 0.001).

Biochemical outcomes

Analysis of BDNF revealed a significant main effect of interven-
tion [F(3.60) = 5.626, p = 0.002], with pairwise comparisons
(Fig. 7A) showing significantly lower BDNF levels for OM2
compared to OMO.5 (p = 0.035) and OMO (p = 0.001) indicating
a dose-dependent effect.

A significant main effect of intervention was shown for
nitrite [F(3.72) = 5.584, p = 0.002], NOX2 [F(3.72) = 5.503, p =
0.002] and iNOS [F(3.72) = 7.377, p < 0.001]. Pairwise compari-
sons (Fig. 7B-D) revealed significantly lower levels of nitrite (p
<0.001), NOX2 (p = 0.001) and iNOS (p = 0.005) for OM1 com-
pared to OMO. Significantly lower levels of NOX2 were also
shown for OM2 compared to OMO (p = 0.026) and lower levels
of iNOS for OMO.5 (p = 0.002) and OM2 (p < 0.001) compared
to OMO.

While OM intervention appeared to show an anti-inflamma-
tory effect on some markers, no significant between-interven-
tion differences were observed for glucose, TAG or IL-6.

Polyphenol and ergothioneine measurements. Data analysis
did not reveal any significant intervention-related differences
for total polyphenol or ergothioneine metabolites measured in
serum.

4. Discussion

Findings of the OYSACO study have shown that the consump-
tion of 1 portion of dried OM intervention (equivalent to 80 g
fresh) demonstrated potential in supporting mood and mental
fatigue for up to 6 h in healthy older adults. These mood-stabi-
lising effects were accompanied by significantly lower inflam-
matory markers, such as nitrite, NOX2 and iNOS, suggesting a
possible mechanistic link between inflammation and mood
regulation. However, cognitive findings were more variable,
with no consistent pattern of episodic memory, executive func-
tion, or working memory effects observed following OM inter-
vention. Nevertheless, there was an indication that the effects
of OM might be dose dependent, with 1 portion appearing to
show an advantage, particularly over half a portion, on
measures of both mood and episodic memory, and some
inflammatory markers.

It is noteworthy that OM intervention appeared to buffer
against the typical decline in positive affect and increase in
mental fatigue seen over the course of the day, especially
under sustained cognitive demand. Compared to the control,
which showed expected mood deterioration and increased
fatigue during the day, the OM intervention maintained more
stable mood and fatigue, suggesting potential acute benefits
for supporting mental well-being and resilience during cogni-
tive demanding periods. In terms of cognitive domains, our
results are aligned with previous findings observed in polyphe-
nol research. For example, haskap berries, which are rich in
anthocyanins, have shown significant improvements in word

This journal is © The Royal Society of Chemistry 2025
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Fig. 7 BDNF (Panel A) measured in serum. NOX2 (Panel B), nitrite (Panel C) and iNOS (Panel D) markers in a cell model. Reported values are esti-
mated marginal means (mean + SE). Significant differences between interventions are indicated using *(p < 0.05); **(p < 0.01); ***(p < 0.001).
Abbreviations: BDNF (Brain-Derived Neurotrophic Factor), iNOS (inducible Nitric Oxide Synthase), NOX2 (NADPH Oxidase 2).

recall and recognition within 90-minutes of higher-dose intake
(200 mg and 400 mg) in healthy older adults, although effects
on other cognitive domains such as working memory and
executive function have been less consistent.”® This result
suggests that acute nutritional supplementation may selec-
tively support certain cognitive domains rather than enhancing
cognition more broadly. It is also plausible that shared phyto-
nutrients between OM and other plant-based interventions,
such as polyphenols, may underlie these selective effects. It
should be noted, though, that OM contains relatively lower
polyphenol concentrations than interventions typically used in
polyphenol research. Acute mushroom intervention studies
have similarly shown benefits to executive function,>* psycho-
motor function,” working memory,>® and mood®® in adults,
suggesting that mushroom-specific compounds such as
ergothioneine may also play a role. However, these studies all
investigated Lion’s Mane mushroom which is a particularly
rich source of ergothioneine compared to OM. Although the
OM intervention administered here contained significantly
higher levels of ergothioneine compared to the control, serum
levels of this metabolite did not significantly increase follow-
ing consumption, suggesting limited acute bioavailability or
uptake within the timeframe assessed. Therefore, observed
OM-related effects may be due to a synergy between polyphe-
nols and ergothioneine, or other bioactive macro- or micronu-
trient compounds present. Interestingly, although the inter-
vention-related effects on executive function - as measured by
the TST - were inconsistent and lacked a clear pattern, a
noticeable dip in performance for both accuracy and RT was
observed predominantly following the OM2 intervention. This

This journal is © The Royal Society of Chemistry 2025

decline in performance was not evident in the other cognitive
domains or at any other OM dose assessed in this study. This
unexpected decline warrants further investigation, especially
in relation to potential interactions between OM, mood,
mental fatigue, and metabolic factors during the afternoon
period.

Findings from the inflammatory measurements add an
important layer to the mechanistic understanding of OM inter-
vention. Specifically, our study showed that serum from OM-
supplemented older adults can significantly lower the pro-
duction of inflammatory stress signals, compared to serum
obtained following consumption of the placebo (OMO), in LPS-
stressed HAPI rat microglial cells, in vitro. This suggests that
OM might indirectly benefit cognition through involvement in
the nitric oxide (NO) signalling cascade. Prior research has
implicated nitric oxide synthase (NOS) and NO dysregulation
in vascular dementia and endothelial dysfunction,*® highlight-
ing the need for further exploration of this pathway in relation
to mushroom supplementation. Regarding metabolic markers,
no significant differences were observed in glucose, TAG and
IL-6 measures. This result contrasts with findings from
Jayasuriya and colleagues, that showed that when people with
type II diabetes consumed an OM intervention daily for
2-weeks - followed by a single OM preload 30-minutes before
an oral glucose tolerance test - they exhibited a significant
reduction in 2 h glucose and increase in 2 h insulin, measured
in serum.*® Differences in health status or the transient nature
of these metabolic effects may suggest that alternative mecha-
nisms such as NO signalling may better explain the acute be-
havioural outcomes observed. Unexpectedly, regarding neuro-
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trophic effects, BDNF levels were significantly lower in a dose-
dependent way following OM intervention compared to
placebo; however, it remains unclear whether this finding
impacted the behavioural outcomes of the study. Previous
studies investigating polyphenol-rich interventions have also
reported mixed findings. For instance, acute supplementation
with blueberries®' or walnuts®® did not result in significant
differences in BDNF levels relative to placebo. Although it
might seem counterintuitive that BDNF levels at 6 h were dose-
dependently lower than placebo, such short-term daily fluctu-
ations in neurotrophic factors are not uncommon and could
reflect transient regulatory responses rather than a negative
outcome. It is well-documented that BDNF levels naturally
decline over the course of the day, which may have contributed
to the levels observed in our findings.*?

This study is the first to examine the acute effects of
ergothioneine-rich OM on cognition and mood in healthy
older adults in the UK. While the findings offer promising
insights, limitations should be acknowledged. Although the
cross-over design enhanced statistical power by allowing par-
ticipants to serve as their own controls, the lack of consistent
intervention effects may reflect overestimation of expected
effect sizes during the sample size calculation. Power estimates
were based on previous studies using fruit-derived interven-
tions, which may not translate directly to the effects of OM. As
such, while the target sample size was met, the study may still
have been underpowered if effects associated with OM inter-
ventions were smaller than expected. In addition, despite
extensive piloting, differences in taste and palatability ratings
between interventions emerged, that were not apparent
during the pilot phase. While these differences could theoreti-
cally influence subjective measures such as mood, the consist-
ency of mood benefits across OM doses suggests that the
observed effects are unlikely to be driven by palatability differ-
ences. The current findings are limited to the immediate post-
prandial period, and it remains essential to explore whether
these acute effects can be sustained or enhanced though
longer-term supplementation, particularly in the context of
healthy ageing. An additional limitation is that blood samples
were only collected post-dose. Collecting baseline and post-
dose samples at each visit would have enabled a clearer assess-
ment of acute biomarker changes and reduced the potential
influence of day-to-day variability. However, cannulation/
repeated sampling were not permitted under current
University of Reading guidelines. A further caveat relates to the
cognitive task performance. Participants performed exception-
ally well on cognitive tasks at baseline, resulting in ceiling
effects, that may have limited the sensitivity of the tasks to
detect subtle intervention-related changes. Although a fam-
iliarisation session was included to reduce practice effects,*®
improvements across subsequent visits for some measures
(e.g. TST and CBT) indicated that practice effects persisted.
Consequently, in this high-performing healthy cohort, any
small protective or enhancing effects of the OM intervention
may have been masked or underestimated due to these
ongoing practice/visit-related effects.

Food Funct.

View Article Online

Food & Function

5. Conclusion

This is the first study to examine the acute effects of OM inter-
vention in healthy older adults. The findings are promising,
suggesting maintenance in mood and mental fatigue, along-
side lower inflammatory markers, for up to 6 h, post-consump-
tion of ergothioneine-rich freeze-dried OM. However, neuro-
cognitive and metabolic effects were less clear and warrant
further investigation to better understand how these physio-
logical effects may contribute to the observed behavioural
effects. Longer-term supplementation studies are also needed
to determine longer term benefits of OM on cognitive perform-
ance and mood during the aging process.
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