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Abstract

Almonds, a nutrient-dense food rich in dietary fiber, polyphenols, and unsaturated fatty acids, exhibit significant potential as a functional food
with prebiotic effects. Prebiotics selectively stimulate the growth and activity of beneficial gut microbiota, leading to improved gut and systemic
health. This review synthesizes evidence from in vitro studies, clinical trials, and systematic reviews to elucidate the prebiotic effects of almond
consumption. Almonds enhance gut microbiota diversity and composition, particularly increasing beneficial bacteria such as Bifidobacterium
and Roseburia, while promoting the production of short-chain fatty acids (SCFAs), such as butyrate, which are critical for gut barrier integrity and
inflammation modulation. The presence of polyphenols, such as proanthocyanidins, contributes to their antioxidative and antimicrobial properties,
further supporting microbiome health. Despite variability in study outcomes, likely due to differences in population health status, study design,
and almond preparation methods, the cumulative findings underscore almonds’ role as a potential prebiotic food with the potential to improve
cardiovascular health. Continued research focusing on individualized responses and standardized methodologies is essential to fully harness the
health benefits of almond consumption.

Impact Statement

This review covers prebiotic potential of almonds, demonstrating their ability to enhance gut microbiota diversity, promote beneficial bacterial
growth, and stimulate short-chain fatty acid production, contributing to improved gastrointestinal and systemic health.

Keywords: almonds; prebiotics; gut microbiome; short-chain fatty acids; dietary fiber; polyphenols; metabolomics; functional foods; gastrointestinal health;
cardiometabolic benefits

Introduction yond their active administration (Alexander et al. 2018, Mig-
dady et al. 2020).

The prebiotic effect is a well-defined and accepted concept. While traditionally the definition of prebiotics was limited

Prebiotics are usually defined as non-digestible food ingredi- | digestibl bohvd h
ents that selectively stimulate the growth and/or activity of to only non-digestible carbohydrates, recent changes suggest

beneficial bacteria in the colon, thereby imparting a benefit that other compounds could also have a prebiotic effect. For
to a host’s health (Gibson et a’l 2004. Akram et al. 2019 example, based on the International Scientific Association for
Abdi and Joye 2021). The International’Scientiﬁc Association’ Probiotics and Preb.iotics. (ISAPP) consensus, pglyphenols th%t
for Probiotics and Prebiotics (ISAPP) has updated the defini- mf)dul;l}tle tIhS(“AgPl})t ml(cerbcliOtfll rr(lja}ffingyv be Eonsferéd as pzrgll);
tion of prebiotics as “a substrate that is selectively utilized OUC“S' € updated the dehinition of preblotics in

by host microorganisms conferring a health benefit” (Gib- to “a substrate that is selectively utilized by host microor-

son et al. 2017, Delzenne et al. 2020, Beaumont et al. 2022). ganisms conferring a health beneﬁt?’ .(Gibs.on. et a.l' 2017).
This definition emphasizes the selective fermentation of pre- Polyphenols have been known to exhibit antimicrobial effects

biotics by the gut microbiota, resulting in specific changes in by inhibi.ting P athog@nic bgcteria and antioxidant .effects by
microbial composition and/or metabolic activity, which ulti- neutl;iahz%ng f)r'ee radlczls n the. gut, thus Hs u[;p ortlng.z b.al—
mately confers health benefits upon the host. Prebiotics are che mllc\floklome.an p rlotg(c)tzlrllg al t cells from 01x1 actil.ve
primarily carbohydrate compounds, such as polysaccharides amage (Makarewicz et al. ). However, several studies

and oligosaccharides, which includes indigestible fiber that ~ SYPP ort the notioq that polyph.enols. can exert p rebiotic-likg
can be fermented by gut bacteria resulting in the production effects by modulating the gut microbiota. For example, Moli-

of a wide variety of compounds, including short-chain fatty ™" and colleagues highlighted that dietary polyphenol can

acids (SCFAs) (Slavin 2013, Alexander et al. 2018, Dixon et modulate pre-existing dysbiosis by stimulating the growth of
’ ’ beneficial bacteria and inhibiting pathogenic bacteria in both

animal models and humans (Molinari et al. 2022). Similarly,
Rodriguez-Daza and colleagues discussed how polyphenols
modulate the microbiome, conferring health benefits to the
host (Rodriguez-Daza et al. 2021). Furthermore, a study that

al. 2023). Therefore, the beneficial effects of prebiotics are de-
rived from their ability to stimulate beneficial microorganisms
whose metabolism can modulate immune, endocrine, neu-
rological and even metabolic health through myriad mecha-
nisms; ultimately prebiotics can exert long-lasting effects be-
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tested a blended prebiotic containing polyphenols on mice,
showing anti-inflammatory effects and modulation of the mi-
crobiota with improvement in inflammatory bowel syndrome
like symptoms (Chen et al. 2017). In addition, recent research
has shown that polyphenols can reach the colon, and be me-
tabolized by bacteria, significantly increasing their bioavail-
ability and result in further secondary metabolite production,
such as phenolic acids, flavonoid metabolites, or specific com-
pounds like urolithins, and can even stimulate bacteria to pro-
duce SCFAs (Plamada and Vodnar 2021, Zheng et al. 2021,
Zhang et al. 2022). Therefore, though not traditional prebi-
otics, polyphenols exhibit prebiotic-like effects by selectively
promoting the growth of beneficial gut bacteria and modulat-
ing the microbiome through their antioxidant activity and an-
timicrobial activity. Further microbial metabolism of polyphe-
nols produces bioactive compounds, such as phenolic acids
and SCFAs, which enhance gut health, strengthen the intesti-
nal barrier, and provide systemic health benefits.

Nuts, particularly almonds, possess significant prebiotic
potential due to their nutrient-dense composition and rich
content of dietary fiber, polymerized polyphenols, and non-
digestible components that selectively promote beneficial gut
microbiota (Lamuel-Raventos and Onge 2017). Almonds are
a source of macronutrients like monounsaturated fatty acids,
carbohydrates, and proteins, as well as micronutrients includ-
ing vitamin E, magnesium, and calcium. Their high levels of
insoluble fiber, non-digestible oligosaccharides, and polyphe-
nols, such as proanthocyanidins, play a central role in their
prebiotic effects. These compounds resist digestion in the up-
per gastrointestinal tract and reach the colon intact, where
they are metabolized by gut microbiota to produce bioac-
tive compounds like SCFAs and metabolites such as valero-
lactones and urolithins. These microbial-derived products en-
hance gut barrier integrity, modulate inflammation, and sup-
port metabolic health, with proanthocyanidins specifically
linked to a reduced risk of type 2 diabetes (Zamora-Ros
et al. 2014). The physical structure of almonds, including
their fibrous cell walls, further supports their prebiotic func-
tion by encapsulating lipids and bioactives, ensuring availabil-
ity for fermentation. Additionally, these processes suppress
pathogenic bacteria such as Clostridium perfringens while
promoting beneficial genera like Bifidobacterium and Lacto-
bacillus. Together, these components underscore almonds’ po-
tential as functional foods that modulate the gut microbiome,
confer health benefits, and warrant further exploration in pre-
clinical and clinical studies. Here we review the evidence sup-
porting these claims, with both iz vitro studies and clinical
trials.

Chemical analysis of almonds and in vitro evidence
of prebiotic effects

Almonds (Amygdalus communis L. var. dulcis .) are com-
posed of a diverse array of bioactive compounds, including
polyphenols, dietary fibers, lipids, and proteins, each con-
tributing to their nutritional and functional properties. Al-
mond skins, which constitute 4%-8% of the total weight of
shelled almonds, are particularly rich in these components
and vary in their composition based on processing meth-
ods such as blanching or natural drying (Giuseppina Man-
dalari et al. 2010). Almond skins are a significant source of
polyphenolic compounds, including flavonoids and pheno-
lic acids. Flavan-3-ols (catechin and epicatechin), flavonols
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(quercetin and isorhamnetin), and phenolic acids (protocat-
echuic acid, chlorogenic acid) are abundant, especially in nat-
ural almond skins. These compounds exhibit antioxidant ac-
tivity and are integral to the health-promoting effects of al-
monds. The total phenolic content is significantly reduced by
blanching, yet blanched skins retain high antioxidant activity
due to heat-generated bioactive compounds. Almonds contain
a high level of dietary fiber, primarily insoluble fibers, which
include pectic polysaccharides and cellulose. The cell walls of
almond skins are rich in pectin and hemicelluloses, with glu-
cose and galacturonic acid being dominant sugar components.
The lipid content of almond skins ranges from 22%-24% by
dry weight, dominated by monounsaturated fatty acids such
as oleic acid and polyunsaturated fatty acids like linoleic acid.
Vitamin E, primarily as a-tocopherol, is also present in sig-
nificant amounts, adding to the antioxidant properties of al-
mond skins. Meanwhile, proteins account for approximately
10%-13% of almond skin dry weight, with soluble proteins
also found in blanch water. Additionally, almond skins contain
ash, Klason lignin, and trace minerals, further contributing to
their functional properties and potential applications in food
and pharmaceutical industries (Giuseppina Mandalari et al.
2010).

The potential of almond products as prebiotics has been
supported by iz vitro fermentation analysis. Using a gastroin-
testinal simulation model followed by batch culture fermen-
tation, finely ground almonds were shown to significantly en-
hance the populations of beneficial gut bacteria, including Bifi-
dobacterium and Eubacterium rectale (Mandalari et al. 2008).
Notably, the prebiotic index for finely ground almonds ex-
ceeded that of traditional prebiotics such as fructooligosac-
charides (FOS) after 24 hours, indicating its ability to sustain
fermentation and modulate the gut microbiota over time. Ad-
ditionally, finely ground almonds stimulated the production
SCFAs in vitro, specifically butyrate (Giuseppina Mandalari et
al. 2008). This butyrate production was positively correlated
with the relative proportion of E. rectale, which is a known
butyrate-producer (Lu et al. 2022). In contrast, defatted finely
ground almonds had no significant impact on microbial com-
position or SCFA production, suggesting a critical role for al-
mond lipids in mediating these prebiotic effects (Giuseppina
Mandalari et al. 2008).

Evidence of the prebiotic effect of almonds from
clinical trials

The potential for almonds to act as prebiotics has been ex-
plored extensively in preclinical and observational studies,
and more recently, in clinical trials (Table 1). Clinical tri-
als have started to elucidate how almond consumption im-
pacts gut health by promoting beneficial bacterial popula-
tions and increasing the production of SCFAs, particularly bu-
tyrate, a key metabolite linked to anti-inflammatory and gut-
barrier-enhancing effects (Singar et al. 2024). Emerging evi-
dence suggests that regular almond consumption fosters mi-
crobial diversity and shifts microbiota composition toward a
healthier profile (Choo et al. 2021). For example, trials have
demonstrated increases in beneficial genera such as Bifidobac-
terium and Roseburia, which are associated with improved
gut function and metabolic health (Liu et al. 2014, Holscher
et al. 2018). This section will review the current clinical ev-
idence supporting almonds’ prebiotic potential, focusing on
how clinical trials have leveraged advanced microbiome and
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metabolomic analyses to uncover the mechanisms underlying
these effects.

In a randomized, controlled, crossover trial, Holscher and
colleagues investigated the impact of almond consumption
and processing on the gastrointestinal microbiota of healthy
adults (Holscher et al. 2018). The study included 18 partic-
ipants who consumed five distinct diets for 3-week periods:
a control diet and diets supplemented with 42 g/day of ei-
ther whole natural almonds, whole roasted almonds, roasted
chopped almonds, or almond butter. Using high-throughput
sequencing of fecal samples, the researchers demonstrated
that almond consumption altered the gut microbial composi-
tion, with processing methods influencing the extent of these
changes. Almond consumption was associated with increases
in the relative abundance of beneficial bacterial genera, includ-
ing Roseburia, Lachnospira, and Dialister. Notably, roasted
chopped almonds showed the most significant impact, in-
creasing the abundance of Roseburia, Lachnospira, and Oscil-
lospira compared to the control diet. Whole almonds, whether
raw or roasted, also promoted Lachnospira and Dialister but
to a lesser extent. In contrast, almond butter had minimal
effects on the microbiota, potentially due to increased nutri-
ent bioavailability reducing the substrate reaching the colon.
Whole almonds and roasted chopped almonds retain their
structural matrix, leading to incomplete digestion in the small
intestine, which potentially allows more nutrients to reach
the colon, where they can be metabolized by gut microbes.
While many of the microbes that were shown to be stimu-
lated by almond consumption are likely fermenting the dietary
fiber, genera like Roseburia, are known to contain species that
can metabolize fatty acids and polyphenols (Molinari et al.
2022).

Another study explored the impact of almond and pista-
chio consumption on gut microbiota composition using two
separate randomized, controlled, cross-over trials involving
healthy adults (Ukhanova et al. 2014). Participants consumed
a typical low-fiber “American” diet supplemented with either
almonds or pistachios at varying daily doses (0, 1.5, or 3
servings) over three 18-day feeding periods, with two-week
washout intervals between treatments. Fecal samples were col-
lected at the start and end of each feeding period for mi-
crobiota analysis using 16S rRNA amplicon sequencing and
qPCR. The results indicated that nut consumption led to sub-
tle changes in gut microbiota composition, with pistachios ex-
erting a stronger effect than almonds. Interestingly, neither
nut type significantly increased the abundance of Bifidobac-
teria or Lactobacillus, which are often targeted by traditional
prebiotics. Instead, the shifts observed suggested that almond
consumption selectively modulates microbial populations to
enhance functional capabilities, such as butyrate production.
Conversely a trial conducted in healthy adults to determine
how the consumption of almonds and almond skins altered
the fecal microbiome found that almond skins and almonds
stimulated the growth of Bifidobacterium and Lactobacillus
(Liu et al. 2014). Forty-eight healthy college students partici-
pated in a trial with a 2-week run-in period, a 6-week treat-
ment period, and a 2-week wash-out period. The subjects were
then divided into three groups: a fructooligosaccharides con-
trol group, an almond skin group, and an almond group. In-
terestingly, the effects of almond skin intake were more imme-
diate compared to almond intake, but both eventually resulted
in similar increases in Bifidobacterium and Lactobacillus. Ad-
ditionally, both almond skin and almond intake led to a de-
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crease in the population of C. perfringens, a bacteria associ-
ated with gastrointestinal diseases. The study also observed
changes in fecal bacterial enzyme activity, with an increase
in bifidobacterial and lactobacilli associated b-galactosidase
activity, which drives lactose metabolism. and a decrease in
beta-glucuronidase, nitroreductase, and azoreductase activi-
ties. The activity of these enzymes can lead to the reactivation
of potentially harmful compounds like toxins or certain med-
ications, and has been associated with colon cancer, inflam-
matory bowel disease, and estrogen-related disorders due to
the potential for excessive hormone reactivation (Wilson and
Nicholson 2017, Gao et al. 2022, Braccia et al. 2023).

Burns and colleagues investigated whether incorporating
almonds into the daily diet affected diet quality (Burns et al.
2016). This randomized, crossover study revealed that the
inclusion of almonds in the daily diet led to improvements
in diet quality for both parents and children, however, as
with most studies the effects on the microbiome were sub-
tle. Interestingly, the microbiome was much more affected in
children than parents, showing pronounced increases in Bi-
fidobacteria. Another study investigated the effects of con-
suming almonds as a snack for 8 weeks on the diversity
and abundance of gut microbiota in college freshmen com-
pared to an isocaloric snack (Dhillon et al. 2019). The study
results showed that almond snacking resulted in a 3% in-
crease in quantitative alpha-diversity (Shannon index) and an
8% increase in qualitative alpha-diversity (Chaol index). Fur-
thermore, the proportion of the potentially pathogenic bac-
terium Bacteroides fragilis decreased by 48% compared to
the control, suggesting significant improvements in gut health.
Almond consumption and changes in the gut microbiome
were associated with an increase in unsaturated triglycerides,
unsaturated phosphatidylcholines, saturated and unsaturated
lysophosphatidylcholines, tricarboxylic acids, and tocopherol
clusters in serum, whose enrichment is generally associated
with health. Microbial amino acid biosynthesis, and amino
sugar and nucleotide sugar metabolism pathways were also
enriched, which may point to potential mechanism of action.

A vparallel randomized controlled trial allocated 45 sub-
jects with type 2 diabetes to either an almond-based low-
carbohydrate diet or a control low-fat diet for 12 weeks
(Ren et al. 2020). The almond-based diet involved substi-
tuting 56 grams of almonds for 150 grams of carbohydrate
foods. Both diets led to a significant increase in the diver-
sity of the colonic microbiota compared to baseline. Inter-
estingly, those consuming almonds also experienced signifi-
cant improvements in both glycemic control (HbAlc reduc-
tion) and depression scores, compared to the low-fat diet only
group. The almond-based diet also increased the proportion of
SCFA-producing bacteria such as Roseburia, Ruminococcus,
and Eubacterium. SCFAs interact with G-protein coupled re-
ceptors (e.g. GPR43), enhancing the secretion of glucagon-like
peptide-1 (GLP-1), a key modulator of glucose metabolism
and mood regulation. This suggests another potential prebi-
otic mechanism of action by which almond consumption may
influence health.

Creedon and colleagues explored the impact of almond
consumption and processing (whole vs. ground almonds) on
gut microbiota composition, microbial metabolites, gut phys-
iology, and gastrointestinal symptoms in a randomized con-
trolled trial (Creedon et al. 2022). Over four weeks, healthy
adult participants consumed 56 g/day of whole almonds,
ground almonds, or an isocaloric control snack (muffins). Al-
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mond consumption was associated with increased butyrate
production, but had no significant effect on fecal bifidobacte-
ria abundance, microbial diversity, or gut transit time. Interest-
ingly, the form of almond (whole or ground) did not influence
study outcomes significantly, though ground almonds showed
greater lipid bioaccessibility due to reduced particle size after
mastication. Meanwhile, Choo et al. investigated the impact of
daily almond consumption over 8 weeks on fecal microbiota
composition in overweight or obese individuals with elevated
fasting blood glucose (Choo et al. 2021). Almond consump-
tion led to an increased proportion of the Ruminococcaceae
family, including, as with other studies, the genera Oscillospira
and Butyricicoccus. Additionally, almond consumption signif-
icantly lowered fecal pH compared to the biscuit snack, which
is generally indicative of a healthier colonic microbiota. How-
ever, in contrast to other studies, and despite these microbiota
shifts, there were no notable changes in SCFA levels or in-
testinal permeability, indicating limited effects on microbial
metabolic outputs such as butyrate synthesis.

Metanalyses and systematic reviews

The similarities and differences among these studies reveal the
complex and context-dependent nature of almond consump-
tion on gut microbiota and SCFA production. Across stud-
ies, a shared finding is the ability of almonds to influence
microbial composition and functionality, often through pro-
moting the abundance of beneficial taxa or metabolites. For
example, Creedon et al. (2022) and Ren et al. (2020) both
observed increased butyrate production, suggesting enhanced
microbial functionality linked to SCFA synthesis. Choo et al.
(2021), while noting shifts in the microbiota composition—
such as increased Ruminococcaceae—did not detect corre-
sponding changes in SCFA levels, emphasizing that composi-
tional changes do not always translate to metabolic outcomes.
A notable contrast lies in the populations studied; Ren et al.
and Choo et al. involved metabolically challenged individuals,
where almonds’ prebiotic effects appeared to exert more pro-
found or specific health impacts, such as improved glycemic
control (Ren et al. 2020) and lowered stool pH (Choo et al.
2021). In contrast, Creedon et al., focusing on healthy adults,
highlighted almonds’ role in enhancing microbial metabolites
without significant alterations to diversity or gut transit time.
These studies also differ in their exploration of almond pro-
cessing. Creedon et al. uniquely investigated the effects of
whole versus ground almonds and found no significant differ-
ences in outcomes, suggesting that the structural form of al-
monds does not alter their prebiotic potential under the tested
conditions. Choo et al., by contrast, did not explore process-
ing but identified important fecal characteristic changes, po-
tentially reflecting the interaction of almonds with a more
compromised gut environment. Together, these findings under-
score almonds’ broad potential as a prebiotic food, while also
highlighting how health status, study duration, and method-
ological focus can influence observed effects. Further research
is necessary to elucidate how these factors shape the nuanced
interplay between almonds, gut microbiota, and SCFA pro-
duction.

Three recent systematic reviews and meta-analyses confirm
this variable response (Creedon et al. 2020, Fitzgerald et al.
2021, Ojo et al. 2021), acknowledging the modest and in-
consistent effects of almonds on microbial composition and
functionality. Ojo et al. provided additional insights into the

clinical implications for glycemic control and inflammatory
markers. The observed variability is likely influenced by dif-
ferences in population health status, study design, and inter-
vention specifics. These systematic reviews collectively high-
light the potential of nut consumption, particularly almonds,
to modulate gut microbiota, but they reveal varying degrees of
impact and notable inconsistencies. Creedon et al. emphasized
the variability in almonds’ effects on microbial composition
and diversity, with conflicting findings for taxa like Bifidobac-
terium and limited changes in «- and B-diversity. Similarly,
Fitzgerald et al. found modest and inconsistent impacts across
studies, with some showing increases in SCFA-producing bac-
teria like Roseburia and Clostridium, but these findings were
not uniform. Both reviews attributed this variability to het-
erogeneity in study designs, including differences in almond
dosage, duration, and populations studied. In contrast, Ojo et
al. (2021) provided a more focused examination of almond-
based diets in patients with type 2 diabetes, revealing signif-
icant increases in SCFA-producing bacteria (Roseburia, Ru-
minococcus, and Eubacterium) and clinically meaningful re-
ductions in HbAlc¢ and BMI. Unlike the broader focus of
Creedon and Fitzgerald, Ojo’s analysis centered on almonds’
metabolic and inflammatory effects, highlighting their poten-
tial benefits in glycemic control and weight management. No-
tably, while Creedon and Fitzgerald observed modest micro-
biota impacts, Ojo identified more pronounced changes in
clinical and microbiota outcomes, albeit within a specific pa-
tient population. Together, these reviews illustrate how pop-
ulation health status, dietary context, and study design can
influence findings, underscoring the need for standardized
methodologies to better understand almonds’ prebiotic and
metabolic roles.

This variability observed in host and microbiome responses
to almond and nut consumption reflects the broader diversity
of human microbiomes and their influence on health and dis-
ease. This interindividual variability in microbiome composi-
tion and function plays a critical role in shaping how people
respond to dietary interventions, as well as to other external
factors such as medication (Zeevi et al. 20135, Gilbert et al.
2018, Bermingham et al. 2024). For example, specific micro-
bial taxa may mediate the production of beneficial metabo-
lites like SCFAs in some individuals but not others, leading
to divergent health outcomes. Similarly, gut microbiota dif-
ferences can modulate the efficacy of medications or the im-
pact of diet on metabolic and inflammatory pathways, result-
ing in distinct physiological and clinical responses. These find-
ings underscore the importance of personalized approaches to
dietary recommendations and clinical treatments, accounting
for the unique microbiome landscape of each individual to
optimize outcomes and bridge the gap between microbiome
research and practical applications.

Potential human physiological responses to
prebiotic effect

Recent results from a global consensus paper developed
through a roundtable of experts highlight the significant car-
diometabolic benefits of almond consumption (Trumbo et al.
2024). Almonds, rich in monounsaturated fats, polyunsatu-
rated fats, dietary fiber, and protein, have been shown to sup-
port weight management, cardiovascular health, and diabetes
risk reduction. The consensus confirms that almond consump-
tion, even at doses ranging from 10-100 g/day for periods up
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to 18 months, does not lead to weight gain and may contribute
to slight weight loss. This effect is attributed to almonds’
lower metabolizable energy, incomplete fat absorption, and
their role in promoting satiety, which may reduce overall
calorie intake. The expert panel also concluded that almond
consumption contributes to modest but significant reductions
in LDL cholesterol levels, averaging 5 mg/dl, and small de-
creases in diastolic blood pressure (0.17-1.3 mm Hg). These
benefits, while individually modest, are clinically meaningful
when almonds are included as part of dietary patterns such as
the Portfolio or DASH diets. Regarding glycemic control, the
roundtable identified mixed findings overall, but specific stud-
ies in Asian Indians with prediabetes demonstrated significant
reductions in fasting blood glucose and HbA1c, underscor-
ing the potential for population-specific benefits. The experts
emphasized the need for further research to clarify the mecha-
nisms behind weight stability, and to evaluate almonds’ role in
health-promoting dietary patterns. It is reasonable to hypoth-
esize that the microbiome is mediating some of consistently
observed cardio metabolic effects of Almonds. This consensus
positions almonds as a valuable component of evidence-based
dietary strategies for improving cardiometabolic health.

Recommendations for future research

While the evidence supporting the prebiotic potential of al-
monds is growing, variability in findings across studies high-
lights the need for more standardized methodologies to en-
hance reproducibility and comparability. Based on existing
research, we propose the following considerations for fu-
ture studies. (i) Dosage. Studies examining almond consump-
tion have utilized a wide range of dosages, typically be-
tween 10-100 g/day. Future trials should establish an optimal
dosage that balances effectiveness with practicality in dietary
interventions. A range of 42-56 g/day (approximately one
to two servings) has demonstrated significant microbiome-
modulating effects and could serve as a useful benchmark. (ii)
Intervention Period. The duration of almond supplementation
has varied from short-term (2—-4 weeks) to long-term (up to 18
months), with most studies spanning 4-12 weeks. Longer in-
tervention periods may be necessary to observe stable shifts in
microbiome composition and metabolic effects. Future stud-
ies should incorporate follow-up assessments to evaluate the
persistence of microbial and health benefits after almond con-
sumption ceases. (iii) Study Population and Health Status. The
impact of almonds on the microbiome appears to be modu-
lated by the baseline health status of participants. Studies have
shown more pronounced effects in individuals with metabolic
disorders or dysbiosis compared to healthy controls. Fu-
ture research should stratify participants based on metabolic
health, diet, and microbiome composition at baseline to bet-
ter understand individualized responses. (iv) Almond Prepara-
tion and Bioavailability. Almond processing (whole, ground,
roasted, blanched, defatted) influences microbial fermenta-
tion patterns. Whole and chopped almonds retain their struc-
tural matrix, allowing for gradual fermentation in the colon,
whereas almond butter and finely ground almonds may alter
bioavailability. Standardizing preparation methods or investi-
gating their differential effects systematically would improve
cross-study comparisons. (v) Microbiome and Metabolome
Assessments. Future research should also incorporate multi-
omics approaches to elucidate mechanistic pathways link-
ing almond consumption to gut microbial changes. (vi) Di-
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etary Control and Confounding Factors. A lack of control for
background diet may have confounded microbiome responses
in previous trials. Future trials should implement controlled
feeding designs or rigorous dietary tracking to isolate the spe-
cific effects of almond consumption. (vii) Geographic and Eth-
nic Variability. Gut microbiota composition varies across ge-
ographic regions and ethnic backgrounds due to differences
in diet, lifestyle, and genetics. Individuals with a predomi-
nantly “Western” microbiome, characterized by lower micro-
bial diversity and higher Bacteroides abundance (Hjorth et al.
2019, Adolph and Tilg 2024), may respond differently to pre-
biotics like almonds compared to those from African or Asian
populations, where fiber-degrading taxa are more prevalent
(Ecklu-Mensah et al. 2023). Ethnicity can also modulate mi-
crobiome function within regions (Shanahan et al. 2021). To
improve study comparability, future research should report
participants’ geographic location and ethnicity and explore
their influence on microbiome responses to almonds. By inte-
grating these methodological improvements, it should be pos-
sible to generate more consistent and generalizable findings
on the prebiotic effects of almonds, ultimately strengthening
their potential role in dietary recommendations for gut and
metabolic health.

Conclusion

Based on the available evidence from in vitro studies, clini-
cal trials, and systematic reviews, almonds demonstrate sig-
nificant potential to modulate the gut microbiota and confer
health benefits, fulfilling the criteria of a prebiotic. Almond
consumption has been shown to alter the composition and di-
versity of gut microbiota, often increasing the relative abun-
dance of beneficial bacteria such as Bifidobacterium, Lacto-
bacillus, and SCFA-producing genera like Roseburia, Lach-
nospira, and Dialister. These changes are accompanied by
increased production of SCFAs, which play essential roles
in enhancing gut barrier function, modulating inflammation,
and supporting metabolic health. Furthermore, almonds’ high
content of dietary fiber and polyphenols contributes to their
selective fermentation in the colon, promoting microbial pop-
ulations associated with health benefits. Despite some vari-
ability in findings across studies due to differences in popu-
lations, study designs, and methodologies, there is converging
evidence supporting the prebiotic potential of almonds. These
findings underscore almonds’ role in promoting gut and sys-
temic health, highlighting their importance as part of a healthy
diet and their potential in clinical applications for managing
metabolic and gastrointestinal health. Future research should
focus on standardizing methodologies and exploring individ-
ualized responses to optimize the health benefits of almonds.
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