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Abstract: The gut microbiota interacts with the host’s immune function, and evidence supports a rela-
tionship between the gut microbiota and age-related disease. Consumption of herbs and spices, which
contain bioactive compounds such as polyphenols, is associated with gut microbiota characteristics
that may act to prevent or manage age-related declines in health. This review evaluates the evidence
describing the effect of herb/spice intake on the gut microbiota and health during aging. Commonly
consumed herbs/spices, their impact on prominent gut bacteria phyla (Bacteriodetes, Firmicutes),
and diseases of aging are highlighted. Studies in humans and animals are reviewed. Mechanisms of
action are discussed, and future directions for research are proposed. Dietary enrichment with herbs
and spices is a potential novel intervention for mitigating declines in physiological function with age.

Keywords: antioxidant; anti-inflammatory; mammalian target of rapamycin (mTOR); polyphenols;
prebiotics

1. Introduction

Herbs and spices are an integral part of our daily diet. From time immemorial, these
have been used for seasoning foods and are still consumed for culinary purposes. They
improve the taste, color, and flavor of food and beverages, making them more palatable [1].
In addition to their widespread role as condiments, they have also garnered attention for
promoting health and reducing disease risk. They are enriched with health-promoting
bioactive constituents, including polyphenols, terpenes, and alkaloids [2]. Mainly, these
constituents exhibit antioxidant, antimicrobial, and anti-inflammatory activities and are
also responsible for modulating the gut microbiota (GM) [3]. The GM comprises a highly
heterogeneous community of microbes (prokaryotic bacteria and archaea, fungi, and eu-
karyotic parasites and viruses). Thus, the GM is considered important in its role to facilitate
digestion and maintain host health and homeostasis. It regulates the host’s immune func-
tions and is crucial in healthy aging and longevity. Hence, a right balance must exist for
the GM to flourish, or its dysregulation may lead to improper bodily functions, ultimately
giving rise to various age-related chronic diseases [4].

The diversity and profile of the GM are unique to each person and typically remain
stable throughout life. Nonetheless, several factors can modulate the microbial constituents,
such as genetic background, medication use, diet, and lifestyle [5]. Diet is especially a key
factor in influencing the diversity of the GM, suggesting a close link between the food
we eat and the microbial organisms in the gut [6]. Specific gut microbes are associated
with specific foods and food groups in a way that the diet influences the health of the
GM, and the microbial composition influences health outcomes [7]. For example, diets
containing processed foods and red meat are associated with deleterious changes in the
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microbiota profile and increased disease risk [8–10]. Unhealthy microbes disrupt the host
metabolism and trigger intestinal inflammation, leading to an increased risk of cardiac
events, strokes, and type 2 diabetes. In contrast, diets high in fiber-rich vegetables, herbs
and spices, and polyunsaturated foods such as nuts, fish, eggs, chia seeds, and sunflower
seeds support healthy gut microbes with reduced risk of chronic diseases [11,12]. However,
these connections are complex and specifically based on an individual’s dietary regimen.

Aging is marked by the deterioration of tissues and organs, accompanied by changes in
the GM. The GM is emerging as a critical factor in the aging process. The composition of gut
microbes gradually changes with age and impacts the innate immunity, risk of sarcopenia,
and cognitive function [13]. Age-associated alterations in the GM contribute to increased
susceptibility to multiple age-related chronic diseases, including cancer, cardiovascular
diseases (CVD), rheumatoid arthritis, diabetes, neuroinflammation, and neurodegenerative
diseases. Age-related alterations in the GM are influenced by physiological decline and
individual factors, including diet, lifestyle, medication, and reduced social contact [14]. The
relation between food and the GM is closely related to healthy aging and longevity. There-
fore, dietary interventions that focus on restoring a healthy GM are promising therapeutics
for the aging population.

Numerous advantages of a healthy diet on GM and health have been attributed to the
anti-inflammatory, antioxidant, and antimicrobial effects facilitated by the metabolites of
dietary fiber and phenolic compounds [15–17]. Protein, fats, digestible and non-digestible
carbohydrates, probiotics, and dietary polyphenols all trigger changes in the GM with
consequential impacts on the host’s immunological and metabolic indicators [13]. In this
context, using herbs and spices is an age-old practice that is used even today to increase the
intake of phytochemicals such as polyphenols [18]. Research indicates that certain species
contain high concentrations of polyphenols, which have been associated with favorable
effects on various health conditions, including certain cancers and chronic diseases such
as cardiovascular disease, type II diabetes, and impaired cognitive function [19]. Only
a small fraction of polyphenols, approximately 5–10% of the total intake, is absorbed in
the small intestine, with the majority, about 90–95%, reaching the large intestine [20]. It is
hypothesized that these polyphenols influence the composition of the gut microbiome by
undergoing conversion into low-molecular-weight phenolic metabolites, thereby modulat-
ing metabolic pathways. This modulation leads to a significant increase in the abundance
of beneficial bacteria such as Lactobacillus and Bifidobacterium, while inhibiting the growth
of harmful microbiota such as Clostridium histolyticum and Clostridium perfringens, which
are associated with inflammatory bowel disease and gastrointestinal disorders, respec-
tively [21]. Furthermore, polyphenolic compounds have been observed to affect bacterial
cell membranes, inhibiting the growth of Gram-negative Salmonella and Escherichia strains
while not impacting Gram-positive lactic acid bacteria [22].

Mainly, these polyphenolic compounds display prebiotic effects and modulate the GM
to provide health benefits to the host [23]. Though the health-promoting impact of culinary
herbs and spices through their antioxidant, antimicrobial, and anti-inflammatory properties
are known, there are only a few studies describing the prebiotic effect of herbs and spices.
The polyphenol compounds in herbs and spices are proposed to exert a prebiotic effect and
modulate the gut microbial composition for health benefits (Figure 1).
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Figure 1. Role of herbs and spices for modulation of gut microbiota for healthy aging (author). 
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2. Gut Microbiota

The human body coexists with a complex and dynamic population of microorganisms,
mainly trillions of prokaryotic and eukaryotic microbes, and viruses. These microbial
organisms colonize various parts of our body, such as the GI tract, skin, lungs, oral cavity,
and vagina, and they play a crucial role in the host’s health and physiology [24]. However,
the microbes that reside in the gut are considered the most significant in influencing the
host’s health and diseases. The collection of the microbes that colonize the GI tract is
referred to as the GM, and it has co-evolved with the host over millennia to establish
a symbiotic relationship. The gut microbial community plays many beneficial roles in
maintaining the host’s homeostasis and regulating health. The GM metabolizes food and
has a principal role in harvesting energy, which represents immunity by protecting against
pathogens [25].

The intricate interplay between the GM and the host is governed by the gut–brain
axis (GBA). The gut–brain axis represents a complex bidirectional communication network
between the GI tract and the central nervous system (CNS). It encompasses a sophisticated
interplay involving communication pathways between the brain and gut through the CNS,
enteric nervous system, vagus nerve, neuroendocrine system, and neuroimmune system.
This extensive bidirectional network allows the brain to modulate gut functions such as
immune activation, enteric reflex, and intestinal permeability and the gut to influence
emotion, mood, cognition, and mental health [26]. More recently, the role of gut microbiota
has emerged as a key component in regulating the gut–brain axis and the functions of the
brain by secreting and releasing neurochemicals and metabolites such as neurotransmitters,
neuropeptides, chemokines, short-chain fatty acids (SCFAs), polyamines, and branched-
chain amino acids. Eventually, these components reach the brain through blood, nerve
cells, and endocrine cells, and they have the potential to influence the brain activities and
behavior of the immune cells [27].

Each individual possesses a unique GM profile adhering to specific roles and functions.
The human GM typically comprises six main phyla, namely, Proteobacteria, Firmicutes,
Actinobacteria, Fusobacteria, Verrucomicrobia, and Bacteroidetes. About 90% of the total
gut bacteria consists of the members of the Firmicutes and Bacteroidetes phyla that are
mostly found to inhabit the large intestine. The genera Bacillus, Lactobacillus, Enterococ-
cus, Clostridium, and Ruminicoccus make up most of the Firmicutes phylum, whereas the
Prevotella and Bacteroides genera highly constitute the Bacteroidetes phylum. In contrast,
Actinobacteria is relatively less diverse and is mostly composed of microbes from the
Bifidobacterium genus [23,28–30].
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The GM regulates nutrient availability, thereby influencing the secretion of biologi-
cally active peptides from enteroendocrine cells, which in turn can impact the gut–brain
axis [31]. The GM interacts with the host via a variety of microbial biomolecules such as
SCFAs (acetate, propionate, and butyrate), tryptophan derivatives (indole and derivatives
of indole, tryptamine, and indole propionic acid), polyamines (spermidine and derivatives,
putrescine, and spermine), trimethylamine, choline, bile acids, and polyphenols [32,33].
These metabolites play an important role in modulating the functions of hosts and mainly
rely on host nutritional signaling pathways such as insulin/insulin-like growth factor-1 sig-
naling pathway and mechanistic or mammalian target of rapamycin (mTOR) pathways to
affect the host’s health, lifespan, and gut dysbiosis [34,35]. Omega-3 fatty acids, fermented
foods, probiotics, and polyphenol-rich foods such as herbs and spices may improve our
gut health, benefiting the gut–brain axis and, ultimately, our health and the aging process.

3. Aging and Age-Related Changes in Gut Microbiota

Aging is a multifaceted biological phenomenon characterized by a gradual decline in
the function and physiology of tissues and organs. It is linked to increased incidence of
age-related co-morbidities such as cognitive decline and frailty and serves as a significant
risk factor for the onset of multiple chronic diseases, including neurodegenerative diseases,
cardiovascular diseases, metabolic diseases, immune dysfunction, and musculoskeletal
diseases [36]. The mechanism underlying aging involves disturbances in proteostasis,
mitochondrial dysfunction, altered nutrient sensing, telomere shortening, genomic insta-
bility, cellular senescence, depletion of stem cells, epigenetic modifications, disruptions in
intercellular communication, and gut dysbiosis [37,38].

There is an increasing recognition that the dynamics and composition of the intestinal
microbiota play an active role in altering the host’s health and healthy aging process. This
concept is mainly associated with the generalization that a healthy older individual’s gut is
characterized by the presence of a diverse microbial community, whereas low microbial
diversity is associated with frailty and diseased states [39]. As bacterial colonization of
the GI tract initiates at birth and evolves throughout life, the composition of the GM and
its vitality highly depends on the host’s age. Age-related changes in the GM appear to
negatively impact an aging individual’s health by increasing the risk of multiple patholo-
gies [40]. With aging, gut microbial alterations include the loss of beneficial microbes
and the accumulation of proinflammatory pathobionts. This condition is accelerated and
further exacerbated by lifestyle factors such as the use of antibiotics, reduced mobility, and
restricted diet [4]. Frail elderly people exhibit gut dysbiosis characterized by a significant
decrease in the population of beneficial commensal bacteria, including Bifidobacterium,
Akkermansia muciniphila, Lactobacillus, and SCFA-producing bacteria. Simultaneously, there
is a notable rise in opportunistic and potentially proinflammatory commensal microbes
from families such as Enterobacteriaceae. However, these observations are not correla-
tive and do not apply to certain age groups from different geological locations or genetic
backgrounds. Especially, the GM of centenarians and supercentenarians is enriched with
beneficial commensals such as Bifidobacteria and Christensenella [28,41,42].

The GM can be regulated and modulated through appropriate measures, suggesting
a potential target for aging interventions. Supplementation or improvements in habitual
diet have the potential to modulate GM diversity and may help to address age-associated
frailty and pathology. In this regard, herbs and spices at culinary doses have the ability to
affect the composition of the GM and slow declining health. Thus, reducing age-associated
physiological decline through a proper diet-based modulation of the microbiome can be
one of the most promising research avenues for healthy aging.

4. Dietary Interventions for Modulation of Gut Microbiota

Diet is widely recognized as one of the most influential factors in shaping the com-
position of the gut microbiota. Food provides nutrients to our body and the substrate
necessary for the growth and development of the GM, which interacts with the epithelial
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lining and mucosal immune system and maintains the host’s homeostasis. Thus, the food
we eat shapes the GM’s structure, function, and composition and, eventually, the healthy
aging process [43]. Primarily ‘animal-based’ or ‘plant-based’ diets lead to significant al-
terations in the gut microbiota in humans [44,45]. The GM ferments undigested dietary
fibers, producing short-chain fatty acids that play crucial roles in enterocyte differentiation,
growth arrest, and apoptosis. The primary SCFAs produced are acetic acid, propionic
acid, butyric acid, and, in smaller amounts, lactic acid, 2-hydroxy propanoic acid, and
valeric and caproic acids. Acetic and propionic acids are mainly absorbed from the colonic
lumen, while butyric acid serves as the primary substrate of colonocytes. Pathologies such
as inflammatory bowel disease, irritable bowel syndrome, cancer, and others are closely
linked to SCFA production [46].

Research has demonstrated that spices and herbs such as rosemary, ginger, garlic,
sage, turmeric, parsley, cloves, peppers, thyme, dill, saffron, fennel, and oregano, among
others, are rich sources of antioxidants. They are enriched with phenolic and non-phenolic
compounds and are mostly composed of luteolin, quercetin, curcumin, kaempferol, cap-
saicin, allicin, apigenin, and piperine and have been used as functional foods for various
age-associated risk factors [2,47]. Table 1 summarizes recent human studies of the effects
of herb/spice intake on the GM and health outcomes. A randomized, controlled feeding
study supported that adding a high dose (6.6 g · d−1 · 2100 kcal−1) of mixed culinary herbs
and spices improves cardiometabolic health [3]. In addition, multiple single-herb/spice
(turmeric, curcumin, cinnamon) feeding and supplementation studies have been conducted
showing positive effects on lipid metabolism, glucose homeostasis, vascular health, and
markers of inflammation and oxidative stress [48]. Nonetheless, data on the dietary in-
take of herbs and spices are limited. Further studies, particularly longitudinal ones, are
essential to explore the dietary intake of culinary herbs and spices. Few dietary assessment
methodologies that capture herb and spice intake are currently available (citations as in
future research directions) [49,50].

Table 1. Summary of effects of herbs and spices on gut microbiota profile and physiological outcomes
in humans.

Herb/Spice Subjects Duration Physiological Results Microbiota Results References

Combination of
herbs and spices

Human, at-risk
cardiometabolic

4-week
intervention

24 h SBP, DBP reduced;
LDL, vascular,

glycemia, no effect

Diversity increased;
diversity no effect

Petersen et al.,
2020, 2021 [3,51]

Combination of
herbs and spices
incorporated into

test meals

Human, healthy Single-meal tests

Positive correlation
between plasma

phenolic acids and
Bifidobacterium,

negative correlation
with Bacteroides

Bacteroides decreased;
Bifidobacterium increased;

diversity no effect

Khine et al.,
2021 [12]

Curcumin
supplements Human, healthy 8 weeks Not reported

Increased bacterial
species with

intervention: most
Clostridium spp.,
Bacteroides spp.,
Klebsiella spp.,

Parabacteroides spp.,
Pseudomonas spp.;
Reduced bacterial

species with
intervention: some
Blautia spp., most
Ruminococcus spp.

Peterson et al.,
2019 [52]
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Table 1. Cont.

Herb/Spice Subjects Duration Physiological Results Microbiota Results References

Cinnamon, black
pepper, ginger,
oregano, and

cayenne pepper

Human, healthy 2 weeks Not reported

Significant reduction in
Firmicutes with

intervention; increase in
Bacteroidetes

Lu et al.,
2019 [53] &

Gibson et al. [54]

Combination of
spices, 5 g
capsules

Human, healthy 2-week
intervention

Fecal short-chain fatty
acids

no effect

Firmicutes decreased;
Bacteroidetes increased;

changes in 26 OTUs

Lu et al.,
2017 [55]

Various herbs
and spices Human, healthy

Observational,
habitual

herb/spice
intake surveyed;

total dietary
polyphenol

intake quantified

Not reported

Related to higher
herb/spice intake:

Firmicutes increased;
Proteobacteria decreased;
and diversity no effect.

Related to higher
polyphenol intake:

Lactobacillus, Sutterela
increased, and

Bacteroides, Enterococcus,
Eubacterium ventriosum,

and Ruminococcus
decreased.

Vita et al., 2022,
2024 [56,57]

OTU: operational taxonomic units.

5. mTOR Signaling Pathway and Gut Microbiota

Nutrition influences the expression of genes and metabolism of the host and GM
through numerous signaling pathways. These signaling processes are mostly controlled by
the mammalian target of rapamycin (mTOR) pathways [36]. mTOR is a serine/threonine
protein kinase that comprises two structurally similar but functionally different protein
complexes, mTOR complex 1 and mTOR complex 2. These complex structures regulate the
various cellular activities. mTOR serves as a critical mediator that detects alterations in the
cellular environment and governs a multitude of intracellular activities essential for cell
function and adaptation. These intracellular activities include transcription, translation, cell
growth, and cytoskeletal organization. mTOR primarily regulates cell growth, metabolism,
autophagy, and apoptosis by promoting protein synthesis in response to nutritional avail-
ability and growth factors. As a result, dysregulation of the mTOR signaling pathway has
been linked with a wide range of human diseases such as cancer, diabetes, heart disease,
and neurological disorders [58,59].

An increasing number of studies have linked intestinal microorganisms and their
complex metabolites with host metabolic and immune responses via mTOR signaling
pathways. Gut microbes can directly and indirectly stimulate mTOR through alterations
in their abundance or metabolites, predominantly SCFAs. By integrating intra- and ex-
tracellular signals, mTOR can profoundly impact disease development. The GM and its
metabolites regulate various host functions, including autophagy, fatty acid metabolism,
oxidative phosphorylation, and immune response [60,61]. Dysregulation of these pathways
is associated with various age-related health disorders involving the mTOR signaling
pathway. Recent studies have identified mTOR as a novel target for curcumin, highlighting
the potential beneficial effects of natural compounds and nutraceuticals in regulating the
mTOR signaling pathway in various diseases [62].

These herbs and spices not only influence the mTOR pathway but also serve as thera-
peutic agents. For instance, rhein, derived from rhubarb, aids in treating UC by reducing
Enterobacteriaceae and Turicibacter levels, as well as inhibiting the PI3K/AKT/mTOR
pathway, thereby decreasing pro-inflammatory cytokines [63]. Similarly, curcumin acts as
a therapeutic agent in treating hepatocellular carcinoma by suppressing mTOR activity,
increasing the presence of Helicobacteraceae, and promoting apoptosis [64]. Furthermore,
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the therapeutic compound resveratrol, a specific mTOR complex inhibitor, alters GM com-
position by reducing Lactococcus and Clostridium XI, thereby preventing glucose intolerance
and fat accumulation in mice fed a high-fat diet (HFD) [65].

6. Prebiotic Potential of Herbs and Spices

Traditional medicines have recognized the use of herbs and spices for their diges-
tive stimulant properties [66]. The ability of herbs and spices to influence the digestive
process is demonstrated by the enhanced production of digestive enzymes and prebiotic
effects to modulate the functions of intestinal flora. Culinary herbs and spices are rich
sources of antioxidants. They have the potential to impact health through antioxidant and
antimicrobial properties. Additionally, they may also promote microbial modulation by
fostering the growth of beneficial gut bacteria [53]. Herbs and spices, when consumed
at culinary doses, display prebiotic activity. Prebiotics are the components that the GM
selectively uses to promote host health. They contribute to a healthier GM composition by
promoting the growth of beneficial bacteria, such as Bifidobacteria spp. and Lactobacilli spp.,
and suppressing the growth of pathogenic bacteria [52].

Petersen et al. (2020, 2021) [3,51] reported increases in α-diversity in association
with reductions in blood pressure in adults fed a mixture of herbs and spices over 4
weeks. Lu et al., 2019 [53] showed changes in 26 microbial operational taxonomic units in
participants taking 5 g mixed-spice capsules daily for 2 weeks. Further, in an observational
study, Vita et al. (2022, 2024) observed significant beneficial changes in the GM profile
in association with higher intakes of herbs/spices and polyphenols [51,53,56,57]. The
fermentation of prebiotics by gut microbiota results in the production of SCFAs, including
lactic acid, butyric acid, and propionic acid. As SCFAs play a crucial role in maintaining
gut health, the alteration in SCFA levels has been associated with the development of
age-related pathologies such as cardio-metabolic disorders [67].

The International Scientific Association of Probiotics and Prebiotics defines a prebiotic
as a substrate that is selectively used by microbes to benefit the host’s health [54]. The most
common prebiotics are fructo-oligosaccharides, trans-galacto-oligosaccharides, and galacto-
oligosaccharides. Although carbohydrates are more likely than other micronutrients to
fulfill the prebiotic characteristics, certain compounds that are not carbohydrates, such as
polyphenols, are also classified as prebiotics [68].

Spices are rich in polyphenols. These compounds have low bioavailability and are
extensively metabolized in the large intestine, favoring interactions with the GM. Inter-
estingly, there is a two-way connection in which dietary polyphenols modulate the GM
and the GM modulates the activity of polyphenolic compounds to exert biological effects.
Such bidirectional association can regulate the host’s metabolic activity, specifically for
converting these components into easily digestible metabolites and subsequent absorption
to perform specific functions that affect the host’s health [69]. The bidirectional interaction
between the dietary polyphenols and the gut microbes is essential for maintaining the
host’s homeostasis and is fundamental for the symbiotic relationship between the host and
gut microbes [70].

Polyphenols are present in many dietary sources, such as fruits, vegetables, berries,
cocoa, herbs, and spices. Secondary metabolites of polyphenol catabolism exert their
beneficial effects as prebiotic substrates by favoring the growth of beneficial gut microbial
families, for instance, Bifidobacteriaceae and Lactobacillaceae, and lowering the number of
harmful bacteria such as Helicobacter pylori, Clostridium perfringens, and Escherichia coli [71].
Dietary polyphenols obtained from fruits, berries, and teas have been investigated for
clinical studies. Mainly anthocyanins, ellagic acid, catechins, and proanthocyanidins
derived from fruits have been reported to support the growth of beneficial bacteria such as
Bifidobacterium, Lactobacillus, Akkermansia, Faecalibacterium, and Roseburia spp., consequently
increasing the production of SCFAs to promote the host’s health [17,72].

In vitro and in vivo studies have demonstrated that water-alcoholic extracts of herbs
Ocimum sanctum, and Zingiber officinale exhibit high prebiotic activity. In comparison to
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the standard prebiotic, FOS, the extracts of these plants supported the in vitro growth of
beneficial microbes such as Lactobacillus rhamnosus and Bifidobacterium infantis. Even at
low concentrations of 5 mg/L, the extracts were highly effective and better than fructo-
oligosaccharides in promoting the abundance of these microbes. In contrast, the hydro-
alcoholic extract of Piper nigrum showed prebiotic activity similar to the standard prebiotic
fructo-oligosaccharides [73]. Likewise, in vivo analysis of the extracts of the same plant
species on healthy SD rats for 30 days showed profuse growth of Bifidobacterium and Lacto-
bacillus and inhibited growth of harmful microbes such as Firmicutes and Bacteroides spp.
In these studies, 100, 500, and 850 mg/kg-Bw of hydroalcoholic extracts of Piper nigrum,
Zingiber officinale, and Ocimum sanctum, respectively, were used against 5 g/kg body weight
of the standard prebiotic, fructo-oligosaccharides [74].

These polyphenolic compounds possess properties that support the growth and activ-
ity of beneficial gut bacteria, contributing to improved gut health and overall well-being.
Their ability to selectively stimulate the growth of beneficial microbes while inhibiting
the proliferation of harmful bacteria underscores their potential as valuable prebiotic
agents [72]. Polyphenols such as gallic acid, apigenin, kaempferol, quercetin, luteolin,
caffeic acid, vanillic acid, p-coumaric acid, chlorogenic acid, protocatechuic acid, 3-hydroxy
benzaldehyde, and ferulic acid were identified in these plant species (Piper nigrum, Zingiber
officinale, and Ocimum sanctum) [73,74].

Likewise, aqueous extract of culinary spices, including Mediterranean oregano, black
pepper, rosemary, cayenne pepper, ginger, cinnamon, and turmeric, displayed prebiotic-like
activity. In vitro studies showed that the aqueous extracts of all plant extracts (concen-
trations ranging from 4.5 mg/mL to 9.0 mg/mL) except turmeric promoted the growth
of Bifidobacterium spp. and Lactobacillus spp. and suppressed the growth of selected Ru-
minococcus spp. The aqueous extracts of turmeric, cinnamon, rosemary, and oregano were
found to be active against selected Fusobacterium spp. and Clostridium spp. [55]. This
suggests the potential role of spices in the regulation of the GM for the promotion of
gastrointestinal health.

In human subjects, mixed spices at culinary doses affect GM composition, indicating a
significant prebiotic effect. The effect of five different mixed spices (capsules containing 5 g
of cinnamon, oregano, ginger, rosemary, black pepper, and cayenne pepper) consumed daily
in dietary doses found that up to 26 operational taxonomic units (OTUs) were modulated as
compared with the control group consuming a maltodextrin placebo capsule [52]. Therefore,
polyphenols found in culinary herbs and spices likely have a significant role in modulating
the metabolism of the gut communities, which may contribute to optimal digestive function,
improved digestive efficiency, and healthy aging.

7. Future Research Direction

Experimental short-term human studies support the beneficial effects of spices on
outcomes relevant to aging, such as inhibiting colorectal neoplasm growth and reducing
24 h ambulatory blood pressure, high-fat-diet-induced lipemia, and biomarkers of oxidative
stress [75–77]; however, long-term epidemiological studies that evaluate habitual intakes of
herbs and spices and health are lacking. This is partly due to the difficulty measuring herbs
and spice intakes, which are typically small in amount and variable across days. Only two
validation studies of herb and spice intake questionnaires have been published [49,50]. In
order to advance the understanding of the role of culinary herbs and spices in optimizing
healthy aging, it is crucial to conduct repeated and longitudinal monitoring of dietary
intakes and health outcomes in large cohorts of men and women. National cohort studies
such as the U.S. National Health and Nutrition Examination Survey (NHANES) would
be ideal contexts for probing for herb and spice intakes within the dietary assessment
component. These measurements could be analyzed with data quantifying the markers
of herb/spice absorption, fecal microbiota profiles [78], and incidence of disease [79].
Currently, the NHANES collects data on dietary supplement use but not culinary herbs and
spice consumption [80]. In addition, the GM has a significant role in maintaining our health.
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Modulation of the GM composition with the use of prebiotics, probiotics, and microbiota
transplant is emerging as a new technique in developing personalized medicine for treating
various diseases [28,81]. In this regard, the present state of knowledge on the role of herbs
and spices as prebiotics should be expanded. The comprehensive understanding of the
ability of specific metabolites from herbs and spices to regulate the GM composition will
potentially aid in the development of novel drugs for disease treatment.

8. Conclusions

This review described evidence supporting a significant relationship between herb
and spice consumption, the GM composition and function, and host health, particularly in
the context of aging. The rich content of polyphenols in herbs and spices appears to be a
main factor in modulating the GM and its production of beneficial metabolites that possess
anti-inflammatory, antioxidant bioactivity. Age-related chronic disease is characterized
by systemic inflammation and oxidative stress, which may be effectively managed by
the inclusion of herbs and spices in the diet. We strongly encourage continued research
in this area, specifically in longitudinal aging studies that utilize validated methods for
quantifying herb and spice intake.
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