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Abstract Peppermint tea has been traditionally used for its medicinal properties, with a growing interest in its application in
modern herbal medicine. This study evaluates the digestive benefits, neuroprotective effects, and broader therapeutic potential of
peppermint tea by identifying its key bioactive compounds, such as menthol and flavonoids. Additionally, the mechanisms
underlying peppermint tea’s digestive benefits, including its ability to relax gastrointestinal muscles and influence bile flow, are
examined in clinical studies, particularly for irritable bowel syndrome (IBS) and functional dyspepsia. The neuroprotective properties
of peppermint tea, such as its modulation of neurotransmitter activity and potential role in preventing neurodegenerative diseases, are
also assessed. A case study on clinical trials supports its efficacy and safety, with a review of long-term health benefits in diverse
populations. This study highlights peppermint tea's integration into contemporary herbal practices, its safety profile, and potential for
future therapeutic applications, offering insights into its role in modern herbal medicine.
Keywords Peppermint tea; Digestive health; Neuroprotection; Bioactive compounds; Herbal medicine

1 Introduction
Peppermint tea, derived from the leaves of the peppermint plant (Mentha × piperita L.), has been a staple in
traditional medicine for centuries (Nayak et al., 2020). This perennial herb, belonging to the Lamiaceae family, is
renowned for its strong aroma and distinctive flavor. Traditionally, peppermint has been utilized for its therapeutic
properties, including the treatment of fever, colds, digestive issues, and inflammation of the oral mucosa and
throat (Mahendran and Rahman, 2020). The essential oils and bioactive compounds in peppermint, such as
flavonoids and phenolics, contribute to its wide range of medicinal applications (Gadaka et al., 2021).

In contemporary herbal medicine, peppermint tea continues to hold significant value due to its diverse
pharmacological benefits. Modern research has highlighted its potential in improving digestive health, supporting
the central nervous system, and enhancing respiratory function (Wei et al., 2023). The essential oils in peppermint,
particularly menthol, are credited with these health benefits. Additionally, peppermint exhibits antioxidant,
anti-inflammatory, antimicrobial, and anticancer properties, making it a versatile natural remedy (Figueroa-Pérez
et al., 2018). The increasing demand for natural product-based medicines has further propelled research into the
specific metabolites of peppermint and their mechanisms of action against various diseases.

This study systematically evaluates the digestive benefits, neuroprotective effects, and overall therapeutic
potential of peppermint tea in modern herbal medicine. By synthesizing existing research findings, we aim to
provide in-depth insights into the effective use of peppermint tea in promoting health and well-being. The study
focuses on analyzing the bioactive compounds in peppermint tea with therapeutic potential and explores its
prospects in developing new natural medicines with high efficacy and minimal side effects. We hope this study
will further highlight the significance of peppermint tea in both traditional and modern medical practices,
providing valuable guidance for future clinical applications and herbal therapies.
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2 Bioactive Compounds in Peppermint Tea
2.1 Identification of key bioactive compounds
Menthol, a major component of peppermint essential oil, is a cyclic monoterpene alcohol known for its distinctive
cooling sensation. It has been extensively studied for its anti-inflammatory, analgesic, and antimicrobial properties.
Menthol's structure allows it to interact with the transient receptor potential melastatin 8 (TRPM8) receptor, which
is responsible for the cooling sensation. Additionally, menthol has been shown to suppress inflammation by
modulating various signaling pathways, including the AMP-activated protein kinase (AMPK) and nuclear factor
kappa B (NF-κB) pathways, thereby reducing oxidative stress and the production of pro-inflammatory mediators
(Goudarzi et al., 2023).

Peppermint tea contains several flavonoids, including eriocitrin, luteolin, and hesperidin. These compounds are
known for their potent antioxidant and anti-inflammatory activities. Eriocitrin, the main phenolic compound in
peppermint, has been shown to enhance antioxidant capacity and reduce oxidative stress. Flavonoids in
peppermint tea contribute to its therapeutic properties by scavenging free radicals, inhibiting lipid peroxidation,
Bimakrand modulating enzyme activities involved in inflammation and oxidative stress (Bimakr et al., 2011;
Alaşalvar and Çam, 2020).

2.2 Extraction and analysis methods
Steam distillation is a conventional method used to extract essential oils from peppermint leaves. This technique
involves passing steam through the plant material, which vaporizes the volatile compounds. The vapor is then
condensed back into liquid form, separating the essential oil from the water. This method is effective in isolating
menthol, menthone, and other terpenoids, which are key bioactive compounds in peppermint essential oil (Pavlić
et al., 2020).

High-performance liquid chromatography (HPLC) and gas chromatography (GC) are commonly used to isolate
and analyze bioactive compounds in peppermint tea. HPLC is particularly useful for identifying and quantifying
phenolic compounds such as eriocitrin and rosmarinic acid (Çam et al., 2020). Gas chromatography coupled with
flame ionization detection (GC-FID) is employed to measure the concentrations of menthol, menthone, and other
volatile compounds. These techniques provide detailed profiles of the bioactive compounds present in peppermint
tea, enabling the assessment of their therapeutic potential.

2.3 Synergistic effects of bioactive compounds
The interaction between menthol and flavonoids in peppermint tea can enhance its overall bioactivity. Menthol's
ability to modulate sensory receptors and signaling pathways may complement the antioxidant and
anti-inflammatory effects of flavonoids. This synergistic interaction can lead to improved therapeutic outcomes,
such as enhanced anti-inflammatory effects and better management of oxidative stress.

The combined presence of menthol and flavonoids in peppermint tea contributes to its high antioxidant activity.
Studies have shown that the total phenolic content and antioxidant capacity of peppermint tea are significantly
enhanced by the presence of these compounds. The interaction between menthol and flavonoids can lead to a
more effective scavenging of free radicals and inhibition of oxidative processes, thereby providing greater
protection against oxidative stress-related conditions (Rehder et al., 2020).

By understanding the bioactive compounds in peppermint tea and their synergistic effects, we can better
appreciate its potential health benefits and therapeutic applications in modern herbal medicine.

3 Digestive Benefits of Peppermint Tea
3.1 Mechanisms of action in the digestive system
Peppermint tea contains menthol, which has been shown to exert smooth muscle relaxant and anti-spasmodic
effects on various parts of the gastrointestinal tract, including the lower esophageal sphincter, stomach, duodenum,
and large bowel. This relaxation helps alleviate symptoms associated with gastrointestinal disturbances, such as
cramping and discomfort (Scarpellini et al., 2023). Peppermint tea has also been found to influence bile flow,
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which is crucial for the digestion and absorption of fats. The active compounds in peppermint can stimulate bile
secretion, thereby enhancing digestive processes and improving overall gastrointestinal function (Begas et al.,
2017).

3.2 Clinical evidence supporting digestive health
Several studies have demonstrated the efficacy of peppermint oil, a concentrated form of peppermint, in managing
IBS symptoms (Onakpoya, 2020; Nee et al., 2021). A systematic review and meta-analysis found that peppermint
essential oil is both efficacious and well-tolerated in the short-term management of IBS, providing significant
relief from symptoms such as abdominal pain and altered bowel habits (Hawrelak et al., 2019). Another
randomized controlled trial confirmed that small intestinal-release peppermint oil significantly reduced abdominal
pain, discomfort, and IBS severity compared to placebo (Figure 1) (Weerts et al., 2019).

Figure 1 Abdominal pain and discomfort scores in the ITT-population (N = 189). Values are adjusted estimated marginal means
derived from the linear mixed model, and bars represent standard errors. The small-intestinal–release peppermint oil group had
significantly greater reduction in mean daily worst abdominal pain compared with the placebo group at week 8 (P= 0.016). The
small-intestinal–release peppermint oil group also had significantly more reduction in abdominal discomfort compared with the
placebo group (P= 0.020, and P= 0.009, at weeks 6, and 7, of treatment, respectively). The ileocolonic-release peppermint oil group
did not differ significantly in reduction in abdominal pain and discomfort compared with the placebo group. Abdominal pain and
discomfort was assessed weekly with an 11-point NRS in the digital diary. NS, not significant. *P < 0.25 (Adopted from Weerts et al.,
2019)
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The study of Weerts et al. (2019) illustrates the effect of peppermint oil formulations on abdominal pain and
discomfort over an 8-week period. The small intestinal release peppermint oil significantly reduced both pain and
discomfort compared to placebo, particularly noticeable at week 8 for pain and at weeks 6 and 7 for discomfort.
The ileocolonic release peppermint oil did not show a significant difference from placebo. This suggests that
peppermint oil targeting the small intestine may be more effective for relieving symptoms related to abdominal
pain and discomfort in the studied population.

Peppermint tea has been traditionally used to alleviate symptoms of indigestion and bloating. Clinical studies have
shown that peppermint oil can reduce the duration, frequency, and severity of pain in children suffering from
functional abdominal pain, indicating its potential benefits for broader digestive health issues (Anheyer et al.,
2017). Additionally, peppermint's muscle relaxant properties help in reducing bloating and discomfort associated
with indigestion.

3.3 Applications in managing gastrointestinal disorders
Peppermint oil has been suggested as a treatment for functional dyspepsia due to its ability to relax
gastrointestinal muscles and modulate gastrointestinal sensitivity. This makes it a promising alternative to
traditional pharmacological treatments, offering a safer profile with fewer side effects. The herbal preparation
STW 5, which includes peppermint, has shown pro-secretory effects that may contribute to its efficacy in treating
functional dyspepsia (Allam et al., 2015).

While peppermint oil is beneficial for various gastrointestinal disorders, its use in treating GERD is more complex.
The muscle relaxant properties of peppermint can potentially relax the lower esophageal sphincter, which might
exacerbate GERD symptoms. However, its overall soothing effects on the gastrointestinal tract may still offer
some benefits in managing mild cases of GERD when used cautiously.

In summary, peppermint tea and its active compounds have demonstrated significant digestive benefits through
muscle relaxation, enhanced bile flow, and clinical efficacy in managing conditions like IBS and functional
dyspepsia. These properties make it a valuable addition to modern herbal medicine for digestive health.

4 Neuroprotective Effects of Peppermint Tea
4.1 Interaction with the central nervous system
Peppermint tea, primarily through its active component menthol, has been shown to interact with the central
nervous system by modulating neurotransmitter activity. Menthol can influence the release and uptake of
neurotransmitters, which are crucial for maintaining neural communication and overall brain function. This
modulation can potentially alleviate symptoms of neurological disorders by balancing neurotransmitter levels and
improving synaptic plasticity.

The influence of peppermint tea on cognitive function and memory has been a subject of interest due to its
potential neuroprotective properties. Studies suggest that the bioactive compounds in peppermint can enhance
cognitive performance and memory retention. This is likely due to their ability to reduce oxidative stress and
inflammation in the brain, which are known contributors to cognitive decline (Goudarzi et al., 2023).

4.2 Anti-inflammatory and antioxidant properties
Peppermint tea exhibits significant anti-inflammatory properties, which can be beneficial in reducing
neuroinflammation. The anti-inflammatory effects are mediated through various pathways, including the
downregulation of pro-inflammatory mediators and the suppression of oxidative stress. These actions help in
reducing the levels of neuroinflammation markers, thereby protecting neural tissues from damage (Rahman et al.,
2023).

The antioxidant properties of peppermint tea play a crucial role in enhancing the brain's defense mechanisms
against oxidative stress. The bioactive compounds in peppermint, such as menthol, activate antioxidant pathways
and increase the production of antioxidant enzymes. This helps in neutralizing free radicals and reducing oxidative
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damage to neural cells, which is essential for maintaining cognitive health and preventing neurodegenerative
diseases.

4.3 Potential role in neurodegenerative disease prevention
Animal studies have provided substantial evidence supporting the neuroprotective effects of peppermint tea.
These studies demonstrate that peppermint can mitigate the effects of oxidative stress and inflammation in the
brain, which are key factors in the development of neurodegenerative diseases. The activation of antioxidant
pathways and the reduction of neuroinflammation markers in animal models suggest that peppermint tea could be
a promising preventive strategy against conditions like Alzheimer's and Parkinson's diseases (Qi et al., 2017).

While human studies are limited, preliminary research indicates that peppermint tea may have beneficial effects
on cognitive decline (Moss et al., 2016). The anti-inflammatory and antioxidant properties of peppermint are
believed to contribute to its potential in slowing down the progression of cognitive impairments. Future clinical
trials are needed to confirm these findings and to better understand the mechanisms through which peppermint tea
exerts its neuroprotective effects in humans.

Peppermint tea shows promise as a neuroprotective agent due to its ability to modulate neurotransmitter activity,
reduce neuroinflammation, and enhance antioxidant defenses. These properties make it a potential candidate for
preventing and managing neurodegenerative diseases. Further research, particularly human clinical trials, is
necessary to fully elucidate its benefits and mechanisms of action.

5 Role in Modern Herbal Medicine
5.1 Integration into contemporary herbal practices
Peppermint tea has been integrated into modern herbal medicine practices due to its well-documented therapeutic
benefits. It is commonly used for its digestive properties, particularly in the management of irritable bowel
syndrome (IBS). Studies have shown that peppermint essential oil, a key component of peppermint tea, is
effective in alleviating IBS symptoms, making it a popular choice among herbal remedies for gastrointestinal
issues (Hawrelak et al., 2019). Additionally, peppermint tea is often combined with other herbs, such as white tea,
to enhance its anti-inflammatory and antibacterial effects, further solidifying its role in contemporary herbal
practices.

5.2 Comparison with other herbal remedies
When compared to other herbal remedies, peppermint tea stands out for its efficacy and safety profile. For
instance, while aloe vera and asafoetida have shown promise in treating IBS, their efficacy has not been as
consistently replicated as that of peppermint essential oil. Moreover, peppermint oil has been found to be effective
in reducing the duration, frequency, and severity of pain in children with functional abdominal pain, a benefit not
as widely documented for other herbs (Anheyer et al., 2017). The combination of peppermint with other herbs,
such as in the formula STW 5, has also demonstrated significant efficacy, highlighting its versatility and potency
in herbal medicine (Pop et al., 2023).

5.3 Consumer trends and preferences
Consumer trends indicate a growing preference for natural and herbal remedies, with peppermint tea being a
popular choice due to its pleasant taste and therapeutic benefits. The increasing interest in complementary and
alternative medicine, especially among parents seeking treatments for their children’s gastrointestinal disorders,
has further boosted the popularity of peppermint tea.

Additionally, the combination of peppermint with other herbs, such as white tea, has gained attention for its
enhanced health benefits, aligning with consumer preferences for multifunctional and synergistic herbal products
(Xia et al., 2020). This trend reflects a broader movement towards holistic and natural health solutions in modern
society.
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6 Case Study
6.1 Clinical trials on the efficacy of peppermint tea
Several clinical trials have investigated the efficacy of peppermint tea and peppermint oil in treating various
conditions, particularly focusing on digestive disorders such as irritable bowel syndrome (IBS). A systematic
review and meta-analysis identified that peppermint essential oil is both efficacious and well-tolerated in the
short-term management of IBS symptoms (Hawrelak et al., 2019).

Another randomized controlled trial found that small intestinal-release peppermint oil significantly reduced
abdominal pain, discomfort, and IBS severity compared to placebo, although it did not meet the primary endpoints
for overall symptom relief (Weerts et al., 2019). Additionally, a network meta-analysis ranked peppermint oil as
the most effective treatment for global IBS symptoms among traditional therapies, including soluble fiber and
antispasmodic drugs.

6.2 Safety studies in diverse populations
Safety studies have shown that peppermint oil and peppermint tea are generally well-tolerated across different
populations. A systematic review focusing on children and adolescents with gastrointestinal disorders found that
peppermint oil effectively decreased the duration, frequency, and severity of pain in children suffering from
undifferentiated functional abdominal pain, with no serious adverse events reported (Anheyer et al., 2017).

Another study on healthy volunteers consuming peppermint tea for six days found that while peppermint tea may
alter the pharmacokinetics of clinically administered drugs, it did not significantly affect the activities of several
metabolizing enzymes, indicating a favorable safety profile. Furthermore, a randomized controlled trial on breast
cancer patients undergoing chemotherapy demonstrated that peppermint extract significantly reduced the severity
of nausea, vomiting, and anorexia without any severe adverse effects (Figure 2) (Jafarimanesh et al., 2020).

The study of Jafarimanesh et al. (2020) illustrates the effects of an intervention on nausea, anorexia, and vomiting
severity over four time points. In the intervention group, there is a noticeable reduction in symptoms compared to
the control group, particularly after chemotherapy. Nausea and anorexia severity peaked and then decreased in
both groups, with the intervention group showing a faster and more pronounced reduction. The frequency of
vomiting episodes remained lower in the intervention group throughout the study, demonstrating the potential
effectiveness of the intervention in alleviating chemotherapy-related gastrointestinal distress.

6.3 Long-term health benefits observed in peppermint tea consumers
Long-term consumption of peppermint tea has been associated with various health benefits. The inhibition of
NAT2 enzyme activity observed in a study on healthy volunteers suggests that regular intake of peppermint tea
may contribute to cancer chemoprevention (Begas et al., 2017).

Additionally, the broad spectrum of bioactive phytochemicals in peppermint, such as flavonoids and phenolics,
provides antioxidant, anti-inflammatory, and antimicrobial effects, which can contribute to overall health and
well-being (Mahendran and Rahman, 2020). While most clinical trials focus on short-term outcomes, the
consistent findings of symptom relief and safety across different studies suggest that long-term consumption of
peppermint tea could offer sustained health benefits, particularly for digestive health and symptom management in
conditions like IBS (Black et al., 2019).

By integrating these findings, it becomes evident that peppermint tea and peppermint oil hold significant promise
in modern herbal medicine, particularly for their digestive benefits and potential long-term health advantages.
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Figure 2 The mean scores of nausea severity (A), anorexia severity(B) and mean frequencies of vomiting episodes (C) at 4
time-points (before the intervention, and immediately, 24 and 48 hours after the chemotherapy) in the experimental and control
groups (Adapted from Jafarimanesh et al., 2020)

7 Safety and Toxicology
7.1 General safety profile of peppermint tea
Peppermint tea is generally considered safe for most individuals when consumed in moderate amounts. However,
some common side effects include heartburn and allergic reactions, particularly in individuals with a sensitivity to
menthol. Additionally, peppermint tea may interact with certain medications, such as those used to treat acid
reflux, and should be consumed with caution by individuals with gastroesophageal reflux disease (GERD)
(Anheyer et al., 2017).
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The safety of peppermint tea during pregnancy and lactation is a topic of ongoing research. While peppermint is
commonly used to alleviate nausea and digestive issues during pregnancy, there is limited documentation on its
safety. Some studies suggest that peppermint tea can be consumed in moderation, but it is recommended that
pregnant and breastfeeding women consult with their healthcare provider before using peppermint tea to ensure it
does not pose any risks to the mother or the developing fetus (Holst et al., 2011; Laelago, 2018; Sarecka-Hujar
and Szulc-Musioł, 2022).

7.2 Allergic reactions and sensitivities
Allergic reactions to peppermint tea are rare but can occur, particularly in individuals with a known allergy to
menthol or other components of the mint family. Symptoms of an allergic reaction may include skin rashes,
headaches, and respiratory issues. It is important for individuals with known sensitivities to avoid peppermint tea
and seek medical advice if they experience any adverse reactions (Poswal et al., 2019).

7.3 Long-term consumption and chronic effects
The long-term consumption of peppermint tea has not been extensively studied, and there is limited data on its
chronic effects. While short-term use is generally considered safe, the potential impacts of prolonged use remain
unclear. Some concerns have been raised about the possibility of peppermint tea affecting liver health and
interacting with certain medications over time. Therefore, it is advisable to consume peppermint tea in moderation
and consult with a healthcare provider for personalized advice, especially for individuals with pre-existing health
conditions (Ahmed et al., 2017).

8 Concluding Remarks
Peppermint tea has been shown to offer a variety of health benefits, particularly in the areas of cognitive
performance, digestive health, and anti-inflammatory effects. Studies have demonstrated that peppermint tea can
significantly improve long-term memory and speed of memory, as well as increase subjective alertness in healthy
adults. Additionally, peppermint essential oil has been found to be efficacious and well-tolerated in the short-term
management of irritable bowel syndrome (IBS), providing relief from symptoms such as pain and discomfort.
Peppermint tea also exhibits potential in altering pharmacokinetics of clinically administered drugs and promoting
cancer chemoprevention through NAT2 inhibition. Furthermore, peppermint has shown promise in reducing the
severity of nausea, vomiting, and anorexia in patients undergoing chemotherapy. Its anti-inflammatory properties
are supported by evidence suggesting that peppermint can suppress inflammation through various biochemical
pathways.

Future research should focus on conducting more rigorous and large-scale clinical trials to confirm the efficacy
and safety of peppermint tea in various health conditions. While current studies provide promising results, the lack
of replication and the limited number of human trials necessitate further investigation. Specifically, more research
is needed to explore the long-term effects of peppermint tea consumption on cognitive performance and digestive
health. Additionally, the potential interactions between peppermint tea and other medications should be
thoroughly examined to ensure safe clinical applications. Investigating the synergistic effects of peppermint tea
when combined with other herbal teas, such as white tea, could also open new avenues for developing effective
functional foods with enhanced health benefits.

Peppermint tea holds a significant place in modern herbal medicine due to its wide range of therapeutic properties.
Its ability to improve cognitive function, alleviate digestive disorders, and reduce inflammation makes it a
valuable addition to the repertoire of natural remedies. As more scientific evidence emerges, peppermint tea could
become a mainstream option for managing various health conditions, offering a natural and accessible alternative
to conventional treatments. The integration of peppermint tea into daily health routines could contribute to overall
well-being and preventive health care, reinforcing its role as a versatile and beneficial herbal medicine.
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