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Abstract 

Background and Objective: The human gastrointestinal tract harbors a complex and dynamic 

community of microorganisms collectively known as the intestinal microbiota, which plays a 

crucial role in maintaining metabolic, immunological, and physiological homeostasis. These 

microorganisms regulate essential bodily functions, including digestion, nutrient absorption, 

immune modulation, and protection against pathogenic organisms. Disruption of the intestinal 

microbial balance (dysbiosis) has been increasingly associated with a wide range of diseases, such 

as metabolic disorders, inflammatory conditions, autoimmune diseases, and gastrointestinal 

dysfunctions. In recent years, growing scientific interest has focused on the potential of medicinal 

plants and bioactive herbal compounds to modulate gut microbiota composition, enhance 

beneficial microbial populations, and restore intestinal homeostasis. Understanding the interaction 

between herbal compounds and gut microbiota may provide novel, safe, and complementary 

therapeutic strategies for the prevention and management of microbiota-related diseases. 

Materials and Methods: Information related to this study was obtained from searching databases 

such as SID, Magiran, Google Scholar, and PubMed using the keywords medicinal plants, 

intestinal microbiota, dysbiosis, and microbiome. 

Findings: In today's medical science, it is believed that the intestinal microbiota affects the central 

nervous system through the enteric nervous system, and this view is due to the similarity of the 

enteric nervous system to the central nervous system and its autonomy. These microorganisms 

affect energy generation, normal body function, the immune system, obesity, thinness, 

malnutrition, neurological disorders, mood and cancer in humans. On the other hand, there are 

many studies on the effect of medicinal plants and essential oils of medicinal plants in creating a 

balance in the intestinal microbial population, which can prevent the above diseases in the first 

stage and, in most cases, be effective in treating the aforementioned diseases. 
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Conclusion: The balance of the intestinal microbiota is an influential factor in the functioning of 

organs and the health of all body systems, including the nervous system, and in some cases even 

prevents the development and occurrence of various diseases. Today's medical science believes 

that the intestinal microbiota regulates the functioning of the central nervous system through the 

enteric nervous system, the production of metabolites, and the stimulation of the immune system. 

According to studies, utilizing the properties of some medicinal plants can help to restore the 

microbial balance of the intestinal flora. 

 

Keywords: Microbiota, gut microbiome, medicinal plants, Iranian medicine 

Introduction 

The human gastrointestinal tract harbors a complex and dynamic ecosystem of microorganisms 

collectively referred to as the gut microbiota. These microorganisms coexist symbiotically with 

the host and play a pivotal role in maintaining physiological homeostasis, influencing metabolic 

regulation, immune function, neurodevelopment, and protection against pathogenic invasion [1–

4]. The gut microbiota is not limited to the colon but extends throughout the entire digestive tract, 

exhibiting remarkable diversity, stability, and resilience under healthy conditions [2,3]. 

Accumulating evidence suggests that disruption of gut microbial composition—commonly termed 

dysbiosis—is associated with a wide range of chronic and inflammatory diseases, including 

metabolic disorders, neuropsychiatric conditions, autoimmune diseases, gastrointestinal 

syndromes, and malignancies [4–6]. Dysbiosis has been linked to impaired immune modulation, 

altered short-chain fatty acid (SCFA) production, increased intestinal permeability, and aberrant 

gut–brain axis signaling [5,7–11]. Importantly, the establishment and maturation of the gut 

microbiota begin early in life and are shaped by multiple environmental factors, including diet, 

lifestyle, stress exposure, and pharmacological interventions [8,10]. 

Among modifiable factors, dietary components and plant-derived bioactive compounds have 

gained increasing attention for their capacity to modulate gut microbial composition and function. 

Herbal compounds, essential oils, and phytochemicals possess antimicrobial, prebiotic, anti-

inflammatory, and immunomodulatory properties that may selectively influence microbial 

diversity and metabolic activity [35–37,42]. Traditional medical systems, including Persian and 

herbal medicine, have long utilized plant-based remedies to restore gastrointestinal balance and 

treat systemic diseases, a concept that aligns with contemporary microbiome-centered therapeutic 

strategies [35]. 

Recent experimental and clinical studies indicate that herbal compounds can alter the abundance 

of key microbial taxa such as Bifidobacterium, Lactobacillus, and Akkermansia muciniphila, while 

suppressing pathogenic or pro-inflammatory species [29,32,34]. These microbiota-mediated 

effects have been implicated in improved metabolic profiles, attenuation of systemic inflammation, 

modulation of immune responses, and regulation of neurobehavioral outcomes through the gut–
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brain axis [17–22]. Furthermore, plant-derived antimicrobials are being explored as potential 

alternatives or adjuncts to conventional antibiotics, particularly in the context of rising 

antimicrobial resistance [30,31,39]. 

Given the expanding body of evidence linking herbal compounds to gut microbiota modulation 

and human health outcomes, a comprehensive synthesis of current findings is warranted. 

Therefore, the aim of this review is to systematically evaluate the role of herbal and natural 

compounds in modulating the human gut microbiota and to examine their implications for health 

and disease. By integrating evidence from experimental, clinical, and mechanistic studies, this 

review seeks to provide a clearer understanding of microbiota-targeted herbal interventions and to 

highlight their potential as complementary strategies in preventive and therapeutic medicine. 

 

Study Design 

This study was conducted as a narrative review following the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines to ensure transparency and 

methodological rigor in the identification, screening, and selection of relevant literature. 

Data Sources and Search Strategy 

A comprehensive literature search was performed using four major electronic databases: PubMed, 

Google Scholar, Scientific Information Database (SID), and Magiran. The search strategy 

aimed to retrieve studies investigating the effects of herbal and natural compounds on the human 

gut microbiota and their associations with health-related outcomes. 

The search was conducted using combinations of the following keywords and Medical Subject 

Headings (MeSH) terms: 

 Medicinal plants 

 Herbal compounds 

 Gut microbiota 

 Intestinal microbiome 

 Dysbiosis 

 Gut–brain axis 

No geographical limitations were applied. Articles published in English and Persian were 

considered eligible. Additionally, reference lists of relevant articles were manually screened to 

identify further potentially eligible studies. 
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Study Selection and Eligibility Criteria 

Identification 

The initial database search yielded 348 records, and an additional 22 records were identified 

through manual searching of reference lists and related literature. 

Screening 

After removal of duplicate records, 285 articles remained and were screened based on their titles 

and abstracts. During this stage, 64 articles were excluded due to irrelevance to the study topic or 

insufficient scientific quality. 

Eligibility 

A total of 98 full-text articles were assessed for eligibility. Among these, 44 studies were 

excluded for the following reasons: 

 Insufficient or absent data regarding gut microbiota outcomes 

 Lack of herbal or natural compound interventions 

 Non-original research formats, including editorials, commentaries, and opinion-based 

articles 

Inclusion 

Ultimately, 54 studies met all predefined inclusion criteria and were included in the final narrative 

synthesis. 

Data Extraction 

Data were systematically extracted from the included studies using a structured approach. 

Extracted variables included: 

 Study design and population characteristics 

 Type of herbal or natural compound investigated 

 Targeted disease or health condition 

 Gut microbiota-related outcomes (e.g., microbial diversity, specific taxa changes, SCFA 

production) 

 Proposed biological and mechanistic effects 

Data Synthesis 

Due to substantial heterogeneity in study design, interventions, outcome measures, and 

experimental models (human, animal, and in-vitro studies), a quantitative meta-analysis was not 
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feasible. Therefore, findings were synthesized descriptively and thematically, focusing on 

patterns of microbiota modulation, mechanistic pathways, and health-related implications. 

PRISMA Flow Diagram 

The study selection process is illustrated in Figure 1, which presents the PRISMA 2020 flow 

diagram outlining the identification, screening, eligibility, and inclusion stages of the reviewed 

literature. 

 

Figure 1 
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Results 

1. Effects of Herbal Compounds on Gut Microbiota Composition 

The reviewed studies consistently demonstrate that medicinal plants and their bioactive 

constituents exert significant modulatory effects on the composition and diversity of the human 

gut microbiota. Multiple investigations reported that herbal compounds promote the growth of 

beneficial bacterial genera, including Lactobacillus, Bifidobacterium, and Prevotella, while 

suppressing pathogenic microorganisms such as Escherichia coli, Staphylococcus aureus, 

Clostridium spp., and opportunistic fungi (Candida spp.) (2–4,40,42). 

Herbal interventions were particularly effective in restoring microbial balance in conditions 

associated with dysbiosis, including metabolic disorders, inflammatory diseases, stress-related 

conditions, and antibiotic-induced microbial disruption (5,6,34). 

The major medicinal plants investigated for gut microbiota modulation and their reported 

microbial effects are summarized in Table 1. 

 

Table 1. Effects of Major Medicinal Plants on Gut Microbiota 

Medicinal Plant 
Key Bioactive 

Compounds 

Effects on 

Beneficial 

Bacteria 

Effects on 

Pathogenic 

Bacteria 

Overall Impact 

on Gut 

Microbiota 

Ginger (Zingiber 

officinale) 

Gingerols, 

shogaols 

↑ Lactobacillus 

spp. 

↓ E. coli, ↓ S. 

aureus 

Improves 

microbial 

diversity; anti-

inflammatory 

effects (36,37,42) 

Cinnamon 

(Cinnamomum 

zeylanicum) 

Cinnamaldehyde, 

eugenol 

Mild ↑ SCFA-

producing 

bacteria 

Strong inhibition 

of Gram+ and 

Gram− pathogens 

Potent 

antimicrobial 

activity; supports 

microbial balance 

(42–44) 

Ajwain 

(Trachyspermum 

ammi) 

Thymol, carvacrol 
Supports growth 

of lactobacilli 

↓ Gastrointestinal 

pathogens 

Restores 

microbial 

balance; reduces 

bloating and 

dysbiosis (42,43) 
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Medicinal Plant 
Key Bioactive 

Compounds 

Effects on 

Beneficial 

Bacteria 

Effects on 

Pathogenic 

Bacteria 

Overall Impact 

on Gut 

Microbiota 

Cumin (Carum 

carvi) 

Terpenoids, 

carvone 

Improves 

digestive 

microbiota 

Moderate 

antimicrobial 

activity 

Enhances 

digestion; 

stabilizes gut 

flora (35,42) 

Ashwagandha 

(Withania 

somnifera) 

Withanolides 

↑ Beneficial 

microbes via 

stress reduction 

Indirect reduction 

of inflammatory 

triggers 

Supports gut–

brain axis; 

mitigates stress-

induced dysbiosis 

(45–49) 

Amla 

(Phyllanthus 

emblica) 

Vitamin C, 

polyphenols 

↑ Bifidobacterium 

spp. 

Antibacterial and 

antiviral effects 

Strong 

antioxidant; 

improves 

mucosal 

immunity (50–

54) 

 

2. Impact on Microbial Diversity and Metabolic Activity 

Several studies highlighted that plant-derived polyphenols, essential oils, and dietary fibers 

enhance overall microbial diversity and stimulate the production of short-chain fatty acids 

(SCFAs), such as acetate, propionate, and butyrate (2,21,24). Increased SCFA production was 

associated with improved intestinal barrier function, reduced systemic inflammation, and 

enhanced energy homeostasis (21,24). 

In particular, ginger (Zingiber officinale) and cinnamon (Cinnamomum zeylanicum) demonstrated 

notable effects on microbial metabolism, contributing to reduced inflammatory markers and 

improved glucose and lipid metabolism (36,37,42,43). 

3. Antimicrobial Effects of Essential Oils 

Essential oils derived from medicinal plants exhibited strong antimicrobial activity against both 

Gram-positive and Gram-negative bacteria. Cinnamon, ginger, thyme, clove, and ajwain essential 

oils showed measurable inhibitory effects against common intestinal pathogens, without 

completely disrupting beneficial microbial populations (36,37,42–44). 

https://tubittumjournal.com/article/1122


Journal of Scientific and Technology Research (TUBITTUM) 

Volume 4 Issue 4, 2025, pp: 159-174 www. Tubittumjournal.com   ISSN: 2822-5295 

https://tubittumjournal.com/article/1122 

 

 

 

These antimicrobial effects are mainly attributed to bioactive compounds such as terpenoids, 

phenylpropanoids, flavonoids, and phenolic acids, which disrupt bacterial cell membranes, inhibit 

enzyme activity, and interfere with microbial replication (30,31,42). 

4. Modulation of the Gut–Brain Axis 

A substantial proportion of the included studies emphasized the role of gut microbiota modulation 

in regulating the gut–brain axis. Alterations in microbial composition influenced neural signaling, 

stress responses, mood regulation, and cognitive function through mechanisms involving SCFA 

signaling, immune modulation, vagus nerve activation, and neurotransmitter synthesis (7,9–11,17–

20,22). 

Herbal compounds such as Withania somnifera (Ashwagandha) demonstrated indirect 

neuroprotective and anxiolytic effects by reducing stress-induced dysbiosis and modulating gut-

derived inflammatory signals (45,48,49). 

5. Effects on Neurological and Neurodevelopmental Disorders 

Several studies reported altered gut microbiota profiles in neurological and neurodevelopmental 

disorders, including autism spectrum disorders, anxiety, depression, and neurodegenerative 

diseases (14,15,17–20,28,29). Herbal and probiotic-based interventions showed potential in 

partially restoring microbial balance and improving behavioral and neurological outcomes 

(14,15,32). 

Notably, reduced abundance of Akkermansia muciniphila and Bifidobacterium spp. was frequently 

observed in children with autism, suggesting a possible therapeutic role for microbiota-targeted 

herbal strategies (14,29). 

6. Immunomodulatory and Anti-inflammatory Outcomes 

The reviewed literature indicates that gut microbiota modulation by medicinal plants significantly 

influences immune system function. Herbal compounds were shown to regulate cytokine 

production, enhance mucosal immunity, and reduce chronic low-grade inflammation associated 

with dysbiosis (5,27,33,41). 

Plants such as Phyllanthus emblica (Amla) exhibited strong antioxidant and anti-inflammatory 

effects, contributing to improved microbial stability and immune tolerance (50–54). 

7. Summary of Key Findings 

Overall, the included studies provide strong evidence that medicinal plants: 

 Enhance beneficial gut microbial populations 

 Suppress pathogenic microorganisms 
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 Improve microbial metabolic activity and SCFA production 

 Modulate immune responses and inflammatory pathways 

 Influence gut–brain communication and neurological health 

These findings support the therapeutic potential of herbal compounds as complementary or 

alternative strategies for maintaining gut microbiota balance and improving overall health 

outcomes (2–7,17,21,30–32). 

Table 2 summarizes the major health outcomes associated with herbal-induced modulation of the 

gut microbiota, highlighting effects on metabolic, immune, gastrointestinal, and neurobehavioral 

parameters. 

Table 2. Health Outcomes Associated with Herbal Modulation of Gut Microbiota 

Health Area 
Microbiota-Related 

Mechanism 
Herbal Evidence Overall Effect 

Mental Health 

(Anxiety, Depression) 

Gut–brain axis 

modulation; SCFA 

signaling; vagal 

pathways 

Ashwagandha, 

stress-modulating 

herbs 

Improved mood 

regulation and stress 

resilience (7,10,17,22,45–

49) 

Metabolic Health 

(Obesity, Appetite 

Regulation) 

SCFA production; 

appetite control via 

hypothalamic signaling 

Ginger, cinnamon 

Reduced appetite; 

improved metabolic 

balance (21,32,36,37) 

Immune Function 

Cytokine modulation; 

enhanced mucosal 

immunity 

Amla, 

Ashwagandha 

Reduced inflammation; 

improved immune 

tolerance (5,27,50–52) 

Gastrointestinal 

Health 

Pathogen suppression; 

improved digestion 
Ajwain, cumin 

Relief from dysbiosis, 

bloating, IBS-like 

symptoms (34,35,42) 

Antimicrobial 

Protection 

Direct inhibition of 

pathogenic bacteria 

Cinnamon, ginger, 

thyme 

Reduced pathogenic load; 

microbial stability 

(30,31,42–44) 
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Discussion 

1. Central Role of Gut Microbiota in Human Health 

The findings of this comprehensive review reinforce the concept that the gut microbiota functions 

as a central regulator of human physiological homeostasis. A balanced microbial ecosystem is 

essential for digestion, immune regulation, metabolic control, and neural signaling. Disruption of 

this equilibrium, commonly referred to as dysbiosis, has been strongly associated with the 

pathogenesis of metabolic, inflammatory, neurological, and immune-mediated disorders (2–6,24). 

Accumulating evidence indicates that gut microbiota influences host health not only locally within 

the gastrointestinal tract but also systemically through immune modulation, endocrine signaling, 

and neurochemical pathways (5,7,11,17). These observations highlight the microbiota as a critical 

therapeutic target in modern integrative medicine. 

2. Medicinal Plants as Modulators of Microbial Homeostasis 

The reviewed studies suggest that medicinal plants exert their beneficial effects on gut microbiota 

through multiple complementary mechanisms. Unlike broad-spectrum antibiotics, which often 

disrupt both pathogenic and beneficial bacteria, herbal compounds tend to exhibit selective 

antimicrobial activity, suppressing harmful microorganisms while preserving or even promoting 

beneficial species (30–32,42). 

Polyphenols, terpenoids, flavonoids, and alkaloids present in medicinal plants can act as prebiotic-

like substrates, enhancing microbial diversity and metabolic activity (21,30). This selective 

modulation contributes to increased microbial resilience and stability—key features of a healthy 

gut ecosystem (2). 

3. Anti-inflammatory and Immunomodulatory Pathways 

Chronic low-grade inflammation is a hallmark of many dysbiosis-associated diseases. The 

reviewed evidence indicates that herbal compounds modulate inflammatory pathways by 

influencing cytokine production, enhancing mucosal immunity, and improving intestinal barrier 

integrity (5,27,33,41). 

For example, Phyllanthus emblica (Amla) demonstrates potent antioxidant and anti-inflammatory 

properties that may reduce oxidative stress and support immune tolerance within the gut 

environment (50–54). Such effects are particularly relevant in preventing immune-mediated 

disorders and reducing systemic inflammatory burden. 

4. Herbal Influence on the Gut–Brain Axis 

One of the most compelling findings of this review is the role of medicinal plants in modulating 

the gut–brain axis. Through microbial-derived metabolites such as short-chain fatty acids, 
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neurotransmitter precursors, and immune mediators, gut microbes can directly affect central 

nervous system function (7,9–11,17–22). 

Herbal compounds such as Withania somnifera (Ashwagandha) appear to mitigate stress-induced 

dysbiosis and normalize gut–brain communication pathways, leading to improvements in mood, 

stress resilience, and cognitive function (45,48,49). These findings support the emerging role of 

phytotherapy as a complementary approach in neuropsychiatric and stress-related disorders. 

5. Relevance to Neurological and Neurodevelopmental Disorders 

Altered gut microbiota profiles have been consistently reported in neurological and 

neurodevelopmental conditions, including autism spectrum disorders, anxiety, depression, and 

neurodegenerative diseases (14,15,17–20,28,29). The reviewed studies suggest that microbiota-

targeted herbal interventions may partially restore microbial balance and positively influence 

behavioral and neurological outcomes (14,15,32). 

Although current evidence is promising, most human studies remain preliminary. Nonetheless, 

these findings underscore the potential of medicinal plants as adjunctive therapies in managing 

complex brain-related disorders via the gut–brain axis. 

6. Addressing Antibiotic Resistance through Herbal Alternatives 

The global rise in antibiotic resistance has intensified the need for alternative antimicrobial 

strategies. Medicinal plants offer a promising solution due to their multi-target mechanisms of 

action and lower propensity for inducing resistance (30,31). 

Essential oils and plant extracts demonstrate antibacterial activity through membrane disruption, 

enzyme inhibition, and interference with bacterial quorum sensing, which may reduce the 

likelihood of resistance development (30,42). This positions herbal compounds as valuable tools 

in both preventive and therapeutic contexts. 

7. Limitations and Future Directions 

Despite the growing body of evidence, several limitations must be acknowledged. Many studies 

included in this review were conducted in vitro or in animal models, limiting direct clinical 

applicability. Human clinical trials often vary in dosage, formulation, and duration of herbal 

interventions, making comparisons challenging. 

Future research should focus on: 

 Well-designed randomized controlled trials in humans 

 Standardization of herbal preparations and dosages 

 Long-term safety and efficacy assessments 

 Integration of microbiome sequencing technologies to clarify mechanisms 
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Such efforts are essential to translate microbiota-based herbal interventions into evidence-based 

clinical practice. 

8. Clinical Implications 

The findings of this review suggest that medicinal plants can be effectively integrated into 

preventive and therapeutic strategies aimed at maintaining gut microbial balance. When used alone 

or in combination with probiotics and lifestyle interventions, herbal compounds may contribute to 

improved gastrointestinal, metabolic, immune, and neurological health. 

Conclusion 

The gut microbiota plays a fundamental role in maintaining human health by regulating metabolic, 

immune, neurological, and gastrointestinal functions. Disruption of microbial homeostasis 

(dysbiosis) is increasingly recognized as a contributing factor in the development of numerous 

chronic diseases, including metabolic disorders, inflammatory conditions, and neuropsychiatric 

abnormalities (2–6,17–20). 

The findings of this comprehensive review demonstrate that medicinal plants and their bioactive 

compounds possess significant potential to modulate gut microbiota composition and restore 

microbial balance. Herbal agents rich in polyphenols, essential oils, terpenoids, and alkaloids 

exhibit selective antimicrobial, anti-inflammatory, antioxidant, and prebiotic-like effects that 

support beneficial microbial populations while suppressing pathogenic species (30–32,42). 

Herbal interventions such as Zingiber officinale, Cinnamomum zeylanicum, Trachyspermum 

ammi, Withania somnifera, and Phyllanthus emblica were shown to improve microbial diversity, 

enhance immune tolerance, regulate metabolic pathways, and influence gut–brain axis signaling. 

These multifaceted actions suggest that phytotherapy may serve as an effective complementary 

approach for preventing and managing dysbiosis-related gastrointestinal, metabolic, immune, and 

neurological disorders (45–54). 

Furthermore, in the context of increasing antibiotic resistance, medicinal plants represent a 

promising alternative or adjunctive strategy due to their multi-target mechanisms and lower 

likelihood of inducing microbial resistance (30,31). However, despite encouraging preclinical and 

early clinical evidence, limitations remain regarding heterogeneity in study design, dosage, 

formulation, and outcome measures. 

Future research should prioritize large-scale, well-controlled human clinical trials with 

standardized herbal preparations and advanced microbiome profiling techniques to establish 

definitive therapeutic protocols. Integrating medicinal plants into microbiota-targeted 

interventions may ultimately offer a safe, cost-effective, and biologically harmonious strategy for 

promoting gut health and overall well-being. 
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