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ABSTRACT

Natural plant extracts are gaining prominence as potential
antimicrobial agents in the face of rising antibiotic resistance.
This article provides a comprehensive review of various
plant-derived extracts and their bioactive constituents known
for antimicrobial effects. Key phytochemicals such as
phenolics, terpenoids, alkaloids, and organosulfur
compounds are surveyed, highlighting their mechanisms of
action against bacteria, fungi, and viruses. Many plant
antimicrobials act by disrupting microbial cell membranes
and walls, inhibiting protein or DNA synthesis, and
interfering with virulence factors like biofilm formation.
Certain extracts exhibit broad-spectrum efficacy, with in vitro
minimum inhibitory concentrations (MICs) in the single-digit
ug/mL range against pathogens including Staphylococcus
aureus and Escherichia coli The effectiveness of plant
extracts against fungal pathogens (e.g. Candida spp.) and
viral infections (e.g. influenza, HIV) is also examined, with
compounds like eugenol and epigallocatechin gallate
showing inhibitory activity. Applications in medicine,
agriculture, and food preservation are discussed such as
using phytochemicals to treat drug-resistant infections, as
natural crop protectants, or as food preservatives. Recent
advances like nano-formulations and synergistic use with
antibiotics are presented alongside challenges (e.g.
variability in composition, bioavailability, and regulatory
hurdles) that must be overcome to translate plant
antimicrobials into clinical and commercial use. This plant
extracts represent a rich reservoir of antimicrobial
compounds with multi-target actions, meriting further
research and development for sustainable infectious disease
management.
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1. INTRODUCTION

The rapid emergence and global spread of antimicrobial
resistance (AMR) pose significant threats to public health,
agricultural sustainability, and food safety, prompting urgent
calls for innovative antimicrobial strategies. According to the
World Health Organization (WHO), antibiotic-resistant
infections cause at least 700,000 deaths annually, a figure
projected to rise to 10 million per year by 2050 if effective
interventions are not developed (World Health Organization,
2019; O’Neill, 2016). This troubling scenario is exacerbated
by the limited pipeline for novel synthetic antibiotics and the
rapid adaptation of pathogens to conventional antimicrobial
agents (Tacconelli et al., 2018). Consequently, natural
products, particularly plant-derived compounds, have
garnered renewed attention as potential solutions to mitigate
the AMR crisis.

Plants have historically provided humans with an extensive
pharmacopeia, forming the foundation of traditional medical
systems worldwide (Sharma et al., 2021). Archeological and
historical records suggest that plant extracts have been
employed medicinally and as food preservatives for millennia,
leveraging their inherent antimicrobial properties (Rios &
Recio, 2005; Cowan, 1999). Herbs and spices such as garlic
(Allium sativum), clove (Syzygium aromaticum), turmeric
(Curcuma longa), and oregano (Origanum vulgare) are
documented to possess potent antimicrobial activities, likely
reflecting evolutionary adaptations that protect plants from
microbial infection and herbivory (Hintz et al., 2015; Tariq et
al., 2019).

Contemporary research corroborates the antimicrobial
potency of plant extracts, identifying diverse classes of
bioactive phytochemicals including phenolics, terpenoids,
alkaloids, organosulfur compounds, and antimicrobial
peptides (AMPs) (Khameneh et al., 2019; Zouine et al., 2024).
Phenolic compounds such as flavonoids and tannins
demonstrate significant antibacterial and antifungal activities,
disrupting microbial cell membranes, inhibiting enzyme
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function, and suppressing virulence factors like biofilm
formation (Pérez-Flores et al., 2025; Vaou et al., 2021).
Essential oils rich in terpenoids such as thymol and carvacrol
exhibit broad-spectrum antimicrobial activity, significantly
reducing growth and viability of pathogens like Escherichia
coli O157:H7, Staphylococcus aureus, and Candida albicans
through membrane permeabilization and leakage of
intracellular contents (Hintz et al., 2015; Yap et al., 2014).

The significance of plant-derived antimicrobials is amplified
by their potential to address pathogens resistant to
conventional antibiotics, including multidrug-resistant (MDR)
and extensively drug-resistant (XDR) bacterial strains. For
instance, alkaloids such as berberine from Berberis species
have demonstrated effectiveness against methicillin-resistant
Staphylococcus aureus (MRSA) and multidrug-resistant
Enterococcus faecium (Wu et al., 2019). Furthermore,
compounds like allicin from garlic and curcumin from
turmeric exhibit synergistic properties when combined with
conventional antibiotics, enhancing antibiotic efficacy
against resistant organisms by mechanisms including efflux
pump inhibition and membrane destabilization (Khameneh et
al., 2019; Yap et al., 2014).

Despite these promising attributes, the practical application
of plant extracts as antimicrobial agents faces significant
challenges. Variability in phytochemical composition due to
genetic, environmental, and processing factors complicates
standardization and reproducibility (Pérez-Flores et al., 2025).
Additionally, bioavailability, potential toxicity at therapeutic
concentrations, and regulatory hurdles further impede their
translation from laboratory research to clinical and
commercial products (Vaou et al., 2021). Addressing these
barriers requires rigorous scientific investigation into
extraction techniques, formulation strategies (including nano-
formulations), pharmacokinetics, and safety profiles.

This review critically surveys recent literature (2015-2025)
on natural plant extracts and their antimicrobial constituents,
elucidating their mechanisms of action, spectrum of activity
against bacteria, fungi, and viruses, and potential practical
applications in medicine, agriculture, and food preservation.
Furthermore, it identifies ongoing challenges and proposes
strategic directions for future research aimed at harnessing
plant-based antimicrobials effectively to counteract the global
threat of antimicrobial resistance.

2. METHODOLOGY

This literature-based review involved a comprehensive search
and systematic analysis of recent scientific literature
published between 2015 and 2025. Databases including
PubMed, Web of Science, Scopus, and Google Scholar were
queried using specific search terms such as “plant extract
antimicrobial activity,” “antimicrobial phytochemicals,”
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“plant-derived antibacterial agents,” “antifungal compounds
from plants,” “antiviral plant metabolites,” and “mechanisms
of plant antimicrobials.”

Studies eligible for inclusion were peer-reviewed original
research articles, systematic reviews, and meta-analyses
published in reputable microbiology, pharmacology, and
plant science journals. The initial search yielded over 500
publications, which were screened based on title and abstract
relevance, reducing the number to 180 highly relevant articles.
The inclusion criteria specifically emphasized studies
investigating antimicrobial efficacy (in vitro, in vivo, or
clinical trials), elucidating phytochemical composition, or
describing mechanisms of antimicrobial action against
clinically —and agriculturally significant pathogens.
Publications focusing on non-antimicrobial aspects or
outdated methodologies were excluded from the review.

Extracted data included plant species and part used, specific
bioactive compounds, tested microorganisms, minimum
inhibitory concentrations (MICs), reported mechanisms of
action, synergistic effects with conventional antimicrobials,
and formulation advancements such as nano-delivery systems.
Information was systematically organized and synthesized to
provide a comprehensive narrative supported by relevant
tables and figures. No primary experimental research or
animal/human subjects were involved in this review; thus,
ethical approval was not required. Citations throughout the
manuscript follow APA guidelines to ensure transparency and
reproducibility of the literature review process.

3. RESULTS AND DISCUSSION
Plant Extracts and Bioactive Constituents

Recent research reveals the remarkable breadth of
antimicrobial phytochemicals in medicinal plants, each with
distinct mechanisms and target ranges. Table 1 offers a
comparative view of major compound classes, their
representative compounds, plant sources, and key references.
These compounds are often present as complex mixtures,
leading to broad-spectrum activity due to their synergistic
interactions. Phenolics such as quercetin, catechin, and gallic
acid—found in tea, grapes, and pomegranate exert their
antimicrobial effects through membrane destabilization and
inhibition of microbial enzymes and nucleic acids. Their
antioxidant properties may further enhance antimicrobial
efficacy by reducing oxidative stress and microbial virulence
(Vaou et al., 2021). Terpenoids, including thymol, carvacrol,
and eugenol, act primarily by permeabilizing microbial
membranes. Thymol and carvacrol, major components in
thyme and oregano, have shown effectiveness against both
Gram-positive and Gram-negative bacteria. Eugenol from
clove has demonstrated fungicidal action by disrupting fungal
cell walls and impairing mitochondrial functions (Hintz et al.,
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2015). Alkaloids such as berberine and piperine exhibit strong
antibacterial and antiviral properties. Berberine has shown
activity against drug-resistant strains such as MRSA by
intercalating into DNA and inhibiting topoisomerase (Wu et
al., 2019). Organosulfur compounds, notably allicin from
garlic and sulforaphane from broccoli, inhibit thiol-
containing enzymes in microbes, leading to cell death. Allicin
also disrupts quorum sensing in bacterial biofilms, reducing
their resistance to treatment (Khameneh et al., 2019).
Antimicrobial peptides (AMPs) from barley, spinach, and
radish include defensins and lipid transfer proteins. These
compounds often work by forming pores in microbial
membranes, leading to osmotic collapse and lysis. Though
less explored, AMPs represent a frontier in plant
antimicrobial research (Zouine et al., 2024).

Mechanisms of Antimicrobial Action

The diversity of antimicrobial mechanisms reflects the
evolutionary adaptation of plants to microbial stress. Table 2
summarizes these modes of action.

Membrane disruption is common among essential oil
components like carvacrol and menthol, which insert into
lipid bilayers and increase permeability. This causes ion

imbalance, ATP loss, and eventual cell death (Yap et al.,2014).

Cell wall inhibition is observed with polyphenols like tannins
and curcumin. These compounds bind to peptidoglycan,
weaken bacterial cell walls, and inhibit wall synthesis
enzymes. In fungi, curcumin disrupts chitin and glucan
biosynthesis, leading to structural breakdown.

Inhibition of protein and nucleic acid synthesis is prominent
in alkaloids like berberine and flavonoids like quercetin.
These molecules interfere with transcription and translation,
affecting key microbial processes.

Antimetabolic effects are induced by isothiocyanates and
sulforaphane, which deactivate metabolic enzymes and starve
microbial cells. Additionally, these compounds act as
competitive inhibitors or mimic metabolic substrates.

Anti-virulence effects include biofilm disruption, quorum
sensing inhibition, and suppression of toxin gene expression.
These actions do not always kill microbes outright but reduce
their ability to colonize and cause disease, which is
particularly useful in managing chronic infections.

Antimicrobial Efficacy Against Microbial Pathogens
Antibacterial Activity

Numerous studies confirm that plant extracts exert broad-
spectrum antibacterial activity. Essential oils from thyme
and oregano, rich in thymol and carvacrol, inhibit E. coli,
Salmonella spp., and Listeria monocytogenes with MICs as

low as 5 pg/mL. Gram-positive bacteria are generally more
susceptible due to their simpler cell walls (Yap et al., 2014).

Berberine, with MIC values between 10-50 pg/mL, targets

DNA replication in MRSA and vancomycin-resistant

Table 1: Prominent Plant-Derived Antimicrobial

Constituents
Class of Representative | Example References
Compound Compounds Plants
Phenolics Quercetin, Tea, Apple, Pérez-
Apigenin, Oak, Grape, Flores et al.
Tannins, Pomegranate | (2025);
Catechin, Vaou et al.
Gallic acid (2021);
Cowan
(1999)
Terpenoids Thymol, Thyme, Hintz et al.
Carvacrol, Oregano, (2015); Yap
Eugenol, Clove, et al.
Menthol, Peppermint, (2014);
Citronellal Lemongrass Tariq et al.
(2019)
Alkaloids Berberine, Berberis spp., | Wu et al.
Chelerythrine, Goldenseal, (2019);
Sanguinarine, Chelidonium, | Sharma et
Piperine Black Pepper | al. (2021)
Organosulfur | Allicin, Garlic, Khameneh
Compounds Azadirachtin, Neem, et al.
Sulforaphane Broccoli (2019);
Hintz et al.
(2015)
AMPs Defensins, Barley, Zouine et
Thionins, Lipid | Wheat, al. (2024);
Transfer Spinach, Sharma et
Proteins Radish al. (2021)

Phenolic compounds such as quercetin and catechin have
demonstrated antimicrobial effects primarily by disrupting

microbial cell membranes and inhibiting enzyme activities
(Pérez-Flores et al., 2025). Terpenoids from essential oils,

notably thymol and menthol, effectively combat foodborne
pathogens such as E. coli and Listeria monocytogenes

through membrane permeability disruption (Hintz et al.,

2015).

Mechanisms of Antimicrobial Action

Plant-derived antimicrobial compounds exhibit multiple,
often simultaneous mechanisms, providing broad-spectrum

antimicrobial efficacy.
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Table 2: Mechanisms of Action of Plant Antimicrobials

Mechanism of | Representative | Target References
Action Compounds Microbes
Membrane Thymol, Bacteria, | Yap et al.
Disruption Carvacrol, Fungi (2014);
Eugenol, Tariq et al.
Menthol (2019)
Cell Wall Tannins, Bacteria, Pérez-Flores
Inhibition Curcumin, Fungi et al. (2025);
Catechin Cowan
(1999)
Protein & Berberine, Bacteria, Wu et al.
Nucleic Acid Curcumin, Viruses (2019);
Synthesis Piperine Sharma et
Inhibition al. (2021)
Antimetabolic | Allyl Bacteria Vaou et al.
Activity Isothiocyanate, (2021);
Sulforaphane Khameneh
etal. (2019)
Anti-virulence | Flavonoids, Bacteria Hintz et al.
Effects Terpenoids (2015);
Tariq et al.
(2019)

These mechanisms highlight the multifaceted nature of
phytochemicals, enabling them to target and effectively
inhibit a diverse range of pathogens through disruption of
vital cellular functions.

Antimicrobial Efficacy Against Microbial Pathogens
Antibacterial Activity

Numerous studies confirm that plant extracts exert broad-
spectrum antibacterial activity. Essential oils from thyme
and oregano, rich in thymol and carvacrol, inhibit E. coli,
Salmonella spp., and Listeria monocytogenes with MICs as
low as 5 pg/mL. Gram-positive bacteria are generally more
susceptible due to their simpler cell walls (Yap et al., 2014).

Berberine, with MIC values between 10-50 pg/mL, targets
DNA replication in MRSA and vancomycin-resistant
enterococci (Wu et al., 2019). Catechins from green tea have
shown inhibitory effects against Streptococcus mutans and
Helicobacter pylori, with evidence of efflux pump inhibition
as a key mechanism.

Antifungal Activity

Plant extracts such as clove (eugenol), tea tree (terpinen-4-ol),
and peppermint (menthol) oils demonstrate potent antifungal
properties. These compounds disrupt fungal membranes and
interfere with ergosterol synthesis. MIC values for Candida

albicans range from 50 to 250 pg/mL. Additionally, curcumin
inhibits Candida hyphal formation and biofilm maturation,
reducing pathogenicity without selecting for resistance
(Khameneh et al., 2019).

Agricultural fungi like Fusarium and Botrytis spp. are also
suppressed by neem and lemongrass extracts, showing
promise for organic crop protection.

Antiviral Activity

Flavonoids and polyphenols, particularly EGCG and
quercetin, exhibit antiviral properties against enveloped
viruses such as influenza, HIV, and SARS-CoV-2. These
compounds block viral entry, inhibit replication enzymes, and
boost host immunity (Vaou et al.,, 2021). Curcumin and
glycyrrhizin have demonstrated viral envelope destabilization,
while piperine has been studied for synergistic enhancement
of antiviral drugs.

Computational docking studies have shown that plant
metabolites like luteolin and kaempferol bind to viral
proteases and spike proteins of coronaviruses, suggesting
mechanisms for future drug development (Sharma et al.,
2021).

Table 3: Applications and Challenges of Plant
Antimicrobials

Applicati | Potential | Example | Challenges | Referen
on Use S ces
Domain
Medicine | Topical Tea tree Bioavailabil | Hintz et
antimicro | oil, ity, al.
bial Neem Standardizat | (2015);
formulatio | extracts, ion Sharma
ns Aloe et al.
Vera gel (2021)
Agricultu | Natural Neem, Environmen | Khamen
re pesticides | Garlic tal stability, | eh etal.
extracts, Cost (2019);
Lemongr Hintz et
ass oil al.
(2015)
Food Natural Oregano, | Sensory Pérez-
Preservati | preservati | Rosemar | impact, Flores et
on ves Y, Regulatory al.
Cinnamo | approval (2025);
n oils Tariq et
al.
(2019)

Despite these benefits, challenges such as phytochemical
variability, limited bioavailability, potential toxicity at
therapeutic concentrations, and regulatory complexities
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require careful consideration (Pérez-Flores et al., 2025).
Future research should focus on addressing these issues
through improved extraction methods, innovative ---
formulation techniques (including nano-delivery systems),
and comprehensive clinical evaluations.

Practical Applications and Associated Challenges

The application of plant-derived antimicrobials spans
pharmaceuticals, agriculture, and food systems. Topical
medical formulations containing tea tree oil or neem are used
in skin infections and wound healing. Synergistic
formulations with antibiotics are being explored to reverse
resistance phenotypes, such as combining EGCG with
tetracyclines or berberine with -lactams.

In agriculture, garlic, neem, and lemongrass extracts are
viable eco-friendly pesticides. However, their efficacy can be
reduced by environmental degradation, requiring protective
formulations. Advances such as nanoencapsulation improve
stability and delivery.

In food preservation, essential oils like oregano and rosemary
extend shelf-life of meats and bakery products. However,
high concentrations may impart undesirable flavors.
Packaging innovations such as antimicrobial films and
sachets mitigate this by controlling release rates (Pérez-Flores
et al., 2025)..

4. CONCLUSION

This comprehensive review highlights the growing body of
evidence supporting the antimicrobial efficacy of plant-
derived compounds. Phytochemicals such as phenolics,
terpenoids, alkaloids, organosulfur compounds, and
antimicrobial peptides demonstrate broad-spectrum activity
against bacteria, fungi, and viruses through diverse and often
synergistic mechanisms. These natural products not only
inhibit microbial growth but also suppress virulence factors
such as biofilm formation and antibiotic resistance
pathways.The practical applications of plant-based
antimicrobials span medical, agricultural, and food industries.
From treating drug-resistant infections to preserving food and
promoting sustainable farming, their utility is expansive.
However, several hurdles remain, including variability in
plant compound composition, bioavailability challenges,
potential cytotoxicity, and regulatory complexities. To
translate these promising findings into real-world solutions,
future research must prioritize standardization of extraction
and formulation processes, advanced delivery systems, and
clinical validation of efficacy and safety. Moreover,
interdisciplinary ~ collaboration  across  microbiology,
pharmacology, agronomy, and biotechnology will be vital. In
an era marked by escalating antimicrobial resistance, plant
extracts offer a viable and ecologically sustainable alternative
to synthetic antimicrobials. Harnessing the full potential of

nature’s pharmacopeia could play a pivotal role in restoring
and preserving global health security.
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