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ABSTRACT

Crassula ovata (Jade Plant) and Rosmarinus
officinalis (Rosemary) are widely recognized
medicinal plants traditionally valued for their
healing, cleansing, and purifying properties. Both
species are rich in diverse phytochemical
constituents such as flavonoids, terpenoids,
phenolic acids, and essential oils, which contribute
to their broad pharmacological spectrum. The
synergistic combination of these plants enhances
their antioxidant and antimicrobial potential, as
their bioactive compounds act complementarily to
neutralize free radicals and inhibit microbial
growth. This review focuses on the extraction
techniques, phytochemical composition, and
biological activities of C. ovata and R. officinalis,
highlighting their promising roles as natural
disinfectants, food preservatives, and herbal
therapeutic agents. Collectively, these findings
suggest that the integration of both plants could
serve as a sustainable and effective approach in
developing eco-friendly antimicrobial formulations
and antioxidant-based health products.

Keywords: Crassula ovata, Rosmarinus officinalis,
antioxidant  activity, antimicrobial potential,
phytochemistry, synergism, natural disinfectants.

l. INTRODUCTION

The rapid increase in microbial resistance
and oxidative stress—related disorders has become a
major global health concern, prompting researchers
to explore safe, effective, and sustainable sources
of bioactive compounds. Conventional synthetic
antioxidants, antimicrobials, and disinfectants,
though efficient, often cause undesirable side
effects, cytotoxicity, or environmental hazards upon
prolonged use. This growing awareness has shifted

scientific interest toward natural plant-based
compounds, which offer comparable efficacy with
fewer toxic consequences. Medicinal plants have
been traditionally used for centuries as reliable
sources of therapeutic agents, owing to their rich
phytochemical diversity and minimal adverse
effects.

Among the many medicinally significant
plants, Crassula ovata (commonly known as the
Jade Plant) and Rosmarinus officinalis (popularly
known as Rosemary) hold a prominent place in
both traditional and modern herbal medicine.
Crassula ovata, belonging to the family
Crassulaceae, is a succulent plant widely cultivated
for its ornamental as well as therapeutic value. It
has been employed in traditional remedies for the
treatment of wounds, skin infections, inflammation,
and microbial ailments. Its fleshy leaves contain a
variety of secondary metabolites such as
flavonoids, triterpenes, tannins, alkaloids, and
phenolics, which are known to contribute to its
pharmacological effects. The plant exhibits
significant antioxidant activity, which helps in
neutralizing harmful free radicals and preventing
oxidative cellular damage.

Rosmarinus officinalis, a member of the
Lamiaceae family, is an aromatic evergreen shrub
native to the Mediterranean region and now
cultivated globally. It is widely recognized for its
culinary, aromatic, and medicinal applications. The
essential oil and extracts of rosemary are rich in
bioactive compounds such as rosmarinic acid,
carnosic acid, carnosol, camphor, and 1,8-cineole,
which possess powerful antioxidant, antimicrobial,
and anti-inflammatory properties. Traditionally,
rosemary has been used as a natural antiseptic,
preservative, and cognitive enhancer. Its
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antioxidant activity is largely attributed to phenolic
diterpenes, which can scavenge reactive oxygen
species and inhibit lipid peroxidation, thereby
protecting biological systems from oxidative stress.

The combination of Crassula ovata and
Rosmarinus  officinalis presents a promising
approach for enhancing biological efficacy through
synergistic interactions. Synergy in phytotherapy
occurs when the combination of bioactive
compounds produces a more potent effect than the
sum of their individual activities. In this case, the
phenolic compounds and terpenoids from rosemary
may enhance the solubility, stability, and absorption
of flavonoids and triterpenes from C. ovata, leading
to improved antioxidant and antimicrobial
performance. Such a combination not only
strengthens the pharmacological potential but also
broadens the therapeutic spectrum against a range
of oxidative and microbial challenges.

In  addition to their therapeutic
significance, these plants align well with the
growing demand for natural and eco-friendly
alternatives in pharmaceutical, cosmetic, and food
industries. Extracts from C. ovata and R. officinalis
can be incorporated into herbal disinfectants,
wound-healing gels, oral care products, and
antioxidant formulations as safe substitutes for
synthetic agents. Their use in green formulations
also supports environmental sustainability and
reduces chemical load in ecosystems.

Therefore, the present study aims to
explore  the  synergistic  antioxidant and
antimicrobial potential of Crassula ovata and
Rosmarinus officinalis through a detailed analysis
of their phytochemical composition, biological
activities, and pharmacological applications. By
understanding their individual and combined
properties, this review seeks to provide a scientific
basis for their integration into modern herbal
formulations, offering a natural, safe, and effective
approach to combating oxidative stress and
microbial infections.

1. BOTANICAL DESCRIPTION

2.1. Crassula ovata (Jade Plant)

Crassula ovata, commonly known as the
Jade Plant, belongs to the family Crassulaceae. It is
a perennial, evergreen, succulent shrub
characterized by its thick, fleshy, and glossy oval
leaves that store water, an adaptation to survive in
arid environments. The stems are stout and woody
at the base, giving the plant a bonsai-like
appearance, while the leaves are smooth, shiny, and
dark green, sometimes edged with a reddish tint

under bright sunlight. During the winter and early
spring, the plant produces clusters of small, star-
shaped pink to white flowers, which add to its
ornamental appeal.

The Jade Plant is native to South Africa
and Mozambique, thriving in dry, rocky regions,
but it is now cultivated globally as an ornamental
plant due to its low maintenance and adaptability. It
is also commonly grown as a houseplant and is
often associated with good fortune and prosperity
in many cultures. Beyond its decorative use, C.
ovata has notable ethnomedicinal importance. In
traditional medicine, the leaf sap or paste is applied
to treat wounds, cuts, burns, and warts, as it
promotes healing and prevents microbial infections.
Decoctions or extracts prepared from the leaves are
used to alleviate inflammatory conditions, sore
throats, and gastrointestinal disturbances. Scientific
studies have confirmed that its leaves contain
flavonoids, triterpenes, tannins, phenolic
compounds, and alkaloids, which contribute to its
antioxidant, anti-inflammatory, and antibacterial
activities. Due to its wide range of bioactive
constituents, C. ovata is now being explored as a
promising plant for herbal drug formulation and
natural therapy.

2.2. Rosmarinus officinalis (Rosemary)

Rosmarinus officinalis, commonly known
as Rosemary, belongs to the family Lamiaceae. It is
an evergreen, aromatic shrub that typically grows 1
to 2 meters in height. The plant is characterized by
its slender, needle-like leaves, which are green on
the upper surface and covered with fine, silvery
hairs on the underside, giving them a grayish
appearance. The plant produces small, bluish-
purple flowers that bloom throughout the year,
especially in warm climates, and its strong,
refreshing aroma is due to the high concentration of
essential oils present in its leaves.

Rosemary is native to the Mediterranean
region but has now spread worldwide and is
extensively cultivated for both culinary and
medicinal purposes. It grows well in dry, sunny
areas with well-drained soil and is often used as a
garden herb for flavoring food. Beyond its culinary
uses, R. officinalis holds a prominent place in
traditional medicine and aromatherapy.
Historically, it has been used as a memory
enhancer, stimulant, and natural antiseptic. It is also
employed in treating headaches, muscle pain,
digestive problems, and respiratory ailments. The
leaves and essential oil of rosemary are rich in
phenolic diterpenes (such as carnosic acid and
carnosol) and phenolic acids (like rosmarinic acid),

DOI: 10.35629/4494-100514321439 Impact Factor value 7.429 | ISO 9001: 2008 Certified Journal Page 1433



International Journal of Pharmaceutical Research and Applications

\
UPRA Journal

l Volume 10, Issue 5 Sept - Oct 2025, pp: 1432-1439 www.ijprajournal.com

which are known for their strong antioxidant and
antimicrobial activities. Other essential oil
constituents include camphor, 1,8-cineole, a-
pinene, and borneol, which contribute to its aroma
and pharmacological actions.

Due to these bioactive compounds,
rosemary has been widely used in pharmaceutical,

cosmetic, and food industries as a natural
preservative and antioxidant agent. It not only
prevents oxidative deterioration of food products
but also protects biological systems from free
radical-induced damage. Thus, R. officinalis serves
as a multipurpose medicinal plant with remarkable
therapeutic, nutritional, and aromatic value.

Table 1. Botanical Description of Crassula ovata and Rosmarinus officinali

Parameter Crassula ovata (Jade Plant) Rosmarinus officinalis (Rosemary)

Family Crassulaceae Lamiaceae

Common Name Jade Plant, Money Plant Rosemary

Plant Type Succulent, perennial shrub Evergreen aromatic shrub

Morphology Fleshy, oval, glossy green leaves; | Slender, needle-like leaves; bluish-purple
woody stems; clusters of small | flowers; strong aromatic odor
pink-white, star-shaped flowers

Height 1-1.5 meters 1-2 meters

Stem Characteristics

Thick, woody at base; smooth,
greenish stems

Woody, erect stems with aromatic resin
glands

soil; drought-tolerant

Leaf Characteristics Opposite, thick, fleshy, smooth | Linear, narrow leaves with dark green
leaves for water storage upper surface and silvery underside

Flower Characteristics | Small, pinkish-white, star-shaped | Small, blue to violet flowers in axillary
flowers in clusters clusters

Distribution Native to South Africa and | Native to the Mediterranean region;
Mozambique; widely cultivated | cultivated globally for culinary, aromatic,
worldwide as ornamental and | and medicinal uses
medicinal plant

Habitat Prefers dry, rocky, and well-drained | Thrives in warm, dry climates with full

sunlight and well-drained soil

Traditional Uses

Used for  wound healing,
inflammation, skin infections, sore
throats, and microbial ailments

Used as memory enhancer, antiseptic,
antioxidant, digestive aid, and natural
preservative

Major Phytochemicals

Flavonoids, triterpenes, tannins,
alkaloids, phenolics, ascorbic acid

Carnosic acid, carnosol, rosmarinic acid,
camphor, 1,8-cineole, a-pinene, borneol

Pharmacological
Activities

Antioxidant, anti-inflammatory,
antimicrobial, wound healing

Antioxidant, antimicrobial, anti-
inflammatory, neuroprotective,
preservative

Economic Importance

Ornamental plant, herbal medicine,
bioactive extract source

Culinary herb, cosmetic ingredient,
herbal medicine, essential oil source

1. EXTRACTION METHODS
The extraction of bioactive compounds
from medicinal plants plays a crucial role in

with a selected solvent for several hours, ensuring
complete
compounds.

extraction  of  soluble
Conversely, maceration

bioactive
involves

determining their pharmacological efficacy. In the
present study, the leaves of Crassula ovata and
Rosmarinus officinalis are subjected to solvent
extraction using methanol, ethanol, and aqueous
solvents, as these solvents efficiently dissolve both
polar and non-polar phytoconstituents. The Soxhlet
extraction and maceration techniques are
commonly employed to obtain concentrated crude
extracts.

In the Soxhlet extraction method, the
powdered plant material is continuously refluxed

soaking the powdered material in the solvent at
room temperature for a specific duration, followed
by filtration and concentration under reduced
pressure.

For Rosmarinus  officinalis, hydro-
distillation is often utilized for the isolation of its
essential oil, which is particularly rich in volatile
monoterpenes such as 1,8-cineole, camphor, o-
pinene, and borneol. These components contribute
significantly to its antimicrobial and aromatic
properties.
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The extraction yield and phytochemical
concentration are largely influenced by parameters
such as solvent polarity, temperature, extraction
duration, and particle size of the plant material.
Methanol and ethanol typically yield extracts rich
in phenolic compounds and flavonoids, while
aqueous extracts are comparatively mild but safer
for biological studies.

To evaluate  potential  synergistic
bioactivities, combined extracts of Crassula ovata
and Rosmarinus officinalis may be prepared in
specific ratios such as 1:1 or 2:1. Such formulations
allow investigation of possible interactions between
their phytochemical constituents that could enhance
antioxidant and antimicrobial properties.

V. PHYTOCHEMICAL
CONSTITUENTS
4.1. Crassula ovata (Jade Plant)

Crassula ovata, belonging to the family
Crassulaceae, contains a wide range of secondary
metabolites that contribute to its medicinal value.
Phytochemical screening has revealed the presence
of flavonoids, tannins, alkaloids, saponins, phenolic
compounds, triterpenes, and ascorbic acid.

Among these, quercetin and kaempferol
are the major flavonoids responsible for the plant’s
antioxidant and anti-inflammatory effects through
free radical scavenging and enzyme inhibition
mechanisms. Lupeol and B-sitosterol, which are
triterpenoid compounds, play a vital role in
membrane stabilization, wound healing, and
antimicrobial defense. The presence of ascorbic
acid (vitamin C) further enhances the antioxidant
capacity of the plant, protecting cellular structures
from oxidative damage.

Overall, Crassula ovata  exhibits
significant antioxidant and antibacterial potential,
supporting its traditional use in treating wounds,
skin infections, and inflammatory conditions.

4.2. Rosmarinus officinalis (Rosemary)
Rosmarinus officinalis, a member of the
Lamiaceae family, is a well-documented medicinal
herb rich in phenolic diterpenes and essential oils.
The primary phenolic constituents include carnosic
acid, carnosol, and rosmarinic acid, which possess
potent antioxidant and neuroprotective properties.
In addition, rosemary’s essential oil
fraction contains volatile terpenoids such as 1,8-
cineole, camphor, a-pinene, and borneol. These
compounds are known for their antimicrobial, anti-
inflammatory, and preservative properties. Phenolic
acids in rosemary stabilize lipid membranes and

inhibit oxidative degradation, thereby protecting
biological systems from free radical-induced
damage.

Due to this diverse phytochemical profile,
R. officinalis has been extensively used in
traditional medicine, aromatherapy, and the food
industry as a natural antioxidant and antimicrobial
agent.

4.3. Synergistic Phytochemical Interaction

The combination of Crassula ovata and
Rosmarinus officinalis extracts exhibits synergistic
effects, enhancing their overall therapeutic
potential. Phenolic compounds such as rosmarinic
acid and carnosic acid from rosemary can improve
the solubility, stability, and bioavailability of
flavonoids like quercetin and kaempferol from
Crassula ovata.

This synergy results in stronger free
radical scavenging, lipid peroxidation inhibition,
and enhanced antimicrobial action compared to
individual extracts. The complementary
mechanisms of action—such as cell wall disruption
by terpenoids and enzyme inhibition by
flavonoids—contribute to broad-spectrum
antibacterial activity.

Furthermore, the combination may reduce
the effective concentration required for biological
efficacy, minimizing potential toxicity and
improving pharmacological safety. Thus, the
synergistic interaction between these two botanicals
supports their potential use as natural disinfectants,
preservatives, and therapeutic agents in modern
phytomedicine.

V. ANTIOXIDANT ACTIVITY

The increasing concern over oxidative
stress and its involvement in degenerative diseases
such as cancer, cardiovascular disorders, and
neurodegeneration has intensified interest in natural
antioxidants. Both Crassula ovata and Rosmarinus
officinalis  have  demonstrated  significant
antioxidant potential due to their abundance of
phenolic compounds, flavonoids, and terpenoids.

To evaluate the antioxidant potential,
multiple in vitro assays such as DPPH (2,2-
diphenyl-1-picrylhydrazyl) radical scavenging,
ABTS  (2,2'-azino-bis-3-ethylbenzothiazoline-6-
sulfonic acid) assay, FRAP (Ferric Reducing
Antioxidant Power), and Hydrogen Peroxide
(H,O,) scavenging assays are employed. These
methods assess the capacity of plant extracts to
neutralize free radicals or reduce oxidized
intermediates.
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The methanolic and ethanolic extracts of
Crassula ovata exhibit a dose-dependent radical
scavenging activity, indicating that higher
concentrations provide stronger inhibition of free
radicals. This antioxidant behavior is primarily
attributed to its flavonoid (quercetin, kaempferol)
and triterpenoid (lupeol, pB-sitosterol) content,
which act as hydrogen or electron donors to quench
reactive oxygen species (ROS).

Rosmarinus officinalis, on the other hand,
demonstrates exceptionally high total phenolic
content, with major contributors such as carnosic
acid, carnosol, and rosmarinic acid. These
compounds show strong correlation with total
antioxidant capacity, often surpassing standard
synthetic antioxidants like BHT or ascorbic acid in
comparative studies.

When combined extracts of C. ovata and
R. officinalis are tested, they display enhanced
DPPH and ABTS radical scavenging activity,
suggesting a synergistic interaction between
phenolic diterpenes of rosemary and flavonoids of
jade plant. This cooperative effect enhances redox
potential and overall antioxidant efficiency.

The underlying mechanisms of antioxidant action

include:

e Donation of hydrogen atoms or electrons to
neutralize free radicals,

e Chelation of pro-oxidant metal ions (e.g.,
Fe2* |, Cu?* ) preventing Fenton reactions, and

e Inhibition of lipid peroxidation, thus
protecting  biological membranes  from
oxidative damage.

These findings highlight that the
synergistic combination of both plant extracts could
serve as a potent source of natural antioxidants for
pharmaceutical, nutraceutical, and cosmetic
applications.

VI.  ANTIMICROBIALACTIVITY

Microbial infections caused by antibiotic-
resistant strains have become a major global health
concern, necessitating the search for novel plant-
derived antimicrobial agents. Both Crassula ovata
and Rosmarinus officinalis have demonstrated
broad-spectrum antimicrobial activities, making
them  promising  candidates  for  natural
antimicrobial formulations.

The antimicrobial efficacy is generally
evaluated using agar well diffusion and minimum
inhibitory concentration (MIC) assays against a
panel of pathogenic bacterial strains, including

Escherichia ~ coli,  Staphylococcus  aureus,
Pseudomonas aeruginosa, and Bacillus subtilis.

Extracts of Crassula ovata exhibit
significant inhibition zones against both Gram-
positive and Gram-negative bacteria, attributed
mainly to its triterpenoids, flavonoids, and phenolic
acids. These bioactives disrupt bacterial cell walls,
interfere with enzyme systems, and alter membrane
permeability, leading to growth inhibition.

Rosmarinus  officinalis  essential  oil
demonstrates strong bactericidal action due to the
presence of volatile monoterpenes such as 1,8-
cineole, camphor, a-pinene, and borneol. These
compounds  penetrate  microbial membranes,
causing cytoplasmic leakage, protein denaturation,
and enzyme inactivation. Additionally, rosmarinic
and carnosic acids contribute to antimicrobial
activity through oxidative stress modulation within
microbial cells.

When both extracts are combined, they
exhibit synergistic antibacterial effects, resulting in
larger inhibition zones and lower MIC values
compared to individual treatments. The synergism
likely arises from complementary mechanisms,
where rosemary terpenes enhance the permeability
of microbial membranes, allowing the flavonoids
and phenolics from C. ovata to act more effectively
within the cell.

Furthermore, the combined extracts also
show antifungal activity, notably against Candida
albicans, where terpenoid—flavonoid interactions
contribute to disruption of fungal cell walls and
inhibition of ergosterol synthesis.

Overall, these findings indicate that the
synergistic formulation of Crassula ovata and
Rosmarinus officinalis can serve as a potent natural
antimicrobial agent, suitable for applications in
herbal disinfectants, topical formulations, and food
preservation.

VIL. MECHANISM OF
ANTIMICROBIAL AND
ANTIOXIDANT ACTION

The biological efficacy of Crassula ovata

and Rosmarinus officinalis primarily depends on
their rich phytochemical composition, which
enables them to act through multiple biochemical
mechanisms. Their antioxidant and antimicrobial
effects are attributed to synergistic interactions
between flavonoids, terpenoids, phenolic acids, and
essential oils, which collectively contribute to
cellular protection and pathogen inhibition.
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7.1 Antioxidant Mechanisms

Both plants play a vital role in combating
oxidative stress by scavenging reactive oxygen
species (ROS) such as superoxide anions, hydroxyl
radicals, and hydrogen peroxide, as well as reactive
nitrogen species (RNS) including nitric oxide and
peroxynitrite.  These  free radicals, when
uncontrolled, lead to lipid peroxidation, DNA
damage, and protein oxidation. The polyphenolic
compounds—particularly quercetin, kaempferol,
carnosic acid, and rosmarinicacid—act as hydrogen
or electron donors, neutralizing these radicals and
stabilizing them into non-reactive forms.

Additionally, these bioactives upregulate
endogenous antioxidant defense enzymes such as
superoxide dismutase (SOD), catalase (CAT), and
glutathione peroxidase (GPx), thereby enhancing
the cell’s natural ability to counter oxidative stress.
Some terpenoids also exhibit metal-chelating
properties, preventing Fenton-type reactions that
generate harmful hydroxyl radicals. Thus, the
combined extract exerts a dual protective effect—
direct scavenging of free radicals and stimulation
of internal antioxidant systems.

7.2 Antimicrobial Mechanisms

The antimicrobial action of C. ovata and
R. officinalis is multifaceted and targets different
structural and metabolic pathways of
microorganisms. One of the principal mechanisms
involves the disruption of microbial cell membrane
integrity. The lipophilic monoterpenes from
rosemary (such as 1,8-cineole and camphor)
integrate into bacterial membranes, causing
increased permeability, ion leakage, and eventual
cell lysis. Meanwhile, the flavonoids and
triterpenoids from C. ovata inhibit bacterial
enzymes involved in energy metabolism and
protein  synthesis, further impairing cellular
function.

Another significant mechanism is the
induction of oxidative stress within microbial cells,
where the plant compounds promote the formation
of intracellular ROS, leading to protein oxidation,
nucleic acid degradation, and membrane damage.
The synergistic phytochemical interaction between
the phenolic compounds of rosemary and the
flavonoids of jade plant enhances these bactericidal
and fungicidal effects, resulting in broader
antimicrobial coverage and higher potency than
either extract alone.

VIIl. PHARMACOLOGICAL AND
INDUSTRIAL RELEVANCE

The pharmacological relevance of the
synergistic extracts of Crassula ovata and
Rosmarinus officinalis lies in their broad-spectrum
antimicrobial and potent antioxidant activities,
which make them valuable for multiple therapeutic
and industrial applications.

In the pharmaceutical domain, these
extracts can be incorporated into herbal
disinfectants, topical wound-healing gels, and
mouth rinses, serving as natural alternatives to
chemical antiseptics. Their anti-inflammatory and
tissue-regenerative properties further enhance their
suitability for dermatological and oral care
formulations.

In the cosmetic industry, the antioxidant-
rich components protect the skin from oxidative
damage and premature aging, making them ideal
ingredients in anti-aging creams, serums, and
lotions. Similarly, their antimicrobial potential
helps in developing natural preservatives for
cosmetic and personal care products, replacing
synthetic parabens and phenolic compounds.

Moreover, the eco-friendly  and
biodegradable nature of these plant extracts
positions them as safe alternatives to conventional
sanitizers and preservatives that often cause
environmental toxicity. Advanced applications
involve  nanoparticle-based delivery  systems
(liposomes,  polymeric  nanoparticles,  and
nanoemulsions) to  improve bioavailability,
stability, and controlled release of active
constituents.

Furthermore, the synergistic antioxidant
property of these plants opens potential for their
inclusion in nutraceuticals and functional food
products, offering preventive benefits against
oxidative  stress-related  disorders such as
cardiovascular diseases, diabetes, and
neurodegeneration.

IX. FUTURE PROSPECTS

Although preliminary findings
demonstrate promising antioxidant and
antimicrobial efficacy, further research is necessary
to fully explore and validate the therapeutic
potential of Crassula ovata and Rosmarinus
officinalis extracts.

Future studies should involve in vivo and
clinical trials to confirm safety, bioavailability, and
pharmacokinetics. Isolation of pure bioactive
compounds through bioassay-guided fractionation

DOI: 10.35629/4494-100514321439 Impact Factor value 7.429 | ISO 9001: 2008 Certified Journal Page 1437



57 International Journal of Pharmaceutical Research and Applications

Volume 10, Issue 5 Sept - Oct 2025, pp: 1432-1439 www.ijprajournal.com

- . |
\

UPRA Journal

can aid in identifying the most potent molecules
responsible for synergistic effects.

Development of novel nanoformulations,
such as liposomes, polymeric nanoparticles, or
solid lipid nanoparticles, will enable targeted drug
delivery and improved therapeutic efficiency.
Evaluation of synergistic indices like the Fractional
Inhibitory Concentration (FIC) will help quantify
the degree of synergism and optimize dosage
combinations for therapeutic applications.

Additionally, establishing standardization
protocols for extract preparation—including
solvent selection, extraction conditions, and quality
control—will be essential to ensure reproducibility
and pharmaceutical-grade consistency. Integrating
these  plant-based extracts into industrial
applications can significantly advance the field of
natural therapeutics and green formulation science.

X. CONCLUSION

The synergistic combination of Crassula
ovata and Rosmarinus officinalis exhibits enhanced
antioxidant and antimicrobial potential, attributed
to the interactive effects of flavonoids, phenolic
acids, and terpenoids. These phytochemicals
function collectively to neutralize oxidative stress
and inhibit a broad range of pathogenic
microorganisms.

The dual pharmacological action supports
their application as natural, safe, and eco-friendly
alternatives to  synthetic  antioxidants and
antimicrobial agents. Integration of these extracts
into herbal disinfectants, cosmetic formulations,
and nutraceuticals offers a sustainable approach to
modern health and wellness products.

Future investigations  focusing on
mechanistic elucidation, clinical validation, and
formulation optimization will be crucial to unlock
their full therapeutic potential and facilitate their
transition from traditional medicine to standardized
pharmaceutical use.
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