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ABSTRACT

Zingiber officinale commonly known as ginger, is a dieinal plant esteemed for its diverse pharmacological propel
including antioxidant, antinflammatory, anticancer, and antimicrobial properties. The primary bioactive comp
found in ginger, particularly gingerol and shogaol, have shown notabtapiutic benefits but are limited by po
solubility, instability, and low bioavailability. Recent advancements in nanotechnology have introduced inn
delivery systems that address these limitations by enhancing stability, improving bioavaikatlifacilitating targetec
delivery of these bioactive compounds. Notable nanocarrier systems include polymeric nanoparticles, |
nanoemulsions, solid lipid nanoparticles (SLNs), nanostructured lipid carriers (NLCs), andasetiinanoparticles
Research indicates that polymeric and chitelsased systems significantly enhance the oral absorption, antibac
efficacy, and DNAprotective properties of ginger constituents. Micellar carriers, specifically, have demon:
increased oral bioavalidity and hepatoprotective benefits ofsBogaol. Lipidbased nanoparticles have also me
notable advances, offering sustained release, enhanced tissue penetration, and high entrapment efficiency for k
and oral applications. Additionally, gresynthesized metal nanopatrticles, including silver, zinc oxide, and iron ¢
have exhibited potent antioxidant, antimicrobial, and-sfihmmatory. activities, further establishing their role
expanding the therapeutic potential of ginger. Despiése promising developments, further research is imperati
optimize formulations, assess loetegm safety, and determine the feasibility of lasgale clinical application. Thi
integration of nanotechnology into gingeased therapies holds signifitaoromise for overcoming the limitation
associated with traditional formulations and enhancing their therapeutic efficacy.
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INTRODUCTION pharmacologial action potentials, demonstrating

Zingiber officinale Roscoe (Zingiberaceae),
commonly known as.gimg, has been widely used
for centuries as both a culinary spice and a
traditional medicine. The ginger rhizome is the
most frequently used part and contains a complex
phytochemical profile with abundant bioactive
constituents. The major constituents of thygnger
rhizome are carbohydrates, lipids, terpenes, and
phenolic compounds. Moreover, it contains more
than 400 bioactive compounds, including alkaloids,
saponins,  flavonoids,  steroids, oleoresin,
phytosterols, tannins, glycosides, terpenoids, and
variousvitamins. Among these, shogaol, paradol,
and gingerol are regarded as the principal active
compounds and are primarily responsible for the
characteristic pungent flavors and aroma of ginger.
Ginger has been extensively studied for its various

its efficacy in the treatment and prevention of
multiple conditions, including diabetes,
inflammation, cancer, nausea, and vomiting.
Consequently, ginger exhibits various biological

activities, including antioxidant,
hypocholesterolaemia, antimicrobial,
neuroprotective, antulcer, antiemetic, and

hepatoprotective effects[1¢6] Ginger EZingiber
officinale Roscoe) has long been valued as both a
culinary spice and a medicinal plant, with numerous
reported pharmacologicaleffects. Conventional
ginger dosage forms, including capsules, tablets,
and syrups, continue to play an essential role due
to their simplicity, accessibility, and patient
familiarity, making them practical choices for daily
maintenance.
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However, desp#  these advantages,
conventional formulations face inherent challenges
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The main bioactive constituents, such as gingerols
and shogaols, possess poor aqueous solubility, are
rapidly metabolized, and exhibi low oral
bioavailability, which collectively reduce their
clinical effectiveness[7,8]. In addition, these
compounds are chemically unstable and prone to
degradation during processing, storage, or
exposure to gastric conditions, which further
compromi®s their pharmacological activit{6].
Rapid systemic clearance and short Hif#f further
hinder their sustained bioavailability, while high
doses needed to achieve therapeutic effects may
increase the risk of gastrointestinal irritation (e.qg.,
heartburn, reflux, and diarrhea, especially at doses
exceeding % g daily) and inconsistent clinical
outcomesg[9]. Such limitations limit the consistency
and magnitude of therapeutic outcomes achieved
with conventional dosage forms.

To overcome these challengierecent research
has focused on developing advanced delivery
systems designed to complement conventional
preparations rather than replace them. These
systems enhance antioxidant activity, as reflected
in higher levels of antioxidant enzymes and reduced
oxidative  stress markefs0]. They also
demonstrated the feasibility of largscale
production, supporting their potential application
in the pharmaceutical industry and making it a
valuable approach for future drug formulation and
delivery systemd1]. For example, encapsulation
of ginger essential oil within carrier systems not
only improves absorption across mucosal
membranes but also protects the oil from
hydrolysis, oxidation, and volatilization, thereby
maintaining its pharmacological activity[8].
Encapsulation protects the oil from hydrolysis,

oxidation, and volatilization, thereby preserving its
therapeutic properties. Furthermore, such delivery
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lower doses,
improved patient

achieve therapeutic efficacy at
ultimately catributing to
compliance12].

In Indonesia, there are three known types of
ginger, includingZingiber officinalevar. Amarum
(jahe empri}, Zingiber officinalevar. Roscoejghe
gajah), and Zingiber officinalevar. Rubrum jahe
merah). Zingiber officinale (ginger) contains a
diverse range of bioactive compounds that account
for its broad spectrum of pharmacological
activities. The major pungent principiegingerols,
shogaols, and paradalsogether with
sesquiterpenes such as zingibereney R- |
bisabolene, have been widely reported to exhibit
antihepatotoxic, antinflammatory, analgesic,
antimicrobial, and cardiotonic effects (€88).
Among these, zingerone and shogaols demonstrate
powerful antioxidant properties, with free radical
scaven@ng activity even greater than that of
ascorbic acid. These compounds also contribute to
anti-inflammatory, anticancer, antimicrobial, and
hepatoprotective actions (29). Moreover, ginger
oleoresin supports immune function and has been
traditionally applied as an  antiemetic,
antiallergenic, and antimotion sickness agent (30).
Taken together, these findings highlight the
multifaceted pharmacological actions dingiber
officinale supporting its longtanding use in
traditional medicine and its potential fofurther
development in modern therapeutic applications.
Despite these therapeutic benefits, they exhibit
clinical properties such as poor aqueous solubility,
instability, and low bioavailabilityf13]. Recent
advances in nanotechnology have offered
promising strategies to overcome these barriers
(Figure 1).

Fig. 1. Nanotechnologyased delivery systems for ginger bioactive compounesh(@aol, §paradol, zingerone, and essential oils)
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