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Abstract
Muscat Hamburg grapes are renowned for their rich phytochemical composition, including polyphenols,
anthocyanins, and resveratrol, contributing to their significant phytomedicinal potential. This review
explores their bioactive compounds, pharmacological properties, and health benefits, including antioxidant,
anti-inflammatory, antimicrobial, and neuroprotective effects. The review also addresses key challenges,
including low bioavailability, variability in phytochemical content, and regulatory constraints. Furthermore,
it highlights recent advancements in extraction technologies and the development of innovative delivery
systems aimed at enhancing the stability, efficacy, and therapeutic potential of grape-derived bioactives.
Emerging research suggests their potential in managing chronic diseases like cardiovascular disorders,
diabetes, and neurodegenerative conditions. Future prospects focus on nanotechnology, personalized
nutrition, and sustainable utilization of grape by-products. With ongoing research and clinical validation,
Muscat Hamburg grapes hold promise for therapeutic and industrial applications.
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1. Introduction

The research on herbal medicines continues to be an essential part of
pharmaceutical science, propelled by the need to discover new
therapeutic molecules from nature. Plant-derived bioactive
compounds have varied pharmacological activity, and hence they are
of great interest for drug discovery and functional food products.
Among these, Muscat Hamburg grapes, which are scientifically
referred to as Vitis vinifera L., are remarkable because of their dense
phytochemical content and presumed health advantages (Rasine et
al., 2017).

Muscat Hamburg grapes have long been prized for their unique
odor, dark purple-black epidermis, and high sugar level, being grown
for hundreds of years to be eaten fresh, used in winemaking, and to
produce dried fruit (Aubert et al., 2018). The dark color is due to
anthocyanins, which have anti-inflammatory and anticancer effects.
Another important constituent, resveratrol, has cardioprotective
activity such as enhanced vascular function and inhibition of
atherosclerosis. Apart from cardiovascular protection, resveratrol

has neuroprotective and antiageing effects, indicating its promise in
the treatment of neurodegenerative disorders (Gal et al., 2023).

Polyphenols derived from grapes possess notable antioxidant, lipid-
regulating, anti-inflammatory, neuroprotective, and antimicrobial
effects, making them promising agents for managing metabolic and
neurological disorders (Kowalczyk et al., 2024; Zhao et al., 2020).
Despite these benefits, their therapeutic potential is hindered by
limited bioavailability due to poor absorption and rapid metabolic
breakdown. Emerging technologies, including advanced extraction
methods and nanocarrier-based delivery systems, are being developed
to enhance their effectiveness (Rudrapal et al., 2022). Muscat
Hamburg grapes, known for their rich phytochemical profile, show
significant potential in the development of functional foods,
nutraceuticals, and pharmaceutical applications.

2. Phytochemical composition

Muscat Hamburg grapes are characterized by their complex
phytochemical composition, having bioactive compounds such as
polyphenols (flavonoids, anthocyanins, tannins), stilbenes
(resveratrol), organic acids, and volatile compounds (Figure 1) and
their health effects shown in (Table 1). They are responsible for
sensory properties and express clinically important health effects
(Miao et al., 2022). Their composition is highly variable due to
genetic and environmental factors (Table 4), stage of ripeness, and
post-harvesting technologies (Kaya, 2024).
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Figure 1: Major phytochemicals in Muscat Hamburg.

Table 1: Phytochemical composition and health effects of Muscat Hamburg grapes

C las s Example compounds Concentration Health effects References
(fresh weight)

Anthocyanins Malvidin-3-glucoside 50-500 mg/kg Antioxidant, anti-inflammatory Silva et al. (2022)

Stilbenes Resveratrol 0.1-10 mg/kg Cardioprotective, antiageing Rauf et al. (2023)

Flavonols Quercetin-3-glucoside 5-50 mg/kg Antidiabetic, anticancer Doshi et al. (2021)

Tannins Pro-anthocyanidin B1 100-2000 mg/kg Antimicrobial Pascual et al. (2020)

Organic acids Tartaric acid 5-15 g/kg pH regulation Sanchez et al. (2023)

Volatile compounds Linalool 0.1-5 mg/kg Neuroprotective Redondo et al. (2024)

2.1 Polyphenols

Polyphenols in Muscat Hamburg grapes play vital roles in defense
mechanisms, cellular signaling, and biological processes. Found mainly
in the skin, seeds, and pulp, their composition varies with
environmental factors, ripeness, and post-harvest handling (Zhu et
al., 2017). These polyphenols are classified into flavonoids and
non-flavonoids, each offering distinct bioactive properties in skin,
seeds, and pulp are shown in (Table 2).These polyphenols are
classified into flavonoids and non-flavonoids, each offering distinct
bioactive properties. Flavonoids include flavan-3-ols, flavonols, and
anthocyanins. Flavan-3-ols, such as catechin and epicatechin (20-50
mg/100 g), are abundant in the seeds and exhibit antioxidant,
antimicrobial, and cardioprotective effects. Procyanidins, oligomers
of flavan-3-ols, reduce oxidative stress and modulate lipid metabolism
(Lu et al., 2021). Flavonols, mainly quercetin, kaempferol, and
myricetin (5-15 mg/100 g), are concentrated in the skin and show
anti-inflammatory and anticarcinogenic properties, with levels
increasing under UV exposure (Benmeziane et al., 2016).
Anthocyanins, responsible for the grape’s deep purple-black color,
include malvidin-3-O-glucoside, which constitutes 60-70% of total
anthocyanins (200-500 mg/100 g). These compounds provide
antioxidant and anti-inflammatory benefits (Chen et al., 2024).

2.2 Anthocyanins

Anthocyanins are water-soluble flavonoid pigments responsible for
the vibrant purple-to-black coloration in Muscat Hamburg grapes.
These compounds belong to the larger polyphenol family and
primarily accumulate in grape skins (85-90% of total content), where
they function as photoprotective agents against UV radiation and
microbial pathogens (Schaefer et al., 2008; Balik et al., 2013). Among
the various anthocyanins present in Muscat Hamburg grapes,
malvidin-3-O-glucoside is the most abundant, making up about 60-
70% of the total anthocyanin content. Other notable anthocyanins
include derivatives of delphinidin, petunidin, and cyanidin (Balik et
al., 2013).

Anthocyanins display multiple biological activities in humans. Their
potent antioxidant action helps neutralize reactive oxygen species,
reducing oxidative damage to cells. They also prevent the oxidation
of low-density lipoprotein (LDL), which is an important factor in
the progression of atherosclerosis. Furthermore, anthocyanins
modulate inflammatory processes by influencing signaling pathways
such as NF-B and cyclooxygenase (COX), resulting in decreased
production of inflammatory cytokines. Notably, these pigments can
cross the blood-brain barrier and protect neurons from damage,
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potentially slowing the development of neurodegenerative diseases
(Satue-Gracia et al., 1997; Winter et al., 2019). Although, these effects
highlight the potential health benefits of anthocyanins, most
supporting research comes from laboratory and animal models.
Clinical trials involving humans remain limited and often yield

inconsistent results due to differences in absorption, metabolism,
and dosage. Therefore, more rigorous human studies are necessary
to verify the therapeutic effects of anthocyanins and to guide their
clinical application and dietary recommendations (Huang et al.,
2023).

Table 2: Polyphenol distribution in Muscat Hamburg grape tissues

Tissue Subclass Key compounds Concentration Primary bioactivities References

(mg/100 g FW)

Seeds Flavan-3-ols Catechin, Epicatechin 20-50 Antioxidant, cardioprotective Lu et al. (2021)

Phenolic acids Gallic acid, Caffeic acid 3-8 Antimicrobial Salehi et al. (2018)

Skin Anthocyanins Malvidin-3-O-glucoside 200-500 Anti-inflammatory, antioxidant Chen et al. (2024)

Flavonols Quercetin, Kaempferol 5-15 Anticarcinogenic Benmeziane et al.

(UV-exposed: (2016)

30-50%)

Pulp Stilbenes Resveratrol 1-5 Neuroprotective, antiageing Salehi et al. (2018)

Hydroxycinnamates Ferulic acid 1-3 Antioxidant Zhu et al. (2017)

2.3 Tannins

Tannins are polyphenolic compounds that are predominantly found
in the skins, seeds, and stems of Muscat Hamburg grapes, where
they perform vital functions by providing astringency and improving
the aging attributes of wine and other grape products (McRae and
Kennedy, 2011). Muscat Hamburg grapes are enriched in condensed
tannins, also known as proanthocyanidins that are formed from the
flavan-3-ols catechin and epicatechin (Sabra et al., 2021). From the
perspective of human health, tannins provide numerous benefits
including antioxidant, anti-inflammatory, and anticancer effects.
Proanthocyanidins act as antioxidants by neutralizing reactive oxygen
species (ROS) and binding metal ions which catalyze oxidative
reactions. This activity reduces oxidative stress and triggers
cardiovascular health benefits. It has been demonstrated that
proanthocyanidins can prevent the oxidation of low-density
lipoprotein (LDL) cholesterol, which is essential in the formation of
atherogenic plaques (Mazur et al., 1999). Tannins have been shown
to affect cancer by inducing programmed cell death in tumor cells,
inhibiting angiogenesis (formation of blood vessels), and inhibiting
molecular pathways that allow uncontrolled cellular growth (Youness
et al., 2021).

2.4 Stilibenes

Stilbenes, including resveratrol (trans-3,5,4'-trihydroxystilbene), are
polyphenolic compounds predominantly produced in the skin of
Muscat Hamburg grapes. Their synthesis is triggered by
environmental stresses such as ultraviolet (UV) light, fungal infections,
and physical damage. This natural stress response not only helps
protect the grapevine but also opens up possibilities for agricultural
and biotechnological approaches aimed at boosting stilbene levels
such as applying controlled stress or genetic modification to enhance
both plant health and the nutritional value of grapes (Sun et al.,
2023). The active form of resveratrol, the trans-isomer, is recognized
for its strong antioxidant and anti-inflammatory actions, which
contribute to cardiovascular protection by lowering oxidative stress

and guarding cells against damage linked to aging and chronic diseases
(Drago et al., 2024; Cheng et al., 2022). One important way
resveratrol works is by activating the SIRT1 pathway, an enzyme
that depends on NADz  and plays a critical role in controlling
metabolism, DNA repair, and lifespan. Stimulating SIRT1 improves
mitochondrial efficiency, enhances insulin sensitivity, and regulates
inflammation, making resveratrol a potential therapeutic agent for
ageing related metabolic conditions (Rogina and Tissenbaum, 2024).
However, the practical use of resveratrol in medicine is hindered by
its low bioavailability due to rapid metabolism and clearance. To
address this, researchers are exploring techniques such as
encapsulating resveratrol in nanoparticles or liposomes, and
combining it with substances like piperine that slow its breakdown
to improve absorption. Moreover, consuming whole grapes or grape-
based products may enhance its uptake by providing a natural matrix
that facilitates better resveratrol availability (Rege et al., 2014).

2.5 Organic acids

Organic acids are essential constituents of Muscat Hamburg grapes,
playing a crucial role in determining their flavor profile, aromatic
characteristics, and natural preservative properties are shown in
(Table 3). The predominant organic acids present are tartaric acid
and malic acid, which together constitute the majority of the total
acidity in the fruit.The main organic acids found in Muscat Hamburg
grapes are tartaric acid and malic acid, which together account for the
majority of the fruit’s acidity. Tartaric acid predominates, imparting
a sharp and crisp flavor, whereas malic acid contributes a softer,
fruitier taste (Vujovic et al., 2017; Kunter et al., 2024). In addition,
smaller amounts of secondary acids like citric acid and oxalic acid
help regulate the grape’s pH balance (Yinshan et al., 2017). Beyond
their role in shaping flavor and aroma, these organic acids possess
antioxidant and antimicrobial effects that contribute to the
preservation and nutritional quality of grape products. Their levels
can fluctuate based on environmental conditions, farming techniques,
and the stage of grape ripeness (Rogiers et al., 2022).
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Table 3: Organic acid composition and functional roles in Muscat Hamburg grapes

Organic acid Concentration range Physiological effect References

Tartaric acid Highest, major contributor Sharp taste, antioxidant, antimicrobial Vujovic et al. (2017); Kunter et al. (2024)

Malic acid High Milder, fruity flavor; antioxidant, antimicrobial

Citric acid Low pH regulation, antioxidant Yinshan et al. (2017)

Oxalic acid Trace amounts

2.6 Volatile and organic compounds

Distinct from organic acids that mainly affect taste and preservation,
volatile organic compounds (VOCs) are key contributors to the unique
aroma and flavor of Muscat Hamburg grapes. These compounds are
vital in shaping the sensory experience of the fruit and its derived
products. VOCs include various chemical classes such as
monoterpenes, nor-isoprenoids, alcohols, aldehydes, and esters
(Fenoll et al., 2009). Monoterpenes like linalool, geraniol, and nerol
provide floral and fruity scents. Typically stored as inactive
glycosides within the grapes, they are released during ripening and
fermentation, which enhances the aroma (Parker et al., 2018). Nor-
isoprenoids such as -damascenone and -ionone contribute fruity,
honeyed, and woody notes that intensify with grape maturity
(Tomasinoand Bolman, 2021). Alcohols like benzyl alcohol and
phenylethyl alcohol add sweet, rose-like aromas, while esters
including ethyl acetate impart fruity and tropical flavors (Bayram
and Kayalar, 2020).The levels and types of VOCs are heavily
influenced by environmental conditions like climate, soil, and
viticultural techniques. Besides their influence on aroma and flavor,

many VOCs possess antioxidant and antimicrobial properties, which
can enhance the grapes’ health benefits and preservation capacity
(Deis et al., 2024).

3. Phytomedicinal properties

Muscat Hamburg grapes are rich in various bioactive compounds
that offer multiple phytomedicinal benefits, including antioxidant,
anti-inflammatory, anticancer, cardioprotective, neuroprotective, and
antimicrobial effects. (Figure 2) provides a summary chart that
highlights important health properties of Muscat Hamburg. These
health-promoting effects are primarily attributed to the presence of
a diverse array of bioactive compounds, including polyphenols,
flavonoids, anthocyanins, tannins, stilbenes, and organic acids. These
constituents collectively contribute to the prevention and manage-
ment of various chronic diseases through their antioxidant, anti-
inflammatory, and metabolic regulatory activities (Sabra et al., 2021).
Table 5 presents the levels of bioactive compounds in Muscat
Hamburg grapes at various stages of ripeness.

Table 4: Environmental factors influencing phytochemical composition in Muscat Hamburg grapes

  Environmental Effect on bioactive Mechanism of Optimal conditions Industrial References
factor compounds influe nc e implications

Temperature Increases anthocyanin Stimulates phenyl- 25-30°C during ripening High-temperature regions Goufo et al.
and resveratrol synthesis propanoid pathway for higher polyphenol produce grapes with (2020)

content superior antioxidant
properties

Sunlight exposure Enhance flavonoid and Activates UV-induced Moderate UV-B exposure Sun-exposed grapes yield Zhang et al.
anthocyanin accumulation secondary metabolite improves pigmentation richer anthocyanin for (2024)

biosynthesis cosmetics and nutraceutical

Soil composition Affects phenolic acid and Mineral bioavailability Calcium rich, slightly Mineral-enriched soils Wang et al.
tannin concentration influences biosynthetic acidic soil (pH 5.5-6.5) boost polyphenol (2022)

pathways production for medicinal
use

Irrigation Increases stilbene Water stress activates Regulated deficit Controlled irrigation Shen et al. (2021)
practices (resveratrol) content defense-related irrigation enhances enhances antioxidant-rich

pathways phytochemical yield grape extracts for
pharmaceutical use

Pesticide use Reduces total phenolic Inhibits secondary Organic or minimal Organically cultivated Dangelo
and anthocyanin content metabolite pathways pesticide application grapes maintain high et al. (2022)

preferred phytochemical integrity
for health products
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Figure 2: Phytomedicinal properties of Muscat Hamburg.

3.1 Antioxidant properties

Muscat Hamburg grapes exhibit strong antioxidant capacity due to
their high levels of anthocyanins, flavonoids, and resveratrol. These
compounds act as free radical scavengers, reducing reactive oxygen
species (ROS) and protecting against oxidative stress and cellular
damage (Mota et al., 2018). Anthocyanins, especially malvidin-3-
glucoside, inhibit lipid peroxidation, protect cell membranes, and
improve vascular health by reducing oxidative inflammation and
enhancing endothelial function (Brown and Kelly, 2007; Huang et
al., 2014).

3.2 Anti-inflammatory effects

Inflammation is a multifaceted process involving interactions between
cells and soluble factors like cytokines, which can occur in any
tissue following traumatic, infectious, post-ischemic, toxic, or
autoimmune damage (Barathiet al., 2024). Muscat Hamburg grapes
exhibit anti-inflammatory properties by modulating inflammatory
pathways and suppressing key pro-inflammatory mediators such
as cytokines and prostaglandins. Polyphenols inhibit enzymes like
cyclooxygenase-2 (COX-2) and lipoxygenase (LOX), which are
responsible for inflammatory responses (Gal et al., 2023). This
inhibitory action reduces inflammation linked to chronic conditions
like arthritis, inflammatory bowel disease, and atherosclerosis
(Rudrapal et al., 2023).

3.3 Anticancer potential

Several bioactive compounds in Muscat Hamburg grapes, particularly
resveratrol and anthocyanins, demonstrate anticancer properties.
These compounds exert their effects through various mechanisms,
including inducing apoptosis, inhibiting cell proliferation, and
preventing metastasis (Cotino et al., 2023). Resveratrol triggers
programmed cell death by activating caspase enzymes and disrupting
cancer cell cycles (Bhardwaj et al., 2007).

3.4 Cardioprotective effects

The cardioprotective properties of Muscat Hamburg grapes are
linked to their ability to improve vascular function, lower cholesterol
levels, and prevent atherosclerosis. Resveratrol is particularly
effective in reducing low-density lipoprotein (LDL) oxidation, which
is a major contributor to plaque formation in arteries (Voloshyn et

al., 2012). Polyphenols in Muscat Hamburg grapes also modulate
blood pressure and improve circulation by enhancing nitric oxide
(NO) production, which promotes vasodilation (Rasines et al., 2007).
Long-term consumption of grape polyphenols has been shown to
reduce the risk of hypertension, stroke, and myocardial infarction
(Cheng et al., 2007).

3.5 Neuroprotective properties

Recent studies suggest that Muscat Hamburg grapes exhibit
neuroprotective properties by reducing oxidative damage and
inflammation in the brain. Polyphenols, especially anthocyanins
and resveratrol, can cross the blood-brain barrier, protect neurons
from degeneration, and inhibit -amyloid plaque aggregation, a key
feature of Alzheimer’s disease while enhancing synaptic plasticity
(Shimazu et al., 2021; Rege et al., 2015). Additionally, these
compounds may improve cognitive function by modulating
neurotransmitters like acetylcholine and preventing oxidative-induced
neurotoxicity (Basli et al., 2012).

3.6 Antimicrobial activity

The antimicrobial properties of Muscat Hamburg grapes are mainly
attributed to their tannins, flavonoids, and organic acids. These
compounds inhibit the growth of pathogenic bacteria, fungi, and
viruses by disrupting microbial cell membranes and biofilm formation
(Miao et al., 2022). Studies show that grape seed extracts exhibit
strong activity against Staphylococcus aureus, Escherichia coli, and
Candida albicans (Kandasamy et al., 2016). The antimicrobial
potential of Muscat Hamburg grapes has applications in food
preservation and pharmaceuticals, providing natural alternatives to
synthetic antimicrobials (Nirmala et al., 2011).

3.7 Regulation of metabolic disorders

Muscat Hamburg grapes may also help regulate metabolic disorders,
including diabetes and obesity, by improving insulin sensitivity,
lowering blood glucose levels, and modulating lipid metabolism
(Zunino, 2009). Polyphenols activate the AMP-activated protein
kinase (AMPK) pathway, which enhances glucose uptake and fatty
acid oxidation (Srivastava et al., 2012). Resveratrol has been shown
to reduce adipogenesis and inflammation in adipose tissue, making it
beneficial for managing obesity-related complications (Zagotta et
al., 2015).
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Table 5: Bioactive content of Muscat Hamburg grapes at different maturity stages

Maturity Stage Anthocyanin Polyphenols Resveratrol Tannins Organic acids (g/l) Phytomedicinal References
(mg/100 g) (mg/kg) (mg/kg) (mg/kg) potential

Immature (Green stage) 5-10 150-200 <0.5 80-100 Tartaric acid (1.5-2.0), Antimicrobial, astringent, Patel et al. (2021)
Malic acid (2.5-3.0) promotes gut health

Mid-ripening (Pink stage) 15-25 250-300 1-2 50-70 Tartaric acid (1.2-1.8), Antioxidant, anti- Wang et al. (2022)
Malic acid (2.0-2.5) inflammatory, boosts

immunity

Fully ripe (Black stage) 40-50 300-400 2.5-4 20-40 Tartaric acid (0.5-1.0), Cardioprotective, Shen et al. (2023)
Malic acid (1.0-1.5) neuroprotective,

antiageing

Overripe (Shriveled stage) 20-30 200-250 4-6 <20 Tartaric acid (<0.5), Metabolic regulation Zhang et al. (2024)
Malic acid (<1.0) improves cognitive

functions

4. Extraction methods and bioavailability of phytochemicals
in Muscat Hamburg grapes

Muscat Hamburg grapes contain various phytochemicals such as
polyphenols, anthocyanins, tannins, stilbenes, and organic acids,
which are extracted using both traditional and advanced methods.
The choice of extraction technique significantly affects the quantity,
purity, and bioavailability of these compounds. (Figure 3) shows a
flowchart of the general extraction process. Table 6 outlines innovative
extraction techniques and compares their effectiveness: for instance,

ultrasound assisted extraction often results in higher anthocyanin
yields due to enhanced cell disruption, whereas microwave-assisted
extraction is more efficient for recovering stilbenes like resveratrol.
Supercritical fluid extraction provides high-purity extracts of tannins
and organic acids, although it is less commonly used. These variations
underscore the importance of selecting the appropriate extraction
method based on the specific phytochemical targeted to achieve the
best results (Delic et al., 2024).

Table 6: Innovative extraction techniques for phytochemicals in Muscat Hamburg grapes
Extraction technique Mechanism References
Reduced pressure Utilizes low pressure to lower solvent boiling points, limiting thermal degradation. Yilmaz and
extraction (RPE) Effectively extracts polyphenols from grape skins, maintaining their bioactivity Gokeman (2023)

while reducing solvent consumption and extraction time.
Green extraction techniques Eco-friendly methods like ultrasound-assisted extraction (UAE), microwave assisted Chemat et al.

extraction (MAE), and pressurized liquid extraction (PLE) enhance efficiency while (2022)
minimizing environmental impact. UAE uses ultrasonic waves to disrupt cell walls,
MAE applies microwave radiation for rapid heating, and PLE utilizes high pressure
to improve compound solubility.

Natural deep eutectic Employs biodegradable, non-toxic solvents such as organic acids and sugars to efficiently Paiva et al. (2023)
solvents (NaDES) extract heat sensitive compounds like anthocyanins and flavonoids, offering a safer,

sustainable alternative to traditional solvents.
Medium scale ambient Uses GRAS solvents at ambient temperature to preserve heat-sensitive compounds Rodriguez et al.
temperature (MSAT) like anthocyanins; energy-efficient, cost effective, and ideal for large scale extraction. (2022)
extraction
Ultrasound assisted Integrates ultrasound and enzymes to break cell walls, boosting anthocyanin yield, Wang et al. (2023)
enzymatic extraction reducing processing time, and enhancing bioactivity; suitable for both research and
(UAEE) industrial use.

Figure 3: Extraction of phytochemicals from Muscat Hamburg flowchart.
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5. Clinical evidence and human trials on Muscat Hamburg
grape polyphenols

Recent clinical research highlights the therapeutic potential of grape-
derived polyphenols, including those found in Muscat Hamburg
grapes, for managing metabolic disorders and chronic diseases (Joel
et al., 2024).

5.1 Muscle health enhancement

A study showed that consuming the equivalent of two servings of
Muscat Hamburg grapes daily modulated the expression of over
20,000 genes related to muscle health in elderly mice, suggesting
potential benefits for muscle preservation in aging humans (Dave et
al., 2025).

5.2 Cardiovascular and metabolic health

A meta-analysis of randomized clinical trials indicated that Muscat
Hamburg grape polyphenols reduce oxidative stress, contributing to
the prevention and management of cardiovascular diseases and type
2 diabetes (Sarkhosh et al., 2021).

5.3 Anti-inflammatory effects

Human studies reveal that Muscat Hamburg grape seed polyphenol
supplementation significantly lowers C-reactive protein (CRP) levels,
a marker of inflammation, though further large-scale trials are needed
to confirm these effects (Sarkhosh and Hosseinzadeh, 2021).

5.4 Cancer prevention potential

The ongoing Colo-Prevent trial in the UK suggests that resveratrol
from red and black grapes (Muscat Hamburg) may slow the
progression of precancerous polyps and reduce colorectal cancer
risk, offering promise for resveratrol-based preventive strategies
(Cancer research UK, 2024).

5.5 Metabolic protection

A one-month human trial demonstrated that Muscat Hamburg grape
polyphenol-rich extract protects against metabolic dysfunction
caused by overfeeding, helping maintain glucose homeostasis and
improving lipid profiles (Segrestin et al., 2022).

6. Potential applications of Muscat Hamburg grapes in
medicine and industry

Muscat Hamburg grapes are rich in bioactive compounds such as
polyphenols, anthocyanins, flavonoids, and resveratrol, which offer

diverse applications in both medical and industrial fields (Sabra et
al., 2021).

6.1 Medical applications

Their antibacterial activity, particularly from grape seed extracts,
shows potential for developing natural antimicrobial agents.
Postharvest treatments, such as ozone exposure, effectively reduce
fungal infections while preserving bioactive content, and maintaining
therapeutic potential during storage (Rio et al., 2017). Additionally,
the polyphenolic content aids in managing metabolic syndromes and
may provide neuroprotective benefits against neurodegenerative
diseases (Hokayem et al., 2013).

6.2 Industrial applications

Muscat Hamburg grapes are utilized in various industries for wine
production, nutraceuticals, cosmetics, functional foods, and natural
preservatives (Figure 4) due to their rich phytochemical content. In
the food industry, Muscat Hamburg grape extracts serve as natural
preservatives, inhibiting microbial growth and extending shelf life
without synthetic additives (Nirmala et al., 2011). In wine production,
advanced fermentation techniques enhance the aromatic profile and
sensory quality of Muscat Hamburg wines, increasing their market
appeal (Zhang et al., 2019). The cosmetic industry utilizes grape
polyphenols for their antioxidant and skin-protective properties,
contributing to the formulation of antiageing creams and other skincare
products (Ndiaye et al., 2011). Furthermore, the valorization of
grape by-products supports sustainable practices by repurposing
waste materials for bioactive-rich extracts in both food and cosmetics
(Sodhi et al., 2024).

6.3 Regulatory and commercialization hurdles

Despite achieving GRAS (Generally Recognized as Safe) designation
in the United States for daily doses of up to 1 gram (U.S. FDA,
2022), resveratrol products encounter significant development
challenges. Maintaining compound stability during manufacturing
processes remains problematic, particularly due to heat sensitivity
above 40°C (Singh and Pai, 2023). Furthermore, obtaining regulatory
approval for specific health claims requires more robust clinical
evidence of efficacy (EFSA Panel on Nutrition, 2022). To overcome
these barriers, advanced delivery systems such as encapsulation
technologies are being implemented (Davidov-Pardo and
McClements, 2024), which aim to enhance bioavailability a well-
documented limitation in human studies (Smoliga and Blanchard,
2023).

  Figure 4:  Industrial applications of Muscat Hamburg.
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7. Challenges and future prospects

Muscat Hamburg grapes are rich in polyphenols and anthocyanins,
offering significant health benefits, but their therapeutic potential is
often limited by low bioavailability and considerable variation in
phytochemical levels (Shen et al., 2022). Environmental influences,
harvest timing, and processing methods contribute to these
inconsistencies, which can affect their effectiveness (Ogwu et al.,
2025). Although nanotechnology techniques like nanoencapsulation
and liposomal delivery show promise in enhancing stability and
targeted absorption, practical application challenges remain (Cheng
et al., 2025). Additionally, the lack of extensive human clinical trials
hinders regulatory approval and widespread use, highlighting the
need for further research to verify safety and efficacy (Alemayehu et
al., 2018). Future directions focus on improving bioavailability
through advanced delivery systems, personalizing nutrition strategies,
sustainable utilization of grape by-products, and employing precision
agriculture to better control phytochemical content (Yadav et al.,
2023).

8. Conclusion

Muscat Hamburg grapes contain a wealth of bioactive compounds
and hold strong potential for use in phytomedicine. Although findings
from broader grape studies are informative, dedicated research on
the Muscat Hamburg cultivar is crucial to substantiate health-related
claims specific to this variety. Limitations such as poor bioavailability,
inconsistent phytochemical profiles, and regulatory constraints
continue to pose challenges. Emerging technologies like nanodelivery
systems, personalized nutrition approaches, and sustainable
agricultural methods present viable solutions. To fully realize the
therapeutic potential of Muscat Hamburg grapes, further cultivar-
specific investigations and large-scale clinical trials are needed. With
focused scientific efforts and continued innovation, this grape variety
could significantly contribute to advancements in both the healthcare
and industrial sectors.
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