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This study evaluates the proximate and phytochemical composition of Aframomum
danielli seeds cultivated under a mature rubber (Hevea brasiliensis) plantation in
Edo State, Nigeria, highlighting its nutritional and therapeutic potential. Mature
fruits were harvested, air-dried, and subjected to methanol extraction via Soxhlet
apparatus. Proximate analysis revealed a nutrient-rich profile dominated by
carbohydrates (55.67%), proteins (13.30%), fats (7.78%), fiber (3.64%), ash
(5.77%), and moderate moisture content (13.84%), positioning A. danielli as a
promising energy and nutrient source. Phytochemical profiling using GC-MS
identified key bioactive compounds, including catechin (3.36 ppm), ellagic acid
(2.37 ppm), luteolin (1.61 ppm), and quercetin (0.64 ppm), known for potent
antioxidant, anti-inflammatory, neuroprotective, and anticancer activities. The
presence of additional flavonoids, phenolic acids, stilbenes, and other bioactives
underlines the plant’s broad pharmacological relevance. The unique
agroecological conditions of the rubber plantation likely influence secondary
metabolite biosynthesis, enhancing therapeutic compound diversity. Collectively,
these findings scientifically substantiate the ethnomedicinal uses of 4. danielli and
support its development as a functional food, nutraceutical, and
phytopharmaceutical resource. Further in vivo and clinical investigations are
recommended to validate safety and efficacy.
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1.0 INTRODUCTION

Aframomum danielli (Hook.f.) K. Schum, a member
of the Zingiberaceae familywqqqqqq [1], is
indigenous to West and Central Africa and has long
been employed in traditional medicine and as a natural
food preservative. Its seeds and fruits are rich in
essential oils and phenolic compounds, which are
responsible for its antimicrobial, antioxidant, and anti-
inflammatory properties [2]. Prior studies have
demonstrated that the plant effectively inhibits lipid
oxidation and microbial proliferation, underscoring its
value in food preservation applications [3, 4]. Despite
its widespread ethnomedicinal use, there remains
limited scientific documentation on the detailed
nutritional and phytochemical profiles of A. danielli,
particularly ~ when cultivated under distinct
agroecological systems such as mature rubber
plantations.

Environmental variables such as soil quality, shading,
and microclimatic conditions are known to influence
the biochemical composition of plants [5]. A. danielli
is typically found in shaded plantation environments,
such as cocoa groves and riverine zones [5, 6]. When
grown under mature Hevea brasiliensis (rubber)
plantations, the plant is exposed to a distinctive
microenvironment marked by reduced direct sunlight,
increased organic matter from leaf litter, and altered
soil nutrient availability. Such growing conditions
have been shown to stimulate the production of
secondary metabolites—including flavonoids and
phenolic acids—that enhance the plant’s antioxidant,
antimicrobial, and anti-inflammatory activities [7].
However, no comprehensive investigation has been
conducted to evaluate the specific impact of rubber
agroforestry systems on the nutritional and
phytochemical attributes of 4. danielli.

This study aims to fill this knowledge gap by
conducting a comprehensive assessment of the
proximate and phytochemical composition of A.
danielli cultivated under mature Hevea brasiliensis
plantations, using methanol-based extraction
methods. Given the plant’s gradual decline in the wild,
its cultivation is increasingly recommended on cocoa
farms, oil palm plantations, and fallow lands to
support conservation and sustainable utilization
efforts [6]. Furthermore, the global surge in interest in
natural compounds as sources of nutraceuticals and
pharmaceuticals highlights the importance of
characterizing plants with potential health benefits.

Studies on related species, such as Aframomum
melegueta and Aframomum zambesiacum, have
already demonstrated significant pharmacological
potential, particularly due to their high flavonoid
content [7, 8]. Therefore, elucidating the
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phytochemical and nutritional profiles of A. danielli
grown under rubber plantations may reveal new
opportunities for its use in the health, wellness, and
food industries. The aim of this study is to identify the
key bioactive and nutritional constituents of A.
danielli that contribute to its medicinal value and to
evaluate its suitability for incorporation into
functional foods, pharmaceuticals, and cosmetic
formulations.

2.0 MATERIALS AND METHODS

2.1 Study Location

The study was conducted at the Rubber Research
Institute of Nigeria (RRIN), Iyanomo, located in Edo
State, Nigeria. The research site is characterized by a
mature Hevea brasiliensis (rubber) plantation that has
been established for over 20 years, offering a unique
agroecological environment with limited direct
sunlight and rich organic matter from decomposed
rubber leaf litter.

2.2 Sample Harvesting and Preparation

Mature fruits of Aframomum danielli were carefully
harvested from beneath the rubber canopy at RRIN.
The fruit pods were manually split open, and the seeds
were extracted, ensuring minimal mechanical
damage. These seeds were air-dried at ambient
temperature to a constant weight to prevent microbial
growth and enzymatic degradation. Once fully dried,
the seeds were pulverized using a laboratory grinder
into fine powder and stored in airtight containers
under cool, dry conditions to prevent moisture
absorption prior to extraction.

2.3 Extraction Procedure

Methanol extraction of the seed powder was
performed using the Soxhlet extraction method as
described in standard protocols [9]. Precisely 10
grams of the powdered seed sample were loaded into
a thimble and placed in the extraction chamber of a
Soxhlet apparatus. Three hundred milliliters (300 mL)
of methanol served as the solvent. The extraction was
carried out for four hours at a constant temperature of
60°C to ensure exhaustive recovery of
phytochemicals. After extraction, the methanol
solvent was removed under reduced pressure using a
rotary evaporator, leaving behind a concentrated
methanol extract. The extract was subsequently
transferred to sterile vials and stored at 4 °C until
further phytochemical analysis.

2.4 Proximate Composition Analysis

The proximate composition of the A. danielli seed
powder was analyzed to determine the following
nutritional parameters: moisture, ash, crude fiber,
crude fat, crude protein, and carbohydrate content. All
analyses were carried out using standard procedures
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recommended by the Association of Official
Analytical Chemists (AOAC) [10].

24.1 Moisture Content:

The moisture content was determined by drying a
known weight of the sample in a pre-washed and
oven-dried petri dish. Approximately 2 g of the
sample was weighed into the dish, and the initial
combined weight was recorded. The petri dish and
sample were then placed in a hot air oven at 105 °C
for 2 hours, after which the weight was measured. The
drying process was repeated for an additional hour
until a constant weight was achieved, ensuring
complete moisture removal. This step was continued
until no further weight change was observed,
confirming a steady-state condition.

2.0 MATERIALS AND METHODS

2.1 Study Location

The study was conducted at the Rubber Research
Institute of Nigeria (RRIN), Iyanomo, located in Edo
State, Nigeria. The research site is characterized by a
mature Hevea brasiliensis (rubber) plantation that has
been established for over 20 years, offering a unique
agroecological environment with limited direct
sunlight and rich organic matter from decomposed
rubber leaf litter.

2.2 Sample Harvesting and Preparation

Mature fruits of Aframomum danielli were carefully
harvested from beneath the rubber canopy at RRIN.
The fruit pods were manually split open, and the seeds
were extracted, ensuring minimal mechanical
damage. These seeds were air-dried at ambient
temperature to a constant weight to prevent microbial
growth and enzymatic degradation. Once fully dried,
the seeds were pulverized using a laboratory grinder
into fine powder and stored in airtight containers
under cool, dry conditions to prevent moisture
absorption prior to extraction.

2.3 Extraction Procedure

Methanol extraction of the seed powder was
performed using the Soxhlet extraction method as
described in standard protocols [9]. Precisely 10
grams of the powdered seed sample were loaded into
a thimble and placed in the extraction chamber of a
Soxhlet apparatus. Three hundred milliliters (300 mL)
of methanol served as the solvent. The extraction was
carried out for four hours at a constant temperature of
60°C to ensure exhaustive recovery of
phytochemicals. After extraction, the methanol
solvent was removed under reduced pressure using a
rotary evaporator, leaving behind a concentrated
methanol extract. The extract was subsequently
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transferred to sterile vials and stored at 4 °C until
further phytochemical analysis.

2.4 Proximate Composition Analysis

The proximate composition of the A. danielli seed
powder was analyzed to determine the following
nutritional parameters: moisture, ash, crude fiber,
crude fat, crude protein, and carbohydrate content. All
analyses were carried out using standard procedures
recommended by the Association of Official
Analytical Chemists (AOAC) [10].

2.4.1 Moisture Content

The moisture content (equation 1) was determined by
drying a known weight of the sample in a pre-washed
and oven-dried petri dish. Approximately 2 g of the
sample was weighed into the dish, and the initial
combined weight was recorded. The petri dish and
sample were then placed in a hot air oven at 105 °C
for 2 hours, after which the weight was measured. The
drying process was repeated for an additional hour
until a constant weight was achieved, ensuring
complete moisture removal. This step was continued
until no further weight change was observed,
confirming a steady-state condition.

Wi-Ws

9% Moisture Content = ——
Weight of Sample

x 100 (1)

Where,
W, = weight of petri dish and sample before drying
W, = weigh of petri dish and sample after drying.

2.4.2  Ash Content

Ash content (equation 2) was determined by
incinerating approximately 2 grams of the sample in a
pre-weighed, clean, and dry platinum crucible using a
muffle furnace at 550°C for 3 hours. After
combustion, the crucible containing the inorganic
residue was cooled in a desiccator and then reweighed
to obtain the final ash weight. This procedure yields
the inorganic residue, known as ash, that remains after
all organic components have been burnt off. However,
it is important to note that the composition of the ash
may not exactly reflect the true mineral content of the
sample, as some volatile minerals may be lost during
the high-temperature incineration. The sample was
cooled in a desiccator after burning and weighed.

W3-Wy

% Ash Content = e 100 )

Where,

Wi = weight of empty platinum crucible

W, = weight of platinum crucible and sample before
burning

W3 = weight of platinum and ash.
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2.4.3  Crude Fiber

Crude fiber content (equation 3) was evaluated by
subjecting approximately 2 grams of the sample—
defatted with petroleum ether if the fat content
exceeded 10%—to a sequential digestion process
involving both acid and alkaline treatments. The
sample was first boiled under reflux for 30 minutes
with 200 mL of a solution containing 1.25 g of H2SOs
per 100 mL, then filtered through linen and washed
with boiling water until the filtrate was free of acid.
The residue was subsequently transferred to a beaker
and boiled again for 30 minutes with 200 mL of a
solution containing 1.25 g of carbonate-free NaOH
per 100 mL. After this alkaline digestion, the final
residue was filtered through a pre-prepared Gooch
crucible containing a thin, compact pad of washed and
ignited asbestos. The crucible was then dried in an
electric oven and weighed, followed by incineration
of the residue, cooling, and final weighing to
determine the crude fiber content. The loss in weight
after incineration x 100 is the percentage of crude
fibre.

weight of fibre

% Crude Fibre = x 100 3)

Weight of sample

2.4.4 Crude Fat

Fat content was determined using the Soxhlet
extraction method, which involves the continuous
extraction of the sample with a non-polar organic
solvent, typically petroleum ether, for approximately
six hours. The procedure began with drying 250 mL
clean boiling flasks in an oven at 105-110°C for
about 30 minutes, followed by cooling in a desiccator
and recording their weights. Each flask was then filled
with about 300 mL of petroleum ether (boiling point
40-60 °C), and the sample was placed in an extraction
thimble, lightly plugged with cotton wool. The
Soxhlet apparatus was assembled, and the system was
allowed to reflux, facilitating the repeated washing of
the sample by the solvent. After the extraction, the
thimble was carefully removed, and the petroleum
ether was recovered for reuse. The flasks, once nearly
free of solvent, were further dried at 105-110 °C for
one hour, cooled in a desiccator, and reweighed to
determine the amount of fat extracted from the
sample.

Weight of flask + oil — Weight of flask
Weight of sample

% Fat = x 100 (4)

2.45  Crude Protein

Protein content was determined using the Kjeldahl
method, which involves estimating the nitrogen
content of the sample and converting it to protein
using a factor of 6.25 (equation 5 and 6). The method
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is based on the digestion of the sample with hot
concentrated sulfuric acid in the presence of a metallic
catalyst, which reduces organic nitrogen to ammonia.
The ammonia is retained in the solution as ammonium
sulfate, and upon alkalinization, it is released as free
ammonia during distillation, then trapped in dilute
acid and quantified by titration. In the procedure,
exactly 0.5 g of the sample was carefully weighed into
a 30 mL Kjeldahl flask to prevent the sample from
adhering to the flask walls. The flask was stoppered,
shaken, and then 0.5 g of Kjeldahl catalyst mixture
was added. The mixture was heated cautiously in a
digestion rack until a clear solution formed, which
was then left to stand and cool for 30 minutes. After
cooling, the digest was diluted to 100 mL with
distilled water to prevent caking. A 5 mL aliquot of
this solution was transferred to the Kjeldahl
distillation apparatus, followed by the addition of
5mL of 40% sodium hydroxide. A 100 mL receiver
flask containing 5mL of 2% boric acid and an
indicator mixture (five drops of bromocresol blue and
one drop of methylene blue) was positioned under the
condenser such that the tip was submerged
approximately 20 cm into the solution. Distillation
commenced immediately, and once about 50 drops
had collected in the receiver, the solution was titrated
with 0.01 N hydrochloric acid until a pink endpoint
was observed, indicating the amount of nitrogen, and
thereby protein, in the sample.

% Nitrogen =Titre value x 0.01 x 14 x 4 6)
% Protein = % Nitrogen x 6.25 (6)

2.4.6 Carbohydrate Content

Carbohydrate content (equation 7) was calculated
using the differential method by subtracting the total
percentages of moisture, ash, crude fiber, fat, and
protein from 100%. This indirect approach provides
an estimate of the carbohydrate fraction remaining in
the sample, which includes both digestible
carbohydrates and, in some cases, minor components
such as organic acids and soluble fibers [11].

100 — (% Protein + %Moisture + %Ash + %Fat + % Fiber)
@)

2.5 Phytochemical Analysis

The phytochemical composition of the methanol
extract was analyzed using Gas Chromatography—
Mass Spectrometry (GC-MS). The analysis was
carried out on an Agilent 6890 GC system equipped
with a flame ionization detector (FID) and fitted with
a 15-meter MXT-1 capillary column. The sample
extract was injected in split mode, and the temperature
programming, flow rate of carrier gas (helium), and
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detector settings were optimized for volatile
compound resolution. Compounds were identified
based on their retention times and spectral data by
comparison with known standards and the National
Institute of Standards and Technology (NIST) library
database.

Quantification of phytochemical constituents was
performed by integrating the area under each peak and
comparing it to standard calibration curves for major
compound classes (e.g., phenols, terpenoids, and
alkaloids).

0.2g of extract was weighed and transferred in a test
tube and 15ml ethanol and 10ml of 50%m/v
potassium hydroxide was added. The test tube was
allowed to react in a water bath at 60°% for 3hrsmins.
After the reaction time, the reaction product contained
in the test tube was transferred to a separatory funnel.
The tube was washed successfully with 20ml of
ethanol, 10ml of cold water, 10ml of hot water and
3ml of hexane, which was all transferred to the funnel.
These extracts were combined and washed three times
with 10ml of 10%v/v ethanol aqueous solution. The
ethanol solvent was evaporated. The sample was
solubilized in 1000ul of pyridine of which 200ul was
transferred to a vial for analysis [12].

3.0 RESULTS AND DISCUSSION

3.1 Proximate Composition

The proximate analysis (Table 1) of 4.
danielli methanol extract indicated that carbohydrates
constituted the majority of the extract (55.665%),
followed by significant amounts of protein
(13.300%), fat (7.784%), and fiber (3.639%). The
moisture content was moderate (13.843%), and ash
content, representing the mineral composition, was
5.769%. These values are comparable to those
reported by (4) for Aframomum melegueta, which
similarly showed high carbohydrate and protein
content. The high carbohydrate content suggests
that 4. danielli could serve as an energy-rich food
source, while its moderate protein and fat levels
enhance its nutritional profile, making it suitable for
incorporation into diets.

Table 1. Proximate Composition of methanol extract
Aframomum danielli showing the percentage of key
nutrients

key nutrients Percentage (%)

Carbohydrates 55.665

Proteins 13.300

Moisture 13.843

Fat 7.784

Ash 5.769

Fibre 3.639
19|Page
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3.2 Phytochemical Composition

3.2.1 Nutritional and Functional Significance of
Proximate Components

The proximate composition of the methanol extract of
Aframomum danielli grown under a mature rubber
plantation reveals a rich nutritional profile,
underscoring its potential as both a food and
therapeutic resource. Table 1 shows the proximate
composition of methanol extract Aframomum danielli
showing the percentage of key nutrients.
Carbohydrates represented the most abundant
macronutrient, comprising 55.67% of the extract. This
high carbohydrate content suggests that A. danielli
may serve as a significant energy source, particularly
in dietary formulations where caloric intake is
essential. Carbohydrates are not only vital for
metabolic energy but also play roles in gut health and
immune modulation when complex polysaccharides
or fiber-like components are present.

Proteins accounted for 13.30%, indicating a notable
presence of nitrogenous compounds, which could
contribute to both structural and functional health
benefits. Plant-derived proteins, although sometimes
limited in certain amino acids, provide essential
components for tissue repair and enzyme production.
In the context of nutraceutical development, this
protein content may support claims for use in dietary
supplements targeted at muscle maintenance and
general wellness. Moreover, the protein profile may
contribute indirectly to the observed therapeutic
effects, particularly if bioactive peptides are present.

Moisture content was determined to be 13.84%, a
moderate level that suggests the material was
adequately dried for preservation but still retains
enough inherent water to influence texture and
solubility. While a lower moisture content is often
desirable to extend shelf life and reduce microbial
spoilage, this value still falls within acceptable limits
for dried botanical materials. It also hints at the
potential for aqueous-based phytochemical extraction
methods in future work, complementing methanolic
extraction.

Fat content, recorded at 7.78%, reflects the presence
of essential lipids and possibly lipid-soluble
bioactives such as phytosterols and fat-soluble
vitamins. While the fat content is not exceedingly
high, it is substantial enough to support the absorption
of lipophilic phytochemicals like resveratrol and
luteolin. Notably, resveratrol is known for its
cardioprotective and anti-aging properties, though it
was not detected in measurable quantities in this
particular sample [16]. Nonetheless, the presence of
dietary fats can enhance the bioavailability of similar
compounds.
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The ash content of 5.77% signifies a considerable
mineral load, pointing to the presence of essential
micronutrients such as calcium, potassium,
magnesium, and trace elements. This aligns with the
ethnopharmacological use of 4. danielli, where its
mineral-rich profile may support metabolic processes
and contribute to its traditional use in managing
ailments. Minerals are integral to enzyme function,
bone health, and cellular signaling, thus reinforcing
the plant’s potential nutraceutical value.

Crude fiber constituted 3.64% of the composition.
Although modest, this fiber content contributes to
digestive health by promoting bowel movement
regularity and possibly reducing cholesterol levels.
Fiber can also serve as a prebiotic, supporting
beneficial gut microbiota, which in turn can influence
systemic health. Furthermore, fiber may modulate the
release of bioactives in the gastrointestinal tract,
affecting their absorption kinetics.

These proximate components collectively provide a
solid foundation for A. danielli's functional food
applications, particularly when viewed alongside its
phytochemical profile. The GC-MS analysis of the
methanol extract identified bioactive compounds such
as quercetin, luteolin, and ellagic acid. Quercetin,
though not detected in significant quantities in this
sample, is a known anti-inflammatory agent that
supports cardiovascular health by improving
endothelial function [14]. Luteolin, which possesses
neuroprotective potential, may synergize with the
extract’s nutrient profile to support cognitive health
[15]. Most notably, ellagic acid was detected at 2.373
ppm, confirming the plant’s antioxidant capacity and
reinforcing its therapeutic promise [17].

Catechin, present at 3.361 ppm, further amplifies the
extract’s antioxidant profile. Although kaempferol
and resveratrol were not detected in measurable
quantities, their documented health benefits [13, 16]
suggest that A. danielli may still harbor related
compounds with similar functionalities. The interplay
between the proximate and phytochemical
constituents supports the plant’s role in managing
oxidative stress, inflammation, and possibly chronic
diseases. Therefore, the nutritional composition of 4.
danielli, enriched with bioactive phytochemicals,
substantiates its potential in food, pharmaceutical, and
nutraceutical industries, especially as natural product
interest continues to rise.

3.2.2 Bioactive Phytochemicals Identified by GC-
MS Analysis

The phytochemical landscape of Aframomum danielli,
as elucidated through Gas Chromatography-Mass
Spectrometry (GC-MS), reveals (Table 2) a rich and
diverse spectrum of bioactive secondary metabolites
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predominantly belonging to the flavonoid and
phenolic  acid classes, with minor but
pharmacologically relevant contributions from
stilbenes and other specialized plant compounds.
These constituents collectively confer profound
biological potential and lend support to the
ethnomedicinal applications of the plant, while also
reflecting its nutritional and therapeutic versatility.

Among the phytochemicals identified, flavonoids
dominate in both diversity and relative abundance.
The highest concentration among all compounds
detected was catechin (3.361 ppm), a flavonoid well-
known for its potent antioxidant properties. Catechin
and its isomer epicatechin (1.763 ppm) are crucial
dietary antioxidants found in green tea, cocoa, and
some fruits. Their significant presence in A. danielli
supports the proposition that this plant can combat
oxidative  stress-related conditions such as
cardiovascular disease, neurodegenerative disorders,
and metabolic syndromes. The free radical scavenging
ability of catechin, particularly through its hydroxyl
functional groups, enables it to modulate intracellular
signaling pathways, inhibit lipid peroxidation, and
stabilize cellular membranes. These biochemical
capabilities are not only beneficial at the cellular level
but also influence systemic inflammation, vascular
tone, and endothelial function, which are pivotal in
preventing chronic degenerative diseases.

Closely following in prominence is ellagic acid,
present at 2.373 ppm. This phenolic acid is widely
regarded for its anticancer, anti-inflammatory,
hepatoprotective, and antioxidant properties [18-19].
Its mechanism of action includes inhibition of
carcinogen activation, induction of apoptosis in
malignant cells, and modulation of inflammatory gene
expression. Furthermore, ellagic acid has been shown
to upregulate the Nrf2 signaling pathway, which
regulates the expression of antioxidant response
elements (ARE) in detoxification enzymes. The
appreciable level of ellagic acid in A. danielli
indicates its potential as a nutraceutical or functional
food ingredient that could assist in chemoprevention
and liver health maintenance.

A particularly notable finding is the presence of
quercetin (0.637 ppm), a well-characterized flavonoid
with a wide array of pharmacological activities.
Quercetin exhibits anti-inflammatory,
antihypertensive, antiviral, and vasoprotective effects
[20-21]. Its presence in A. danielli, albeit in moderate
amounts, contributes significantly to its therapeutic
arsenal. Quercetin inhibits enzymes such as
lipoxygenase and cyclooxygenase, reducing the
synthesis of pro-inflammatory mediators. Moreover,
it enhances endothelial nitric oxide synthase (eNOS)
activity, improving vascular dilation and reducing
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blood pressure. These cardiovascular benefits, when
coupled with the antioxidant properties of catechin
and ellagic acid, position 4. danielli as a potential
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botanical adjunct in managing hypertension,
atherosclerosis, and metabolic syndrome [22].

Table 2. Phytochemical Composition identified in Aframomum danielli based on their major classes, retention time,
area, amount, and compound class, illustrates the quantities of key phytochemicals present, including catechin (3.361
ppm), ellagic acid (2.373 ppm), quercetin (0.637 ppm), and luteolin (1.610 ppm).

Phytochemical Class Phytochemicals Identified Retention Time (min) Area (pA*s) Amount (ppm)
Flavonoids Kaempferol 3.092 255.11549 0.00000
Catechin 4.683 13.13251 3.36171
Quercetin 5.749 4.68698 0.63746
Luteolin 6.490 73.74344 1.61063
Naringenin 8.742 5.41858 0.10952
Apigenin 9.875 36.94077 1.97533
Hesperidin 10.391 16.91737 1.95900
Isorhamnetin 10.674 8.08912 0.00000
Epicatechin 11.737 17.61545 1.76279
Daidzein 11.912 15.35179 -
Genistein 12.181 2.84417 -
Myricetin 23.302 - -
Gallocatechin 17.260 - -
Butein 28.232 - -
Phenolic Acids Ellagic Acid 7.578 2.93829 2.37314
Vanillic Acid 9.013 12.28830 2.34200
Ferulic Acid 31.656 - -
Sinapinic Acid - 173.47112 -
Stilbenes Resveratrol 15.428 644.34863 -
Other Compounds Lunamarin 16.296 14.08099 0.14929
Baicalin 20.424 - -
Nobeletin 22.178 - -
Tangeretin 21.223 - -
Luteolin (1.611 ppm), another key flavonoid cycle progression and induce apoptosis in various

identified, possesses neuroprotective and anti-
inflammatory activity. Luteolin has been shown to
inhibit microglial activation and reduce pro-
inflammatory cytokine expression in the brain,
thereby protecting against neurodegeneration [23-24].
Its contribution to A. danielli s phytochemical profile
underlines the possibility of formulating this plant for
cognitive health and neurotherapeutic interventions.
This is particularly relevant given the increasing
incidence of age-related cognitive decline and
Alzheimer’s disease, for which natural polyphenols
have become a focal point of preventive strategies
[25].

Apigenin (1.975 ppm) and hesperidin (1.959 ppm),
though slightly lower in concentration, reinforce the
anti-inflammatory and anticancer spectrum of the
extract. Apigenin has been reported to inhibit cell
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cancer cell lines, while hesperidin exhibits
angioprotective and antiallergic properties. These
flavonoids act not only through ROS scavenging but
also via epigenetic modulation and suppression of
inflammatory transcription factors such as NF-kB and
STAT3. Their co-occurrence with other antioxidants
in A. danielli suggests a synergistic pharmacological
profile that could enhance bioefficacy compared to
isolated compounds [26-27].

Other flavonoids such as naringenin (0.110 ppm),
isorhamnetin, and kaempferol were detected either in
trace amounts or at levels below the detection limit,
though their spectral peaks were recorded.
Kaempferol, despite being undetected in measurable
quantity, is of high pharmacological interest. It is a
well-studied compound with antioxidant, anti-
inflammatory, and anticancer properties [28-29].
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Even trace levels of kaempferol, when combined with
other polyphenols, may exert synergistic effects
through molecular crosstalk within the antioxidant
defense network. The detection of isorhamnetin, a
methylated metabolite of quercetin, though not
quantifiable, is also significant as it contributes to the
anti-inflammatory and antidiabetic potential of the
extract [30].

The phytochemical profile also revealed the presence
of resveratrol, a stilbene with a large spectral area
(644.34863 pA*s) but unquantifiable in ppm.
Resveratrol is a prominent compound in red wine and
grapes and is associated with cardioprotective, anti-
aging, and anticancer effects [31]. It activates sirtuin
enzymes (particularly SIRT1), enhances
mitochondrial function, and improves metabolic
flexibility. The spectral presence of resveratrol in A.
danielli suggests that even if present in
microconcentrations, its  biological effects—
especially when considered alongside flavonoids and
phenolic acids—may be substantial due to additive or
synergistic interactions [32].

Interestingly, the extract also included lunamarin
(0.149 ppm), a lesser-known compound with potential
antimicrobial and antiparasitic activity. Though not as
widely studied as the major flavonoids, the presence
of lunamarin broadens the therapeutic scope of the
extract, suggesting possible roles in infectious disease
control. Compounds such as baicalin, myricetin,
butein, gallocatechin, nobeletin, and tangeretin were
detected spectrally but not quantified, indicating
either low extractability under the conditions used or
limitations in the GC-MS method sensitivity.
Nonetheless, these compounds are recognized for
their anticancer, anti-allergic, anti-inflammatory, and
immunomodulatory properties, and their potential
contribution to the overall bioactivity of 4. danielli
should not be underestimated [33-36].

The inclusion of vanillic acid (2.342 ppm), alongside
ellagic acid, as a major phenolic acid further supports
the extract's antioxidant potency. Vanillic acid is
known for its anti-lipid peroxidation effect, making it
useful in protecting lipoproteins and membrane lipids
from oxidative damage. It also exhibits anti-
ulcerogenic and antimicrobial activity, which aligns
with A. danielli’s traditional use in gastrointestinal
health management. The detection of sinapinic acid
(173.47112 area units), although unquantified, hints at
another layer of antioxidative potential, as this
compound has been implicated in neuroprotection and
anti-inflammatory pathways.

3.2.3 Therapeutic Implications and Future
Research Directions
In totality, the phytochemical fingerprint of 4. danielli
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is a vivid reflection of its polyphenol-rich nature,
shaped by both its genetic makeup and environmental
influences—particularly the unique microclimatic and
edaphic conditions of the mature rubber plantation
where it was grown. These agroecological factors
likely contribute to the modulation of secondary
metabolite biosynthesis, influencing both yield and
compound diversity. This has important implications
for  phytopharmaceutical standardization and
biofortification strategies aimed at maximizing
therapeutic efficacy through controlled cultivation.

The convergence of multiple high-value
phytochemicals in Aframomum danielli, including
antioxidant flavonoids, anti-inflammatory phenolic
acids, and protective stilbenes, clearly underscores its
enormous potential as a nutraceutical, functional food,
and phytomedicinal candidate. These findings also
validate the traditional uses of the plant in folk
medicine and provide a scientific basis for its
development into therapeutic agents targeting
oxidative stress, inflammation, cancer, cardiovascular
disease, and neurodegeneration. Future studies should
focus on  bioavailability, = pharmacokinetics,
synergistic interactions, and in vivo validation of
these phytochemicals to fully harness the therapeutic
capabilities of A. danielli in clinical contexts. The
results of this study indicate that Aframomum
danielli is a nutritionally and medicinally valuable
plant. The methanol extract contains high levels of
carbohydrates and proteins, along with a diverse range
of bioactive phytochemicals with antioxidant, anti-
inflammatory, and potential anticancer properties.

4.0 CONCLUSION

The comprehensive proximate and phytochemical
analyses of Aframomum danielli grown under mature
rubber plantation conditions reveal its dual value as a
nutritious and medicinally potent plant. The high
carbohydrate and protein contents underscore its
potential as a valuable dietary resource, while the
diverse array of Dbioactive phytochemicals—
particularly flavonoids and phenolic acids such as
catechin, ellagic acid, luteolin, and quercetin—
highlight its  significant antioxidant, anti-
inflammatory, neuroprotective, and anticancer
properties. These findings validate the traditional
ethnomedicinal uses of A. danielli and position it as a
promising  candidate  for  functional food,
nutraceutical, and phytopharmaceutical applications.
Moreover, the unique agroecological environment of
the mature rubber plantation appears to influence its
secondary metabolite profile, suggesting that
cultivation conditions can be optimized to enhance
therapeutic compound yield. To fully harness the
health benefits and commercial potential of
Aframomum danielli, further in vivo studies, clinical
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trials, and bioavailability assessments are essential.
Ultimately, this study contributes valuable scientific
evidence supporting the integration of A. danielli into
food and pharmaceutical industries aimed at natural,
plant-based health solutions.
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