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ABSTRACT

Plant-derived bioactive compounds have recently attracted considerable
interest due to their nutritional and possible medicinal benefits. This study
investigated the phytochemical and nutritional composition of Carica papaya
seeds, Citrullus lanatus seeds, and Syzygiumaromaticum buds. Qualitative and
quantitative phytochemical analyses revealed distinct profiles: papaya seeds
exhibited exceptionally high phenolic content (62.33+2.33) and alkaloids
(45.80+0.00); watermelon  seeds contained remarkable flavonoid
concentrations (32.91+0.01); and clove buds were rich in tannins (14.37£3.37)
and eugenol (35.05+0.00). Proximate analysis showed watermelon seeds
possessed the highest protein (17.70+0.80%) and lipid content (46.65+0.25%),
while papaya seeds contained the highest fibre (21.15+0.25%) and ash content
(8.83+0.08%). Mineral analysis demonstrated clove buds were superior sources
of calcium (116.25%£3.25), magnesium  (185.85+0.05), manganese
(22.32+0.00), iron (9.45+0.00), potassium (120.11+1.21), and sodium
(61.48+0.08). Watermelon seeds excelled in zinc content (5.18+0.98), while
papaya seeds contained the highest phosphorus (218.35+2.35) and copper
(0.97+0.02) levels. These findings suggest these plant materials possess
complementary nutritional profiles with potential applications in functional
foods and nutraceuticals targeting specific health conditions or nutrient
deficiencies.
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INTRODUCTION (Kumar et al., 2023; Dhyani et al., 2022; Elboughdiri

Natural products have been widely examined for their
potential to improve human health, prevent chronic
diseases, and serve as functional food additives. Papaya
seeds, once considered a waste product of fruit
processing, have been shown to be a source of bioactive
compounds with diverse bioactivities. Recent studies have
elucidated their abundant composition of proteins,
essential fatty acids, phenolic compounds, and distinctive
bioactive molecules including benzyl isothiocyanate and
carpaine (Ferreira and Sarraguga, 2024; Sun and
Shahrajabian, 2023). The seeds demonstrate significant

et al., 2024; Jomova et al., 2024; Karagecili et al.,
2023; Lam et al., 2024; Timilsena et al., 2023).

Clove buds have a well-documented history in
traditional medicine and culinary uses, in contrast to
the previously mentioned seeds. Recent studies have
enhanced our comprehension of their intricate
phytochemical makeup, especially the abundant
essential oil content primarily consisting of eugenol
(Pandey et al., 2025). Clove buds possess remarkable
antioxidant properties, antibacterial effectiveness
against multidrug-resistant organisms, and prospective

antioxidant, antimicrobial, antiparasitic, and anti- uses in the management of diabetes, neurological
inflammatory  properties, thereby reinforcing their disorders, and cancer (Ullah et al., 2023). The
traditional medicinal uses in diverse indigenous increasing prevalence of lifestyle-related diseases and

healthcare systems (Rani et al., 2024). Similarly, recent
comprehensive analyses have revealed the impressive
phytochemical composition of watermelon seeds,
including phenolics, flavonoids, saponins, and alkaloids,
which contribute to their antioxidant, anti-inflammatory,
antidiabetic, and hepatoprotective therapeutic effects

microbial resistance to conventional antibiotics has
intensified the search for natural alternatives with
multifaceted therapeutic properties (Dashti and Khan,
2022). Concurrently, the growing consumer preference
for natural ingredients in food and pharmaceuticals has
created new opportunities for sustainable utilization of
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these plant materials (Pin and Daniel, 2023). Moreover,
the integration of these underutilized plant parts into food
systems could contribute significantly to addressing
nutritional security challenges in various regions
worldwide (Nkwonta et al., 2023). This study aims to
analysethe phytochemical and nutritional composition of
Carica papaya seeds, Citrullus lanatus seeds, and
Syzygiumaromaticum buds. By examining and comparing
their bioactive constituents, nutritional profiles, and
potential applications, this study seeks to provide valuable
insights into the untapped potential of these plant
materials for improved health outcomes.

MATERIALS AND METHODS

Chemicals/Reagents

All chemical reagents employed in this study were of
analytical grade. These chemicals were sourced from
reputable and established suppliers.

Collection of Plant Material and Authentication
Carica papaya (papaya), Citrullus lanatus (watermelon)
fruits, and Syzygiumaromaticum (clove) buds were
procured from a local market in Dutsin-Ma, Katsina State,
Nigeria. The botanical identity of the specimens was
subsequently confirmed by a qualified botanist at the
Plant Biology Department's Herbarium, Federal
University, Dutsin-Ma, Katsina State. Voucher specimens
were deposited with the corresponding accession
numbers: Carica papaya (FUDMA/PSB/00004), Citrullus
lanatus (FUDMA/PSB/00118), and Syzygiumaromaticum
(FUDMA/PSB/00087). Following procurement, the
Carica papaya and Citrullus lanatus fruits underwent
initial processing, which involved washing, dissection,
and careful extraction of seeds. The seeds from Carica
papaya, Citrullus lanatus, and Syzygiumaromaticum buds
were then subjected to separate cleaning and drying
protocols to ensure optimal quality. To facilitate uniform
drying, the seeds were dried at ambient temperature for 72
hours, with periodic stirring. Subsequently, the dried
seeds were pulverized into fine powders using a
laboratory-grade blender. The resulting powders were
sieved to achieve uniform particle size and stored at room
temperature for further analysis.

Phytochemical Screening

A qualitative phytochemical screening of Carica papaya
seed, Citrilluslanatus seed and Syzygiumaromaticum bud
was conducted in accordance with the standardized
protocols outlined by Santhi and Sengottuvel (2016).

Test for Alkaloids

About 200mg aliquot of the sample was dissolved in 10ml
of methanol and subsequently filtered to obtain a clear
filtrate. A 2ml portion of the filtrate was then mixed with
a 1% dilute hydrochloric acid (HCI) solution. The
resulting mixture was treated with Wagner's reagent, and
the formation of a brown or reddish-brown precipitate
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was observed, indicating the presence of alkaloids in
the sample.

Test for Saponins

A quantity of approximately 0.5mg of the sample was
added to 5ml of distilled water and vigorously shaken.
The persistence of frothing upon shaking indicated the
presence of saponins in the sample.

Test for Tannins and Phenols

Exactly 200mg portion of the sample was dissolved in
10ml of distilled water and filtered to obtain a clear
filtrate. Subsequently, 2ml of the filtrate was mixed
with 2ml FeCls solution. The formation of a blue
precipitate that eventually turned black indicated the
presence of tannins and phenolic compounds in the
sample.

Test for Flavonoids

From the sample 200mg was dissolved in 10ml of
ethanol and filtered to obtain a clear filtrate.
Subsequently, 2ml of the filtrate was mixed with
concentrated hydrochloric acid (HCI) and a magnesium
ribbon was added. The appearance of a reddish
coloration indicated the presence of flavonoids in the
sample.

Test for Ascorbic Acid

A 1mg portion of the sample was dissolved in 5ml of
distilled water, and then a drop of 5% sodium
nitroprusside solution was added, followed by the
addition of 2ml of sodium hydroxide (NaOH) solution.
Subsequently, a few drops of hydrochloric acid (HCI)
were added dropwise, resulting in a colour change
from vyellow to blue. This colorimetric reaction
confirmed the presence of ascorbic acid in the sample.

Quantitative Phytochemical Screening

Estimation of Alkaloids

Alkaloid quantification was performed using the
method described by Agoreyo et al. (2012). A 5g
sample of finely ground powder was mixed with 50ml
of 10% acetic acid in ethanol and allowed to stand for
4 hours at 28°C. The mixture was then filtered, and the
filtrate was evaporated to one-quarter of its original
volume. The concentrated solution was treated with
5ml of ammonium hydroxide solution to precipitate the
alkaloids. The precipitate was filtered, washed with 1%
ammonia solution, and dried in an oven at 30°C. The
weight of the alkaloid precipitate was determined by
weighing the filter paper before and after filtering the
precipitate, and the alkaloid content was dried and
weighed.

Estimation of Saponins

The method described by Gupta (2013) was employed
to extract and quantify the desired compound. A 5g
sample of finely ground powder was initially weighed,
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and 1.0g of this sample was set aside for further
processing. The sample was then defatted with 30ml of n-
hexane, followed by the addition of 30ml of methanol.
The mixture was filtered, and this process was repeated
two more times with fresh 30ml portions of methanol.
The combined filtrate was then concentrated to one-
quarter of its original volume through heating. Next,
100ml of cold acetone was added, and the mixture was
refrigerated for 50 minutes. The resulting precipitate was
filtered through a pre-weighed filter paper, dried in an
oven at 30-40°C, and then re-weighed to determine the
weight of the extracted compound.

Estimation of Tannins

The method described by Vetter and Barbosa (1995) was
employed to determine the phenolic content. A 0.2g
sample of finely ground material was weighed and mixed
with 20ml of 50% methanol. The mixture was heated in a
water bath at 80°C for 1 hour, cooled, and filtered using
Whatman filter paper. The filtrate was collected in a
100ml volumetric flask and diluted to 100ml with distilled
water. A 1ml aliquot of the extract was then pipetted into
a 50ml volumetric flask, followed by the addition of 20ml
of distilled water. Subsequently, 2.5ml of Folin-Dennis
reagent and 10ml of 17% sodium carbonate solution were
added to the sample and standard. The mixture was
properly mixed, made up to the mark with distilled water,
and allowed to stand for 20 minutes, resulting in a bluish-
green color. Finally, the absorbance of the resulting
solution was measured at 760nm to determine the
phenolic content.

Estimation of Total Phenolics

The method outlined by Singleton and Rossi (1965) was
employed to determine the total phenolic content. A 0.5ml
sample was pipetted into a 50ml volumetric flask,
followed by the addition of 35ml of water. Then, 2.5ml of
Folin-Ciocalteau (FC) reagent was added, and the mixture
was swirled, incubated for 1-8 minutes at room
temperature, and subsequently treated with 7.5ml of
sodium carbonate solution. The mixture was then diluted
to 50ml, mixed, and incubated for 2 hours at room
temperature. The absorbance was measured at 765nm
using a spectrophotometer. If the absorbance reading
exceeded that of the 500mg/L standard, the sample was
diluted accordingly and re-measured to ensure accurate
quantification.

Estimation of Flavonoids

The method described by Harborne (1998) was utilized to
extract and quantify the desired compound. Initially, 2g
sample was weighed into a conical flask, followed by the
addition of 50ml of 2M hydrochloric acid (HCI). The
mixture was then boiled for 30 minutes, cooled, and
filtered. A 5ml aliquot of the resulting extract was
pipetted into another flask, and 5ml of ethyl acetate was
added. The precipitate was filtered through a pre-weighed
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filter paper, dried in an oven at 30°C, and then re-
weighed to determine the weight of the precipitate,
thus allowing for the calculation of the desired
compound's content.

Estimation of Ascorbic Acid

A 1g of sample was weighed into a 25ml conical flask,
followed by the addition of 10ml of an oxalic acid
(0.05M)-EDTA (0.02M) solution. The sample was then
allowed to react for 24 hours, after which it was
filtered through 0.45um filter paper. A 2.5ml aliquot of
each sample was transferred to a separate 25ml
volumetric brown flask, and 2.5ml of the oxalic acid
(0.05M)-EDTA  (0.02M) solution was added.
Subsequently, meta phosphoric acid, acetic acid
(0.5ml), sulphuric acid (5% v/v) solution (1ml), and
ammonium molybdate solution (2ml) were added to
each volumetric brown flask, and the volume was
made up to 25ml with distilled water. Finally, the
absorbance was measured at 760nm using a UV/visible
spectrophotometer (Hussain et al., 2011).

Estimation of Eugenol

Accurately weighed 10mg samples of ethanolic and
aqueous clove extracts were dissolved in 99.9%
methanol, sonicated for 5-10 minutes, and made up to
10ml with the same solvent. The solutions were filtered
using a 2um syringe filter, and 1pl of the stock solution
was injected into a Gas Chromatography (GC) system.
The GC analysis was performed using an Agilent
Technologies 6850 GC equipped with a split/splitless
injector and a Flame lonization Detector (FID). The
injection was done in split mode with a split ratio of
30:1, and the injector temperature was maintained at
260°C. Hydrogen was used as the carrier gas, with an
initial flow rate of 2.50ml/min. The separation was
achieved using a DB225-MS capillary column (30m x
0.25mm id. x 0.25um film thickness). The oven
temperature program consisted of an initial temperature
of 40°C held for 3 minutes, followed by a 25°C/min
ramp to 240°C, and a final hold time of 1 minute. The
total run time was approximately 12 minutes. The FID
temperature was set at 250°C, with hydrogen and air
flows of 40ml/min and 400ml/min, respectively (Myint
etal., 1996).

Proximate Analysis of the Diets

Estimation of Crude Protein

The crude protein content was determined using the
Kjeldahl method (AOAC 1995; Method 984.13). A
1.0g sample of finely ground feed was digested with
12-15ml of concentrated H,SO. and a Kjeldahl catalyst
tablet for 1 hour 15 minutes, resulting in a clear
solution. After cooling and dilution with distilled
water, the digest was treated with 60ml of 10N NaOH
and distilled, releasing ammonia into a boric acid
solution. The resulting green-colored solution was then
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titrated with 0.1N H2SO4 until the endpoint, indicated by
a color change to wine, was reached. This process
allowed for the determination of the crude protein content
in the sample.

Estimation of Fat

Fat content was determined according to AOAC (2003;
Method 920.39). A 1g sample was weighed, placed in a
thimble, covered with defatted cotton wool, and oven-
dried for 1 hour. The sample was then subjected to fat
extraction using 50ml of petroleum ether or ethanol for
1.5 hours. After extraction, the cups were oven-dried for
15 minutes, cooled in a desiccator, and weighed to
determine the fat content. The weight difference before
and after extraction represented the fat content of the
sample.

Estimation of Moisture

The moisture content was determined following the
AOAC (1999; Method 934.01) method. A 5g sample was
accurately weighed into a pre-zeroed, clean, and dry
crucible. The crucible with the sample was then oven-
dried at 104°C for 4 hours. After drying, the crucible was
cooled in a desiccator and weighed while still warm. The
weight loss during drying represented the moisture
content of the sample.

Estimation of Crude Fibre

The crude fibre content was determined according to
AOAC (1995; Method 962.09). A 1g sample was digested
in 1.25% H,SO4 for 35 minutes, followed by washing
with hot water and digestion in 1.25% KOH for another
35 minutes. The sample was then dried in an oven for 3-4
hours. The dry sample was weighed, then incinerated in a
furnace for 1 hour, and the residual ash was weighed. The
weight loss during incineration represented the crude fibre
content of the sample.

Estimation of Ash Content

The ash content was determined according to AOAC
(1995). A 2g sample was accurately weighed into a pre-
weighed, clean, and dry crucible. The crucible was then
placed in a furnace for 7 hours, incinerating the organic
matter. After cooling in a desiccator, the weight of the
residual ash was recorded. The weight difference before
and after incineration represented the ash content of the
sample.

Estimation of Carbohydrate

The carbohydrate content was determined using the
Phenol-Sulfuric Acid method. A known weight (0.1-1g)
of the sample was mixed with a known volume (10-
50mL) of water. Phenol solution (0.5-2mL) and sulfuric
acid (0.5-2mL) were added, and the mixture was allowed
to react for 10-30 minutes, resulting in a colored
compound. The absorbance was measured at 490nm using
a spectrophotometer, and the carbohydrate content was

Karima et al.

JOBASR2025 3(3): 99-110

calculated using a standard curve or equation (Dubois
et al., 1956).

Estimation of Metabolizable Carbohydrate (ME)
The Metabolizable Energy (ME) was calculated using
the following equation, as described by AOAC (2000):
ME (kcal/kg) = (4.0 x %Crude Protein) + (9.4 x
%Crude Fat) + (4.2 x %NFE).

Mineral Analysis of the Diets

The mineral contents of the diets were determined by
atomic absorption spectrophotometric and colorimetric
methods according to AOAC (2000).

Estimation of Calcium (Ca)

Standards: Known volumes (0, 125.0, 250.0, 375.0,
and 500.0 ul) of calcium standard (Sigma) were added
to 100-ml volumetric flasks, followed by 5 ml of LaCls
solution. The solutions were diluted to volume with
deionized water and mixed well.

Samples: A predetermined aliquot of the sample stock
was added to a mixture of 1 ml LaCl; and 20.5 ml
deionized water in a 50-ml culture tube. The tubes
were vortexed, taking care to avoid contact between
the sample and the Para film.

Instrument Analysis: Standards and samples were
analyzed using a Shimadzu Atomic Absorption
Spectrophotometer. The zero standard served as the
blank, and results were expressed in concentration

(Hg/ml).

Estimation of Phosphorus (P)

Standard Preparation: Standards were prepared by
diluting working solutions (0, 2, 5, 8, 10, and 15 ml) to
100 ml with deionized water, adding 20 ml of
molybdovanadate reagent, and mixing well. After a 10-
minute standing time, 3 ml of each standard were
transferred to culture tubes and read at 400 nm on a
Genesys 20 spectrophotometer, using the 0 standard as
the blank.

Sample Preparation: Unknown samples were prepared
by mixing 15 ml of deionized water, 3.084 ml of
molybdovanadate reagent, and a predetermined aliquot
of the sample in 50-ml culture tubes. After vortexing
and a 10-minute standing time, 3 ml of the sample
solution were transferred to culture tubes and read at
400 nm on the Genesys 20 spectrophotometer.
Analysis: The concentration of phosphorus (mg P/ml)
in the unknown samples was determined from the
standard curve generated by the standards.

Estimation of Magnesium (Mg)

Standards were prepared by adding 0, 12.5, 25.0, 37.5,
and 50 pl of Mg standard (Sigma) to 100-ml
volumetric flasks, followed by 5 ml of LaCl3 solution
and dilution to volume with deionized water. Samples
were prepared by mixing 1 ml of LaCI3, 20.5 ml of
deionized water, and a predetermined aliquot of sample
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stock in 50-ml culture tubes. Standards and samples were
analyzed wusing a Shimadzu Atomic Absorption
Spectrophotometer, with the zero standard as the blank.
Results were expressed in concentration (ug/ml).

Estimation of Manganese (Mn)

Standards were prepared by diluting 75.0, 150.0, 225.0,
and 300 pl of Mn standard (Sigma) to 100 ml with
deionized water. Samples were diluted as necessary with
deionized water. Standards and samples were analyzed
using a Shimadzu Atomic Absorption Spectrophotometer,
with deionized water as the blank. Results were expressed
in concentration (pg/ml).

Estimation of Iron (Fe)

Standards were prepared by diluting 125.0, 250.0, 375.0,
and 500.0 pl of Fe standard (Sigma) to 100 ml with
deionized water. The standards and sample stock were
analyzed wusing a Shimadzu Atomic Absorption
Spectrophotometer, with deionized water as the blank.
Results were expressed in concentration (ug/ml).

Estimation of Potassium (K)

Standards, 50.0, 100.0, 150.0, and 200.0 pl of K standard
(Sigma) were diluted to 100 ml with deionized water. A
predetermined aliquot of sample stock was added to 20 ml
of deionized water in pre-labeled culture tubes. Standards
and samples were analyzed using a Shimadzu Atomic
Absorption Spectrophotometer with flame emission.
Results were expressed in concentration (ug/ml).

Estimation of Sodium (Na)

Standards, 10.0, 20.0, 40.0, and 60.0 ul of Na standard
(Sigma) were diluted to 100 ml with deionized water. A
predetermined aliquot of sample stock was added to 20 ml
of deionized water. Standards and samples were analyzed
using a Shimadzu Atomic Absorption Spectrophotometer
with flame emission, with deionized water as the blank.
Results were expressed in concentration (ug/ml).

RESULTS AND DISCUSSION
Results
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Estimation of Copper (Cu)

Standards were prepared by diluting 125.0, 250.0,
375.0, and 500.0 pl of Cu standard (Sigma) to 100 ml
with deionized water. The sample stock was aspirated
directly and diluted as necessary with deionized water.
Both standards and samples were analyzed using a
Shimadzu Atomic Absorption Spectrophotometer, with
deionized water as the blank, and results were
expressed in concentration (ug/ml).

Estimation of Zinc (Zn)

Standards were prepared by diluting 25.0, 50.0, 75.0,
and 100 pl of Zn standard (Sigma) to 100 ml with
deionized water. Samples were prepared by adding a
predetermined aliquot of sample stock to 20 ml of
deionized water in pre-labeled culture tubes. Both
standards and samples were analyzed using a
Shimadzu Atomic Absorption Spectrophotometer, with
deionized water as the blank, and results were
expressed in concentration (ug/ml).

Estimation of Lead (Pb)

Standards were prepared by diluting 125.0, 250.0,
375.0, and 500.0 pl of Pb standard (Sigma) to 100 ml
with deionized water. The sample stock was aspirated
directly and diluted as necessary with deionized water.
Both standards and samples were analyzed using a
Shimadzu Atomic Absorption Spectrophotometer, with
deionized water as the blank, and results were
expressed in concentration (ug/ml).

Statistical Analysis

Data obtained from the study was analyzed using the
statistical package for social science (SPSS) software
for windows version 21 (SPSS Inc., Chicago lllinois,
USA). The results were reported as Mean+SEM of the
values and Duncan’s comparison was used to compare
the mean values. A significance level of P<0.05 was
considered statistically significant.

Table 1: Qualitative Phytochemical Analysis of Papaya Seeds, Watermelon Seeds and Clove Buds.

Phytochemicals Papaya Watermelon Clove
Phenolics +++ + +
Tannins + + ++
Flavonoids + +++ +
Alkaloids ++ ++ +
Saponins + + +
Ascorbic Acid + + +
Eugenol - + +++

(+) = Constituent present
(-) = Constituent absent
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Table 2: Quantitative Phytochemical Analysis of Papaya Seeds, Watermelon Seeds and Clove Buds

JOBASR2025 3(3): 99-110

Group Total Phenolic ~ Tannins Flavonoid Alkaloid Saponins Ascorbic Eugenol
Content Acid

Clove buds ~ 4.85+0.01° 14.3743.37%  3.7140.39° 1.36+0.38° 7.85+0.00¢ 4.,09+0.01° 35.050.00

Watermelon

seeds 0.98+0.00° 1.67+0.03° 32.91+0.01°  18.99+0.00°  16.07+0.02*  1.89+0.01° 0.06+0.00

Papaya

seeds 62.33+2.33° 5.36+0.03° 6.48+0.08° 45.80+0.00°  16.00+0.00°  6.91+0.01° 0.00+0.00

The result represents the average of three determinations, with the standard error of the mean indicated by Mean+SEM.

Table 3: Proximate Analysis

CP (%) EE (%) MC (%) CFC (%) ASH (%) CC (%) ME (Cal/100g)
Clove buds  8.62+0.14° 13.09+0.01¢  9.04+0.00°  18.76+0.01° 5.22+0.01° 45.31+0.15%  298.45+0.84°
Watermelon
seeds 17.70+0.80°  46.65+0.25%  7.59+0.02°  15.45+0.55° 3.60+0.00° 9.02+1.12° 522.19+0.84°
Papaya
seeds 13.90+0.00°  28.88+0.88°  7.32+#0.11° 21.15+#0.25° 8.83+0.08* 19.93+#1.31°  360.44+7.28°

The result represents the average of three determinations, with the standard error of the mean indicated by Mean + SEM. Values with identical
superscripts do not exhibit significant differences (P<0.05), while values with different superscript exhibit significant differences. Key: CP: Crude
Protein, EE: Ether Extract, MC: Moisture Content, CFC: Crude Fiber Content, ASH: Ash, CC: Carbohydrate Content, ME: Metabolizable Energy

Table 4: Mineral Analysis

Ca P Mg Mn Iron K Na Cu Zinc Lead
Clove 116.25+ 2.03% 185.85+ 22.32+ 9.45+0 120.11+ 61.48+ 0.55+0 2.12+#0 0.002%
buds 3.252 0.01° 0.052 0.00 .002 1.212 0.082 .01° .00° 0.00
Waterm
elon 48.29+ 33.60+ 41.69+ 2.22+ 8.64+  26.00t 2.10+ 0.55+ 518+ 0.00%
seeds 0.01° 2.10° 0.29° 0.00 0.01° 0.00° 0.00° 0.00° 0.982 0.00
Papaya 21.25% 218.35+ 16.80+ 0.93+ 1.05+  47.75% 9.79+ 0.97+ 3.73+ 0.00%
seeds 0.25° 2.352 0.00° 4.38 0.01° 0.00° 0.09° 0.022 0.07®  0.00
The result represents the average of three determinations, with the standard error of the mean indicated by Mean+SEM
Discussion research by Haro-Gonzalez et al. (2021), who

The qualitative and quantitative phytochemical analysis of
Carica papaya seeds, Citrullus lanatus seeds, and
Syzygiumaromaticum buds shown in Table 1 and Table 2
respectively, reveal distinct phytochemical profiles across
these plant materials, with notable variations in the
concentration of bioactive compounds, highlighting their
unique biochemical profiles and potential therapeutic
applications.Carica papaya seeds exhibited exceptionally
high total phenolic content (62.33 + 2.33), significantly
surpassing both clove buds (4.85 + 0.01) and watermelon
seeds (0.98 £ 0.00), which corroborates findings by Zhou
et al. (2011), who reported significant phenolic content in
papaya seeds contributing to their potent antioxidant
properties. The high phenolic content in papaya seeds has
been associated with their ability to scavenge free radicals
and prevent oxidative stress (Kong et al., 2021). In
contrast, both watermelon seeds and clove buds showed
lower phenolic content, though clove buds exhibited
higher tannin content(14.37 + 3.37), significantly
exceeding levels found in papaya seeds (5.36 + 0.03) and
watermelon seeds (1.67 £ 0.03).This is consistent with

identified substantial quantities of hydrolyzable tannins
in clove buds, contributing to their astringent properties
and antimicrobial activities.The analysis revealed
Citrullus lanatus seeds contained remarkably high
flavonoid concentrations (32.91 + 0.01), substantially
exceeding levels in papaya seeds (6.48 + 0.08) and
clove buds (3.71 + 0.39), which aligns with studies by
Nadeem et al. (2022), who highlighted the presence of
quercetin and kaempferol derivatives in watermelon
seed extracts. Quercetin and kaempferol are known for
their anti-inflammatory and antioxidant properties
(Aghababaei and Hadidi, 2023; Alrumaihi et al., 2024).
Therefore, the presence of these compounds in
watermelon seeds likely contributes to the overall anti-
inflammatory and antioxidant effects observed when
watermelon seeds are studied.The lower flavonoid
content in papaya seeds and clove buds is consistent
with  previous phytochemical screenings that
emphasized other compound classes as their primary
bioactive constituents (Achukwu, 2022; Lone and Jain,
2022).
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Papaya seeds demonstrated exceptionally high alkaloid
content (45.80 = 0.00), followed by watermelon seeds
(18.99 + 0.00), with significantly lower levels in clove
buds (1.36 + 0.38). The presence of alkaloids in papaya
seeds supports findings by Ugbogu et al. (2023), who
identified carpaine and related alkaloids contributing to
their antiparasitic and antihelminthic  properties.
Similarly, Manivannan et al. (2020) detected various
alkaloids in watermelon seeds, correlating with their
traditional use in folk medicine for managing
hypertension and inflammatory conditions. Watermelon
seeds and papaya seeds showed comparable saponin
content (16.07 £ 0.02 and 16.00 + 0.00, respectively),
both significantly higher than clove buds (7.85 + 0.00).
This observation is consistent with research by Tabiri et
al. (2016), who reported substantial saponin content in
watermelon seeds contributing to their
hypocholesterolemic properties. The presence of saponins
in papaya seeds has been linked to their membrane-
permeabilizing effects and potential applications as
natural surfactants (Okeniyi et al., 2007). Papaya seeds
contained the highest ascorbic acid concentration (6.91 +
0.01), followed by clove buds (4.09 + 0.01) and
watermelon seeds (1.89 + 0.01). This finding supports
research by Maisarah et al. (2014), who identified
significant vitamin C content in papaya seeds contributing
to their antioxidant capacity. Vuong et al. (2013) further
noted that ascorbic acid in papaya seeds enhances the
bioavailability and stability of other phytochemicals,
particularly phenolic compounds. Syzygiumaromaticum
buds were notably rich in eugenol.Clove buds exhibited
exceptionally high eugenol content (35.05 + 0.00), with
minimal levels in watermelon seeds (0.06 + 0.00) and
none detected in papaya seeds, which is consistent with
extensive literature identifying eugenol as the primary
active constituent of cloves, comprising 45-90% of the
essential oil (Ajiboye et al., 2016; El-Saber Batiha et al.,
2020; Khalil et al., 2017). The absence of eugenol in
papaya seeds and low concentration in watermelon seeds
distinguishes the aromatic profile of cloves from the other
plant materials. Eugenol's presence explains many of the
therapeutic properties attributed to cloves, including
analgesic, anesthetic, and antimicrobial activities
(Marchese et al., 2017). The varied phytochemical
profiles observed across these plant materials suggest
complementary biological activities and potential
synergistic effects when used in combination. As noted by
Tungmunnithum et al. (2018), plant materials containing
diverse phytochemical classes often demonstrate broader
therapeutic ranges than those dominated by single
compound types.

The proximate analysis of Carica papaya seeds, Citrullus
lanatus seeds, and Syzygiumaromaticum buds in Table 3
reveals distinct nutritional profiles with significant
implications for their potential applications.
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Watermelon seeds exhibited the highest crude protein
content (17.70 £ 0.80%), followed by papaya seeds
(13.90 + 0.00%), with clove buds showing significantly
lower levels (8.62 = 0.14%). This finding aligns with
research by Oyeleke et al. (2012), who reported protein
content between 16-19% in watermelon seeds from
different varieties. The high protein content in
watermelon seeds supports their emerging role as
alternative protein sources, particularly in regions
facing protein-energy malnutrition. Hahn et al. (2025)
and Joshi et al. (2021) demonstrated that watermelon
seed protein has a favourable amino acid profile with
high levels of arginine, glutamic acid, and aspartic
acid, making it valuable for nutritional applications.
Watermelon seeds showed remarkably high lipid
content (46.65 + 0.25%), followed by papaya seeds
(28.88 * 0.88%), with clove buds containing
significantly lower levels (13.09 *= 0.01%). This
substantial lipid content in watermelon seeds is
consistent with research by Mahla et al. (2018), who
characterized watermelon seed oil as rich in
unsaturated fatty acids, particularly linoleic acid. This
fatty acid profile contributes to watermelon seed oil's
potential cardioprotective effects, as demonstrated by
Eke et al. (2021), who observed significant reductions
in LDL cholesterol and triglycerides in hyperlipidemic
models treated with watermelon seed o0il. The
considerable lipid content in papaya seeds aligns with
findings by Yanty et al. (2014) who demonstrated that
papaya seed oil is rich inoleic acid (73.5%), a
monounsaturated fatty acid known for its role in
maintaining  cellular  membrane  fluidity and
integrity. The moderate lipid content in clove buds
primarily comprises essential oils rather than fixed oils,
as noted by Hemalatha et al. (2016), with eugenol and
eugenyl acetate as principal components responsible
for cloves' distinctive aroma and antimicrobial
properties.Clove buds exhibited significantly higher
moisture content (9.04 + 0.00%) compared to
watermelon seeds (7.59 + 0.02%) and papaya seeds
(7.32 = 0.11%). Findings by Corbineau (2024)
highlighted that low moisture content in seeds
contributes to their extended shelf life and suitability
for long-term storage.

Papaya seeds contained the highest crude fiber content
(21.15 = 0.25%), followed by clove buds (18.76 *
0.01%), with watermelon seeds showing the lowest
levels (15.45 + 0.55%). This substantial fiber content
in papaya seeds corroborates research by Vinha et al.
(2024), who characterized the dietary fiber in papaya
seeds as predominantly insoluble, with significant
proportions of cellulose and lignin. Chen et al. (2023)
demonstrated that high-fiber extracts from papaya
seeds exhibit prebiotic effects, promoting the growth of
beneficial gut microbiota and enhancing intestinal
health. The considerable fiber content in clove buds
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contributes to their digestive benefits, as noted by Agbaje
(2008), who observed improved gastrointestinal transit
and reduced constipation in experimental models
supplemented with clove powder. Similarly, the moderate
fiber content in watermelon seeds supports their potential
role in digestive health applications. Papaya seeds
demonstrated the highest ash content (8.83 = 0.08%),
significantly exceeding levels in clove buds (5.22 +
0.01%) and watermelon seeds (3.60 = 0.00%). This high
mineral content in papaya seeds aligns with research by
Kolu et al. (2021), who identified substantial
concentrations of potassium, calcium, magnesium, and
iron in papaya seed meal. The moderate ash content in
clove buds primarily comprises essential trace elements,
as demonstrated by Xue et al. (2022), with notable
concentrations of manganese, iron, and zinc contributing
to cloves' antioxidant mechanisms. Similarly, the mineral
composition of watermelon seeds, though lower in total
ash, contains nutritionally significant levels of zinc and
selenium, as reported by Enemoret al. (2019). Clove buds
exhibited significantly higher carbohydrate content (45.31
+ 0.15%), followed by papaya seeds (19.93 + 1.31%),
with watermelon seeds showing the lowest levels (9.02 +
1.12%). Carbohydrates included in spices are crucial for
reducing the harmful effects of cholesterol and saturated
fats in diets as highlighted by Lartey et al. (2023).
Complex carbohydrates contribute to papaya seeds'
reported antidiabetic effects, as demonstrated by
Nnaemeka (2023), who observed improved glycemic
control in hyperglycemic models supplemented with
papaya seed extracts. The calculated metabolizable
energy values reflected the macronutrient composition,
with watermelon seeds showing the highest energy
density (522.19 + 0.84 Cal/100g), followed by papaya
seeds (360.44 + 7.28 Cal/100g) and clove buds (298.45 +
0.84 Cal/100g). This substantial energy content in
watermelon seeds primarily derives from their high lipid
concentration, making them valuable energy-dense
ingredients for specialized dietary applications. The lower
energy density of clove buds aligns with their primary
application as a spice and bioactive ingredient rather than
an energy source, though Otunola (2022) noted that even
this moderate energy contribution complements their
phytochemical properties in functional food applications.

The data in Table 4 reveals that clove buds possess
remarkably high levels of several essential minerals,
particularly calcium (116.25 mg), magnesium (185.85
mg), and manganese (22.32 mg). This mineral richness
aligns with research by Sahu (2021), who documented
cloves as a significant source of minerals that contribute
to their medicinal properties. The elevated potassium
(120.11 mg) and sodium (61.48 mg) content observed
here supports findings by Usta et al. (2003), who
highlighted cloves' potential role in electrolyte
balance.The notable iron content (9.45 mg) in clove buds
is particularly significant. Similar findings were reported
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by Suliman et al. (2023), who demonstrated that the
substantial iron content in cloves contributes to their
antioxidant properties and potential hematopoietic
benefits. The presence of zinc (2.12 mg), while
moderate compared to the other samples, still
represents a  nutritionally  relevant  quantity.
Watermelon seeds show a distinctive mineral profile
with moderate calcium (48.29 mg) and magnesium
(41.69 mg) levels. Their iron content (8.64 mg) is
substantial and only slightly lower than clove buds,
which is consistent with findings by Vinhas et al.
(2021), who identified watermelon seeds as potential
plant-based iron sources.The standout feature of
watermelon seeds is their zinc content (5.18 mg),
which is significantly higher than the other samples.
This observation supports research by lhemeje (2024),
who identified watermelon seeds as excellent sources
of zinc, an essential mineral for immune function and
protein synthesis. The phosphorus content (33.60 mg),
while not the highest among the samples, remains
nutritionally significant and aligns with findings by
Diop et al. (2020) regarding the mineral composition
of cucurbit seeds.Papaya seeds exhibit a unique
mineral signature with the highest phosphorus content
(218.35 mg), substantially exceeding the other
samples. This extraordinary phosphorus concentration
supports research by Adeoye et al. (2024), who
identified papaya seeds as an exceptional source of this
mineral essential for growth, repair, and maintenance
of cells. The copper content (0.97 mg) in papaya seeds
is also the highest among the three samples. While
papaya seeds contain the lowest levels of calcium
(21.25 mg), magnesium (16.80 mg), and iron (1.05
mg), their zinc content (3.73 mg) is intermediate
between clove buds and watermelon seeds, indicating
they remain a valuable source of this essential trace
element. The unique mineral compositions of clove
buds, watermelon seeds, and papaya seeds illustrate
their synergistic nutritional characteristics. Clove buds
are rich in calcium, magnesium, iron, potassium, and
sodium; watermelon seeds offer significant zinc; and
papaya seeds supply remarkable phosphorus and
copper. These findings indicate possible applications in

functional meals and nutraceuticals aimed at
addressing specific mineral shortages or health
concerns.

CONCLUSION

The study reveals the nutritional and therapeutic
potential of Carica papaya seeds, Citrullus lanatus

seeds, and Syzygiumaromaticum buds. These
underutilized plant materials have significant
nutritional and therapeutic value, making them

valuable for food, pharmaceutical, and nutraceutical
applications. Papaya seeds are rich in phenolic
compounds, alkaloids, and phosphorus, with potential
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applications in digestive health and antioxidants. AOAC. (2000). Official methods of analysis of the

Watermelon seeds have high protein and lipid profiles, association of official’s analytical chemists, 17th edn.

with potential for protein supplementation and immune Association of Official Analytical Chemists, Arlington,

function. Clove buds have some mineral profile rich in VA.

calcium, magnesium, and manganese, with potential for

addressing micronutrient deficiencies. Future research AOAC. (2003). Official methods of analysis of the

should focus on bioavailability studies and clinical association of official’s analytical chemists, 17th edn.

investigations. Association of Official Analytical Chemists, Arlington,
VA.
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