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ARTICLE INFO ABSTRACT

Cucurbitaceae family fruits, especially melons, offers significant quantities of minerals carotenoids
and phenolic compounds, contributing to their antioxidant activity. However, seeds of these fruits
are usually discarded as waste by products. In current study, seeds of watermelon (Citrullus lanatus)
and muskmelon (Cucumis melo) were separated, dried, grounded and extracted, with 70% ethanol,
to investigate total phenolic content (TPC), flavonoid content (TFC), carotenoid content (TC)
content, and total antioxidant activity (TAA). Further, antimicrobial activities of these extracts were
tested against selected bacterial and fungus strains. Results showed that extracts of both cucurbits
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w;gfr;ifc:)n presented significant amounts of phytochemicals, with higher quantities presented by watermelon
Muskmelon seeds. In watermelon seeds, TPC were found 156.50 mg/GAE 100 g, TFC 56.78 mg CE/100 g, TC
Seeds 36.65 mg/100 g, and TAA 71%, and these amounts were significantly higher than those found in
Phytochemistry muskmelon seeds. Antimicrobial study results showed that extracts of both seeds exhibited
Antimicrobial significant zone of inhibitions against three bacterial and three fungal species, and these values were

very comparable to the reference antimicrobial drug used, Ciprofloxacin. Findings of current
research work provided significant grounds for presence of phytochemical bioactives in two melon
fruits seeds, providing the basis for extraction and utilization of these bioactives, through processing
and fortification different pharma foods.
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Introduction

Numerous natural substances that are found in plants
are used to treat a variety of diseases. The usage of
synthetic pharmaceuticals has become more prevalent in
modern society, but they always have negative effects on
humans. Fruits and vegetables in particular play a
significant impact in promoting health and lowering the
risk of disease (Mala and Kurian, 2016). By preventing cell
oxidation and scavenging the free radicals generated in the
body, antioxidants play a critical role in the body of life
during various types of chronic diseases. In a live
organism, antioxidants prevent oxidizing chain reactions.
Antioxidants can be either synthetic or natural. Due to their
carcinogenic  consequences, the use of synthetic
antioxidants is restricted (Skandrani et al., 2010). Human
diseases are brought on by bacteria, viruses, fungi, and
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other parasites; as a result, millions of people have died,
been disabled, and experienced social and economic
difficulties. Despite the fact that many diseases may be
treated with safe and effective medications, many people
do not have affordable, safe, or healthy access to the
resources they need to prevent or treat these illnesses.
Seeds of the cucurbit fruits are a good source of
antibacterial compounds (Hammer et al., 1999).

Melons are quite popular internationally, because of
their delicate and delicious flavor, but seeds of these fruits,
loaded with phytochemicals and sustainable ingredients for
novel food formulations, go away as waste streams
(Hussain et al., 2022b). Food waste is a major concern for
the entire planet. Several fruits, including watermelon,
muskmelon, and others, are accessible in the summer.
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Fruits like muskmelons are eaten all around the world.
Approximately 32% of muskmelon, which comprises 5%
of the seeds and 27% of the peel by weight, is wasted.
Muskmelons' seeds offer excellent nutritional value. They
contain a huge variety of bioactive substances, including
phenolics, flavonoids, and carotenoids. Muskmelon seeds
can be used to cure or prevent a wide range of illnesses
since they include antibacterial, antioxidant, and
antidiabetic qualities. Thus, the seeds can be used as a meal
that serves a purpose (Kumar et al., 2022). Watermelon
seeds, a by-product of watermelon juice extraction, has
high potential for recovery of value-added bioactive
compounds (Rico et al., 2020).

Among Cucurbitaceae fruit crops that are commonly
grown throughout the world, are the melons. In actuality,
melons play a significant role in global fruit and vegetable
production. The sweetness, pleasant flavour, and high
nutritious content of melon are only a few of the qualities
that characterize a melon's quality (Zhao et al., 2023).
Cucurbitaceae fruits have significant quantities of
carotenoids and phenolic compounds as well as excellent
antioxidant activity, making them a rich source of
phytochemicals. It has also shown that the various fruit
components from this family responded differently in
terms of antioxidant activity. At the immature stage, the
majority of the antioxidant activity was discovered
(Kubola and Siriamornpun, 2011). Due to presence of
biochemical constituents in cucurbits and their role as
pharma foods, these fruits have been widely consumed
around the globe, as each part of these fruits have loads of
bioactives (Hussain et al., 2023).

By utilizing the most recent methods, bioactive
chemicals found in Cucurbitaceae seeds can be extracted
to their fullest potential (Massa et al., 2019). According to
Jukic et al. (2019), flour made from cucurbit seed oil press
cake can be utilized to make functional and nutritious food
ingredients. Functional food products could be developed
by incorporation of seeds and peels of cucurbit fruits
(Hussain et al., 2022c).

Although several research investigations have been
done on different members of Cucurbitaceae family, but
limited data could be found upon phytochemistry of the
seeds of these fruits. Keeping in view the problems created
as a result of waste generated due to consumption and
processing of different melon fruits and vegetables, the
objectives of current investigations were to explore seeds
of two melons for presence of phytochemicals, and
antioxidant and antimicrobial activities.

Materials and methods

Procurement of Fruits, Reagents, Chemicals and
Microbial Strains for Study

Watermelon and muskmelon, for investigations of their
seeds, were manually harvested from the fields, when they
were fully developed and mature, and were brought to the
Department of Food Science and Nutrition, University of
Sargodha, where botanical identification of the fruits was
carried out with the help of experts from the botany
department. During the harvesting, uniformity of size,
color, shape and weight was considered, and the harvested
samples were precooled to remove field heat, and analyzed
after being kept in a dark place at temperature between 20

and 25°C. All the reagents and chemicals used for this
study were purchased from Tech Chemicals Ltd. Located
in the Liberty market of Lahore, Pakistan. All these
chemicals were of Sigma Aldrich, Germany. However,
strains of bacteria and fungus were acquired from the
Biochemistry Department, University of engineering and
Technology, Lahore. Reference antimicrobial drug was
purchased from Clinix pharmacy, Lahore, Pakistan.

Preparation of Muskmelon and Watermelon Seeds
Powders

Muskmelon and watermelon seeds were rinsed with
distilled water after being cleaned with tap water. To
preserve the sample, the fruit seeds were immersed in 0.2%
sodium metabisulphite for a period of fifteen minutes.
Then, these seeds were dried in a hot air oven (model
400/D200°C, New Ethics®, Sido Paulo, Brazil) for 72
hours at 150°C, by following the procedure earlier adopted
by Hussain et al. (2021a). The dried seeds were then
ground into powder using a stainless-steel grinder, sieved,
and stored in an airtight container in the laboratory shelf.

Development of Ethanolic Extracts From Muskmelon
and Watermelon Seeds

For development of ethanolic extracts of the seeds,
procedure from the studies of Hussain et al. (2021a) was
followed with required adjustments. Briefly explaining,
200 g of each powder was well mixed with solvent having
70% ethanol and 30% water, and this solution was placed
in a shaker for 48 hours after that filtration was carried out
using muslin cloth. Then the extracts were further
concentrated at 40°C in a rotary evaporator to find out the
final crude extracts. Yield of extracts was found out by
below given formula;

Solvent free extract weight (g)
Weight of dried extract (g)

Yield (%) = x 100
Determination of Total Phenolic Contents (TPC) In
Ethanolic Extracts of Muskmelon and Watermelon Seeds
The Folin-Ciocalteu colorimetric method, as described
by Hussain et al. (2021a), was used to determine the TPC
of the fruits seeds samples. In a nutshell, 20 mL of sample
were combined with 1.57 mL of water, 100 mL of Folin-
Ciocalteu reagent, and 300 mL of 7% Na,COs were added
to the mixture, after 6 to 8 minutes. For two hours, the
mixes were maintained at room temperature in the dark. A
spectrophotometer (Spectronic, model 4001/4,
ThermoFisher Scientific, Waltham, MA, USA) was then
used to measure the absorbance at 765 nm. The results are
presented as mg GAE/100 g of the dry weight of seed.

Determination of Total Flavonoid Contents (TFC) In
Ethanolic Extracts of Muskmelon and Watermelon Seeds
For TFC determination in two melon seed powders, the
protocols were followed from the procedure already
adopted by Hussain et al. (2022d), with some
modifications. Explaining briefly, 0.5 mL diluted solution
was taken and 2 mL distilled water was added and then 5%
NaNO;, 0.15 mL was also added. Then, 1 mL of 1 M
NaOH was added after 5 minutes. This final solution was
thoroughly mixed for some time and using a
spectrophotometer the absorbance at 510 nm was
measured, in triplicate and results were presented as mg of

quercetin equivalent per 100 g of dried weight.
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Determination of Total Carotenoid Content (TC) In
Ethanolic Extracts of Muskmelon and Watermelon Seeds

For total carotenoid determination, the
spectrophotometric technique was modified per the one
introduced by De Carvalho et al. (2009), with necessary
changes. The melon seeds extracts were analyzed for total
carotenoid content using a spectrophotometer (10S
UV/visible spectrophotometer, TSG, Australia). The
samples were examined by the spectrophotometer in the
visible spectrum between 190 and 1100 nm. Then 3 mL of
the diluted samples was utilized for analysis at wavelengths
of 450, 470, and 502 nm after the samples were diluted
with ethanol. The blank was comprised of ethanol. The
spectrophotometer was constructed with a quartz cuvette.
The absorbance coefficient for ethanol was determined
using the extinction coefficient of 1% and the coefficient
of Al1%, respectively.

Determination of Total Antioxidant Activity (TAA) In
Ethanolic Extracts of Muskmelon and Watermelon Seeds

According to the methodology adopted by of Aryal et
al. (2019) with certain adjustments, the total antioxidant
activity (TAA) of melon seeds powders was assessed using
the DPPH method. Based on an estimation of the stable
1,1-diphenyl-2-picrylhydrazyl radicals' ability to scavenge
free radicals, the antioxidant capacity of the samples was
assessed. By detecting the drop in absorbance at 517 nm,
the DPPH scavenging ability was  assessed
spectrophotometrically using spectrophotometer
(Biochrom, Libra S22, and England). Each reaction was
performed in triplicate to find out the means values of
TAA, which were presented as mg trolox/100 g dry weight.

Determination of Antimicrobial Activities of
Muskmelon and Watermelon Seeds Extracts

Antibacterial assay

Antibacterial activity of ethanolic extracts of two
melon seeds was tested against three different microbial
pathogens (Bacillus cereus, Escherichia Coli and
Streptococcus aureus). Nutrient agar media was used for
standardization of bacterial pathogens. Seeds ethanolic
extract prepared were tested for the antimicrobial activity
through well diffusion method. In each well 100 micro
liters of ethanolic seed extract was added. Using sterile
swabs, bacterial strain cultures were plated on Mueller
Hinton agar and adjusted to a final concentration of 108
CFU/mL using a 0.5 McFarland standard. 40 L were
pipetted into the different wells for each 500 mg/mL
extract. As a standard, Ampicillin was utilized at a final
concentration of 30 g/mL. Afterward, the plates were
incubated for 24 hours at 37°C by following the guidelines
of Neglo et al. (2021). Mean values of zone of growth
inhibitions (mm) were calculated.

Antifungal assay

Pure cultures of three fungal species (Candida
albicans, Mucor meihi and Aspergillus niger) were
collected in same way as bacterial. Nutrient agar was used
to provide the growth medium for the antifungal test, as
was reported by Barbero-Lopez, (2020). Following an
autoclave (120°C, 15 min), 15 mL of each growth medium
was cast in a petri dish and cooled under sterile
circumstances. As a control, a growth medium containing

4% malt, 2% agar, and milli-Q water was created. Using a
plug measuring 0.28 cm?, the fungus was inoculated under
sterile circumstances. Following that, the petri dishes were
subsequently maintained at 25°C and 65% relative
humidity in a growth chamber. Depending on the fungal
strain and replicates, it took between 8 and 14 days for the
fungus to spread across the entire petri dish when they were
growing in the control samples. Zone of inhibition in mm
was calculated for the antifungal activity of the muskmelon
and watermelon seed extracts.

Statistical Analyses of The Obtained Results

The findings of each analysis were produced in
triplicate, and they were presented as means and standard
deviations. The statistical analysis was conducted using the
one-way ANOVA approach. Using the Duncan's multiple-
range test, the mean values were separated. For statistical
analysis, guidelines from Steel et al. (1980) procedures
were used.

Results and Discussion

Extracts Yield of Muskmelon and Watermelon Seeds

Yield of ethanolic extracts of both watermelon and
muskmelon seeds has been given in Table 1, from where it
was evident that among the seeds of the two melons,
watermelon seeds had the highest percentage of extract
yield and muskmelon seeds had the lowest percentage of
extract yield. Waste by products of melon and watermelon
are cheap and sustainable sources of valuable bioactive
compounds, utilization of their extracts in food industry
could be proved useful in development of pharma foods,
capable of lowering economic potential on populations
(Rico et al., 2020).

Singh et al. (2016) extracted various cucurbit fruit
components using various solvents, and their findings were
generally consistent with those of the present, leading them
to the conclusion that the seeds of these fruits contain
valuable bioactives in their extracts. In a related
investigation, Xanthopoulou et al. (2009) extracted four
different types of cucurbit seeds groups using four different
types of solvents and calculated the yield as g of extract per
100 g of seed. The acquired results were sufficient to
support the findings of the current study. Similar findings
were also reported by Hussain et al. (2021a), during
extraction of cucurbit seeds using 70% ethanol.

Since all volatile and non-volatile components are
extracted by the mixing of two types of solvents, extracts of
two melon seeds were made using the most environmentally
friendly and productive solvents, ethanol and water in a 70:30
ratio. Because seeds are sites of higher metabolism, a higher
output of extracts from them may reflect the presence of more
active ingredients (Asif et al., 2017).

Table 1. Extracts yield of muskmelon and watermelon seeds

Melon seeds Extracts yield (%)
Muskmelon seeds 9.13+0.15°
Watermelon seeds 11.05+0.12

Values are presented as means of triplicate analysis along with standard
deviation. Whereas, different alphabetical letters in a column represent
significant results (P>0.05).

2495



Hussain et al. / Turkish Journal of Agriculture - Food Science and Technology, 11(s1): 2493-2498, 2023

Table 2. TPC, TFC, TC and TAA of watermelon and muskmelon seeds extracts

Treatments Total Phenolic Contents Total Flavonoid Contents  Total Carotenoids Total Antioxidant
(mg GAE/100 g) (mg CE/100 g) (mg/100 g) Activity (%)
Muskmelon seeds| 45 o5, 550 34,600,100 22.90+0.20° 48.56:0.15b
extracts
Watermelon - seeds 156.50+0.30? 56.78+0.25 36.65+0.15a 71.0+0.10°
extracts

Different alphabetical letters in a column represent significant results (P>0.05). (P< 0.05), TPC; total phenolic contents, TFC; total flavonoid contents,
TC; total carotenoid content, TAA; total antioxidant activity, GAE; gallic acid equivalent, CE, catechin equivalent

TPC, TFC, TC and TAA of Watermelon And
Muskmelon Seeds Extracts

Results presented in Table 2 showed that extracts of
both cucurbits presented significant amounts of
phytochemicals, with higher quantities presented by
watermelon seeds. In watermelon seeds, TPC were found
156.50 mg/GAE 100 g, TFC 56.78 mg CE/100 g, TC 36.65
mg/100 g and TAA 71%, and these amounts were
significantly higher than those found in muskmelon seeds.
These results provided strong evidences of presence of
phytochemicals in seeds of these two melon varieties, due
to which these seeds have huge potential to be used as
medicinal ingredients and to develop pharma foods that
could promote health.

Among the significant phytochemical classes,
carotenoids, flavonoids, and phenols are recognized for
their ability to promote health. Bioactive chemicals are
crucial for human nutrition and health since they prevent
the start of numerous diseases (Algarni, 2020). For the
purpose of evaluating the antibacterial and antioxidant
activity of meat products, Boeira et al. (2018) isolated
bioactive components from herbal plants and added them.
They claimed that the main bioactives responsible for these
therapeutic activities are phenolics and flavonoids. Lemon
grass extracts may be used with chemotherapeutics to
decrease the risk of drug-related toxicity and boost the
efficacy of the therapy.

The values of antioxidant activity for seeds were
consistent with the current findings when Singh et al.
(2016) extracted different portions of cucurbit fruits with
various solvents to assess their antioxidant activity by
DPPH free radical scavenging technique. Alkaloids,
saponins, flavonoids, and steroids are the phenolic
compounds that have been discovered to be effective
antioxidants and are abundant in pumpkin fruit sections,
particularly the seeds and pulp (Mala and Kurian, 2016).
According to Dissanayake et al.'s (2018) analysis of the
antioxidant properties of the skin, seeds, and leaves of
cucurbit fruits, seeds exhibit substantial antioxidant
properties because they contain significant amounts of
phenolic and flavonoid chemicals.

In their earlier investigations Hussain et al. (2022a)
observed that seeds of cucurbit fruits have great potential
to be used as antioxidants sources. Findings of Amin et al.
(2018) were also in line, reporting antioxidant activities of
muskmelon seed extracts. Similarly, presence of bioactives
in watermelon seeds, leading towards antioxidant
properties was reported by Lopusiewicz, (2018). Presence
of significant amounts of carotenoids in melon seeds was
reported by Fundo et al. (2018), supporting the current
results regarding carotenoid contents in muskmelon and
watermelon seeds extracts.

Antimicrobial Activities Of Melon Seeds Ethanolic
Extracts

Table 3 presents the results of the antimicrobial
activities of ethanolic extracts of two melon seeds extracts
against bacterial and fungal strains, compared to the
standard antibiotic ampicillin. The standard antibiotic
ampicillin exhibited the highest zone of inhibition against
all tested bacterial and fungal strains, indicating its potent
antimicrobial activity, whereas antimicrobial activities of
two melon seed extracts were also very comparable to the
reference drug. Melons seeds extracts have the potential to
be used as natural sources of antibacterial chemicals, as
evidenced by the antimicrobial properties reported in this
study. Incorporating these extracts into food products or
developing topical applications could offer alternative
strategies for microbial control and preservation.

Cucurbitaceae fruit sections contain phytochemicals
such saponins, tannins, flavonoids, alkaloids, and steroids
that may have been acting as antibacterial agents (Chonoko
and Rufai 2011). In a related study, Dissanayake et al.
(2018) used three bacterial and fungal strains to test the
antibacterial efficacy of extracts from cucurbit skin, seeds,
and leaves using three different types of solvents. They
discovered that the seeds showed a prominent zone of
inhibition. Melon seed extracts are effective antifungal
agents, according to a subsequent investigation by Pandey
et al. (2010). Three different fungi strains were used as test
subjects, and volatile components from the essential oils of
cucurbit seeds were discovered to be important in
regulating the fungus' growth. Findings of Amin et al.
(2018) were also in line, reporting high antimicrobial
activities of muskmelon seed extracts. Studies of
Lopusiewicz, (2018), also provided scientific evidences for
strong antimicrobial potential of watermelon seeds.

Extracts of different plant-based household wastes,
including those of melon, pumpkin, squash and
watermelon, have potential to counter the growth of a range
microbes, possibly due to presence of antimicrobial
substances in their wastes (Barbero-Lopez, 2020).
Experiment by Neglo et al. (2021) provided scientific
results regarding peel, skin, rind and seeds of watermelon
extracts for antibacterial activities, and zone of inhibitions
against all bacterial species were prominent from seed
extracts as compared to peel and pulp extracts. Further
phytochemical analysis of watermelon seed extracts
revealed the presence of phenolics, flavonoids, alkaloids,
saponins, and tannins. Sovljanski et al. (2022) investigated
the nutritional, antimicrobial, and phytochemical
properties of five samples of peel, pulp, and seed extracts
using spectrophotometric methods of in vitro antioxidant
potential as well as in vitro antimicrobial testing methods.
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Table 3. Antimicrobial activities of ethanolic extracts of muskmelon and watermelon seeds

Antimicrobial activities (Zone of inhibition mm)
Melon seeds extracts Bacterial strains Fungal strains
Bacillus Escherichia  Streptococcus Candida Aspergillus Mucor
cereus coli aureus albicans niger meihi
Watermelon seed extract | 15.20+£0.1°  14.30+0.1° 17.40+0.2° 12.10+0.1° 14.20+£0.2b  12.30+0.3°
Muskmelon seed extract | 11.20+£0.3°  12.10+0.2° 15.10+0.3¢ 10.10+0.2° 13.70+0.3¢ 11.20+0.2¢
Ampicillin (Reference) | 23.50+0.5*  21.30+0.4° 20.60+0.32 16.20+0.10*  15.30+0.3a 17.50+0.22

Values in a row or column with similar alphabetic letter are statistically non-significant, whereas with different alphabetic letters are significant (P< 0.05)

They came to the conclusion that the phytochemicals
present in seed extracts, which affect antioxidant and
antibacterial activity, are the most promising.

The researchers have received a variety of broad
spectrum anti-microbial components from Cucurbitaceae
seeds. Numerous bacterial and fungal species are inhibited
by the oil from Cucurbitaceae seeds (Hammer et al., 1999).
According to Caili et al. (2006), the antimicrobial qualities
of melon seed extracts are correlated with antibacterial
proteins, phenolic chemicals, and organic acids.

Conclusion

Muskmelon and watermelon are both valuable fruits
contributing towards the healthy food with adequate
nutritional contents. However, seeds of these fruits, which
are considered as waste, have also strong potential of
utilization as bioactive source. Current study provided
scientific evidence of presence of useful bioactive
components in muskmelon and watermelon seeds, and
watermelon  seeds ethanolic  extracts  presented
significantly high amounts of TPC, TFC and TC, due to
which antioxidant and antimicrobial activities of
watermelon seed extracts were also significantly higher
than those of watermelon seed extracts. Therefore, the use
of these seeds for various food and pharmaceutical purpose
could prove the useful valorization of these seeds.

Recommendations

It should be emphasized that the seeds of various melon
fruits can be taken into consideration as a possible source of
diverse antioxidant components, which are not currently
utilized but may find use in many industrial fields. Fruit seeds
are frequently waste products, thus using them again as
antimicrobial and antioxidant source could result in
quantifiable economic gains and help reduce environmental
pollution caused by the fruit and vegetable sectors. Further in
vivo and in vitro trials could be conducted to investigate the
biological activities of extracts of melon seeds to correlate
them with the possible medicinal activities.

Acknowledgements

All authors are grateful to the Punjab Food Authority
research and development wing for supporting this
research work. All the analyses performed were according
to the University guidelines and every author contributed
in the preparation of the manuscript equally.

This research was presented at the 3rd International
Congress of the Turkish Journal of Agriculture - Food
Science and Technology, Malatya, Turkiye, held on 13 and
16 September 2023 (as an oral presentation).

Funding: No Funds in any form were availed for this
research work.

Conflict of interest: The authors have declared no
conflicts of interest for this article

Data availability: Data relevant to this study can be
provided upon request.

Ethics approval and consent to participate: Not
applicable

Consent for publication: All authors gave their consent
for publication

Authors’ Contribution: Ashiq Hussain,
Conceptualization; Saima Akram, Data curation and
Formal analysis; Haya Fatima, Funding acquisition,
Investigation; Tahira Siddique, Methodology, Project
administration; Tahira Siddique, Resources; Anjum
Shehzad, Software; Shazia Yaqub, Supervision; Tahira
Siddique, Validation; Atif Ali, Visualization; Ashiq
Hussain, Roles/Writing - original draft; Ashiq Hussain,
Writing - review & editing; Muhammad Rehan Arif,
Conceptualization, Visualization; Ashiq Hussain, Writing
- review & editing.

References

Algarni EHA. 2020. Nutritive Value of Sponge Cake and
Pancakes Fortified with Bioactive Compounds and
Antioxidant of Pumpkin Flour. Journal of Biochemical
Technology, 11: 24-32.

Amin T, Naik HR, Hussain SZ, Jabeen A, Thakur M. 2018. In-
vitro antioxidant and antibacterial activities of pumpkin,
quince, muskmelon and bottle gourd seeds. Journal of Food
Measurement and Characterization, 12: 182-190.

Aryal S, Baniya MK, Danekhu K, Kunwar P, Gurung R, Koirala
N. 2019. Total phenolic content, flavonoid content and
antioxidant potential of wild vegetables from Western Nepal.
Plants, 8: 96-105.

Asif M, Raza Naqvi SA, Sherazi TA, Ahmad M, Zahoor AF,
Shahzad SA, ... Mahmood N. 2017. Antioxidant, antibacterial
and antiproliferative activities of pumpkin (cucurbit) peel and
puree extracts-an in vitro study. Pakistan journal of
pharmaceutical sciences, 30: 1327-1334.

Barbero-Lopez A, 2020. Antifungal activity of several vegetable
origin household waste extracts against wood-decaying fungi
in vitro. Waste and Biomass Valorization, 12: 1237-1241.
https://doi.org/10.1007/s12649-020-01069-3

Boeira CP, Piovesan N, Soquetta MB, Flores DCB, Lucas BN,
Rosa CSD, Terra NN. 2018. Extraction of bioactive
compounds of lemongrass, antioxidant activity and
evaluation of antimicrobial activity in fresh chicken sausage.
Ciéncia Rural, 48: 156-168. https://doi.org/10.1590/0103-
8478cr20180477

Caili FU, Huan S, Quanhong LI. 2006. A review on
pharmacological activities and utilization technologies of
pumpkin. Plant Foods for Human Nutrition, 61: 70-77.

2497



Hussain et al. / Turkish Journal of Agriculture - Food Science and Technology, 11(s1): 2493-2498, 2023

Chonoko UG, Rufai AB. 2011. Phytochemical screening and
antibacterial activity of Cucurbita pepo (Pumpkin) against
Staphylococcus aureus and Salmonella typhi. Bayero Journal
of Pure and Applied Sciences, 4: 145-147.

Davis AR, Collins JULIE, Fish WW, Tadmor YAAKOV,
Webber Iii CL, Perkins-Veazie P. 2007. Rapid method for
total carotenoid detection in canary yellow-fleshed
watermelon. Journal of food science, 72(5), S319-S323.

De Carvalho LMJ, Gomes PB, de Oliveira Godoy RL, Pacheco
S, do Monte PHF, de Carvalho JLV, ... Ramos SRR. 2012.
Total carotenoid content, o—carotene and [—carotene, of
landrace pumpkins (Cucurbita moschata Duch): A
preliminary study. Food Research International, 47(2), 337—
340.

Dissanayake DMRH, Deraniyagala SA, Hettiarachchi CM,
Thiripuranathar G. 2018. The study of antioxidant and
antibacterial properties of skin, seeds and leaves of the Sri
Lankan variety of pumpkin. IOSR journal of pharmacy, 8: 43-
48.

Fundo JF, Miller FA, Garcia E, Santos JR, Silva CL, Brandao TR.
2018. Physicochemical characteristics, bioactive compounds
and antioxidant activity in juice, pulp, peel and seeds of
Cantaloupe melon. Journal of Food Measurement and
Characterization, 12: 292-300.

Hammer KA, Carson CF, Riley TV. 1999. Antimicrobial activity
of essential oils and other plant extracts. Journal of applied
microbiology, 86: 985-990.

Hussain A, Kausar T, Din A, Murtaza A, Jamil MA, Noreen S,
Igbal MA. 2021a. Antioxidant and antimicrobial properties of
pumpkin (Cucurbita maxima) peel, flesh and seeds powders.
Journal of Biology, Agriculture and Healthcare, 11: 42-51.

Hussain A, Kausar T, Din A, Murtaza MA, Jamil MA, Noreen S,
... Ramzan MA. 2021b. Determination of total phenolic,
flavonoid, carotenoid, and mineral contents in peel, flesh, and
seeds of pumpkin (Cucurbita maxima). Journal of Food
Processing and Preservation, 45: e15542.
https://doi.org/10.1111/jfpp.15542

Hussain A, Kausar T, Sarwar A, Sarwar S, Kauser S, Chaudhry
F, ... Quddoos MY. 2022a. Evaluation of Total Antioxidant
and Oxidant Status, Oxidative Stress Index and DPPH Free
Radical Scavenging Activities of Pumpkin (Cucurbita
maxima) Seeds Ethanolic Extracts. Turkish Journal of
Agriculture-Food Science and Technology, 10: 2946-2950.

Hussain A, Kausar T, Sehar S, Sarwar A, Ashraf AH, Jamil MA,

. Majeed MA. (2022b). A Comprehensive review of
functional ingredients, especially bioactive compounds
present in pumpkin peel, flesh and seeds, and their health
benefits. Food Chemistry ~ Advances, 100067.
https://doi.org/10.1016/j.focha.2022.100067

Hussain A, Kausar T, Sehar S, Sarwar A, Ashraf AH, Jamil MA,

. Zerlasht M. 2022c. Utilization of pumpkin, pumpkin
powders, extracts, isolates, purified bioactives and pumpkin
based functional food products; a key strategy to improve
health in current post COVID 19 period; an updated review.
Applied Food Research, 100241.
https://doi.org/10.1016/j.afres.2022.100241

Hussain A, Kausar T, Sehar S, Sarwar A, Ashraf AH, Jamil MA,
... Quddoos MY. 2022d. Determination of total phenolics,
flavonoids, carotenoids, f-carotene and DPPH free radical
scavenging activity of biscuits developed with different
replacement levels of pumpkin (Cucurbita maxima) peel,
flesh and seeds powders. Turkish Journal of Agriculture-Food
Science and Technology, 10: 1506-1514.

Hussain A, Kausar T, Sehar S, Sarwar A, Quddoos MY, Aslam J,
... Nisar R. 2023. A review on biochemical constituents of
pumpkin and their role as pharma foods; a key strategy to
improve health in post COVID 19 period. Food Production,
Processing and Nutrition, 5: 1-14.

Jukic M, Lukinac J, éuljak J, Pavlovi¢ M, Subari¢ D, Koceva
Komleni¢ D. 2019. Quality evaluation of biscuits produced
from composite blends of pumpkin seed oil press cake and
wheat flour. International journal of food science &
technology, 54: 602-609.

Kubola J, Siriamornpun S. 2011. Phytochemicals and antioxidant
activity of different fruit fractions (peel, pulp, aril and seed)
of Thai gac (Momordica cochinchinensis Spreng). Food
chemistry, 127: 1138-1145.

Kumar A, Jangra A, Pramanik J. 2022. A Review of Functional
Values of Melon Seeds. Current Nutrition & Food Science,
18: 450-456.

Lopusiewicz L. 2018. Antioxidant, antibacterial properties and
the light barrier assessment of raw and purified melanin
isolated from (watermelon) seeds. Herba Polonica, 64: 25-36.

Mala KS, Kurian AE. 2016. Nutritional composition and
antioxidant activity of pumpkin wastes. International Journal
of Pharmaceutical, Chemical & Biological Sciences, 6: 336-
344,

Massa TB, Stevanato N, Cardozo-Filho L, da Silva C. 2019.
Pumpkin (Cucurbita maxima) by-products: Obtaining seed
oil enriched with active compounds from the peel by
ultrasonic-assisted extraction. Journal of Food Process
Engineering, 42: e13125.

Neglo D, Tettey CO, Essuman EK, Kortei NK, Boakye AA,
Hunkpe G, ... Devi WS. 2021. Comparative antioxidant and
antimicrobial activities of the peels, rind, pulp and seeds of
watermelon (Citrullus lanatus) fruit. Scientific African, 11:
e00582. https://doi.org/10.1016/j.sciaf.2020.e00582

Pandey RR, Dubey RC, Saini S. 2010. Phytochemical and
antimicrobial studies on essential oils of some aromatic
plants. African Journal of Biotechnology, 9: 4364-4368.

Rico X, Gullon B, Alonso JL, Yafiez R. 2020. Recovery of high
value-added compounds from pineapple, melon, watermelon
and pumpkin processing by-products: An overview. Food
Research International, 132: 109086.
https://doi.org/10.1016/j.foodres.2020.109086

Singh J, Singh V, Shukla S, Rai AK. 2016. Phenolic content and
antioxidant capacity of selected cucurbit fruits extracted with
different solvents. Journal of Nutrition and Food Science, 6:
565-578.

Skandrani I, Limem |, Neffati A, Boubaker J, Sghaier MB, Bhouri
W, ... Chekir-Ghedira L. 2010. Assessment of phenolic
content, free-radical-scavenging capacity genotoxic and anti-
genotoxic effect of aqueous extract prepared from
Moricandia arvensis leaves. Food and chemical toxicology,
48: 710-715.

Sovljanski O, Seregelj V, Pezo L, Tumbas Saponjac V, Vulié¢ J,
Cvani¢ T, ... Canadanovié-Brunet J. 2022. Horned melon
pulp, peel, and seed: New insight into phytochemical and
biological  properties.  Antioxidants, 11: 825-840.
https://doi.org/10.3390/antiox11050825

Steel R, Torrie J, Dickey D. 1997. Principles and procedures of
statistics A biometrical approach 3rd ed McGraw Hill Book
Company Inc. New York, USA pp, 334-381.

Xanthopoulou MN, Nomikos T, Fragopoulou E, Antonopoulou
S. 2009. Antioxidant and lipoxygenase inhibitory activities of
pumpkin seed extracts. Food Research International, 42: 641-
646.

Zhao H, Zhang T, Meng X, Song J, Zhang C, Gao P. 2023.
Genetic Mapping and QTL Analysis of Fruit Traits in Melon
(Cucumis melo L.). Current Issues in Molecular Biology, 45:
3419-3433.

2498



