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Abstract: Watermelon (Citrullus lanatus) is a popular fruit worldwide due to its refreshing taste and its
high water content (92% of its weight). According to the phytochemistry of the plant, carbohydrates,
saponins, glycosides, steroids, alkaloids, polyphenols, flavonoids, and tannins can be detected in
watermelons. C. lanatus generates by-products and, as such, can be characterized by its seeds and
rinds. These by-products’ phytochemicals are nutritious and functional. Watermelon seeds contain
many phytochemical compounds with beneficial biological activities, according to numerous scientific
studies. This fact promotes watermelon seed consumption and encourages food and pharmaceutical
companies to use this innovative ingredient. The watermelon rind has all the nutrients of the pulp
and also more antioxidants, minerals, vitamins, and bioactive substances. Numerous studies show
that watermelon peel is high in fiber and nutrients and can be used in a variety of culinary products.
These residues need to be utilized for creating innovative functional food products with added value
for the food chain’s sustainability. More studies of watermelon by-products are required to promote
functional food, nutraceutical, and pharmaceutical applications. This review aims to shed light on
the underutilized portion of watermelon and its chemical properties in order to pave the way for
future research.

Keywords: Cucurbitaceae; watermelon; peel; rind; seed; extract; antibacterial activity

1. Introduction

The Cucurbitaceae family is considered to be the most extensive family, encompassing
a total of 120 genera and an estimated 825 species [1]. These plants are mainly found
in tropical areas, with limited representation in temperate regions. The vegetable crops
belonging to the Cucurbitaceae family hold significant importance as horticulture crops,
mostly cultivated for their succulent and delicious fruits in various warm regions across
the globe [2]. Citrullus lanatus, commonly known as watermelon, is classified as a distinct
type of berry, characterized by its spherical or oblong shape [3,4]. Its diameter typically
ranges from 30 to 60 cm, while the thickness of its peel varies between 10 and 40 mm.
The fruit in question exhibits a dark green hue, frequently adorned with white marbling,
while its inner flesh displays a vibrant range of red and yellow tones. The presence of
carotenoids, specifically β-carotene and lycopene, is responsible for the coloring of the
watermelon [5]. Watermelon, commonly consumed throughout the summer, is widely
valued by individuals for its sweet flavor and invigorating properties. This is due to its high
water content, which is approximately 92% of its total weight [6]. The fruit is utilized in the
preparation of jam and juice, and the rind is also subjected to pickling [7]. As depicted in
Figure 1, the fruit consists of four basic parts. These are the skin or peel, which corresponds
to the outermost layer of the fruit; the rind or exocarp, which is the green and white outer
part of the fruit; the flesh, which consists of the endocarp and mesocarp and is the edible
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and colored part of the fruit that contains the juice primarily; and the seeds, which are
typically discarded when consuming the fruit [6].
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Carbohydrates account for 7.6% of the fruit’s composition. Within the carbohydrate
content, sugars make up 6.2%, and dietary fiber constitutes 0.4% of it. Watermelon is devoid
of lipids and cholesterol. Hence, it may be inferred that this particular fruit possesses a
relatively low caloric content while exhibiting a high sugar content. Additionally, this
food item serves as a valuable source of β-carotene, an antioxidant compound that acts
as a precursor to vitamin A [8]. The fruit is rich in amino acids, including citrulline and
arginine, which are present in high proportions. It also contains carotenoids, with the
red-fleshed form having an extraordinarily high content of lycopene and the yellow-fleshed
kind containing β-carotene. Additionally, watermelon contains phenolic compounds, more
specifically 2.6 ± 0.3 mg gallic acid equivalents (GAE)/100 g in rind, as determined by
Neglo et al. [9], and 89.5 ± 0.06 mg GAE/100 g in seed oil, as stated by Ouassor et al. [10].
Watermelon is a fruit that contains numerous minerals, such as calcium, potassium, mag-
nesium, and iron. Furthermore, it is well acknowledged as a valuable source of vitamins
A, E, C, and B complex. The by-products of the fruit also contain valuable components.
Watermelon seeds include substantial quantities of proteins, lipids, carbohydrates, ash, and
minerals. Hence, seeds are considered to be a valuable source of nutrition and may also
possess significance in relation to their fiber, mineral, and phenolic compositions, thereby
contributing to both health advantages and economic value [7,8]. The composition of wa-
termelon rind mostly consists of celluloses, hemicelluloses, pectins, and lignins, along with
entrapped sugars, lycopene, carotenoids, citrulline, and phenolics [11]. The watermelon
rind extract demonstrates antioxidant and antibacterial properties because of the presence
of polyphenols.

The plant itself has been utilized for ages in the traditional treatment of diverse health
conditions. In particular, it holds significant medical value within the Ayurvedic and Indian
traditional systems of medicine. Watermelon is a fruit that possesses nutritional properties,
including minerals and bioactive compounds that have ethnomedicinal advantages for
human health [12]. Among them, the antibacterial activity of watermelon has gained
popularity lately [13]. Due to their high value and potential as viable additions to the
human diet, watermelon by-products with substantial nutritional value have attracted
significant attention. Utilizing watermelon rind and watermelon seeds as a cost-effective
raw material holds promise due to their abundance and potential to contain valuable
components that can be utilized in various industries [14,15]. The objective of this review
is to examine the current state of research pertaining to the antibacterial properties of
watermelon by-products.
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2. Antibacterial Activities

Polyphenols are abundant in plant extracts and are frequently acknowledged as an-
tioxidants, but they can also be classified as antimicrobials. These compounds demonstrate
inhibitory properties against both bacteria responsible for food spoilage and pathogens
that might cause food-borne illnesses [16]. In recent years, there has been a shift among the
scientific community towards the utilization of this kind of antibacterial compound. The
excessive use of antibiotics has led to the emergence of bacteria that are resistant to multiple
drugs, necessitating the development of more potent or intricate antibiotic compositions
to effectively combat them [17,18]. The notion of distinguishing between bactericidal and
bacteriostatic medicines has proven to be effective in differentiating antibiotics that have
the ability to kill bacteria, known as bactericidal, from antibiotics that just suppress bac-
terial growth, referred to as bacteriostatic. The principle that distinguishes the two types
of antibiotics is that bactericidal medications possess a greater capacity for antibacterial
activity, enabling them to effectively eradicate bacteria. Another way to fight bacteria is by
damaging their biofilm. Biofilm is a term used to describe clusters of microbial cells that are
enveloped by bacterial extracellular polymers. The process of biofilm creation encompasses
three key stages: bacterial adhesion, biofilm development, and maturity. Additionally, the
process of biofilm formation has the potential to enhance the resistance of bacteria against
drugs and mechanical damage [19,20]. Biofilms consist of a diverse array of polymers,
including alginate, exopolysaccharides, and proteins. In contrast to planktonic growth,
biofilms have been found to enhance the resilience of the host immune system against
antibiotics and provide a significant challenge to clinical therapy [21].

There are several antibacterial mechanisms, such as inhibition of cell proliferation, inhi-
bition of nucleic acid synthesis, inhibition of energy metabolism, attenuation of pathogenic-
ity, reduction in biofilm formation and cell adhesion, and damage to membranes possibly by
producing hydrogen peroxide [22]. The process of suppressing cell proliferation involves
the inhibition or destruction of a critical cellular organ, resulting in the suppression of cell
proliferation. This inhibition can be achieved through many mechanisms. Several methods
of action can be employed to achieve desired effects, including the inhibition or destruction
of enzymes and proteins [23–25], tissue-specific inhibition [26], the cell autophagy signaling
pathway [27], the utilization of long non-coding RNA (lncRNA) [28], as well as the applica-
tion of extracts or drugs that impede certain cellular functions [29–31]. More specifically,
Buranrat et al. [24] proved in their study that the Oroxylum indicum extracts inhibit the
growth of MCF-7 cells. In another study, Mo et al. [28] discovered that the liver-specific
lcRNA FAM99B was downregulated in hepatocellular carcinoma tissues relative to adjacent
normal tissues. There are additional antibacterial assays that function by blocking the
production of nucleic acids, specifically DNA and RNA [32–38]. Consequently, these agents
disrupt regular cellular processes as well as their proliferation, ultimately resulting in cell
death. Another effective way to fight bacteria is by inhibiting energy metabolism [39–46]. A
Metabolic Inhibitor diminishes enzymatic activity by typically forming a relatively weak in-
teraction with the enzyme. This pertains to competitive inhibitors. Enzymatic productivity
can be diminished by impeding the entry of substrates into the active sites.

The detection of bacterial pathogens from clinical samples in clinical microbiology
is predominantly dependent on culture-based methods. Historically, culture has been
conducted with agar-based media of a generic nature (e.g., blood agar) that could facilitate
the proliferation of a broad spectrum of pathogens. The virulence of a microorganism
is determined by various factors, including the presence of specific species, strains, or
genes, as well as their relative abundance. Hence, the differential proliferation of a single
microorganism can lead to the transition of additional microorganisms into or out of
a harmful state. This is called attenuation of pathogenicity, and it is widely utilized
nowadays [47–54]. Another effective antibacterial method is the inhibition of biofilm
development and cell adhesion [55–64]. The subsequent phase of biofilm formation is
distinguished by the gathering of cellular aggregates on the surface [65]. The current stage
is seemingly facilitated by a polysaccharide antigen that enhances intercellular adhesion.
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The implementation of anti-adhesive surfaces has been shown to effectively mitigate the
adhesion of bacteria to solid surfaces, thereby facilitating the elimination of germs prior to
their adherence and subsequent multiplication. Finally, comes the damage to membranes
by producing hydrogen peroxide [66–75]. Hydrogen peroxide (H2O2) is an oxidizing agent
that, when present in excessive quantities, leads to cellular damage. This oxidative stress
disrupts normal cell cycle progression, resulting in cell death. Emerging research suggests
that hydrogen peroxide has the capacity to promote the progression of the cell cycle by
oxidizing specific thiol proteins.

3. Extraction Methods

The investigation of extracting bioactive compounds from food wastes has been
undertaken using a range of classical or, else, conventional techniques [76]. Among the con-
ventional extraction techniques is Soxhlet extraction [77], which was initially established by
Fraiz Ritter Von Soxhlet for the extraction of lipid and fat from food matrices [78,79]. Since
then, Soxhlet extraction has been widely employed for the extraction of many compounds,
and as such, Soxhlet extraction is widely recognized and commonly used as a benchmark
method for evaluating alternative extraction methods [80]. The utilization of the Soxhlet
extraction technique employing liquid solvents is widely regarded as a highly effective
approach for the isolation and purification of bioactive chemicals derived from natural
sources. This can be attributed to the use of heat during the extraction process, which
enhances the solubility of compounds that are otherwise insoluble at room temperature
(RT). Consequently, the extraction efficiency is significantly improved, leading to a more
pronounced extraction of the desired compounds [81]. The Soxhlet extraction method has
been employed for numerous decades, exhibiting a considerable time requirement and
necessitating substantial volumes of solvents. The procedure also demands the utilization
of specialized equipment known as a Soxhlet extractor [82]. Another often employed tech-
nique for extraction in this context is cold maceration. Maceration is also a conventional
extraction technique [83,84]. Maceration is a widely used method for solid-liquid extraction
in which the sample is subjected to prolonged contact with a solvent, either at ambient
or elevated temperatures, with or without agitation. This process continues until all the
bioactive compounds included in the sample are fully dissolved in the solvent [85]. The
practice of implementing a maceration step before fermentation is commonly referred to
as cold maceration or cold soak [86]. The application of elevated temperatures during
thermo-maceration leads to cellular disintegration, which can have detrimental effects on
sensitive compounds, including anthocyanins [87]. In contrast with Soxhlet extraction, cold
maceration is a straightforward technique that does not necessitate any specialized equip-
ment. This is achieved without compromising the integrity of the thermolabile chemicals
found in the fraction, thanks to the utilization of low extraction temperatures, which is
comparable to the technique of cold pressing [82]. Furthermore, extraction procedures, like
magnetic stirring, are conducted within a framework of diffusion-controlled conditions.
The rate-controlling step of diffusion occurs within the boundary layer between the bulk
solution and extractant phase. This process can be augmented by employing effective
agitation of the solution. In practical applications, the process of stirring can be executed
using an external apparatus, aided by an external power supply, or by including the ex-
traction and stirring components within a single device [88]. The compact rotating rotor
possesses the ability to effectively blend fluids with varying viscosities by maintaining a
consistent low rotational speed. The magnetic stirrer is employed for cell lysis due to its
excellent mixing efficiency [89]. The utilization of magnetic stirring enhances the stability
of the turbid condition and expedites the transfer of mass from the aqueous solution to the
extraction solvent [90]. The conventional approach for dispersing soil particles involves
mechanical shaking, which leads to the generation of significant mixing and turbulence at
a macroscopic level. This process facilitates increased physical contact among the particles,
with the extent of contact being dependent on the intensity of the mixing. Nevertheless,
the utilization of mechanical shaking necessitates additional electrical energy input and
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is associated with prolonged duration, potentially resulting in increased expenditure [91].
The mechanical shaking method appears to be a viable alternative to the Soxhlet method
due to its simplicity, speed, cost-effectiveness, and suitability [92].

4. Antibacterial Activities of Citrullus lanatus By-Products
4.1. Rind and Peel

The first survey of the current topic was carried out by Othman et al. [93]. The aim
of the study was to investigate the applicability of using local watermelon rind modified
with clove as an adsorbent for microorganisms and toxic heavy metals in wastewater.
Watermelons purchased from a local fruit market were washed with tap water, and the
rind was removed and left to dry in the sun. In the rind studied, metals were removed
(by injection with 5% HNO3), and pH 6.5–7.5 was ensured by washing with water at 60 ◦C.
The sample was composed of dried rind, which was boiled with the clove extract. For
antibacterial evaluation (population of total coliform and Escherichia coli), a batch method
of varying the mass of modified watermelon rind in three different masses of 3, 5, and 7 g
of the sample was used. Specifically, 100 mL of wastewater was mixed with a modified
biosorbent, and the mixture was shaken for 24 h in aerobic conditions at 125 rpm at RT.
Observing the results, the total coliform (TC) and E. coli populations were found to be
89 × 106 for the former and 68 × 106 for the latter. By using 5 g of clove and 3 g of rind
for the preparation of extracts, the population decreased to 1000 for TC and 200 for E. coli.
Keeping the mass of clove constant, when 5 g of rind was used, the population decreased
even more, to 200 for TC and 40 for E. coli, while at the same time, when the amount of
watermelon rind was 7 g, the microbial population was detected only for TC, while the
action of E. coli was completely inhibited. In conclusion, when clove was increased to 7 and
8 g in the extracts, the population of TC and E. coli was intercepted entirely, indicating that
adding herbs was of great significance because it significantly increased the antibacterial
activity of the rind extract. Furthermore, in this research, it was shown that the rind of
watermelon itself has antibacterial properties since increasing its amount enhanced the
control of bacterial activity.

In addition, C. lanatus peel is often reported to possess a wide range of antibacterial
properties since it contains terpenoid, alkaloid, flavonoid, saponin, tannin, terpenoid, and
phenolic compounds, whose main role is to protect and defend plants against bacteria [94].
However, the initial study to quantify the antibacterial activity of the peel was carried out
by Harith et al. [94], investigating the activity of the peel on a Gram-positive bacterium,
Staphylococcus epidermidis, using the disc diffusion method. Two solvents, methanol and
hexane, were used to prepare the extracts through maceration in order to find the most
suitable one. Regarding methanol, the antibacterial discs were injected with five different
extract concentrations of 20, 40, 60, 80, and 100 mg/mL, while regarding hexane, the first
four concentrations were tested. The assessment of antibacterial activity was based on zones
of inhibition (in mm). Commercial ampicillin was used as a positive control for bacteria. In
methanolic extracts, the inhibition zones for S. epidermidis were ≥10 mm, 5–9 mm, 5–9 mm,
5–9 mm, and 0 mm for the concentrations 20, 40, 60, 80, and 100 mg/mL, respectively,
while the ampicillin showed a ≥10 mm inhibition zone. Furthermore, in hexanoic extracts,
the inhibition zones were ≤4 mm, ≤4 mm, 5–9 mm, and 0 mm for the concentrations
20, 40, 60, and 80 mg/mL, respectively. Last but not least, ampicillin showed a zone of
inhibition in the range of 5–9 mm, i.e., a moderate inhibition zone. It should be noted that
the authors describe ≤4 mm as a weak inhibition zone, 5–9 mm as a moderate inhibition
zone, and ≥10 mm as a strong inhibition zone. Considering the results, methanol appears
to be a better solvent than hexane. However, the lower the concentration of the extract, the
stronger the antibacterial activity, with an ideal concentration of 20 mg/L. In fact, at this
concentration, the watermelon peel extract presents the same antibacterial activity as the
positive control against S. epidermidis.

Almost a year later, Rai et al. [95] came up with a different study on the antibacterial
activity of watermelon peel, where the peel itself rather than the peel extract was studied. In
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order to examine the antibacterial activity, the conventional disc diffusion test was followed,
using cultures of two Gram-positive bacteria, Lactobacillus spp. and Staphylococcus aureus,
and two Gram-negative bacteria, E. coli and Proteus vulgaris. The determination of activity
was performed by measuring the inhibition zone. The results showed that both Lactobacillus
spp. and S. aureus had a zone of inhibition at 10 mm, whereas E. coli had an inhibition zone
of 11 mm and P. vulgaris had an inhibition zone of 26 mm. In the results, it is indicated that
watermelon peel can show strong antibacterial activity without being extracted. However,
going deeper into the above-mentioned study, the formation of the inhibition zone for S.
aureus was 12, 15, and 20 mm, showing a significant difference. The same conclusions
were drawn for the activity against E. coli, where (as in the previous research) the zone of
inhibition was up to 20 mm. However, the activity against P. vulgaris is noteworthy because,
besides being detected as very effective, it also shows strong differences with previous
research where the extract did not show any inhibitory effect against its growth. Therefore,
it is concluded that the peel can also show bacterial resistance and can be used against
some bacteria, especially P. vulgaris.

In the study of Osinubi et al. [96], the effect of drying methods on the antibacterial
properties of both the seeds and rind of watermelon was examined. Samples were dried
using three similar drying methods: air, oven, and sun. Air drying at RT was carried out
in a well-ventilated room for a period of four weeks; oven drying was carried out in a
hot air oven at 50 ◦C for 120 h; and sun drying was carried out by exposure to sunlight
for three weeks. Following drying, all samples were powdered and soaked in methanol
in a solid-to-liquid ratio of 1:10 for 48 h at RT. The active culture for the experiment was
prepared by transferring a loop of cells from the stock cultures into a Mueller–Hinton
broth test tube and incubated without agitation at 25 ◦C for 24 h. The well was filled with
0.2 mL of the test sample at different concentrations (5, 10, 15, 20, and 25 mg/mL) and
allowed to diffuse at RT for 30 min. Gentamicin at a concentration of 10 mg/mL was
used as a positive control. The antibacterial activity of the samples was tested against six
bacteria: two Gram-positive, S. aureus, Bacillus cereus, and four Gram-negative, Pseudomonas
aeruginosa, Pseudomonas florescens, E. coli, and Salmonella typhimurium. As far as the results
are concerned, the extracts from the oven-dried sample showed better activity compared
with those dried in a well-ventilated room or under the sun. At the optimum concentration
(25 mg/mL), it showed an inhibition zone of 5.81 mm against S. aureus, 4.81 mm against
B. cereus, 4.90 mm against P. aeruginosa, 6.40 mm against P. florescens, 6.81 mm against E.
coli, and 6.41 mm against S. typhimurium. Concerning gentamycin and the concentration
examined (10 mg/mL), it exhibited a minimal degree of inhibition for all bacteria. Moreover,
it showed not over a 3 mm zone of inhibition on any bacteria, and when compared with the
extracts, it presented less resistance even when the lower extract concentration of 5 mg/mL
was tested.

The aim of further research by Patil and Jain [97] was to test two different extraction
methods (Soxhlet extraction and cold filtration method) using ethanol as a solvent with
regard to the antibacterial activity of watermelon peel. The samples were washed three
times with tap water and three more times with distilled water, allowed to dry under the
absence of light for six days, and then ground to powder. Regarding the cold percolation
method, the dried sample was immersed in 95% ethanol in a 1:5 solid-to-liquid ratio.
The powder was extracted using a Soxhlet apparatus for 15 h at 65 ◦C using the same
solvent. Antibacterial activity was studied through resistance to three Gram-positive
bacteria, Bacillus spp., S. aureus (ATCC 6538), Corynebacterium diphtheriae (ATCC 13812), and
three Gram-negative bacteria, E. coli (ATCC 25922), Proteus spp., and P. aeruginosa (ATCC
27853). From each extract, 50 µL were used, and antibacterial activity was determined
using the inhibition zones (mm). In terms of Gram-positive bacteria Bacillus spp., S. aureus,
and C. diphtheriae using the Soxhlet method, the inhibition zones recorded were 13, 12, and
13 mm, respectively, while in terms of Gram-negative bacteria, the results were 14 mm in E.
coli, while lack of inhibition was recorded against Proteus spp. and P. aeruginosa. Regarding
the cold percolation method, a growth resistance (development zone) appeared only in
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Bacillus spp. and E. coli bacteria and was 14 and 12 mm, while the rest of the bacteria
showed complete resistance to the action of the extracts. Comparing the two methods, it is
noticeable that the Soxhlet method is preferable compared with the cold filtration method.
However, the interception is stronger in Gram-positive bacteria, and there is even a strong
resistance to bacterial growth. Moreover, comparing this study’s results with the ones of
the study where the Soxhlet method but hexane as solvent were used, it can be observed
that ethanol is a stronger solvent. So far, ethanol can be considered an ideal solvent.

Regarding the study conducted by Neglo et al. [9], the antibacterial activity of both
the peel and rind of C. lanatus was evaluated. For the preparation of the extracts, a precise
quantity of each sample was weighed and immersed in methanol. A hot air-dry furnace
at 45 ◦C was used to concentrate the filtrates. The Minimum Inhibition Concentration
(MIC) of the extracts against bacteria was carried out by the microdilution method. The
bacteria were grown at 37 ◦C in Muller–Hinton broth, and the optical density was adjusted
to 106 CFU/mL. Ten test tubes containing 200 µL of a specific bacterial suspension and
200 µL of different concentrations of peel and rind extracts (0–256.0 mg/mL) were prepared
and incubated at 37 ◦C for 24 h. The bacteria tested were the Gram-positive bacteria
Staphylococcus albus, S. aureus, Enterococcus faecalis, Bacillus subtilis, Micrococcus luteus, Listeria
innocua, and Streptococcus thermophilus, while the Gram-negative bacteria tested were
Pseudomonas fluorescens, E. coli, Klebsiella oxytoca, Salmonella enterica, Shigella sonnei, and
S. typhimurium. Regarding the watermelon peel at the concentration of 500 mg/mL, the
inhibition zones (in mm) detected for the Gram-positive bacteria S. albus, S. aureus, E.
faecalis, B. subtilis, M. luteus, L. innocua, and S. thermophilus were 10, 20, 16, 16, 11, 9, and
13 mm, respectively. Meanwhile, the results for the Gram-negative bacteria P. fluorescens,
E. coli, K. oxytoca, S. enterica, S. sonnei, and S. typhimurium were 8, 12, 13, 11, 16, and 9,
respectively. Moreover, for the same concentration in watermelon rind, the inhibition
zones (in mm) for the Gram-positive bacteria S. albus, S. aureus, B. subtilis, M. luteus, L.
innocua, and S. thermophilus were 7, 13, 13, 15, 6, and 10, while no resistance capacity was
developed for E. faecalis. For the same sample, the results for the Gram-negative bacteria
P. fluorescens, K. oxytoca, S. enterica, and S. sonnei were 7, 10, 11, and 12 mm, respectively,
proving that the extract of watermelon peel is a more effective antibacterial agent than the
corresponding extract of watermelon rind. In conclusion, the MIC of methanol extracts
(mg/mL) against the tested bacteria was also recorded and proved that for bacteria such as
L. innocua (Gram-positive) and S. enterica (Gram-negative), the MIC of methanol extracts
was equal (8 mg/mL) between the two extracts. However, bacteria such as M. luteus (Gram-
positive) and P. fluorescens (Gram-negative) required twice the amount of watermelon rind
extract compared with peel. Furthermore, there were recorded results where the minimum
inhibitory methanol extract concentration for watermelon rind was fourfold, eightfold, and
so on. Results that are in full agreement with previous data from the same study. The only
case where rind extract was required in a smaller amount than the peel extract was against
S. aureus, where 8 mg/mL of peel extract and only 4 mg/mL of rind extract were required
to show the formation of an inhibition zone.

Zahid et al. [98] carried out the first study on the antibacterial activity of watermelon
rind. The survey is focused on the rind of three types of watermelon. Specifically, the
rinds of Charleston Grey watermelon (a characteristic light skin color), Summer Flavour
840 watermelon (elongated with dark green stripes), and Crimson Sweet watermelon
(round with dark green stripes) were analyzed. The samples were dried and converted
into fine powder in order to be extracted using the Soxhlet method. For this purpose,
30 g of each rind sample was extracted with n-hexane for 6 h. The extracts were then
tested for their antibacterial activity against a Gram-positive bacterium, S. aureus, and a
Gram-negative, E. coli. A modified Kirby–Bauer disk diffusion method was used to test
the antibacterial activity using 100 µL of each rind extract. Both a negative (NaCl) and a
positive (Ciprofloxacin) control were used. Regarding S. aureus, the inhibition zones were
5 mm for the Crimson Sweet rind and 10 mm for the Summer Flavor 840 rind. Charleston
gray rind showed no activity against this Gram-positive bacterium. For E. coli, the Crimson
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Sweet rind appeared to have no resistance, while both the rind of Charleston Gray and
Summer Flavor 840 had the same zone of inhibition of 5 mm. It is therefore obvious that
the rind from Summer Flavor 840 had the highest antibacterial capacity on both bacteria
compared with the other two categories. However, the Soxhlet method with hexane as
a solvent may not be the most suitable method for developing antibacterial-rich extracts.
Regarding the controls tested, Ciprofloxacin (the positive control) had a 20 mm zone of
inhibition against S. aureus and a 25 mm zone of inhibition against E. coli. However, the
negative control did not form an inhibition zone.

A subsequent survey was conducted by Govindaraj et al. [99], where various in vitro
extracts of C. lanatus rind against the Gram-positive bacterium Streptococcus mutans were
studied. In order to prepare the extracts, the rind was removed from the flesh of the
watermelon, crushed, and mixed with 100 mL of distilled water. The mixture was then
heated until boiling in a heating mantle until 25 mL of rind extract finally remained. To
test the antibacterial activity, four different quantities of the extract were prepared, namely
25, 50, 100, and 150 µL, and after that, four Muller Hinton Agar (MHA) plates coated
with S. mutans were loaded with the different quantities of extracts, each. Finally, they
were incubated for 24 h at 37 ◦C. For each quantity of 25, 50, 100, and 150 µL, the zone of
inhibition exhibited by each sample was 26, 28, 31, and 35 mm, respectively. According
to these results, it is evident that as the quantity of C. lanatus rind extract increases, the
resistance ability of the specific bacterium also increases. In addition, the rind shows high
resistance to the bacterium S. mutans. In fact, it shows a higher antibacterial capacity
compared with other species of the genus Streptococcus, making water and boiling suitable
extraction methods to combat the activity of S. mutans.

An approach that could be considered quite useful is the study of Toupal et al. [100],
who studied the action of the most well-known and commonly used solvents, acetone,
methanol, ethanol, and water, which also show a range of polarity on the antibacterial
capacity of watermelon peel. For the production of extracts, the peel was removed from
the rest of the fruit and cleaned with tap water, while it was sterilized with a 70% ethanol
solution and rinsed with sterile distilled water. The peels were then cut to approximately
1 × 1 cm and dried in a vacuum dryer at 50 ◦C and 0.0045 mbar pressure for 48 h. There-
after, C. lanatus peels were pulverized and weighed, and four extracts were prepared with
four different solvents. For the first one, 100 mL of methanol (80%) was used; for the
second, 100 mL of acetone (80%); for the third, 100 mL of ethanol (80%); and for the fourth,
100 mL of distilled water. Extraction was carried out by stirring at 22 ◦C at 130 rpm for
24 h. Each extract was filtered and concentrated using a rotary evaporator, except for the
water extract, which was concentrated in a water bath at 90 ◦C for 30 min. The antibac-
terial activities of the extracts were tested against two Gram-positive bacteria, namely B.
cereus and Listeria monocytogenes, and six Gram-negative bacteria, namely S. aureus, E. coli
O157:H7, E. coli, P. aeruginosa, Salmonella enteritidis, and S. typhimurium. Penicillin G was
also utilized as a positive control to ensure the validity of the results. As for the results,
interesting findings were observed. In particular, the most remarkable finding was that for
the Gram-negative Salmonella bacteria. Only the positive control showed inhibition activity
(>15 mm). Regarding the other bacteria, in B. cereus the ideal solvent for generating extracts
with antibacterial capabilities was found to be methanol (~20 mm), while for E. coli O157:H7
and E. coli, methanol was found to be the most suitable solvent with inhibition zones of
~20 and ~30 mm. Regarding the other Gram-positive bacteria L. monocytogenes, ethanolic
peel extract was found to be the ideal one with an inhibition zone of ~20 mm; similar
results were obtained for S. aureus. The only extract that showed antibacterial activity was
the one prepared with ethanol solvent at an inhibition zone of 15 mm. At this point, it is
worth mentioning that ethanol as a solvent also had essential results on E. coli O157:H7,
with an interception zone identical to that of the methanol extract. Finally, the ethanol
extract was also found to have greater activity against the bacterium P. aeruginosa, with
an inhibition zone of more than 15 mm. In conclusion, it is worth emphasizing that both
water and acetone are not suitable for the preparation of extracts with strong antibacterial



Appl. Sci. 2023, 13, 11063 9 of 24

activity, as against most bacteria (S. aureus, E. coli O157:H7, P. aeruginosa, S. enteritidis, and
S. typhimurium), no inhibitory activity was observed. Finally, in both E. coli O157:H7 and E.
coli, the positive control showed a lower zone of inhibition than the methanolic extracts of
watermelon peel.

The most recent research was carried out by Rezagholizade-Shirvan et al. [101], which
presented, apart from remarkable results, a new, interesting, and nutritious product. In
particular, a candy was prepared from rind extract. The preparation of the extract required
drying by osmotic dehydration, cutting into small pieces, and leaving them to dry in front
of an oven operated at 60 ◦C for 24 h. The dried rind was turned into a fine powder and
sieved. Extraction took place at RT for 24 h using an orbital stirrer, where watermelon rind
powder was added to a flask containing 80% aqueous ethanol in a solid-to-liquid ratio of
1:10. The antibacterial activity of the extract was evaluated through resistance to two Gram-
positive bacteria, S. aureus and B. cereus, and one Gram-negative bacterium, E. coli. For
the evaluation, 150 µL of extract solution was used on every bacterium. The antibacterial
activity was quantified through inhibition zones, which were found to be 10.84 mm for
S. aureus, 11.38 mm for B. cereus, and 13.64 mm for E. coli. These results show that an
otherwise healthy snack can acquire significant properties through proper preparation. The
key finding, however, was that the use of a green solvent, ethanol, was found to be the
most promising for producing watermelon rind extract with strong antibacterial activity.
Finally, it was proven that no high temperature was required, thus creating a relatively
easy and economical method for preparing an extract with beneficial properties that can be
added to further food products. The results of these studies are demonstrated in Table 1.

Table 1. Antibacterial activity of different watermelon peel/rind extracts.

Gram Strain of
Bacteria By-Product Solvent Extraction Conditions

MIC
Value

(mg/mL)

Zone of
Inhibition

(mm)
Ref.

+ Bacillus cereus

Peel 80% Methanol Stirring for 24 h at 22 ◦C n.a. 18 [100]
Peel 80% Acetone Stirring for 24 h at 22 ◦C n.a. 13 [100]
Peel 80% Ethanol Stirring for 24 h at 22 ◦C n.a. 14 [100]
Peel Water Stirring for 24 h at 22 ◦C n.a. 10 [100]
Rind Methanol Maceration for 48 h at RT 25 4.81 [96]
Rind 80% Ethanol Stirring for 24 h at 60 ◦C n.a. 11.38 [101]

+ Bacillus spp. Peel Ethanol Soxhlet extraction for 15 h at 65 ◦C n.a. 13 [97]
Peel Ethanol Cold percolation overnight at RT n.a. 11 [97]

+ B. subtilis
Peel Methanol Mechanical shaking for 24 h at RT 2 16 [9]
Rind Methanol Mechanical shaking for 24 h at RT 8 13.5 [9]

+
Corynebacterium

diphtheriae
Peel Ethanol Soxhlet extraction for 15 h at 65 ◦C n.a. 13 [97]
Peel Ethanol Cold percolation overnight at RT n.a. 0 [97]

+
Enterococcus

faecalis
Peel Methanol Mechanical shaking for 24 h at RT 8 16 [9]
Rind Methanol Mechanical shaking for 24 h at RT 64 0 [9]

− Escherichia coli

Peel 80% Methanol Stirring for 24 h at 22 ◦C n.a. 23 [100]
Peel 80% Acetone Stirring for 24 h at 22 ◦C n.a. 7 [100]
Peel 80% Ethanol Stirring for 24 h at 22 ◦C n.a. 0 [100]
Peel Water Stirring for 24 h at 22 ◦C n.a. 10 [100]
Peel Methanol Mechanical shaking for 24 h at RT 2 12 [9]
Rind Methanol Mechanical shaking for 24 h at RT 128 0 [9]
Rind Methanol Maceration for 48 h at RT 25 6.81 [96]
Rind Hexane Soxhlet extraction for 6 h n.a. 5 [98]
Rind 80% Ethanol Stirring for 24 h at 60 ◦C n.a. 13.64 [101]
Rind Wastewater Mechanical shaking for 24 h at RT n.a. n.a. [93]
Peel Ethanol Soxhlet extraction for 15 h at 65 ◦C n.a. 14 [97]
Peel Ethanol Cold percolation overnight at RT n.a. 12 [97]
Peel − − n.a. 11 [95]

− E. coli O157:H7

Peel 80% Methanol Stirring for 24 h at 22 ◦C n.a. 19 [100]
Peel 80% Acetone Stirring for 24 h at 22 ◦C n.a. 0 [100]
Peel 80% Ethanol Stirring for 24 h at 22 ◦C n.a. 19 [100]
Peel Water Stirring for 24 h at 22 ◦C n.a. 0 [100]
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Table 1. Cont.

Gram Strain of
Bacteria By-Product Solvent Extraction Conditions

MIC
Value

(mg/mL)

Zone of
Inhibition

(mm)
Ref.

− Klebsiella oxytoca Peel Methanol Mechanical shaking for 24 h at RT 4 13 [9]
Rind Methanol Mechanical shaking for 24 h at RT 8 10.5 [9]

+ Lactobacillus spp. Peel − − n.a. 10 [95]

+ L. innocua
Peel Methanol Mechanical shaking for 24 h at RT 8 9.3 [9]
Rind Methanol Mechanical shaking for 24 h at RT 8 6.5 [9]

− L. monocytogenes

Peel 80% Methanol Stirring for 24 h at 22 ◦C n.a. 0 [100]
Peel 80% Acetone Stirring for 24 h at 22 ◦C n.a. 13 [100]
Peel 80% Ethanol Stirring for 24 h at 22 ◦C n.a. 19 [100]
Peel Water Stirring for 24 h at 22 ◦C n.a. 0 [100]

+ Micrococcus
luteus

Peel Methanol Mechanical shaking for 24 h at RT 8 11 [9]
Rind Methanol Mechanical shaking for 24 h at RT 16 15.5 [9]

− Proteus spp. Peel Ethanol Soxhlet extraction for 15 h at 65 ◦C n.a. 0 [97]
Peel Ethanol Cold percolation overnight at RT n.a. 0 [97]

− P. vulgaris Peel − − n.a. 26 [95]

− Pseudomonas
aeruginosa

Peel 80% Methanol Stirring for 24 h at 22 ◦C n.a. 15 [100]
Peel 80% Acetone Stirring for 24 h at 22 ◦C n.a. 0 [100]
Peel 80% Ethanol Stirring for 24 h at 22 ◦C n.a. 17 [100]
Peel Water Stirring for 24 h at 22 ◦C n.a. 0 [100]
Rind Methanol Maceration for 48 h at RT 25 4.9 [96]
Peel Ethanol Soxhlet extraction for 15 h at 65 ◦C n.a. 0 [97]
Peel Ethanol Cold percolation overnight at RT n.a. 0 [97]

− P. fluorescens
Peel Methanol Mechanical shaking for 24 h at RT 16 8 [9]
Rind Methanol Mechanical shaking for 24 h at RT 32 7 [9]
Rind Methanol Maceration for 48 h at RT 25 6.4 [96]

− Salmonella
enterica

Peel Methanol Mechanical shaking for 24 h at RT 8 11 [9]
Rind Methanol Mechanical shaking for 24 h at RT 8 11.5 [9]

− S. enteritidis

Peel 80% Methanol Stirring for 24 h at 22 ◦C n.a. 0 [100]
Peel 80% Acetone Stirring for 24 h at 22 ◦C n.a. 0 [100]
Peel 80% Ethanol Stirring for 24 h at 22 ◦C n.a. 0 [100]
Peel Water Stirring for 24 h at 22 ◦C n.a. 0 [100]

− S. typhimurium

Peel Methanol Mechanical shaking for 24 h at RT 8 9.3 [9]
Rind Methanol Mechanical shaking for 24 h at RT 128 0 [9]
Rind Methanol Maceration for 48 h at RT 25 6.41 [96]
Peel 80% Methanol Stirring for 24 h at 22 ◦C n.a. 0 [100]
Peel 80% Acetone Stirring for 24 h at 22 ◦C n.a. 0 [100]
Peel 80% Ethanol Stirring for 24 h at 22 ◦C n.a. 0 [100]
Peel Water Stirring for 24 h at 22 ◦C n.a. 0 [100]

− Shigella sonnei Peel Methanol Mechanical shaking for 24 h at RT 2 16 [9]
Rind Methanol Mechanical shaking for 24 h at RT 16 12 [9]

+ Staphylococcus
albus

Peel Methanol Mechanical shaking for 24 h at RT 16 10 [9]
Rind Methanol Mechanical shaking for 24 h at RT 128 7.6 [9]

+ S. aureus

Peel − − n.a. 10 [95]
Peel Methanol Mechanical shaking for 24 h at RT 8 20 [9]
Rind Methanol Mechanical shaking for 24 h at RT 4 13 [9]
Rind Methanol Maceration for 48 h at RT 25 5.81 [96]
Rind Hexane Soxhlet extraction for 6 h n.a. 10 [98]
Peel 80% Methanol Stirring for 24 h at 22 ◦C n.a. 0 [100]
Peel 80% Acetone Stirring for 24 h at 22 ◦C n.a. 0 [100]
Peel 80% Ethanol Stirring for 24 h at 22 ◦C n.a. 15 [100]
Peel Water Stirring for 24 h at 22 ◦C n.a. 0 [100]
Peel Ethanol Soxhlet extraction for 15 h at 65 ◦C n.a. 12 [97]
Peel Ethanol Cold percolation overnight at RT n.a. 0 [97]
Rind 80% Ethanol Stirring for 24 h at 60 ◦C n.a. 10.84 [101]

+ S. epidermidis Peel Methanol Maceration 20 10 [94]
Peel Hexane Maceration 60 5 [94]
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Table 1. Cont.

Gram Strain of
Bacteria By-Product Solvent Extraction Conditions

MIC
Value

(mg/mL)

Zone of
Inhibition

(mm)
Ref.

+ Streptococcus
mutans Rind Water Maceration at RT n.a. 35 [99]

+ S. thermophilus Peel Methanol Mechanical shaking for 24 h at RT 16 13 [9]
Rind Methanol Mechanical shaking for 24 h at RT 64 10 [9]

n.a.: not applicable; RT: room temperature.

4.2. Seeds

Sekar et al. [102] investigated and compared the active compounds present in two
different watermelon varieties. The comparison was conducted through a qualitative phy-
tochemical analysis of methanolic seed extracts. Fine seed powder was extracted through
maceration in methanol for seven days at RT. Both extracts underwent a thorough antibacte-
rial investigation and were subsequently compared. The inhibitory effects of the methanolic
extract derived from red watermelon seeds were evaluated against Gram-positive bacteria
like Streptococcus pyogenes and S. aureus. The results demonstrated inhibition zones of the
above bacteria ranging from 7–20 mm and 7–10 mm, respectively, at concentrations rang-
ing from 250–1000 µg/mL. On the other hand, the methanolic extract of red watermelon
seeds did not exhibit any zone of inhibition against the Gram-negative bacteria E. coli or
P. aeruginosa. No zones of inhibition were observed for any of the tested organisms when
utilizing a methanolic extract derived from yellow watermelon seeds. The data in this
study provided evidence for additional research on the potential antibacterial properties
of a methanolic extract derived from red watermelon seeds, specifically in relation to its
impact on Gram-positive bacteria.

In addition, the objective of the study conducted by Adunola et al. [103] was to iden-
tify the extraction technique that resulted in the greatest concentration of antibacterial
compounds from the seeds of C. lanatus. The solvents employed in this study were chlo-
roform, methanol, and distilled water. Two different extraction methods were utilized:
cold extraction and Soxhlet extraction, which was referred to as hot extraction in this
particular investigation. Cold extraction required 72 h of orbital shaking, whereas Soxhlet
extraction required 6 h of extraction, with both extracts being evaporated to dryness. The
antibacterial properties of the seed extracts were assessed through the utilization of the
agar well diffusion method using clinical isolates of Gram-positive Staphylococcus spp. and
Gram-negative E. coli, Proteus spp., Klebsiella spp., and P. aeruginosa. The results of the
study demonstrated that the zones of inhibition ranged from 0–9 mm, 0.5–7 mm, 0–2 mm,
0–2.5 mm, and 0–8.5 mm for the above bacteria, respectively. Staphylococcus spp. exhibited
the highest level of inhibition when exposed to cold methanol extracts, followed by hot
methanol extracts, and lastly, cold chloroform extracts. Significant antibacterial potentials
(p < 0.05) were observed only in the hot methanol and chloroform extracts when tested
in the presence of P. aeruginosa. Saponins, which have been associated with antibacterial
properties, were also identified in the hot methanol extracts at moderate concentrations
and in the cold methanol extracts at high concentrations. The present study determined
that the effectiveness of the extract against specific test organisms was influenced by both
the solvent employed and the extraction conditions, namely cold maceration and Soxhlet
extraction. Furthermore, it is possible that the observed significant zone of inhibition
exhibited by the cold and hot methanol extracts against certain test organisms could be
attributed to the presence of saponins.

Bello et al. [104] investigated the phytochemical composition and antibacterial efficacy
of C. lanatus seeds against various bacterial strains. A cold maceration method took place
for the extraction of watermelon seeds, with fine seed powder mixed with water or ethanol
in a liquid-to-solid ratio of 8:1 for 24 h at RT, with the filtrate finally dried in an oven. The
extracts contained alkaloids, flavonoids, glycosides, tannins, and saponins. Interestingly,
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the screening process did not yield any saponins in either the water-based or alcohol-based
extracts. The strains of Gram-positive S. aureus and Gram-negative E. coli, P. aeruginosa,
and Klebsiella pneumoniae underwent antibiotic susceptibility testing. The efficacy of the
extracts against S. aureus, E. coli, and P. aeruginosa was observed within the concentration
range of 6.25 mg/mL to 50 mg/mL. The study revealed that K. pneumoniae exhibited a
significant level of resistance, specifically against the ethanolic extract, compared with other
bacterial strains, requiring concentrations greater than 50 mg/mL of extract. Most bacteria
required 6.25 mg/mL of extract, regardless of the extraction solvent. Only E. coli required
12.5 mg/mL of either water or ethanolic extract. The concentration of the aqueous extract
that exhibited the highest efficacy against P. aeruginosa was determined to be 50 mg/mL.
Specifically, this concentration led to the formation of a zone of inhibition with a diameter
of 8 mm. In most cases, a higher concentration exhibited superior efficacy compared with
a lower concentration, whereas the control substance ciprofloxacin demonstrated greater
activity than either of the extracts. The results obtained from the determination of MIC
and MBC suggest that the components present in the extract may possess bactericidal
properties, possibly attributed to their proximity. The findings also suggest that the seeds
of C. lanatus possess bioactive compounds that have potential antibacterial properties,
consistent with the rest of the plant. Consequently, these seeds hold potential for utilization
in herbal formulations.

Similarly, Babaiwa et al. [105] aimed to assess the antibacterial properties and chemical
composition of the ethyl acetate extract derived from the seeds of C. lanatus through
the application of standard microbiological techniques. The seeds were macerated in
ethyl acetate for 72 h and the extract was concentrated. The microorganisms targeted
for evaluation included Gram-positive S. aureus, B. subtilis, and Gram-negative E. coli,
P. aeruginosa. Analysis of the extract using GC-MS revealed that it contained oleic acid
(31.22%), saturated fatty acids (23.85%), γ-tocopherol (8.79%), and other compounds with
antibacterial activity, such as acridine and methyl phthalate. The extract, which had
a yield of 18.7%, had a MIC range of 0.313–2.5 mg/mL and a Maximum Bactericidal
Concentration (MBC) range of 0.313–5 mg/mL, meaning that it was effective against
all tested microorganisms. The inhibition zone diameters ranged from 24 to 26 mm. P.
aeruginosa and S. aureus showed the greatest resistance, whereas E. coli showed the lowest.
This study revealed that pathogens typically associated with respiratory, gastrointestinal,
and urinary tract infections could be inhibited using C. lanatus seed extract.

Marchwińska et al. [106] investigated the efficacy of 18 different cold-pressed cosmetic
oils in terms of their ability to impede the proliferation of human pathogens. The antibacte-
rial activity of cosmetic oils was assessed using the disc diffusion method. Bacteria such as
Gram-positive S. epidermidis and S. aureus and Gram-negative bacteria such as P. aeruginosa
and E. coli were the indicator microorganisms. The results showed that the efficacy of
certain cosmetic oils in inhibiting indicator microorganisms exhibits variability in terms of
their antagonistic effects. Among the various substances tested, it was found that tamanu
seed oil had the highest efficacy in inhibiting bacterial growth; the oil showed a significant
inhibitory effect on the growth of Gram-positive S. aureus, S. epidermidis and Gram-negative
P. aeruginosa. The growth of both S. epidermidis and P. aeruginosa was inhibited by the
presence of wheat germ oil. The efficacy of black cumin seed oil against S. aureus has been
demonstrated. The remaining cosmetic oils that were tested exhibited negligible antibacte-
rial activity against the selected microorganisms under investigation. Furthermore, their
efficacy in inhibiting the proliferation of bacteria and yeast was significantly inferior to
that of tea tree oil. The antibacterial properties of the oils under investigation exhibited
variability, which was contingent upon both the specific oil type and the microorganism
employed in the experimental analysis. However, it should be noted that no antibacterial
properties were found for cold-pressed watermelon seed oil, so further investigation should
be done on this cold-pressed oil.

The nutritional value and therapeutic potential of watermelon seeds have been ac-
knowledged; however, to date, no studies have been conducted to isolate and quantify
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melanin content. To that end, Łopusiewicz et al. [107] assessed the antioxidant and antibac-
terial properties of raw and purified (defatted) melanins extracted from watermelon seeds.
Melanin was precipitated after treatment with sodium hydroxide (NaOH) and hydrochloric
acid (HCl). L-DOPA melanin was used as a positive control. The microorganisms under
investigation included Gram-positive bacteria B. cereus, E. faecalis, and S. aureus, along with
Gram-negative bacteria E. coli and P. aeruginosa. The results showed that the purification of
melanin increased the antioxidant activity of the extracts. For instance, 1 mg/mL of purified
melanin had 92.48% antioxidant activity, while raw melanin had 79.18%. The positive
control had 97.16% antioxidant activity. The antibacterial activity was assessed through
zones of growth inhibition, in which it was revealed that only E. faecalis and P. aeruginosa
recorded ~11 mm and ~13 mm, respectively, regardless of the extract used. Consequently,
the observed antibacterial properties of extracted melanin from C. lanatus seeds indicate
its potential therapeutic efficacy in the traditional medicinal use of this plant in treating
bacterial ailments such as diarrhea, gastrointestinal infections, respiratory disorders, and
dermatological conditions.

Sola et al. [108] examined the chemical composition, nutritional assessment, and
antibacterial properties of C. lanatus seeds. Watermelon seed powder was subjected to
maceration with methanol at a 4:1 liquid-to-solid ratio for 24 h at RT. The methanolic
watermelon seed extract was subjected to quantitative analysis, revealing the presence of
alkaloids at a concentration of 3.08 mg/g, polyphenols at 0.30 mg/g, tannins at 0.12 mg/g,
saponins at 0.20 mg/g, and flavonoids at 2.67 mg/g. The vitamin B complex content of
watermelon seeds was found to be 0.03 mg/100 g for vitamin B1, 0.01 mg/100 g for vitamin
B2, 0.64 mg/100 g for vitamin B3, 0.24 mg/100 g for vitamin B6, and 0.01 mg/100 g for
vitamin B12. The bioactivities of the extract were assessed against a range of bacterial strains,
including Gram-positive bacteria such as B. cereus, S. aureus, Tsukamurella hongkongensis, Lac-
tobacillus spp., Staphylococcus petrasii, and Dietzi amaris, along with Gram-negative bacteria
such as Proteus mirabilis, E. coli, Necropsobacter rosorum, Neisseria sicca, Pseudomonas oryzy-
habitans, Klebsiella pneumoniae, Advenella incenata, Neiserria subflava, and Serriatia marcescens.
The antibacterial activity of the extract revealed that not all of the tested organisms showed
susceptibility. Lactobacillus spp. and P. oryzyhabitans had 12 and 16 mm of inhibition growth
zones at 300 mg/mL of the extract. Regarding three gram-negative bacteria, N. sicca, N. roso-
rum, and N. sicca had inhibition growth zones of 18, 13, and 17, respectively, at 200 mg/mL.
An interesting finding was that all three of them did not show any inhibition growth zone
at 300 mg/mL. In addition, all other bacteria did not show any inhibition zone at any
concentration of the extract. This study holds significant promise in the quest for novel
biologically active compounds that show efficacy against multi-drug-resistant strains and
diminish the side effects associated with antibiotics.

Another interesting study was conducted by Babaiwa et al. [109], who evaluated the
antibacterial efficacy of the aqueous extract derived from C. lanatus seeds and investigated
the concentration-effect relationship through time-kill studies. The crude powdered seeds
of C. lanatus were subjected to extraction through the process of maceration using water as
the solvent. The antibacterial activity of the aqueous extracts was assessed against Gram-
positive bacteria like B. subtilis and S. aureus along with Gram-negative bacteria E. coli and P.
aeruginosa through the application of established microbiological techniques. The time-kill
studies were conducted using a baseline of 106 CFU/mL for each test strain. Concentrations
at the MIC, twice the MIC, and four times the MIC were employed for a duration of 24 h. The
aqueous extract showed moderate antibacterial activity, as evidenced by inhibition growth
zone diameters ranging from 15 to 17 mm and a MIC range of 2.5 to 20 mg/mL. The findings
from time-kill studies revealed that the antibacterial activity observed was bacteriostatic
and not dependent on the concentration of the antibacterial agent. Additionally, all tested
strains showed a distinct pattern of regrowth. The aqueous extract of C. lanatus seeds had
antibacterial activity against test bacterial strains, exerting a bacteriostatic effect that was not
dependent on the concentration of the extract. The extract displayed enhanced bactericidal
activity against Gram-positive bacteria, specifically Staphylococcus and Bacillus species, as
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evidenced by a steep pharmacodynamic time-kill curve at 4 times the MIC. Conversely, a
decreased inhibitory effect was observed against Gram-negative E. coli, with intermittent
periods of bacterial regrowth observed in the presence of P. aeruginosa. Additional research
is necessary to isolate and purify the antibacterial compounds present in the aqueous
extract of C. lanatus seed. This investigation holds promise for the development of a novel
antibiotic that could be utilized in the treatment of bacterial infections.

In a previously reported study from Osinubi et al. [96], the results indicated that
the oven-dried seed contained all of the phytochemicals. The air-dried seeds did not
contain cardiac glycosides or flavonoids, whereas the sun-dried seeds did not contain
phenols and phytates. The results of the antibacterial screening showed that the oven-dried
seeds exhibited efficacy against all tested bacteria compared with the sun-dried and air-
dried samples. The seeds that underwent oven drying exhibited notable activity against
Gram-positive bacteria such as S. aureus, with an inhibition zone measuring 4.81 mm. It
also demonstrated activity comparable to the sun-dried extract against B. cereus, with an
inhibition zone of 3.91 mm. Conversely, the sun-dried extract displayed superior activity
against four other Gram-negative bacteria: P. aeruginosa (3.81 mm), P. florescens (3.71 mm), E.
coli (5.81 mm), and S. typhimurium (6.53 mm). In contrast, the sun-dried samples exhibited
greater antibacterial properties compared with their air-dried counterparts. The most
optimal method for drying watermelon seeds in preparation for analysis was found to
be through the use of an oven. The samples that underwent oven drying exhibited the
highest phytochemical composition and demonstrated superior antibacterial activity. The
phenomenon could be attributed to the relatively brief drying period in comparison to
exposure to sunlight, during which ultraviolet radiation leads to the depletion of plant
constituents. The chemical composition of a plant can be modified by extended drying
periods conducted in shaded conditions at ambient room temperature, resulting in potential
alterations to its organoleptic characteristics. Consequently, it is advisable to employ oven
drying for the preservation of the medicinal properties of watermelon seeds.

In a previous study conducted by Neglo et al. [9], investigations were also made
into watermelon seed extract. Seed powder was mechanically shaken with methanol as a
solvent for 24 h at RT. Alkaloids, flavonoids, triterpenoids, and free-reducing sugars were
found in the seed extract, while tannins, steroids, and saponins were not detected. The
observed antibacterial activity in all examined extracts could potentially be attributed to
the presence of alkaloids. The antioxidant activity of methanolic seed extract was measured
at 4.2 mg GAE/100 g, ~61% more than the rind extract and ~107% lower than the peel
extract. At a concentration of 500 mg/mL of methanolic seed extract, the mean values
of inhibition zones for the previously mentioned microorganisms ranged from 9 to 18.
The lowest value was observed in Gram-positive S. albus while the highest value was
found in Gram-negative S. sonnei. Consequently, MIC values ranged from 2 to 32 mg/mL.
Specifically, S. sonnei displayed the lowest MIC value, while S. albus exhibited the highest.
The analyzed extracts showed comparable antibacterial effects against both Gram-positive
and Gram-negative bacteria, indicating their potential as a valuable source of antibacterial
agents. Further investigations are required to clarify the varying vulnerabilities of different
organisms towards watermelon seed extracts by examining the specific compounds within
each phytochemical class.

A study investigating C. lanatus seed extracts employing four distinct solvents, in-
cluding acetone, chloroform, dichloromethane, and ether, was conducted by Jebir and
Mustafa [110]. The seed powder was mixed with a solvent, dried, and then mixed with
the next solvent. The process was continued up to the last solvent, while the dried ex-
tract was treated with 1 M NaOH, filtered, and finally processed with 1 M HCl. Three
extraction methods were utilized, including shaking, ultrasonic bath-assisted maceration,
and microwave oven-assisted maceration. Additionally, the extraction process was con-
ducted in three different polarity modalities: non-serial, serial ascending polarity, and
serial descending polarity. Out of the various approaches and modalities mentioned, they
selected only one ether extract from the descending design polarity to extract five distinct
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coumarins (RA1–RA5). The antibacterial efficacy of the individual chemicals was evaluated
in vitro using the broth microdilution technique. The pathogen strains that were specifically
targeted in this study included only Gram-negative bacteria, such as the pathogens E. coli
(25922 ATCC), S. typhimurium, Shigella dysenteriae, Haemophilus influenzae, Klebsiella pneu-
monia, and P. aeruginosa, in addition to another E. coli (BAA 1427) bacteria, which is non-
pathogenic, as there is a strain present that constitutes a nonpathogenic intestinal micro-
biota. The MBC values for every coumarin derivative in each bacterium ranged from 0.45
to 16 µg/mL. In most circumstances, the RA4 derivative has values closer to Ciprofloxacin
MBC values, except for K. pneumonia and both E. coli strains, where the RA1 derivative was
found to be more efficient. Some other bacteria, such as Clostridium perfringens, Bacteroides
fragilis, Prevotella melaninogenica, and Fusobacterium necrophorum, were also examined. MBC
values ranged from 2–16 µg/mL. In that case, RA4 was found to be the most efficient
coumarin derivative of all, with its values being closest to MBC values from the antibiotic
Metronidazole. In conclusion, this study has determined the potential of employing these
isolated compounds as a source for developing innovative antibacterial agents.

The study by Olude et al. [111] aimed to investigate and compare the phytochemical
compounds, antioxidant properties, and antibacterial activities of leaf extracts of Bryophyl-
lum pinnattum, Alchornea cordifolia, and Acalypha wilkesiana and seed extracts of C. lanatus.
The extraction took place with 70% ethanol on an orbital shaker for 24 h, with the ex-
tract finally being concentrated. The ethanolic extract was subjected to analysis in order
to determine its qualitative and quantitative phytochemical profile as well as its antiox-
idant activity using the corresponding methods, DPPH• radical scavenging and FRAP.
The antibacterial effects of the ethanolic extracts on Streptococcus faecalis and P. aeruginosa
were determined using an agar dilution assay. C. lanatus extracts were found to contain
saponins (40.35 mg/100 g), tannins (43.91 mg/100 g), phenols (60.37 mg/100 g), flavonoids
(78.36 mg/100 g), steroids (78.99 mg/100 g), cardiac glycosides (32.76 mg/100 g), and
reducing sugars (43.20 mg/100 g). Notably, alkaloids were not detected in C. lanatus seed
extract. These extracts displayed a total antioxidant capacity of ~35 mg/100 g, but re-
markably, they were the only extract from the above plant extracts that did not exhibit any
inhibitory effects on S. faecalis and P. aeruginosa at any concentration tested. Additionally,
the organisms did not demonstrate any sensitivity to distilled water, which was utilized
as the negative control. Nevertheless, conducting additional in vitro kinetic investigations
and in vivo assessments of the antioxidative and antibiotic effects of C. lanatus seed extracts
may provide insights into the absence of antibacterial properties.

The emergence of antibiotic resistance represents a significant and urgent concern
within the medical community. In recent years, there has been a growing trend in the scien-
tific community to conduct extensive examinations of plant material in order to identify
and analyze pharmacologically active compounds. The objective of the study conducted
by Smajovic et al. [112] was to analyze the composition of bioactive compounds, assess the
antibiotic activity, determine the MIC, and evaluate the antibiofilm activity of extracts de-
rived from the seeds of two watermelon species originating from Croatia and Greece. Fine
seed powder was mixed with either methanol as a maceration agent for 24 h at RT or with
ethanol in a Soxhlet apparatus for 24 h and evaporated to dryness. Gram-positive bacteria
such as B. subtilis, E. faecalis, and S. aureus along with Gram-negative bacteria like E. coli,
P. aeruginosa, and S. enterica were investigated. The findings suggest that flavonoids were
detected in all samples and showed antibacterial effects against specific bacterial strains.
Hesperidin (0.06–0.30 mg/g dry extract), genistein (0.43 mg/g dry extract), kaempferol
(3.55–26.42 mg/g dry extract), isorhamnetin (0.57 mg/g dry extract), fisetin (65 mg/g dry
extract), and luteolin (0.28–0.80 mg/g dry extract) were found in all four samples. In most
cases, 250 µg/mL as MIC was required. The ethanolic extract of watermelon seeds from
Greece had the greatest antibacterial activity against S. enterica subsp. enterica serotype
Abony (NCTC 6017) (11.67 mm), with a diameter of inhibition zone measuring 11.67 mm,
whereas methanolic extract from Croatian watermelon seeds showed the lowest inhibi-
tion zone against P. aeruginosa (ATCC 27853) (5.67 mm). The biofilm-forming capacity of
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all bacteria tested was predominantly characterized as non-adherent or weakly adherent
for concentrations up to 250 µg/mL. The bacterial strains exhibited varying degrees of
biofilm-forming capacity when exposed to extract concentrations below 250 µg/mL. It
can be assumed that a decrease in extract concentration is associated with an increase
in biofilm-forming capacity. Regarding extraction solvents, although the polarity of the
methanol extract would suggest that it would have a greater effect, the method with ethanol
in the Soxhlet apparatus produced slightly better results. The diminished potency of the
extracts on specific bacterial strains may be attributed to the limited presence of phyto-
chemicals at a low concentration. The extracts possess inherent potential, necessitating
additional research.

The production of watermelon seed protein hydrolyzed (WPSH) was conducted in a
study conducted by Mighan et al. [113]. They aimed to investigate the impact of varying
concentrations of WSPH (0, 1, 2, and 3%) on the overall quality of silver carp (Hypoph-
thalmichthys molitrix) burgers during a period of refrigerated storage at a temperature
of 4 ◦C. Defatted watermelon seeds were processed with 0.1 N NaOH, and the precipi-
tated protein isolate was collected. The findings associated with the levels of total viable
count (TVC) and psychrotrophic count (PTC) showed consistency and statistically sig-
nificant increases (p < 0.05) across all treatments over the course of the 16-day storage
duration. It was observed that the control group exhibited the highest level of bacteria
(TVC: ~10 log CFU/g, PTC: ~9 log CFU/g) in the fish burger, while the treatment group
containing 3% WSPH showed the lowest level (TVC: ~6 log CFU/g, PTC: ~6.5 log CFU/g).
This significant difference suggests that the peptides possess antibacterial properties, which
are of high importance. According to the International Commission on Microbiological
Specifications for Foods [114], it is recommended that the permissible level of PTC and
TVC not exceed 7 log CFU/g. In accordance with the results, the burgers treated with 3%
WSPH showed sustainability throughout the whole storage duration. The mode of action
of antibacterial peptides is predominantly attributed to the electrostatic interaction between
peptides and the cell membrane of microorganisms. They have the ability to penetrate the
membrane and subsequently cause its disruption. Moreover, Kumar et al. [115] asserted
that the antibacterial efficacy of bioactive peptides could potentially be attributed to their
ability to chelate iron. Hence, the utilization of WSPH as a natural antibacterial agent
presents a viable approach to extending the longevity of fish burgers. This application
enables an approximate extension of the shelf life by 8 days when stored under refrigeration
conditions. The findings of the mentioned studies are summarized in Table 2.

Table 2. Antibacterial activity of different watermelon seed extracts.

Gram Strain of
Bacteria Solvent Extraction Conditions MIC

(mg/mL)

Zone of
Inhibition

(mm)
Ref.

+ B. cereus
1 M NaOH Precipitation n.a. 0 [107]
Methanol Maceration for 48 h at RT 25 3.91 [96]

+ B. subtilis

Ethyl acetate Maceration for 72 h 2.5 26 [105]
Methanol Mechanical shaking for 24 h at RT 8 14.5 [9]
Methanol Maceration for 24 h at RT 250 0 [112]

Water Maceration for 48 h 25 16 [109]

− Bacteroides
fragilis 1 M NaOH Precipitation 6 n.a. [110]

+ C. perfringens 1 M NaOH Precipitation 2.5 n.a. [110]

+ E. faecalis
1 M NaOH Precipitation n.a. 11 [107]
Methanol Mechanical shaking for 24 h at RT 8 12 [9]
Methanol Maceration for 24 h at RT 250 9 [112]
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Table 2. Cont.

Gram Strain of
Bacteria Solvent Extraction Conditions MIC

(mg/mL)

Zone of
Inhibition

(mm)
Ref.

− E. coli

Chloroform Cold extraction for 72 h n.a. 2 [103]
Methanol Cold extraction for 72 h n.a. 1 [103]

Water Cold extraction for 72 h n.a. 6 [103]
Chloroform Soxhlet for 6 h n.a. 0.5 [103]
Methanol Soxhlet for 6 h n.a. 5 [103]

Water Maceration for 24 h at RT 12.5 5 [104]
Ethanol Maceration for 24 h at RT 12.5 7 [104]

Ethyl acetate Maceration for 72 h 0.31 25 [105]
− Cold press n.a. 0 [106]

Methanol Mechanical shaking for 24 h at RT 4 11 [9]
1 M NaOH Precipitation 0.7 n.a. [110]
Methanol Maceration for 24 h at RT 125 8.67 [112]
Methanol Maceration for 7 d at RT 0.25 0 [102]

1 M NaOH Precipitation n.a. 0 [107]
Water Maceration for 48 h 25 16 [109]

Methanol Maceration for 48 h at RT 25 5.81 [96]

− E. coli(non-
pathogenic) 1 M NaOH Precipitation 1.8 n.a. [110]

− Fusobacterium
necrophorum 1 M NaOH Precipitation 2 n.a. [110]

− Haemophilus
influenzae 1 M NaOH Precipitation 0.75 n.a. [110]

− K. oxytoca Methanol Mechanical shaking for 24 h at RT 16 9.3 [9]

− Klebsiella
pneumoniae

1 M NaOH Precipitation 0.85 n.a. [110]
Water Maceration for 24 h at RT 6.25 4 [104]

Ethanol Maceration for 24 h at RT >50 0 [104]

− Klebsiella spp.

Chloroform Cold extraction for 72 h n.a. 1 [103]
Methanol Cold extraction for 72 h n.a. 0 [103]

Water Cold extraction for 72 h n.a. 2.67 [103]
Chloroform Soxhlet for 6 h n.a. 2.67 [103]
Methanol Soxhlet for 6 h n.a. 1.5 [103]

+ Lactobacillus
spp. Methanol Maceration for 24 h at RT 300 12 [108]

+ L. innocua Methanol Mechanical shaking for 24 h at RT 4 10.5 [9]

+ M. luteus Methanol Mechanical shaking 4 10 [9]

− Necropsobacter
rosorum Methanol Maceration for 24 h at RT 100 13 [108]

− Neisseria
subflava Methanol Maceration for 24 h at RT 200 18 [108]

− N. sicca Methanol Maceration for 24 h at RT 200 17 [108]

− Prevotella
melaninogenica 1 M NaOH Precipitation 3.5 n.a. [110]

− Proteus spp.

Chloroform Cold extraction for 72 h n.a. 0 [103]
Methanol Cold extraction for 72 h n.a. 0 [103]

Water Cold extraction for 72 h n.a. 2 [103]
Chloroform Soxhlet for 6 h n.a. 0 [103]
Methanol Soxhlet for 6 h n.a. 1.33 [103]
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Table 2. Cont.

Gram Strain of
Bacteria Solvent Extraction Conditions MIC

(mg/mL)

Zone of
Inhibition

(mm)
Ref.

− Pseudomonas
aeruginosa

Methanol Maceration for 7 d at RT 0.25 0 [102]
Chloroform Cold extraction for 72 h n.a. 0 [103]
Methanol Cold extraction for 72 h n.a. 0 [103]

Water Cold extraction for 72 h n.a. 4 [103]
Chloroform Soxhlet for 6 h n.a. 8 [103]
Methanol Soxhlet for 6 h n.a. 8.67 [103]

Water Maceration for 24 h at RT 6.25 8 [104]
Ethanol Maceration for 24 h at RT 6.25 5 [104]

Ethyl acetate Maceration for 72 h 1.5 24 [105]
− Cold press n.a. 0 [106]

1 M NaOH Precipitation n.a. 13 [107]
Water Maceration for 48 h 20 17 [109]

Methanol Maceration for 48 h at RT 25 3.81 [96]
1 M NaOH Precipitation 1.05 n.a. [110]

70% Ethanol Orbital shaking for 24 h >400 0 [111]
Methanol Maceration for 24 h at RT 250 10 [112]

− P. florescens Methanol Maceration for 48 h at RT 25 3.71 [96]
Methanol Mechanical shaking for 24 h at RT 32 12 [9]

− P. oryzihabitans Methanol Maceration for 24 h at RT 300 16 [108]

− S. enterica
Methanol Mechanical shaking for 24 h at RT 32 9.3 [9]
Ethanol Soxhlet extraction for 24 h 250 11.67 [112]

− S. typhimurium
Methanol Mechanical shaking for 24 h at RT 4 10.5 [9]

1 M NaOH Precipitation 0.85 n.a. [110]
Methanol Maceration for 48 h at RT 25 6.53 [96]

− S. dysenteriae 1 M NaOH Precipitation 0.95 n.a. [110]

− S. sonnei Methanol Mechanical shaking for 24 h at RT 2 18 [9]

+ S. albus Methanol Mechanical shaking for 24 h at RT 32 9 [9]

+ S. aureus

Methanol Maceration 0.25 10 [102]
Ethyl acetate Maceration for 72 h 2.5 24 [105]

− Cold press n.a. 0 [106]
Methanol Maceration for 48 h at RT 25 4.81 [96]
Methanol Mechanical shaking for 24 h at RT 16 14 [9]

Water Maceration for 24 h at RT 6.25 6 [104]
Ethanol Maceration for 24 h at RT 6.25 6 [104]

1 M NaOH Precipitation n.a. 0 [107]
Water Maceration for 48 h 20 15 [109]

Methanol Maceration for 24 h at RT 125 11.33 [112]

+ S. epidermidis − Cold press n.a. 0 [106]

+
Staphylococcus

spp.

Chloroform Cold extraction for 72 h n.a. 0 [103]
Methanol Cold extraction for 72 h n.a. 9.3 [103]

Water Cold extraction for 72 h n.a. 0.5 [103]
Chloroform Soxhlet for 6 h n.a. 5.33 [103]
Methanol Soxhlet for 6 h n.a. 6 [103]

+ Enterococcus
faecalis 70% Ethanol Orbital shaking for 24 h >400 0 [111]

+ Streptococcus
pyogenes Methanol Maceration for 7 d at RT 0.25 20 [102]

+ S. thermophilus Methanol Mechanical shaking for 24 h at RT 4 8 [9]

n.a.: not applicable; RT: room temperature.
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5. Conclusions and Future Perspectives

The findings of this study suggest that extracts obtained from the by-products of C.
lanatus have antibacterial properties against particular strains of bacteria. The extraction
methods employed, including cold maceration, Soxhlet extraction, and the use of ethyl
acetate and hexane as solvents, demonstrate promising antibacterial extracts. The majority
of the microorganisms that were examined exhibited susceptibility to the extracts. Conse-
quently, the utilization of watermelon by-products as potential reservoirs of antibacterial
compounds should be explored. The utilization of these by-products has the potential
to enhance the sustainability of various industries, including food, pharmaceuticals, and
cosmetics, as they contain valuable bioactive compounds. This approach offers a viable
strategy for mitigating food waste and its associated environmental consequences. These
items are expected to be beneficial, especially in underdeveloped nations where nutri-
tional deficiencies are commonly prevalent. Furthermore, the use of waste by-products in
the fields of agri-food, pharmaceutical preparation, immunonutrients, and nutraceuticals
can be employed in order to prevent their disposal as landfill garbage. Additionally, the
bioavailability, biological activity, and toxicological assessment of watermelon by-products
should be examined in order to assess their potential interactions with other constituents of
food and physiological systems, hence establishing their suitability for human ingestion.
Moreover, it is recommended to conduct a compositional analysis to compare these by-
products with other by-products obtained from fruit waste. The formulation and execution
of strategies play a crucial role in optimizing the value of by-products derived from water-
melons and efficiently harnessing them for the production of nutraceuticals and functional
food products with extended shelf-life. The continuous advance of research and innovation
will result in the creation of highly refined and potent preservatives that can be effectively
utilized across a wide range of consumer goods. It may be possible to create new natural
preservatives that have a weak antimicrobial effect over extended periods of time. This is
significant both at a national and international level.
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