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Abstract
This work aimed to use linoleic acid extracted from melon seed oil for the development of biological compounds, and 
to use the ash of melon seed cake for fried oil treatment. Eight active compounds were developed using linoleic acid 
and the elucidation of their structure was established according to elemental analysis and spectral data. The developed 
compounds were tested for their antibacterial activity. The melon seed cake was carbonized for the treatment of fried 
oils. The melon seed oil was rich in linoleic acid (61.4%) and it contains several fatty acids including lauric, myristic, 
palmitic, palmitoleic, stearic, oleic, linolenic, arachidic, and paulinic in concentrations of 0.2%, 0.73%, 11.7%, 0.11%, 
10.3%, 14.1%, 0.49%, 0.19%, and 0.1%, respectively. The extracted linoleic acid showed a high refractive index (1.471), 
iodine value (122.3 g I2/100 g), saponification (184.42 mg KOH/g), low peroxide value (3.9 meq/kg oil), polymer content 
(1.00%), polar contents (1.95%), and moisture content (42 g/kg). The melon seed ash was rich in several metals including 
magnesium (743.5 mg/kg), calcium (137 mg/kg), sodium (12.95 mg/kg), potassium (1040 mg/kg), chromium, manga-
nese, iron, copper, zinc, cadmium, and mercury in concentrations of 0.072, 40.88, 19.29, 3.334, 8.21, 0.005, 0.005 mg/
kg, respectively, as well as arsenic (0.09 mg/kg), lead (0.044 mg/kg), phosphorus (1222 mg/kg) and selenium (0.13 mg/
kg) which they improved the physic-chemical properties of fried oils. Linoleic acid was used for the development of 9 
compounds with antimicrobial activity against Gram-positive and Gram-negative bacteria. Additionally, the melon seed 
ash improved the chemical characteristic of used cotton and sunflower oils. Therefore, the linoleic acid extracted from 
melon seed oil is a promising source for the development of antibacterial agents and the leftover cake is promising for 
the production of adsorbent material suitable for fried oils treatment.

 *	 Mosaad A. Abdel‑Wahhab 
	 mosaad_abdelwahhab@yahoo.com; 

ma.abdelwahab@nrc.Sc.eg

1	 Fats and Oils Department, National Research Centre, Dokki, 
Giza, Egypt

2	 Food Toxicology and Contaminants Department, National 
Research Centre, Dokki, Giza, Egypt

http://crossmark.crossref.org/dialog/?doi=10.1007/s12649-023-02161-0&domain=pdf
http://orcid.org/0000-0002-7174-3341


488	 Waste and Biomass Valorization (2024) 15:487–499

1 3

Graphical Abstract

Keywords  Melon seeds waste · Linoleic acid · Antibacterial · Bioactive active compounds · Ash · Fried oil regeneration

Statement of Novelty

Melon seeds are considered a waste can be used to extract 
oil rich with linoleic acid which can be used for the synthesis 
of bioactive compounds with potent antimicrobial activity. 
Moreover, Melon seeds ash can be used to improve the prop-
erties of used frying oil. As the prepared compounds com-
posed of antimicrobial hetero cycles appended to linoleate 
moiety and the latter is commonly used for paints and polymer 
formation. Thus, the new prepared compounds are thought to 
be promising if they are used for production of hospital and 
food factories painting in order to decrease microbial load. 
Moreover, those compounds could be used for production of 
antimicrobial plastics which used as food packaging. Thus, 
this work provides new ideas for innovation in sustainable 
development in terms of safely reusing waste and biomass 
with great importance to food industry and food safety.

Introduction

Food by-products and food waste are considered major soci-
oeconomic and environmental problems generated through-
out different stages including the harvest, post-harvest, food 
processing or distribution, and storage [1]. In addition, high 

quantities of food waste are created as household waste like 
spoiled or unused food. The impact on the environment due 
to food waste is mostly related to the decomposition pro-
cesses and the production of fluids some gases like methane 
which are responsible for the greenhouse effect, and sludge 
(fluids) which contaminate the groundwater, springs, and 
soil [2].

Additionally, the increase in unused food by-products 
decreases the efficiency of food production and reduces 
the sustainability of production. These food waste and 
by-products are well known as a rich source of beneficial 
compounds such as phenolics, fibers, pigments, vitamins, 
proteins, fatty acids, and sugars which possess valuable 
biological effects such as anti-bacterial, anti-inflammatory, 
antioxidant, cardioprotective, and anticancer beside others 
[3]. Despite this fact, the vast majority of these compounds 
are still not exploited at the industrial level for the produc-
tion of new promising compounds.

The global production of melon (Cucumis melo L.) has 
dramatically increased due to its high economic and nutri-
tional value. The edible part of the plant is the fruit while the 
peels and seeds are discarded. Melon seeds contain moister, 
crude protein, crude fat, crude fiber, carbohydrates, and ash 
at ratios of 4.5, 25.0, 25.0, 23.3, 19.8, and 2.4%, respectively 
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[4]. Moreover, Jacob et al. [5] reported that the seeds con-
tain iron, zinc, manganese, and calcium at concentrations 
of 144.7, 21.05, 22.73, and 0.10 mg/100 g, respectively; 
besides sodium, potassium and phosphorus. The extracted 
melon seeds oil was found to be rich in linoleic, oleic acids, 
and flavonoids which are the predominant antioxidant phe-
nolic compounds [6]. The uses of extracted melon seeds 
oil have been reported for medical applications, biodiesel 
production, synthesis of detergents, and margarine manufac-
ture [7]. Linoleic acid, the predominant fatty acid in melon 
seeds oil, is the precursor for arachidonic acid biosynthesis 
and consequently; some prostaglandins, leukotrienes, and 
thromboxane [8]. Industrially, linoleic acid is widely used 
in oil paints and varnishes due to its high reactivity with 
oxygen in the air and the formation of a crosslinked stable 
film called linoxyn [9]. It is also very popular in the produc-
tion of cosmetic products due to its anti-inflammatory, skin 
whitening, and moisturizing activities [10].

It is well known that deep-fat fried in the presence of 
moisture, oxygen, free radicals, and trace elements resulted 
in several physic-chemical reactions including hydrolysis, 
thermo-oxidation, isomerization, and polymerization [11]. 
This leads to the decomposition of frying oils and the forma-
tion of non-volatile monometric/polymeric oxidative products 
increasing color, foaming, density, viscosity, and free fatty 
acids content, and consequently; the induction of off-flavor 
of the fried food and the frying medium [12]. Besides impair-
ing sensory quality, deterioration of frying oil can eventually 
cause adverse health effects to the consumer [13]. Previous 
reports indicated that treatment with different adsorbents can 
improve the used oil quality. Hidayatullah and Bangash [14] 
showed that activated charcoal or MgO improves the quality 
of Silybum marianum oil. Moreover, treatment with a combi-
nation of several adsorbents improved fried oil. Diatomaceous 
earth, lime, and natural zeolite reduced the total polar materi-
als, free fatty acids, turbidity, viscosity, conjugated dienes, 
color, and peroxide value of fried oil [15]. The current study 
was conducted to use linoleic acid extracted from melon seeds 
for the preparation of new bioactive compounds, to evaluate 
their antibacterial efficiency and the use of melon seeds meal 
as an adsorbent agent for the treatment of used oils.

Materials and Methods

Materials

Melon seeds were obtained from Agriculture Research 
Center, Plant Protection Research Institute, Giza. Hydrazine 
hydrate, ethyoxycarbonyl isothiocyanate, malononitrile, and 
malononitrile dimer were purchased from Aldrich Chemi-
cal Co.

Chemicals and Reagents

Mercuric acetate was purchased from Arcos Organics, 
Fisher Scientific Company (Belgium). Triethylamine, thio-
urea, hydroxylamine hydrochloride, and ammonium hydrox-
ide were purchased from the British Drug House (BDH). 
Sodium nitrite, potassium hydroxide, bromine, sodium 
bicarbonate, and anhydrous sodium sulfate were purchased 
from El-Nasr Pharmaceutical Chemical Co. (ADWIC), 
Egypt. Dimethylformamide (DMF), dry benzene, diethyl 
ether, benzene, dry dioxane, and pyridine were purchased 
from Aldrich Chemical Co. Ethanol, methanol, petroleum 
ether, and carbon tetrachloride were BDH reagents, nitric 
acid, hydrochloric acid, and acetic acid were purchased from 
El-Nasr Pharmaceutical and Chemical Co. (ADWIC), Egypt.

Melon Seeds Oil Extraction

Firstly, 1000 g melon seeds were grinned and dried over-
night at 50 °C and moisture content was determined. Oil 
was extracted with n-hexane (3 L) in a Soxhlet Apparatus 
at a condensation rate of 5 or 6 points per second for 6 h at 
a temperature of 79 °C. The solvent was then evaporated to 
dryness using a rotary evaporator and the obtained melon 
seeds oil was weighted and kept for analysis [16].

Quality Parameters and Fatty Acids Composition 
of the Extracted Oil

Refractive index, free fatty acids, iodine value, peroxide 
value, and Saponification value of the extracted melon seed 
oil were carried out [17]. Also, polar and polymer contents 
were determined according to Waltking and Wessels [18], 
and viscosity was estimated according to Saguy et al. [19]. 
The fatty acid composition of the extracted melon seeds 
oil was determined by GC–MS after esterification [17]. 
The mass spectrum of GC–MS was interpreted using the 
database of National Institute of Standard and Technology 
(NIST) having more than 62,000 patterns by comparing the 
mass spectrum of the unknown components with those of 
the known elements stored in the NIST library. The name, 
molecular weight and chemical structure of the test material 
were ascertained [20].

Oil Hydrolysis

Melon seeds oil (417 g) was hydrolyzed using a high-
pressure reactor at 250 °C and 2 MPa in distilled water 
(1 L), the reaction was left to cool to room temperature to 
separate the fatty layer from the non-fatty one. The sepa-
rated fatty layer was dried over anhydrous sodium sulfate 
and filtered off. Formation of free fatty acids was con-
firmed using 1H NMR spectrum and TLC [16]. In the TLC 
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method, plates (20 × 20 cm) were coated with a slurry of 
silica gel (60 g) in water (15 g/kg), left to dry, then it was 
activated at 110 °C for 1 h. Standard spots of known fatty 
acid and another spot of oil (individually) were spotted on 
the activated thin layer plates, at the baseline (2 cm from 
the bottom). The fatty acids mixture of the hydrolyzed fat 
was also spotted on the same line. The developing solvent 
consisted of n-hexane, diethyl ether, and acetic acid at a 
volumetric ratio of 80:20:1, respectively. The developing 
jar was lined on three sides with filter paper wetted with 
the same developing solvent. The plates were developed 
till the solvent reached the front line (15 cm from the start 
line). The spots of different components separated by TLC 
were then visualized by iodine vapor. The fatty acids were 
considered formed when the withdrawn sample showed 
only one spot with no tail and with a rate of flow similar 
to that of the known fatty acid spot but not the oil spot. 
However, the formation of fatty acids was confirmed by 
1H NMR using a Bruker AVANCE 400 NMR spectrometer 
operating at 9.4 T observing the 1H nuclei at 400.13 MHz 
according to the method described by Barison et al. [21]. 
In brief, aliquots of fatty acids mixture (approximately 200 
μL was directly transferred into NMR tubes (5 mm) and 
the volume was completed to 600 μL using CDCl3 contain-
ing 0.05% TMS. The spectra of 1H NMR were recorded 
at room temperature (~ 20 °C) by pooling eight averages, 
and laxation delay of 1 s, a spectral width of ∼ = 9.0 ppm 
and 64 K data points, providing a digital resolution of 0.05 
Hz using a multinuclear direct detection probe (5 mm) on 
the NMR instrument. The 1H NMR spectra were processed 
by applying an exponential multiplication of the FIDs by a 
factor of 0.3 Hz prior to Fourier transform with zero-filling 
to 64 K. The relaxation delay for use in the acquisition 
of quantitative 1H NMR spectra was determined by T1 
measurements with the aid of the pulse sequence inversion 
recovery, with similar parameters as for 1H spectra and 
changing τ values from 0.1 to 20 s. The 1H NMR chemi-
cal shifts are expressed in ppm related to the TMS signal 
at 0.00 ppm as internal reference, and the analyses were 
performed in duplicate.

Linoleic Acid Extraction Using Supercritical CO2 
Extractor

Linoleic acid was extracted individually in a pure form 
[22] from the fatty acid mixture (363.65) of the extracted 
melon seeds oil using a supercritical CO2 extractor at 26.0 
MPa, 313 K. The obtained linoleic acid (216.58 g) was 
confirmed according to its elemental analysis, melting 
points, GC–MS and mass spectra (MS) of its methyl ester 
which detect the corresponding molecular ion peak (293 
M+).

Organic Synthesis and Reactions

Synthesis of Methyl Octadeca‑9,12‑dienoate(methyl 
linolate) (1)

The method described previously [16] was used for the 
synthesis of methyl linolate. In brief, sulphuric acid (5 
mL) was added to a mixture of octadic-9,12-dienoic acid 
(70.1 g, 250 mmol) in absolute methanol (100 mL). The 
reaction mixture was refluxed with stirring for 8 h. Then, 
it was left to cool. The mixture was washed with water 
till neutralization, then the methyl ester was separated 
by extraction with diethyl ether, and then the solvent was 
evaporated under reduced pressure (Box 1, supplementary 
file).

Synthesis of Octadeca‑9,12‑dienehydrazide (2)

A mixture of octadic-9,12-dienoate (1) (2.94 g, 10 mmol) 
and hydrazine hydrate (0.49 mL, 10 mmol) in dry benzene 
(30 mL) was heated under reflux for 7 h. and the reaction 
mixture was allowed to cool, then poured over acidified ice-
cold water. The precipitated product was filtered off, washed 
with water, and recrystallized from ethanol (Box 2, supple-
mentary file).

Synthesis 
of 5‑(Heptadeca‑8,11‑dienyl)‑1H‑1,2,4‑triazole‑3‑amine (3)

Thiourea (0.76 g, 10 mmol) was added to a solution of fatty 
acid hydrazide (2.94 g, 10 mmol) and mercury acetate (0.5 
mL), and the mixture was heated under reflux for 7 h, and 
then it was left to cool to room temperature. The solvent was 
evaporated under reduced pressure, and the remaining solid 
was washed with water, dried, and finally recrystallized from 
pyridine to afford the corresponding triazolamine (Box 3, 
supplementary file).

Synthesis of Diazonium Salt of the Aminotriazole (4)

A suspension of aminotriazole 3 (3.185 g, 10 mmol) in 
glacial acetic acid (30 mL) was heated to produce a clear 
solution then cooled to 0–5 °C, and nitric acid (90 mL) was 
added. A solution of sodium nitrite (3.5 g, 50 mmol) in water 
(10 mL) was poured gradually with stirring, and the reaction 
mixture was left in an ice chest overnight. The formed solid 
was collected by filtration, washed with ethanol, and dried 
to afford the corresponding diazonium nitrate (4), which 
was used directly for the next preparation without further 
purification.
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Synthesis of 4‑Amino‑7‑(heptadeca‑8,11‑dienyl)‑[1,2,4]
triazolo[5,1‑c] [1,2,4]Triazine‑3‑carbonitrile (6)

The diazotized 5-amino-1,2,4-triazole 4 (3.62 g, 10 mmol) 
was added to a cold solution of malononitrile (0.66 g, 10 
mmol) in ethanol (50 mL), and the presence of sodium 
acetate trihydrate (5g). The addition was carried out with 
rapid stirring at 0–5 °C over 30 min, the mixture was stirred 
for a further 10 h, kept in an ice chest for 12 h, and finally 
diluted with water. The solid precipitate was collected by 
filtration, washed with water, dried, and finally recrystallized 
from ethanol to afford the corresponding coupling product 6 
(Box 4, supplementary file).

Synthesis of 2,4‑Diamino‑8‑(heptadeca‑8,11‑dienyl)‑1,2,4‑
triazolo[1,5‑c] pyrido[2′,3′‑e]‑1,3,4‑triazine‑3‑carbonitrile 
(9)

The diazonium salt of 4 (3.62 g, 10 mmol) was added to a 
cold solution of malononitrile dimmer (1.31 g, 10 mmol) 
in ethanol (50 mL) in the presence of sodium acetate trihy-
drate (5 g). The addition was carried out with rapid stirring 
at 0–5 °C for 30 min. After complete addition, the reaction 
mixture was stirred for a further 10 h, then kept in an icebox 
for 12 h, and finally diluted with water. The solid precipitate 
was collected by filtration, washed with water, dried, and 
finally recrystallized from EtOH/DMF to afford the corre-
sponding coupling product 9 (Box 5, supplementary file).

Synthesis 
of 7‑(Heptadeca‑8,11‑dienyl)2,3,5‑triaminopyrido{4,3‑d}
pyrimidine{5,6‑e}triazolo{5′,1′‑c}triazine (11)

Urea (0.6 g, 10 mmol) was added to a solution of 9 (4.34 g, 
0.01 mmol) in ethanol (25 mL) and triethyl orthoformate 
(2.22 g, 0.015 mmol). The mixture was heated under reflux 
for 8 h, and allowed to cool to room temperature. The sol-
vent was removed under reduced pressure, and the remain-
ing solid was poured onto ice water. The solid product was 
collected by filtration, washed with water, dried, and finally 
recrystallized from DMF (Box 6, supplementary file).

Synthesis of 2,4‑Diamino‑8‑(heptadeca‑8,11‑dienyl)‑1,2,4‑t
riazolo[1,5‑c]pyrimido[5′,4′‑e]‑1,3,4‑triazine (13)

Urea (0.6 g, 10 mmol) was added to a solution of 6 (3.95 
g, 0.01 mmol) in ethanol (25 mL) and triethyl orthoformate 
(2.22 g, 0.015 mmol). The mixture was heated under reflux 
for 8 h, and allowed to cool to room temperature. The solvent 
was removed under reduced pressure, and the remainder was 
poured onto ice water. The solid product was collected by 
filtration, washed with water, dried, and finally recrystallized 
from ethanol (Box 7, supplementary file).

Synthesis of 3‑Amino‑7‑(heptadeca‑8,11‑dienyl)‑1,2,4‑triaz
olo[5,1‑c]‑pyrazino[4,3‑e] 1,2,4‑Triazine (15)

Hydroxylamine hydrochloride (0.69 g, 10 mmol) was added 
to a solution of 4-Amino-7-(heptadeca-9,12-dienyl)-[1,2,4]
triazolo[5,1-c] [1,2,4]triazine-3-carbonitrile (6) (3.97 g, 0.01 
mmol) in ethanol (30 mL). The mixture was heated under 
reflux for 7 h, then it was allowed to cool to room tempera-
ture. The solvent was evaporated under reduced pressure, 
and the crude product was washed with water, dried, and 
finally recrystallized from ethanol to produce compound 15 
(Box 8, supplementary file).

Synthesis of Ethyl Amino‑N′‑(octadic‑9,12‑dienoyl) 
Methanethiocarbamate (16)

A solution containing acid hydrazide (2) (1.46 g, 5 mmol) 
and the appropriate isothiocyanate (0.5 g, 5 mmol) in etha-
nol (20 mL) was heated under reflux for 3 h, then it was left 
at room temperature overnight. The separated product was 
filtered off, washed with ethanol, dried, and recrystallized 
from EtOH (Box 9, supplementary file).

Synthesis of Ethyl‑3‑(heptadeca‑8,11‑dienyl)‑5‑mercabto 
4H‑1,3,4‑triazole‑4‑carboxylate (17)

A suspension of the appropriate thiosemicarbazide 16 (4.25 
g, 10 mmol) in sodium hydroxide solution (5%, 5 mL) 
was heated under reflux for 7 h. The reaction mixture was 
allowed to cool, and then adjusted to pH 6 with 10% hydro-
chloric acid, the formed precipitate was filtered off, washed 
with water, dried, and recrystallized from DMF (Box 10, 
supplementary file).

Synthesis of 5‑(Heptadeca‑8,11‑dienyl)‑1,2‑dihydro‑[1,2,4]
triazolo[3,4‑c][1,2,4] Triazol‑3‑one (19)

The appropriate triazolethion 17 (0.4 g, 1 mmol) was reacted 
with hydrazine hydrate (2 mmol) in absolute ethanol (15 
mL). The mixture was heated under reflux for 7 h, the sol-
vent was evaporated under reduced pressure, then it was 
acidified with 10% hydrochloric acid until neutralization, 
the formed solid was washed with water, dried, and recrys-
tallized from EtOH to afford the corresponding product 19 
(Box 11, supplementary file).

Antibacterial Activity

The prepared compounds (100 µg/mL) were tested in vitro 
for their antibacterial activity in diethyl ether as solvent. 
Four bacterial species (two-Gram positive and two-Gram 
negative) namely Staphylococcus Epiderm, Enterococcus 
fesalis, Enterobacter cloacae, and Flavo-Bacterium were 



492	 Waste and Biomass Valorization (2024) 15:487–499

1 3

used, and the test was done according to the disk diffu-
sion method [22]. Inhibition zone diameter (IZD), in mm/
mg compound, was measured and taken as the criterion for 
antimicrobial activity. The antibiotics Vancomycin rifampin, 
Penicillin G, Gentamycin cephalosporin cefotaxime Imipe-
nem, and Normal flora Natpathegen, were used as references 
to evaluate the potency of the tested compounds under the 
same condition.

Preparation of Melon Seeds Waste Ash

Melon seeds ash was prepared from melon ground seed cake 
(541 g). Where ground cake was placed in a crucible, car-
bonized in a furnace at 600 °C for 12 h, kept in a desiccator 
till reached room temperature, weighted (56.8 g), and stored 
in glass screw-capped bottles [23].

Determination of Chemical Elements of Melon 
Seeds Waste Ash

Metals of melon seeds ash were extracted by the acid diges-
tion method and Ca, Mg, Zn, Fe, Cu, and Mn were deter-
mined using an Atomic absorption spectrometer [24]. The 
phospho-vanadomolybdate colorimetric method was applied 
to detect P content using a spectrophotometer; whereas, the 
flame photometer was used for K and Na analysis [25]. All 
the determinations were carried out in triplicate (mg/100 g) 
and reported as mean mineral content.

Frying Protocol

A known amount (2000 mL) of refined sunflower oil and 
cottonseed oil were placed individually in a domestic stain-
less steel pan fryer (24 cm diameter × 14 cm height) and 
heated at 180 °C ± 5. Then, 150 g potato chips (2 mm thick-
ness × 40 mm width × 50 mm length); previously soaked in 
a sufficient quality NaCl solution (10% w/v) for 10 min, were 
fried for about 10 min. The frying processes were conducted 
four times a day, and the frying period was 4 h/day. The used 
oil was left to cool after each frying process, and no fresh 
oil was added. The frying processes of sunflower oil and 
cottonseed oil were repeated individually for six consecutive 
days, and the total continuous frying period was 24 h. In the 
end, oil samples were left to cool down and then stored at 
− 5 °C for analysis [23].

Treatment with Adsorbents

The adsorbent materials (Melon seeds ash and Magnesol 
XL) were individually added to both samples of used 
sunflower oil and used cottonseed oil at a 3% level, then 
mechanically stirred using a super-mixer (Gemmy Industrial 
Crop, Japan) for 15 min. at 150 rpm, and filtered through 

Whatman No.1 filter paper. These adsorption treatments 
were repeated three times for each sunflower oil and cot-
tonseed oil after the end of the heating period (24 h) [23].

Chemical Characteristics of the Used Oils 
and the Treated Used Oils

Sunflower and cottonseed oils were used individually for 
frying processes, the two oils had been analyzed before and 
after the frying process, and the used oils were also treated 
with two different adsorbents (Magnisole and melon seeds 
ash), then, the chemical characteristics of those treated oils 
were reported. Free fatty acid and peroxide values of the 
used oils and treated used oils were determined according to 
AOAC [17]. Insoluble polar and polymer components were 
determined according to Waltking and Wessels [18], the 
induction period (IP) was measured according to Firestone 
et al. [26] using a metrohm 679 Rancimat, and viscosity was 
determined according to Saguy et al. [19] using Brookfield 
DVIII model digital rheometer at 30 °C using spindle no. 
27 at 250 rpm. However, color index (CI) was detected by 
using a Lovibond Tintometer Apparatus. Each oil sample 
was performed three times for each test and the averages 
were calculated.

Results and Discussion

Moisture, Oil Yield, and Oil Quality

The moisture content in the ground melon seeds was found 
to be 42 g/kg (4.2%) and the oil yield extracted with n-hex-
ane was 417 g/kg (41.7%). The results of the physical and 
chemical properties of the extracted melon seed oil are listed 
in Table 1. These results showed that refractive index, iodine 
value, and saponification are relatively high and indicated 
that the physical properties of the oil are similar to the oils 

Table 1   Physical and chemical properties of the extracted melon 
seeds oil

Data are expressed as mean ± SD values given represent means of 
three determinations

Parameters The value

Refractive index at 25 °C 1.471 ± 0.01
Viscosity (cp) 84.61 ± 0.12
Free fatty acid (%) 0.61 ± 0.11
Iodine value (gI2/100 g oil) 122.3 ± 0.06
Saponification value mg KOH/g 184.42 ± 0.12
Peroxide value (meq/kg oil) 3.9 ± 0.06
Polymer contents (%) 1.00 ± 0.02
Polar contents (%) 1.95 ± 0.02
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rich in linoleic acid [27]. The iodine value is well known as 
a measure of the unsaturation degree of the fat. In the current 
study, the iodine value of melon seed oil (122.3 g I2/100 g) 
was higher than the recorded value of Cucumis melo var. 
saccharinus (109.6 g I2/100 g) and honeydew melon seed 
oil (153.4 g I2/100 g) as reported by De Mello et al. [28] and 
Yanty et al. [4], respectively. Moreover, the saponification 
value which is referring to the mean molecular mass was 
lower (184.42 mg KOH/g) than those reported for honey-
dew melon seed oil (210.2 mg KOH/g) and cottonseed oil 
(189–198 mg KOH/g), coconut oil (248–265 mg KOH/g) 
and Cucumis melo var. saccharinus seed oil (210.62 mg 
KOH/g) [4, 28], respectively. Additionally, the percentage 
of free fatty acid reported here in was 0.61% as acid value 
and was lower than that of honeydew melon seed oil (2.5%), 
pumpkin (1.44%), and watermelon (1.41%) seed oils [29]. 
The current data showed that the peroxide value of melon 
seed oil (3.9 meq/kg) was lower than 10 meq/kg suggesting 
that this oil is highly stable and non-susceptible to oxidative 
rancidity [17].

Fatty Acids Composition

The GC–MS analysis of fatty acids composition of the 
extracted melon seeds oil after esterification with metha-
nol (Table 2). Linoleic acid was the major fatty acid and 
represented 61.4% of the total fatty acids. Moreover, lauric 
acid (C12:0), myristic acid (C14:0), palmitic acid (C16:0), 
palmitoleic acid (C16:1), stearic acid (C18:0), oleic acid 
(C18:1), linolenic acid (C18:3), arachidic acid (C20:0), and 
paulinic acid (C20:1) were presented at concentrations of 
0.2%, 0.73%, 11.7%, 0.11%, 10.3%, 14.1%, 0.49%, 0.19%, 
and 0.1%, respectively. Thus, melon seeds could be regarded 

as a rich source of linoleic acid. The high content of linoleic 
acid reported in the current study was similar to that reported 
previously [27, 30–32]. However, linoleic acid concentra-
tion in our study was lower than the concentration found in 
Cucumis melo var. inodorus [4], C. melo hybrid AF-522, and 
was higher than the concentration found in C. melo var. sac-
charinus [28]. Taken together, the current GC–MS results 
and the previous data indicated the high variability in the 
profile of fatty acids in melon-seed oils [6].

Oil Hydrolysis

Oil hydrolysis is the operation by which the water reacts 
with the oil to yield fatty acids and glycerol [33]. Oil mol-
ecules could be easily hydrolyzed to free fatty acids mix-
ture and glycerol in a high-pressure reactor at 250 °C and 2 
MPa [16]. In the current study, the extracted melon seeds oil 
(417 g) was hydrolyzed into a free fatty acid mixture (363.65 
g) and glycerol. The complete oil hydrolysis and formation 
of free fatty acids was confirmed according to TLC where 
the formed fatty acids mixture showed a unique spot with 
no tail and with the rate of flow (Rf value) similar to that 
of known fatty acids but not the oil. These results were in 
agreement with those reported previously [34].

Linoleic Acid Extraction Using Supercritical CO2 
Extractor

A pure linoleic acid was extracted individually from a fatty 
acid mixture (363.65 g) of the extracted melon seeds oil 
using a supercritical CO2 extractor at (26.0 MPa, 39.85 °C). 
The applied method yielded 216.58 g of linoleic acid repre-
sented 97% of the present linoleic acid as confirmed by its 
elemental analysis, where the percentages of the calculated 
elements were: C, 77.90; H, 11.50; O, 11.41%, and the found 
elements percentages were: C, 77.88; H, 11.52%. Moreover, 
its melting point was recorded as (− 5.0°C), the mass spectra 
(MS) of its methyl esters showed the corresponding molecu-
lar ion at 294 (M+), and it was also confirmed according to 
GC–MS. These results suggested that the supercritical CO2 
extractor is efficient for the extraction of linoleic and con-
firmed the previous reports [35].

Organic Synthesis

Methyl ester of linoleic acid was found to be a suitable 
starting material for the synthesis of a variety of hetero-
cyclic systems pendant to a long-chain fatty residue of 
industrial and biological potency. Treatment of methyl 
octadec-9,12-dienoate (1) with hydrazine hydrate afforded 
the corresponding octadec-9,12-dienehydrazide (2) 
(Fig. 1, Scheme 1). The IR spectrum of the later prod-
uct showed bands at ν 3291, 3223, and 1535 cm−1 due 

Table 2   Fatty acid composition of melon seed oil

Data are expressed as the mean of three determinations

Fatty acid Content 
(relative%)

C 12:0 0.2
C 14:0 0.73
C 16:0 11.7
C 16:1 0.11
C 18:0 10.3
C 18:1 14.1
C 18:2 61.4
C 18:3 0.49
C 20:0 0.19
C 20:1 0.1
Others 0.68
Saturated fatty acids 23.12
Unsaturated fatty acids 76.2
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to NH2, NH, and C=O functions, respectively. Its mass 
spectrum revealed a peak at m/z 293 (M+) corresponding 
to its molecular ion. The 1H NMR spectrum of the same 
product revealed the appearance of signals due to NH at δ 
8.09 and NH2 at δ 3.01, in addition to aliphatic protons at δ 
0.93–1.95 and ethylenic protons in the region δ 5.34–5.40. 
All the data of the synthesized compounds were confirmed 
by the published data [36–38].

Octadec‑9,12‑dienehydrazide (2)

5‑(Heptadec‑8‑enyl)‑1H‑1,2,4‑triazol‑3‑amine (3)

When the acid hydrazide derivative (2) was treated 
with thiourea, in the presence of mercuric acetate under 
reflux, it afforded a product identified as 5-(heptadec-
8,11-dienyl)-1H-1,2,4-triazol-3-amine (3) (Fig.  1, 
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Scheme 2). The IR spectrum of the later product showed 
two absorption bands at ν 3260–3234 and 3013 cm−1 due to 
NH2 and NH groups, respectively. Moreover, the 1H NMR 
revealed characteristic D2O-exchangeable signals at δ 8.20 
and 4.21 due to NH and NH2 protons, respectively. Moreo-
ver, its mass spectrum showed a fragment ion peak corre-
sponding to its molecular ion at m/z 317.

4‑Amino‑7‑(heptadeca‑8,11‑dienyl)‑[1,2,4]triazolo[5,1‑c]
[1,2,4] Triazine‑3‑carbo‑nitrile (6)

The diazotized aminotriazole (4) (prepared by the diazotiza-
tion of the aminotriazole 3) coupled with malononitrile to 
afford a product identified as 4-amino-7-heptadec-8,11-di-
enyl-[1,2,4]triazolo[5,1-c][1,2,4]triazine-3-carbonitrile (6) 
(Fig. 1, Scheme 3). The structure of the isolated product was 
established based on its elemental analysis and spectral data. 
For example, its IR spectrum showed a band at ν 3685–3545 
due to the NH2 group and a strong absorption band at ν 
2222 cm−1 corresponding to C≡N absorption. Its 1H NMR 
spectrum showed a D2O exchangeable signal at δ 4.17 due to 
NH2 protons, in addition to aliphatic protons at δ 0.94–1.92 
and ethylenic protons at δ 5.36–5.42.

2,4‑Diamino‑8‑(heptadeca‑8,11‑dienyl)‑1,2,4‑triazolo[1,
5‑c]pyrido[2′,3′‑e]‑1,3,4‑triazine‑3‑carbonitrile (9)

The triazole diazonium nitrate 4 (prepared by the diazoti-
zation of the aminotriazole 3) coupled with malononitrile 
dimmer, in ethanol, buffered with sodium acetate, furnished 
a product identified as 2,4-diamino-8-heptadec-8,11-di-
enyl-1,2,4-triazolo[1,5-c]pyrido[2′,3′-e]-1,3,4-triazine-
3-carbonitrile (9). The IR spectrum of product 9 showed 
absorption bands at ν 3733–3688 and 3632–3590 cm−1 due 
to two NH2 groups and another band at ν 2220 cm−1 charac-
teristic for C≡N absorption. The 1H NMR spectrum of the 
same product revealed D2O-exchangeable signals at δ 4.13 
and 4.33 due to two NH2 protons, in addition to aliphatic 
protons at δ 0.95–1.94 and ethylenic protons at δ 5.33–5.41. 
Compound 9 is assumed to be formed because of intramo-
lecular cyclization of the acyclic non-isolable intermediates 
7 and 8 (Fig. 1, Scheme 4).

7‑(Heptadeca‑8,11‑dienyl)2,3,5‑triaminopyrido{3,4‑d}
pyrimidine{5,6‑e}triazolo {5′,1′‑c}triazine (11)

When compound 9 was treated with urea in ethanol, in the 
presence of triethyl orthoformate, it afforded the condensed 
ring system 11. The structure of the later product was con-
firmed according to its elemental analysis and spectral data. 
For example, its IR spectrum showed three absorption bands 
in the regions ν 3988–3901, 3862–3802, and 3800–3721 
cm−1 due to three NH2 groups. The 1H NMR spectrum 

compound 11 revealed three D2O-exchangeable signals at δ 
4.05, 4.21, and 4.49 due to three NH2 protons, in addition to 
aliphatic protons at δ 0.95–1.94 and ethylenic protons at δ 
5.33–5.42. Moreover, its mass spectrum revealed a peak cor-
responding to the molecular ion at m/z 502. The formation of 
compound 11 is assumed to take place via the addition of the 
amino group in compound 9 to the urea carbonyl carbon fol-
lowed by the elimination of the water molecule and addition 
of the urea amino group to the nitrile group in compound 9 
to afford the final product 11 as shown in Fig. 1, scheme 5.

4‑Diamino‑8‑(heptadeca‑8,11‑dienyl)‑1,2,4‑triazolo[1,5‑c] 
pyrimido [5′,4′‑e]‑1,3,4‑triazine (13)

Treatment of 4-amino-7-heptadec-8,11-dienyl-[1,2,4]
triazolo[5,1-c][1,2,4] triazine-3-carbonitrile (6) with urea 
in ethanol, and in the presence of triethyl orthoformate, 
furnished a single product identified as 2,4-diamino-8-
(heptadec-8,11-dienyl)-1,2,4-triazolo[1,5-c]pyrimido[5′,4′-
e]-1,3,4-triazine (13) (Fig. 1, Scheme 6). The IR spectrum of 
compound 13 exhibits two absorption bands at ν 3898–3833 
and 3688–3611 cm−1 due to two NH2 groups and showed 
no nitrile absorption. In addition, its 1H NMR spectrum 
revealed two D2O-exchangeable signals at δ 4.00 and 4.15 
two NH2 protons, and aliphatic protons at δ 0.94–1.93 in 
addition to ethylenic protons at δ 5.36–5.43. Its MS spec-
trum revealed a peak corresponding to its molecular ion at 
m/z 436.

3‑Amino‑7‑(heptadeca‑8,11‑dienyl)‑1,2,4‑triazolo[5,1‑c]‑py
razino [4,3‑e] 1,2,4‑traizine (15)

Compound 6 reacted with hydroxylamine (liberated in situ 
from hydroxylamine hydrochloride and sodium carbon-
ate), in refluxing ethanol, and afforded a product identified 
as 3-amino-7-(heptadec-8,11-dienyl)-1,2,4-triazolo[5,1-
c]-pyrazino[4,3-e]1,2,4-traizine (15), as shown in Fig. 1, 
scheme  7. The IR spectrum of 15 showed absorption 
bands at ν 3492–3420 and 3230 cm−1 due to NH2 and NH 
groups, respectively. Its 1H NMR spectrum revealed a broad 
(D2O-exchangeable) signal at δ 8.66 due to NH proton and 
another one at 4.24 due to NH2 protons, in addition to ali-
phatic protons at δ 0.96–1.95 and ethylenic protons at δ 
5.33–5.42. The mass spectrum of the same product showed 
a fragment ion at m/z 419 corresponding to its molecular 
ion. The formation of compound 15 is assumed to take place 
via the addition of the amino group in hydroxylamine to 
the nitrile group in compound 6 to afford the acyclic non-
isolable intermediate 14, which underwent intramolecular 
cyclization via elimination of water molecule, to afford the 
final product 15 (Fig. 1, Scheme 7).
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5‑(Heptadeca‑8,11‑dienyl)‑1,2‑dihydro‑[1,2,4]
triazolo[3,4‑c][1,2,4] Triazol‑3‑one (19)

Condensation of the acid hydrazide 2 with methoxycarbonyl 
isothiocyanate in ethanol, afforded the corresponding thio-
semicarbazide 16 (Fig. 1, Scheme 8). The IR spectrum of 
ethyl amino N′-(octadeca-9,12-dienoyl) methanethiocarba-
mate (16) showed bands at ν 1700, 1630, and 1325 cm−1 
due to two C=O groups and one C=S absorption, respec-
tively. Treatment of the thiosemicarbazide 16 with sodium 
hydroxide furnished the corresponding triazole derivative 
17. The IR spectrum of product 17 showed only one car-
bonyl absorption band at ν 1684 cm−1, in addition to other 
bands at ν 3425 and 1277 due to NH and C=S respectively. 
Treatment of the triazolthione 17 with hydrazine hydrate, 
afforded 5-(heptadeca-8,11-dienyl)-1,2-dihydro-[1,2,4] 
triazolo[3,4-c][1,2,4] triazol-3-one (19) (Scheme 8). The IR 
spectrum of compound 19 revealed bands at ν 3392, 3224, 
and 1720 cm−1 due to two NH and one C=O group, respec-
tively. Its 1H NMR spectrum showed two D2O-exchangeable 
signals at δ 6.21 and 7.32 characteristic for protons of two 
NH groups, in addition to aliphatic protons at δ 0.95–1.94, 
and ethylenic protons at δ 5.33–5.42. Moreover, its mass 
spectrum revealed a molecular ion peak at m/z 358.

Antibacterial Activity

The antimicrobial activity was assayed using 100 µg/mL of 
the tested compounds and diethyl ether as a solvent against 

Gram +ve and Gram −ve bacteria. The results (Table 3) 
showed that all the synthesized compounds exhibited anti-
microbial activity, and since these compounds are appended 
to a long-chain fatty acid, they can easily penetrate the lipo-
protein cell membrane, thus being used as pharmaceuticals. 
Moreover, as this long-chain fatty acid possesses two unsatu-
rated centers, the prepared compound can undergo a polym-
erization process, providing a new antimicrobial polymer 
that can be used to produce antimicrobial kitchenware. In 
addition, linoleic acid is commonly used in the production 
of paints, so the prepared compounds can be used to produce 
antimicrobial paints that can be used to coat the walls of 
hospitals and food factories to reduce the microbial load. 
These results also suggested that linoleic acid derivatives are 
promising for the development of antibacterial agents [39].

Elemental Analysis of Melon Seeds Ash

The atomic absorption spectrometer analysis of melon seeds 
ash revealed that the ash contains alkali earth metal (mag-
nesium and calcium) in concentrations of 743.5 and 137 
mg/kg, respectively; alkali metal (sodium and potassium) 
in concentration of 12.95 and 1040 mg/kg, respectively; 
transition metal (chromium, manganese, iron, copper, zinc, 
cadmium, and mercury) in concentrations of 0.072, 40.88, 
19.29, 3.334, 8.21, 0.005, 0.005 mg/kg, respectively; metal-
loid (arsenic) in a concentration of 0.09 mg/kg, and lead in a 
concentration of 0.044 mg/kg, in addition to nonmetal (phos-
phorus, selenium) in concentrations of 1222 and 0.13 mg/kg, 

Table 3   Antibacterial activity of the tested final compounds

Data are expressed as the mean of three determinations
(+) means low activity and corresponding to inhibition zone diameter (IZD) range between 2 to 10 mm
(++) means moderate activity and corresponding to inhibition zone diameter (IZD) range between 11 to 24 mm
(+++) means high activity and corresponding to inhibition zone diameter (IZD) range between 25 to 35 mm

Compound no. Inhibition zone diameter (IZD)

Gram +ve Gram −ve

Staphylococcus epiderm Enterococus fesalis Enterobacter cloacae Flavobacterium

Control 0.0 0.0 0.0 0.0
3 – + + +
6 +++ +++ ++ +++
9 +++ +++ ++ +++
11 +++ +++ +++ +++
13 +++ ++ +++ +++
15 +++ ++ ++ ++
16 +++ +++ ++ +++
17 +++ +++ ++ +++
19 ++ + ++ ++
References Vacomycin–rifampin Penicillin G Gentamycin–cephpalosporin–cefo-

taxime Imipenem
Normal flora
Natpathegen
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respectively. These results showed that the metal content of 
melon seed ash is lower than those reported in the previous 
studies in sweet melon [6].

Due to the higher nuclear charge of the alkaline earth 
metals, their tendency to form complexes with Lewis bases 
is high. Moreover, transition metals could easily form multi-
ple coordination bonds with several negative ions or neutral 
molecules having lone pairs of electrons, due to the presence 
of vacant d orbitals, which afforded complex compounds 
with a high molecular weight. Thus, Alkali earth metals and 
transition metals can clarify used oil through the formation 
of multiple coordination bonds with different alcohols, alde-
hydes, ketones, acids, ions, and so many other degradable oil 

products. On the other hand, phosphorus and selenium are 
known for their high reactivity toward oxygen and formation 
of water-soluble compounds P4O6, P4O10, SeO2, and SeO3 
depending on the available oxygen amount, consequently, 
they forced the used oil to get rid of peroxides.

Effect of Melon Waste Ash on the Chemical 
Characteristics of Fresh and Used Oils

The results of the effect of melon seed ash on the chemi-
cal characteristics of fresh and used cotton and sunflower 
oils compared to Magnisole are depicted in Fig. 2. These 
results showed that frying of both oils increased the red 
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color (Fig. 2A), free fatty acids (Fig. 2B), peroxide value 
(Fig. 2C), viscosity (Fig. 2D), polar content (Fig. 2F), poly-
mer content (Fig. 2G), and free oxidized fatty acids (Fig. 2H) 
but decreased the induction period (Fig. 2E) significantly 
compared to the fresh oils. Treatment with melon seed ash 
or Magnisole improved all the tested parameters in both oils. 
These results were similar to those reported in the literature 
on fried niger seed oil using different levels of MgO, bleach-
ing earth, bentonite, silica gel, and ash [11], palm oil using 
HZSM-5/SBA-15 micro-mesoporous materials [40], and 
rapeseed oil using tea polyphenols [41]. The improvement 
in free fatty acids reported herein may be due to the spe-
cific adsorption affinity of the adsorbent for small molecular 
materials [40]. However, the peroxide value which mainly 
increased due to the thermo-oxidation reaction between the 
oil and the atmospheric oxygen [41] was improved due to the 
formation of molecules with a specific adsorption capacity 
towards peroxides as the oxidation products [42].

Conclusion

Pure linoleic acid was extracted from melon seed oil using 
the supercritical CO2 extractor technique. The results showed 
that the melon seed oil is rich in linoleic acid (61.4%) and 
the physical properties of the extracted oil revealed that the 
refractive index, iodine value, and saponification were high 
suggesting the rich content of linoleic acid in the oil. Moreo-
ver, the chemical properties of the oil showed that the oil has 
a low peroxide value, low moisture content, and low level of 
trace elements suggesting that this oil can be used for non-
food applications. The oil also was hydrolyzed to a free fatty 
acid mixture (41.7%) and glycerol. The melting point of the 
extracted linoleic acid was − 5.0 °C and its methyl esters 
showed the corresponding molecular ion at 294 (M+). Lin-
oleic acid was used successfully as starting material for the 
synthesis of several heterocyclic long-chain fatty acids with 
potent antibacterial activity against Gram-positive and Gram-
negative bacteria. The elements analysis of the melon ash 
showed the presence of high concentrations of P, K, Mg, and 
Mn, moderate concentrations of Na, Zn, Cu, and Fe, and trace 
concentrations of Pb, Cd, Hg, Cr, and Se. The use of melon 
ash did not affect fresh cottonseed and sunflower oils; how-
ever, it was effective in inducing a significant improvement in 
the chemical characteristics of the fried oils. It could be con-
cluded that melon oil is a promising agent for the production 
of high-value derivatives for medical and food applications 
and also the melon cake is promising for the production of 
adsorbent material to be used in the improvement of fried oils.
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