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The aim of this workwas to investigate the effect of variousmicrowave heating times (1, 3, 5, 10, and 15min) on
the chemical properties of novel edible oil sources, including Mashhadi melon (Cucumis melo var. Iranians cv.
Mashhadi), Iranian watermelon (Citrullus lanatus cv. Fire Fon), pumpkin (Cucurbita pepo subsp. pepo var.
Styriaca), and yellow apple (Malus domestica cv. GoldenDelicious) seed oils. The evaluated parameterswere per-
oxide value (PV), conjugated diene (CD) and triene (CT) values, carbonyl value (CV), p-anisidine value (AnV), oil
stability index (OSI), radical scavenging activity (RSA), total tocopherols, total phenolics, as well as chlorophyll
and carotenoid contents. Results showed that extended microwave heating involves decreased quality of the
seed oils, mainly due to the formation of primary and secondary oxidation products. Microwave heating time
also affects the total contents of chlorophylls, carotenoids, phenolics and tocopherols, which clearly decrease
by increasing the exposure time. The order of oxidative stability of the analyzed edible oils was
pumpkin NMashhadimelon N Iranian watermelon N yellow apple. The obtained results demonstrated the prom-
ising potential of these novel edible oils for different food applications.
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1. Introduction

Driven by increased consumers' demands for the edible oils, finding
new rawmaterials is constantly pursued and constitutes one of the key
factors for improving the profitability of the oil industry. Introducing
novel seed oils to the consumer, along with high nutritional and
health-promoting features could be considered as one of the most im-
portant challenges for both food scientists and industry. For instance,
several studies have been recently focused on investigating the proper-
ties of numerous fruit and vegetable seed oils as new sources of edible
oils as well as, demonstrating their attractive nutritional values
(Asnaashari, Hashemi, Mehr, & Yousefabad, 2015; Hashemi, Michiels,
Asadi Yousefabad, & Hosseini, 2015; Khanzadeh, Haddad Khodaparast,
Elhami Rad, & Rahmani, 2012). Numerous plants generate after con-
sumption notable quantities of seeds, which are generally disposed of

and considered aswaste or by-product. Among them, Iranianmashhadi
melon (Cucumis melo var. Iranians cv. Mashhadi), Iranian watermelon
(Citrullus lanatus cv. Fire Fon), pumpkin (Cucurbita pepo subsp. pepo
var. Styriaca), and yellow apple (Malus domestica cv. Golden Delicious)
could be considered as potential sources of seed by-products.

Mashhadi melon growing in Iran, is able to provide a good source of
water during the dry seasons (Bagheriyan, Karimi, & Esmaelizadeh,
2015). The seeds of Mashhadi melon contain high amounts of edible
oils with high nutritional values (Maran & Priya, 2015; Petkova &
Antova, 2015). Watermelon, as one of the main fruit plant growing in
the areas with long frost-free warm periods (Prohens & Nuez, 2008), is
mainly used for the production of juices, nectars, and fruit cocktails
(Wani, Kaur, Ahmed, & Sogi, 2008), while the seeds and the rind are the
main solid waste (Prakash Maran, Sivakumar, Thirugnanasambandham,
& Sridhar, 2014). According to the available literature, the extracted oils
from the seeds of some watermelon varieties had good oil qualities
(Baboli & Kordi, 2010; El-Adawy & Taha, 2001). The seeds of Pumpkin
fruits belonging to Cucurbitaceae family are considered as valuable
sources of edible oils (Gohari Ardabili, Farhoosh, & Khodaparast, 2011;
Nederal et al., 2012). Yellow apple belongs to Rosaceae family and could
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be considered as oneof themostwidely cultivated fruit trees in theworld.
The oil recovered from apple seeds has been reported as edible in the lit-
erature (Górnaś, 2015; Górnaś, Rudzińska, & Segliņa, 2014; Yu, van, Li, &
Yue, 2007).

One of the key factors to explore the novel seed oils by food industry,
in addition to the nutritional value, is the oxidative stability. In fact, their
application for frying, incorporation in ready-to-eat (RTE) foods, as well
as other potential applications, is correlated to their stability during dif-
ferent steps of processing. Emerging food-processing technologies may
present some adverse effects on oil stability (Malheiro et al., 2009;
Hashemi, Mousavi Khaneghah, Tavakolpour, Asnaashari, & Mehr,
2015). For instance, it was shown that exposing lipids to long treatment
timeby ultrasounds lead to their degradation (Pingret, Fabiano-Tixier, &
Chemat, 2013). Among emerging food preparation methods, the use of
microwave has become a routine technique for culinary preparations.
Increased use of microwave heating in both home and food industry
has taking advantages due to its convenience, swiftness, capacity to rap-
idly transmit heat, time and energy saving, ease of operation, and cost
benefits (El-Abassy, Donfack, & Materny, 2010; Koubaa et al., 2016;
Lee et al., 2004; Malheiro et al., 2009; Malheiro, Casal, Lamas, Bento, &
Pereira, 2012). Although efficient in generating volumetric and rapid
heating, microwaving can induce oxidative processes in edible oils,
and thus significant losses in the nutritional and quality values
(Malheiro et al., 2009). Consequently, understanding the effect of mi-
crowave process on the oxidative stability of the above-mentioned
novel seed oils is of great importance. To the best of our knowledge,
there is a lack in the available literature regarding the oxidative stability
and the changes in the chemical properties of the abovementioned seed
oil sources (Mashhadi melon, Iranianwatermelon, pumpkin and yellow
apple) duringmicrowave heating. For this purpose, thiswork is devoted
to clarify this point by evaluating variousmicrowave heating times usu-
ally used in cooking.

2. Materials and methods

2.1. Plant material

Mature and fresh fruits/vegetables (30–90 kg) of Mashhadi melon
(Cucumis melo var. Iranians cv. Mashhadi), Iranian watermelon
(Citrullus lanatus cv. Fire Fon), pumpkin (Cucurbita pepo subsp. Pepo
var. Styriaca) and yellow apple (Malus domestica cv. Golden Delicious)
have been purchased from a local market in Shiraz city (Iran) during
the summer season of 2015 (August). They were first cut by a sharp
knife and then the seeds were hand collected, washed with tap water,
and sun-dried for 6 days, until constant weight. Seeds were stored in
sealed vessels wrapped with polyethylene bag at 4 °C until oil extrac-
tion. All chemicals and solvents used in this study were of analytical
grade and were obtained from Sigma Chemical Co. (St. Louis, MO,
USA) and Merck Co. (Darmstadt, Germany).

2.2. Seed oil extraction

After cleaning and removal of the foreign materials, each seed sam-
ple was ground to a fine powder using a kitchen grinder (Moulinex,
France). Seed oil was then extracted using n-hexane (1:4 w/v) using a
shaker (220 rpm, FanAzma Gostar, TM52E, Iran) at ambient tempera-
ture under dark condition for 40 h. The solvent was evaporated to dry-
ness using a rotary evaporation system, under vacuum at 40 °C. The
extracted oils were flushed with nitrogen gas and stored in sealed and
dark bottles until analysis. Seed oil content was determined according
to Eq. (1).

Oil content;% ¼ Mass of the extracted oil gð Þ
Mass of the dry sample gð Þ � 100 ð1Þ

2.3. Heating procedure

In order to simulate the usual time used in home heating and
cooking procedures for each oil sample, various exposure times were
tested (1, 3, 5, 10, and 15 min), as previously reported (Borges,
Malheiro, de Souza, Casal, & Pereira, 2015). For this purpose, three bio-
logical replicates (60mL) of each oil sample were individually placed in
Petri dishes (20 mm height and 100 mm diameter) and subjected to
heating in a microwave oven (Panasonic, NN-GD692S, Malaysia) at
1000 W. Unheated oil samples were applied as control (corresponding
to the initial point treatment (0 min)). After cooling to room tempera-
ture, the samples were kept in dark brown airtight glass bottles at 4 °C
until analysis.

2.4. Fatty acid composition analysis

Fatty acids were transesterified into their corresponding methyl es-
ters (FAMEs) by rigorous shaking of oil/hexane mixture (0.3 g in 7 mL)
with 2 mL of methanolic KOH (7 M) at 50 °C for 10 min. Then the fatty
acid compositions were determined using gas chromatography - flame
ionization detector (GC-FID) (HP-5890 chromatograph (Agilent, Palo
Alto, CA, USA) equipped with a capillary CP 88 (Varian 3400, USA) col-
umn of fused silica (120 m in length × 0.25 mm internal
diameter × 0.25 μm film thickness)). Helium was used as the carrier
gas at a flow rate of 0.8 mL/min. The oven temperature was first set at
160 °C, afterward, increased at 1 °C/min up to 200 °C. The temperatures
of the injector and the detector were set at 210 and 300 °C, respectively.

2.5. Analysis of the oil quality

2.5.1. Peroxide value determination
Peroxide value (PV) was measured by treating each oil sample (5 ±

0.05 g) prepared in 30 mL acetic acid-chloroform (3:2, v:v) with 0.5 mL
of saturated potassium iodide solution, followed by titration with 0.1 N
sodium thiosulphate (AOCS, 1998).

2.5.2. Conjugated diene (CD) and triene (CT) values
For the determination of CD and CT values, seed oil samples were di-

luted with isooctane and the absorbance was then measured at 234 nm
and 268 nm, respectively, using a UV/Vis spectrophotometer (Philips
Cambridge, UK) (AOCS, 1997).

2.5.3. Carbonyl value
Carbonyl value (CV) of each seed oil sample was determined using

isopropanol, as previously reported (Endo, Li, Tagiri-Endo, & Fujimoto,
2001). The 2,4-decadienal was used as standard molecule.

2.5.4. Anisidine value
Anisidine value (AnV) was determined by measuring the absor-

bance at 350 nm of the seed oil samples (0.5–4 g ± 0.001 g) prepared
in 25 mL isooctane, and treated with 1 mL p-anisidine reagent (Sigma,
USA) (AOCS, 2011). Blank solutionwas composed of 1mL reagentwith-
out sample.

2.5.5. Radical scavenging activity
Radical scavenging activity (RSA) of thedifferent oil sampleswasde-

termined as previously described (Kalantzakis, Blekas, Pegklidou, &
Boskou, 2006). An aliquot of 1 mL oil solution prepared in ethyl acetate
(10%, w/v) was placed in a test tube and mixed with 4 mL of DPPH so-
lution (0.1mol eq/L in ethyl acetate). Themixturewas shaken rigorous-
ly for 10 s in a screw-capped test tube, and then incubated under dark
condition for 30 min at room temperature. The absorbance was then
measured at 515 nm using UV/Vis spectrophotometer (Philips Cam-
bridge, UK).
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