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The Effect of Storage Temperature on the Composition of Fatty Acids in Crimson Sweet (Citrullus
lanatus var. lanatus) Watermelon Cultivar Seeds

Mozhgan ZARIFIKHOSROSHAHI*, Zeynep ERGUN?

ABSTRACT: Crimson Sweet is one of the favorite watermelon cultivars with high sugar content and great flavor
containing small and dark seeds. Both fruit flesh and seeds have high nutrition content. In order to evaluate new
sources of oil for the growing population, watermelon seed oil is used in some nations. Therefore, it was aimed
to determine the fatty acid profile of differentially stored Crimson Sweet watermelon seed oil in this study. The
results indicated that seeds are rich in Omega 6 fatty acid (40.62-42.34%). The amount of this essential fatty acid
was higher at samples stored at 4°C. Palmitic, oleic, and stearic acids are the main fatty acids followed by linoleic
acid in Crimson Sweet watermelon, respectively. Moreover, the ratio of polyunsaturated fatty acid to saturated
fatty acids was determined as 1.16, 1.20, 1.27 (room temperature, 4°C, and newly harvested, respectively) which
are in the desirable range for qualified oil.
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INTRODUCTION

Increased global nutritional demands make the use of vegetable oils necessary for utilization in
both food and industrial purposes such as cosmetics and soap making (Nwosu et al., 2017). Oil extracted
from some seeds, cereal grains, nuts and fruits such as watermelon and melon are known as vegetable
oils. However, some vegetable oils are not produced in commercial quantities. Citrullus lanatus
(watermelon) is a member of Cucurbitaceae, a family also referred to as cucurbits which has around 800
species and 130 genera (Najafi et al., 2010). Melons, pumpkins, squashes, and gourds are also the
member of this family. Due to sweet flavor and high nutritional value, watermelon is mainly consumed
as a fruit widely in some regions of the world, mainly in Africa and Asia. Besides consuming as a source
of nutrition, it is also used in folk medicine for the treatment of strangury (Ziyada and Elhussien, 2008).
Watermelon as a tropical plant requires a lot of sunshine and a high temperature of over 25°C for
optimum growth. Drained fertile soil with a moderately acidic nature is a favorite condition for
watermelon to grow up (Tabiri et al., 2016). Watermelons have important nutrition value because of rich
vitamins B, C, and E and B-carotene sources and also contain considerably large amounts of lycopene
(Choudhury et al., 2015). Watermelon bioactive content especially lycopene contributes to quenching
the free radicals causing diseases such as atherosclerosis, asthma, colon cancer, diabetes, and arthritis.
Moreover, watermelon contains high levels of fibers and citrulline, the precursor of arginine amino acid
(Tabiri et al., 2016). The quality of watermelon varieties is extremely based on the sugar content and its
sweetness. Watermelon can be used as fresh salad, dessert, snacks, and decorations. Besides consuming
watermelon fruit flesh, its seeds also are highly nutritional. Watermelon seeds are rich sources of
minerals (such as magnesium, potassium, phosphorus, sodium, iron, calcium, zinc, manganese, and
copper), vitamins B, protein (31.9%), and fat (57.1%) (Braide et al., 2012). Some nations consume
watermelon seed oil in the cooking and manufacturing of cosmetics but not on an industrial scale (Jensen
et al., 2011). Watermelon seeds also contain Leucine, Isoleucine, Tryptophan, and Valine necessary
amino acids (Razavi and Milani, 2006). Watermelon seed oils have been studied in different parts of the
world because it has a high content of linoleic acid (Ziyada and Elhussien 2008, Taiwo et al., 2008).
Despite the different potential applications and nutrition value, the watermelon seeds are often discarded
while the fruit is eaten. The recovery and use of agricultural and food processing by-products lead to a
decrease in waste disposal problems besides increased limited resources (Kamel et al., 1985). Recently
by increasing the demand of the growing population for vegetable oil, the researchers have focused on
the exploring of potential and newer plant resources for oil production at an industrial scale (Anhwange,
2004, Parry et al., 2005; Ramadan et al., 2006; Mabaleha et al., 2007; Celik and Ercisli, 2009; Nehdi,
2011). Moreover, investigation on postharvest conditions and periods on changes in wanted
characteristics is an important issue in the evaluation of new seed oil sources. On the other hand, fatty
acid composition is affected by temperature during seed maturation (Canvin, 1965). Whereas the
production of saturated fatty acids increases in warm, dry growing conditions, cooler, moist conditions
lead to the production of the polyunsaturated fatty acids (Harris et al., 1978; Yaniv et al., 1995).

In this study, it was aimed to determine the fatty acid profile of Crimson sweet watermelon oil-
bearing seeds with high nutritional importance storing at different temperatures to compare with newly
harvested ones. Therefore, the old seeds can be evaluated in oil production.
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MATERIALS AND METHODS

Plant Material

Citrullus lanatus var. lanatus were used in this study. The seeds were provided by a commercial company
(Haluk Gebzeli-Gebzeli Ziraat). The samples were treated at room temperature and +4°C (in conservation
refrigerator) for 12 months and compared with newly harvested seeds. Seeds in-room temperatures were kept in
special seed storage rooms with adjusted temperature (25°C), darkness, and humidity (%20).

Oil Extraction

The oils of all samples were extracted at the same time (immediately after harvest of new
samples, the conserved seeds and newly harvested ones were used). Obtained fresh oil was analyzed for
fatty acids via an automatic soxhlet device (Gerhardt GmbH & Co. KG). Nine grams of dried seed and
tuber samples were used for oil extraction. Hexane (Merck KGaA, Darmstadt, Germany) was used as a
solvent and extracted oil was weighted for determination of the oil percent in the samples. The oil
content of seeds and tubers were expressed as g100g™ of dry samples. Esterification of fatty acids was
done based on David et al., (2003) method.

Determination of Fatty Acids

The fatty acids were analyzed by a GC (Perkin Elmer, Shelton, USA). Chromatographic separation
was performed using a (30 m x 0.25 mm ID, 0.25 pm film thickness DB-Wax) column equipped with a
flame ionization detector (FID). The oven temperature was 50°C for 1 min, raised to 25°C min™ to
200°C, then 3°C min? to 230°C which was held for 18 min, while the injector and the detector
temperatures were set at 280°C and 250°C, respectively. The results were expressed in GC area % as a
mean value and + standard deviation (David et al., 2003).

Statistical Analysis

The statistics of biochemical analysis were done using JMP statistical software from SAS (Version
7). Differences among the mean values were detected by the least significant differences (LSD) test at a
5 % level. The fatty acid analysis was employed two times for each oil sample.

RESULTS AND DISCUSSION

The fatty acid composition of seed oils of Crimson Sweet at different storage conditions is shown
in Table I. The results showed that linoleic acid, palmitic acid, oleic acid, and stearic acids are the main
fatty acids in Crimson Sweet watermelon, respectively. Linoleic acid, the omega-6 fatty acid, is known
as an essential fatty acid because the human body cannot synthesize it.

Therefore, Crimson Sweet watermelon seed oils are extremely nutritious oils to reduce serum
cholesterol and remedy cardiovascular disorders (Nicolosi et al., 2004, Manzoor et al., 2007). In terms
of total oil percentage, the seeds which were stored at 4°C had a high amount of total oil (26.05%)
compared to others. While the oil contents of seeds in the present study were found to be lower than
those reported by Mogotlane et al., (2018) (30-41.5%) from different indigenous C. lanatus seeds (30-
41.5%), the obtained results are confirmed by the findings of Tabiri et al., (2016) (Charleston gray
26.83%, Crimson Sweet 26.50%, and Black diamond 27.83%). On the other hand, Al-Khalifa (1996)
reported that C.lanatus seed oils from Iran, Egypt, and China (20, 24, and 21%, respectively) were lower
than Crimson Sweet watermelon studied in this study. Crimson Sweet watermelon had a high amount of
total poly saturated fatty acids comprising a-Linolenic acid and Linoleic acid. While no significant
differences were obtained between newly harvested watermelon seeds (42.34%) and the seeds stored at
4°C (42.19%), the seeds stored at room temperature showed lower content (40.62%) of PUFA. Thirteen
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saturated fatty acids were detected at Crimson Sweet watermelon in this study which the main ones were
palmitic acid and stearic acid. The amount of total SFA was high following the total PUFA. In contrast
to total PUFA, newly harvested seeds had lower (33.27%) saturated fatty acids. The seeds stored at room
temperature had high levels of palmitic acid (19.17%) and stearic acid (13.86%) (SFAs) (Fig. 2).
Whereas the amount of oleic acid as monosaturated fatty acid was higher in newly harvested seeds
(17.29%) (Fig. 3), there were no significant differences between seeds stored at 4°C (16.36%) (Fig. 1)
and room temperature (16.35%) (Fig. 2). The amount of total saturated fatty acids in the present study
are comparable with those reported (64.6-88.2%) for different species of muskmelon (Tilak et al., 2006).
The differences among studies may be due to different cultivar and genotypes used along with different
oil extraction methods. As the results reveal, newly harvested samples and the ones stored at 4°C had
higher PUFA while the amount of PUFA has decreased and may be converted to SFA at samples that
are stored at room temperature. However, the ratio of PUFA: SFA is the highest at newly harvested
samples (1.27) followed by seeds stored at 4°C (1.20). Consequently, the storage conditions may
influence the fatty acid composition of seed oils. Although there is no evidence of storage temperature
effect on the conversion of PUFA to SFA, researchers reported that dry and warm conditions are favor
for SFA to be produced while moist and cooler conditions are favor to PUFA to be produced (Harris et
al., 1978; Yaniv et al., 1995).

Table | - The fatty acid composition of seed oils of Crimson Sweet at different storage conditions [%]

Fatty Acids Room temperature 4°C new harvest LSD
Oil Percent 25.21 26.05 25.56 -
Myristic Acid (C14:0) 0.1120.02 0.95+0.004 0.110.002 N.S
Palmitic acid (C16:0) 19.17+0.112 18.86+0.112 18.31+110P 0.523"
Stearic acid (C18:0) 13.86+0.012 13.50+0.10P 13.09+0.10° 0.343"
Avrachidic acid (C20:0) 0.58+0.0042 0.55+0.004° 0.55+0.004° 0.018"
Caprylic acid (C8:0) 0.34+0.007° 0.38+0.0142 0.35+0.012° 0.029"
Capric acid (C10:0) 0.05+0.000? 0.04+0.001° 0.03+0.001° 0.013"
Behenic acid (C22:0) 0.14+0.0072 0.13+0.005% 0.12+0.004° 0.018"
Caproic acid (C6:0) 0.33+0.014¢ 0.34+0.0128 0.30+0.010° 0.018"
Tricosanoic acid (C23:0) 0.03+0.0012 0.03+0.001% 0.00+0.000° 0.028"
Lignoseric acid (C24:0) 0.13£0.005 0.12+0.004 0.12+0.004 N.S
Undecanoic acid (C11:0) 0.07+0.002 0.07+0.003 0.06+0.002 N.S
Margaric Acid (C17:0) 0.22+0.0082 0.20+0.007% 0.19+0.007° 0.018"
Pentadecanoic acid (C15:0) 0.06+0.002 0.04+0.002 0.04+0.001 N.S
X SFA 35.04 35.21 33.27
Palmitoleic acid (C16.1)o—7 0.06+0.002 0.07+0.002 0.06+0.002 N.S
Oleic acid (C18:1n9¢)w—9 16.35+0.12° 16.36+0.12° 17.29+0.132 0.815"
Eicosenoic acid (C20:1n9¢)®—9 0.08+0.003 0.08+0.003 0.08+0.003 N.S
Y~ MUFA 16.49 16.51 17.43
a-Linolenik acid (C18:3n3) ©—3 0.110.004° 0.124+0.0042 0.11£0.004° 0
Linoleic acid (Cl 8:2n6c) o—6 40.62+0.30° 42.19+0.328 42.34+0.312 1.046"
X PUFA 40.73 42.31 42.45

*LSD. Least Significant Difference (LSD). *N.S: No significant differences. SFA: Saturated Fatty acid; MUFA:

Monounsaturated fatty acid; PUFA: Polyunsaturated Fatty acid.
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Figure 1 - The chromatogram of fatty acids of Crimson watermelon seeds at 4°C
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Figure 2 - The chromatogram of fatty acids of Crimson watermelon seeds at room temperature
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Figure 3 - The chromatogram of fatty acids of newly harvested seeds of Crimson watermelon
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CONCLUSION

The results of this study proved that the seeds of Crimson sweet watermelon are a good source
of high omega 6 fatty acid. Therefore, seed oil can be evaluated as a highly notorious and healthy source
in the human diet. Although the results showed that the seeds which are newly harvested and the seeds
stored at cool places have a high amount of PUFA, the seeds stored at room temperature also have
adequate PUFA to be evaluated at oil extraction and uses. By all, the results showed that storage
temperature may affect the fatty acid composition but no matter the storage conditions, the seeds may
be used for oil extraction at an industrial scale.
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