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Dragon fruit is gaining its popularity in all over the world. The seed of the dragon fruit is highly nutritious
in terms of essential fatty acid. The utilization of seed oils is getting increasingly common these days. In
this work, a comparative analysis was undertaken for control and microwave-assisted extraction (MAE)
samples, using the RSM-CCD (Response Surface Methodology – Central composite Design) design, to
determine the influences power and time on dragon fruit seed oil’s Yield, PV, DPPH, and polyphenol con-
tent. The optimization was done, where the extraction yield (34.30 %), PV (3.23 me quiiv O2/kg), DPPH
(69.65 %), and polyphenol (96.71 mg GAE/g) was observed. While comparing with the control sample
the antioxidant activity of the seed oil in terms of (%DPPH, FRAP and ORAC) was better in microwave trea-
ted sample. The saturated fatty acid is 25 % with a monounsaturated fatty acid 20 % and Polyunsaturated
fatty acid of 55 %. High amount of tocopherol content was determined having 93 % of c -tocopherol.
Dragon fruit seed oil has the possibility to be a good source for the functional components in the near
future due to the presence of antioxidant compounds and essential fats.
� 2022 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Hylocereus spp., commonly known as dragon fruit, generally
grows in the equatorial region is a climber. In India it is called as
Nagajamudu, Pitaya or Brahmajamudu. Pitaya is native to South,
Central, and North America, and it thrives in tropical and subtrop-
ical regions (Vincent, 2009). Due to its unusual look, dragon fruit is
quite appealing. The flesh is delicious, with a lot of tiny black seeds.
Experts say it’s also a wonderful source of minerals and antioxi-
dants. Hylocereus polyrhizus (red pitaya with crimson meat) and
Hylocereus megalanthus (yellow pitaya) are two more commercial-
ized varieties (Ariffin et al., 2009). The fruit can be consumed fresh
or made into dessert, pastries, sweets, jam, wines, shakes, and
other speciality drinks, or used as flavourings in other drinks and
cuisines. These are generally used to make flavor soups, lumpia,
and other Filipino dishes. Skin pulps are used to make pickles,
jam, and cleaning beverages. Although the fruit is native to Amer-
ica, several countries are growing (Merten, 2003; Pagliaccia et al.,
2015).

The fruits consist of plenty of grainy seeds. Like other fruit
seeds, dragon fruit seeds contain oil mainly poly unsaturated fatty
acids (PUFA). Dragon fruit has more minerals than mangosteen and
other tropical fruits like mango and pineapple, including potas-
sium, phosphorus, sodium, and magnesium. The fruit is said to
have a more significant amount of antioxidants when compared
to other subtropical fruits (Farid Hossain et al., 2021). It is said to
be good source of Ascorbic acid, retinol, and trace amounts of Thi-
amine and Riboflavin (C. et al., 2015). Because of its high lipid con-
tent and functional properties, dragon fruit oil extracted is viewed
as a high value product (Liaotrakoon et al., 2013). The oil has anti-
aging properties, so it smoothens and tightens the skin. It has
greater amounts of antioxidants and unsaturated fatty acids, mak-
ing it a great addition to creams, lotions and moisturizers. Several
oil extraction techniques (mechanical compression, solvent extrac-
tion, supercritical fluid extraction, Enzymatic oil extraction,
microwave-assisted oil extraction) are available for increasing
the Yield of the oil by maintaining its quality from different fruit
seeds (grapeseed, hemp seed, watermelon seed, passion fruit,

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jssas.2022.08.001&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jssas.2022.08.001
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:payelghoshrana@gmail.com
https://doi.org/10.1016/j.jssas.2022.08.001
http://www.sciencedirect.com/science/journal/1658077X
http://www.sciencedirect.com


T. Boyapati, S.S. Rana and P. Ghosh Journal of the Saudi Society of Agricultural Sciences 22 (2023) 149–157
etc.) (Aladić et al., 2015; De Oliveira et al., 2013; Ibrahim &
Onwualu, 2005; Rai et al., 2015; Savoire et al., 2013). Among all
such treatments microwave-assisted treatment gives promising
results in different researches. The effect of microwave pre-
treatment (before cold pressing) improves rapeseed oil’s chemical
stability, nutritional and functional content. There was no signifi-
cant change in fatty acid composition upon microwave pre-
treatment (Rezvankhah et al., 2019). In general, all modern
research shows that using a microwave helps extract oil and
increase production. Shorter extraction durations result in greater
amount of oxidative stability, which is directly connected to
reduced physical and chemical impacts (when compared to Soxh-
let extraction utilising an accelerated temperature scenario), and
efficient elution of antioxidants and preseravance of the nutritional
properties (Li et al., 2013).

Dragon fruit seed oils contain a wide range of nutritional and
antioxidant qualities; however, there seems to be little information
on the pre-treatment methods for dragon fruit seed oil. The oil may
fulfil a high industrial demand due to its quality. The work’s objec-
tive is to optimize microwave pre-treatment parameters for
increasing the yield of extraction of seed oil from dragon fruit
and comparison of the antioxidant characteristics, fatty acid profile
and tocopherol content for the extracted seed oil.

2. Materials and procedures

2.1. Sample collection

In Guntur– Andhra Pradesh (Latitude: 16.2357410, Longitude:
80.3971060), India, fresh dragon fruits were harvested and brought
from a neighbouring farm on 34 days of flowering (DAF)
(Jalgaonkar et al., 2020). Fruit is selected according to its physical
Fig. 1. (a) Wet seeds before sun-drying; (b) Dried seed powder; (c) Dragon fruit seed
extraction.
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ripeness. The produce is peeled and separated after being forcefully
smashed with a soft spatula or while wearing gloves, the pulp is
suspended in water, and the seeds and pulp are separated. The
seeds will have settled inside the jar after about an hour. The pulp
at the jar’s rim can be manually removed. The seeds are filtered
before being spread out on a wide dish or tray. Because the flesh
surrounding the pulp is exceedingly gelatinous, it must be dried
to eliminate moisture. Drying was done overnight in the shade.
To acquire the final sample, the seeds are further dried at 40 �C
for 4 h and pulverized into powder. Dragon fruits are gathered
fresh each time for treatment to minimize the wasting of raw
materials (Fig. 1a & Fig. 1b).

2.2. Determination of physicochemical characteristics of dragon fruit
seeds

All procedures for determining moisture, total carbohydrates,
dietary fiber, protein, and ash were measured based on method
given by Nielsen (1998), Menges� et al. (2019). A Hunter Lab
Colorimeter was used to determine the L, a*, b*, and colour read-
ings of the fruit. The L value has been used to describe the bright-
ness to darkness (100–0) ratio, where a represents red (+ve) and
green (–ve) colour and b represents yellow (+ve) and blue (– ve)
colour. The chroma (C) value and hue angle were computed using
the formulas (h), hue value has been used to determine the colour’s
purity, while the chroma value (C) was used to determine the
appearance of the different shades.

C ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
a2 þ b2

q

h ¼ tan� 1ðb=aÞ
oil – Solvent extraction; (d) Dragon fruit seed oil – Microwave assisted solvent
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After separating the non-edible (skin) component of the fruit
from the edible section, the weight of the edible portion
(pulp + seeds) and the weight of the non-edible portion (skin) is
taken. The product is peeled and divided into pulp to separate
and assess the proportion of seeds.
2.3. Dragon fruit seed oil characterization

The fat percentage in dragon fruit seeds was assessed using the
solvent extraction technique (Fig. 1c & Fig. 1d), which involves iso-
lating fat using non-polar solvents such as n-hexane (Nielsen,
1998). The yield percentage is calculated by taking (actual yield/to-
tal weight of the sample) * 100. Refractive Index, Iodine Value,
Peroxide value, and saponification are measured based on the pro-
cedures mentioned in the (AOAC 2017; AOCS 2017). The quantity
of free fatty acid in the sample that neutralizes the KOH is calcu-
lated as the acid value, and the FFA’s content in the oil extracted
from dragon fruit seeds is reported in terms of (mg KOH/g). This
parameter is computed using a method given by Win et al.
(2018) which is discussed in detail under Section 2.5.

Antioxidant activity was measured by spectrophotometric anal-
ysis. The sample’s antioxidant activity is measured in % DPPH, and
the process uses methanolic extract, which has been used by other
researchers (Ghosh et al., 2021). FRAP is an abbreviation for ferric
reducing antioxidant power. This FRAP is measured in terms of
lmol Trolox/g dry weight. The method utilised for this FRAP study
was adapted from (Pal et al., 2015), in which acetate buffer with a
pH of 3.6, 2, 4, 6-tripyridyl-s-triazine solutions were combined in
HCl, and FeCl3�6H2O solutions is being used as standard stock solu-
tion. Acetate buffer, TPTZ solution, and FeCl3�6H2O solution were
combined in a specific ratio to generate a new working solution,
which was warmed to 37 �C before use. Fruit preparations were
prepared by reacting in the dark with FRAP solution for 0.5 h and
the absorbance of the coloured product (ferrous tripyridyl triazine
complex) is measured at 593 nm. A FRAP calculation is performed
using graph by plotting a calibration curve (10–100 M) established
by adding Trolox to the FRAP buffer solution, and the results are
presented in Trolox equivalents (M Trolox/g FW).

Antioxidant activity was also measured by Oxygen Radical
Absorbance Capacity Assays (ORAC). Fluorescein, phosphate buffer
was used to make a 0.12 mM fluorescein solution (75 mM, pH 7.4).
Before each assay, a 1:100 dilution of this solution with phosphate
buffer was used to make the final fluorescein working solution. The
stock solution of 2,20-azobis(2-methylpropionamidine) dihy-
drochloride (AAPH) (c = 129 milli molar) was prepared by dissolv-
ing AAPH in phosphate buffer. Trolox was also used for calibration.
A 96-well microtiter plate was filled with 10 lL of each sample in
various dilutions, Trolox or water. Following that, 100 L of phos-
phate buffer (75 mM, pH 7.4) or 250 L of negative control phos-
phate buffer (75 mM, pH 7.4) were added. 150 lL of the AAPH
Table 1
Results of the Physicochemical characteristics of the control dragon fruit seed.

Sl. No Control Seed parameters Value

1. Moisture (% wb) 67 ± 1.22
2. Carbohydrate (g/100 g seed) 3.48 ± 1.55
3. Dietary Fibre (g/100 g seed) 3.00 ± 1.23
4. Protein (g/100 g seed) 2.00 ± 1.43
5. Fat/Oil (%) 24.2 ± 0.73
6. Ash (g/100 g seed) 0.25 ± 0.22
7. L 31.61 ± 0.53
8. a* 0.76 ± 0.002
9. b* 10.61 ± 0.32
10. Edible part of the fruit (%) 39.75 ± 3.45
11. Non edible part of the fruit (%) 51.92 ± 4.73
12. Seed (%) 7.89 ± 1.21
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stock mixture was taken to the blank value, standards, and samples
after a 10-minute incubation period at 37 �C. The fluorescence
quenching experiment was carried out at 37 �C with an excitation
wavelength of 485 nm and an emission wavelength of 528 nm. The
reaction’s progress was tracked for a time period of 2 h, with 1
observation every 2 min (Groth et al., 2020).

2.4. Experimental design for Microwave pre-treatment extraction by
design expert RSM-CCD

The Microwave aided extraction of the dragon fruit seed oil was
optimized using the RSM CCD design, where independent parame-
ters were power (w) and Time (min), and the dependent parame-
ters were yield (%), PV (me quiv Oxygen/kg), DPPH (%), and
Polyphenol (mg GAE/g). The microwave used here is Samsung
(MC28M6036CC Convention MWO – 28 L). Power was varied from
300 to 600W, represented in the coded format (�1 to +1), and time
was varied from 5 to 15 min, which was also represented in the
coded form (�1 to +1). A total of 13 trials, including the five repli-
cates at the centre point, were carried out in a randomized fashion
for the three variables using a CCD setup (Table 2). Analysis of vari-
ance (ANOVA) has been employed to validate this model. After the
pre-treatment, the oil extraction used to carry out by using solvent
extraction mentioned in Section 2.3.

2.5. Fatty acid profiling

The gas chromatographic technique was used to do fatty acid
profiling. The GC instrument was a Gas Chromatograph equipped
with an FID (Flame Ionized Detector). Fatty acids were separated
using it. 50 g sample was taken and is raised to a temperature of
80 �C in the mixture of chemicals (methanol, tetrahydrofuran, hep-
tane, 2,2–dimethoxy propane and sulphuric acid (37:20:36:5:2))
where the parallel hydrolysis and extraction of methyl derivatives
took place in a single step. H2 was employed as a variable phase
and at a flow rate of 0.06 L/hour. Agilent HP 50 + separation col-
umn (0.03 km length, 0.32ID mm, 0.25 lm Film) has been utilised
as the adsorbate or column for the partitioning. The oven temper-
ature with gradient mode of separation have been used, first with
overall total time of 0.417 h, by an starting temp of 4 �C for four
minutes, that was then raised to a temp of 150 �C at a level of
25 �C/min by an attempt to hold for a period of 60 s, again increas-
ing it to a temperature of 220 �C at a raise of 4 �C/min by retaining
it for 300 s, and ultimately to a temperature of 240 �C at an
increase of 4 �C/min with a retention period of 900 s, where the
process for determining the fatty acids contained in seed oil is
based on the method used by Ghosh et al. (2021).

2.6. Tocopherol content

HPLC was used to determine the amount of tocopherol in the
sample. The procedure to estimate the tocopherol content is taken
from (Piombo et al., 2006) and is used in our study for the estima-
tion of tocopherol content, at a 0.06 L/hour flow rate, the solvents
was made up entirely from a mixture of hexane and dioxane. Using
a spectrofluorimetric detector and the excitation wavelength was
set at 290 nm and the emission wavelength was set at 330 nm.
To assure accuracy, the analysis was performed three times(tripli-
cates) for accuracy and confirmatory purpose.

2.7. Statistical evaluation

The statistical analysis was performed here as mean ± SD of
three independent evaluation and had been statistically analysed
employing SPSS statistics 20 (SPSS, Inc., Chicago). Turkeys Test



Table 2
The CCD real variables and experimental responses.

Diagnostics Case Statistics

Yield (%) PV (me quiiv Oxygen/
kg)

DPPH (%) Polyphenol (mg GAE/
g)

Standard
Order

Power
(Watt)

Power (Watt) -
Coded

Time
(Min)

Time (Min)-
Coded

Actual
Value

Predicted
Value

Actual
Value

Predicted
Value

Actual
Value

Predicted
Value

Actual
Value

Predicted
Value

1 300 �1 5 �1 21.6 24.13 2.94 2.97 59.41 60.35 71.36 74.82
2 600 1 5 �1 32.8 34.04 3.11 3.13 68.21 67.67 90.13 90.75
3 300 �1 15 1 24.3 26.78 2.98 2.99 60.03 61.05 75.34 79.79
4 600 1 15 1 33.1 34.30 3.23 3.23 70.11 69.65 95.11 96.71
5 237.87 �1.414 10 0 22.5 19.73 2.91 2.89 60.14 58.85 74.61 70.06
6 662.13 1.414 10 0 33 32.05 3.18 3.17 69.31 70.11 93.81 93.29
7 450 0 2.93 �1.414 34.6 32.71 3.13 3.09 64.11 63.93 87.33 85.49
8 450 0 17.07 1.414 36.6 34.77 3.16 3.17 66.13 65.83 96.46 93.23
9 450 0 10 0 34.8 34.88 3.14 3.14 64.15 64.15 93.41 93.32
10 450 0 10 0 35.1 34.88 3.15 3.14 64.13 64.15 93.4 93.32
11 450 0 10 0 35 34.88 3.14 3.14 64.15 64.15 93.39 93.32
12 450 0 10 0 34.8 34.88 3.14 3.14 64.15 64.15 93.2 93.32
13 450 0 10 0 34.7 34.88 3.14 3.14 64.15 64.15 93.2 93.32
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and ANOVA were also used to determine statistical significance.
For all differences, the significance level was set at P < 0.05.
Table 3
ANOVA and F-Value for all Dependent Variables for MW assisted oil extraction from
dragon fruit seed.

Regression Coefficient Yield PV DPPH Polyphenol

b0 �25.99 +2.38 +55.76 +4.40
A(Power) 0.21 0.002 0.015 0.284
B(Time) 0.96 �0.002 �0.35 +1.98
AB �0.0008 +0.00002 0.0004 0.0003
A2 �0.0002 �2.4*10-6 7.50*10-6 �0.0002
B2 �0.022 �0.0002 0.01 �0.079
F-Value 13.39 40.23 38.07 17.02
3. Results and discussion

3.1. Physicochemical properties of dragon fruit seed

When compared to the moisture content of a few other date
seeds, which was reported to be 2.33 percent, 1.66 percent, and
1.66 percent for Mazafati Bam, Mazafati Jiroft, and Kalutah vari-
eties, respectively, the dragon fruit seed has a moisture level of
around 67 % when measured on a (% wb) (Dehdivan & Panahi,
2017). Table 1 lists the physico-chemical parameters of the dragon
fruit seed. The moisture content of red pitaya seeds is around
126 ± 6 g/kg seed (fresh weight base) by Villalobos-Gutiérrez
et al. (2012). The control dragon fruit seed has a total carbohydrate
content of 3.48 ± 1.55 g/100 g seed. The carbohydrate content of
the dragon fruit, as estimated by Kurnia et al. (2021), is found to
be around 10.8 %, and the carbohydrate content ranges from
79.32 to 82.97 % among different varieties of date seeds
(Dehdivan & Panahi, 2017) and 352 ± 15 mg/kg in red pitaya seeds
of Central American origin by Villalobos-Gutiérrez et al. (2012).
Dietary Fibre is estimated to be 3.00 ± 1.23 g/100 g seed in the con-
trol dragon fruit seed. The dietary fibre content of red pitaya seeds
from Central America is estimated to be around 302 ± 19 mg/kg
seed (fresh weight base), while the amount of protein present in
the control dragon fruit seed was observed to be 2.00 ± 1.43 g/10
0 g seed, and the protein content of the red pitaya seeds from Cen-
tral America was reported to be around 206 ± 6 mg/kg seed (FW
basis) (Villalobos-Gutiérrez et al., 2012). The control dragon fruit
seed is reported to have a fat percentage of around 24.2 ± 0.73 %.
The control dragon fruit seed contains 0.25 ± 0.22 g of ash per
100 g of seed which is found to be higher when compared with
the ash content reported by Villalobos-Gutiérrez et al. (2012),
which is 21 ± 1 mg/kg seed (fresh weight base). The L value for
the control dragon fruit seed was determined to be 31.61 ± 0.53,
the a* value for the control dragon fruit seed was 0.76 ± 0.002,
and the b* value for the control dragon fruit seed was found to
be 10.61 ± 0.32. The percentage of the edible fruit is approximately
39.75 ± 3.45 %, the portion of the fruit that is non-edible is around
51.92 ± 4.73 %, and the percentage of seeds is around 7.89 ± 1.21 %.

3.2. Optimization and effects of variables

The solvent extraction approach was used to determine the sol-
vent extraction for the dragon fruit seeds, which used organic sol-
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vents like n-hexane. The CCD design for the Microwave treated
extraction of the samples was made as mentioned in Table 2. The
CCD design was employed for optimizing the Yield. The ANOVA
model showed that all the proposed things had an excellent R2

value. The Yield was observed to have an R2 value of 0.9053(Quad-
ratic), PV with 0.9664(Quadratic), DPPH with 0.9539(linear), and
Polyphenol of 0.9240(Quadratic). The suggested model is fit if the
R2 for all responses is >90. This regression model shows that the
conditions are favourable for attaining the highest Yield
(Abdullah et al., 2007). Where the equations for Yield (1), PV (2),
DPPH (3), and Polyphenol (4) are as follows:

Yield = �25.99 + 0.21A + 0.96B � 0.0008AB � 0.0002A2 � 0.022B2

ð1Þ

PV = +2.38 + 0.002B + 0.00002AB � 0.000002A2 � 0.0002B2

ð2Þ

DPPH = +55.76 + 0.02A � 0.35B + 0.0004AB + 0.000007 A2 + 0.015B2

ð3Þ

Polyphenol = +4.40 + 0.28A + 1.98B + 0.0003AB � 0.0002A2 � 0.08B2

ð4Þ
The research was done in triplicates for confirmation, and the

results were reported as an average using the three-dimensional
graphs. The R2 value is determined to validated the model. The
details of the effect of independent parameter on the dependent
parameter has been mentioned in the Table 2.

3.2.1. Variables effect on yield
As shown in Table 3, power (A) (P < 0.0001) and time (B)

(P < 0.001) had a considerable beneficial influence on juice output,
whereas quadratic parameters had a significant negative effect
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(P < 0.01). In terms of their real level, the regression model describ-
ing the influence of power and temperature on the production of
dragon fruit seed oil is as follows:

Yield = �25.99 + 0.21A + 0.96B � 0.0008AB � 0.0002A2 � 0.022B2

The coefficient of determination R2 for the above equation is
0.90. This figure implies that the regression model is able to
explain 90 % of variance in the data. Fig. 2a demonstrates that as
the power and time rise, the Yield grows until it reaches a certain
point, beyond which it drops. On the other hand, optimal power
and time have the considerable influence on oil yield. The most
considerable Yield was recorded at 450 w and 10 min. Because of
the oil’s deterioration and evaporation during the extraction pro-
cess, a drop in yield is noted after a certain length of time. And it
is at this power-time combination that the greatest yield is
reached. Depending on the moisture content of the fruit seeds,
the yield obtained from Passion fruit seeds collected using an oil
press machine was determined to be in the range of 6–12 percent
by Andasuryani et al. (2020). Our control oil produced a yield of
around 24.2 ± 0.73a, whereas the yield of the optimised sample
was 33.6 ± 0.48b. Both of our samples yielded more oil than the
oil obtained from the Passion fruit seed.

3.2.2. Variables effect on PV
As shown in Table 3, power (A) (P < 0.0001) and time (B)

(P < 0.001) had a linear positive influence on PV of the juice,
whereas quadratic parameters had a substantial negative effect
(P < 0.01). The following is the regression model for the influence
of power and temperature on the PV of dragon fruit seed oil in
terms of their real level:

PV = +2.38 + 0.002B + 0.00002AB � 0.000002A2 � 0.0002B2

The coefficient of determination R2 for the above equation is
0.96. According to this result, the regression model can explain
Fig. 2. (a) Effect of independent parameters on yield; (b) Effect of independent paramete
parameters on polyphenol.
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for 96 % of the data variability. PV grows up to a point, then falls,
as seen in Fig. 2b, as power and duration increase. On the other
hand, optimal power and time have the considerable influence
on oil PV. The greatest PV was observed at 450 w and 10 min.
Because of the deterioration and evaporation of the oil during
the extraction process, a drop in PV is noted after a certain length
of time. And, it is at this power-time (450 w and 10 min) combina-
tion, the highest quantity of PV is achieved. The microwave-treated
sample exhibited a lower PV value than the control, indicating that
the proportion of oxidation in the treated sample is less. This is
contrary to the findings of (Kaseke et al., 2020), who observed that
the oil derived from pomegranate seeds exhibited that the un-
microwaved sample (control) had a lower PV value than the micro-
waved extracted sample (treated). The lesser the PV the more the
oil is oxidative stable.

3.2.3. Variables effects on DPPH
As shown in Table 3, power (A) (P < 0.0001) and time (B)

(P < 0.001) had a considerable beneficial influence on the DPPH
of the juice, whereas quadratic parameters had a notable positive
influence (P < 0.01). The following is the regression model for the
influence of power and temperature on the DPPH of dragon fruit
seed oil in terms of their real levels:

DPPH = +55.76 + 0.02A—0.35B + 0.0004AB + 0.000007 A2 + 0.015B2

The coefficient of determination R2 for the above equation is
0.96. According to this result, the regression model can explain
for 96 % of the data variability. Fig. 2c demonstrates that as power
and time rise, DPPH grows until it reaches a specific point, beyond
which it drops. On the other hand, optimal power and time have
the considerable influence on oil’s DPPH. The highest DPPH content
was reported at 650 w and 15 min. The deterioration happens at
more elevated temperatures/power or more prolonged exposure
to heat during the extraction process, resulting in a drop in DPPH
after certain time period. And it is at this power-time (650 w and
rs on PV; (c) Effect of independent parameters on %DPPH; (d) Effect of independent
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15 min) combination the maximum level of DPPH is produced. The
microwave assisted extracted pomegranate seed oil has a DPPH
value of 17.00 ± 0.21 IC50/(mg/mL)(çavdar et al., 2017), which is
much lower than our control and treated samples.

3.2.4. Variables effect on Polyphenol content
As shown in Table 3, power (A) (P < 0.0001) and time (B)

(P < 0.001) had a linear positive influence on the Polyphenol in
the juice, whereas quadratic parameters had a substantial negative
effect (P < 0.01). The following is the regression model for the influ-
ence of power and temperature on the Polyphenol of dragon fruit
seed oil in terms of their real level:

Polyphenol = +4.40 + 0.28A + 1.98B + 0.0003AB � 0.0002A2 � 0.08B2

The coefficient of determination R2 for the above equation is
0.92. This figure clearly shows that the regression design can
describe for 92 percent of the variance in the data. Fig. 2d shows
that the polyphenol content rises as the power increases, but there
is no discernible variation over time. On the other hand, optimal
power and time have the considerable influence on oil’s Polyphe-
nol. The consistent yield is seen at every power and time combina-
tion during the extraction process. The polyphenol yield from
grape seed oil with various treatments has been found to be
between 49 and 83 mg/g (Dang & Xiu, 2013).

The constraints for optimization were considered as Power and
Time in range, whereas yield was maximized, PV in range, DPPH
and polyphenol was in maximization condition. The best combina-
tion effect of Power and Time was observed at 600 W for 15 min.
The PV (me quiiv Oxygen/kg) at 600 W is found to be (>3 me quiiv
Table 4
Analysis for the extracted oil from Dragon fruit seeds.

Sl No Characteristics Control Seed oil (S

1. Yield (%) 24.2 ± 0.73a

2. Refractive Index 1.33 ± 0.01a

3. Iodine Value (g I2/100 g)) 127 ± 0.98a

4. Peroxide Value (me eqiv O2/kg) 3.16 ± 0.002a

5. FFA (mg KOH/g) 1.7 ± 0.13a

6. Saponification (mg KOH/g) 241.6 ± 1.23a

7. Antioxidant Activity (% DPPH) 65.3 ± 0.98a

8. FRAP (lmol Trolox/g DW) 310 ± 0.88a

9. ORAC (lmol Trolox/g DW) 13.61 ± 0.03a

Sl No Fatty Acid Composition
(g/100 g)

Control Seed oil (S

1. Myristic Acid (C14:0) 0.13 ± 0.00a

2. Palmitic Acid (C16:0) 15.31 ± 0.02a

3. Margaric acid (C17:0) 0.10 ± 0.00a

4. Stearic acid (C18:0) 7.31 ± 0.01a

5. Arachidic acid (C20:0) 0.93 ± 0.04a

6. Behenic acid (C22:0) 0.86 ± 0.02a

7. Lignoceric acid (C24:0) 0.51 ± 0.00aP
Saturated Fatty Acid 25.15

8. Palmitoleic acid (C16:1) 0.81 ± 0.02a

9. Oleic acid (C18:1) 19.21 ± 0.06a

10. Godonic acid (C20:1) 0.11 ± 0.00a

11 Erucic acid (C22:1) 0.06 ± 0.01a

P
Monounsaturated Fatty Acid 20.19

12. Hexadecadienoic acid (C16:2) 0.18 ± 0.00a

13. Linoleic Acid (C18:2) 54.81 ± 0.07 a

14. Linolenic Acid (C18:3) 0.20 ± 0.01 a

15. Eicosanoic acid (C20:3) 0.05 ± 0.00 a

16. Arachidonic acid (C20:4) 0.04 ± 0.00 a

P
Polyunsaturated Fatty Acid 55.64

Essential Fatty Acid (C18:2 + C18:3) 55.01
Tocopherol Content (mg/kg)

17. a-tocopherol 10.43 ± 0.9a

18. c-tocopherol 830.26 ± 6.87a

19. d-tocopherol 51.75 ± 2.7a

20. Total tocopherol content 892.44

154
Oxygen/kg)), the DPPH (%) at 600 W is found to be (>67 %), and the
polyphenol content is found to be (>90 mg GAE/g). The maximum
Yield is obtained at a treatment time of 15 min. The yield % is
(>34 %), the PV me quiiv Oxygen/kg (>3 me quiiv Oxygen/kg), the
DPPH % (>65 %), polyphenol (>75 mg GAE/g).

3.3. Characterisation and qualitative analysis for the seed oil extracted
in different methods

The comparative analysis for the extracted oil sample using the
solvent and microwave extraction is given in Table 4.

The optimal and selected parameters for the Microwave aided
extraction of the dragon fruit seed oil is 600 W of power and
15 min, with a yield of 34.297 % according to the optimized design,
and a yield obtained was in the range of 24.2 ± 0.73 for the solvent
extracted dragon fruit seed oil. This demonstrates that the
microwave-assisted extraction of dragon fruit seed oil yields more.
The obtained DPPH % is around 69.654, and the polyphenol content
is 96.714 mg GAE/g. The Optimized Microwave-Assisted Extracted
seed oil has a refractive index of 1.41 ± 0.02, higher than the Con-
trol Seed oil (Solvent Extraction) refractive index of 1.33 ± 0.01.

3.3.1. Iodine value
The iodine value is used to identify the extent of unsaturation of

the oils. The Optimized Microwave-Assisted Extracted seed oil has
a higher Iodine value of 131 ± 1.01 (g I2/100 g) than the Control
Seed oil (Solvent Extraction), which has a value of 127 ± 0.98 (g
I2/100 g). Due to the obvious prevalence of more polyunsaturated
fats, the Iodine value of the Chia seed oil derived by solvent extrac-
tion was 210.5 ± 0.02 (g I2/100 g), which was substantially greater
olvent Extraction) Optimized Microwave Assisted Extracted seed oil

33.6 ± 0.48b

1.41 ± 0.02a

131 ± 1.01b

3.01 ± 0.001a

1.4 ± 0.16b

250.2 ± 1.43b

68.4 ± 0.46b

325 ± 0.94b

14.23 ± 0.02b

olvent Extraction) Optimized Microwave Assisted Extracted seed oil

0.11 ± 0.00b

14.69 ± 0.01b

0.11 ± 0.01a

7.30 ± 0.03a

0.90 ± 0.04b

0.88 ± 0.03b

0.51 ± 0.00a

24.61
0.79 ± 0.03b

18.66 ± 0.07b

0.10 ± 0.00a

0.05 ± 0.01b

19.6
0.17 ± 0.00b

52.14 ± 0.08b

0.14 ± 0.01b

0.04 ± 0.00 a

0.04 ± 0.00 a

52.89
52.28

52.19 ± 1.4b

921.58 ± 7.9b

76.6 ± 3.2b

1050.37
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than the control and treated samples used in this study(Ixtaina
et al., 2011). The sample has a higher iodine value than the peanut
oil (86–107 g I2/100 g), Coconut oil (6–11 g I2/100 g), cocoa butter
(34–40 g I2/100 g), Canola (105–126 g I2/100 g), Maize oil (102–
135 g I2/100 g) and is almost equal with the Wheat germ oil
(115–126 g I2/100 g) as reported in the (Tiefenbacher, 2017). The
greater the iodine value, the higher the content of unsaturated fats
in the oil.

3.3.2. Peroxide value
One of the most widely used tests for determining oxidation in

fats and oils is the peroxide value, which assesses oxidative degra-
dation and the stability of the oil. When compared to the Control
Seed oil (Solvent Extraction), which has a peroxide value of
3.16 ± 0.002 (me eqiv O2/kg), the Optimized Microwave-Assisted
Extracted seed oil has a peroxide value of 3.01 ± 0.001 (me eqiv
O2/kg). This indicates that the treated sample has more excellent
oxidative stability than the control dragon fruit seed oil sample
(Solvent Extraction). The Chia seed oils are reported to have a per-
oxide value of 1.80 ± 0.16d (me eqiv peroxide/kg) (Imran et al.,
2016). The free fatty acid in the Optimized Microwave-Assisted
Extracted seed oil is 1.4 ± 0.16 (mg KOH/g) compared to
1.7 ± 0.13 (mg KOH/g) in the Control Seed oil (Solvent Extraction),
indicating that the optimized sample had less FFA than the control
(Solvent Extraction).

3.3.3. Saponification value
Higher triglyceride saponification values suggest more

medium-chain FA’s. The more the saponification number, the
shorter overall average fatty acid sequence and the lesser the mean
molecular weight of triglycerides. The Optimized Microwave-
Assisted Extracted seed oil has a saponification value of
250.2 ± 1.43 (mg KOH/g), which is higher than the Control Seed
oil (Solvent Extraction) of 241.6 ± 1.23 (mg KOH/g). The similar
kind of findings by Afolayan et al. (2014) in melon seed oil has
showed to had saponification value around 180.92 (mg KOH/g)
which is said to be employed in soap making due to its greater
saponification value. The control and treated samples have a more
excellent saponification value than the chia seed oil. The saponifi-
cation value for the chia seed oil is reported as 193.09 ± 0.07 (mg
KOH/g) (Ixtaina et al., 2011). This means that this dragon fruit seed
oil can be employed in making soaps with functional benefits.

3.3.4. Antioxidant activity (%DPPH)
The antioxidant activity of the Optimized Microwave-Assisted

Extracted oil from the dragon fruit is found to be greater than that
of the Control Seed oil (Solvent Extraction), with values of
68.4 ± 0.46 (% DPPH) and 65.3 ± 0.98 (% DPPH), respectively. The
ability of pulp and peel extracts to scavenge DPPH free radicals
was demonstrated. Because of the presence of betalain, the red
dragon fruit’s pulp had the highest antioxidant activity of
1266.3 g/ml, while the peel had the highest antioxidant activity
of 445.2 g/ml (JerÃf Ấnimo & Costa Orsine, 2015). Both of these val-
ues are found to be greater than seed oil. Microwave aided drying
of kiwi fruits has been found to have a higher antioxidant content
than conventionally dried kiwi fruits, which is consistent with our
findings (Özcan et al., 2020).

3.3.5. Antioxidant activity (FRAP)
The Optimized Microwave-Assisted Extracted seed oil has a

greater FRAP when compared to the Control (Solvent Extraction),
with values of 325.94 ± 0.94 (lmol Trolox/g Dry Weight) & 310.8
8 ± 0.88 (lmol Trolox/g DW), respectively. In comparison, the dra-
gon fruit pulp was reported to have the FRAP of around 609 to
620 lmol Fe2+/g Dry Weight (Ramli et al., 2014).
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3.3.6. Antioxidant activity (ORAC)
The Optimized Microwave-Assisted Extracted seed oil has a

higher ORAC than the Control Seed oil (Solvent Extraction), with
values of 14.23 ± 0.02 (lmol Trolox/g Dry Weight) & 13.61 ± 0.03
(lmol Trolox/g Dry Weight), respectively. Similar studies have
been conducted on The Golden Delicious 2017 variety, which had
an ORAC value of 4.82 to 6.3 [milli mol TE/100 g Dry Weight],
and the Golden Delicious 2018 variety, which had an ORAC content
of 6.3 to 9.6 [milli mol TE/100 g Dry Weight]. The cold-pressed
black caraway seed oil has an ORAC value of 220 lmol trolox
equivalents (TE) per gram of fat (Yu et al., 2005), and the cold-
old-pressed hemp seed oil has an ORAC value of 28 lmol TE/g oil
(Groth et al., 2020; Yu et al., 2005).

3.4. Fatty acid profiling

Numerous experts have mentioned the advantages of essential
fatty acids such as linoleic acid and alpha-linolenic acid, that may
be advantageous in avoiding various ailments such as diabetes,
inflammatory responses, and coronary heart disease (Munshi
et al., 2020). The fatty acid profiling of optimized Microwave-
assisted extracted seed oil was compared to that of the fatty acid
profile of control oil extracted from the dragon fruit seeds which
is extracted using solvent extraction and this comparison revealed
that among the saturated fatty acids, myristic acid (C14:0), palmi-
tic acid (C16:0), margaric acid (C17:0), stearic acid (C18:0), arachi-
dic acid (C20:0), behenic acid (C22:0) are present in greater
amount in control sample. In contrast, lignoceric acid (C24:0),
Arachidonic acid is found to be at the same level in each of the
two samples. The saturates fatty acid content in control is found
to be greater than the optimized Microwave-assisted extracted
seed oil sample (Table 4). The monounsaturated fatty acids and
polyunsaturated acids are higher in the control than the
Microwave-assisted extracted dragon fruit seed sample. Our sam-
ples have a higher proportion of stearic acid (C18:0), while palmi-
toleic acid is nearly the same. Similar kind of data was obtained by
Liaotrakoon et al. (2013) where the essential fatty acid percent was
56 % having linolenic acid maximum. The oxidative stability of the
oil was found quite high up-to 12 weeks of storage period. This
microwave pre-treatment on the mango seed by Kittiphoom and
Sutasinee (2015) improved the yields of Linoleic, Linolenic, and
Eicosanoic acid; however, our samples showed a slight reduction.
Linolenic acid was the most abundant fatty acid in seed oil of Ori-
ganum, accounting for 34.4 percent to 67.4 percent (Matthäus
et al., 2018).

3.5. Tocopherol content

Tocopherol is an antioxidant required for many human func-
tions. It was detected in higher concentrations in the Microwave
aided extracted dragon fruit seed oil sample than in the control
sample. Tocopherol content is expressed in milligrams per kilo-
gram. A similar type of research done by Górnaś (2015) on different
apple seeds showed a total tocopherol content ranging from 130 to
339 (mg/100 g oil). The Microwave-assisted extracted dragon fruit
seed oil has an entire tocopherol content of 1050.37 mg/kg, while
the control sample has a total tocopherol value of 892.44 mg/kg.
Unlike the results found in the plum fruit which is subjected to dif-
ferent heating temperatures by Ghafoor et al. (2019a). Individual
groups of tocopherols such as a-tocopherol, c -tocopherol, and d
-tocopherol are also discovered in higher concentrations in the
optimized sample, with values ranging from 52.19 ± 1.4 mg/kg,
921.58 ± 7.9 mg/kg and 76.6 ± 3.2 mg/kg, respectively (Table 4).
Fairly similar research on White-flesh dragon fruit seed oil
extracted using the traditional solvent extraction is found that per-
haps the d-Tocopherol content was 38.70 ± 0.24, the c-Tocopherol
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content was 75.62 ± 2.23, and the a -Tocopherol content was 292.
94 ± 9.88 (Liaotrakoon et al., 2013). The amount of tocopherol in
the oil produced from poppy seeds after roasting the seeds was
similarly reduced (Ghafoor, et al., 2019b). However, when compar-
ing the microwave-treated sample to the conventional in our
experiment, the tocopherol concentration was found to be higher
in the microwave-treated sample.

4. Conclusion

Dragon fruit a type of cactus fruit is considered as a functional
fruit. This research aimed to increase the yield of the dragon fruit
seed oil using several processes and then choose the best among
them based on various characteristics such as Yield, DPPH, PV,
and Polyphenol. Due to its advantages in extracting high-quality
oil, microwave-assisted extraction was used to extract dragon fruit
seed oil. RSM with CC Design was used to investigate the impacts
of power and time on Yield, DPPH, PV, and Polyphenol. Power and
Time were found to be the best conditions for extractions at 600 w
for 15 min. At these conditions, the Yield is 33.6 ± 0.48 %, refractive
index 1.41 ± 0.02, Iodine value 131 ± 1.01 g I2/100 g, Peroxide
value 3.01 ± 0.001 me eqiv O2/kg, FFA 1.40.16 mg KOH/g, Saponifi-
cation value 250.2 ± 1.43 mg KOH/g, Antioxidant activity 68.4 ± 0.
46 % DPPH, FRAP 325 ± 0.94 mol Trolox/g DW. In the fatty acid
composition, the maximum amount of fatty acid will be PUFA with
an essential fatty acid percent of 55. A high quantity of linoleic acid
was obtained in the seed oil. The RSM and the three-dimensional
counter plot (Fig. 2) provide a better understanding of the oil
extracted. Because of the greater levels of Polyphenol and unsatu-
rated fats in this oil, it has a great value and may be microencapsu-
lated for usage extensively in various forms. Besides that, research
studies are required to conduct on the use of dragon fruit seed oil
in the food, pharma, and cosmeceuticals following processing and
refinement in order to broaden the market reach and provide great
possibilities.
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