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This is anOp
Abstract – Response surface methodology (RSM) was applied to study the optimum condition of mango
seed kernel oil (MSKO) extraction with n-hexane. In the present paper, for the first time, we provide an
optimal condition of MSKO extraction to obtain the maximum of yield, total phenolic content (TPC) and
vitamin E. The experiment was conducted using central composite design (CCD) consisted of twenty
experimental points including six replicates of center points to study the effect of three independent
variables: temperature, time and amount of n-hexane on dependent variables. Data were analyzed using
Design-Expert 10 software. The result showed that the optimum condition of MSKO extraction were
54.19 °C, 5.24 h and 224.23mL of n-hexane. In this conditionMSKO have yield of 7.03%, TPC of 67.77mg
GAE/g oil and vitamin E of 141.22mg/L. These results suggest that MSKO has potential as raw materials of
food products oil-based and as a natural antioxidant of functional food and for use in food processing.
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Résumé – Optimisation de l’extraction d’huile de noyau demangue à l’aide de la méthodologie RSM.
La méthodologie Response surface methodology (RSM) a été appliquée pour définir les conditions optimales
d’extraction de l’huile de noyau demangue avec du n-hexane. Dans le présent article, pour la première fois, est
proposée une condition optimale d’extraction de l’huile de noyau demangue afin d’optimiser le rendement, la
teneur en phénols (total phenolic content ou TPC) et en vitamine E. L’expérience a été réalisée en utilisant plan
d’expériences composite centré de vingt points expérimentaux avec six répétions de points centraux pour
étudier l’effet de trois variables indépendantes : température, temps et quantité de n-hexane sur des variables
dépendantes. Les données ont été analysées à l’aide du logiciel Design-Expert 10. Le résultat a montré que les
conditions optimales d’extraction de l’huile de noyau de mangue étaient 54,19 °C, 5,24 h et 224,23ml de n-
hexane. Dans ces conditions, le rendement est de 7,03%, la teneur TPC de 67,77mg GAE/g d’huile et la
concentrationenvitamineEde141,22mg/L.Ces résultats soulignent lepotentielde l’huiledenoyaudemangue
en tant que matière première de produits alimentaires à base d’huile et en tant qu’antioxydant naturel des
aliments fonctionnels et pour la transformation des aliments.

Mots clés : huile de noyau de mangue / extraction d’huile / phénols / vitamine E / RSM
1 Introduction

Mango, Mangifera indica, belongs to the family Anacar-
diaceae. It is a very popular fruit and often referred to as ‘king
of fruits’ in the tropical world (Singh et al., 2002), but after
consumed or used by the mango processing industry, mango
seeds are generally only disposed of as waste (Puravankara
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et al., 2000; Kittiphoom, 2012). On the other hand, enough
scientific information is available regarding the nutritional
importance of mango waste, mainly of feeding ever-increasing
human population. The issue of food insecurity in Asia and
Africa in the coming 35–50 years may lead to hunger and
starvation (FAO, 2006). Mango seed account for 35%–55% of
the fruit, depending on the variety (Bhalerao et al., 1989).
MSKO may be defined as oil fraction extracted from stone of
mango, it contains almost 15% of oil (Nzikou et al., 2010).
Studies have disclosed that mango kernel is a potential source
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of wide range of bioactive compounds and antioxidants (Jafari
et al., 2014). Cardio and hepatic protective effects, anti-
carcinogenic, anti-ageing effects of phenolic compounds are
scientifically proven (Mohdaly et al., 2011). MSKO can be
utilized for the preservation of fats and oils, improved
oxidative stability of sunflower oil and tallow (Abdalla et al.,
2007; Jafari et al., 2014).

Kittiphoom (2012) reported that MSKO consisted of about
44–48% saturated fatty acid, it was dominated by stearic acid
and 52–56% of unsaturated fatty acid, that could be used as a
source of potential functional food ingredients because it
contained high quality of oil which contained antioxidants in
high concentration. MSKO has potential application in human
foods (Kittiphoom and Sutasinee, 2013), potentially be used in
the formulations of food products such as chocolate and
biscuits as a natural nutritional additive due to its fatty acid
composition and antioxidant activities (Jafari et al., 2014), and
has been used in the cosmetics industry as an ingredient in
soaps, shampoos and lotions because it is a good source of
phenolic compounds (Soong and Barlow, 2004). Unfortunate-
ly, the massive nutritional and commercial potential of MSKO
is not fully utilized. Toxicological assessment of MSKO was
performed in multi generation breeding trials in weanling
albino rats. Histopathology evaluation of organs did not reveal
any abnormality. These results suggested that MSKO has no
toxic effects (Rukmini and Vijayaraghavan, 1984; Agunbiade
and Olanlokun, 2006). Analysis of cholesterol content of
MSKO showed that it is free of cholesterol (Mostafa, 2013).

On the other hand, the extraction technique used to obtain
high aggregate value compound from natural products is
crucial for product quality (Kittiphoom and Sutasinee, 2013).
The solvent extraction may be affected by various factors such
as temperature, time, and amount of solvent. When many
factors and interactions may affect a desired response, the
RSM is an effective tool to find the optimal conditions for
process (Stroescu et al., 2013). RSM is very popular for
optimization solid-liquid extraction in recent years (Liu et al.,
2009; Samaram et al., 2015). RSM is a statistical technique
used to design experiments to obtain relevant information in
the shortest possible time at the lowest cost. Basic principle of
RSM is to relate product properties to regression equations that
describe inter-relations between input parameters and product
properties (Giovanni, 1983; Montgomery, 1984). Its use leads
to the rapid and efficient development of new and improved
products and processes. As the extraction is generally a multi-
parameter process, selection and optimization of the experi-
mental conditions represents a critical step in the development
of MSKO extraction methods. Previous studies showed that
temperature, time and amount of solvent were the main
parameters affecting the extraction yield from different sources
(Li et al., 2012; Goula, 2013; Minjares-Fuentes et al., 2014).
These parameters also had a significant influence on the
endogenous bioactive compounds, such as certain from the
TPC (Rodrigues et al., 2008; Ghafoor et al., 2009; Wang et al.,
2013; Sahin and Samli, 2013;Chanioti et al., 2016).

Related to edible oil, the most important contribution of
vegetable oils is its tocopherols, which is commonly and
collectively referred to as “vitamin E”. Vegetable oils contain
high concentration of vitamin E (Bauernfeind and Desai, 1977)
and could provide most daily dietary vitamin E requirement
(Desai et al., 1980). The term of vitamin E is used to describe a
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group of eight molecules of related structure in which,
chemical and biological activities are mostly dominated by
a-tocopherol (Brigelius-Flohé and Traber, 1999; Schneider,
2005). It occurs in the form of eight stereoisomers, four
tocopherols (a, ß,g,d), and four tocotrienols (a, ß,g,d) (Pascual
et al., 2013). Vitamin E is a nutraceutical compound that have
attracted researchers and food manufacturers due to its
antioxidant and non-antioxidant biological activities (Mayer
et al., 2013; Yang and McClements, 2013). Tocols are able to
reduce lipid peroxidation and lipid risk factors, in this case
elevatedLDL cholesterol levels and platelet aggregation display
anti-inflammatory properties and show anti-carcinogenic and
cardiovascular protective effects (Tiwari and Cummins, 2009).

Based on reports of existing research results, in the present
study, for the first time, RSM was employed to standardise the
parameters (temperature, time and amount of n-hexane) for
maximum yield, TPC and vitamin E of MSKO extraction. The
aim of this study was to optimize the solvent extraction of
MSKO with n-hexane in terms of yield, TPC and vitamin E
applying the RSM technique and considering the extraction
temperature, time and amount of n-hexane as variables.

2 Materials and methods

Arumanis mango, a local mango in Indonesia, as samples
were obtained from South Sulawesi and harvested in
September to November 2016. All chemical were from
Merck, Germany. Standard of a-tocopherol from Sigma-
Aldrich Co. Preparation of MSK according to Mahale and
Goswami-Giri (2011) with minor modification. The seeds
were washed, and the kernel enclosed in the hard cover was
separated manually. The kernels were dried in the oven at 50 °C
for 12 h to a constant weight in order to reduce its moisture
content. Separation of thin cover from the kernel was carried
out using tray to blow away the cover in order to achieve very
high yield. Stainless steel grinder was used to powdered form,
sealed in a plastic container and stored in a freezer until
extraction to prevention of its oxidation.

RSM was used to optimize the MSKO extraction process.
At experimental unit, 50 g of MSK powder were weighed in
the reactor 1.0 L four neck flasks, MSK was extracted with n-
hexane using a heating mantle connected with the thermometer
setting, agitator on the top, speed of 200 rpm, residue was
separated by centrifugation (refrigerated AX-521 centrifuge)
at a speed of 3500 rpm for 20min. The liquid part
accommodated in the flask evaporator, solvents removed on
a rotary evaporator Buchi R-215 incorporates vacuum Pomp
V-700. MSKO obtained was packaged in a dark glass bottle
and stored in a freezer for analysis. The percentage oil yield
was calculated as follows (Sani, 2014):

Oil yield ð%Þ ¼ weight of oil

weight of sample
� 100 : ð1Þ
2.1 Determination of total phenolic content (TPC) and
vitamin E analysis

The analysis method of TPC according to Brand-Williams
et al. (1995), 0.25mL MSKO were mixed with 2mL of 10%
of 7
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Folin Ciocalteau reagent and 1.6mL of 7.5% Na2CO3 and left
at room temperature for 30min. The mixing solution was
measured an absorbance at 750 nm by ultraviolet-visible
spectrophotometer (UV 1800, Shimadzu, Japan) and calculat-
ed as gallic acid equivalent. Analysis of vitamin E using
standard a-tocopherol. Preparation of standard vitamin E:
0.05 g dissolved in methanol-chloroform (1:1) at 100mL
flasks, and made respectively 100, 200, 300, 400, and 500mg/
L in a 50mL flask, homogenized by vortex, inserted in the vial
GC-MS, the sample was injected automatically. Preparation of
sample vitamin E: 0.012 gMSKO dissolved in 2mLmethanol-
chloroform (1:1), homogenized by vortex and inserted into the
vial bottle GC-MS. The sample was injected automatically.
Quantification of vitamin E was analyzed using GC-MS ultra
Shimadzu QP2010, instrument uses column Rxi SH-5Sil MS
(length 30m, diameter x thickness 0.25mm ID 0:25 um df).
Helium was used as a carrier gas at a pressure of 76.9 kps with
a flow of 14.0mL/min, split ratio of 1:10. The initial
temperature of the oven starting at 110 °C and hold for
2min until the oven temperature to 200 °C with an isothermal
increase of 10 °C/min, a final temperature of 280 °C, hold for
9min with an isothermal increase of 5 °C/min, the total
analysis time of 40min. Scan interval 45–450m/z. Ion
temperature 200 °C, 280 °C temperature interface.

2.2 Experimental design for optimization and
statistical analysis

RSM was used to determine the optimum conditions for
solvent extraction ofMSKO.The variables usedwere extraction
temperature (°C, X1), time (hour, X2) and amount of n-hexane
(mL, X3). The complete design consisted of fourteen experi-
ments andsix replicates at the center point.Extractionyield,TPC
and vitamin E of MSKO were selected as the responses for the
combination of the independent variables. Statistic software
(Design-Expert Version 10)was used for the regression analysis
of the experimental data. The adequacy of each model was
determined by evaluating the lack of fit and the coefficient of
determination (R2). The significance of each coefficient was
determined by using the F-test obtained from the analysis of
variance (ANOVA) that was generated. Regression coefficients
were then used to generate response surfaces. 3D response
surface graphs and profile for predicted values and desirability
level for variables were plotted using the software. In order to
verify the validity of the statistical models, additional
verification experiments were subsequently performed. Verifi-
cation of the optimum extraction condition was done by
extraction of MSKO on a laboratory scale following the
extraction condition suggested by the statistical models. For this
verification, triplicate assenting experiments were carried out
using the optimized parameters for yield, TPC and vitamin E of
MSKO as response.

3 Results and discussion

The effects of X1, X2 and X3 on yield, TPC and vitamin E
of MSKO were studied during experimentation. The results
showed that the yield, TPC and vitamin E of MSKO ranged
from 5.16 to 7.08%, 31.81 to 67.52mg GAE/g oil, and 100.25
to 140.27mg/L, respectively. The maximum yield, TPC and
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vitamin E of MSKO was found under the experimental
conditions of X1 = 54.19 °C, X2 = 5.24 h and X3 = 224.23mL,
respectively. Maximum yield, TPC and vitamin E of MSKO
under these conditions were 7.03%, 67.77mg GAE/g oil, and
141.22mg/L, respectively.

3.1 Model fitting

According to the result of ANOVA for yield, TPC and
vitamin E of MSKO that the models are significant. The quality
of the models developed was evaluated based on the correlation
coefficient value. The R2 values of extraction yield, TPC and
vitamin E were 0.96, 0.98 and 0.97, respectively, indicating that
the models adequately represented the real relationship between
the parameters chosen. Significance of different terms of each
coefficient was determined using the F-value and p-value.
According toYolmeh et al. (2014), a largeF-value and a smallp-
valuewould implyamore significant effect on thecorresponding
response variable. The actual quadratic equation of the yield,
TPCandvitaminEofMSKOresponsearegiven inequations (2),
(3) and (4), respectively.

Yield ð%Þ ¼ ð�17:13Þ þ 0:26X1 þ 3:47X2 þ 0:07X3

� 3:27E�003X1
2 � 0:34X2

2

� 1:18E�004X3
2 þ 0:02X1X2

þ 1:50E�005X1X3 � 3:60E�003X2X3 ; ð2Þ

TPC ðmgGAE=g oilÞ ¼ ð�397:58Þ þ 5:91X1

þ 73:15X2 þ 1:002X3�0:05X1
2

� 5:81X2
2 � 1:6E� 003X3

2

� 0:02X1X2 � 8:28E�005X1X3

� 0:05X2X3 ; ð3Þ

Vitamin E ðmg=LÞ ¼ ð�255:92Þ þ 3:49X1 þ 77:15X2

þ 0:65X3�0:03X1
2 � 8:47X2

2

� 2:07E�003X3
2 � 0:10X1X2

� 3:1300E�004X1X3 þ 0:09X2X3 : ð4Þ
3.2 Interpretation of response surface model and
contour plots

The result of a statistical analysis showed that the fit model
to describe the effect of X1, X2, X3 for the yield is a quadratic
model. The model F-value of 28.82 implies the model is
significant. A positive value of coefficient X1, X2, X3 in the
equation (2) implies that X1, X2, X3 are effect on increasing the
yield. Values of Prob>F less than 0.0500 indicate model
terms are significant (in this case X1, X2, X3, X1

2, X2
2, X3

2,
X1X2, X2X3). The variables with the largest effect on yield
were the linear terms of treatment (X1, X2 and X3), the
quadratic term of treatment (X1

2, X2
2 and X3

2), followed by
interaction between X1 and X2, and interaction between X2 and
X3. Values greater than 0.1000 indicate the model terms are not
significant, so that interaction between X1 and X3 did not give
any significant contribution to the yield of MSKO. The lack of
fit F-value of 1.42 implies the lack of fit is not significant,
of 7



Fig. 1. Response surface plots of yield MSKO.

Fig. 2. Response surface plots of TPC MSKO.
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which indicates that the model is suitable to describe the effect
of treatment for the yield, and that the developed model is
adequate for predicting the response. According to Bas and
Boyaci (2007), the model will be considered appropriate if lack
of fit value model is not significantly different at the level of
specific a.

The fit model to describe the effect of X1, X2 and X3 for the
TPC of MSKO is a quadratic model. A positive value of
coefficient X1, X2, X3 in the equation (3) implies that X1, X2

and X3 are effect on increasing the TPC. The model F-value of
45.08 and the low probability value (p< 0.0001) implies that
the model is significant. The variables with the largest effect on
TPC were the linear terms of treatment (X1, X2, X3), the
quadratic term of treatment (X1

2, X2
2, X3

2), followed by
interaction between X2 and X3. However, interaction term of
X1X2 and X1X3 was not significant. The lack of fit p-value of
1.55 was non-significant, this indicates that the model is
suitable to describe the effect of X1, X2 and X3 for the TPC, and
that the developed model is adequate for predicting the
response. These values would give a good fit to the mathematic
model in equation (3).

The fit model to describe the effect of X1, X2 and X3 for the
vitamin E of MSKO is a quadratic model. The model F-value
of 35.11 (p< 0.0001) implies the model is significant. A
positive value of coefficient X1, X2 and X3 in the equation (4)
implies that the treatment effects on increasing the vitamin E.
The variables with the largest effect on vitamin E were X3 and
X2

2, followed by X1, X2, X1
2, X3

2, and X2X3. However, X1X2

and X1X3 were not significant. The lack of Fit p-value of 2.93
was non-significant (p> 0.05) which indicates that the model
is suitable to describe the effect of X1, X2 and for the vitamin E,
and that the developed model is adequate for predicting the
response.

The sign "-" in front of all the first terms of the response
equations (-17.13, -397.58 and -255.92) does not have a
significant meaning to the RSM model prediction. The signs
"-" on the intercept are constants that will be meaningful to the
approximate X1, X2, and X3 that are rational (X values are not
equal to zero). Intercept values do not always have to be
interpreted, as often the range of X1, X2, and X3 does not
include zero as one of the observed values, so a negative
intercepts does not matter as long as X1, X2, and X3 are not
equal to zero (Dougherty, 2002; Mendenhall, 2011).
Fig. 3. Response surface plots of vitamin E MSKO.
3.3 Interpretation of contour plots

The relationship between dependent and independent
variables are illustrated in 3D representation of the response
surfaces generated by the model for extraction yield, TPC and
vitamin E of MSKO (Figs. 1–3, respectively). These plots are
obtained depicting two variables within experimental range
and keeping the third variable at a constant level. In order to
gain a better understanding of the results of the yield ofMSKO,
the predicted model is presented in Figure 1 as the 3D plot. It
can be seen the effect of X1 and X2 at a fixed X3 on the yield
MSKO. It is showed that the yield of MSKO had a maximum
point. It appears that the results of the optimization conditions
of MSKO extraction to obtain maximum yield indicate an
increase. This means that the combination of X1, X2 and X3 are
Page 4 of 7
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effect on increasing the yield of MSKO. The effect of X3 on
yield is stronger than the effect of both X1 and X2. It is evident
in the coefficient estimated of the ANOVA, larger value of X3

(0.33) compared to value of X1 (0.23), while the estimated
coefficient of X2 is smaller (0.18).

The 3D plot corresponding to the effects of X1 and X2 on
the TPC at a fixed X3 (200mL) is shown in Figure 2. It is
showed that the TPC had a maximum point. The combination
of X1, X2 and X3 are effect on increasing the TPC ofMSKO. At
X3 is constant (200mL), the influence of X1 is slightly stronger
than the effect of X2 on increased of the TPC. It is evident in
the coefficient estimated of the ANOVA, coefficient estimated
of X1 (4.30) is slightly higher than the coefficient estimated of
X2 (4.03). On the other hand, coefficient estimated of X3 (5.43)
is higher than both coefficients estimated of X1 and X2, this
means that the effect of X3 is stronger than effect of both X1

and X2 on TPC.
The 3D plot corresponding to the effect of X1 and X2 on the

vitamin E at a fixed X3 (200mL) is shown in Figure 3. This
result showed that the vitamin E had a maximum point. The
combination of X1, X2 and X3 were effect on increasing the
vitamin E. At X3 is constant (200mL), the effect of X1 slightly
lower than the effect of X2 on increasing the vitamin E. It is
evident in the coefficient estimated of the ANOVA, coefficient
estimated of X1 (4.18) slightly lower than the coefficient
estimated of X2 (4.73). On the other hand, coefficient estimated
of X3 (11.71) is higher than both coefficient estimated of X1

and X2.
Based on the results of the optimum conditions that an

increase of X1 from 40 °C to 54.19 °C and X2 from 5 h to
5.24 h (at fixed X3 of 200mL) promoted an increase in the
yield, TPC and vitamin E of MSKO. Further increase of X1 up
to 54.19 °C and addition of X2 up to 5.24 h promoted a
decrease in the yield, TPC and vitamin E of MSKO. An
increase of X1 from 40 to 54.19 °C and X3 from 150 to
224.23mL (at fixed X2 of 5 h) promoted an increase in the
yield, TPC and vitamin E. Further, increase of X1 up to
54.19 °C and addition X3 up to 224.23mL promoted a
decrease in the yield, TPC and vitamin E. The same
phenomenon at an addition of X2 of 4 h to 5.24 h and X3 from
150mL to 224.23mL (at fixed X1 of 54.19 °C) promoted an
increase in the yield, TPC, and vitamin E. Further, addition of
X2 up to 5.24 h and addition X3 up to 224.23mL promoted a
decrease in the yield, TPC and vitamin E.

These results are in agreement with other oil studies. Abadi
et al. (2014), reported that the amount of salmon liver oil yield
is increased by increasing temperature from 50 °C to 68 °C in
each of considered times, denoting direct impact of tempera-
ture increase on increasing percent of oil extraction, it is
similar to effect of extraction time. Koleva and Simeonov
(2014) and Stroescu et al. (2013) reported that temperature and
solid-liquid ratio had the greatest influence on the oil yield.
Mani et al. (2007) and Minjares-Fuentes et al. (2014) reported
that by increasing the temperature of extraction, the yield of oil
is maximized. The more time given to the seeds for contact
with the solvent, the higher the extraction yield percentage
(Elkhaleefa and Shigidi, 2015).

The linear relationship of temperature and solvent ratio to
solid on the extraction of phenolic compound has also been
reported by Cacace andMazza, (2003). Rodrigues et al. (2008)
reported that the greatest effect on TPC of extracts was
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promoted by the solid-liquid ratio and the temperature. Cacace
and Mazza (2003) and Wang et al. (2013) reported that solid-
liquid ratio is the most significant parameter affecting of TPC.
According to Ghafoor et al. (2009), the solubility of phenolic
compounds increases with increasing of temperature and
extraction time. Although the positive effect of higher
temperature on the extraction yield, but the temperature
cannot be increased indefinitely, because the stability of
phenolic compounds and membrane denaturation can occur at
temperature > 50 °C (Schwartzberg and Chao, 1982; Cacace
and Mazza, 2003).

Related to vitamin E, Pascual et al. (2013) reported the
effect of temperature on vitamin E, in this case against tocol
contents in rice parboiling and cooking. They are reported that
parboiling affected mostly vitamin E, which presented an
average loss of approximately 60% when compared to the
initial level. Khatoon and Gopalakrishna (2004) already
reported high losses of tocols after parboiling a single Indian
commercial brown rice sample. Cooking caused a further loss
of tocols and the final amounts were irrelevant in both cooked
non-parboiled and parboiled rice. Kumar et al. (2006) have
studied the effect of different cooking conditions (different
rice-water ratios) on retention of tocols in rice bran and
reported a variable retention of total tocols from 1 to 59%
depending on the amount of water used.

Mango seed can be used as an alternative source of vitamin
E which is also an antioxidant. Antioxidant vitamin has been
reported to be able to reduce the oxidative processes that are
important in the initiation of arthrosclerosis (Steinberg et al.,
1989). A natural tocopherol mixture is used as an antioxidant
up to 500 ppm along with ascorbyl palmitate which enables to
prolong antioxidant activity. At higher levels (> 1000 ppm)
a-tocopherol is thought to act as a pro-oxidant, the addition of
200 ± 800 ppm tocols in vegetable oils only exhibits limited
effects. Hudson et al. (2000), who has study on rice bran oil
reported that the isoforms of vitamin E and polyphenols in rice
bran oils are bioactive components that are known to exhibit a
variety of antioxidant activities that can be directly related to
anticancer activity.
3.4 Verification of optimum extraction condition of
MSKO

Triplicate experiments were carried out using the
optimized parameters for each response for verification. It
was aimed to prove that the optimum extraction condition
solution suggested by the program provides yield, TPC and
vitamin E of MSKO in accordance with the predicted values.
The result showed that the average of yield, TPC and vitamin E
were 7.22%, 70.67mg GAE/g oil and 141.37mg/L, respec-
tively. TheMSKO produced in the verification process showed
that the average value of the yield, TPC and vitamin E were
slightly higher than the predicted values. This indicates that the
developed models were valid and adequate in their predictions
and they can be used to optimize the extraction process of
MSKO. These results suggest that the MSKO obtained from
the verification process can be applied to extracting of MSKO,
but it must be noted that succeeding higher MSKO yield at
higher extraction temperature has limited industrial application
because the bioactivity of MSKO might be imperiled.
of 7
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4 Conclusions

MSKO, an important by-product of mango and a rich
source of phenolic and vitamin E as a bioactive compound was
confirmed, and RSM was applied to determine the optimal
extraction conditions of temperature, time, and amount of n-
hexane. The procedure was evaluated in terms of the oil
extraction yield, TPC and vitamin E. The results of this study
can be applied to obtain the optimum conditions of MSKO
extraction, and can be applied in food industry. The results
suggest that MSKO has potential as raw materials of food
products oil-based and as a natural antioxidant of functional
food and for use in food processing.
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