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Abstract: In thepresent study,ltrasoundassisted extractioof crude oil from winter melon
seedswas investigated through response surface methodology (RBkess variables
were power level(25i 75%), temperature (455 €) and sonication time (2@0 min). It

was found thagll process variablebave significant f < 0.05) effecs on the response
variable.A central composite design (CCD) was used to determine the optpmuoess
conditions Optimal conditions were identifieas &% power level 52 € temperature and

36 min sonication timéor maximum crude yield108.62mg-extract/gdried mattey. The
antioxidant activity, total phenolic content and fatty acid composition of extract obtained
under optimized conditiamwere determinedand compareavith those ofoil obtained by

the Soxhlet methodlIt was found thatrude extractyield (CEY) of ultrasoundssisted
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extraction wasower thanthat of theSoxhlet methogwhereas antioxidant activigndtotal
phenolic contenf the extract obtained by ultrasowadsisted extractiomvere clearly
higher than those of the Soxhlet extract. Furthermore, both extracts were rich in unsaturated
fatty acids. The major fatty acids of the both extracts were linoleic acid and oleic acid.

Keywords: ultrasoundassisted extraction; winter melorgntioxidant activity; total
phenolic contentfatty acid composition

1. Introduction

Benicasa hispidd. (Cucurbitaceag is variously namedvinter melon, white gourd, ash pumpkin,
tallow gourd, whitegpumpkin, ash gourd, wax gourd, gourd melon and Chinese watermelon or Chinese
preserving melon in Englisi]. The Cucurbitaceagfamily is mostly distributed around the tropical
regions and the winter melpwhich has been cultivated for at leasO@0 years, originated from
southeast Asia 2]. This fruit is large and seedy with white cadrand spongy fleshDepending on
the shape, type and maturity of the fruit, the seetiech are smooth and white to yellowishlored
fill the centre of the fruif2,3]. Index of Nutritional Quality (INQ) datahows that Benicasa hispidas
valued as a high quality vegetab®. [Several investigations dhe biologically active components of
Benincasaspecies have proven its antioxidant activity on different tisBkediver and brain4]. To
the best obur knowledge, studies on chemical composition of seed oil Benincasa hispidand its
antioxidant activity have not been reported yet.

Extraction is a major step for the isolation, identification and use ofablucompounds from
different plants [5].The Soxhlet methodwhich was developed by von Soxhlet in 1879 has been
performed as a standard method for extraction of valuable compounds from different plant sources.
This technique is not always accalpiefor an extractiondue to the fact that this procassvery slow
and degradation of targeted compounds is comfBhnrNumerousstudieshave beercarried outto
developnovel extraction processeasghich areapplicable to various compounf,7]. In recent years,
ultrasoundassisted extractiorhas received considerable attentifor the recovery of different
compounds from different sourc 10]. Thistechnique is attractive because of its simplicity and low
equipment cost compared witther extraction technigs such as supercritical fluid or microwaassisted
extraction[11]. Moreover, other advantages include drastically reduced processing time, consumption
of less energy and reduced thermal degradation effectsTii€higher efficiency ofiltrasoundassisted
extraction is attributed to disruption of cell walls, particle size reduction and enhanced mass transfer
of the cell content via cavitation bubble collap$&8,14]. Various applications of ultrasound in
extraction of bioactiveompounls from plant materialsvere reviewed byinatoru[15]. So far, there
IS no report on ultrasourassisted extraction of crude oil froBenincasa hispidaeed.Furthermore,
the application of ultrasound in food technology is reviewed by Chenaat[16)].

Optimization of the experimental conditions is a critical step in developing a successful
ultrasoundassistedextractionprocessiue tothe effect of variouprocessvariablessuch as ultrasound
power, process temperature and sonication timehe extraction efficiencjl1]. Response surface
methodology (RSM) is an effective statistical method for optimizing experimental conditions and
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investigation of critichprocesseswhile at the same timesducing the number of experimental triglg].
Therefore, lhe objectives of this study were itavestigatethe effect of process variables including
power level, temperature and sonication time on cexeactyield (CEY). RSM was employed to
optimize extraction conditions in order to obtain theaximum crude yield. Furthermore, the
antioxidant activity, total phenolic content afatty acid composition of thextractobtainedunder
optimized conditions werdeterminé and then compared withoseobtainedby the Soxhletmethod

2. Results and Discussion
2.1. Effect of the Process Variables on CréaaéractYield

The individual effect ofprocessvariables including power level (A), temperature (B) and
sonicationtime (C) on the CEYwas found by perturbation pldh perturbationplot does not show the
effect of interactions and it is like one facttra-time experimentationThe pgerturbationplot helps to
compare the effect of afirocessvariables at a partical point in the design space. The response is
plotted by changing only one factor over its range while holding of the other factors constant. A steep
slope or curvature in a factor shows that the response is sensitive to that factor. A relatively flat line
shows insensitivity to change in that particular factor. Therefore, it was revealed that CEY is more
sensitiveto power levelthansonication time and temperatufidie perturbation plot for the CE¥s shown
in Figure 1.

Figure 1. Perturbation graph showing the effect of process variables onextrdetyield.

110—

100—

90—
Actual Factors
A: Power Levek 50%
B: Temperature 50°C
C: Sonication Time= 30 min

CEY
(mg-extract/gdried matter)

80—

70—

I I I I I
-1.000 -0.500 0.000 0.500 1.000

Deviation from Reference Point (Coded Units)
2.2.0ptimization of Ultrasound\ssistedextraction Conditions and Verification of the Model

The experimentallesignandrelated experimental resultge presented imable 1 The crude yield
ranged from65.33 to 108.20 mg-extract/gdried matter A secondorder polynomial model was
rendered by multiple linear regression analysis of the experimental data. The regression coefficients
and significant probabilities of linear, quadratic and interaction eftégisocess variableare shown
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in Table 2.Probability valuesf-value) revealed that all linear, quadratic and interaction tesxreept
interaction of power leveiemperature X:X5), had significant § < 0.05) effecs on the CEY.
Therefore, the final reduced modeas obtainedy elimination of the nossignificant term fronthe
initial model as follows:

CEY =95.86 + 12.5%; + 2.66X, + 4.87X5+ 2.11X X5+ 0.76XXsT  3X, % 5 3X, 16 3X:5 6 (1)

where X, X, and X represent power level, temperature and sonication time, respectively. According
to Table 2, theg-value of the final reduced model was less than 0.05 wiedaled that model fithess
was significant. Moreover, the lack of fit test was sognificant © > 0.05), indicatinghat the model
could adequately fit the experiment détable 2).

Table 1.Experimental design (coded and uncoded levels) and refuétspmnse variable

Process Variables CEY
Run Power Level (%) Temperature (°C) Sonication Time (min) (mg-extract/
(X1) (X2) (Xa3) g-dried matter)
1 34.69(11) 46.94(11) 36.12(+1) 72.10
2 50.00(0) 50.00(0) 30.00(0) 95.44
3 50.00(0) 50.00(0) 30.00(0) 96.24
4 65.31(+1) 53.06(+1) 23.88(1 1) 92.81
5 50.00(0) 50.00(0) 30.00(0) 96.43
6 65.31(+1) 46.94(11) 23.88(1 1) 89.18
7 34.69(11) 46.94(11) 23.88(11) 68.18
8 50.00(0) 50.00(0) 30.00(0) 94.60
9 34.69(11) 53.06(+1) 36.12(+1) 77.50
10 34.69(11) 53.06(+1) 23.88(1 1) 72.00
11 65.31(+1) 46.94(11) 36.12(+1) 100.1
12 65.31(+1) 53.06(+1) 36.12(+1) 108.2
13 50.00(0) 50.00(0) 20.00(1 1.63) 77.23
14 75.00(+1.63) 50.00(0) 30.00(0) 106.5
15 25.00(1 1.63) 50.00(0) 30.00(0) 65.33
16 50.00(0) 55.00(+1.63) 30.00(0) 90.11
17 50.00(0) 50.00(0) 40.00(+1.63) 95.15
18 50.00(0) 50.00(0) 30.00(0) 96.43
19 50.00(0) 45.00(1 1.63) 30.00(0) 81.20
20 50.00(0) 50.00(0) 30.00(0) 96.17

Table 2. Analysis of variancéANOVA) and coefficients of the final reduced regression equation

CEY (mg-extract/g-dried matter)

Source df —
Coefficient Sum of Squares p-value
Model 8 3,028.59 <0.0001

Const. 95.86
X1 1 12.59 2,112.73 <0.0001
X> 1 2.66 94.52 <0.0001
X3 1 4.87 316.81 <0.0001
X42 1 1T3.65 176.22 <0.0001
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Table 2.Cont.
Source df _ CEY (mg-extract/g-dried matter)
Coefficient Sum of Squares p-value
X2 1 1T3.76 186.87 <0.0001
X352 1 1T3.56 167.47 <0.0001
X1X5 1 - - -
X1X3 1 2.11 35.66 <0.0001
XoX3 1 0.76 4.58 0.0395
Residual 10 8.16
Lack of Fit 6 6.03 0.2810
Pure Error 4 2.13
Total 19 3,036.76
R 0.997
AdjustedR? 0.995
E (%) 0.550

Figure2 showsthat the predicted values were very close to the actual values. Ititeddgh value
of R? (0.997) confirmedthe true behavior of the systenhich defined by the regression model. In
addition, the suitability of the rendered model was suppdy the closeness of adjust®d (0.995) to
1 presenting a high degree of correlation between therexental and predicted valueBhe E value
was also calculated amslpresented in Tabl2. The small E value (0.55%) suggested that the obtained

model wasacceptable.

Figure 2. Plot of predicted crudextractyield related with experimental values.
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Figure 3presentstte three dimensionalesponse surface plots whiate highly recommended for
the graphical interpretation of the interaction effectpobcessvariables on the respondé4§].
Figure &illustratesthe effect of power level and sonication time on the CEY at a constant temperature
of 50 °C. At a fixed power level, the CEY increased when sonication time was exten8&dmm
whereast wasdiminished by 40 min of sonication timiéwas reported that 40 min of sonication time
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was sufficient to complete the extraction process of epimedin C from fresh leawpsnaidium{19]
and anthocyanins from mulberry2(]. It is worthy of note thathe ultrasoundassisted extraction
mechanisntonsists ofwo main stages. Firsh, wa s h i n g disseWtian oftsolubleompound®on
surfaces of the plant matrix. Secondiys | ow e xt r act i onmss transfar of the sblaté i n e
from the plant maix into the solvent by diffusion and osmotic procedgd$. These two phenomena
wereclearly observed ifrigure 3a,b Washing is happening at the beginning of the extraction with a
rapid increase. Aftethat the slow extraction is observed byaavlraise incrude yield Moreover, it
was found out that increase pbwer level(X;) resulted in increase of CEigher amplitude of
ultrasound could have damaged more cell walls releasing anode oilto the solvenf22]. This
finding is in agreement witthoseobtained byHossairet al andZouet al [23,24].

Figure ® presentghe effect of temperature and sonication time on the CEY at a constant power
level of 50%.At a fixed sonication timehe crudeyield increasd with the increasef temperature
(Xy) followed by a decline with the further increase of the extraction temper&urdinding wasin
agreement with thseobtained by Zhangt al [19] and Zhanget al [25]. This reduction could be due
to adverse effect of temperature on process ingmant as a result of decrease in number of acoustic
cavitation bubbles generated by ultrasonic wa2Bp [

Figure 3. Response surface plots for CEmg-extract/gdried mattey as a function of:
(a) power level (%) and sonication time (mib) {emperature (€) and sonication time (min).
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