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Abstract: Developments of food supplements and nutraceuticals from different natural origins require the use of
some extraction methods. The success of the procedure relies on theefficiency of the extraction methods. Therefore,
extraction methods need to be optimized. This work aimed for the determination of optimal conditions of ultrasonic-
assisted extraction (UAE) of antioxidant constituents from okra (Abelmoschus esculentus L.) seeds which contain
high contents of polysaccharides, polyphenols and flavonoids using response-surface methodology based on Box-
Behnken experimental design (BBD). The independent variables of UAE were extraction time (Et, 10-20 min),
extraction solvent composition (EC, 50-100% methanol) and extraction solvent volume (EV, 10-20 mL). 2,2-
diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging activity, 2,2'-azinobis- (3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS) radical-scavenging activity and N,N-dimethyl-p-phenylenediamine dihydrochloride (DMPD) radical-
scavenging activity were dependent variables. Optimal extraction conditions for UAE from okra seed were: 20 mL
volume of 70% methanol at 10 min extraction time for DPPH inhibition; 20 mL volume of 50% methanol at 20 min
for ABTS inhibition; 15 mL volume of 55% methanol at 12 min for DMPD inhibition. Under these optimum
extraction conditions, the effectiveness of UAE of okra seed was successfully revealed. So, this practical extraction
technique can be widely used for the achievement of dietary supplements and nutraceuticals.

Keywords: Abelmoschus esculentus L. seed; okra; ultrasound-assisted extraction; box-behnken design; response
surface methodology. © 2020 ACG Publications. All rights reserved.

1.Introduction

The oxygen element, which has an important place in the metabolism of aerobic organisms, can
trigger negative reactions and cause the formation of reactive oxygen species like singlet oxygen,
hydrogen peroxide, hydroperoxyl radicals.

Antioxidants are chemical compounds used to prevent oxidation of lipids, sugars, proteins and
DNA by the mechanisms of converting reactive oxygen species to non-radical species -depending on the
antioxidants included- and by breaking mechanisms of the auto-oxidative chain reaction initiated by
reactive oxygen species [1,2]. Nature is always an important and rich resource that can be used as health-
enhancing agents. These natural sources can be fruits, vegetables, herbs, spices and medicinal plants that
have extensive health promoting potentials [3]. Thanks to polyphenols (phenolic acids,
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proanthocyanidins, catechins, anthocyanins, lignans), carotenoids (xanthophylls and carotenes) and
vitamins (vitamin E and C), plant materials contain various biological effects. One of the most beneficial
effects of these natural sources is that they have antioxidant properties [4].

Okra (Abelmoschus esculentus L.) is a vegetable belonging to the Malvaceae family commonly
found in many regions [5,6]. Okra contains protein, unsaturated fatty acids, vitamin C, phenolic
compounds (flavonol derivatives and oligomeric catechins), folates and minerals such as iron, zinc,
manganese and calcium [7]. Okra seeds also have antioxidant, hepatoprotective, anticancer, antidiabetic
and neuroprotective activities [8].

Literature survey has revealed that various extraction technigques such as soxhlet, maceration,
micro-wave assisted, ultrasound-assisted and supercritical fluid extraction are used to extract bioactive
compounds from okra seeds, buds and leaves [3,9-14].While soxhlet extraction has some disadvantages
due to the long time required and the use of large amounts of organic solvent, ultrasound-assisted
extraction (UAE) has many advantages due to the use of less solvent, low temperature operation,
protection of plant structures, repeatability and high efficiency. For the effective UAE process,
independent variables such as type of extraction solvent, solvent ratio and volume and sonication time
must be optimized, which results in to have maximum yield of the bioactive compounds. In the literature,
there is no study on optimization of the UAE conditions to extract antioxidants from Abelmoschus
esculentus L. seeds.

Response surface methodology (RSM), based on the suitability of a polynomial equation to
experimental data is a multivariable technique that can evaluate the effects and interactions of independent
variables [15]. RSM has been preferred in the optimization step which is desired to be low cost, less
solvent and material consumption in less time [16,17]. The aim of this study is to optimize the levels of
these variables at the same time to achieve the best system performance.

In this study, the determination of optimal UAE conditions for superior yield of antioxidants from
Abelmoschus esculentus L. seeds was presented by RSM approach including Box-Behnken experimental
design (BBD) with three variables (extraction time, extraction solvent composition and volume).

2. Experimental
2.1. Instrumentation

Extraction of Abelmoschus esculentus L. seeds was done with a Caliskan ultrasonic bath with a
constant frequency of 40 kHz and a power setting of 60 W. The antioxidant activity of Abelmoschus
esculentus L.seed extracts was measured using a UV-Vis spectrophotometer (SpectraMax Plus 384
Microplate Reader, California, USA). A vortex mixer, model IKA MS3 which is from Germany was used.

2.2. Materials and Chemicals

Abelmoschus esculentus L. seeds were bought from herbalist in Istanbul, Turkey. 1,1-diphenyl-2-
picryl-hydrazyl (DPPH), [2,2'- azinobis- (3-ethylbenzothiazoline-6-sulfonic acid)](ABTS), potassium
persulfate (K3S20s), iron (Ill) chloride (FeCls), were purchased from Sigma. N,N-dimethyl-p-
phenylenediamine dihydrochloride (DMPD), ethanol, methanol, acetic acid and sodium acetate were
purchased from Merck. All solvents were of analytical grade.

2.3. Response Surface Optimization of Ultrasound-assisted Extraction (UAE)

In this study, response surface methodology was performed to determine the optimum conditions
of extractions of antioxidants from okra seeds. The Box-Behnken experimental design (BBD) was used
at three levels with three independent variables by using the StatGraphics Centurion program (StatPoint,
Inc., Warrenton, USA). Experimental ranges of the variables were selected according to preliminary
studies (Table 1). As shown in Table 1, antioxidant content of 1000 mg of the seeds of Abelmoschus
esculentus L.was extracted at different time intervals (Et; 10, 15 or 20 min) with different extraction
solvent composition (EC; 50% methanol, 75% methanol or 100% methanol) and different extraction
solvent volume (EV; 10, 15 or 20 mL) in ultrasonic bath (40 kHz) at room temperature with shaking in a
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100-mL beaker. 15 experimental runs were carried out by BBD (Table 2). We would also like to mention
that since the seeds were dry and so hard, soaking them in extraction solvent for a while increased the
efficiency of UAE technique. After extraction trials, seeds were removed by filtration and the solvent was
evaporated. Dried extracts were diluted in suitable solvent prior to antioxidant capacity tests. The
responses of % inhibitions of DPPH, ABTS and DMPD using experimental matrix are given in Table 2.
Variance of analysis (ANOVA) was used to examine the effects of variables and their interactions on the
responses and to determine models of the extraction conditions.

2.4. Determination of Antioxidant Activity
2.4.1. DPPH Free Radical Scavenging Activity

Assay for DPPH free radical scavenging activity is often used to evaluate the antioxidant capacity
of compounds. The Brand-Williams method was used to test whether sample will bleach the stable DPPH
radical. Thus, the DPPH radical scavenging activity was measured [18]. 0.75 mL of plant extract was
added over 1.50 mL of DPPH solution prepared in ethanol (0.05 mM). The mixture was kept at room
temperature for 30 minutes after shaking vigorously. After 30 minutes, the absorbance at 517 nm was
measured in the UV-Vis spectrophotometer. The scavenging activity of DPPH radical was calculated
using the following formula:

Acontrol-Asample

DPPH scavenging (%) = [ 1% 100 (Eq.1)

Acontrol
Herein, Aconrol Shows the absorbance of the control (DPPH solution without sample) and Asampie
shows the absorbance of the test sample.

2.4.2. ABTS Radical Scavenging Activity

This method, developed by Arnao et al, is based on the reduction of radical and color loss by
adding antioxidants on the ABTS ™ radical cation formed by K,S,0s oxidation of ABTS [2,2'-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid)]. Blue/green colored ABTS ™ radical has strong absorption in 600-
750 nm [19].

After mixing 7.4 mM ABTS solution and 2.6 mM potassium persulfate solution equally, it was
kept in the dark for 12 hours at room temperature. 1 mL of the ABTS radical solution was diluted with an
absorbance of 1.1 £+ 0.02 at a wavelength of 734 nm in the spectrophotometer by adding about 60 mL of
methanol. 150 pL of sample solutions, 2850 pL of ABTS™" radical solution were left in the incubation for
2 hours in the dark. The control solution was prepared using distilled water instead of the sample. The
absorbance at the wavelength of 734 nm was measured in the spectrophotometer. In the calculations,
ABTS% radical scavenging effect was found with the following formula.

Acontrol-Asample

ABTS " scavenging (%) = [ 1x%100 (EqQ.2)

Acontrol
Here, Aconrol Shows the absorbance of the control (ABTS solution without sample) and Asampie
shows the absorbance of the test sample.

2.4.3. DMPD Radical Scavenging Activity

The method developed by Fogliano et al. was applied for this antioxidant capacity test [20].
DMPD turns into cation radical form (DMPD) in acidic pH or in the presence of oxidant. After 100 mM
DMPD solution was prepared, radical was formed by adding 100 mL of 0.1 M acetate buffer (pH 5.3) and
0.2 mL of 0.05 M FeCls onto 1 mL of this solution. Next, sample solution or control solution which is
prepared by replacing the sample with water were added. After 10 minutes, the absorbance at the 505 nm
wavelength was measured on the spectrophotometer. DMPD™* radical scavenging activity was calculated
according to the formula below.
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Acontrol-Asample

DMPD** scavenging (%) = [ 1% 100 (Eq.3)

Acontrol

Herein, Acontrot Shows the absorbance of the control (DMPD solution without sample) and Asampie
shows the absorbance of the test sample.

Table 1. Independent variables of UAE and their levels

Independent Symbol Unit Levels

variable (-1) (0) (+1)
Extraction time Et min 10 15 20
Extraction solvent

composition EC % Methanol 50 75 100
Extraction solvent

volume EV mL 10 15 20

Table 2. The responses of % inhibitions of DPPH, ABTS and DMPD based on BBD in the optimization
of UAE

Response
Trials Et EC EV DPPH ABTS DMPD

(min) (YoMethanol) (mL) Y1 Y2 Y3
1 -1 -1 0 56 54 78
2 1 -1 0 62 77 75
3 -1 1 0 42 12 9
4 1 1 0 46 9 9
5 -1 0 -1 70 16 44
6 1 0 -1 82 15 59
7 -1 0 1 70 33 63
8 1 0 1 80 33 52
9 0 -1 -1 57 57 65
10 0 1 -1 40 6 5
11 0 -1 1 58 61 78
12 0 1 1 45 12 10
13 0 0 0 71 26 67
14 0 0 0 71 23 68
15 0 0 0 69 27 67

3. Results and discussion
3.1. Response Surface Analysis of DPPH

To determine optimum UAE conditions, the effects of extraction time, extraction solvent
composition and extraction solvent volume on DPPH radical scavenging activity (Y1) were investigated
by using BBD. In the preliminary studies, it was seen that the treatments of the seeds such as only soaking
of the seeds to extraction solvent without powdering facilitate to have more efficient UAE process.
Therefore, duration of soaking before extraction was investigated and 4 h was found to be enough.

The ANOVA results and the regression model of DPPH inhibition are represented in Table 3.
This test reveals the most important effects and interactions by statistical calculations. Since p-value was
less than 0.05 in the ANOVA table, Et and EC were statistically significant at a 95% confidence level.
EV in the selected levels was negligible on DPPH radical scavenging activity. The F-test was also used
to estimate the statistical significance of all terms in the model equation. While Et has a positive effect on
the response, EC has a negative effect, which leads to have a higher DPPH inhibition by increasing
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extraction time. In addition the second order effects of Et and EC play important role on DPPH inhibition.
The determination coefficient (R?) and adjusted determination coefficient (R?g;) for the quadratic model
were found to be 0.9882 and 0.9670, respectively, which revealed a high accuracy of the models.
Furthermore, the p-value of lack of fit was insignificant for DPPH inhibition (P> 0.05), indicating that the
model fits the experimental results accurately.

Three-dimensional (3D) response surface graphs based on a quadratic model are useful for the
achievement of high response depending on the processing variables. From the obtained regression model,
response surface graphs belonging to inhibition of DPPH were drawn for each variable in Figure 1. The
optimal values of the variables were calculated using the estimated quadratic model. According to these
calculations, maximum DPPH inhibition can be achieved with methanol:water (70:30, v/v) and extraction
solvent volume of 10 mL at an extraction time of 20 min.

Y1

Figure 1. Response surface graphs for DPPH inhibition (Y1) depending on the processing variables (the
third variable was fixed at its optimum value)

3.2. Response Surface Analysis of ABTS

The investigated variables; the effects of extraction time, extraction solvent composition and
extraction solvent volume were optimized by Box-Behnken experimental design with 3-level and total 15
experiments for ABTS radical scavenging activity. The matrix of experimental conditions and the
observed responses for ABTS inhibition were given in Table 2. Table 4 also shows the statistical summary
of quadratic model suggested by the software. It can be seen that the most effective variables on ABTS
inhibition are extraction solvent composition and extraction solvent volume when F and p values were
assessed. In addition, the second order effect of extraction solvent composition and interaction between
extraction time and extraction solvent composition were found significant. R? and R?%; for the quadratic
model were very close to 1 (R?=0.9768 and R%=0.9349), suggesting the regression model can perfectly
explain the UAE process (Table 4). Moreover, non-significant lack of fit showed the model for ABTS
inhibition was in good agreement with the real data.

As shown in Figure 2, at a high extraction solvent composition in terms of methanol, ABTS
inhibition slightly decreased with the increase of methanol ratio. However, as extraction volume increases,
this response go up since it has positive effect on ABTS inhibition. It was concluded that extraction time
in the selected levels was non-significant. Due to longer extraction time, antioxidant substances may be
destroyed by the powerful energy of the ultrasonic waves, thus 20 min was considered to be enough for
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extraction process. The optimal UAE conditions for the extraction of antioxidants were selected at 20 min
of extraction time, 50% methanol concentration, and 20 mL extraction solvent volume.

Table 3. Analysis of variance for DPPH inhibition results obtained through BBD

Source Sum of Df? Mean F-Ratio P-Value Regression Effect
Squares Square coefficient
Et 130411 1 130.411 97.81  0.0101* 4.04 8.08
EC 441.045 1 441.045 330.78 0.0030* -7.42 -14.85
EV 253125 1 2.53125 1.90 0.3022 0.56 1.12
Et? 40.1078 1 40.1078 30.08  0.0317* 3.29 6.59
EC? 179996 1 1799.96 1349.97 0.0007* -22.07 -44.15
EV? 112539 1 11.2539 8.44 0.1009* 1.74 3.49
Et.EC 1.69 1 1.69 1.27 0.3772 -0.65 -1.3
Et.EV 1.5625 1 1.5625 1.17 0.3922 -0.63 -1.25
EC.EV 4.0 1 4.0 3.00 0.2254 1.0 2.0
Lack-of-fit 27.2375 3 9.07917 6.81 0.1307
Pure error 2.66667 2 1.33333
Total (corr.) 2539.34 14

aDf: Degree of freedom. *Significant factor at a = 0.05.
R?=0.9882, R%gj= 0.9670.
constant for regression model: 70.33.

Table 4. Analysis of variance for ABTS inhibition results obtained through BBD

Source Sum of Dff  Mean F-Ratio P-Value Regression  Effect
Squares Square coefficient
Et 45.125 1 45.125 1041  0.0841 2.37 4.75
EC 5512.5 1 5512.5 1272.12 0.0008* -26.25 -52.5
EV 253.125 1 253.125 58.41 0.0167* 5.62 11.25
Et2 7.85256 1 7.85256 1.81 0.3105 1.46 2.92
EC? 463.853 1 463.853 107.04 0.0092 11.20 2241
EV? 23.8526 1 23.8526 5.50 0.1436 -2.54 -5.08
Et.EC 169.0 1 169.0 39.00 0.0247* -6.5 -13.0
Et.EV 0.25 1 0.25 0.06 0.8326 0.25 0.5
EC.EV 1.0 1 1.0 0.23 0.6784 0.5 1.0
Lack-of-fit 145.75 3 48.5833 11.21  0.0830
Pure error  8.66667 2 4.33333
Total (corr.) 6644.93 14

aDf: Degree of freedom.

xSignificant factor at « = 0.05.
R?=0.9768, R%g = 0.9349.

constant for regression model: 25.33.
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Figure 2. Response surface graphs for ABTS inhibition (Y2) depending on the processing variables (the
third variable was fixed at its optimum value)

3.3. Response Surface Analysis of DMPD

The quadratic polynomial model based on multiple regression analysis for three response
variables was presented in Table 5 by using ANOVA. Determination coefficient of the model; R? was
0.9982. In this case, the model was well matched with the experimental data. The non-significant lack of
fit value (P> 0.05) also shows the fitness of the model. In the tested range, EC and EV as main effects and
quadratic effects of all variables (Et?2, EC? and EV?) had a significant effect on DMPD inhibition.
Interactions between extraction time and extraction solvent volume (Et.EV) and extraction solvent
composition and extraction solvent volume (EC.EV) were also found significant. Table 5 reveals that
extraction time in the studied range did not have a significant effect on DMPD inhibition.

Table 5. Analysis of variance for DMPD inhibition results obtained through BBD

Source Sum of Df  Mean F-Ratio P-Value Regression  Effect
Squares Square coefficient
Et 0.045 1 0.045 0.14 0.7485 0.075 0.15
EC 8672.44 1 8672.44 26017.34 0.0000* -32.92 -65.85
EV 112.5 1 1125 337.50 0.0029* 3.75 7.5
Et? 86.5541 1 86.5541 259.66  0.0038* -4.84 -9.68
EC? 1453.63 1 1453.63 4360.89 0.0002* -19.84 -39.68
EV? 235.816 1 235.816 707.45 0.0014* -7.99 -15.98
EtEC 1.69 1 1.69 5.07 0.1532 0.65 1.3
EtEV 169.0 1 169.0 507.00  0.0020* -6.5 -13.0
EC.EV 16.0 1 16.0 48.00 0.0202* -2.0 -4.0
Lack-of-fit 18.19 3 6.06333 18.19 0.0526
Pure error 0.666667 2 0.333333
Total (corr.) 10629.8 14

aDf: Degree of freedom.
xSignificant factor at « = 0.05.,
R?=0.9982, R?%j=0.9950,
constant for regression model: 67.4
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To reveal the relationship between DMPD inhibition response and experimental levels of the
selected variables, 3D surface graphs were constructed according tothe quadratic polynomial model
equations of Table 5 (Figure 3). It can be clearly seen from the figure that, the decrease of methanol ratio
in extraction solvent could improve UAE, which results in increasing on DMPD radical scavenging
activity. In the light of all information, the UAE conditions for maximum of DMPD inhibition were as
follows: extraction time 12 min, methanol concentration 55% and extraction solvent volume 15 mL.

Y3
o

T s 0,2
EC ) EV
Figure 3. Response surface graphs for DMPD inhibition (Y3) depending on the processing variables
(the third variable was fixed at its optimum value)

4. Conclusions

In this study, the optimal UAE conditions were developed for the extraction of antioxidants in
okra seeds by using experimental design. UAE is a quick and convenient technique for the extraction of
antioxidant substances and it can be used instead of conventional extraction methods which are time-
consuming and requiring plenty of solvent. The optimal condition was found to be: for DPPH inhibition
using 20 mL volume of 70% methanol at 10 min extraction time; for ABTS inhibition using 20 mL volume
of 50% methanol at 20 min; for DMPD inhibition using 15 mL volume of 55% methanol at 12 min.
Soaking the seeds in extraction solvent for a while before extraction process led to increasing of the
efficiency of UAE. Nutraceuticals or food supplements which are needed for healthy life can be easily
prepared in a short time by the extraction of antioxidants from okra seeds that have a rich antioxidant
content.
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