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Introduction:-

The medicinal application plant diets and the study is being scaled up in the current scenario due to higher
concentrations of a substance of phytochemicals in plant that are therapeutic and may aid in the progression of
innovative treatments [Tungmunnithum et al, 2018]. The majority of phytochemicals derived from plants, such as
carotenoids, alkaloids, glucosinolates, phenolic acids, flavonoids, tannins, and saponins, have been shown to
improve global health [Chhikara et al, 2020]. Flavonoids, which are secondary plant metabolites, are among the
dietary phytonutrients found in moringa that have anti-inflammatory and antioxidant properties [Mengfei et al.
2018]. Flavonoids, for example, are responsible for one of moringa's antioxidant effects [Akhavan et al, 2015].
Flavonoids have anti-inflammatory, antibacterial, antiviral, and anti-cancer properties. [Kumar et al, 2016].

There are various conventional solvent extraction methods commonly used to extract bioactive compounds, namely
maceration, percolation, reflux, soxhletation, infusion, decoc, distillation and backflow [Hanani, 2014]. Green
technology-based extraction alternatives include ultrasound-assisted extraction (UAE), extraction of supercritical
fluid (SCFE), microwave-assisted extraction (MAE), and extraction of pressurized liquid (PLE) [Ameer et al, 2017].
Combining two or more extraction techniques, such as sequential microwave-ultrasonic extraction (MUAE), saves
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time and energy [Wang et al, 2017]. Extraction with the help of micro-ultrasonic waves,The mass transfer
mechanism is gradually improved, and the extraction time is reduced. The high activation energy or impact energy
required for the extraction process can be obtained using this technique. [Chan et al, 2011]. Due to the acoustic
cavitation effect of ultrasonic, bioactive compounds are extracted, and this is followed by internal heating in plant
cells caused by microwave irradiation [Pongmalai et al, 2015].

Buci¢-Koji¢ et al, [2011] stated that the temperature and time of extraction are crucial in phenolic compound
extraction. Some of the factors that influence ultrasonic wave assisted extraction are temperature, time, and the
concentration of the solvent used. To determine the effect of each factor, the interaction between factors, and
optimization, the response surface methodology (RSM) can be used. RSM is a modeling in an empirical approach to
determine the relationship and problems of several variables by finding the optimum value of a response (the
dependent variable). RSM uses mathematical and statistical procedures to model and analyze experimental results to
determine significant parameters that affect the optimization of the resulting response [ Ahmad et al, 2020]. The goal
of this research was to extract Moringa leaves by sequential microwave-assisted ultrasonic extraction at variations in
temperatures, extraction times, and ethanol percentage. Extraction optimization was completed utilizing with the
response surface methodology. This research is very useful to obtain information about an easy extraction process in
order to produce optimal extraction quality.

Experimental Section

Reagents and plant material

The leaves of M. oleifera were collected in Semarang, and determined by the Ecology and Biosystematics
Laboratory, Department of Biology, (UNDIP, Semarang). In a stone mortar, the leaves were crushed, dry and cool
conditions were maintained for the powder in the dark until treatment. The chemical such as Ethanol (96% CAS 64-
17-5), AICI; (CAS 7446-70-0), Potassium Acetate (CAS 127-08-2), and Standard Kursetin (CAS 117-39-5) were
purchased from Merck (Germany) for this study. DIPO Pure Undip prepared the aquadest.
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Fig. 1:- (a) Ultrasonic extraction, and (b) Microwave extraction.

Sequential Microwave Ultrasonic-assisted extraction (MUAE)

MUAE extraction was carried out by microwave and ultrasonic extractor consecutively. The ultrasonic extractor
(model JP-010S) had a 2L tank, a 0-30 minute timer, an ultrasonic with an output of 80 watts and a frequency of 40
kHz. The customized microwave extractor with a 20 L internal capacity and a digital timer to control the extraction
time. The customized microwave extraction (Beko-MGC20100S) operating at a frequency of 2455 MHz and a
maximum power of 200 W In 20 mL extraction cells, 1000 ppm M. oleifera leaves was placed in the test tube. The
yield of the extraction is well known to be highly dependent on the solvent used. A mixture of two different green
solvents was used in this experiment (water, and ethanol) was used with 30-90% ethanol variations.The extract was
decanted following the extraction process, followed by filtering with filter paper (Whatman No. 42). Crude extracts
were collected in a round glass bottle and concentrated under vacuum pressure in a rotary evaporator (Rotavapor®
Buchi R-114, Switzerland) at 70 °C until semi-liquid extracts were obtained. The powder was measured using an
analytical balance (PX 224E, Ohaus). The extracts were collected and preserved at cooling temperatures in amber
glass bottles.Figure 1 depicts a ultrasonic and microwave device schematic.
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Determination of % yield
The percentage of extract yield is calculated according to the formula to get the extract yield adopted from Kunarto
et al, [2019] with a formula that is the dry extract weight divided by the dry sample weight then multiplied by 100.

Total Phenolic Content Determination (TPC)

Hapsari et al, [2018] used the Folin—Ciocalteu assay to determine the TPC of extracts. First, 100 ppm of ethanolic
reference solutions of gallic acid, 0,2 mL of each sample, 2,6 mL of aquadest, 0,2 mL of 50 percent Folin—Ciocalteu
reagent was incorporated into the mix. After 10 min, 1 mL Na,CO; 7,5% were poured into each of the wells. A UV-
Vis spectrophotometer was used to perform the analysis (Shimadzu ENF-24 / F). The level of absorbance was
determined at 765 nm, after 30 minutes of incubation in darkness. The TPC were expressed in milligrams (mg) a
gallic acid equivalent (GAE) per 100 gram of dry leaves.

Total FlavonoidDetermination (TF)

The TF content was evaluated,The colorimetric modifying assay for aluminum chloride has been modified
fromStankovic et al, [2011]. First, 100 ppm of quercetin ethanolic reference solutions,2 mL of each sample, 1mL of
AlCL2%, and 1 mL potassium asetat 120 mM were added to each well. A UV-Vis spectrophotometer was used to
perform the analysis (Shimadzu ENF-24 / F). The level of absorbance was determined at 430 nm, after 30 minutes
of incubation in darkness. The TF content were expressed in mg of quercetin equivalent (QE) per 100 g of dry
leaves.

Assays of antioxidant activity

The DPPH scavenging method was used to determine antioxidant activity modified from Tristantini et al, [2016].
Initially a 1 mM DPPH solution was prepared by dissolving 3.8 mg in 100 ml of ethanol. Next, 100 ppm of the
ethanol reference solution of quercetin and 2 mL of each sample were added to 2mL of 1 mM DPPH. The
absorbance level was determined at 517 nm, after 30 minutes of incubation in darkness. Analysis using a UV-Vis
spectrophotometer (Shimadzu ENF-24 / F). The remaining DPPH concentration in each well is determined using a
calibration curve, and the proportion of remaining DPPH is then in comparison to the concentration of extract to
ascertain the number of samples needed to derive the initial DPPH reduction of 50%, or ICs,. Triplicate evaluations
were taken. The value of a good ICs is below 200 mg / L.

Experiment designs by RSM

RSM was used in order to improve extraction conditions and to figure out how the independent variables (extraction
time, temperature, and ethanol percentage) are related to the responses chosen (extract yield, TPC, TF, and
antioxidant activity).In the case of MUAE, Three central points were used in a Box—Behnken design. These studies'
range and central point values for three, Theindependent variable ranges and levels are listed in Table 1.

Independent variables such as extraction time (0, 10, 15, 20, 30 minutes), temperature (30, 40, 50, 60, 80 °C), and
the solvent concentration of ethanol (0, 30, 50, 70, 90%) were studied. Regressions with multiple linear variables
were used to determine the best MUAE extraction conditions using Statistica 10.0 software (Hamburg, Germany).
The optimal surface response obtained is in the form of a stationary point and the optimum response value is shown
based on the contour plot and surface plot.

Table 1:- Independent Variable Ranges and Levels.

Independent variable Range and Levels
Low Level (-1) Level (0) High Level (+1)

Time (t) 0 15 30
Temperature (T) 30 55 80
Ethanol(%) 0 45 90

Results And Discussion:-

Multiresponse Surfaces Analysis

Three independent variables, such as the ethanol percentage (water:ethanol ratio), extraction temperature, and
extraction time, were used.RSM was used to calculate the best best extract yield, TPC, TF, and antioxidant activity.
The findings for the correspondence of the MUAE method are summarized in Table 2. One of the most thoroughly
researched factors is the type of extraction solvent used. In the food and nutraceutical industries, The most suitable
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solvents are ethanol and water because they're easy to remove from the finished item and increase phenolic,
flavonoid, glycosides, catechols, and tannin extraction efficiency from raw plant materials. However, using solvents
in a mixture with a restricted range of compositions can improve the soluble nature of these substances [Rodriguez
et al, 2016]. The statistical model was adjusted and optimized using an ANOVA for each response.

Table 2:-Response Values based on the Box-Behnken design.

Spl Run Time Temp Ethanol Nilai Respon
(min) (°C) (%) Yield TPC TF 1Csy

3 1 30 55 0 8.95 217.99 185.81 127.42
15 2 30 55 90 9.33 227.25 193.95 121.13
8 3 15 55 45 12.96 332.00 300.00 79.07
14 4 15 80 90 10.33 232.49 242.60 104.39
4 5 0 55 0 8.11 188.07 168.17 140.41
5 6 15 30 0 10.01 231.19 234.72 108.61
9 7 30 30 45 7.88 167.55 164.29 139.45
2 8 30 80 45 7.80 161.71 162.61 140.98
12 9 15 55 45 12.93 330.00 298.00 79.05
13 10 0 30 45 7.15 144.55 148.69 153.66
1 11 15 80 0 9.91 223.11 232.32 109.81
11 12 15 55 45 12.90 327.00 295.00 79.02
7 13 0 80 45 7.08 139.51 147.17 155.35
10 14 0 55 90 8.46 196.05 175.55 133.48
6 15 15 30 90 10.44 240.91 245.10 103.25

Table 2. Shows that the yield of moringa oleifera leaf extract ranged from 7.08 - 12.96%. Moringa extract contains
phenolic compounds ranging from 139.51 - 332.00GAE mg / 100g, total flavonoids ranging from 147.17 - 300.00
QE mg / 100g, DPPH antioxidant activity with ICso of 155.35 - 79.07 ppm. The leaves of moringa oleifera extracted
using ethanol solvent by Rodriguez et al, [2016] contain phenolics of 59 + 6 GAE mg / g, flavonoids of 6.5 + 0.2 QE
mg / g, and inhibition of DPPH radicals (ICsy) of 21 + 3 ppm. The different results of this study are due to several
factors, including the variety, age, location and environmental conditions of moringa growth and maintenance. The
relationship between as extraction time, temperature, and ethanol concentration on extract yield response, total
phenolic, total flavonoids, ICsq is shown in Table 3. All responses showed R? value greater than 0.75, and lack of fit
greater than 0.05. shows that the mathematical model on the response is quite good because it shows the suitability
between the response data and the model [Li et al, 2016].

Table 3:-Quadratic equation models.

Response Quadratic equation R’ P-Value Lack of fit
Yield extract -1.45 + 0,49A + 0.35B + 0.04C 99.69 | <0.001 0.208
- 0.015A%— 0.003B*— 0.0004C>
Total phenolic -170.51 + 14.28A + 13.23B + 1.07C 98.93 | <0.001 0.363
- 0.446A%- 0.121B*- 0.01C?
Total flavonoids -33.43 + 13.87A + 7.368B + 0.848C 99.67 | <0.001 0.794
- 0.44A%- 0.067B*— 0.0083C?
Antioxidant (ICs,) 245.87 — 6.61A —3.86B — 0.307C 99.64 | <0.001 0.052

+0.205A%+ 0.035B% + 0.0026C>

Note: A for extraction time, B for temperature, C for ethanol concentration

Yield extract, TPC, and TF resulted from Moringa oleifera extract
The surface plot response graph is shown in Figure 2 (other parameter response graphs, have been analyzed but are

not shown because they have elements of the same graphic form).
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Fig.2:-Maximum surface response for time-temperature interaction; interaction of temperature-ethanol percentage;
and the interaction of time-ethanol percentage.

In the graph of the response to the interaction between temperature and time, and the concentration of solvent in the
time span of 5-25 minutes, temperature 30-70 °C, and ethanol concentration 20-80, the highest extract yield was
obtained, namely 12.95%; the highest obtained TPC was 330.38 GAE mg / 100 g; The highest obtained on TF was
298.15 QE mg / 100 g.The contour graph for maximum response point is shown in Figure 3.
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Fig.3:- Countour plot (max response point) for time-temperature interaction; interaction of temperature-ethanol
percentage; and the interaction of time-ethanol percentage.

The extraction time can increase and decrease the phenolic and flavonoid compound in Moringa olievera extract.
The increase in phenolic and flavonoid compound is due to the longer the process, the solvent can damage the cell
walls to remove substances from the plant tissue, so that the extracted phenolic and flavonoid compounds will
increase in number. The longer the extraction takes, the extraction content will gradually increase and reach the
highest value. About 15-20 minutes is usually a longer time for the extraction process with the help of microwaves

[Akhtar et al, 2019]. With a longer microwave-ultrasonic extraction period, there is a risk that these compounds will
be degraded, resulting in a decrease in phenolic and flavonoid content.

DPPH radical inhibition (ICsy) from Moringa oleifera extract

Determination of antioxidant activity in this study using the DPPH method to get ICs, value of the plant extract. The

ICs value is the sample concentration required to inhibit 50% of free radicals. The surface plot response graph for
the 1Cs, extract is shown in Figure 4.
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Fig.4:- Minimum surface response for time-temperature interaction; interaction of temperature-ethanol percentage;
and the interaction of time-ethanol percentage.

In the graph of the response to the interaction between temperature with time, and the concentration of solvent in a
time span of 10-20 minutes, a temperature of 40-60 °C, and a concentration of 40-70 ethanol, the highest ICsg is
78.37 ppm. A compound's antioxidant activity is described as "extremely strong" if its ICs, value is less than 50
ppm, strong at 50-100 ppm, moderate at 100-150 ppm, and weak at 150-200 ppm [Haerani et al, 2019]. So that the
DPPH test results in this study note that moringa oleifera extracted from sequential microwave ultrasonic has strong

antioxidant power.The contour graph for minimum response point in DPPH radical inhibition is shown in Figure 5.
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Fig.5:- Countour plot (min response point) for time-temperature interaction; interaction of temperature-ethanol
percentage; and the interaction of time-ethanol percentage.

Green extraction methods such as microwave (MAE) provides the advantage of obtaining extracts with a greater
amount of bioactive substances, high antioxidant activity, reducing extraction time, and reducing energy expenditure
[Hanula et al, 2020]. Lestari et al. [2020] used the UAE method to extract flavonoids from tempuyung leaves and
found that 30 minutes of extraction produced the highest antioxidant activity of 58.60 percent with an IC5, of 262.82
ppm. Riskayanti et al. [2017] discovered that macerating Moringa leaves with ethanol extract has antioxidant
potential, with an ICsy value of 22.18 ppm, which is higher than the ICs, value of 57.54 ppm for Moringa leaves
water extract. The standard ICs, value for vitamin C is 8.8 ppm. Vitamin C has a higher ICs, value than Moringa leaf
extract, indicating that it is a more powerful antioxidant.

Table 4:-Optimization value criteria.

Variable Target Lower limit Upper limit
Time (A) Range 0 30
Temperature (B) Range 30 80
Concentration (C) Range 0 90

Yield extract Maximum 7.08 12.96

Total phenolic Maximum 139.51 332.0

Total flavonoids Maximum 147.17 300.0
Antioxidant (ICsq) Minimum 155.35 79.07
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Extraction optimization

The criteria used to obtain the optimization value are shown in Table 4. The factors used are only within a
predetermined range. The extract yield, TPC, and TF parameters were determined by the maximum response point,
while the antioxidant activity ICsy was determined by the minimum response point. All factors have the same level
of importance so that no factors or parameters are calculated in advance. The optimization results show that the
optimal conditions for sequential microwave-ultrasonic extraction of Moringa oleifera are at 15.97 + 0.076 minutes,
a temperature of 54.66 + 0.0522 °C, and 54.19 + 1.29 %ethanol: water.

Table 5 demonstrates the expected response values and the actual response values on the basis of the best extraction
conditions. The resulting desirability is 0.996, which means that using time, temperature and ethanol concentration
can produce a parameter / response value of 99.6%. Based on the calculation, the standard error (SE) residual value
is 0.02-1.8%, which demonstrates that there is no discernible difference between the expected and the actual
response value. According to Sulaiman et al, [2017] the standard error residual of less than 5% shows the results are
not significantly different.

Table 5:-Predictive response values, true values, and standard error (SE).

Response Predicted value True value Residual SE (%)
Yield extract 13,00421 12,93000 0,028868

Total phenolic 334,300363 329,666667 1,80258651
Total flavonoids 300,594225 297,666667 1,13886981
Antioxidant (ICs) 80,0208836 79,0466667 0,378986954

Optimized desirability 0,99644; extraction condition: 16 min, 55 °C, 54% ethanol

Conclusion:-

Optimization of sequential microwave ultrasonic extraction of Moringa oleifera using the response surface method
has been successfully carried out and can produce optimal values based on extraction time at 15.97 + 0.076 minutes,
temperature at 54.66+ 0.0522°C, and 54.19 + 1.29% ethanol concentration.
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