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Abstract 

 Flavonoid are bioactive compounds that can be found in moringa leaves. Extraction of bioactive 

compounds using conventional method requires a long time and low extract yields. This study was aimed 

to determine the optimum process conditions of sequential microwave-ultrasonic-assisted extraction 

(MUAE) of total flavonoids (TF) from moringa. The response surface methodology (RSM) with Box-

Behnken design (BBD) was employed to determine the optimum operating conditions of MUAE among 

the set of variables: Time (10 - 30 min), temperature (40 - 60 °C), and solvent concentration (60 - 80%). 

Furthermore, the flavonoids content was determined using high-performance liquid chromatography 

(HPLC) and the antioxidant activity was analyzed using the DPPH scavenging method. The RSM 

optimization showed that the predicted optimum total flavonoids content was 3.25 quercetin equivalent 

(QE) mg/g, achieved under operating conditions at a temperature of 49.76 °C, extraction time 20.68 min 

and solvent concentration of 71.16 %. These optimum operating conditions were validated, resulting in an 

average error of 0.546 %. The MS/HPLC results showed that the content of quercetin and myricetin were 

0.167 and 2.89 g/ 100 mL, respectively. Moringa extraction product has a strong antioxidant activity with 

IC50 of 74.58 - 74.62 µg/mL. 
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Abbreviations 

TF: Total flavonoids 

MUAE: Sequential microwave-ultrasonic-assisted extraction 

UAE: Ultrasonic-assisted extraction  

MAE: Microwave-assisted extraction 

HAE: Heat-assisted extraction 

QE: Quercetin equivalents 

ANOVA: Analysis of variance 

RSM: Response surface methodology 

BBD: Box-Behnken design 

DPPH•: 1,1-diphenyl-2-picrylhydrazyl 

MS/HPLC: Mass spectrometry/High-performance liquid chromatography 

 

Introduction 

Moringa oleifera is well-known as a nutrient-dense plant. Moringa has been used in herbal therapy to 

treat diseases, such as anti-tumor, anti-inflammatory, antihypertensive, antioxidant, antibacterial, antifungal 

and can be used as immune booster for dealing with Covid-19 [1]. It is due to the presence of bioactive 

compounds in the form of flavonoids (kaempherol, quercetin, myricetin, apigenin, niaziminin) in moringa 

leaves extracts. Quercetin acts as a free radical scavenger, and both in vitro and in vivo studies showed 

quercetin as a potent antioxidant [2]. The genetic variability, sample treatment methods, growing 

environment, and leaves maturity affect flavonoid concentration in moringa leaves samples [3].  
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The extraction process of flavonoid compounds from moringa has been intensively studied due to 

their outstanding benefits. Numerous parameters, such as solvents, techniques, and extraction time, 

influence bioactive chemicals extraction from plant materials. For large-scale production, the best 

extraction process should be effective and efficient [4]. Time and temperature are crucial in extracting 

flavonoid compounds [5]. At a temperature of 50 °C, it is relatively safe to prevent damage to certain 

secondary metabolites, especially flavonoids. Flavonoid are phenolic compounds that have a conjugated 

aromatic system. The conjugated aromatic system is easily damaged at high temperature [6]. Urias-orona 

et al. reported that the ethanol solvent ratio affects the total flavonoids and antioxidant capacity [7]. A larger 

ethanol ratio tends to obtain more flavonoid compounds because flavonoids are polar, where the hydroxyl 

groups and sugars (glycoside bonds) in flavonoids tend to be easily soluble in alcohol and water [8].  

Traditional extraction methods such as maceration, which takes time and spends solvent, have the 

disadvantage of causing oxidation, hydrolysis, and ionization damage to bioactive chemicals during the 

extraction process [9]. The use of ultrasonic-assisted extraction (UAE) and microwave-assisted extraction 

(MAE) is an alternative to improve the extraction process. The UAE process uses ultrasonic waves that are 

above the threshold of human hearing with a frequency greater than 16 - 20 kHz [10]. UAE is an 

environmentally friendly extraction method providing excellent repeatability in less time, easier 

manipulation, lower solvent consumption, and lower energy input without affecting the extraction yield 

[11]. Furthermore, the UAE process is a non-destructive treatment, so it is easy to be combined with other 

extraction techniques [12]. The UAE technique is faster than Heat-assisted extraction (HAE) or thermal 

technique to produce the yield product [13]. The MAE process uses microwave heat to separate the analyte 

from the sample matrix. The MAE technique has several advantages, including shorter extraction times and 

higher yields [14]. Compared to single extraction, combining 2 or more extraction techniques, such as 

sequential MUAE, can speed up the processing time and be more efficient [15]. The MUAE processes can 

produce more yield of flavonoid content [16]. Therefore, it is reasonable to investigate the MUAE treatment 

in improving the total flavonoids of moringa leaves extract. Optimization studies for the extraction process 

are very important to help in the natural resources business as well as to produce more efficient and cost-

effective systems. The response surface methodology (RSM) is modelling in an empirical approach to 

determine the relationship and problems of several variables by finding the optimum value of response [17]. 

The development of the RSM has simplified optimization studies where multiple parameters can be studied 

simultaneously. The influence of variables on the behavior of the response system and the interdependence 

between variables can be seen more clearly by creating a 3-dimensional plot of the experimental data [18]. 
Surface response method with the Box-Behnken design (BBD) statistical model can be used to determine 

the optimum process conditions such as time, pH and temperature [19]. BBD designs generate higher-order 

response surfaces with fewer required runs than central composite designs, making them easier to work 

with the same number of factors. Take into account that the CCD design had better smallest values than the 

BBD design. The BBD design resulted in the lowest total cost [14,20]. 

Based on these understandings, this study aims to optimize the MUAE variables: Time, temperature, 

and ethanol concentration, on flavonoids concentration from moringa and to analyze the antioxidant activity 

of the MUAE extracts. The optimization process was conducted using RSM with Box-Behnken design 

(BBD) as an engineering tool useful for optimizing process conditions to obtain high total flavonoid yields. 

In this study BBD was chosen because the test is simple and requires fewer samples to run. The quercetin 

content was determined using mass spectrometry/high-performance liquid chromatography (MS/HPLC). 

Antioxidant activity was analyzed using the DPPH scavenging method. 
 

Materials and methods 

Materials 

The plants of Moringa oleifera were reported as cultivated species in many regions in Java expecially 

at NTT and East Java [21]. Several specimens were collected for determination at the Ecology and 

Biosystematics Laboratory, Department of Biology, Diponegoro University. Figure 1 Show a specimen of 

the Moringa oleifera Lam. 

In this study, the chemical such as ethanol (96% CAS 64-17-5), AlCl3 (CAS 7446-70-0), potassium 

acetate (CAS 127-08-2), DPPH (2,2-Diphenyl-1-picrylhydrazyl) (CAS 1898-66-4), and standard quercetin 

(CAS 117-39-5) were purchased from Merck (Germany). 
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Figure 1 Specimen plant Moringa oleivera Lam.  

 

 

Flavonoids extraction from moringa leaves using sequential MUAE 

The 100 g moringa leaves powder was extracted into 2.5 L ethanol solvent or solute/solvent ratio of 

1:25 (g/mL). This study used a modified microwave extractor (MGC201000S, Beko, Poland) with a digital 

timer, temperature control, and a power of 200 W. This study used an ultrasonic extractor (model JP-010S, 

Skymen, USA) with a power of 80 watts and a frequency of 40 kHz. Sequential MUAE was following the 

research of Yu et al. [22] by alternating microwave first as pre-treatment and continued with ultrasound. 
Extraction was carried out with varied time (10 - 30 min), temperature (40 - 60 °C), and ethanol 

concentration as the solvent (60 - 80 %). After MUAE treatment, the mixture of moringa extract was 

immediately cooled at room temperature. Furthermore, the extract was then filtered using Whatman 42 

filter paper. The extract was evaporated and obtained a thick extract of 10 g. Extracts were collected in 

amber glass bottles and stored in the refrigerator. The experimental setup of MUAE treatment is depicted 

in Figure 2. 
 
 

 
 

Figure 2 (A) microwave extraction, and (B) ultrasonic extraction.  
 

 

Total flavonoids (TF) determination 

The aluminium chloride colourimetric method, modified from Mukhriani et al. [23], was used for 

flavonoids determination. The 1 mL moringa extract (extract with a solute/solvent ratio of 1:25 g/mL) was 

separately of aluminium chloride 2 % (CAS 7446-70-0), 1 mL potassium acetate 120 mM (CAS 127-08-

2). It was kept at room temperature for 30 min; the absorbance of the mixture was measured at 430 nm 

against a blank without AlCl3 using UV-vis spectrophotometer (Model ENF-24/F, Shimadzu, Japan). The 

calibration curve was prepared using quercetin standard solutions of 100 to 500 mg/mL in ethanol. Total 

(A) (B) 



Trends Sci. 2023; 20(1): 6401   4 of 14 

  

flavonoids values were expressed in terms of quercetin equivalent (mg QE/g sample) using the following 

formula:  
 

𝑇𝑜𝑡𝑎𝑙 𝑓𝑙𝑎𝑣𝑜𝑛𝑜𝑖𝑑𝑠 =
(𝑥×𝑣×𝑓𝑝)

𝑔
              (1) 

 

where x is the quercetin concentration from the standard curve (mg/mL). v is the extract volume (mL).  fp 

is the dilution factor.  g is the moringa extract weight (g). 
 

High-performance liquid chromatography-Mass Spectrophotometry (HPLC-MS) analysis 

The quercetin content of moringa extract was analyzed by HPLC (Shimadzu, Japan), using a Shim-

pack GIST-HP C18 (150 mm (length) x 3 mm (ID), 3 μm particle size). The column temperature was kept 

at 30 °C. Mobile phases which consisted of 0.1 % formic acid in water (A) and acetonitrile (B) were used 

in the following gradient elution method: 0 - 10 min, 10 - 85 % B; 10 - 13 min, 85 - 95 % B; 13 - 19 min, 

95 - 95 % B. The flow rate was set at 0.3 mL/min, and the injection volume was 10 µL. The sample was 

prepared for a concentration of 1 g of thick extract which was diluted into 100 mL of ethanol and then 

injected into the HPLC column. To explain the possible differences in the analysis of the instrument to the 

results of MUAE extract, the relative area was calculated using quercetin (2 g /100 mL or 2 %) as the 

internal standard.  

The mass spectrometer was carried out in both positive and negative ionization multiple-reaction 

monitoring (MRM) mode. The source parameters were as follows: The capillary voltage set at 300 V for 

positive ionization mode and −300 V for negative ionization mode, the drying gas temperature was 320 °C, 

the flow was 11 L/min, and nebulizing gas pressure was 30 psi. 

 

Antioxidant activity assays 

The antioxidant activity was determined using the DPPH scavenging technique modified from 

Munteanu and Apetrei [24]. Initially, a 1 mM DPPH solution (2,2-Diphenyl-1-picrylhydrazyl) was prepared 

by dissolving 3.8 mg in 100 mL of ethanol. Next, 2 mL of each sample were added to 2 mL of 1 mM DPPH. 

The absorbance level was determined on the analysis of total flavonoids at an absorbance of 517 nm using 

a UV-Vis spectrophotometer (Shimadzu ENF-24/F, Japan). The following formula is used to calculate the 

DPPH scavenging test:  
 

%𝐷𝑃𝑃𝐻 𝑠𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =
(𝐴0−𝐴𝑖)

𝐴0
× 100             (2) 

 

where A0 is the absorbance of the control and Ai is the absorbance of samples. 

 

Experimental design 

The flavonoid compounds of moringa that were extracted by MUAE were optimized utilizing RSM 

method with Box-Behnken design (BBD). In BBD the test sets on 15 runs, containing 12 factorial trials 

and 3 center point repetitions. The variation of time (X1), temperature (X2), and solvent concentration (X3) 

were chosen as independent variables. The independent variables were set at a time of 10 - 30 min, the 

temperature of 40 - 60 °C, and solvent concentration for 60 - 80 % ethanol, respectively. For the 

combination of these independent factors, the total flavonoids (TF) yield was chosen as the response. The 

real value of independent variables must be translated into coded variables (−1, 0, +1) to analyze using the 

response surface approach. Table 1 shows the independent range and levels variables for extraction. 

Each extraction response was used to construct a mathematical model that uses a second-order 

polynomial equation to link the TF yield to the independent variables, as shown in Eq. (3): 
 

𝑌 = 𝛽0 + ∑ 𝛽𝑖𝑋𝑖
𝑛
𝑖 + ∑ 𝛽𝑖𝑖𝑋𝑖

2 + + ∑ ∑ 𝛽𝑖𝑗𝑋𝑖
𝑛
𝑗 𝑋𝑗

𝑛
𝑖

𝑛
𝑖 + 𝜀          (3) 

 

where Y is the total flavonoids; β0 is the constant coefficient; βi is the linear coefficients; βij is the interaction 

coefficients; βii is the quadratic coefficients; and Xi, Xj are the coded values of the experimental variables. 
 

In this study, 3 independent variables were investigated: Time (X1), temperature (X2), and ethanol 

concentration (X3), with Y was set as response variables (total flavonoids yield). Therefore, Eq. (3) can be 

rewritten as Eq. (4): 
  

𝑌 = 𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2 + 𝛽3𝑋3 + 𝛽1𝑋1
2 + 𝛽2𝑋2

2 + 𝛽3𝑋3
2 + 𝛽12𝑋1𝑋2 + 𝛽13𝑋1𝑋3 + 𝛽23𝑋2𝑋3            (4) 
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Table 1 Independent variables in the variation of time, temperature and solvent concertation. 

Levels 
Independent variable 

Time (min) Temperature (°C) Solvent conc. (%) 

−1 10 40 60 

0 20 50 70 

+1 30 60 80 

 

 

Data analysis 

Regressions with multiple linear variables were used to determine the best MUAE conditions using 

Statistica 10.0 software (Hamburg, Germany).  Additional tests were carried out after the RSM optimization 

to confirm and verify the validity of the established model equation as well as the static experimental design. 

Furthermore, the software also made it possible to create a graph of surface and contour response values in 

a 3-dimensional plot. The confidence level for comparing the mean total flavonoids in multiple 

experimental runs was set at α = 0.05 or at a significant of 95 %. 
 

Results and discussion 

Development of regression model 

Flavonoid compounds were extracted from the powder of moringa leaves using the sequential MUAE 

method. After that, the RSM was used to fine-tune operating parameters: Time (X1), temperature (X2), and 

solvent concentration (X3). Table 2 shows the design matrix for the experiment.   

Table 2 shows the whole design matrix of the trials, as well as the experimental and predicted yields 

of total flavonoids. As can be observed in Table 2, the TF yield obtained was in the range of 1.43 ± 0.006 

to 3.26 ± 0.011 mg QE/g. The experimental error (pure error) and data reproducibility were determined 

using the centre point (run 13 - 15). In order to predict the total flavonoids (TF) yield, 2 equations, including 

1st order (linear) and 2nd order (quadratic) equations, are assessed. Table 3 shows the comparison of linear 

and quadratic equations regarding their results in predicting the TF yields with respect to the sum of squares 

analysis. 
 

 

Table 2 Experimental design using the Box-Behnken design to optimize flavonoids extraction from 

moringa using MUAE method. 

Run Code pattern 
Variable (X1, X2, X3) TF yield (mg QE/g) 

Time (min) Temp. (°C) Solvent (%) Experiment Predicted 

1 +1 0 −1 30 50 60 2.16 ± 0.011 2.15 

2 +1 0 +1 30 50 80 2.26 ± 0.008 2.25 

3 0 −1 +1 20 40 80 2.40 ± 0.004 2.39 

4 0 +1 +1 20 60 80 2.32 ± 0.002 2.33 

5 −1 0 −1 10 50 60 1.88 ± 0.008 1.89 

6 0 −1 −1 20 40 60 2.30 ± 0.002 2.30 

7 +1 −1 0 30 40 70 1.68 ± 0.013 1.70 

8 +1 +1 0 30 60 70 1.62 ± 0.006 1.63 

9 −1 +1 0 10 60 70 1.38 ± 0.013 1.37 

10 −1 −1 0 10 40 70 1.43 ± 0.006 1.43 

11 0 +1 −1 20 60 60 2.23 ± 0.004 2.24 

12 −1 0 +1 10 50 80 1.97 ± 0.011 1.98 

13 0 0 0 20 50 70 3.26 ± 0.010 3.25 

14 0 0 0 20 50 70 3.25 ± 0.008 3.25 

15 0 0 0 20 50 70 3.23 ± 0.014 3.25 
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Table 3 Sum of squares in the analysis of variance of flavonoid content. 

 Source Sum of squares dF Mean of square F-value F0.05 R2  

1st Order 

SSreg 0.16718 3 0.05573 0.12 3.59 0.0311 Aliased 

SSerror 5.20720 11 0.47338     

SStotal 5.37438       

2nd Order 

SSreg 5.36950 9 0.59661 612.04 4.77 0.9991 Suggested 

SSerror 0.00487 5 0.00097     

SStotal 5.37438       

 

 

According to the sum of square of models (Table 3), the 2nd order equation (quadratic equation) is 

found as the best match for the answer since it has the highest order polynomial with significant additional 

terms and is not aliased. The resulting flavonoids extraction equation in terms of coded factor is as follows: 
 

𝑌 = −29.108 + 0.4049𝑋1 + 0.7338𝑋2 + 0.2789𝑋3 − 0.009821𝑋1
2 − 0.007362𝑋2

2 − 0.001961𝑋3
2 

    −0.000020𝑋1𝑋2 + 0.000032𝑋1𝑋3 − 0.000008𝑋2𝑋3          (5) 

 

where Y stands for the TF yield; X1, X2, and X3 stand for the time, temperature, and solvent concentration, 

respectively. 
 

The synergic effect is indicated by a positive sign in front of the phrases, and a negative sign indicates 

the antagonistic impact [18]. As a result, the terms X1, X2, X3, and X1X3 have a significant impact on TF 

yield, while the terms X1
2, X2

2, X3
2, X1X2, and X2X3 have a minor impact. The influence of each 

independent variable has a favorable impact on the TF outcomes, according to the linear effect. The TF 

yield will grow to some level as the time, temperature, and solvent concentration increase. As shown in Eq. 

(5), the effect of the square and the interaction between independent variables has a negative effect, 

indicating that under certain variable conditions the TF value will tend to begin to decrease. 

 

Fitting the model 

The relevance and fitness of the quadratic model are also determined using analysis of variance 

(ANOVA) and significance was judged by the p-value calculated from the data [14]. Table 4 shows the 

ANOVA for the response surface quadratic model.  

It is well-known that when the p-value is smaller than 0.05, it indicates that the main factors 

significantly affect the response. The p-value (probability of error value) is a tool for determining the 

significance of each regression coefficient and its interaction impact, as well as the interaction effect of 

each variable. The greater the significance of the associated coefficient, the lower the p-value [25]. Based 

on the ANOVA in Table 4, it can be seen that linear models (X1, X2, X3) and quadratic models (X1
2, X2

2, 

X3
2) are significant terms. ANOVA analysis confirms that the linear effect of all independent variables 

significantly affects the TF yield since their p-values are lower than 0.05. On the other hand, the 2-way 

interaction models (X1X2, X1X3, X2X3) have no effect on the TF yield since their p-value are higher than 

0.05. The model’s accuracy is shown by the high value of the R-square model at 99.91 %, which means 

that the model is significant or strongly correlated in representing the data. The difference was 0.09 %, 

indicating that the model was highly significant to the TF yield. The high value of correlation coefficient 

close to +1 indicated that a high correlation values between the experimental and prediction data [26]. At a 

95 % confidence level, the model’s F-value is 612.04 and the p-value is strongly lower than 0.05, indicating 

that the model is highly significant. Figure 3 depicts the pareto diagram of the ANOVA analysis. 

Based on pareto diagram (Figure 3), the linier and quadratic models of each independent variable is 

significant. Since the quadratic effect has a negative effect on TF yield, it can be concluded that further 

increase in independent variables decreases the TF yield. As explained in the previous section, it has been 

found that the linear effect of all independent variables positively affects the TF yield. Therefore, it is 

reasonable to conclude that the TF yield can be increased by increasing the value of independent variables 

since they positively and significantly affect the TF yield based on the statistical analysis.  

The lack of fit in Table 4 get an F-value of 1.9 and a p-value of 0.363 (p-value > 0.05 is not significant) 

indicated that the lack of fit was not significant compared to the pure error and that the model was 

successfully fitted to experimental data. Moreover, the F-value of the model is high, which is 612.04. This 

value is strongly higher than the F-table (F0.05 = 4.7725). This fact confirms that the model developed highly 
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fits the experimental data. The comparison of the predicted and experimental values of TF yield is presented 

in Figure 4.  
Figure 4 shows that the experimental data highly fit the diagonal line confirming that the model 

developed perfectly predicts the value of TF yield. The points in this figure are on or near a straight line, 

which indicates that the remainder of this experiment is normally distributed and the model fitted by the 

response surface is accurate. Conversely, if the points on the graph cannot form a straight line, then it does 

not correspond to a normal distribution. Each scatter point is roughly distributed in a straight line and lies 

near the straight-line Y = X, indicating that it is an excellent approximation to the experimental yields [27].  
 

Table 4 Analysis of variance (ANOVA) for response surface quadratic model. 

Parameter dF Adj SS Adj MS Reg. Coef. T-value F-value p-value  

Model 9 5.36950 0.59661 −29.108 180.38 612.04 0.000  

    Linear 3 0.16718 0.05573   57.17 0.000  

       X1 1 0.14130 0.14130 0.405 12.04 144.95 0.000 < 0.05 

       X2  1 0.00938 0.00938 0.734 −3.10 9.62 0.027 < 0.05 

       X3  1 0.01650 0.01650 0.279 4.11 16.93 0.009 < 0.05 

    Square 3 5.20226 1.73409   1778.92 0.000  

       X1
2  1 3.56096 3.56096 −0.009 −60.44 3653.03 0.000 < 0.05 

       X2
2  1 2.00124 0.65384 −0.007 −45.31 2052.98 0.000 < 0.05 

       X3
2  1 0.14200 0.14200 −0.002 12.07 145.67 0.000 < 0.05 

   2 - way interaction 3 0.00006 0.00002   0.02 0.996  

       X1X2  1 0.00002 0.00002 −0.000 −0.13 0.02 0.903 > 0.05 

       X1X3  1 0.00004 0.00004 0.000 0.20 0.04 0.846 > 0.05 

       X2X3  1 0.00000 0.00000 −0.000 −0.05 0.00 0.959 > 0.05 

Error 5 0.00487 0.00097      

    Lack-of-Fit 3 0.00361 0.00120   1.90 0.363 > 0.05 

    Pure Error 2 0.00127 0.00063      

Total 14 5.37438       

S = 0.0312217; R2 = 0.9991; R2
Adj = 0.9975  

 

 

 
Figure 3 The influence of time (X1), temperature (X2), and solvent concentration (X3) on the flavonoid 

content of the MUAE extraction is depicted in a pareto diagram. 
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Figure 4 Predicted yield against observed (experimental) yield of total flavonoids. 
 

 

Optimization of flavonoids extraction from moringa through MUAE using RSM 

After the model is examined, we can use response plots in the form of surfaces and contours to 

determine the optimal value. The 3-dimensional (3-D) response surface and contour plots were the 

graphical representations of the regression Eq. (5). It provided a method to visualize the relationship 

between responses and experimental levels of each variable parameters and the type of interactions between 

2 test variables. The 3-D response surface and contour plots are shown in Figure 5.  
 
 

 
Figure 5 (A) Surface, and (B) contour plots of the response of time (X1), temperature (X2), and solvent 

concentration (X3) to the flavonoid content. 

(A) 

(B) 
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Based on the surface response plots and contours (Figure 5), the characteristic of the stationary point 

in the flavonoid extraction experiment with MUAE was the maximum response point. Based on Figure 5, 

it can be observed that time and temperature have a proportional response to the TF results with a maximum 

point stationary form. While at the temperature and concentration of the solvent found a stationary form of 

the saddle point which shows that the solvent concentration does not give much difference to the TF results 

from solvent variations in the range of 60 - 80 % ethanol. The surface and contour plots show that higher 

total flavonoid yield (> 3 mg QE/g) can be obtained at 15 - 25 min, 45 - 55 °C, and 65 - 75 % solvent 

concentration. The highest TF results with high antioxidant activity can be obtained with optimum time and 

temperature conditions of 20 - 35 min and 40 - 55 °C, respectively [28]. Shorter extraction time may result 

in insufficient extraction of bioactive compounds, while longer extraction time may result in higher 

radiation and an increase in intermolecular temperature that can cause damage to bioactive components. 

The solubility of flavonoid components as well as the diffusion coefficient can increase as the 

temperature rises. The ideal temperature range was discovered to be 45 - 55 °C. Moringa extraction with 

MAE increased yield at 50 °C, but yield decreased at 65 °C [29]. The breakdown of flavonoid molecules 

by heat and extended exposure to microwave/ultrasonic radiation resulted in a decrease in flavonoid yield 

at high temperatures. The effect of solvent concentration was found to be best at 65 - 75 %. The presence 

of chlorophyll which was also extracted at a high solvent concentration caused the total flavonoid extract 

to decrease at 80 % solvent concentration [30]. Table 5 displays the optimum RSM values. 
 

Table 5 Estimation of optimum critical condition on MUAE treatment. 

Factor Observed Min Critical Value Observed Max 

Time (min) 10.00 20.67 30.00 

Temperature (°C) 40.00 49.76 60.00 

Solvent conc. (%) 60.00 71.16 80.00 

Predicted value on flavonoids concentration: 3.251 mg QE/g 

 
 

All the maximum points were found as critical points within the experimental zone (Table 5), 

indicating that the critical point is the optimal value. As can be seen in Table 5, the optimum independent 

variables that gave the optimum TF yield were 20.67 min, 49.76 °C and 71.16 % of time, temperature and 

solvent concentration, respectively. This optimum independent variable gave the predicted optimum TF 

result at 3.251 mg QE/g. Based on the reference, the condition of the extraction ratio is 1:30 (g/mL); time 

40 min; extraction temperature 50 - 55 °C; and solvent concentration 65 - 70 %; can produce a TF of 3.62 

- 15.2 mg QE/g [31,32]. 

 

Verification of the predicted optimal extraction conditions 

By calculating the regression equation from the given independents and evaluating the component 

contours and response surface plots, we can determine the optimal conditions. Furthermore, validation is 

carried out to ensure the model and optimization results. To determine the validity of the model, the 

experiment with the highest TF was selected for additional validation. The experimental results of model 

validation and predictive values are shown in Table 6. 

 

Table 6 Validation of experimental and predictive values under various operating conditions. 

Factor Response (mg QE/g) Error 

(%) Time (min) Temp (ºC) Solvent (%) Observed Predicted Residual 

21 50 71 3.27 ± 0.011 3.251 0.023 0.717 

21 50 71 3.25 ± 0.001 3.251 0.003 0.102 

21 50 71 3.22 ± 0.013 3.251 −0.027 0.820 

     Average 0.546 

 

 

As can be seen in Table 6, the experimental yield is close to the calculated yield using the model, with 

only a minor margin of error (0.546 %). The optimization results and simulation results show that the 

deviation between the predicted value and the actual value is below 5 %, indicating that the correlation is 
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good and the optimization of the response surface methodology for estimating the total flavonoid yield is 

reasonable and feasible [27].  
 

High-performance liquid chromatography (HPLC) analysis of moringa extract 

HPLC calibration curve was plotted as above-described method then chromatogram of 2 g standard 

quercetin and 1 g thick extract MUAE moringa are compared. The quercetin is identified at a specific 

retention time. Retention time (RT) is the minimum time required for the fluid mixture to separate by 

gravity in the separator, in this case, the chromatography device used in the HPLC apparatus. Figure 6 

shows the quercetin yield from the HPLC chromatogram result.  
 

 
Figure 6 (A) HPLC chromatogram of standard quercetin, and (B) thick extract MUAE moringa. 
 

 

According to Figure 6(B), the quercetin peak for the extracted moringa MUAE samples was at RT 

4.51 min, which is close to the standard quercetin peak at RT 4.92 min (Figure 6(A)). The quercetin 

standard (Figure 6(A)) was found to yield 1.97 g/ 100 mL which was in accordance with the initial 

preparation before HPLC analysis with 2 g of quercetin dissolved in 100 mL of ethanol. These results are 

in accordance with the quercetin range at RT 4.183 - 4.563 min [33]. The yield of quercetin in moringa 

varied from 0.07 to 1.26 g/ 100 mL as indicated by the appearance of a peak at RT 4.0 min and on 

quantitative HPLC chromatograms [34]. 

In Figure 6(B), from the MS/HPLC analysis we found the type of flavonoid rutin at RT 2.68 min 

with a yield of 0.02 g/ 100 mL; myricetin at RT 3.54 min with a yield of 2.89 g/ 100 mL; quercetin at RT 

4.51 min with a yield of 0.16 g/ 100 mL; naringenin at RT 5.10 min with a yield of 0.29 g/ 100 mL; and 

kaempferol at RT 6.33 min with a yield of 0.005 g/ 100 mL.  This event is in accordance with the reference 

to the extraction of quercetin from Iranian propolis using a microwave-ultrasound sequence, where in 

addition to the peak of quercetin at RT 5.13 min, other flavonoid peaks such as myricetin was also found 

at RT 3.71 min [35]. Myricetin, quercetin, and kaempferol are the main flavonoids contained in moringa, 

other flavonoids such as luteolin, apigenin are found in smaller levels [36]. In some references, myricetin 

(A) 

(B) 
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was found at a RT of 3.6 min at a level of 0.029 g/ 100 mL; quercetin was found at RT 4.8 min with a 

concentration of 0.11 g/ 100 mL; and kaempferol were found at RT 6 min with levels of 0.013 g/ 100 mL 

[37]. In the heat-assisted extraction (HAE) of moringa leaves, HPLC analysis at RT 4.35 min found 2.62 

g/ 100 mL myricetin, at RT 5.89 min found 0.5 g/ 100 mL quercetin, and at RT 6.44 min found 4.15 g/ 100 

mL kaempferol [38]. Table 7 shows the comparison of the quercetin MUAE method with other extraction 

methods. 
 

Table 7 Comparation of quercetin yield in maceration, UAE, HAE, MAE and MUAE.  

Extraction methods 
Total Flavonoids 

(mg QE/g) 

Quercetin content  

(g/100 mL) 

DPPH Inhibition 

(IC50) 

Maceration (ME) 2.18 0.06 97.33 

Ultrasound (UAE) 2.26 0.28 87.83 

Heat (HAE) 2.28 0.50 78.28 

Microwave (MAE) 2.72 0.41 76.54 

Microwave-ultrasound (MUAE) 3.25 0.16 74.58 

 

 

Based on Table 7, it shows that the extraction method that produces the highest antioxidant activity 

is microwave-ultrasonic sequential (MUAE) with the sequential MUAE > MAE > HAE > UAE > 

maceration. Microwave-assisted extraction can extract more flavonoid chemicals than heat-assisted 

extraction because microwave irradiation causes plant cells to rupture and cavitation can accelerate solvent 

diffusion [39]. Due to the greater radiation exposure, a prolonged extraction process can lead to higher 

thermal damage. Higher heat can damage the quercetin molecule, lowering quercetin content [40]. The 

reduced amount of quercetin detected in MUAE could be due to the breakdown of the quercetin molecule 

at high radiation. As a result, it can be concluded that the use of microwaves-ultrasound to extract more 

flavonoids but get lower quercetin content. 

 

Effects of extraction variables on antioxidant activity 

The results of the absorbance of DPPH compounds are sharp at the peak of 517 nm. These results are 

in accordance with the DPPH range at the absorbance of 515 - 520 nm. For comparison purposes, the 

antioxidant test was carried out on moringa extract extracted by sequential microwave-ultrasound-assisted 

extraction at various times, temperatures, and ethanol concentrations. The antioxidant results with the IC50 

value of the MUAE moringa extract are shown in Figure 7. 

Based on Figure 7, the results antioxidant test of the moringa extracts from MUAE show a low IC50, 

indicating an increase in % antioxidant to the initial concentration of the sample. According to the results 

of the experiment, the lowest IC50 values of moringa extract are 74.61, 74.55 and 74.62 µg/mL for 

independent variables of time at 20 min, the temperature at 50 °C and solvent concentration at 70 %, 

respectively. An increase in antioxidant occurred with increasing sample concentration, high antioxidant 

activity was found at 25 °C and a decrease in antioxidant power started at 45 °C, due to high temperature 

causing chemical degradation in the sample [41]. The inhibitory concentration (IC50) range of 150 - 200 

µg/mL is a weak antioxidant, the IC50 range of 100 - 150 µg/mL is a moderate antioxidant, the IC50 range 

of 50 - 100 µg/mL is a strong antioxidant, and the IC50 range of < 50 µg/mL is a very strong antioxidant 

[42]. The results of moringa extract obtained IC50 of less than 100, indicating that moringa extract is 

classified as a strong antioxidant. 
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Figure 7 IC50 value of the MUAE extracts at the variation of (A) time, (B) temperature and (C) solvent 

concentration; (D) Effect of sample concentration on percent antioxidant. 
 

 

Conclusions 

Extraction was the key step for the comprehensive utilization of total flavonoids from the moringa 

leaves. The sequential MUAE method was an efficient way to extract total flavonoids from moringa leaves. 

From the results of this study, it was concluded that the TF yield had been successfully modelled using 

RSM. The optimum extraction conditions were as follows: Extraction time (20.68 min), temperature (49.76 

°C), solvent concentration (71.16 %). Under these conditions, the obtained TF yield was 3.25 mg QE/g. 

Furthermore, the validation of these optimum conditions gave an average error of 0.546 %, indicating that 

the model was sufficient to optimize the MUAE of moringa. In the MS/HPLC result, the quercetin was 

found in the moringa extract at RT of 4.51 min, which was close to the standard quercetin peak at RT of 

4.92 min. Myricetin and kaempferol also was found at RT 3.545 and RT 6.335, respectively. The lowest 

IC50 values from the results of the antioxidant activity test of moringa extract were in the range of 74.58 - 
74.62 µg/mL. Based on these results, the obtained moringa extracts were classified as strong antioxidants 

because the IC50 results were found to be less than 100 µg/mL. 
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