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ABSTRACT: The advantages of natural deep eutectic solvent (NADES) for bioactive extraction to create formulations 
for nutraceuticals and cosmetics include biodegradability, biocompatibility, secondary metabolite extractability, and 
food grade. This study aims to design the optimum condition of microwave-assisted extraction (MAE) combined lactic 
acid-sucrose (LA-Suc)-based NADES on polyphenolic enrichment from the bulbs of Eleutherine bulbosa Mill. Urb. using 
response surface methodology (RSM). In the present study, the condition of MAE-combined LA-Suc-based NADES 
parameters, including NADES (LA-Suc) ratio, microwave irradiation time, solid-liquid ratio, and microwave irradiation 
power, had been involved. RSM with four factors and three levels (Box-Behnken Design) was applied to design a 
predictive model and optimize the MAE-combined LA-Suc-based NADES condition. The response surface was 
calculated using the total polyphenols content (TPC) value as the dependent variable. According to the result, the 
optimum condition of MAE combined LA-Suc based NADES was recommended according to RSM analysis as follows: 
NADES (LA-Suc) ratio of 4:1 g/g, irradiation time of 10 min, the solid-liquid ratio of 1:10 g/mL, and irradiation power 
of 360 Watts. The scale-up confirmation test using a 50 g sample (ten times the number of the sample) was observed to 
be 82.434 ± 1.623 mg GAE/g sample. 

KEYWORDS: Eleutherin bulbosa Mill. Urb.; Box-Behnken design; natural deep eutectic solvent; response surface 
methodology. 

 1.  INTRODUCTION 

The flora of Kalimantan (Indonesia) consists of abundant wild and cultivated endemic plants and many 
of which have been scientifically proven to possess biological activities [1]. Currently, global demand for 
natural products has been rising rapidly in the last decade, especially in the pharmaceutical, cosmetic and 
nutraceutical industries [2]. Plants are primary sources of bioactive natural products. The most commonly 
associated bioactive compounds from plants are polyphenols. Polyphenols have become a major concern in 
the search for natural raw materials since they have beneficial effects on human health such as antioxidant, 
antimicrobial, anticancer, anti-inflammatory, and chemoprotective potential. For this reason, many studies 
have been conducted to explore natural products containing polyphenols [3]. 
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Plant material undergoes various processes such as drying, extraction, separation and purification to 
obtain the desired secondary metabolites or enrichment extracts. The use of non-food grade organic solvents, 
the extraction process, the extraction method selection and the complexicity of secondary metabolite content 
during these bioprocess conditions directly affect extraction yield and extract quality. In addition, 
conventional extraction techniques for natural products have limitations, such as time and high energy 
consumption, low extraction capability, and toxic solvents. Therefore, it is needed to develop separation and 
extraction techniques for compounds of interest integrated with environmentally friendly practices with a 
green chemistry principles. One of the approaches is using green solvents and innovation and sustainable 
extraction technology [4,5]. 

Natural deep eutectic solvents (NADES) are mixtures of compounds that can remain liquid at room 
temperature. NADES has excellent biodegradability, biocompatibility, renewable, easy-to-make, secondary 
metabolite extractability, and food-grade [6,7]. One of the combinations of NADES composition that attracted 
our attention to study was the combination of lactic acid and sucrose. Several recent studies have succeeded 
in applying this composition for the enrichment of polyphenols from plants, including the extraction of 
polyphenols and caffeine from coffee beans [8], extraction of polyphenols from some plants, including 
Foeniculum vulgare, Mentha spicata, Origanum dictamnus, Origanum majorana, and Salvia officinalis [9], extraction 
of steroidal saponins from Trillium govanianum [10], and the bioactive metabolites extraction of Humulus 
lupulus L [11].   

Microwave-assisted extraction (MAE) is one of the extraction technology innovation methods that is 
often used and combined with NADES [12,13]. This method is adequate, easy, and fast in extracting secondary 
metabolites from natural products. In addition, this method can be adjusted according to the target secondary 
metabolites [14]. Several MAE conditions that can be used as variables include extraction time, microwave 
power, and sample: solvent ratio. The design of optimization method can be done using the response surface 
methodology (RSM). RSM is a statistical tool that can predict the optimum condition of MAE according to the 
target secondary metabolite properties by examining the interaction between various MAE conditions on the 
response [15,16]. 

Eleutherine bulbosa (Mill.) Urb. (E. Bulbosa) is one of the native plants of Kalimantan, which has been 
used traditionally to treat various diseases such as hypertension, diabetes, prostate, gout, cancer/cysts, 
bronchitis, gastrointestinal disturbances, sexual disorders, and stamina [17]. E. bulbosa bulbs are rich in 
secondary metabolites such as terpenoids, polyphenols, and tannins [18,19]. Based on our best knowledge, 
some studies on E. bulbosa have been reported mainly related to the development of extraction methods, 
including the effect of extraction method on thin layer chromatography (TLC) profile and sunscreen activity 
[20], oral glucose tolerance activity [21], the effect of heat-assisted extraction on phenolic compound [22], and 
extraction polyphenols using NADES (citric acid-glucose) based MAE [23]. The results of previous studies on 
using citric acid-glucose as the composition of NADES showed promising results and prospects for continued 
development. Therefore, in this study, we focus on using lactic acid-sucrose (LA-Suc) as a constituent of 
NADES, considering that the design and optimization of this composition have not been reported. 

Therefore, the main goal of our present study is to design the optimum condition of MAE combined 
LA-Suc based NADES on polyphenolic enrichment from E. bulbosa bulbs using RSM with four factors and 
three levels (Box-Behnken Design). 

2. RESULTS AND DISCUSSION 

2.1. Single factor screening 

In this study, single-factor screening was performed using some different levels of each variable factor, 
including ratio of NADES (LA-Suc) ratio (2:1, 3:1, and 4:1 g/g), microwave irradiation time (10, 15, and 20 
min), microwave irradiation power (180, 270, and 360 Watts), and solid-liquid ratio (1:10, 1:12, and 1:14 g/mL) 
are shown in Figure 1. 

Figure 1A shows that the highest total polyphenols content (TPC) value was obtained at the NADES 
(LA-Suc) ratio of 3:1 g/g. Using lactic acid and sucrose combination with different ratios was selected as a 
NADES component according to some previous studies [8,10,11], and added 30% purified water was to adjust 
viscosity, and secondary metabolites target mainly polyphenols group [24]. Lactic acid is a NADES component 
with hydrogen bonding acceptor (HBA) properties, while sucrose has hydrogen bonding donor (HBD) 
properties [25–27]. Study on HBD-HBA combinations paves the way for tailoring the nature, physical 
properties, and phase behavior of eutectic solvents. In such combinations of NADES components, which are 
produced by mixing solid materials with high melting points, hydrogen bonding interactions are the primary 
cause of the eutectic phenomenon [11]. 



Ahmad et al. 
Optimization of MAE-combined LA-Suc-based NADS condtion of 
polyphenols from E. Bulbosa bulb  

Journal of Research in Pharmacy 
 Research Article 

 

 
 http://dx.doi.org/10.29228/jrp.401 

J Res Pharm 2023; 27(3): 1086-1095 
 

1088 

 
Figure 1. Single factor effect of condition of MAE combined NADES on TPC value (Mean ± SD) from E. Bulbosa 
bulbs performed in triplicate (n=3) 

Figure 1B shows the effect of microwave irradiation time at 10 to 20 min. The TPC value increased from 
the 10th min to the 15th min and decreased at the 20th min. The maximum TPC value was obtained in 15 min of 
irradiation. This irradiation time indicates that the dissolution of the target secondary metabolites in the 
sample achieved a balance of target metabolite concentrations at the irradiation time of 15 minutes [28,29]. 

Figure 1C shows the impact of microwave radiation power on the TPC value. The maximum TPC value 
was obtained at 270 watts power of microwave irradiation. The increase in strength is directly proportional to 
the increase in temperature. Excessive increases in temperature can damage the surface of the sample cell wall 
and change the structure of polyphenols. 

The solid-liquid (sample-solvent) ratio is another factor that significantly influences the extraction 
process, as shown in Figure 1D. The ratio variation in the range of 1:8 to 1:12 g/mL showed a tendency to 
increase the TPC value. However, increasing the ratio of the amount of solvent excessively can cause the 
extraction process to be ineffective (waste of solvent). In contrast, the use of a small amount of solvent causes 
the extraction process to be imperfect. The results of solid-liquid ratio screening showed that the ratio of 1:10 
g/mL was more optimal than 1:8 g/mL and more effective than 1:12 g/mL. 

2.2. The optimum condition design of MAE combined LA-Suc based NADES on TPC value 

The efficiency of polyphenols extraction using the experimental design from RSM varied depending on 
the MAE combined LA-Suc based NADES conditions (Table 1). The result from 29 runs demonstrated 
extraction condition with the highest TPC value of 80.432 ± 2.121 mg/g sample (NADES ratio of 3:1 g/g, 
microwave irradiation time of 20 min, solid-liquid ratio of 1:12 g/mL, and microwave irradiation power of 
360 watts). In comparison, the lowest TPC value was 25.311 ± 0.454 mg/g sample ((NADES ratio of 3:1 g/g, 
microwave irradiation time of 20 min, the solid-liquid ratio of 1:12 g/mL, and microwave irradiation power 
of 180 watts). 
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Table 1. Experimental design results of TPC value from E. bulbosa using RSM with BBD  

No 

Variable Factor Total Polyphenols 
Content (TPC)Value*  NADES (LA-Suc) 

Ratio 
Microwave 

Irradiation Time 
Solid-Liquid 

Ratio  
Microwave 

irradiation power 
X1 (g/g) X2 (Min) X3 (g/mL) X4 (Watt) Mean ± SD (mg GAE/g) 

1 3:1 20 1:10 270 43.413 ± 1.432 
2 2:1 15 1:14 270 53.638 ± 1.356 
3 4:1 15 1:12 180 49.551 ± 1.221 
4 4:1 15 1:10 270 50.642 ± 2.154  
5 4:1 15 1:12 360 60.713 ± 2.217 
6 3:1 15 1:12 270 29.459 ± 0.656 
7 3:1 15 1:12 270 34.454 ± 0.543 
8 4:1 20 1:12 270 58.732 ± 2.198 
9 3:1 15 1:14 360 30.534 ± 1.467 
10 3:1 15 1:12 270 29.162 ± 0.521 
11 3:1 20 1:12 180 25.311 ± 0.454 
12 3:1 15 1:10 180 43.252 ± 1.244 
13 3:1 10 1:12 360 65.174 ± 1.162 
14 3:1 20 1:14 270 53.878 ± 1.133 
15 2:1 15 1:10 270 43.579 ± 0.433 
16 4:1 10 1:12 270 51.342 ± 1.326 
17 2:1 15 1:12 180 49.744 ± 2.154 
18 2:1 20 1:12 270 45.858 ± 1.278 
19 4:1 15 1:14 270 60.612 ± 1.335 
20 3:1 15 1:12 270 30.164 ± 1.352 
21 3:1 10 1:14 270 35.122 ± 2.278 
22 2:1 10 1:12 270 45.752 ± 3.187 
23 3:1 10 1:10 270 58.321 ± 2.333 
24 2:1 15 1:12 360 47.441 ± 1.376 
25 3:1 15 1:10 360 60.889 ± 2.177 
26 3:1 15 1:14 180 55.258 ± 1.197 
27 3:1 15 1:12 270 35.704 ± 0.716 
28 3:1 20 1:12 360 80.432 ± 2.121 
29 3:1 10 1:12 180 61.433 ± 2.177 

*each data was analyzed in triplicate (n=3) 
 
The automatic Design Expert software system suggests a standard quadratic model based on the fit 

model summary statistic result (Table 2). The Fit Summary compiles the crucial statistics to choose the ideal 
model's initial condition. The Whitcomb Score is used to select the suggested model. The recommended model 
might not be the ideal one to employ. A negative coefficient correlation (R2) value might suggest that the model 
needs to be simplified. 

Table 2. Fit model summary statistic 

Source Sequential 
p-value 

Lack of Fit 
p-value 

Adjusted 
R2 

Predicted 
R2 Recommendation 

Linear 13.37 0.1038 -0.0456 -0.2662  
Two-Factor Interaction 12.56 0.4068 0.0772 -0.3415  
Quadratic 9.05 0.7607 0.5215 -0.3454 Suggested 
Cubic 6.00 0.9549 0.7897 -4.3773 Aliased 

 
To better understand the relationship between both variables (independent and dependent), the results 

were modified to a second-order polynomial model. The analysis of variance (ANOVA) was used to estimate 
the statistical significance of the independent variables, their interactions, and predicted models. Table 3 
shows the best reduced quadratic model according to the ANOVA results. The model was remarkably 
significant, with an F-value of 18.10 and a p-value of 0.0001 for monitored responses. The model's suitability 
was further supported by the F-value of 2.43 and non-significant Lack of Fit (p-value>0.05). A large Lack of 
Fit F-value has a 20.32 percent chance of being caused by noise. A high R2 value for the response of TPC value 
indicates that the experimentally discovered and predicted values fit together well. In this study, X1, X3, X2X3, 
X2X4, X3X4, X12, X22, X42, X12X3, X22X4, and X12X32 are significant model terms. 
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Table 3. Response surface quadratic model with ANOVA 
Source Sum of Square df Mean Square F-value p-value 
Model 4501 13 346.27 18.10 < 0.0001 
X1-NADES (LA-Suc) Ratio 173.05 1 173.05 9.04 0.0088 
X2-Irradiation Time 7.54 1 7.54 0.39 0.5397 
X3-Solid-Liquid Ratio 120.75 1 120.75 6.31 0.0239 
X4-Irradiation Power 0.39 1 0.39 0.020 0.8881 
X2X3 283.42 1 283.42 14.81 0.0016 
X2X4 659.98 1 659.98 34.49 < 0.0001 
X3X4 448.80 1 448.80 23.46  0.0002 
X12 133.05 1 133.05 6.95 0.0187 
X22 966.20 1 966.20 50.50 < 0.0001 
X42 1060.72 1 1060.72 55.44 < 0.0001 
X12X3 210.87 1 210.87 11.02 0.0047 
X22X4 560.18 1 560.18 29.28 < 0.0001 
X12X32 418.06 1 418.06 21.85 0.0003 
Residual 298.99 15 19.13   

Lack of Fit 249.62 11 14.51 2.43 0.2032 
Pure Error 37.37 4 9.34   

Cor Total 4788.55 28    

Table 4 shows the coefficient estimate of the regression equation that represents the expected change in 
the TPC (dependent variable) response value per unit change in the independent variable, where other factors 
are considered constant. The coefficient estimate is associated with the standard deviation. Confidence interval 
with 95% high and low shows a range of one positive limit and the other negative, indicating a significant or 
insignificant term in the coefficient that is considered correct [30]. The variance around the coefficient estimates 
that result from a lack of orthogonality in the design is measured using the variance inflation factor (VIF). The 
VIF is one factor that is orthogonal to every other factor in the model. Values over 10 signify that the variables 
are overly correlated with one another (they are not independent.) When working with a mixture and 
constrained response surface designs, VIFs are less significant [31,32]. 

Table 4. Coefficient estimate, degree of freedom, standard error, confidence interval, and variance inflation factor 
(VIF) from each factor 

Factor Coefficient 
Estimate df Standard 

Error 
Confidence Interval VIF 95% Low 95% High 

Intercept 32.90 1 1.74 29.20 36.61  
X1-NADES (LA-Suc) Ratio 3.80 1 1.26 1.11 6.49 1.00 
X2-Irradiation Time -0.79 1 1.26 -3.48 1.90 1.00 
X3-Solid-Liquid Ratio 0.389 1 1.55 -7.18 -0.59 1.50 
X4-Irradiation Power 0.22 1 1.55 -3.07 3.52 1.50 
X2X3 8.42 1 2.19 3.76 13.08 1.00 
X2X4 12.85 1 2.19 8.18 17.51 1.00 
X3X4 -10.59 1 2.19 -15.25 -5.93 1.00 
X12 4.95 1 1.88 0.95 8.95 1.30 
X22 12.98 1 1.83 9.09 16.87 1.23 
X42 12.60 1 1.83 9.71 17.49 1.23 
X12X3 8.89 1 2.68 3.18 14.60 1.50 
X22X4 14.49 1 2.68 8.78 20.20 1.50 
X12X32 12.27 1 3.05 7.76 20.77 1.68 

 
The equation formula obtained was Y = 32.90 + 3.80X1 – 0.79X2 +0.39X3 + 0.22X4 + 8.42X2X3 + 12.85X2X4 

– 10.59X3X4 + 4.95X12 + 12.98X22 + X42 + 8.89X12X3 + 14.49X22X4 +12.27X12X32, with R2 of 0.9401. Where X1 is the 
NADES (LA-Suc) ratio, X2 is microwave irradiation time, X3 is the solid-liquid ratio, X4 is microwave 
irradiation power, and Y is the yield of TPC value.  The R2-predicted of 0.5318 is not as close to the R2-adjusted 
of 0.8881 as one might typically expect. All empirical models should be tested using confirmation runs. Adeq-
precision, also known as adequate precision, quantifies the signal-to-noise ratio. The ideal ratio is at least 4. 
An adeq-precision ratio of 18.137 indicates a good signal. Use this model to navigate the design space [30]. 
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Figure 2. Three-dimensional contour plot interaction of factors and response 

The optimum MAE combined LA-Suc based NADES condition was recommended according to the 
equation formula from RSM analysis as follows: NADES (LA-Suc) ratio of 4:1 g/g, microwave irradiation time 
of 10 min, the solid-liquid ratio of 1:10 g/mL, and microwave irradiation power of 360 Watts with predicted 
the TPC value of 90.312 ± 3.359 mg GAE/g sample. The scale-up confirmation test using a 50 g sample (ten 
times the number of the sample) was observed to be 82.434 ± 1.623 mg GAE/g sample. According to the results, 
MAE-combined LA-Suc-based NADES has a better extraction ability than NADES with citric acid and glucose 
composition in our previous study [23]. However, using NADES as an alternative solvent is very effective for 
extracting the target secondary metabolites from plants compared to conventional methods, as has been done 
by Munaeni et al. [33] and Shi et al. [34]. In addition, NADES is used not only as a solvent but also as an 
excipient to be formulated into the desired pharmaceutical product. 

3. CONCLUSION 

In the present study, the MAE-combined LA-Suc-based NADES was successfully used to extract 
polyphenols enrichment from E. bulbosa bulbs. In this regard, both the scientists and industry community are 
becoming more interested in NADES. Herein, lactic acid-based NADES were proposed for the firs time to 
tailor polyphenols extracts from E. bulbosa bulbs with the optimum condition including NADES (LA-Suc) ratio 
of 4:1 g/g, microwave irradiation time of 10 min, the solid-liquid ratio of 1:10 g/mL, and microwave 
irradiation power of 360 Watts. The results demonstrated that it was possible to enrich the polyphenol extracts 
by appropriately choosing the HBD/HBA pair. Comparing citric acid: glucose and conventional extraction 
with the organic solvent, lactic acid: sucrose demonstrated a significantly higher capacity to extract 
polyphenols. The extraction of phytoextracts that could be directly incorporated into food, dermatological, 
cosmetic, and other formulations was made possible by these simple, affordable, environmentally friendly, 
and effective solvents in addition to the conventional extraction process. Additional study is still needed to 
fully understand how the components of NADES interact with plant phytochemicals. 
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4. MATERIALS AND METHODS 

4.1. General equipment, chemical, and plant material 

The equipments used include a Modena Microwave 900 watts (Buono-MV 3002, USA), Vortex mixer 
(Stuart, Germany), UV-VIS spectrophotometer double beam (Shimadzu, Japan), Magnetic Stirrer (Thermo 
Scientific, USA), food dehydrator (Wiratech, Indonesia), and licensed software of Design Expert V12 (Statease 
Inc. Minneapolis, MN, USA). The chemical materials used in this study were lactic acid and sucrose 
(food/pharmaceutical grade) purchased from CV. Chlorogreen, Bandung, Indonesia. Folin-Ciocalteau 
reagent, standard gallic acid, and sodium carbonate were purchased from PT. Elokarsa LLC, Indonesia 
(distributor of Sigma-Aldrich or Merck products). Ethanol p.a., methanol p.a., and purified water were 
purchased from PT. SmartLab, Tangerang, Indonesia. At the same time, E. bulbosa bulbs were collected from 
Kutai Kertanegara, Indonesia, and authenticated at the Laboratory of Dendrology, Universitas Mulawarman. 
The specimen (010/PTUP-LP/FFUNMUL/VI/2022) was stored at the Pharmaceutical Research and 
Development Laboratory of Universitas Mulawarman. 

4.2. The preparation of NADES with LA-Suc composition 

Lactic acid and sucrose were mixed to obtain LA-Suc-based NADES. LA-Suc-based NADES is made by 
heating a water bath while stirring continuously at 50oC for 30-40 minutes until a homogeneous solution is 
obtained. Then, the solution was added to deionized water (30% of the total NADES). The liquid of LA-Suc-
based NADES was stored at room temperature until ready for use. 

4.3. The procedure of MAE combined LA-Suc based NADES 

The MAE combined LA-Suc-based NADES was performed according to previous studies [23,35–37], 
with a slight adjustment. Briefly, a 5 g dried sample of E. bulbosa bulbs was added with a certain amount of 
LA-Suc-based NADES solution. The mixture was extracted using a certain condition of MAE. After completion 
of the extraction process, then the extract solution and residue were separated using a Buchner filter. 
Furthermore, it is stored in a food dehydrator until it is ready to be measured for its secondary metabolite 
content. 

4.4. The determination of total polyphenols content 

According to previous studies [23,38–40], the total polyphenols content (TPC) was determined using 
the Folin-Ciocalteu assay method, with gallic acid as a standard. A UV-VIS spectrophotometer was used to 
measure the absorbance of the sample and the standard at a wavelength of 761 nm (maximum wavelength) 
[23]. TPC values were examined using linear regression of Y= 0.001559X + 0.015 and coefficient correlation 
(R2) value of 0.9977 [23]. Where: Y is the absorbance, and X is the TPC value. 

4.5. Screening of single-factor 

The effects of NADES (LA-Suc) ratio, microwave irradiation time, microwave irradiation power, and 
solid-liquid ratio on the TPC value were initially screened through a single-factor experiment. Single-factor 
screening aims to determine the maximum and minimum levels of each factor. The screening was performed 
by varying the investigated factor in three levels while three other factors were maintained constant during 
the experiment. In detail, the effects of NADES (LA-Suc) was screened at the ratio of 2:1, 3:1, and 4:1 g/g. The 
dried sample (5 gram) was placed in a round-bottom flask and mixed with NADES (LA-Suc) with 1:10 g/mL 
solid-liquid ratio. The microwave power was set at 450 Watts for 10 minutes of irradiation time. Later, the 
effect of microwave irradiation time was tested at minute of 10, 15, and 20 while the other factors were kept 
the same in each irradiation time variation (i.e. LA-Suc ratio of 3:1 g/g, 450 Watts of irradiation power, and 
1:10 g/mL solid-liquid ratio). The microwave irradiation power was screened at 180, 270, and 360 Watts for 
15 minutes of irradiation with NADES (LA-Suc) 3:1 g/g and 1:10 g/mL of solid-liquid ratio. Lastly, the effects 
of the solid-liquid ratio was examined by varying three different ratio of solid-liquid (1:8, 1:10, and 1:12 g/mL). 
The other factor were set the same during the screening process for the three different ratios (Lactic acid-
Sucrose ratio of 3:1 g/g and 270 Watts microwave irradiation power for 15 min). Each level of factors were 
replicated three times. 
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4.6. Design and optimization of MAE combined LA-Suc based NADES 

After the single-factor screening, the best-selected factors were used to optimize the MAE-combined 
LA-Suc-based NADES condition. Design and optimization of MAE combined NADES (Lac-Suc) conditions 
were performed using the same equipment as in single-factor screening. The RSM with Box-Behnken Design 
(four factors and three levels) was applied to design and optimize the MAE combined LA-Suc based NADES 
process and examine the influence of MAE combined LA-Suc based NADES condition on the TPC value for 
polyphenols enrichment from E. bulbosa bulbs. The NADES (LA-Suc) ratio (X1: 2:1, 3:1. 4:1 g/g), microwave 
irradiation time (X2: 10, 15, 20 min), the solid-liquid ratio (X3: 1:10, 1:12, 1:14 g/mL), and microwave irradiation 
power (X4: 180, 270, 360 Watts) were examined as independent variables. The extraction efficiency of 
polyphenol enrichment with TPC value was monitored as a dependent variable. 

A total of twenty-nine design experiments were performed in random order to alleviate bias. The 
polynomial equation formula (Eq. (1)) was used to explain the relationship between independent and 
dependent variables:  
Y = βo + βx1X1 + βx2X2 + βx3X3 + βx4X4 + βx1x2X1X2 + βx1x3X1X3 + βx1x4X1X4 + βx2x3X2X3 + βx2x4X2X4 + βx3x4X3X4 + βx1x1X12 
+ βx2x2X22 + βx3x3X32 + βX4x4X42 .................................................. (1) 
Where Y is TPC value; X1, X2, X3, and X4 are examined MAE combined LA-Suc based NADES condition factors; 
βo is intercepts coefficient; βx1, βx2, βx3, and βx4 are linearity coefficients; βx1x2, βx1x3, βx1x4, βx2x3, βx2x4, and βx3x4 are 
interaction coefficients; βx1x1, βx2x2, βx3x3, and βX4x4 are quadratic regression coefficients. 

Analysis of variance (ANOVA) was used to assess each term's influence quantitatively. The final models 
included terms necessary to preserve the hierarchy of model terms and those with a significance level with a 
p-value of <0.05. To develop the most accurate model, multiple linear regression analysis was used. The 
model's suitability was assessed through model F- and p-value, "Lack of Fit" F- and p-value, and coefficient 
correlation (R2). To increase the extraction efficiency of all target compounds simultaneously, calculated 
optimal extraction conditions were used. The model's desirability was experimentally verified through three 
replicates of extracting under the forecasted ideal circumstances. The licensed software of Design Expert v12 
(State-Ease, Minneapolis, USA) was used for optimization analysis. 
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