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Abstract. Spent bleaching earth (SBE) which is generated from bleaching process is a valuable industrial 
waste of edible vegetable oil production because of residual edible vegetable oil absorbed. The residual oil 
in spent bleaching earth can be recovered and reused for application in the industries such as the production 
of biodiesel and lubricant. Currently, microwave-assisted extraction (MAE) technique is widely used 
because this method has a shorter extraction time and less solvent consumption when compared with 
traditional methods. In this study, MAE combined with solvent reflux was optimized using solvent 
screening experiments and response surface methodology (RSM) to obtain the highest yield of MAE 
extraction of residual soybean oil from spent bleaching earth. The extraction yield of residual soybean oil 
obtained from selected solvent were hexane-ethanol mixture (2:1 v/v, 10.19%) > hexane-ethanol mixture 
(1:1 v/v, 10.00%) >hexane-ethanol mixture (1:2 v/v, 9.98%) > hexane-ethanol mixture (1:3 v/v, 9.83%) > 
hexane-ethanol mixture (3:1 v/v, 8.59%) > hexane (8.17%) > acetone (7.73%). The regression coefficient 
(R-squared = 0.9852) expresses the accuracy of the regression and indicates the relationship between 
experimental data and predicted result, with high regression coefficient close to 1, which is remarkably 
desired. The experiment conditions for optimal MAE extraction of residual soybean oil from SBE were 
hexane-ethanol mixture (2:1 v/v), liquid to solid ratio 15.56:1 mL/g, extraction time 12.22 min, and 
microwave power 350 W. Under such conditions, the highest predicted value of the extraction yield of 
residual soybean oil was 10.43%. 
 
Keyword. microwave-assisted extraction, residual soybean oil, spent bleaching earth, response surface 
methodology. 
 

1 Introduction 

To remove impurities, raw vegetable oils are purified. 

The bleaching process is one of the purification 

processes in which soap materials and other impurities in 

the oil are removed by absorbents. The main absorbents 

are completely activated earth and activated carbon. It is 

collectively referred to as bleaching soil. After the 

bleaching earth is inactivated by impurities and clogging 

of its pores, it becomes a spent bleaching earth (SBE). 

SBE is a flammable waste material that can cause a fire 

if not properly stored or treated [1]. The waste contains 

20 to 40% oils, fats, and pigments by weight, depending 

on various factors such as the processing technology and 

the type of oil [2]. The presence of oil in the clay, the 

potential leakage of fats into the water path, and the 

possibility of spontaneous combustion contribute to 

problems, hazards, and safety concerns, when SBE is 

disposed of in landfills. Moreover, the oil in the SBE 

results in dangerous pollution, constitutes an economic 

loss, and damages the environment. Furthermore, due to 

the rapid growth of industries and the concomitant 

increase in the rate of waste material production, the 

disposal of SBE has become a potential problem in 

countries that produce this waste. The recovery of oil 

from SBE reduces the cost of SBE disposal significantly, 

and the recovered oil may be reused. Due to its aromatic 

qualities, it may be reused in the refining process.  

Oil extraction from SBE is applied to a wide range 

of techniques, such as solvent extraction, enzyme-

assisted aqueous extraction, and supercritical carbon 

dioxide extraction [3]. However, solvent extraction can 

extract a higher percentage of residual oil (21% 

Woil/WSBE) [4]. Soxhlet extraction with n-hexane solvent 

is commonly used for vegetable oils extraction. Because 

of its high yield and extraction efficiency, Soxhlet 

extraction is widely used to extract oil [3, 5]. Soxhlet 

extraction has longer extraction times, higher energy 

consumption, possible compound degradation, lower 

extraction rates due to lower mechanical pressure, and 

may have a negative environmental impact [6].  

Microwave-assisted extraction (MAE) is a modern 

method for extracting essential oils, fats, and oils [7]. 

The application involves the direct action of waves on 

materials, which can convert a component of the 

absorbed electromagnetic energy to heat energy. Unlike 

traditional heating methods, which rely on conduction 

and convection, this causes a long extraction time. As a 
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result, thermal energy is lost to the environment. When 

compared to soxhlet extraction, this heating process can 

significantly minimize extraction time (typically less 

than 30 minutes) [8]. The principle of heating using a 

microwave is based upon its direct impact on polar 

samples and solvents [9]. Ethanol is produced by 

fermenting biological materials and is derived from 

renewable resources. Therefore, ethanol has been 

considered as a possible green solvent alternative to 

hexane because it has more polarity than hexane and has 

long been used for oil extraction in the production of 

sesame seed cake, rice bran, and radish seed. Moreover, 

ethanol has been offered as an environmentally friendly 

extraction solvent of plant oil because it produces higher 

extraction rates and uses less solvent [10].  

In this context, it represents a challenge for the 

development of more efficient methods of extracting 

residual oil from spent bleached earth. Meanwhile, 

microwave technologies have proven to be effective at 

accelerating the extraction of solvent from matrices and 

using less solvent. Moreover, the residual oil that was 

removed from the spent bleaching earth can be used to 

produce biodiesel or consumed after a deodorized 

process [11]. On the other hand, after removing the 

residual oil from the spent bleached earth, SBE can be 

reused in the bleaching process again [12] or as heavy 

metal absorbents [13]. The objective of this research was 

to use microwave-assisted extraction (MAE), which is an 

efficient and environmentally friendly technique, and 

select an alternative solvent for residual soybean oil 

extraction, as well as to use the response surface 

methodology for variable optimization in the MAE 

process to achieve maximum extraction yield of residual 

oil. Then, the optimum residual soybean oil response 

obtained from MAE was compared with that of the 

soxhlet traditional technique in terms of oil yield profile. 

2 Material and Methods 

2.1 Materials 

Spent bleaching earth (SBE) received from Sime Darby 

Oils Morakot Pub Co., Ltd., Thailand. Hexane, acetone, 

and ethanol, used as extraction solvents, and other 

chemicals are analytical-grade reagents. They were 

purchased from DUKSAN (ASIA Chemie Co.,Ltd., 

Thailand). 

2.2 Selection of solvent in MAE 

A 1,000 mL flat-bottom flask containing different 

solvents (150 mL) and spent bleaching earth (10 g) is 

fitted with a microwave-assisted extractor 

(EME2024MW, Electrolux Thailand Co., Ltd., 

Thailand). The heating was turned off after 10 minutes, 

and the remaining soybean oil was recovered from the 

solution with a rotary vacuum evaporator. The residual 

soybean oil was then dried in an oven at 105 °C until it 

reached a constant weight, removing any remaining 

solvent and moisture. Finally, the oil was weighed after 

cooling in a desiccator. The MAE yield of residual 

soybean oil was calculated as equation 1. 

Y = (Woil/WSBE) * 100           (1) 

Where, Y is the MAE yield of residual soybean oil (%); 

Woil is weight of oil extraction and WSBE is the weight of 

SBE. 

2.3 Oil extraction methods 

2.3.1 Soxhlet extraction 

The total residual soybean oil content of spent bleaching 

earth was determined by soxhlet extraction, by the 

Association of Official Analytical Chemists (AOAC). 

Briefly, 200 mL of hexane and 10 g of the spent 

bleaching earth were heated to reflux for 8 hours. The 

heating was then turned off, and the residual oil was 

recovered using a rotary vacuum evaporator. The 

residual soybean oil was then dried in an oven at 105°C 

until it reached a constant weight, removing any 

remaining solvent and moisture. Finally, the oil was 

weighed after cooling in a desiccator [14]. This method 

extracted total oil content from the SBE 1.13 ± 0.38 g 

(11.30% of the SBE by weight). 

2.3.2 MAE-single factor experiments 

Microwave-assisted extractor was performed at ambient 

in a 1,000 mL flat bottom flask. Various extraction time 

(5, 10, 15, 20, and 30 min), liquid to solid ratios (10:1, 

15:1, 20:1, 25:1, and 30:1 mL/g), and microwave power 

(210, 280, 350, 420, and 490 W) were applied. To obtain 

consistent residual soybean oil yields, the mixtures were 

dried using a rotary evaporator to remove the solvent. 

The extracted oil is then dried in an oven to keep a 

constant residual soybean oil. All experiments were 

performed in triplicate. The extraction yield of residual 

soybean oil was assessed according to equation 1. 

2.4 Optimization of MAE parameters by RSM 

Operational conditions were optimized using response 

surface methodology (RSM) coupled with the Box-

Behnken design (BBD) to further evaluate the main 

factors affecting the MAE process. Based on single-

factor tests, extraction time (X1: 5 – 15 min), liquid to 

solid ratios (X2: 10:1 – 20:1 mL/g), and microwave 

power (X3: 280 – 420 W) were used as the MAE 

independent variables (Table 1). Residual soybean oil 

yield (Y) was selected as a dependent variable. 

Extraction yields were obtained under different 

conditions according to the 15 runs of experimental 

design. The experiments were performed in triplicate. 

The second-order polynomial model was fitted to MAE 

experiment data. The quadratic equation was given as 

equation 2. 
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Y=b0 +b1X1+b2X2+b3X3+b11X1
2+b22X2

2 

+b33X3
2+b12X1X2 +b13X1X3+b23X2X3   (2) 

 

 

where, Y is the response variable; X1, X2, and X3 

represents the MAE independent variables; b0 is the 

intercept; b1, b2, and b3 are linear coefficients; b11, b22, 

and b33 are quadratic coefficients; b12, b13, and b23 are 

interaction coefficients. MAE conditions were optimized 

using the software Minitab 18 (trial version, Minitab 

Inc., State College, PA, USA). 

 

2.5 Statistical analysis 
 

The extraction of the residual soybean oil was performed 

three times. All experimental data is represented using 

mean and standard deviation. The ANOVA procedure 

was used to perform analysis of variance, as well as 

Duncan's multiple comparison test to determine 

significant differences (p < 0.05) among the means using 

SPSS (version 26, IBM Institute Inc., USA). Minitab 18 

was used to operate RSM analysis. To determine the 

model's significance and the best conditions for 

extracting residual soybean oil from spent bleaching 

earth, an analysis of variance (ANOVA) was used. The 

significance level was set at p < 0.05. 

 
Table 1. Levels of the independent variables in the Box-

Behnken designs (BBD) 
Independent variables Code Level 

-1 0 1 

Extraction time (min) X1 5 10 15 

Liquid to solid ratio (mL/g) X2 10:1 15:1 20:1 

Microwave power (W) X3 280 350 420 

 

 

2.6 Free fatty acid analysis 
 

Free fatty acid value in oil from SBE was estimated by 

the titration AOCS Official Method Ca 5a-40 [15]. A 

250-mL Erlenmeyer flask was filled with extracted oil 

soluble in ethanol solvent at 60 °C, and phenolphthalein 

solution (3– 5 drops) was added to the sample solution 

and stirred. The solution was titrated with KOH 0.1 N 

drop by drop until the pink color appeared for 10 

seconds, which was the endpoint. FFA content in fats 

and oils was calculated as a percentage. The free fatty 

acid was calculated as equation 3. 

 

% FFA = (V ´ N ´ 28.2) / WSBE    (3) 

 

Where, V is the alkali volume; N is the alkali normality 

and WSBE is the weight of SBE. 

 

3 Results and discussion 

 
3.1 Selection of solvent in MAE 
 
The effects of different solvents on the extraction yield 

of oil are show in Fig. 1. As alternative oil extraction 

options, hexane, acetone, ethanol, and hexane mixed 

ethanol at various volume ratios were considered, while 

all other factors were kept constant (10 g SBE with 150 

mL solvent in a microwave for 10 min at power 350 W). 

Using mixture of hexane and ethanol (2:1 v/v) gave a 

higher extraction yield of oil shown in Fig. 1. This is due 

to the fact that the type of solvent employed in MAE is 

important. The microwave absorption capacity of a 

solvent is determined by type, and the solubility of the 

target molecule should be considered when selecting a 

solvent for MAE. Although ethanol has a high polarity 

which always allows microwave radiation to be 

absorbed, residual oil has limited solubility. Hexane has 

a weak polarity, but its increased residual oil solubility 

[16]. The effect of a mixture of hexane and ethanol on 

oil extraction yield was investigated in order to improve 

oil extraction yield. The extraction yield of oil obtained 

with a mixture of hexane and ethanol was higher than 

that achieved with a single solvent, with the maximum 

extraction yield of oil obtained by a 2:1 volume ratio of 

hexane and ethanol. According to the previous study, 

using a mixture of hexane and ethanol in the MAE of 

peony seed oil increased oil yield significantly when 

compared to using only one solvent [17]. As a result, a 

mixture of hexane and ethanol (2:1 v/v) was utilized for 

further testing to maximize the MAE. 

 

3.2 Optimization of single-factor extraction 
conditions 

3.2.1 Effect of extraction time on the oil yield 

One of the important variables influencing the extraction 

yield obtained from the MAE process is extraction time. 

Over-exposure to microwave radiation causes the 

extraction system to overheat, as well as the lengthened 

process time might raise the production cost [18]. The 

impact of extraction time on the MAE yield of residual 

soybean oil from SBE is shown in Fig. 2a. It can be 

observed that the extraction time increases from 5 to 10 

minutes, the oil yield increases rapidly. It could be due to 

the rapid dissolution of oil solutes emanating from the 

surface of SBE. The highest oil yield was 10.43 ± 

0.06%, which was observed at 10 minutes. After that, the 

oil yield remained constant over time. 

3.2.2 Effect of liquid to solid ratio on the oil yield 

The liquid to solid ratio has a significant impact on the 

oil MAE process. The extraction of oil yield from SBE is 

influenced by solvent volume, which can affect residual 

soybean oil yield in two different ways. Fig. 2b. shows 

the yield of oil from SBE extracted using various solvent 

to SBE ratios from 10:1 to 30:1 mL/g. With a liquid to 

solid ratio of 15:1 mL/g (10.33 ± 0.05%), the extraction 

yield of residual soybean oil from SBE was found to be 

the highest and remained constant as the liquid to solid 

ratio was increased. This was significant because it 

meant that, while a certain amount of solvent was 
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desirable for SBE oil extraction, excessive solvent might 

result in higher costs [19]. 

3.2.3 Effect of microwave power on the oil yield 

The quantity of energy transmitted per unit of time is 

measured as microwave power. Microwave power was 

used to heat the bleaching earth. The oil and matrix were 

disrupted by its driving force, allowing the oil to diffuse 

out and dissolve in the solvent. When microwave 

radiation is higher, it causes the excessive temperature in 

the extraction process. In Fig. 2c., when the microwave 

power was raised from 280 W to 350 W, the oil 

extraction yield increased from 9.10 ± 0.31% to 10.02 ± 

0.03%, followed by a decrease in the oil yield at 420 W 

and 490 W. An increase in microwave power usually 

improves and heats, resulting in higher oil yields. On the 

other hand, increased microwave radiation power causes 

the extraction system to overheat, causing the solvent to 

evaporate [20]. 

 

 

 

 

 

Fig. 1. Effect of solvent type on extraction yield of residual 
soybean oil. 

 

3.3 Optimization of parameters by RSM 
 
A Box-Behnken design was applied to develop a 

correlation between the extraction time (X1), solvent to 

SBE ratio (X2), and microwave power (X3) to optimize 

the yield of residual soybean oil. Table 2 shows the 

variations in the corresponding coded values of three 

MAE parameters, as well as the MAE yield response 

based on experimental runs of oil extraction. The 

extraction yield of residual soybean oil was in the range 

of 5.52 to 10.40% in the experiments. The polynomial 

equation of MAE yield with the coefficients of the full 

regression model equation and their statistical 

significance were investigated using the software 

Minitab 18 for multiple regression analysis. The final 

model for extraction yield of oil in terms of coded values 

is presented in equation 4. The positive symbol in front 

of the terms expressed a synergistic effect, while the 

negative symbol expressed an antagonistic effect.  
 
Y=10.060 + 1.724X1 + 0.097X2+ 0.413X3 – 1.889X12 

     – 0.334X2
2 - 0.963X3

2 – 0.046X1X2+ 0.234X1X3 +      

     0.008X2X3       (4) 

  

Where Y is the extraction yield of oil, X1 is the 

extraction time, X2 is the liquid to solid ratio, and X3 is 

the microwave power, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. Effects of extraction time (a), liquid to solid ratio (b), 

microwave power (c) on the extraction yield of residual 
soybean oil. 

3.3.1 Statistical analysis of the model 

Table 3 illustrates the ANOVA results for the fitted 

quadratic polynomial model of MAE yields of residual 

soybean oil. Model terms of oil extraction with p-values 

less than 0.05 are significant: in this model, X1, X3, X12 

and X23 are significant terms. The lack-of-fit p-value was 

0.09 (p-value > 0.05), indicating that the model equation 

for oil extraction is appropriate for predicting residual 

soybean oil yield from SBE. For residual soybean oil 

yield, the coefficient of determination (R2) was 0.985, 

suggesting good model effectiveness: the predicted R2 of 

0.822 agrees with the study R2 of 0.958 [21]. As a result, 

the regression equation can be used to decide which one 

c) 

b) 

a) 
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the optimum condition is for the MAE process of 

residual oil from spent bleaching earth. 

 

3.3.2 Analysis of the contour plot and response 
surface 
 
The response surfaces of MAE oil yield can be plotted as 

three-dimensional plots and contour plots, as shown in 

Fig. 3-5., which shows the response surface for oil 

extraction yield as a function of two parameters with a 

fixed third variable. The interaction of extraction time 

(X1) and solvent to SBE ratio (X2) on oil extraction yield 

is shown in Fig. 3. The oil yield increased to its 

maximum when the extraction time was between 10 and 

15 minutes and the liquid to solid ratio was between 10:1 

and 20:1 mL/g, as shown by the quadratic surface. 

However, increased energy losses come at a cost, and a 

large solvent volume would make it difficult to remove 

the solvent and waste it, so it was critical to maintain a 

proper extraction time and liquid to solid ratio [22]. Fig. 

4 illustrates the surface plot and contour plot for the 

interactive effect of solvent to SBE ratio (X2) and 

microwave power (X3) on oil extraction yield, liquid to 

solid ratio and microwave power provided obvious 

secondary effects, and oil yield increased to the 

maximum when the solvent to SBE ratio was between 

13:1 and 18:1 mL/g and microwave power was between 

350 and 390 W. The surface plot and contour plot for the 

interactive effect of extraction time (X1) and microwave 

power (X3) on the extraction yield of oil can be seen in 

Fig. 5.  

 

 

 
 
Fig. 3. Contour (a) and 3D surface (b) plots for the effects of 
extraction time and liquid to solid ratio on the yield of oil. 

 

 
Fig. 4. Contour (a) and 3D surface (b) plots for the effects of 
liquid to solid ratio and microwave power on the yield of oil. 
 
3.4 Optimal conditions and verification of the 
models 
 

One of the main goals of this research was to optimize 

conditions for extracting residual soybean oil from SBE 

The extraction oil yield was found to be significantly 

affected by extraction time (X1) and microwave power 

(X3). In the range of extraction time (10 – 15 mins) and 

microwave power (325 – 400 W), the highest extraction 

oil yield was obtained when both variables were 

increased. generated during the purification of edible oil. 

Using Minitab 18, the fitted model was optimized to 

select the optimal conditions for extracting oil from SBE 

using mixed solvents (hexane: ethanol 2:1 v/v). As 

shown in Table 4, the maximum extraction oil yield was 

10.43% (actual value) for mixture of hexane and ethanol 

(2:1 v/v) with an extraction time of 12.22 minutes, a 

solvent to SBE ratio of 15.56 mL/g, and a microwave 

power of 350 W, For the MAE of residual soybean oil, 

the second-order polynomial model suggested a 

maximum oil yield of 10.46%. The desirable value of 

1.000 was used to measure the optimum conditions and 

predicted value. The verification of the oil yield model is 

shown in Table 4. with a 0.286% error, the actual oil 

yield was close to those predicted by the models, 

according to the validated results. This indicated that the 

defined response model was accurate at predicting oil 

yield. 
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Fig. 5. Contour (a) and 3D surface (b) plots for the effects of 
extraction time and microwave power on the yield of oil. 
 
3.5 Free fatty acid analysis 
 
Table 5 shows the properties of residual oil obtained 

MAE process. The amount of free fatty acids present, 

which are products of oil and fat hydrolysis. Oils with a 

high content of free fatty acids are prone to oxidation 

and odor. The extraction of residual oils with ethanol has 

a darker color. It contains a lot of free fatty acids. While 

the residual oil extracted from non-polar solvent 

(hexane) are yellow, and contains low free fatty acids 

[14, 23]. The residual soybean oil, on the other hand, 

must be deodorized before it can be consumed. To 

reduce the amount of free fatty acids to less than 1% 

[24]. It must be done if it is to be used as a raw material 

for biodiesel production. Before entering the 

transesterification process, esterification is used to 

reduce the amount of free fatty acids to less than 2% 

[25]. 

 

3.6 Comparison of MAE with the Soxhlet 
method 
 
The comparison of yield profiles of residual soybean oil 

extracted using the MAE and soxhlet processes is 

presented in Fig. 6. At a five-minute, MAE extraction 

yields greater than soxhlet extraction (5.62% and 1.91%, 

respectively). This is due to the fact that microwave use 

a more efficient heat current. Microwave, unlike 

conventional conductive heating technology, may heat 

all samples practically simultaneously and at a faster rate 

[26]. The residual soybean oil yield from SBE increases 

with increasing microwave irradiation time until the 

plateau or equilibrium is reached. The residual soybean 

oil from 9.37 ± 0.10% extracted SBE was recovered in 

15 minutes by MAE, whereas the soxhlet requires 45     

minutes (8.83 ± 0.11%) or more to reach equilibrium. 

These findings show significant time savings. 

 

 

 
Fig. 6. Comparison of the yield profiles of microwave-assisted 
method (MAE) and soxhlet method. 
 

 

4 Conclusion 
 
From the selection of solvents, the mixture of hexane 

and ethanol (2:1 v/v) is a high extraction yield of oil. The 

optimal condition for oil extraction was extraction time 

12.22 min, liquid to solid ratio 15.56:1 mL/g, and 

microwave 350 W, which has the amount of extraction 

yield of oil is 10.43% (92.30%). When comparing 

microwave-assisted extraction to the soxhlet extraction 

method, it was discovered that microwave-assisted 

extraction takes less time. The residual soybean oil 

extracted from spent bleaching earth can be recovered 

and reused in applications such as biodiesel and 

lubricants, as well as the reuse of spent bleaching earth 

in the bleaching process. It can also be utilized as a 

heavy metal absorbent. 
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Table 2. MAE yield responses of BBD. 
 

 

 
Table 3. ANOVA statistics for response surface quadratic model of MAE yields of residual soybean oil. 

Runs Extraction Time 
(X1, min) 

Liquid to solid ratio 
(X2, mL/g) 

Microwave power 
(X3, W) 

Extraction yield of oil 
(Y, %) 

1 1(15) 1(20) 0(350) 9.64±0.31 

2 -1(5) 0(15) 1(420) 5.79±0.11 

3 0(10) 1(20) 1(420) 9.47±0.37 

4 1(15) 0(15) -1(280) 8.15±0.20 

5 1(15) 0(15) 1(420) 9.35±0.74 

6 0(10) -1(10) 1(420) 8.97±0.05 

7 -1(5) -1(10) 0(350) 5.94±0.29 

8 0(10) -1(10) -1(280) 8.06±0.04 

9 1(15) -1(10) 0(350) 9.83±0.23 

10 0(10) 0(15) 0(350) 10.40±0.11 

11 0(10) 0(15) 0(350) 9.90±0.91 

12 0(10) 0(15) 0(350) 9.87±0.13 

13 0(10) 1(20) -1(280) 8.53±0.01 

14 -1(5) 0(15) -1(280) 5.52±0.03 

15 -1(5) 1(20) 0(350) 5.93±0.04 

Source Sum of 
squares df Mean square F-value p-value Remarks 

Model 41.1776 9 4.5753 37.10 0.000 Significant  

Linear 25.2266 3 8.4089 68.19 0.000 Significant 

X1 23.7843 1 23.7843 192.86 0.000 Significant 

X2 0.0753 1 0.0753 0.61 0.470  
X3 1.3670 1 1.3670 11.09 0.021 Significant 

Square 15.7228 3 5.2409 42.50 0.001 Significant 

X12 13.1731 1 13.1731 106.82 0.000 Significant 

X22 0.4130 1 0.4130 3.35 0.127  
X32 3.4269 1 3.4269 27.79 0.003 Significant 

2-Way interaction 0.2282 3 0.0761 0.62 0.633  
X1X2 0.0086 1 0.0086 0.07 0.802  
X1X3 0.2193 1 0.2193 1.78 0.240  
X2X3 0.0003 1 0.0003 0.00 0.963  
Error 0.6166 5 01233    
Lack-of-fit 0.4385 3 0.1462 1.64 0.400 Not significant  

Pure error 0.1781 2 0.0891    
Total 41.7942 14     
R2 = 0.985, adj  R2 = 0.958, pred  R2  = 0.822  
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Table 4. The optimal condition of MAE process and verification of the model.  

 
Table 5. Properties of soybean and extracted residual oil. 
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