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Abstract:

Non edible oil is among the favorable feedstock for biodiesel synthesis 
since it is economical and its utilization for energy resource doesn’t 
cause competition with the food need. Among the prospective local non-
edible vegetable oil in Indonesia is nyamplung seed oil (Calophyllum 
inophyllum). However, this oil cannot be directly used in the alkaline 
catalyzed transesterification reaction since it contains high free fatty acid 
(19.17%). The high free fatty acid (FFA) in oil will react with the base 
catalyst, resulting in soap as by product. To avoid this problem, FFA 
removal prior to nyamplung seed oil transesterification is necessary. 
There are some methods for FFA removal. In this work, FFA removal was 
performed using sulfuric acid catalyzed esterification. Experimental work 
and analysis using response surface methodology were conducted in this 
work. Esterification reaction was conducted using the fixed molar ratio of 
methanol and nyamplung seed oil of 30:1 and the reaction times of 120 
minutes. The catalyst concentration was varied at 1%, 3%, 5%, and 7%, 
and the temperature variation was 40℃, 50℃, and 60℃. The reaction 
conversion was 78.18% and the FFA concentration was decreased to 
4.01%, obtained at the reaction temperature of 60℃ and reaction time 
of 120 minutes. The polynomial model analysis on the response surface 
methodology (RSM) was demonstrated that the quadratic model is the 
most suitable model in RSM for optimization of the FFA conversion in the 
future work. The RSM analysis resulted in the optimum FFA conversion of 
78.27% and the FFA content of 4%, attained at the reaction 
temperature, catalyst concentration, and reaction time of 59.09℃, 
1.98% g/g NSO, 119.95 minutes, respectively. The desirability ramp¬ 
was 1, which was in a good agreement with the experimental data. 
Extrapolation using RSM predict that the FFA content of 2% can be 
obtained at the reaction temperature, catalyst concentration, and 
reaction time of 58.97℃, 3%, and 194.9 minutes, respectively, and the 
fixed molar ratio of oil to methanol of 1:30. The predictive FFA 
conversion was 89.3%. 
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Free Fatty Acid Removal in Nyamplung Seed Oil (Callophyllum inophylum L.) by 

Esterification Reaction: Experimental and Response Surface Methodology Analysis 

 

Abstract 

Non edible oil is among the favorable feedstock for biodiesel synthesis since it is 

economical and its utilization for energy resource doesn’t cause competition with the food need. 

Among the prospective local non-edible vegetable oil in Indonesia is nyamplung seed oil 

(Calophyllum inophyllum). However, this oil cannot be directly used in the alkaline catalyzed 

transesterification reaction since it contains high free fatty acid (19.17%). The high free fatty acid 

(FFA) in oil will react with the base catalyst, resulting in soap as by product. To avoid this problem, 

FFA removal prior to nyamplung seed oil transesterification is necessary. There are some methods 

for FFA removal. In this work, FFA removal was performed using sulfuric acid catalyzed 

esterification. Experimental work and analysis using response surface methodology were 

conducted in this work. Esterification reaction was conducted using the fixed molar ratio of 

methanol and nyamplung seed oil of 30:1 and the reaction times of 120 minutes. The catalyst 

concentration was varied at 1%, 3%, 5%, and 7%, and the temperature variation was 40℃, 50℃, 

and 60℃. The reaction conversion was 78.18% and the FFA concentration was decreased to 

4.01%, obtained at the reaction temperature of 60℃ and reaction time of 120 minutes. The 

polynomial model analysis on the response surface methodology (RSM) was demonstrated that 

the quadratic model is the most suitable model in RSM for optimization of the FFA conversion in 

the future work. The RSM analysis resulted in the optimum FFA conversion of 78.27% and the 

FFA content of 4%, attained at the reaction temperature, catalyst concentration, and reaction time 

of 59.09℃, 1.98% g/g NSO, 119.95 minutes, respectively. The desirability ramp was 1, which was 

in a good agreement with the experimental data. Extrapolation using RSM predict that the FFA 

content of 2% can be obtained at the reaction temperature, catalyst concentration, and reaction 

time of 58.97℃, 3%, and 194.9 minutes, respectively, and the fixed molar ratio of oil to methanol 

of 1:30. The predictive FFA conversion was 89.3%.  

 

Keywords: biodiesel; esterification; sulfuric acid; FFA; RSM 
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INTRODUCTION  

Population, economic, and industry growth have intensified the global energy demand. 

Thus far, fossil energy still dominates the energy supply all over the world (Ghasemian et al., 

2020). However, the crude oil production in some countries shows a decline trend, which is not in 

balance with the energy need. Besides, utilization of fossil fuel currently also faces an 

environmental challenge as its combustion becomes the major source of carbon dioxide emission. 

Carbon dioxide is among the most dominant greenhouse gasses, which contribute to the global 

warming and climate change (Paraschiv & Paraschiv, 2020). The issues on the fossil fuel supply 

depletion and the negative environmental effect of fossil fuel utilization have led to the increasing 

interest on the renewable energy research. In the recent days, many countries in the world 

implement the policy to use fossil fuel and biofuel blending to ensure the energy sustainability and 

security. Biodiesel is a viable biofuel which can be used as pure or in blends with diesel fuel. This 

alternative fuel is prospective for large scale production and application since it is nontoxic, low 

sulfur and aromatics content, biodegradable, and simple to use. Moreover, it holds neutral carbon 

characteristic, high flash point which ensure its safety in handling and storage, good lubricity, and 

high oxygen (Corach et al., 2017; Dey et al., 2021). Mubarak Application of biodiesel/diesel fuel 

blends in diesel engine show a acceptable combustion, performance and emission reduction, 

especially for B20 or 20% biodiesel in the biodiesel-diesel fuel mixture (Mubarak et al., 2021).  

Biodiesel is fatty acid methyl ester derived from vegetable oils and/or animal fats. Most of 

current industrial production of biodiesel from vegetable oils is achieved through 

transesterification (Aboelazayem et al., 2018; Demirbas, 2006). Theoretically, in 

transesterification, to achieve complete conversion of one mol of triglycerides to alkyl esters; at 

least three moles of alcohol are required (Islam, 2014). The most common catalyst for biodiesel 

production is alkaline catalyst such as KOH, NaOH, or solid base catalyst. Transesterification 

process using alkaline catalyst is cheap and easy.  

There are some potential biodiesel feedstocks in Indonesia, such as crude palm oil, jatropha 

oil, coconut oil, etc. However, currently, the non-edible vegetable oil is preferred as biodiesel raw 

material to avoid the conflict between food and energy need (Kusumaningtyas et al., 2014). Among 

the prospective local non edible oil in Indonesia for biodiesel production is nyamplung 

(Calophyllum inophyllum) seed oil (Musta et al., 2017; Silitonga et al., 2014). Calophyllum 

inophyllum is extensively planted in Indonesia and the nyamplung seed oil can be purchased from 
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the local farmers (Ong et al., 2019). Atabani & César (2014) reported that Calophyllum inophyllum  

methyl ester blended with diesel fuel (B10 and B20) revealed satisfactory properties and good 

engine performance and emission in diesel machine.  

However, crude nyamplung seed oil usually contains gum and high free fatty acid (FFA). 

The existence of high amount of FFA in feedstock is not desirable in alkaline catalyzed 

transesterification since it can react with the base catalyst, yielding the soap and diminish the 

biodiesel yield. The desired amount of FFA in alkaline-catalyst is less than 0.5% to less than 3% 

w/w of oil (Arora et al., 2015). Thus, removal FFA as pre-treatment in high FFA nyamplung seed 

oil prior to the transesterification reaction to produce biodiesel is necessary. FFA removal in 

nyamplung seed oil can be conducted through esterification reaction using methanol using acid 

catalyst. Thus far, the study on the nyamplung seed oil esterification to reduce the FFA content 

has not been comprehensively carried out. Hence, in this work, removal of FFA in nyamplung 

seed oil through esterification of FFA with methanol in the presence of sulfuric acid catalyst was 

studied. The analysis using response surface methodology was also conducted  to determine the 

optimal operation condition which resulted in the targeted value of FFA (2%). 

 

MATERIALS AND METHOD 

Materials 

Material used in this work were: nyamplung seed oil (NSO), phosphoric acid (p.a., Merck), 

methanol (industrial grade, form local supplier), ethanol (p.a., Merck), KOH (p.a., Merck), oxalic 

acid (p.a., Merck), sulfuric acid (p.a., Merck), distilled water, and phenolphthalein indicator.  

 

Method 

Crude nyamplung seed oil (CNSO) contains high gum. Hence, prior to the esterification 

reaction, the crude NSO was first degummed using phosphoric acid to remove its gum content and 

resulted in refined nyamplung seed oil (RNSO). Both CNSO and RNSO were characterized to 

reveal their properties, i.e: the fatty acid composition determination using Gas Chromatography-

Mass Spectroscopy, density, viscosity, and acid value tests.  
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Degumming 

Initially, 500 ml CNSO was introduced into 500 mL beaker glass and heated using hot 

plate at 70℃. Sulfuric acid with the concentration of 0.3% w/w was added. The mixing was kept 

for 25 minutes using magnetic stirrer to ensure the completion of the degumming reaction. After 

the reaction finished, the CNSO was inputted into the separating funnel and added with warm 

aquadest (40-50℃ in temperature) for purification. The mixture of the degummed CNSO and 

water was settled for 24 hours until the gum was separated entirely. The two layers were formed. 

The top and bottom layers were refined NSO (RNSO) and gum, respectively. To remove the water 

content, the RNSO were then heated using oven at 105℃ until it reached the constant weight.  

 

FFA Removal 

The FFA removal was conducted via esterification reaction with methanol in the presence 

of sulfuric acid. Refined NSO (RNSO) and methanol were weighed to obtain the molar ratio of 

NSO and methanol of 1:3. RNSO was introduced into the three neck flask batch reactor and heated 

until it reached the reaction temperature. On the other flask, methanol was also heated at the 

identical temperature. When both RNSO and methanol attained the reaction temperature, methanol 

was then poured into the reactor. The reaction temperatures were varied at 40℃, 50℃, and 60℃. 

Sulfuric acid catalyst was afterward added at a certain concentration (1%, 3%, 5%, 7% w/w NSO). 

Reaction was carried out at 120 minutes. A constant mixing using magnetic stirrer with the speed 

of 1000 rpm was performed to certify the homogeneous reaction. Sample was taken periodically 

every 10 minutes. The reaction conversions were calculated based on the FFA content of the 

sample using the procedure of our previous work. The FFA content of the samples were calculated 

using the standard KOH titration (Kusumaningtyas et al., 2018).  

 

Response Surface Methodology 

Response Surface Methodology using Design Expert 11 software was employed for 

statistical calculation using three different variables (reaction temperature, catalyst concentration, 

and reaction time) based on the box-behnken methodology (BBD). The four polynomials models 

in the RSM, namely linear, interactive (2FI), quadratic, and cubic were evaluated to determine the 

most appropriate model for optimization. The selected model was applied in this work.   
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RESULT AND DISCUSSION 

CNSO and RNSO Characterization 

 The properties of crude nyamplung seed oil (CNSO) and refined nyamplung seed oil 

(RNSO) which has undergone degumming process were demonstrated in Table 1: 

 

Table 1 

Properties of CNSO and RNSO  

Properties CNSO  

(Before Degumming) 

RNSO 

(After Degumming) 

Density (kg/m3) 906 898 

Viscosity (mm2/s) 60.39 59.04 

Acid Number (mg KOH/g) 0.38 0.36 

Acidity (%) 19.18 18.39 

 

Composition of fatty acid determination using GC-MS was exhibited in Table 2. Based on 

this composition, the molecular weight of nyamplung seed oil can be calculated. It was found that 

NSO molecular weight was 869.74 g/mol. It was found that the most dominant fatty acid in NSO 

were oleic acid and linoleic acids. It is in a good agreement with the fatty acid composition of NSO 

found by Aparamarta et al. (2020). 

 

Table 2 

Nyamplung Seed Oil (NSO) Fatty Acid Composition  

Fatty acid Molecular Weight (g/mol) Area (%) 

Palmitic acid  256.2228 15.51 

Linoleic acid  280.45 28.94 

Oleic acid  282.52 40.55 

Stearic acid 284.47 14,39 

Arachidic acid  312.54 0.60 
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Esterification of Free Fatty Acid (FFA): Effect of Catalyst Concentration  

FFA (free fatty acid) removal was conducted via esterification reaction of RNSO and 

methanol in the presence of sulfuric acid catalyst. Sulfuric acid catalyst concentration was varied 

at 1%, 3%, 5%, dan 7% w/w RNSO with the molar ratio of RNSO: methanol of  1: 30 and 

temperature of 40℃, 50℃, and 60℃. The reaction was run for 120 minutes. The effect of catalyst 

concentration on the FFA conversion is demonstrated in Figure 1.  

 

 

 

 

Figure 1. Effect of Catalyst Concentration on the FFA Conversion at the Reaction Time 

of 120 Minutes and Molar Ratio of Oil to Methanol of 1:30 

 

It can be observed in Figure 1, reaction conversion increased at the catalyst concentration 

1% to 3%. It was due to the decreasing of the activation energy by the addition of the catalyst. 

Thus, the collision between the particles was increased, resulting in the higher possibility of the 

reaction occurrence. Accordingly, it enhanced the reaction rate and FFA conversion. On the higher 

reaction concentration (5% to 7%), the apparent reaction conversion declined since the excessive 

amount of catalyst could provoke the side reaction and reduced the FFA conversion (Widiarti et 

al., 2017). The excessive employment of catalyst will correspondingly bring about the difficulty 

and higher cost in the product separation. Based on the experiments, it was revealed that the 

optimum catalyst concentration was 3%, which resulted in the FFA conversion of 78.18% at the 
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temperature of 60℃ with the reaction time of 120 minutes. The FFA content of such the operation 

condition was 4.01%.  

 

3. 2. Esterification of Free Fatty Acid (FFA): Effect of Temperature and Reaction Time 

 The influence of the reaction temperature and time was presented in Figure 2. It is shown 

that, the higher reaction temperature, the higher removal of FFA occurred. This phenomenon was 

due to the fact that the higher reaction temperature will increase the molecular motion of each 

reactant species, improving the kinetics energy. Therefore, the increasing of the reaction 

temperature raised the FFA conversion. This fact was also in agreement with the Arrhenius Law 

which states that the reaction rate is equivalent with the reaction temperature.  Encinar et al. (2021) 

described that this phenomenon was common for the endothermic reaction. In accordance with the 

Le Chatelier’s principle, the equilibrium shifts to the product formation as the temperature risen.  

It was also found that the FFA conversion enhanced with the reaction time, but the 

enhancement was slower from 60 – 120 minutes. It means that the reaction was approaching the 

chemical equilibrium point at 120 minutes. The best conversion was achieved at the catalyst 

concentration of 3%, molar ratio oil to methanol oif 1:30, reaction temperature of 60℃, and 

reaction time of 120 minutes with the FFA conversion of 78.18% and the FFA content of 4.01%. 

This result was in line with our previous work that reported that the optimum condition of FFA 

removal of FFA in kapok randu seed oil using methanol reactant and sulfuric acid catalyst was 

60℃ and reaction time of 120 minutes (Kusumaningtyas et al., 2019).  
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Figure 2. Effect of Temperature and Reaction Time on the FFA Conversion at the Catalyst 

Concentration of 3% w/w and Molar Ratio of Oil and Methanol of 1:30 

 

Response Surface Methodology (RSM) Analysis 

 The result of the FFA removal was still under the targeted value of FFA content (below 

2%). Thus, it was important to enhance the reaction conversion in the future work. The 

optimization using response surface methodology (RSM) will be beneficial for designing the 

reaction condition to achieve the targeted reaction conversion. Response surface methodology 

(RSM) a set of mathematical and statistical tools which can used for developing empirical model 

which correlate the reaction conversion or the yield of product with the significant process 

parameters (Veljković et al., 2019). Application of this tool has been found to be beneficial to 

reduce the experimental cost (J. Liu et al., 2018). However, there are several models provided for 

the optimization using RSM. Hence, the suitable model should be selected. In this work, four 

polynomial models (linear, interactive or 2FI, quadratic, and cubic) in RSM were evaluated to 

determine the most suitable model which fitted the experimental data. The similar models were 

also tested by Maran & Priya (2015) and Ahmad et al. (2020).  

In this work, the best polynomial model will be useful to be applied in the future work for 

designing the experiment condition and improving the conversion of the reaction. To select the 

model, combination of the effects of the 3 independent variables (catalyst concentration, 

temperature, and reaction time) on the FFA esterification using sulfuric acid catalyst were 

investigated. Experiments with the different combination of the three variables were conducted 
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and calculated statistically using experimental design which was based on the Box-Behnken 

Methodology (BBD). The BBD is a self-reliant quadratic design which does not involve implanted 

factorial. This full factorial design (Rodríguez-Ramírez et al., 2020). This full factorial design is 

the most commonly applied in RSM optimization (Veljković et al., 2019). The experimental design 

using BBD is shown in Table 3.  

 

Tabel 3 

Experimental Design Using Box-Behnken Methodology (BBD) which Equipped with the 

Experimental Data and Predictive Result 

 

Run Temperature 

(A) 

Catalyst 

Concentration 

(B) 

Time 

(C) 

FFA Conversion, 

% 

% 

Error 

FFA Content,  

% 

% 

Error  

Exp Prediction  Exp Prediction  

1 60 3 60 74.07 74.10 0.05 4.77 4.97 4.25 

2 60 3 120 78.18 78.75 0.73 4.02 4.24 5.46 

3 40 3 60 64.9 66.67 2.73 6.46 6.30 2.52 

4 50 5 120 55.41 56.88 2.65 8.21 8.44 2.76 

5 40 3 120 68.7 71.00 3.35 5.76 5.61 2.53 

6 40 5 90 44.97 47.97 6.67 10.13 9.94 1.88 

7 60 5 90 52.56 56.84 8.14 8.73 8.35 4.30 

8 50 1 120 69.96 72.15 3.13 5.53 5.22 5.66 

9 40 1 90 66.8 64.84 2.94 6.11 6.54 7.10 

10 50 5 60 52.56 52.08 0.91 8.73 9.09 4.07 

11 60 1 90 71.85 71.14 0.98 5.18 5.43 4.83 

12 50 3 90 72.17 73.36 1.64 5.12 5.15 0.53 

13 50 1 60 66.48 67.98 2.25 6.17 5.99 3.00 

 

The compatibility of the model with the experimental data was examined to determine the 

most appropriate model for conducting the response result prediction. The four polynomials 

models, namely linear, interactive (2FI), quadratic, and cubic were used to predict the response 

variable to the experimental data. Two types of tests, i.e., sequential model sum of squares and 
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model summary were used as the basic for the polynomial model determination which is suitable 

for optimizing the FFA conversion, as shown in Table 4 and 5, respectively.   

 

Table 4  

Sequential Model Sum of Squares Test 

Component Sum of 

square 

DF Mean 

Square 

F-value p-value Remarks 

Sequential Sum of Square for FFA Content  

Mean 554.72 1 554.72    

Linear 25.51 3 8.50 5.08 0.0250 Suggested 

2FI 0.0595 3 0.0198 0.0079 0.9989  

Quadratic 14.16 3 4.72 16.85 0.0221 Suggested 

Qubic 0.8404 3 0.2801   Aliased 

Residual 0.0000 0     

Total 595.30 13 45.79    

Sequential sum of square for FFA Conversion 

Mean 54097.44 1 54097.44    

Linear 753.08 3 251.03 5.08 0.0249 Suggested 

2FI 1.74 3 0.5787 0.0078 0.9989  

Quadratic 417.93 3 139.31 16.83 0.0222 Suggested 

Qubic 24.83 3 8.28   Aliased 

Residual 0.0000 0     

Total 55295.02 13 4253.46    
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Tabel 5  

Model Summary Test 

Component  Std. Dev R2 Adjusted R2 Predicted R2 Press Remarks 

Model Summary of FFA Content 

Linear 0.0250 - 0.5050 0.2313 Suggested 0.0250 

2FI 0.9989 - 0.2604 -0.8490 - 0.9989 

Quadratik 0.0221 - 0.9172 - Suggested 0.0221 

Qubic - - - - Aliased - 

Model summary of FFA Conversion  

Linear 0.0249 - 0.5051 0.2314 Suggested 0.0249 

2FI 0.9989 - 0.2606 -0.8492 - 0.9989 

Quadratic 0.0222 - 0.9171 - Suggested 0.0222 

Qubic - - - - Aliased - 

 

Based on the result shown in Table 4 and 5, it was attained that the quadratic model was 

justified as the most suitable model for optimizing the FFA content and FFA conversion in the 

esterification using sulfuric acid catalyst. The basis of the selection of the quadratic model was the 

maximum value of R2, adjusted R2, predicted R2, and the lowest p-value. Thus, the quadratic model 

was further analyzed using ANOVA. This finding is in line the result analysis of  Maran & Priya 

(2015), which suggested that quadratic model was the most appropriate model.  

The empirical model which was expressed using quadratic model with the interaction 

obtained from the experimental data based on the RSM was modified into polynomial equation. 

The final equation for FFA content and FFA conversion optimization are presented in the Eq. 1 

dan Eq. 2, respectively. 

 

FFA Content (%) = 16.5 – 0.306 A – 2.2 B + 0.014 C – 0.0059 AB – 0.000042 AC + 

0.0005 BC + 0.0026 A2 + 0.54 B2 – 0.00014 C2 

(1) 

FFA Conversion (%) = 10.63 + 1.66 A + 11.91B – 0.081 C + 0.032 AB + 0.00026 AC 

+ 0.0026 BC – 0.014 A2 – 2.94 B2 + 0.00075 C2 

(2) 

 

Statistical analysis for the quadratic model using ANOVA regression model is shown in Table 6.  
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Table 6  

ANOVA Regression Model to Predict the FFA Conversion Using Sulfuric Acid Catalyst  

Source Sum of 

square 

Degree of 

Freedom 

Mean 

square 

F value p-value Remarks 

ANOVA for FFA Content 

Model 39.73 9 4.41 15.76 0.0221 significant 

X1 4.15 1 4.15 14.80 0.0310  

X2 20.51 1 20.51 73.22 0.0034  

X3 0.8515 1 0.8515 3.04 0.1796  

X12 0.0552 1 0.0552 0.1971 0.6871  

X13 0.0006 1 0.0006 0.0022 0.9653  

X23 0.0036 1 0.0036 0.0129 0.9169  

X1
2 0.1486 1 0.1486 0.5306 0.5191  

X2
2 10.69 1 10.69 38.16 0.0085  

X3
2 0.0343 1 0.0343 0.1224 0.7495  

Residual 0.8404 3 0.2801    

Cor Total 40.57 12     

Adeq prec 12.46      

ANOVA for FFA Conversion 

Model 1172.75 9 130.31 15.74 0.0222 significant 

X1 122.38 1 122.38 14.79 0.0310  

X2 605.35 1 605.35 73.14 0.0034  

X3 25.35 1 25.35 3.06 0.1784  

X12 1.61 1 1.61 0.1949 0.6888  

X13 0.0240 1 0.0240 0.0029 0.9604  

X23 0.0992 1 0.0992 0.0120 0.9197  

X1
2 4.37 1 4.37 0.5278 0.5201  

X2
2 315.17 1 315.17 38.08 0.0086  

X3
2 1.04 1 1.04 0.1258 0.7463  

Residual 24.83 3 8.28    

Cor Total 1197.58 12     

Adeq prec 12.46      
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The F-value of the model was 15.76, indicating that the model was significant. There was 

only 2.22% of noise potential which could cause the model unsuccessful to predict the value of 

response variable (FFA conversion). The p-value was 0.022 (< 0.05), designating that the variables 

were significant to the model. In this study, the influential variables were A, B, and  B2. Table 6 

also demonstrates the value of adeq precision. Adeq precision is the measure of the signal ratio to 

the disturbance (noise), and its value is expected to be higher than 4. Ratio of 12.46 resulted in this 

work denoted that the inputted signal was appropriate.  

Validation of the model capability in predicting is necessary to ensure the accuracy of 

model approach. Figure 3 shows the model validation by comparing the predicted result with the 

experimental data. Figure 3(a) demonstrates that the predictive value based on the calculation 

using the model was close to the experimental data. It was indicated by the point of the response 

values of prediction and experimental just about the 45o line. It specified that the proposed model 

was successfully identified the correlation of the input variables (catalyst concentration, reaction 

temperature, and reaction time) to the response (reaction conversion). 

The model suitability was further diagnosed by constructing a plot between the externally 

studied residuals with the prediction value. Figure 3(b) exhibits that all the data were under the 

limit, meaning that the model was suitable. As shown in Figure 3(c), all the leverage parameters 

were less than 1.  It denoted that there was no significant error which could affect the model 

approach. Figure 3(d) presents that all the points were under the expected Cook’s Distance 

Parameter. It implied that there is no significant error in observation in taking the experimental 

data. All the result of the model diagnoses demonstrated that the quadratic model developed in this 

analysis was appropriate for FFA content and FFA conversion optimization in the FFA 

esterification using sulfuric acid catalyst. The graphical illustration, termed response surface, is 

frequently used to justify the individual and cumulative influences of the experimental variables 

and their successive effect on the response (Liu et al., 2014). 
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Figure 3. The Result of the Diagnoses for the Quadratic Model Approach 
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Figure 4. Three Dimensionals (3D) Response Surface of the Effect of the Process Condition to the 

FFA Content. (a) Reaction Time = 90 min; (b) Catalyst Concentration = 5 (g/g NSO); and (c) 

Reaction Temperature = 50℃. 
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Figure 5. Three Dimensionals (3D) Response Surface of  the Effect of the Process Condition to 

the FFA Conversion. (a) Reaction Time = 90 min; (b) Catalyst Concentration = 5 (g/g NSO); and 

(c) Reaction Temperature = 50℃. 
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FFA removal. Reaction time considerably improved the reaction conversion and FFA removal 

from 0 to 60 minutes. After 60 minutes, reaction time slightly affected the esterification reaction.  

 

 

 

Figure 6. Optimization of FFA Conversion Using RSM (Quadratic Model)  
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Based on the RSM simulation, it was revealed that the optimum FFA conversion and the 

FFA content were 78.27% and 4%, respectively, achieved at the reaction temperature of 59.09 oC, 

catalyst concentration 1.98% g/g NSO, and reaction time of 119.95 minutes. At this operation 

condition, the value of the desirability ramp was 1 (Figure 6). The result fitted the experimental 

data.  

To predict the operation condition to achieve the FFA content of maximum 2%, 

extrapolation using RSM was carried out. As shown in Figure 7, the FFA content can be lowered 

up to 2% with the reaction condition as follows: reaction temperature, catalyst concentration, and 

reaction time were 58.97℃, 3%, and 194.9 minutes, respectively, whereas, molar ratio of oil to 

methanol was fixed at 1:30. The FFA conversion achieved was estimated 89.3%.  

 

 

 

 

Figure 7. RSM Prediction of Operation Condition on the FFA Esterification Using Sulfuric Acid 

Catalyst to Decrease the FFA Content to 2% 
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The result has shown that RSM is simple and effective for process optimization. 

Furthermore, the combination of RSM and desirability function leads to the more accurate finding 

of the optimal condition. The identical deduction was reported by Amdoun et al., (2018).  

 

CONCLUSION 

The experimental work of FFA esterification in nyamplung seed oil with methanol in the 

presence of sulfuric acid catalyst has shown the optimal reaction condition was the reaction 

temperature of 60℃, reaction time of 120 minutes, molar ratio of nyamplung seed oil (NSO) to 

methanol of 1:30, and the reaction times of 120 minutes, which yielded the reaction conversion of 

78.18% and the FFA concentration of 4.01%. The RSM model analysis demonstrated that the 

quadratic model was the most suitable model for optimization of this process in the future work. 

The RSM optimization resulted in the optimum FFA conversion of 78.27% and the FFA content 

of 4%, attained at the reaction temperature, catalyst concentration, and reaction time of 59.09℃, 

1.98% g/g NSO, 119.95 minutes, respectively. The desirability ramp was 1, which was in a good 

agreement with the experimental data. Extrapolation using RSM predict that the FFA content of 

2% can be obtained at the reaction temperature, catalyst concentration, and reaction time of 

58.97℃, 3%, and 194.9 minutes, respectively, and the fixed molar ratio of oil to methanol of 1:30. 

The predictive FFA conversion was 89.3%.  
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Abstract:

Non edible oil is among the favorable feedstock for biodiesel synthesis 
since it is economical and its utilization for energy resource doesn’t 
cause competition with the food need. Among the prospective local non-
edible vegetable oil in Indonesia is nyamplung seed oil (Calophyllum 
inophyllum). However, this oil cannot be directly used in the alkaline 
catalyzed transesterification reaction since it contains high free fatty acid 
(19.17%). The high free fatty acid (FFA) in oil will react with the base 
catalyst, resulting in soap as by product. To avoid this problem, FFA 
removal prior to nyamplung seed oil transesterification is necessary. 
There are some methods for FFA removal. In this work, FFA removal was 
performed using sulfuric acid catalyzed esterification. Experimental work 
and analysis using response surface methodology were conducted in this 
work. Esterification reaction was conducted using the fixed molar ratio of 
methanol and nyamplung seed oil of 30:1 and the reaction times of 120 
minutes. The catalyst concentration was varied at 1%, 3%, 5%, and 7%, 
and the temperature variation was 40℃, 50℃, and 60℃. The reaction 
conversion was 78.18% and the FFA concentration was decreased to 
4.01%, obtained at the reaction temperature of 60℃ and reaction time 
of 120 minutes. The polynomial model analysis on the response surface 
methodology (RSM) was demonstrated that the quadratic model is the 
most suitable model in RSM for optimization of the FFA conversion in the 
future work. The RSM analysis resulted in the optimum FFA conversion of 
78.27% and the FFA content of 4%, attained at the reaction 
temperature, catalyst concentration, and reaction time of 59.09℃, 
1.98% g/g NSO, 119.95 minutes, respectively. The desirability ramp¬ 
was 1, which was in a good agreement with the experimental data. 
Extrapolation using RSM predict that the FFA content of 2% can be 
obtained at the reaction temperature, catalyst concentration, and 
reaction time of 58.97℃, 3%, and 194.9 minutes, respectively, and the 
fixed molar ratio of oil to methanol of 1:30. The predictive FFA 
conversion was 89.3%. 
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Optimization of Free Fatty Acid Removal in Nyamplung Seed Oil                         

(Callophyllum inophylum L.) using Response Surface Methodology Analysis 

 

Abstract 

Nyamplung seed (Calophyllum inophyllum L.) oil is a prospective non-edible vegetable 

oil as biodiesel feedstock, but it cannot be directly used in the alkaline catalyzed 

transesterification reaction since it contains high free fatty acid (FFA) of 19.17%. The FFA 

content above 2% will cause saponification reaction, reducing the biodiesel yield. In this work, 

FFA removal was performed using sulfuric acid catalyzed esterification to meet the maximum 

FFA amount of 2%. Experimental work and response surface methodology (RSM) analysis were 

conducted. The reaction was conducted at the fixed molar ratio of nyamplung seed oil and 

methanol of 1:30 and the reaction times of 120 minutes. The catalyst concentration and the 

reaction temperature were varied. The highest reaction conversion was 78.18% and the FFA 

concentration was decreased to 4.01% at the temperature of 60℃ and reaction time of 120 

minutes. The polynomial model analysis on RSM demonstrated that the quadratic model was the 

most suitable model for the FFA conversion optimization. The RSM analysis exhibited the 

optimum FFA conversion of 78.27% and the FFA content of 4%, attained at the reaction 

temperature, catalyst concentration, and reaction time of 59.09℃, 1.98% g/g nyamplung seed 

oil, and 119.95 minutes, respectively. Extrapolation using RSM predicted that the targeted FFA 

content of 2% can be obtained at the temperature, catalyst concentration, and reaction time of 

58.97℃, 3%, and 194.9 minutes, respectively, with a fixed molar ratio of oil to methanol of 1:30.  

 

Keywords: biodiesel; esterification; sulfuric acid; FFA; RSM; box-behnken; quadratic model 
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INTRODUCTION  

Population, economic, and industry growth have intensified the global energy demand. 

To date, fossil energy still dominates the energy supply all over the world (Ghasemian et al., 

2020). However, the crude oil production in some countries shows a decline trend, which is not 

in balance with the energy need. Besides, utilization of fossil fuel currently also faces an 

environmental challenge as its combustion becomes the major source of carbon dioxide 

emission. Carbon dioxide is among the most dominant greenhouse gasses, which contribute to 

the global warming and climate change (Paraschiv & Paraschiv, 2020). The issues on the fossil 

fuel supply depletion and the negative environmental effect of fossil fuel utilization have led to 

the increasing interest on the renewable energy research. In the recent days, many countries in 

the world implement the policy to use fossil fuel and biofuel blending to ensure the energy 

sustainability and security. Biodiesel is a viable biofuel which can be used as pure or in blends 

with diesel fuel. This alternative fuel is prospective for large scale production and application 

since it is nontoxic, low sulfur and aromatics content, biodegradable, and simple to use. 

Moreover, it holds neutral carbon characteristic, high flash point which ensure its safety in 

handling and storage, good lubricity, and high oxygen (Corach et al., 2017; Dey et al., 2021). 

Application of biodiesel/diesel fuel blends in diesel engine show an acceptable combustion, 

performance and emission reduction, especially for B20 or 20% biodiesel in the biodiesel-diesel 

fuel mixture (Mubarak et al., 2021).  

Biodiesel is fatty acid methyl ester derived from vegetable oils and/or animal fats. Most 

of current industrial production of biodiesel from vegetable oils is achieved through 

transesterification (Aboelazayem et al., 2018; Demirbas, 2006). Theoretically, in 

transesterification, to achieve complete conversion of one mol of triglycerides to alkyl esters; at 

least three moles of alcohol are required (Islam, 2014). The most common catalyst for biodiesel 

production is alkaline catalyst such as KOH, NaOH, or solid base catalyst. Transesterification 

process using alkaline catalyst is cheap and easy.  

There are some potential biodiesel feedstocks in Indonesia, such as crude palm oil, 

jatropha oil, coconut oil, etc. However, currently, the non-edible vegetable oil is preferred as 

biodiesel raw material to avoid the conflict between food and energy need (Kusumaningtyas et 

al., 2014). Among the prospective local non edible oil in Indonesia for biodiesel production is 

nyamplung (Calophyllum inophyllum L.) seed oil (Musta et al., 2017; Silitonga et al., 2014). 
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Calophyllum inophyllum L is extensively planted in Indonesia and the nyamplung seed oil can be 

purchased from the local farmers (Ong et al., 2019). Atabani & César (2014) reported that 

Calophyllum inophyllum methyl ester blended with diesel fuel (B10 and B20) revealed 

satisfactory properties and good engine performance and emission in diesel machine.  

However, crude nyamplung seed oil (CNSO) usually contains gum and high free fatty 

acid (FFA). The existence of high amount of FFA in feedstock is not desirable in alkaline 

catalyzed transesterification since it can react with the base catalyst, yielding the soap and 

diminish the biodiesel yield. The desired amount of FFA in alkaline-catalyst is less than 0.5% to 

less than 3% w/w of oil (Arora et al., 2015). Generally, the maximum tolerable amount of FFA 

in base-catalyzed transesterification is 2%. Thus, a pre-treatment step to reduce the FFA content 

in nyamplung seed oil to maximum level of 2% prior to transesterification reaction is necessary.  

FFA removal in CNSO can be conducted through esterification reaction using methanol in the 

presence of acid catalyst. There are several types of acid catalyst for FFA esterification. They are 

categorized into the homogenous acid catalysts, for instance sulfuric acid, para-toluene sulfonic 

acid, phosphoric acid, and hydro, and HCl (Harun et al., 2018; Murad et al., 2018) and the 

heterogenous ones, such as Amberlyst 15, sulfated zirconia, niobic acid, zeolite, and tin (II) 

chloride (Banchero & Gozzelino, 2018; Dal Pozzo et al., 2019; Kusumaningtyas et al., 2014) 

Homogenous catalyst, particularly sulfuric acid, has been found as an efficient and economical 

catalyst for FFA esterification both at laboratory and industrial scales (Banani et al., 2015; Chai 

et al., 2014; Gebremariam & Marchetti, 2018). Therefore, sulfuric acid was selected as catalyst 

for the FFA removal via esterification reaction of CNSO oil in this work. The investigation 

included experimental work and the analysis using response surface methodology (RSM) to 

determine the optimal operation condition which yielded the targeted FFA final value of 2%. The 

final FFA level was aimed at 2% since it is the maximum acceptable FFA value for the 

subsequent transesterification reaction to avoid undesired saponification reaction. The work 

comprised the detailed analysis of several polynomial models on RSM to reveal the most 

appropriate model for optimization. The study on the FFA esterification in CNSO in the presence 

of sulfuric acid catalyst which involves the comprehensive analysis and selection of the various 

polynomial models in RSM for process optimization has never been reported in the literature.  

 

MATERIALS AND METHOD 
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Materials 

Material used in this work were: crude nyamplung seed oil (CNSO), phosphoric acid 

(p.a., Merck), methanol (industrial grade, form local supplier), ethanol (analytical grade, from 

Merck), KOH (analytical grade, from Merck), oxalic acid (analytical grade, from Merck), 

sulfuric acid (analytical grade, from Merck), distilled water (analytical grade, from local 

supplier), and phenolphthalein indicator (analytical grade, from Merck).  

Methods 

Nyampung Seed Oil Characterization 

Prior to the esterification reaction, the crude nyamplung seed oil (CNSO) was first 

degummed using phosphoric acid to remove its gum content and resulted in refined nyamplung 

seed oil (RNSO). Both CNSO and RNSO were then characterized to reveal their properties. The 

fatty acid composition was determined using Gas Chromatography-Mass Spectroscopy (GC-MS 

Perkin Elmer, GC Clarus 680, MS Clarus SQ 8T) with the similar method to our previous work  

(Kusumaningtyas et al., 2016). Density measurement was conducted using pycnometer 

(Taghizade, 2016). Viscosity determination was carried out using viscometer bath Stanhope-Seta 

KV6 tube 350 CFO. Acid value tests was accomplished based on the AOCS acid-base titration 

method (Banchero & Gozzelino, 2018). 

 

Degumming 

Initially, 500 ml CNSO was introduced into 500 mL beaker glass and heated using hot 

plate at 70℃. Sulfuric acid with the concentration of 0.3% w/w was added. The mixing was kept 

for 25 minutes using magnetic stirrer to ensure the completion of the degumming reaction. After 

the reaction finished, the CNSO was inputted into the separating funnel and added with warm 

distilled water (40-50℃ in temperature) for purification. The mixture of the degummed CNSO 

and water was settled for 24 hours until the gum was separated entirely. The two layers were 

formed. The top and bottom layers were refined nyamplung seed oil (RNSO) and gum, 

respectively. To remove the water content, the RNSO were then heated using oven at 105℃ until 

it reached the constant weight.  

 

FFA Removal 
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The FFA removal was conducted via esterification reaction with methanol employing 

sulfuric acid. RNSO and methanol were weighed to obtain the molar ratio of RNSO and 

methanol of 1:30. RNSO was introduced into the three necks flask batch reactor and heated until 

it reached the reaction temperature. On the other flask, methanol was also heated at the identical 

temperature. When both RNSO and methanol attained the reaction temperature, methanol was 

then poured into the reactor. The reaction temperatures were varied at 40℃, 50℃, and 60℃. 

Sulfuric acid catalyst was afterward added at a certain concentration (1%, 3%, 5%, 7% w/w 

RNSO). The reaction was carried out for 120 minutes. A constant mixing using magnetic stirrer 

with the speed of 1000 rpm was performed to certify the homogeneous reaction. The total 

experimental running was 7 experiments with different operation condition. Sample was taken 

periodically every 10 minutes for each experiment. Hence, the total sampling number was 31 

times. The reaction conversions were calculated based on the FFA content of the sample using 

the procedure of our previous work. The FFA content of the samples were calculated using the 

standard KOH titration (Kusumaningtyas et al., 2018).  

 

Response Surface Methodology 

Response Surface Methodology using Design Expert 11 software was employed for 

statistical calculation using three different variables (reaction temperature, catalyst concentration, 

and reaction time) based on the box-behnken methodology (BBD). The four polynomials models 

in the RSM, namely linear, interactive (2FI), quadratic, and cubic were evaluated to determine 

the most appropriate model for optimization. The selected model was applied in this work.   

 

RESULT AND DISCUSSION 

CNSO and RNSO Characterization 

 The properties of crude nyamplung seed oil (CNSO) and refined nyamplung seed oil 

(RNSO) which has undergone degumming process were demonstrated in Table 1. Degumming 

process aims for reducing the gum content. Besides, degumming has also brought about a better 

characteristic of the oil feedstock. It can be observed in Table 1, the density viscosity, acid 

number, and acidity of the RNSO were lower than CNSO. The decreasing value of density 

happened due to the losses of some heavy compound such as gum. The degumming process also 

caused a lighter color of the oil. It was due to the removal of the compounds which significantly 

Page 7 of 28

Journal of Science and Technology

Journal of Science and Technology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review Only

7 
 

affected the oil color (Lamas et al., 2016). Degumming process has shown a better characteristic 

of the oil feedstock, leading to an effective transesterification reaction and a higher quality of 

biodiesel product.  

 

 

 

 

Table 1 

Properties of CNSO and RNSO  

Properties CNSO  

(Before Degumming) 

RNSO 

(After Degumming) 

Density (kg/m3) 906 898 

Viscosity (mm2/s) 60.39 59.04 

Acid Number (mg KOH/g) 0.38 0.36 

Acidity (%) 19.18 18.39 

 

Composition of fatty acid in CNSO was determined using GC-MS and the result was 

exhibited in Table 2. Based on this composition, the molecular weight of CNSO can be 

calculated. It was found that CNSO molecular weight was 869.74 g/mol and the most dominant 

fatty acid in CNSO were oleic acid and linoleic acids. It is in a good agreement with the fatty 

acid composition found by Aparamarta et al. (2020). Fatty acid composition was merely 

performed for the CNSO. Fatty acid analysis for the RNSO was discounted. Based on the 

slightly altering of the acid number of CNSO and RNSO exhibited in Table 1, it can be assumed 

that the degumming process didn’t significantly change the fatty acid composition. 

 

Table 2 

Crude Nyamplung Seed Oil (CNSO) Fatty Acid Composition  

Fatty acid Molecular Weight (g/mol) Area (%) 

Palmitic acid  256.2228 15.51 

Linoleic acid  280.45 28.94 

Oleic acid  282.52 40.55 
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Stearic acid 284.47 14,39 

Arachidic acid  312.54 0.60 

 

 

Esterification of Free Fatty Acid (FFA): Effect of Catalyst Concentration  

FFA (free fatty acid) removal was conducted via esterification reaction of RNSO and 

methanol in the presence of sulfuric acid catalyst. Sulfuric acid catalyst concentration was varied 

at 1%, 3%, 5%, dan 7% w/w RNSO with the molar ratio of RNSO: methanol of 1: 30 and 

temperature of 40℃, 50℃, and 60℃. Encinar et al. (2021) suggested the sulfuric acid catalyst 

concentration of 0.5 – 2% for the feedstock with FFA content of 10.7%. The higher sulfuric 

catalyst concentration can be employed for the higher acidic vegetable oils. The molar ratio of  

oil to methanol referred to Chai et al. (2014) that recommended the molar ratio of oil to methanol 

in the range of 1:20 to 1:60. Specifically, Marchetti & Errazu (2008) proposed the molar ratio of 

1:30 as the optimal condition. On the other hand, the reaction temperature ratio was adjusted to 

the boiling point of the methanol. The reaction was run for 120 minutes as suggested by Chai et 

al. (2014). The effect of catalyst concentration on the FFA conversion is demonstrated in Figure 

1.  

 

 

Figure 1. Effect of Catalyst Concentration on the FFA Conversion at the Reaction Time of 120 

Minutes and Molar Ratio of RNSO to Methanol of 1:30 
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It can be observed in Figure 1, reaction conversion increased at the catalyst concentration 

1% to 3%. It was due to the decreasing of the activation energy by the addition of the catalyst. 

Thus, the collision between the particles was increased, resulting in the higher possibility of the 

reaction occurrence. Accordingly, it enhanced the reaction rate and FFA conversion. On the 

higher reaction concentration (5% to 7%), the apparent reaction conversion declined since the 

excessive amount of catalyst could provoke the side reaction and reduced the FFA conversion 

(Widiarti et al., 2017). The excessive employment of catalyst will correspondingly bring about 

the difficulty and higher cost in the product separation. Based on the experiments, it was 

revealed that the optimum catalyst concentration was 3%, which resulted in the FFA conversion 

of 78.18% at the temperature of 60℃ with the reaction time of 120 minutes. The FFA content of 

such the operation condition was 4.01%. This value has not satisfied yet the maximum allowable 

FFA content of 2% for the transesterification reaction. Therefore, further observation was 

conducted at the different temperature and reaction time. 

 

3. 2. Esterification of Free Fatty Acid (FFA): Effect of Temperature and Reaction Time 

 The influence of the reaction temperature and time was presented in Figure 2. It is shown 

that, the higher reaction temperature, the higher removal of FFA occurred. This phenomenon was 

due to the fact that the higher reaction temperature will increase the molecular motion of each 

reactant species, improving the kinetics energy. Therefore, the increasing of the reaction 

temperature raised the FFA conversion. This fact was also in agreement with the Arrhenius Law 

which states that the reaction rate is equivalent with the reaction temperature.  Encinar et al. 

(2021) described that this phenomenon was common for the endothermic reaction. In accordance 

with the Le Chatelier’s principle, the equilibrium shifts to the product formation as the 

temperature risen.  
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Figure 2. Effect of Temperature and Reaction Time on the FFA Conversion at the Catalyst 

Concentration of 3% w/w and Molar Ratio of RNSO and Methanol of 1:30 

 

As shown in Figure 2, it was also found that the FFA conversion enhanced with the 

reaction time, but the enhancement was slower from 60 – 120 minutes. It means that the reaction 

was approaching the chemical equilibrium point at 120 minutes. Based on catalyst concentration 

alteration (Figure 1) as well as the temperature and reaction time variation (Figure 2), it was 

revealed that the best conversion was achieved at the catalyst concentration of 3%, molar ratio of 

RNSO to methanol of 1:30, reaction temperature of 60℃, and reaction time of 120 minutes with 

the FFA conversion of 78.18% and the FFA content of 4.01%. This result was in line with our 

previous work that reported that the optimum condition of FFA removal in kapok randu seed oil 

using methanol reactant and sulfuric acid catalyst was 60℃ and reaction time of 120 minutes 

(Kusumaningtyas et al., 2019). Among the promising way to enhance the reaction conversion is 

by increasing the reaction temperature to 65℃ and applying higher molar ratio of the reactants as 

accomplished by Chai et al. (2014). In this work, the lowest FFA content obtained among all the 

experiments conducted was 4.01%. It didn’t match with the standard limitation of FFA content 

for base catalyzed transesterification (2%). Therefore, response surface methodology 

optimization was then carried out to predict the optimum operation condition of the esterification 

reaction which can yield the 2% FFA content of RNSO.  
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 The result of the FFA removal was under the targeted value of FFA content (maximum 

2%). Thus, optimization using response surface methodology (RSM) will be beneficial for 

designing the operation condition to achieve the targeted conversion. RSM is a set of 

mathematical and statistical tools which can be used for developing empirical model which 

correlate the reaction conversion or the yield of product with the significant process parameters 

(Veljković et al., 2019). Application of this tool has been found to be valuable to reduce the 

experimental cost (J. Liu et al., 2018). However, there are several models provided for the 

optimization using RSM. Hence, the suitable model should be selected. In this work, four 

polynomial models (linear, interactive or 2FI, quadratic, and cubic) in RSM were evaluated to 

determine the most suitable model which fitted the experimental data. The similar models were 

also tested by Maran & Priya (2015) and Ahmad et al. (2020).  

In this study, the best polynomial model will be useful to be applied in the future work for 

designing the experiment condition and improving the conversion of the reaction. To select the 

model, combination of the effects of the 3 independent variables (catalyst concentration, 

temperature, and reaction time) on the FFA esterification in RNSO using sulfuric acid catalyst 

were investigated. These variables were used for the optimization using RSM since they were the 

main parameters studied in experimental work. Experiments with the different combination of 

the three variables were conducted and calculated statistically using experimental design which 

was based on the Box-Behnken Methodology (BBD). The BBD is a self-reliant quadratic design 

which does not involve implanted factorial (Rodríguez-Ramírez et al., 2020). This full factorial 

design is the most commonly applied in RSM optimization (Veljković et al., 2019). The 

experimental design using BBD is shown in Table 3.  

 

Tabel 3 

Experimental Design Using Box-Behnken Methodology (BBD) which Equipped with the 

Experimental Data and Predictive Result 

 

Run Temperature 

(A) 

Catalyst 

Concentration 

(B) 

Time 

(C) 

FFA Conversion, 

% 

% 

Error 

FFA Content,  

% 

% 

Error  

Exp Prediction  Exp Prediction  

1 60 3 60 74.07 74.10 0.05 4.77 4.97 4.25 
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2 60 3 120 78.18 78.75 0.73 4.02 4.24 5.46 

3 40 3 60 64.9 66.67 2.73 6.46 6.30 2.52 

4 50 5 120 55.41 56.88 2.65 8.21 8.44 2.76 

5 40 3 120 68.7 71.00 3.35 5.76 5.61 2.53 

6 40 5 90 44.97 47.97 6.67 10.13 9.94 1.88 

7 60 5 90 52.56 56.84 8.14 8.73 8.35 4.30 

8 50 1 120 69.96 72.15 3.13 5.53 5.22 5.66 

9 40 1 90 66.8 64.84 2.94 6.11 6.54 7.10 

10 50 5 60 52.56 52.08 0.91 8.73 9.09 4.07 

11 60 1 90 71.85 71.14 0.98 5.18 5.43 4.83 

12 50 3 90 72.17 73.36 1.64 5.12 5.15 0.53 

13 50 1 60 66.48 67.98 2.25 6.17 5.99 3.00 

 

The four polynomial models, namely linear, interactive (2FI), quadratic, and cubic were 

used to predict the response variable to the experimental data. Two types of tests, i.e., sequential 

model sum of squares and model summary were used as the basic for the polynomial model 

determination which is suitable for optimizing the FFA conversion. The result is shown in Table 

4 and 5, respectively.   

Table 4  

Sequential Model Sum of Squares Test 

Component Sum of 

square 

DF Mean 

Square 

F-value p-value Remarks 

Sequential Sum of Square for FFA Content  

Mean 554.72 1 554.72    

Linear 25.51 3 8.50 5.08 0.0250 Suggested 

2FI 0.0595 3 0.0198 0.0079 0.9989  

Quadratic 14.16 3 4.72 16.85 0.0221 Suggested 

Qubic 0.8404 3 0.2801   Aliased 

Residual 0.0000 0     

Total 595.30 13 45.79    

Sequential sum of square for FFA Conversion 
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Mean 54097.44 1 54097.44    

Linear 753.08 3 251.03 5.08 0.0249 Suggested 

2FI 1.74 3 0.5787 0.0078 0.9989  

Quadratic 417.93 3 139.31 16.83 0.0222 Suggested 

Qubic 24.83 3 8.28   Aliased 

Residual 0.0000 0     

Total 55295.02 13 4253.46    

 

 

 

 

 

 

Tabel 5  

Model Summary Test 

Component Std. Dev Adjusted R2 Predicted R2 Press Remarks 

Model Summary of FFA Content 

Linear 0.0250 0.5050 0.2313 Suggested 0.0250 

2FI 0.9989 0.2604 -0.8490 - 0.9989 

Quadratik 0.0221 0.9172 - Suggested 0.0221 

Qubic - - - Aliased - 

Model summary of FFA Conversion  

Linear 0.0249 0.5051 0.2314 Suggested 0.0249 

2FI 0.9989 0.2606 -0.8492 - 0.9989 

Quadratic 0.0222 0.9171 - Suggested 0.0222 

Qubic - - - Aliased - 

 

Based on the result shown in Table 4 and 5, it was acquired that the quadratic model was 

justified as the most suitable model for optimizing the FFA content and conversion in the 

esterification using sulfuric acid catalyst. The basis of the selection of the quadratic model was 

the lowest p-value, the highest value of adjusted R2, and the highest value of predicted R2.            
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Tabel 4 reveals that the quadratic model provided the lowest p-value. Table 5 shows that the 

highest value of adjusted R2 was provided by the quadratic model. Meanwhile, the predicted R2 

for the quadratic model didn’t appear in Table 5 since the value was precisely closed to 1. In 

contrast, the values of actual R2 were not presented in Table 5 since this table depicted the 

summary of the model test. The actual R2 values were advanced investigated based on the values 

of predicted R2. Based on the values of the p-value, adjusted R2, and predicted R2 attained, the 

quadratic model was found as the most suitable model and further analyzed using ANOVA. This 

finding is in line the result analysis of  Maran & Priya (2015), which suggested that quadratic 

model was the most appropriate model.  

The empirical model which was expressed using quadratic model with the interaction 

obtained from the experimental data based on the RSM was modified into polynomial equation. 

The final equation for FFA content and FFA conversion optimization are presented in the Eq. 1 

dan Eq. 2, respectively. 

 

FFA Content (%) = 16.5 – 0.306 A – 2.2 B + 0.014 C – 0.0059 AB – 0.000042 AC + 

0.0005 BC + 0.0026 A2 + 0.54 B2 – 0.00014 C2 

(1) 

FFA Conversion (%) = 10.63 + 1.66 A + 11.91B – 0.081 C + 0.032 AB + 0.00026 AC 

+ 0.0026 BC – 0.014 A2 – 2.94 B2 + 0.00075 C2 

(2) 

 

Statistical analysis for the quadratic model using ANOVA regression model is shown in Table 6.  

 

Table 6  

ANOVA Regression Model to Predict the FFA Conversion Using Sulfuric Acid Catalyst 

Source Sum of 

square 

Degree of 

Freedom 

Mean 

square 

F value p-value Remarks 

ANOVA for FFA Content 

Model 39.73 9 4.41 15.76 0.0221 significant 

X1 4.15 1 4.15 14.80 0.0310  

X2 20.51 1 20.51 73.22 0.0034  

X3 0.8515 1 0.8515 3.04 0.1796  

X12 0.0552 1 0.0552 0.1971 0.6871  
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X13 0.0006 1 0.0006 0.0022 0.9653  

X23 0.0036 1 0.0036 0.0129 0.9169  

X1
2 0.1486 1 0.1486 0.5306 0.5191  

X2
2 10.69 1 10.69 38.16 0.0085  

X3
2 0.0343 1 0.0343 0.1224 0.7495  

Residual 0.8404 3 0.2801    

Cor Total 40.57 12     

Adeq prec 12.46      

ANOVA for FFA Conversion 

Model 1172.75 9 130.31 15.74 0.0222 significant 

X1 122.38 1 122.38 14.79 0.0310  

X2 605.35 1 605.35 73.14 0.0034  

X3 25.35 1 25.35 3.06 0.1784  

X12 1.61 1 1.61 0.1949 0.6888  

X13 0.0240 1 0.0240 0.0029 0.9604  

X23 0.0992 1 0.0992 0.0120 0.9197  

X1
2 4.37 1 4.37 0.5278 0.5201  

X2
2 315.17 1 315.17 38.08 0.0086  

X3
2 1.04 1 1.04 0.1258 0.7463  

Residual 24.83 3 8.28    

Cor Total 1197.58 12     

Adeq prec 12.46      

 

The F-value of the model was 15.76, indicating that the model was significant. There was 

only 2.22% of noise potential which could cause the model unsuccessful to predict the value of 

response variable (FFA conversion). The p-value was 0.022 (< 0.05), designating that the 

variables were significant to the model. In this study, the influential variables were A, B, and B2. 

Table 6 also demonstrates the value of adeq precision. Adeq precision is the measure of the 

signal ratio to the disturbance (noise), and its value is expected to be higher than 4. Ratio of 

12.46 resulted in this work denoted that the inputted signal was appropriate.  

Validation of the model capability in predicting is necessary to ensure the accuracy of 

model approach. Figure 3 shows the model validation by comparing the predicted result with the 

experimental data. Figure 3(a) demonstrates that the predictive value based on the calculation 
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using the model was close to the experimental data. It was indicated by the point of the response 

values of prediction and experimental just about the 45o line. It specified that the proposed model 

was successfully identified the correlation of the input variables (catalyst concentration, reaction 

temperature, and reaction time) to the response (reaction conversion). 

The model suitability was further diagnosed by constructing a plot between the externally 

studied residuals with the prediction value. Figure 3(b) exhibits that all the data were under the 

limit, meaning that the model was suitable. As shown in Figure 3(c), all the leverage parameters 

were less than 1.  It denoted that there was no significant error which could affect the model 

approach. Figure 3(d) presents that all the points were under the expected Cook’s Distance 

Parameter. It implied that there is no significant error in observation in taking the experimental 

data. All the result of the model diagnoses demonstrated that the quadratic model developed in 

this analysis was appropriate for FFA content and FFA conversion optimization in the FFA 

esterification using sulfuric acid catalyst. The graphical illustration, termed response surface, is 

frequently used to justify the individual and cumulative influences of the experimental variables 

and their successive effect on the response (Liu et al., 2014). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Design-Expert® Software

FFA

Color points by value of

FFA:

4.02 10.13

Run Number

E
xt

e
rn

a
ll

y
 S

tu
d

e
n

ti
ze

d
 R

e
si

d
u

a
ls

Residuals vs. Run

-20.00

-10.00

0.00

10.00

20.00

1 3 5 7 9 11 13

16.078

-16.078

0

(a) (b) 

Design-Expert® Software

FFA

Color points by value of

FFA:

4.02 10.13

Actual

P
re

d
ic

te
d

Predicted vs. Actual

4

5

6

7

8

9

10

11

4 5 6 7 8 9 10 11

Design-Expert® Software

FFA

Color points by value of

FFA:

4.02 10.13

Run Number

Le
ve

ra
g

e

Leverage vs. Run

0.00

0.20

0.40

0.60

0.80

1.00

1 3 5 7 9 11 13

0.769231

0

Design-Expert® Software

FFA

Color points by value of

FFA:

4.02 10.13

Run Number

C
o

o
k
's

 D
is

ta
n

ce

Cook's Distance

0

0.2

0.4

0.6

0.8

1

1 3 5 7 9 11 13

1

0

Page 17 of 28

Journal of Science and Technology

Journal of Science and Technology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review Only

17 
 

 

 

 

 

 

 

 

Figure 3. The Result of the Diagnoses for the Quadratic Model Approach 
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Figure 4. Three Dimensional (3D) Response Surface of the Effect of the Process Condition to 

the FFA Content. (a) Reaction Time = 90 min; (b) Catalyst Concentration = 5 (g/g RNSO); and 

(c) Reaction Temperature = 50℃. 
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Figure 5. Three Dimensional (3D) Response Surface of the Effect of the Process Condition to 

the FFA Conversion. (a) Reaction Time = 90 min; (b) Catalyst Concentration = 5 (g/g RNSO); 

and (c) Reaction Temperature = 50℃. 

 

The significant variables affecting the FFA content and the FFA conversion were 

temperature and catalyst concentration as demonstrated in Figure 4 and 5, respectively. It can be 

observed that the FFA content reduced and, in contrast, the FFA conversion rose due to the 

temperature increase up to 60℃. Additionally, the increasing of catalyst concentration from 1 to 

3% significantly enhanced the FFA conversion and lowered the FFA content. However, 

additional amount of catalyst employment did not result in the higher reaction conversion as well 

as the FFA removal. Reaction time considerably improved the reaction conversion and FFA 

removal from 0 to 60 minutes. After 60 minutes, reaction time slightly affected the esterification 

reaction.  

 

Page 20 of 28

Journal of Science and Technology

Journal of Science and Technology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review Only

20 
 

 

Figure 6. Optimization of FFA Conversion Using RSM (Quadratic Model)  

 

In this work, Derringer Method was employed for the FFA conversion and FFA removal 

optimization in the esterification using sulfuric acid catalyst. In the complex system, various 

experimental variables have to be considered simultaneously to determine the optimum 

condition. It is known as multi response problem based on Multi-criteria Decision Making. In 

this case, desirability approach is often employed as a vigorous instrument for optimization in 

multi response system. Derringer method is among the popular desirability method. The 

desirability function values are between 0 and 1. The value 0 means that the factors provided 

undesired response. On the other hand, the value 1 indicates to the optimal condition of the 

parameter evaluated (Amdoun et al., 2018). 

Based on the RSM simulation, it was revealed that the optimum conversion and the FFA 

content were 78.27% and 4%, respectively, achieved at the reaction temperature of 59.09 oC, 

catalyst concentration 1.98% g/g RNSO, and reaction time of 119.95 minutes. At this operation 

condition, the value of the desirability ramp was 1 (Figure 6). The result fitted the experimental 
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data and indicated the accuracy of the model. The similar method of optimization applying 

desirability function was also described by (Mourabet et al., 2017).  

To predict the operation condition to achieve the FFA content of maximum 2%, 

extrapolation using RSM was carried out. As shown in Figure 7, the FFA content can be lowered 

up to 2% with the reaction condition as follows: reaction temperature, catalyst concentration, and 

reaction time were 58.97℃, 3%, and 194.9 minutes, respectively, whereas, molar ratio of oil to 

methanol was fixed at 1:30. The FFA conversion achieved was estimated 89.3%.  

 

 

 

Figure 7. RSM Prediction of Operation Condition on the FFA Esterification Using Sulfuric Acid  

Catalyst to Decrease the FFA Content to 2% 

 

The result has shown that RSM is simple and effective for process optimization. 

Furthermore, the combination of RSM and desirability function leads to the more accurate 

finding of the optimal condition. The identical deduction was reported by Amdoun et al., (2018). 

This study is significant to provide the optimum operation condition for reducing the FFA in 

Page 22 of 28

Journal of Science and Technology

Journal of Science and Technology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review Only

22 
 

CNSO in order to fulfill the allowable level of FFA content before it is used as feedstock for 

biodiesel production via base catalyzed transesterification reaction.  

 

CONCLUSION 

The experimental work of FFA esterification in RNSO with methanol in the presence of 

sulfuric acid catalyst has shown the optimal reaction condition at the reaction temperature of 

60℃, reaction time of 120 minutes, molar ratio of RNSO) to methanol of 1:30, and the reaction 

times of 120 minutes, which yielded the reaction conversion of 78.18% and the FFA 

concentration of 4.01%. This value was not match with the maximum acceptable value of FFA 

content for alkaline catalyzed transesterification (2%). The RSM was performed to estimate the 

optimal operation condition for achieving the FFA content of 2%. The RSM model analysis 

demonstrated that the quadratic model was the most suitable model for optimization of this 

process in the future work. The RSM extrapolation predicted that the FFA content of 2% can be 

obtained at the reaction temperature, catalyst concentration, and reaction time of 58.97℃, 3%, 

and 194.9 minutes, respectively, and the fixed molar ratio of oil to methanol of 1:30.  
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edible vegetable oil as biodiesel feedstock, but it cannot be directly used 
in the alkaline catalyzed transesterification reaction since it contains high 
free fatty acid (FFA) of 19.17%. The FFA content above 2% will cause 
saponification reaction, reducing the biodiesel yield. In this work, FFA 
removal was performed using sulfuric acid catalyzed esterification to 
meet the maximum FFA amount of 2%. Experimental work and response 
surface methodology (RSM) analysis were conducted. The reaction was 
conducted at the fixed molar ratio of nyamplung seed oil and methanol 
of 1:30 and the reaction times of 120 minutes. The catalyst 
concentration and the reaction temperature were varied. The highest 
reaction conversion was 78.18% and the FFA concentration was 
decreased to 4.01% at the temperature of 60℃ and reaction time of 120 
minutes. The polynomial model analysis on RSM demonstrated that the 
quadratic model was the most suitable model for the FFA conversion 
optimization. The RSM analysis exhibited the optimum FFA conversion of 
78.27% and the FFA content of 4%, attained at the reaction 
temperature, catalyst concentration, and reaction time of 59.09℃, 
1.98% g/g nyamplung seed oil, and 119.95 minutes, respectively. 
Extrapolation using RSM predicted that the targeted FFA content of 2% 
can be obtained at the temperature, catalyst concentration, and reaction 
time of 58.97℃, 3%, and 194.9 minutes, respectively, with a fixed molar 
ratio of oil to methanol of 1:30. The results disclosed that RSM is an 
appropriate statistical method for optimizing the process variable in the 
esterification reaction to obtain the targeted value of FFA.
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Optimization of Free Fatty Acid Removal in Nyamplung Seed Oil                         

(Callophyllum inophylum L.) using Response Surface Methodology Analysis

Abstract

Nyamplung seed (Calophyllum inophyllum L.) oil is a prospective non-edible vegetable oil 

as biodiesel feedstock, but it cannot be directly used in the alkaline catalyzed transesterification 

reaction since it contains high free fatty acid (FFA) of 19.17%. The FFA content above 2% will 

cause saponification reaction, reducing the biodiesel yield. In this work, FFA removal was 

performed using sulfuric acid catalyzed esterification to meet the maximum FFA amount of 2%. 

Experimental work and response surface methodology (RSM) analysis were conducted. The 

reaction was conducted at the fixed molar ratio of nyamplung seed oil and methanol of 1:30 and 

the reaction times of 120 minutes. The catalyst concentration and the reaction temperature were 

varied. The highest reaction conversion was 78.18% and the FFA concentration was decreased to 

4.01% at the temperature of 60℃ and reaction time of 120 minutes. The polynomial model analysis 

on RSM demonstrated that the quadratic model was the most suitable model for the FFA 

conversion optimization. The RSM analysis exhibited the optimum FFA conversion of 78.27% 

and the FFA content of 4%, attained at the reaction temperature, catalyst concentration, and 

reaction time of 59.09℃, 1.98% g/g nyamplung seed oil, and 119.95 minutes, respectively. 

Extrapolation using RSM predicted that the targeted FFA content of 2% can be obtained at the 

temperature, catalyst concentration, and reaction time of 58.97℃, 3%, and 194.9 minutes, 

respectively, with a fixed molar ratio of oil to methanol of 1:30. The results disclosed that RSM is 

an appropriate statistical method for optimizing the process variable in the esterification reaction 

to obtain the targeted value of FFA.

Keywords: biodiesel; esterification; sulfuric acid; FFA; RSM; box-behnken; quadratic model

INTRODUCTION 

Population, economic, and industry growth have intensified the global energy demand. To 

date, fossil energy still dominates the energy supply all over the world (Ghasemian et al., 2020). 

However, the crude oil production in some countries shows a decline trend, which is not in balance 
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with the energy need. Besides, utilization of fossil fuel currently also faces an environmental 

challenge as its combustion becomes the major source of carbon dioxide emission. Carbon dioxide 

is among the most dominant greenhouse gasses, which contribute to the global warming and 

climate change (Paraschiv & Paraschiv, 2020). The issues on the fossil fuel supply depletion and 

the negative environmental effect of fossil fuel utilization have led to the increasing interest on the 

renewable energy research. In the recent days, many countries in the world implement the policy 

to use fossil fuel and biofuel blending to ensure the energy sustainability and security. Biodiesel 

is a viable biofuel which can be used as pure or in blends with diesel fuel. This alternative fuel is 

prospective for large scale production and application since it is nontoxic, low sulfur and aromatics 

content, biodegradable, and simple to use. Moreover, it holds neutral carbon characteristic, high 

flash point which ensure its safety in handling and storage, good lubricity, and high oxygen 

(Corach et al., 2017; Dey et al., 2021). Application of biodiesel/diesel fuel blends in diesel engine 

show an acceptable combustion, performance and emission reduction, especially for B20 or 20% 

biodiesel in the biodiesel-diesel fuel mixture (Mubarak et al., 2021). 

Biodiesel is fatty acid methyl ester derived from vegetable oils and/or animal fats. Most of 

current industrial production of biodiesel from vegetable oils is achieved through 

transesterification (Aboelazayem et al., 2018; Demirbas, 2006). Theoretically, in 

transesterification, to achieve complete conversion of one mol of triglycerides to alkyl esters; at 

least three moles of alcohol are required (Islam, 2014). The most common catalyst for biodiesel 

production is alkaline catalyst such as KOH, NaOH, or solid base catalyst. Transesterification 

process using alkaline catalyst is cheap and easy. 

There are some potential biodiesel feedstocks in Indonesia, such as crude palm oil, jatropha 

oil, coconut oil, etc. However, currently, the non-edible vegetable oil is preferred as biodiesel raw 

material to avoid the conflict between food and energy need (Kusumaningtyas et al., 2014). Among 

the prospective local non edible oil in Indonesia for biodiesel production is nyamplung 

(Calophyllum inophyllum L.) seed oil (Musta et al., 2017; Silitonga et al., 2014). Calophyllum 

inophyllum L is extensively planted in Indonesia and the nyamplung seed oil can be purchased 

from the local farmers (Ong et al., 2019). Atabani & César (2014) reported that Calophyllum 

inophyllum methyl ester blended with diesel fuel (B10 and B20) revealed satisfactory properties 

and good engine performance and emission in diesel machine. 

Page 5 of 29

Journal of Science and Technology

Journal of Science and Technology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review Only

5

However, crude nyamplung seed oil (CNSO) usually contains gum and high free fatty acid 

(FFA). The existence of high amount of FFA in feedstock is not desirable in alkaline catalyzed 

transesterification since it can react with the base catalyst, yielding the soap and diminish the 

biodiesel yield. The desired amount of FFA in alkaline-catalyst is less than 0.5% to less than 3% 

w/w of oil (Arora et al., 2015). Generally, the maximum tolerable amount of FFA in base-catalyzed 

transesterification is 2%. Thus, a pre-treatment step to reduce the FFA content in nyamplung seed 

oil to maximum level of 2% prior to transesterification reaction is necessary.  FFA removal in 

CNSO can be conducted through esterification reaction using methanol in the presence of acid 

catalyst. There are several types of acid catalyst for FFA esterification. They are categorized into 

the homogenous acid catalysts, for instance sulfuric acid, para-toluene sulfonic acid, phosphoric 

acid, and hydro, and HCl (Harun et al., 2018; Murad et al., 2018) and the heterogenous ones, such 

as Amberlyst 15, sulfated zirconia, niobic acid, zeolite, and tin (II) chloride (Banchero & 

Gozzelino, 2018; Dal Pozzo et al., 2019; Kusumaningtyas et al., 2014) Homogenous catalyst, 

particularly sulfuric acid, has been found as an efficient and economical catalyst for FFA 

esterification both at laboratory and industrial scales (Banani et al., 2015; Chai et al., 2014; 

Gebremariam & Marchetti, 2018). Therefore, sulfuric acid was selected as catalyst for the FFA 

removal via esterification reaction of CNSO oil in this work. The investigation included 

experimental work and the analysis using response surface methodology (RSM) to determine the 

optimal operation condition which yielded the targeted FFA final value of 2%. The final FFA level 

was aimed at 2% since it is the maximum acceptable FFA value for the subsequent 

transesterification reaction to avoid undesired saponification reaction. The work comprised the 

detailed analysis of several polynomial models on RSM to reveal the most appropriate model for 

optimization. The study on the FFA esterification in CNSO in the presence of sulfuric acid catalyst 

which involves the comprehensive analysis and selection of the various polynomial models in 

RSM for process optimization has never been reported in the literature. 

MATERIALS AND METHOD

Materials

Material used in this work were: crude nyamplung seed oil (CNSO), phosphoric acid (p.a., 

Merck), methanol (industrial grade, form local supplier), ethanol (analytical grade, from Merck), 

KOH (analytical grade, from Merck), oxalic acid (analytical grade, from Merck), sulfuric acid 
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(analytical grade, from Merck), distilled water (analytical grade, from local supplier), and 

phenolphthalein indicator (analytical grade, from Merck). 

Methods

Nyampung Seed Oil Characterization

Prior to the esterification reaction, the crude nyamplung seed oil (CNSO) was first 

degummed using phosphoric acid to remove its gum content and resulted in refined nyamplung 

seed oil (RNSO). Both CNSO and RNSO were then characterized to reveal their properties. The 

fatty acid composition was determined using Gas Chromatography-Mass Spectroscopy (GC-MS 

Perkin Elmer, GC Clarus 680, MS Clarus SQ 8T) with the similar method to our previous work  

(Kusumaningtyas et al., 2016). Density measurement was conducted using pycnometer 

(Taghizade, 2016). Viscosity determination was carried out using viscometer bath Stanhope-Seta 

KV6 tube 350 CFO. Acid value tests was accomplished based on the AOCS acid-base titration 

method (Banchero & Gozzelino, 2018).

Degumming

Initially, 500 ml CNSO was introduced into 500 mL beaker glass and heated using hot 

plate at 70℃. Sulfuric acid with the concentration of 0.3% w/w was added. The mixing was kept 

for 25 minutes using magnetic stirrer to ensure the completion of the degumming reaction. After 

the reaction finished, the CNSO was inputted into the separating funnel and added with warm 

distilled water (40-50℃ in temperature) for purification. The mixture of the degummed CNSO and 

water was settled for 24 hours until the gum was separated entirely. The two layers were formed. 

The top and bottom layers were refined nyamplung seed oil (RNSO) and gum, respectively. To 

remove the water content, the RNSO were then heated using oven at 105℃ until it reached the 

constant weight. 

FFA Removal

The FFA removal was conducted via esterification reaction with methanol employing 

sulfuric acid. RNSO and methanol were weighed to obtain the molar ratio of RNSO and methanol 

of 1:30. RNSO was introduced into the three necks flask batch reactor and heated until it reached 

the reaction temperature. On the other flask, methanol was also heated at the identical temperature. 

When both RNSO and methanol attained the reaction temperature, methanol was then poured into 
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the reactor. The reaction temperatures were varied at 40℃, 50℃, and 60℃. Sulfuric acid catalyst 

was afterward added at a certain concentration (1%, 3%, 5%, 7% w/w RNSO). The reaction was 

carried out for 120 minutes. A constant mixing using magnetic stirrer with the speed of 1000 rpm 

was performed to certify the homogeneous reaction. The total experimental running was 7 

experiments with different operation condition. Sample was taken periodically every 10 minutes 

for each experiment. Hence, the total sampling number was 31 times. The reaction conversions 

were calculated based on the FFA content of the sample using the procedure of our previous work. 

The FFA content of the samples were calculated using the standard KOH titration 

(Kusumaningtyas et al., 2018). 

Response Surface Methodology

Response Surface Methodology using Design Expert 11 software was employed for 

statistical calculation using three different variables (reaction temperature, catalyst concentration, 

and reaction time) based on the box-behnken methodology (BBD). The four polynomials models 

in the RSM, namely linear, interactive (2FI), quadratic, and cubic were evaluated to determine the 

most appropriate model for optimization. The selected model was applied in this work.  

RESULT AND DISCUSSION

CNSO and RNSO Characterization

The properties of crude nyamplung seed oil (CNSO) and refined nyamplung seed oil 

(RNSO) which has undergone degumming process were demonstrated in Table 1. Degumming 

process aims for reducing the gum content. Besides, degumming has also brought about a better 

characteristic of the oil feedstock. It can be observed in Table 1, the density viscosity, acid number, 

and acidity of the RNSO were lower than CNSO. The decreasing value of density happened due 

to the losses of some heavy compound such as gum. The degumming process also caused a lighter 

color of the oil. It was due to the removal of the compounds which significantly affected the oil 

color (Lamas et al., 2016). Degumming process has shown a better characteristic of the oil 

feedstock, leading to an effective transesterification reaction and a higher quality of biodiesel 

product. 
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Table 1

Properties of CNSO and RNSO 

Properties CNSO 

(Before Degumming)

RNSO

(After Degumming)

Density (kg/m3) 906 898

Viscosity (mm2/s) 60.39 59.04

Acid Number (mg KOH/g) 0.38 0.36

Acidity (%) 19.18 18.39

Composition of fatty acid in CNSO was determined using GC-MS and the result was 

exhibited in Table 2. Based on this composition, the molecular weight of CNSO can be calculated. 

It was found that CNSO molecular weight was 869.74 g/mol and the most dominant fatty acid in 

CNSO were oleic acid and linoleic acids. It is in a good agreement with the fatty acid composition 

found by Aparamarta et al. (2020). Fatty acid composition was merely performed for the CNSO. 

Fatty acid analysis for the RNSO was discounted. Based on the slightly altering of the acid number 

of CNSO and RNSO exhibited in Table 1, it can be assumed that the degumming process didn’t 

significantly change the fatty acid composition.

Table 2

Crude Nyamplung Seed Oil (CNSO) Fatty Acid Composition 

Fatty acid Molecular Weight (g/mol) Area (%)

Palmitic acid 256.2228 15.51

Linoleic acid 280.45 28.94

Oleic acid 282.52 40.55

Stearic acid 284.47 14,39

Arachidic acid 312.54 0.60

Esterification of Free Fatty Acid (FFA): Effect of Catalyst Concentration 

FFA (free fatty acid) removal was conducted via esterification reaction of RNSO and 

methanol in the presence of sulfuric acid catalyst. Sulfuric acid catalyst concentration was varied 
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at 1%, 3%, 5%, dan 7% w/w RNSO with the molar ratio of RNSO: methanol of 1: 30 and 

temperature of 40℃, 50℃, and 60℃. Encinar et al. (2021) suggested the sulfuric acid catalyst 

concentration of 0.5 – 2% for the feedstock with FFA content of 10.7%. The higher sulfuric 

catalyst concentration can be employed for the higher acidic vegetable oils. The molar ratio of  oil 

to methanol referred to Chai et al. (2014) that recommended the molar ratio of oil to methanol in 

the range of 1:20 to 1:60. Specifically, Marchetti & Errazu (2008) proposed the molar ratio of 1:30 

as the optimal condition. On the other hand, the reaction temperature ratio was adjusted to the 

boiling point of the methanol. The reaction was run for 120 minutes as suggested by Chai et al. 

(2014). The effect of catalyst concentration on the FFA conversion is demonstrated in Figure 1. 
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Figure 1. Effect of Catalyst Concentration on the FFA Conversion at the Reaction Time of 120 

Minutes and Molar Ratio of RNSO to Methanol of 1:30

It can be observed in Figure 1, reaction conversion increased at the catalyst concentration 

1% to 3%. It was due to the decreasing of the activation energy by the addition of the catalyst. 

Thus, the collision between the particles was increased, resulting in the higher possibility of the 

reaction occurrence. Accordingly, it enhanced the reaction rate and FFA conversion. On the higher 

reaction concentration (5% to 7%), the apparent reaction conversion declined since the excessive 

amount of catalyst could provoke the side reaction and reduced the FFA conversion (Widiarti et 

al., 2017). The excessive employment of catalyst will correspondingly bring about the difficulty 

and higher cost in the product separation. Based on the experiments, it was revealed that the 

optimum catalyst concentration was 3%, which resulted in the FFA conversion of 78.18% at the 
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temperature of 60℃ with the reaction time of 120 minutes. The FFA content of such the operation 

condition was 4.01%. This value has not satisfied yet the maximum allowable FFA content of 2% 

for the transesterification reaction. Therefore, further observation was conducted at the different 

temperature and reaction time.

3. 2. Esterification of Free Fatty Acid (FFA): Effect of Temperature and Reaction Time

The influence of the reaction temperature and time was presented in Figure 2. It is shown 

that, the higher reaction temperature, the higher removal of FFA occurred. This phenomenon was 

due to the fact that the higher reaction temperature will increase the molecular motion of each 

reactant species, improving the kinetics energy. Therefore, the increasing of the reaction 

temperature raised the FFA conversion. This fact was also in agreement with the Arrhenius Law 

which states that the reaction rate is equivalent with the reaction temperature.  Encinar et al. (2021) 

described that this phenomenon was common for the endothermic reaction. In accordance with the 

Le Chatelier’s principle, the equilibrium shifts to the product formation as the temperature risen. 
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Figure 2. Effect of Temperature and Reaction Time on the FFA Conversion at the Catalyst 

Concentration of 3% w/w and Molar Ratio of RNSO and Methanol of 1:30

As shown in Figure 2, it was also found that the FFA conversion enhanced with the reaction 

time, but the enhancement was slower from 60 – 120 minutes. It means that the reaction was 

approaching the chemical equilibrium point at 120 minutes. Based on catalyst concentration 
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alteration (Figure 1) as well as the temperature and reaction time variation (Figure 2), it was 

revealed that the best conversion was achieved at the catalyst concentration of 3%, molar ratio of 

RNSO to methanol of 1:30, reaction temperature of 60℃, and reaction time of 120 minutes with 

the FFA conversion of 78.18% and the FFA content of 4.01%. This result was in line with our 

previous work that reported that the optimum condition of FFA removal in kapok randu seed oil 

using methanol reactant and sulfuric acid catalyst was 60℃ and reaction time of 120 minutes 

(Kusumaningtyas et al., 2019). Among the promising way to enhance the reaction conversion is 

by increasing the reaction temperature to 65℃ and applying higher molar ratio of the reactants as 

accomplished by Chai et al. (2014). In this work, the lowest FFA content obtained among all the 

experiments conducted was 4.01%. It didn’t match with the standard limitation of FFA content for 

base catalyzed transesterification (2%). Therefore, response surface methodology optimization 

was then carried out to predict the optimum operation condition of the esterification reaction which 

can yield the 2% FFA content of RNSO. 

Response Surface Methodology (RSM) Analysis

The result of the FFA removal was under the targeted value of FFA content (maximum 

2%). Thus, optimization using response surface methodology (RSM) will be beneficial for 

designing the operation condition to achieve the targeted conversion. RSM is a set of mathematical 

and statistical tools which can be used for developing empirical model which correlate the reaction 

conversion or the yield of product with the significant process parameters (Veljković et al., 2019). 

Application of this tool has been found to be valuable to reduce the experimental cost (J. Liu et 

al., 2018). However, there are several models provided for the optimization using RSM. Hence, 

the suitable model should be selected. In this work, four polynomial models (linear, interactive or 

2FI, quadratic, and cubic) in RSM were evaluated to determine the most suitable model which 

fitted the experimental data. The similar models were also tested by Maran & Priya (2015) and 

Ahmad et al. (2020). 

In this study, the best polynomial model will be useful to be applied in the future work for 

designing the experiment condition and improving the conversion of the reaction. To select the 

model, combination of the effects of the 3 independent variables (catalyst concentration, 

temperature, and reaction time) on the FFA esterification in RNSO using sulfuric acid catalyst 

were investigated. These variables were used for the optimization using RSM since they were the 
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main parameters studied in experimental work. Experiments with the different combination of the 

three variables were conducted and calculated statistically using experimental design which was 

based on the Box-Behnken Methodology (BBD). The BBD is a self-reliant quadratic design which 

does not involve implanted factorial (Rodríguez-Ramírez et al., 2020). This full factorial design is 

the most commonly applied in RSM optimization (Veljković et al., 2019). The experimental design 

using BBD is shown in Table 3. 

Tabel 3

Experimental Design Using Box-Behnken Methodology (BBD) which Equipped with the 

Experimental Data and Predictive Result

FFA Conversion, 

%

% 

Error

FFA Content, 

%

% 

Error 

Run Temperature 

(A)

Catalyst 

Concentration

(B)

Time

(C)

Exp Prediction Exp Prediction

1 60 3 60 74.07 74.10 0.05 4.77 4.97 4.25

2 60 3 120 78.18 78.75 0.73 4.02 4.24 5.46

3 40 3 60 64.9 66.67 2.73 6.46 6.30 2.52

4 50 5 120 55.41 56.88 2.65 8.21 8.44 2.76

5 40 3 120 68.7 71.00 3.35 5.76 5.61 2.53

6 40 5 90 44.97 47.97 6.67 10.13 9.94 1.88

7 60 5 90 52.56 56.84 8.14 8.73 8.35 4.30

8 50 1 120 69.96 72.15 3.13 5.53 5.22 5.66

9 40 1 90 66.8 64.84 2.94 6.11 6.54 7.10

10 50 5 60 52.56 52.08 0.91 8.73 9.09 4.07

11 60 1 90 71.85 71.14 0.98 5.18 5.43 4.83

12 50 3 90 72.17 73.36 1.64 5.12 5.15 0.53

13 50 1 60 66.48 67.98 2.25 6.17 5.99 3.00

The four polynomial models, namely linear, interactive (2FI), quadratic, and cubic were 

used to predict the response variable to the experimental data. Two types of tests, i.e., sequential 

model sum of squares and model summary were used as the basic for the polynomial model 
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determination which is suitable for optimizing the FFA conversion. The result is shown in Table 

4 and 5, respectively.  

Table 4 

Sequential Model Sum of Squares Test

Component Sum of 

square

DF Mean 

Square

F-value p-value Remarks

Sequential Sum of Square for FFA Content 

Mean 554.72 1 554.72

Linear 25.51 3 8.50 5.08 0.0250 Suggested

2FI 0.0595 3 0.0198 0.0079 0.9989

Quadratic 14.16 3 4.72 16.85 0.0221 Suggested

Qubic 0.8404 3 0.2801 Aliased

Residual 0.0000 0

Total 595.30 13 45.79

Sequential sum of square for FFA Conversion

Mean 54097.44 1 54097.44

Linear 753.08 3 251.03 5.08 0.0249 Suggested

2FI 1.74 3 0.5787 0.0078 0.9989

Quadratic 417.93 3 139.31 16.83 0.0222 Suggested

Qubic 24.83 3 8.28 Aliased

Residual 0.0000 0

Total 55295.02 13 4253.46
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Tabel 5 

Model Summary Test

Component Std. Dev Adjusted R2 Predicted R2 Press Remarks

Model Summary of FFA Content

Linear 0.0250 0.5050 0.2313 Suggested 0.0250

2FI 0.9989 0.2604 -0.8490 - 0.9989

Quadratik 0.0221 0.9172 - Suggested 0.0221

Qubic - - - Aliased -

Model summary of FFA Conversion 

Linear 0.0249 0.5051 0.2314 Suggested 0.0249

2FI 0.9989 0.2606 -0.8492 - 0.9989

Quadratic 0.0222 0.9171 - Suggested 0.0222

Qubic - - - Aliased -

Based on the result shown in Table 4 and 5, it was acquired that the quadratic model was 

justified as the most suitable model for optimizing the FFA content and conversion in the 

esterification using sulfuric acid catalyst. The basis of the selection of the quadratic model was the 

lowest p-value, the highest value of adjusted R2, and the highest value of predicted R2.            Tabel 

4 reveals that the quadratic model provided the lowest p-value. Table 5 shows that the highest 

value of adjusted R2 was provided by the quadratic model. Meanwhile, the predicted R2 for the 

quadratic model didn’t appear in Table 5 since the value was precisely closed to 1. In contrast, the 

values of actual R2 were not presented in Table 5 since this table depicted the summary of the 

model test. The actual R2 values were advanced investigated based on the values of predicted R2. 

Based on the values of the p-value, adjusted R2, and predicted R2 attained, the quadratic model 

was found as the most suitable model and further analyzed using ANOVA. This finding is in line 

the result analysis of  Maran & Priya (2015), which suggested that quadratic model was the most 

appropriate model. 

The empirical model which was expressed using quadratic model with the interaction 

obtained from the experimental data based on the RSM was modified into polynomial equation. 

The final equation for FFA content and FFA conversion optimization are presented in the Eq. 1 

dan Eq. 2, respectively.
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FFA Content (%) = 16.5 – 0.306 A – 2.2 B + 0.014 C – 0.0059 AB – 0.000042 AC + 

0.0005 BC + 0.0026 A2 + 0.54 B2 – 0.00014 C2

(1)

FFA Conversion (%) = 10.63 + 1.66 A + 11.91B – 0.081 C + 0.032 AB + 0.00026 AC 

+ 0.0026 BC – 0.014 A2 – 2.94 B2 + 0.00075 C2

(2)

Statistical analysis for the quadratic model using ANOVA regression model is shown in Table 6. 

Table 6 

ANOVA Regression Model to Predict the FFA Conversion Using Sulfuric Acid Catalyst

Source Sum of 

square

Degree of 

Freedom

Mean 

square

F value p-value Remarks

ANOVA for FFA Content

Model 39.73 9 4.41 15.76 0.0221 significant

X1 4.15 1 4.15 14.80 0.0310

X2 20.51 1 20.51 73.22 0.0034

X3 0.8515 1 0.8515 3.04 0.1796

X12 0.0552 1 0.0552 0.1971 0.6871

X13 0.0006 1 0.0006 0.0022 0.9653

X23 0.0036 1 0.0036 0.0129 0.9169

X1
2 0.1486 1 0.1486 0.5306 0.5191

X2
2 10.69 1 10.69 38.16 0.0085

X3
2 0.0343 1 0.0343 0.1224 0.7495

Residual 0.8404 3 0.2801

Cor Total 40.57 12

Adeq prec 12.46

ANOVA for FFA Conversion

Model 1172.75 9 130.31 15.74 0.0222 significant

X1 122.38 1 122.38 14.79 0.0310

X2 605.35 1 605.35 73.14 0.0034

X3 25.35 1 25.35 3.06 0.1784

X12 1.61 1 1.61 0.1949 0.6888

X13 0.0240 1 0.0240 0.0029 0.9604
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X23 0.0992 1 0.0992 0.0120 0.9197

X1
2 4.37 1 4.37 0.5278 0.5201

X2
2 315.17 1 315.17 38.08 0.0086

X3
2 1.04 1 1.04 0.1258 0.7463

Residual 24.83 3 8.28

Cor Total 1197.58 12

Adeq prec 12.46

The F-value of the model was 15.76, indicating that the model was significant. There was 

only 2.22% of noise potential which could cause the model unsuccessful to predict the value of 

response variable (FFA conversion). The p-value was 0.022 (< 0.05), designating that the variables 

were significant to the model. In this study, the influential variables were A, B, and B2. Table 6 

also demonstrates the value of adeq precision. Adeq precision is the measure of the signal ratio to 

the disturbance (noise), and its value is expected to be higher than 4. Ratio of 12.46 resulted in this 

work denoted that the inputted signal was appropriate. 

Validation of the model capability in predicting is necessary to ensure the accuracy of 

model approach. Figure 3 shows the model validation by comparing the predicted result with the 

experimental data. Figure 3(a) demonstrates that the predictive value based on the calculation 

using the model was close to the experimental data. It was indicated by the point of the response 

values of prediction and experimental just about the 45o line. It specified that the proposed model 

was successfully identified the correlation of the input variables (catalyst concentration, reaction 

temperature, and reaction time) to the response (reaction conversion).

The model suitability was further diagnosed by constructing a plot between the externally 

studied residuals with the prediction value. Figure 3(b) exhibits that all the data were under the 

limit, meaning that the model was suitable. As shown in Figure 3(c), all the leverage parameters 

were less than 1.  It denoted that there was no significant error which could affect the model 

approach. Figure 3(d) presents that all the points were under the expected Cook’s Distance 

Parameter. It implied that there is no significant error in observation in taking the experimental 

data. All the result of the model diagnoses demonstrated that the quadratic model developed in this 

analysis was appropriate for FFA content and FFA conversion optimization in the FFA 

esterification using sulfuric acid catalyst. The graphical illustration, termed response surface, is 
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frequently used to justify the individual and cumulative influences of the experimental variables 

and their successive effect on the response (Liu et al., 2014).

 

Figure 3. The Result of the Diagnoses for the Quadratic Model Approach
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Figure 4. Three Dimensional (3D) Response Surface of the Effect of the Process Condition to the 

FFA Content. (a) Reaction Time = 90 min; (b) Catalyst Concentration = 5 (g/g RNSO); and (c) 

Reaction Temperature = 50℃.
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Figure 5. Three Dimensional (3D) Response Surface of the Effect of the Process Condition to the 

FFA Conversion. (a) Reaction Time = 90 min; (b) Catalyst Concentration = 5 (g/g RNSO); and 

(c) Reaction Temperature = 50℃.

The significant variables affecting the FFA content and the FFA conversion were 

temperature and catalyst concentration as demonstrated in Figure 4 and 5, respectively. It can be 

observed that the FFA content reduced and, in contrast, the FFA conversion rose due to the 

temperature increase up to 60℃. Additionally, the increasing of catalyst concentration from 1 to 

3% significantly enhanced the FFA conversion and lowered the FFA content. However, additional 

amount of catalyst employment did not result in the higher reaction conversion as well as the FFA 

removal. Reaction time considerably improved the reaction conversion and FFA removal from 0 

to 60 minutes. After 60 minutes, reaction time slightly affected the esterification reaction. 
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Figure 6. Optimization of FFA Conversion Using RSM (Quadratic Model) 

In this work, Derringer Method was employed for the FFA conversion and FFA removal 

optimization in the esterification using sulfuric acid catalyst. In the complex system, various 

experimental variables have to be considered simultaneously to determine the optimum condition. 

It is known as multi response problem based on Multi-criteria Decision Making. In this case, 

desirability approach is often employed as a vigorous instrument for optimization in multi response 

system. Derringer method is among the popular desirability method. The desirability function 

values are between 0 and 1. The value 0 means that the factors provided undesired response. On 

the other hand, the value 1 indicates to the optimal condition of the parameter evaluated (Amdoun 

et al., 2018).

Based on the RSM simulation, it was revealed that the optimum conversion and the FFA 

content were 78.27% and 4%, respectively, achieved at the reaction temperature of 59.09 oC, 

catalyst concentration 1.98% g/g RNSO, and reaction time of 119.95 minutes. At this operation 
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condition, the value of the desirability ramp was 1 (Figure 6). The result fitted the experimental 

data and indicated the accuracy of the model. The similar method of optimization applying 

desirability function was also described by (Mourabet et al., 2017). 

To predict the operation condition to achieve the FFA content of maximum 2%, 

extrapolation using RSM was carried out. As shown in Figure 7, the FFA content can be lowered 

up to 2% with the reaction condition as follows: reaction temperature, catalyst concentration, and 

reaction time were 58.97℃, 3%, and 194.9 minutes, respectively, whereas, molar ratio of oil to 

methanol was fixed at 1:30. The FFA conversion achieved was estimated 89.3%. 

Figure 7. RSM Prediction of Operation Condition on the FFA Esterification Using Sulfuric Acid 

Catalyst to Decrease the FFA Content to 2%

The result has shown that RSM is simple and effective for process optimization. 

Furthermore, the combination of RSM and desirability function leads to the more accurate finding 

of the optimal condition. The identical deduction was reported by Amdoun et al., (2018). This 

study is significant to provide the optimum operation condition for reducing the FFA in CNSO in 
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order to fulfill the allowable level of FFA content before it is used as feedstock for biodiesel 

production via base catalyzed transesterification reaction. 

CONCLUSION

The experimental work of FFA esterification in RNSO with methanol in the presence of 

sulfuric acid catalyst has shown the optimal reaction condition at the reaction temperature of 60℃, 

reaction time of 120 minutes, molar ratio of RNSO) to methanol of 1:30, and the reaction times of 

120 minutes, which yielded the reaction conversion of 78.18% and the FFA concentration of 

4.01%. This value was not match with the maximum acceptable value of FFA content for alkaline 

catalyzed transesterification (2%). The RSM was performed to estimate the optimal operation 

condition for achieving the FFA content of 2%. The RSM model analysis demonstrated that the 

quadratic model was the most suitable model for optimization of this process in the future work. 

The RSM extrapolation predicted that the FFA content of 2% can be obtained at the reaction 

temperature, catalyst concentration, and reaction time of 58.97℃, 3%, and 194.9 minutes, 

respectively, and the fixed molar ratio of oil to methanol of 1:30. 
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ABSTRACT 

Nyamplung seed (Calophyllum inophyllum L.) oil is a prospective non-edible vegetable oil as 

biodiesel feedstock, but it cannot be directly used in the alkaline catalyzed transesterification 

reaction since it contains high free fatty acid (FFA) of 19.17%. The FFA content above 2% will 

cause saponification reaction, reducing the biodiesel yield. In this work, FFA removal was 

performed using sulfuric acid catalyzed esterification to meet the maximum FFA amount of 2%. 

Experimental work and response surface methodology (RSM) analysis were conducted. The 

reaction was conducted at the fixed molar ratio of nyamplung seed oil and methanol of 1:30 and 

the reaction times of 120 minutes. The catalyst concentration and the reaction temperature were 

varied. The highest reaction conversion was 78.18% and the FFA concentration was decreased to 

4.01% at the temperature of 60℃ and reaction time of 120 minutes. The polynomial model analysis 

on RSM demonstrated that the quadratic model was the most suitable model for the FFA 

conversion optimization. The RSM analysis exhibited the optimum FFA conversion of 78.27% 

and the FFA content of 4%, attained at the reaction temperature, catalyst concentration, and 

reaction time of 59.09℃, 1.98% g/g nyamplung seed oil, and 119.95 minutes, respectively. 

Extrapolation using RSM predicted that the targeted FFA content of 2% can be obtained at the 

temperature, catalyst concentration, and reaction time of 58.97℃, 3%, and 194.9 minutes, 

respectively, with a fixed molar ratio of oil to methanol of 1:30. The results disclosed that RSM is 

an appropriate statistical method for optimizing the process variable in the esterification reaction 

to obtain the targeted value of FFA. 

 

Keywords: Biodiesel; Box-Behnken; esterification; FFA; quadratic model; RSM; sulfuric acid  

 

 

  



4 
 

INTRODUCTION  

Population, economic, and industry growth have intensified the global energy demand. To date, 

fossil energy still dominates the energy supply all over the world (Ghasemian et al., 2020). 

However, the crude oil production in some countries shows a decline trend, which is not in balance 

with the energy need. Besides, utilization of fossil fuel currently also faces an environmental 

challenge as its combustion becomes the major source of carbon dioxide emission. Carbon dioxide 

is among the most dominant greenhouse gasses, which contribute to the global warming and 

climate change (Paraschiv & Paraschiv, 2020). The issues on the fossil fuel supply depletion and 

the negative environmental effect of fossil fuel utilization have led to the increasing interest on the 

renewable energy research. In the recent days, many countries in the world implement the policy 

to use fossil fuel and biofuel blending to ensure the energy sustainability and security. Biodiesel 

is a viable biofuel which can be used as pure or in blends with diesel fuel. This alternative fuel is 

prospective for large scale production and application since it is nontoxic, low sulfur and aromatics 

content, biodegradable, and simple to use. Moreover, it holds neutral carbon characteristic, high 

flash point which ensure its safety in handling and storage, good lubricity, and high oxygen 

(Corach et al., 2017; Dey et al., 2021). Application of biodiesel/diesel fuel blends in diesel engine 

show an acceptable combustion, performance and emission reduction, especially for B20 or 20% 

biodiesel in the biodiesel-diesel fuel mixture (Mubarak et al., 2021).  

Biodiesel is fatty acid methyl ester derived from vegetable oils and/or animal fats. Most of 

current industrial production of biodiesel from vegetable oils is achieved through 

transesterification (Aboelazayem et al., 2018; Demirbas, 2006). Theoretically, in 

transesterification, to achieve complete conversion of one mol of triglycerides to alkyl esters; at 

least three moles of alcohol are required (Islam, 2014). The most common catalyst for biodiesel 

production is alkaline catalyst such as KOH, NaOH, or solid base catalyst. Transesterification 

process using alkaline catalyst is cheap and easy.  

There are some potential biodiesel feedstocks in Indonesia, such as crude palm oil, jatropha 

oil, and coconut oil. However, currently, the non-edible vegetable oil is preferred as biodiesel raw 

material to avoid the conflict between food and energy need (Kusumaningtyas et al., 2014). Among 

the prospective local non edible oil in Indonesia for biodiesel production is nyamplung 

(Calophyllum inophyllum L.) seed oil (Musta et al., 2017; Silitonga et al., 2014). Calophyllum 

inophyllum L is extensively planted in Indonesia and the nyamplung seed oil can be purchased 

Commented [KS2]: not listed in references list? 
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from the local farmers (Ong et al., 2019). Atabani and César (2014) reported that Calophyllum 

inophyllum methyl ester blended with diesel fuel (B10 and B20) revealed satisfactory properties 

and good engine performance and emission in diesel machine.  

However, crude nyamplung seed oil (CNSO) usually contains gum and high free fatty acid 

(FFA). The existence of high amount of FFA in feedstock is not desirable in alkaline catalyzed 

transesterification since it can react with the base catalyst, yielding the soap and diminish the 

biodiesel yield. The desired amount of FFA in alkaline-catalyst is less than 0.5% to less than 3% 

w/w of oil (Arora et al., 2015). Generally, the maximum tolerable amount of FFA in base-catalyzed 

transesterification is 2%. Thus, a pre-treatment step to reduce the FFA content in nyamplung seed 

oil to maximum level of 2% prior to transesterification reaction is necessary.  FFA removal in 

CNSO can be conducted through esterification reaction using methanol in the presence of acid 

catalyst. There are several types of acid catalyst for FFA esterification. They are categorized into 

the homogenous acid catalysts, for instance sulfuric acid, para-toluene sulfonic acid, phosphoric 

acid, and hydro, and HCl (Harun et al., 2018; Murad et al., 2018) and the heterogenous ones, such 

as Amberlyst 15, sulfated zirconia, niobic acid, zeolite, and tin (II) chloride (Banchero & 

Gozzelino, 2018; Dal Pozzo et al., 2019; Kusumaningtyas et al., 2014) Homogenous catalyst, 

particularly sulfuric acid, has been found as an efficient and economical catalyst for FFA 

esterification both at laboratory and industrial scales (Banani et al., 2015; Chai et al., 2014; 

Gebremariam & Marchetti, 2018). Therefore, sulfuric acid was selected as catalyst for the FFA 

removal via esterification reaction of CNSO oil in this work. The investigation included 

experimental work and the analysis using response surface methodology (RSM) to determine the 

optimal operation condition which yielded the targeted FFA final value of 2%. The final FFA level 

was aimed at 2% since it is the maximum acceptable FFA value for the subsequent 

transesterification reaction to avoid undesired saponification reaction. The work comprised the 

detailed analysis of several polynomial models on RSM to reveal the most appropriate model for 

optimization. The study on the FFA esterification in CNSO in the presence of sulfuric acid catalyst 

which involves the comprehensive analysis and selection of the various polynomial models in 

RSM for process optimization has never been reported in the literature.  

 

MATERIALS AND METHODS 

Materials 



6 
 

Material used in this work were: crude nyamplung seed oil (CNSO), phosphoric acid (p.a., Merck), 

methanol (industrial grade, form local supplier), ethanol (analytical grade, from Merck), KOH 

(analytical grade, from Merck), oxalic acid (analytical grade, from Merck), sulfuric acid (analytical 

grade, from Merck), distilled water (analytical grade, from local supplier), and 

phenolphthalein indicator (analytical grade, from Merck).  

 

Nyampung Seed Oil Characterization 

Prior to the esterification reaction, the crude nyamplung seed oil (CNSO) was first degummed 

using phosphoric acid to remove its gum content and resulted in refined nyamplung seed oil 

(RNSO). Both CNSO and RNSO were then characterized to reveal their properties. The fatty acid 

composition was determined using Gas Chromatography-Mass Spectroscopy (GC-MS Perkin 

Elmer, GC Clarus 680, MS Clarus SQ 8T) with the similar method to our previous work  

(Kusumaningtyas et al., 2016). Density measurement was conducted using pycnometer 

(Taghizade, 2016). Viscosity determination was carried out using viscometer bath Stanhope-Seta 

KV6 tube 350 CFO. Acid value tests was accomplished based on the AOCS acid-base titration 

method (Banchero & Gozzelino, 2018). 

 

Degumming 

Initially, 500 ml CNSO was introduced into 500 mL beaker glass and heated using hot plate at 

70℃. Sulfuric acid with the concentration of 0.3% w/w was added. The mixing was kept for 25 

minutes using magnetic stirrer to ensure the completion of the degumming reaction. After the 

reaction finished, the CNSO was inputted into the separating funnel and added with warm distilled 

water (40-50℃ in temperature) for purification. The mixture of the degummed CNSO and water 

was settled for 24 hours until the gum was separated entirely. The two layers were formed. The 

top and bottom layers were refined nyamplung seed oil (RNSO) and gum, respectively. To remove 

the water content, the RNSO were then heated using oven at 105℃ until it reached the constant 

weight.  

 

FFA Removal 

The FFA removal was conducted via esterification reaction with methanol employing sulfuric acid. 

RNSO and methanol were weighed to obtain the molar ratio of RNSO and methanol of 1:30. 
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RNSO was introduced into the three necks flask batch reactor and heated until it reached the 

reaction temperature. On the other flask, methanol was also heated at the identical temperature. 

When both RNSO and methanol attained the reaction temperature, methanol was then poured into 

the reactor. The reaction temperatures were varied at 40℃, 50℃, and 60℃. Sulfuric acid catalyst 

was afterward added at a certain concentration (1%, 3%, 5%, 7% w/w RNSO). The reaction was 

carried out for 120 minutes. A constant mixing using magnetic stirrer with the speed of 1000 rpm 

was performed to certify the homogeneous reaction. The total experimental running was 7 

experiments with different operation condition. Sample was taken periodically every 10 minutes 

for each experiment. Hence, the total sampling number was 31 times. The reaction conversions 

were calculated based on the FFA content of the sample using the procedure of our previous work. 

The FFA content of the samples were calculated using the standard KOH titration 

(Kusumaningtyas et al., 2018).  

 

Response Surface Methodology 

Response Surface Methodology using Design Expert 11 software was employed for statistical 

calculation using three different variables (reaction temperature, catalyst concentration, and 

reaction time) based on the Box-Behnken methodology (BBD). The four polynomials models in 

the RSM, namely linear, interactive (2FI), quadratic, and cubic were evaluated to determine the 

most appropriate model for optimization. The selected model was applied in this work.   

 

RESULT AND DISCUSSION 

CNSO and RNSO Characterization 

The properties of crude nyamplung seed oil (CNSO) and refined nyamplung seed oil (RNSO) 

which has undergone degumming process were demonstrated in Table 1. Degumming process 

aims for reducing the gum content. Besides, degumming has also brought about a better 

characteristic of the oil feedstock. It can be observed in Table 1, the density viscosity, acid number, 

and acidity of the RNSO were lower than CNSO. The decreasing value of density happened due 

to the losses of some heavy compound such as gum. The degumming process also caused a lighter 

color of the oil. It was due to the removal of the compounds which significantly affected the oil 

color (Lamas et al., 2016). Degumming process has shown a better characteristic of the oil 



8 
 

feedstock, leading to an effective transesterification reaction and a higher quality of biodiesel 

product.  

 

Table 1 

Properties of CNSO and RNSO  

Properties CNSO  

(Before Degumming) 

RNSO 

(After Degumming) 

Density (kg/m3) 906 898 

Viscosity (mm2/s) 60.39 59.04 

Acid Number (mg KOH/g) 0.38 0.36 

Acidity (%) 19.18 18.39 

 

Composition of fatty acid in CNSO was determined using GC-MS and the result was 

exhibited in Table 2. Based on this composition, the molecular weight of CNSO can be calculated. 

It was found that CNSO molecular weight was 869.74 g/mol and the most dominant fatty acid in 

CNSO were oleic acid and linoleic acids. It is in a good agreement with the fatty acid composition 

found by Aparamarta et al. (2020). Fatty acid composition was merely performed for the CNSO. 

Fatty acid analysis for the RNSO was discounted. Based on the slightly altering of the acid number 

of CNSO and RNSO exhibited in Table 1, it can be assumed that the degumming process didn’t 

significantly change the fatty acid composition. 

 

Table 2 

Crude Nyamplung Seed Oil (CNSO) Fatty Acid Composition  

Fatty acid Molecular Weight (g/mol) Area (%) 

Palmitic acid  256.2228 15.51 

Linoleic acid  280.45 28.94 

Oleic acid  282.52 40.55 

Stearic acid 284.47 14,39 

Arachidic acid  312.54 0.60 
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Esterification of Free Fatty Acid (FFA): Effect of Catalyst Concentration  

free fatty acid (FFA) removal was conducted via esterification reaction of RNSO and methanol in 

the presence of sulfuric acid catalyst. Sulfuric acid catalyst concentration was varied at 1%, 3%, 

5%, dan 7% w/w RNSO with the molar ratio of RNSO: methanol of 1: 30 and temperature of 40℃, 

50℃, and 60℃. Encinar et al. (2021) suggested the sulfuric acid catalyst concentration of 0.5 – 

2% for the feedstock with FFA content of 10.7%. The higher sulfuric catalyst concentration can 

be employed for the higher acidic vegetable oils. The molar ratio of  oil to methanol referred to 

Chai et al. (2014) that recommended the molar ratio of oil to methanol in the range of 1:20 to 1:60. 

Specifically, Marchetti & Errazu (2008) proposed the molar ratio of 1:30 as the optimal condition. 

On the other hand, the reaction temperature ratio was adjusted to the boiling point of the methanol. 

The reaction was run for 120 minutes as suggested by Chai et al. (2014). The effect of catalyst 

concentration on the FFA conversion is demonstrated in Figure 1.  

 

 

Figure 1. Effect of Catalyst Concentration on the FFA Conversion at the Reaction Time of 120 

Minutes and Molar Ratio of RNSO to Methanol of 1:30 

 

It can be observed in Figure 1, reaction conversion increased at the catalyst concentration 

1% to 3%. It was due to the decreasing of the activation energy by the addition of the catalyst. 

Thus, the collision between the particles was increased, resulting in the higher possibility of the 

reaction occurrence. Accordingly, it enhanced the reaction rate and FFA conversion. On the higher 

reaction concentration (5% to 7%), the apparent reaction conversion declined since the excessive 

amount of catalyst could provoke the side reaction and reduced the FFA conversion (Widiarti et 
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al., 2017). The excessive employment of catalyst will correspondingly bring about the difficulty 

and higher cost in the product separation. Based on the experiments, it was revealed that the 

optimum catalyst concentration was 3%, which resulted in the FFA conversion of 78.18% at the 

temperature of 60℃ with the reaction time of 120 minutes. The FFA content of such the operation 

condition was 4.01%. This value has not satisfied yet the maximum allowable FFA content of 2% 

for the transesterification reaction. Therefore, further observation was conducted at the different 

temperature and reaction time. 

 

Esterification of Free Fatty Acid (FFA): Effect of Temperature and Reaction Time 

The influence of the reaction temperature and time was presented in Figure 2. It is shown that, the 

higher reaction temperature, the higher removal of FFA occurred. This phenomenon was due to 

the fact that the higher reaction temperature will increase the molecular motion of each reactant 

species, improving the kinetics energy. Therefore, the increasing of the reaction temperature raised 

the FFA conversion. This fact was also in agreement with the Arrhenius Law which states that the 

reaction rate is equivalent with the reaction temperature.  Encinar et al. (2021) described that this 

phenomenon was common for the endothermic reaction. In accordance with the Le Chatelier’s 

principle, the equilibrium shifts to the product formation as the temperature risen.  

 

 

Figure 2. Effect of Temperature and Reaction Time on the FFA Conversion at the Catalyst 

Concentration of 3% w/w and Molar Ratio of RNSO and Methanol of 1:30 
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As shown in Figure 2, it was also found that the FFA conversion enhanced with the reaction 

time, but the enhancement was slower from 60 – 120 minutes. It means that the reaction was 

approaching the chemical equilibrium point at 120 minutes. Based on catalyst concentration 

alteration (Figure 1) as well as the temperature and reaction time variation (Figure 2), it was 

revealed that the best conversion was achieved at the catalyst concentration of 3%, molar ratio of 

RNSO to methanol of 1:30, reaction temperature of 60℃, and reaction time of 120 minutes with 

the FFA conversion of 78.18% and the FFA content of 4.01%. This result was in line with our 

previous work that reported that the optimum condition of FFA removal in kapok randu seed oil 

using methanol reactant and sulfuric acid catalyst was 60℃ and reaction time of 120 minutes 

(Kusumaningtyas et al., 2019). Among the promising way to enhance the reaction conversion is 

by increasing the reaction temperature to 65℃ and applying higher molar ratio of the reactants as 

accomplished by Chai et al. (2014). In this work, the lowest FFA content obtained among all the 

experiments conducted was 4.01%. It didn’t match with the standard limitation of FFA content for 

base catalyzed transesterification (2%). Therefore, response surface methodology optimization 

was then carried out to predict the optimum operation condition of the esterification reaction which 

can yield the 2% FFA content of RNSO.  

 

Response Surface Methodology (RSM) Analysis 

The result of the FFA removal was under the targeted value of FFA content (maximum 2%). Thus, 

optimization using response surface methodology (RSM) will be beneficial for designing the 

operation condition to achieve the targeted conversion. RSM is a set of mathematical and statistical 

tools which can be used for developing empirical model which correlate the reaction conversion 

or the yield of product with the significant process parameters (Veljković et al., 2019). Application 

of this tool has been found to be valuable to reduce the experimental cost (Liu et al., 2018). 

However, there are several models provided for the optimization using RSM. Hence, the suitable 

model should be selected. In this work, four polynomial models (linear, interactive or 2FI, 

quadratic, and cubic) in RSM were evaluated to determine the most suitable model which fitted 

the experimental data. The similar models were also tested by Maran & Priya (2015) and Ahmad 

et al. (2020).  

In this study, the best polynomial model will be useful to be applied in the future work for 

designing the experiment condition and improving the conversion of the reaction. To select the 
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model, combination of the effects of the 3 independent variables (catalyst concentration, 

temperature, and reaction time) on the FFA esterification in RNSO using sulfuric acid catalyst 

were investigated. These variables were used for the optimization using RSM since they were the 

main parameters studied in experimental work. Experiments with the different combination of the 

three variables were conducted and calculated statistically using experimental design which was 

based on the Box-Behnken Methodology (BBD). The BBD is a self-reliant quadratic design which 

does not involve implanted factorial (Rodríguez-Ramírez et al., 2020). This full factorial design is 

the most commonly applied in RSM optimization (Veljković et al., 2019). The experimental design 

using BBD is shown in Table 3.  

 

Table 3 

Experimental Design Using Box-Behnken Methodology (BBD) which Equipped with the 

Experimental Data and Predictive Result 

 

Run Temperature 

(A) 

Catalyst 

Concentration 

(B) 

Time 

(C) 

FFA Conversion, 

% 

% 

Error 

FFA Content,  

% 

% 

Error  

Exp Prediction  Exp Prediction  

1 60 3 60 74.07 74.10 0.05 4.77 4.97 4.25 

2 60 3 120 78.18 78.75 0.73 4.02 4.24 5.46 

3 40 3 60 64.9 66.67 2.73 6.46 6.30 2.52 

4 50 5 120 55.41 56.88 2.65 8.21 8.44 2.76 

5 40 3 120 68.7 71.00 3.35 5.76 5.61 2.53 

6 40 5 90 44.97 47.97 6.67 10.13 9.94 1.88 

7 60 5 90 52.56 56.84 8.14 8.73 8.35 4.30 

8 50 1 120 69.96 72.15 3.13 5.53 5.22 5.66 

9 40 1 90 66.8 64.84 2.94 6.11 6.54 7.10 

10 50 5 60 52.56 52.08 0.91 8.73 9.09 4.07 

11 60 1 90 71.85 71.14 0.98 5.18 5.43 4.83 

12 50 3 90 72.17 73.36 1.64 5.12 5.15 0.53 

13 50 1 60 66.48 67.98 2.25 6.17 5.99 3.00 
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The four polynomial models, namely linear, interactive (2FI), quadratic, and cubic were 

used to predict the response variable to the experimental data. Two types of tests, i.e., sequential 

model sum of squares and model summary were used as the basic for the polynomial model 

determination which is suitable for optimizing the FFA conversion. The result is shown in Tables 

4 and 5, respectively.   

 

Table 4  

Sequential Model Sum of Squares Test 

Component Sum of 

square 

DF Mean 

Square 

F-value p-value Remarks 

Sequential Sum of Square for FFA Content  

Mean 554.72 1 554.72    

Linear 25.51 3 8.50 5.08 0.0250 Suggested 

2FI 0.0595 3 0.0198 0.0079 0.9989  

Quadratic 14.16 3 4.72 16.85 0.0221 Suggested 

Qubic 0.8404 3 0.2801   Aliased 

Residual 0.0000 0     

Total 595.30 13 45.79    

Sequential sum of square for FFA Conversion 

Mean 54097.44 1 54097.44    

Linear 753.08 3 251.03 5.08 0.0249 Suggested 

2FI 1.74 3 0.5787 0.0078 0.9989  

Quadratic 417.93 3 139.31 16.83 0.0222 Suggested 

Qubic 24.83 3 8.28   Aliased 

Residual 0.0000 0     

Total 55295.02 13 4253.46    
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Table 5  

Model Summary Test 

Component Std. Dev Adjusted R2 Predicted R2 Press Remarks 

Model Summary of FFA Content 

Linear 0.0250 0.5050 0.2313 Suggested 0.0250 

2FI 0.9989 0.2604 -0.8490 - 0.9989 

Quadratik 0.0221 0.9172 - Suggested 0.0221 

Qubic - - - Aliased - 

Model summary of FFA Conversion  

Linear 0.0249 0.5051 0.2314 Suggested 0.0249 

2FI 0.9989 0.2606 -0.8492 - 0.9989 

Quadratic 0.0222 0.9171 - Suggested 0.0222 

Qubic - - - Aliased - 

 

Based on the result shown in Tables 4 and 5, it was acquired that the quadratic model was 

justified as the most suitable model for optimizing the FFA content and conversion in the 

esterification using sulfuric acid catalyst. The basis of the selection of the quadratic model was the 

lowest p-value, the highest value of adjusted R2, and the highest value of predicted R2. Table 4 

reveals that the quadratic model provided the lowest p-value. Table 5 shows that the highest value 

of adjusted R2 was provided by the quadratic model. Meanwhile, the predicted R2 for the quadratic 

model didn’t appear in Table 5 since the value was precisely closed to 1. In contrast, the values of 

actual R2 were not presented in Table 5 since this table depicted the summary of the model test. 

The actual R2 values were advanced investigated based on the values of predicted R2. Based on 

the values of the p-value, adjusted R2, and predicted R2 attained, the quadratic model was found 

as the most suitable model and further analyzed using ANOVA. This finding is in line the result 

analysis of  Maran & Priya (2015), which suggested that quadratic model was the most appropriate 

model.  

The empirical model which was expressed using quadratic model with the interaction 

obtained from the experimental data based on the RSM was modified into polynomial equation. 

The final equation for FFA content and FFA conversion optimization are presented in the 

Equations 1 dan 2, respectively. 
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FFA Content (%) = 16.5 – 0.306 A – 2.2 B + 0.014 C – 0.0059 AB – 0.000042 AC + 

0.0005 BC + 0.0026 A2 + 0.54 B2 – 0.00014 C2 

(1) 

FFA Conversion (%) = 10.63 + 1.66 A + 11.91B – 0.081 C + 0.032 AB + 0.00026 AC 

+ 0.0026 BC – 0.014 A2 – 2.94 B2 + 0.00075 C2 

(2) 

 

Statistical analysis for the quadratic model using ANOVA regression model is shown in Table 6.  

 

Table 6  

ANOVA Regression Model to Predict the FFA Conversion Using Sulfuric Acid Catalyst 

Source Sum of 

square 

Degree of 

Freedom 

Mean 

square 

F value p-value Remarks 

ANOVA for FFA Content 

Model 39.73 9 4.41 15.76 0.0221 significant 

X1 4.15 1 4.15 14.80 0.0310  

X2 20.51 1 20.51 73.22 0.0034  

X3 0.8515 1 0.8515 3.04 0.1796  

X12 0.0552 1 0.0552 0.1971 0.6871  

X13 0.0006 1 0.0006 0.0022 0.9653  

X23 0.0036 1 0.0036 0.0129 0.9169  

X1
2 0.1486 1 0.1486 0.5306 0.5191  

X2
2 10.69 1 10.69 38.16 0.0085  

X3
2 0.0343 1 0.0343 0.1224 0.7495  

Residual 0.8404 3 0.2801    

Cor Total 40.57 12     

Adeq prec 12.46      

ANOVA for FFA Conversion 

Model 1172.75 9 130.31 15.74 0.0222 significant 

X1 122.38 1 122.38 14.79 0.0310  

X2 605.35 1 605.35 73.14 0.0034  

X3 25.35 1 25.35 3.06 0.1784  

X12 1.61 1 1.61 0.1949 0.6888  

X13 0.0240 1 0.0240 0.0029 0.9604  
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X23 0.0992 1 0.0992 0.0120 0.9197  

X1
2 4.37 1 4.37 0.5278 0.5201  

X2
2 315.17 1 315.17 38.08 0.0086  

X3
2 1.04 1 1.04 0.1258 0.7463  

Residual 24.83 3 8.28    

Cor Total 1197.58 12     

Adeq prec 12.46      

 

The F-value of the model was 15.76, indicating that the model was significant. There was 

only 2.22% of noise potential which could cause the model unsuccessful to predict the value of 

response variable (FFA conversion). The p-value was 0.022 (< 0.05), designating that the variables 

were significant to the model. In this study, the influential variables were A, B, and B2. Table 6 

also demonstrates the value of adeq precision. Adeq precision is the measure of the signal ratio to 

the disturbance (noise), and its value is expected to be higher than 4. Ratio of 12.46 resulted in this 

work denoted that the inputted signal was appropriate.  

Validation of the model capability in predicting is necessary to ensure the accuracy of 

model approach. Figure 3 shows the model validation by comparing the predicted result with the 

experimental data. Figure 3(a) demonstrates that the predictive value based on the calculation 

using the model was close to the experimental data. It was indicated by the point of the response 

values of prediction and experimental just about the 45o line. It specified that the proposed model 

was successfully identified the correlation of the input variables (catalyst concentration, reaction 

temperature, and reaction time) to the response (reaction conversion). 

The model suitability was further diagnosed by constructing a plot between the externally 

studied residuals with the prediction value. Figure 3(b) exhibits that all the data were under the 

limit, meaning that the model was suitable. As shown in Figure 3(c), all the leverage parameters 

were less than 1.  It denoted that there was no significant error which could affect the model 

approach. Figure 3(d) presents that all the points were under the expected Cook’s Distance 

Parameter. It implied that there is no significant error in observation in taking the experimental 

data. All the result of the model diagnoses demonstrated that the quadratic model developed in this 

analysis was appropriate for FFA content and FFA conversion optimization in the FFA 

esterification using sulfuric acid catalyst. The graphical illustration, termed response surface, is 
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frequently used to justify the individual and cumulative influences of the experimental variables 

and their successive effect on the response (Liu et al., 2014). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The Result of the Diagnoses for the Quadratic Model Approach 
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Figure 4. Three Dimensional (3D) Response Surface of the Effect of the Process Condition to the 

FFA Content. (a) Reaction Time = 90 min; (b) Catalyst Concentration = 5 (g/g RNSO); and (c) 

Reaction Temperature = 50℃. 
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Figure 5. Three Dimensional (3D) Response Surface of the Effect of the Process Condition to the 

FFA Conversion. (a) Reaction Time = 90 min; (b) Catalyst Concentration = 5 (g/g RNSO); and 

(c) Reaction Temperature = 50℃. 
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removal. Reaction time considerably improved the reaction conversion and FFA removal from 0 

to 60 minutes. After 60 minutes, reaction time slightly affected the esterification reaction.  

 

 

Figure 6. Optimization of FFA Conversion Using RSM (Quadratic Model)  
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Based on the RSM simulation, it was revealed that the optimum conversion and the FFA 

content were 78.27% and 4%, respectively, achieved at the reaction temperature of 59.09 oC, 

catalyst concentration 1.98% g/g RNSO, and reaction time of 119.95 minutes. At this operation 

condition, the value of the desirability ramp was 1 (Figure 6). The result fitted the experimental 

data and indicated the accuracy of the model. The similar method of optimization applying 

desirability function was also described by (Mourabet et al., 2017).  

To predict the operation condition to achieve the FFA content of maximum 2%, 

extrapolation using RSM was carried out. As shown in Figure 7, the FFA content can be lowered 

up to 2% with the reaction condition as follows: reaction temperature, catalyst concentration, and 

reaction time were 58.97℃, 3%, and 194.9 minutes, respectively, whereas, molar ratio of oil to 

methanol was fixed at 1:30. The FFA conversion achieved was estimated 89.3%.  

 

 

 

Figure 7. RSM Prediction of Operation Condition on the FFA Esterification Using Sulfuric Acid  

Catalyst to Decrease the FFA Content to 2% 
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The result has shown that RSM is simple and effective for process optimization. 

Furthermore, the combination of RSM and desirability function leads to the more accurate finding 

of the optimal condition. The identical deduction was reported by Amdoun et al., (2018). This 

study is significant to provide the optimum operation condition for reducing the FFA in CNSO in 

order to fulfill the allowable level of FFA content before it is used as feedstock for biodiesel 

production via base catalyzed transesterification reaction.  

 

CONCLUSION 

The experimental work of FFA esterification in RNSO with methanol in the presence of sulfuric 

acid catalyst has shown the optimal reaction condition at the reaction temperature of 60℃, reaction 

time of 120 minutes, molar ratio of RNSO) to methanol of 1:30, and the reaction times of 120 

minutes, which yielded the reaction conversion of 78.18% and the FFA concentration of 4.01%. 

This value was not match with the maximum acceptable value of FFA content for alkaline 

catalyzed transesterification (2%). The RSM was performed to estimate the optimal operation 

condition for achieving the FFA content of 2%. The RSM model analysis demonstrated that the 

quadratic model was the most suitable model for optimization of this process in the future work. 

The RSM extrapolation predicted that the FFA content of 2% can be obtained at the reaction 

temperature, catalyst concentration, and reaction time of 58.97℃, 3%, and 194.9 minutes, 

respectively, and the fixed molar ratio of oil to methanol of 1:30.  
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ABSTRACT

Nyamplung seed (Calophyllum inophyllum L.) oil is a prospective non-edible vegetable 
oil as biodiesel feedstock. However, it cannot be directly used in the alkaline catalysed 
transesterification reaction since it contains high free fatty acid (FFA) of 19.17%. The 
FFA content above 2% will cause saponification reaction, reducing the biodiesel yield. In 
this work, FFA removal was performed using sulfuric acid catalysed esterification to meet 
the maximum FFA amount of 2%. Experimental work and response surface methodology 
(RSM) analysis were conducted. The reaction was conducted at the fixed molar ratio of 
nyamplung seed oil and methanol of 1:30 and the reaction times of 120 minutes. The 

catalyst concentration and the reaction 
temperature were varied. The highest 
reaction conversion was 78.18%, and the 
FFA concentration was decreased to 4.01% 
at the temperature of 60℃ and reaction 
time of 120 minutes. The polynomial model 
analysis on RSM demonstrated that the 
quadratic model was the most suitable FFA 
conversion optimisation. The RSM analysis 
exhibited the optimum FFA conversion 
of 78.27% and the FFA content of 4%, 
attained at the reaction temperature, catalyst 
concentration, and reaction time of 59.09℃, 
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1.98% g/g nyamplung seed oil, and 119.95 minutes, respectively. Extrapolation using 
RSM predicted that the targeted FFA content of 2% could be obtained at the temperature, 
catalyst concentration, and reaction time of 58.97℃, 3%, and 194.9 minutes, respectively, 
with a fixed molar ratio of oil to methanol of 1:30. The results disclosed that RSM is an 
appropriate statistical method for optimising the process variable in the esterification 
reaction to obtain the targeted value of FFA.

Keywords: Biodiesel, Box-Behnken, esterification, FFA, quadratic model, RSM, sulfuric acid 

INTRODUCTION 

Population, economic, and industry growth have intensified the global energy demand. To 
date, fossil energy still dominates the energy supply worldwide (Ghasemian et al., 2020). 
However, crude oil production in some countries shows a declining trend, which is not in 
balance with the energy need. Besides, the utilisation of fossil fuel currently also faces an 
environmental challenge as its combustion becomes the major source of carbon dioxide 
emission. Carbon dioxide is among the most dominant greenhouse gasses, contributing to 
global warming and climate change (Paraschiv & Paraschiv, 2020). The issues on the fossil 
fuel supply depletion and the negative environmental effect of fossil fuel utilisation have 
led to the increasing interest in renewable energy research. In recent days, many countries 
implement the policy to use fossil fuel and biofuel blending to ensure energy sustainability 
and security. Biodiesel is a viable biofuel that can be used as pure or in blends with diesel 
fuel. This alternative fuel is prospective for large scale production and application since it 
is non-toxic, low sulfur and aromatics content, biodegradable, and simple to use. Moreover, 
it holds neutral carbon characteristics, a high flash point that ensures safety in handling and 
storage, good lubricity, and high oxygen (Corach et al., 2017; Dey et al., 2021). Application 
of biodiesel/diesel fuel blends in diesel engines shows a good combustion, performance 
and emission reduction, especially for B20 or 20% biodiesel in the biodiesel-diesel fuel 
mixture (Mubarak et al., 2021). 

Biodiesel is a fatty acid methyl ester derived from vegetable oils and/or animal fats. 
Most of the current industrial production of biodiesel from vegetable oils is achieved 
through transesterification (Aboelazayem et al., 2018; Demirbas, 2006). Theoretically, 
in transesterification, at least three moles of alcohol are required to achieve complete 
conversion of one mol of triglycerides to alkyl esters (Islam et al., 2014). The most common 
catalyst for biodiesel production is an alkaline catalyst such as KOH, NaOH, or solid base 
catalyst. The transesterification process using an alkaline catalyst is cheap and easy. 

Some potential biodiesel feedstocks in Indonesia are crude palm oil, jatropha oil, and 
coconut oil. However, currently, the non-edible vegetable oil is preferred as biodiesel 
raw material to avoid the conflict between food and energy need (Kusumaningtyas et al., 
2014). Among Indonesia’s the prospective local non-edible oil for biodiesel production 
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is nyamplung (Calophyllum inophyllum L.) seed oil (Musta et al., 2017; Silitonga et al., 
2014). Calophyllum inophyllum L is extensively planted in Indonesia, and the nyamplung 
seed oil can be purchased from the local farmers (Ong et al., 2019). In addition, Atabani 
and César (2014) reported that Calophyllum inophyllum methyl ester blended with diesel 
fuel (B10 and B20) revealed good properties and good engine performance and emission 
in diesel machines. 

However, crude nyamplung seed oil (CNSO) usually contains gum and high free 
fatty acid (FFA). A high amount of FFA in the feedstock is not desirable in alkaline 
catalysed transesterification since it can react with the base catalyst, yielding the soap and 
diminishing the biodiesel yield. The desired amount of FFA in alkaline-catalyst is less than 
0.5% to less than 3% w/w of oil (Arora et al., 2015). Generally, the maximum tolerable 
amount of FFA in base-catalysed transesterification is 2%. Thus, a pre-treatment step is 
necessary to reduce the FFA content in nyamplung seed oil to a maximum level of 2% 
prior to transesterification reaction.  FFA removal in CNSO can be conducted through an 
esterification reaction using methanol in the presence of an acid catalyst. There are several 
types of acid catalysts for FFA esterification. They are categorised into the homogenous 
acid catalysts, for instance, sulfuric acid, para-toluene sulfonic acid, phosphoric acid, and 
hydro, and HCl (Harun et al., 2018; Murad et al., 2018) and the heterogenous ones, such 
as Amberlyst 15, sulfated zirconia, niobic acid, zeolite, and tin (II) chloride (Banchero 
& Gozzelino, 2018; Dal Pozzo et al., 2019; Kusumaningtyas et al., 2014) Homogenous 
catalyst, particularly sulfuric acid, has been found as an efficient and economic catalyst 
for FFA esterification both at laboratory and industrial scales (Banani et al., 2015; Chai et 
al., 2014; Gebremariam & Marchetti, 2018). 

Therefore, sulfuric acid was selected as the catalyst for the FFA removal via the 
esterification reaction of CNSO oil in this work. The investigation included experimental 
work and the analysis using response surface methodology (RSM) to determine the optimal 
operation condition, which yielded the targeted FFA final value of 2%. The final FFA 
level was aimed at 2% since it is the maximum acceptable FFA value for the subsequent 
transesterification reaction to avoid undesired saponification reaction. The work comprised 
the detailed analysis of several polynomial models on RSM to reveal the most appropriate 
model for optimisation. The study on the FFA esterification in CNSO in the presence of 
a sulfuric acid catalyst which involves the comprehensive analysis and selection of the 
various polynomial models in RSM for process optimisation, has never been reported in 
the literature. 

MATERIALS AND METHODS

Materials

The material used in this work were: crude nyamplung seed oil (CNSO), phosphoric acid 
(p.a., Merck), methanol (industrial grade, form local supplier), ethanol (analytical grade, 
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from Merck), KOH (analytical grade, from Merck), oxalic acid (analytical grade, from 
Merck), sulfuric acid (analytical grade, from Merck), distilled water (analytical grade, from 
a local supplier), and phenolphthalein indicator (analytical grade, from Merck). 

Nyampung Seed Oil Characterisation

Prior to the esterification reaction, the crude nyamplung seed oil (CNSO) was first 
degummed using phosphoric acid to remove its gum content, resulting in refined nyamplung 
seed oil (RNSO). Both CNSO and RNSO were then characterised to reveal their properties. 
First, the fatty acid composition was determined using Gas Chromatography-Mass 
Spectroscopy (GC-MS Perkin Elmer, GC Clarus 680, MS Clarus SQ 8T), similar to our 
previous work  (Kusumaningtyas et al., 2016). Next, density measurement was conducted 
using a pycnometer (Taghizade, 2016). Then, viscosity determination was carried out 
using viscometer bath Stanhope-Seta KV6 tube 350 CFO. Finally, acid value tests were 
accomplished based on the AOCS acid-base titration method (Banchero & Gozzelino, 
2018).

Degumming

Initially, 500 ml CNSO was introduced into 500 mL beaker glass and heated using a hot 
plate at 70℃. Next, sulfuric acid with a concentration of 0.3% w/w was added. The mixing 
was kept for 25 minutes using a magnetic stirrer to ensure the completion of the degumming 
reaction. After the reaction finished, the CNSO was inputted into the separating funnel and 
added with warm distilled water (40-50℃ in temperature) for purification. The mixture 
of the degummed CNSO and water was settled for 24 hours until the gum was separated. 
Then, the two layers were formed. The top and bottom layers were refined nyamplung 
seed oil (RNSO) and gum, respectively. To remove the water content, the RNSO was then 
heated using the oven at 105℃ until it reached the constant weight. 

FFA Removal

The FFA removal was conducted via an esterification reaction with methanol employing 
sulfuric acid. First, RNSO and methanol were weighed to obtain the molar ratio of RNSO 
and methanol of 1:30. Then, RNSO was introduced into the three necks flask batch reactor 
and heated until it reached the reaction temperature. On the other flask, methanol was 
also heated at an exact temperature. When both RNSO and methanol attained the reaction 
temperature, methanol was then poured into the reactor. The reaction temperatures were 
varied at 40℃, 50℃, and 60℃. Afterwards, the sulfuric acid catalyst was added at a 
specific concentration (1%, 3%, 5%, 7% w/w RNSO). The reaction was carried out for 
120 minutes. A constant mixing using a magnetic stirrer with a speed of 1000 rpm was 
performed to certify the homogeneous reaction. The total experimental running was 7 
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experiments with different operating conditions. The sample was taken periodically every 
10 minutes for each experiment. Hence, the total sampling number was 31 times. The 
reaction conversions were calculated based on the FFA content of the sample using the 
procedure of our previous work. The FFA content of the samples was calculated using the 
standard KOH titration (Kusumaningtyas et al., 2018). 

Response Surface Methodology

Response Surface Methodology using Design Expert 11 software was employed for 
statistical calculation using three different variables (reaction temperature, catalyst 
concentration, and reaction time) based on the Box-Behnken methodology (BBD). The 
four polynomials models in the RSM, namely linear, interactive (2FI), quadratic, and cubic, 
were evaluated to determine the most appropriate model for optimisation. The selected 
model was applied in this work.  

RESULT AND DISCUSSION

CNSO and RNSO Characterization

The properties of crude nyamplung seed oil (CNSO) and refined nyamplung seed oil 
(RNSO), which has undergone a degumming process, were demonstrated in Table 1. The 
degumming process aims for reducing the gum content. Besides, degumming has also 
brought about a better characteristic of the oil feedstock. It can be observed in Table 1, 
the density viscosity, acid number, and acidity of the RNSO were lower than CNSO. The 
decreasing value of density happened due to the losses of some heavy compounds such as 
gum. The degumming process also caused a lighter colour of the oil. It was due to removing 
the compounds which significantly affected the oil colour (Lamas et al., 2016). Thus, the 
degumming process has shown a better characteristic of the oil feedstock, leading to an 
effective transesterification reaction and a higher quality of biodiesel product. 

Table 1
Properties of CNSO and RNSO 

Properties CNSO (Before Degumming) RNSO (After Degumming)
Density (kg/m3) 906 898
Viscosity (mm2/s) 60.39 59.04
Acid Number (mg KOH/g) 0.38 0.36
Acidity (%) 19.18 18.39

The fatty acid composition in CNSO was determined using GC-MS, and the result 
was exhibited in Table 2. Based on this composition, the molecular weight of CNSO can 
be calculated. It was found that CNSO molecular weight was 869.74 g/mol and the most 
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dominant fatty acid in CNSO were oleic acid and linoleic acids. It is in good agreement with 
the fatty acid composition found by Aparamarta et al. (2020). The fatty acid composition 
was merely performed for the CNSO. Fatty acid analysis for the RNSO was discounted. 
Based on the slightly altering of the acid number of CNSO and RNSO exhibited in Table 
1, it can be assumed that the degumming process did not significantly change the fatty 
acid composition.

Table 2
Crude Nyamplung Seed Oil (CNSO) fatty acid composition

Fatty acid Molecular Weight (g/mol) Area (%)
Palmitic acid 256.2228 15.51
Linoleic acid 280.45 28.94
Oleic acid 282.52 40.55
Stearic acid 284.47 14,39
Arachidic acid 312.54 0.60

Esterification of Free Fatty Acid (FFA): Effect of Catalyst Concentration 

Free fatty acid (FFA) removal was conducted via esterification reaction of RNSO and 
methanol in the presence of a sulfuric acid catalyst. Sulfuric acid catalyst concentration was 
varied at 1%, 3%, 5%, and 7% w/w RNSO with the molar ratio of RNSO: methanol of 1: 30 
and temperature of 40℃, 50℃, and 60℃. Encinar et al. (2021) suggested the sulfuric acid 
catalyst concentration of 0.5% to 2% for the feedstock with an FFA content of 10.7%. The 
higher sulfuric catalyst concentration can be employed for the higher acidic vegetable oils. 
The molar ratio of oil to methanol referred to Chai et al. (2014), recommended the molar 
ratio of oil to methanol in the range of 1:20 to 1:60. Specifically, Marchetti & Errazu (2008) 
proposed the molar ratio of 1:30 as the optimal condition. On the other hand, the reaction 
temperature ratio was adjusted to the boiling point of the methanol. The reaction was run 
for 120 minutes, as suggested by Chai et al. (2014). The effect of catalyst concentration 
on the FFA conversion is demonstrated in Figure 1. 

In Figure 1, reaction conversion increased at the catalyst concentration from 1% to 
3%. It was due to the decreasing of the activation energy by the addition of the catalyst. 
Thus, the collision between the particles was increased, resulting in a higher possibility of 
reaction occurrence. Accordingly, it enhanced the reaction rate and FFA conversion. On the 
other hand, the apparent reaction conversion declined on the higher reaction concentration 
(5% to 7%) since the excessive amount of catalyst could provoke the side reaction and 
reduce the FFA conversion (Widiarti et al., 2017). The excessive employment of catalysts 
will correspondingly bring about the difficulty and higher costs in the product separation. 
Based on the experiments, it was revealed that the optimum catalyst concentration was 3%, 
which resulted in the FFA conversion of 78.18% at the temperature of 60℃ with a reaction 
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time of 120 minutes. The FFA content of such operation conditions was 4.01%. This value 
has not satisfied the maximum allowable FFA content of 2% for the transesterification 
reaction yet. Therefore, further, observation was conducted at different temperatures and 
reaction times.

Esterification of Free Fatty Acid (FFA): Effect of Temperature and Reaction Time

The influence of the reaction temperature and time was presented in Figure 2. It is shown 
that the higher the reaction temperature, the higher removal of FFA occurred. This 
phenomenon was because the higher reaction temperature will increase the molecular 
motion of each reactant species, improving the kinetics energy. Therefore, the increase in 
the reaction temperature raised the FFA conversion. This fact also agreed with the Arrhenius 
law, which states that the reaction rate is equivalent to the reaction temperature.  Encinar 
et al. (2021) described that this phenomenon was common for the endothermic reaction. 
According to Le Chatelier’s principle, the equilibrium shifts to the product formation as 
the temperature rises. 

As shown in Figure 2, it was also found that the FFA conversion enhanced with the 
reaction time, but the enhancement was slower from 60 to 120 minutes. It means that 
the reaction was approaching the chemical equilibrium point at 120 minutes. Based on 
catalyst concentration alteration (Figure 1) as well as the temperature and reaction time 
variation (Figure 2), it was revealed that the best conversion was achieved at the catalyst 
concentration of 3%, molar ratio of RNSO to methanol of 1:30, reaction temperature of 
60℃, and reaction time of 120 minutes with the FFA conversion of 78.18% and the FFA 
content of 4.01%. This result was in line with our previous work that reported that the 
optimum condition of FFA removal in kapok randu seed oil using methanol reactant and the 
sulfuric acid catalyst was 60℃, and reaction time of 120 minutes (Kusumaningtyas et al., 

Figure 1. Effect of Catalyst Concentration on the FFA Conversion at the Reaction Time of 120 Minutes and 
Molar Ratio of RNSO to Methanol of 1:30
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2019). The promising way to enhance the reaction conversion is by increasing the reaction 
temperature to 65℃ and applying a higher molar ratio of the reactants, as accomplished by 
Chai et al. (2014). In this work, the lowest FFA content obtained among all the experiments 
conducted was 4.01%. It did not match FFA content’s standard limitation for base catalysed 
transesterification (2%). Therefore, response surface methodology optimisation was then 
carried out to predict the optimum operating condition of the esterification reaction, yielding 
the 2% FFA content of RNSO. 

Response Surface Methodology (RSM) Analysis

The result of the FFA removal was under the targeted value of FFA content (maximum 
2%). Thus, optimisation using response surface methodology (RSM) will be beneficial 
for designing the operating condition to achieve the targeted conversion. RSM is a set 
of mathematical and statistical tools that can be used to develop an empirical model that 
correlates the reaction conversion or product yield with the significant process parameters 
(Veljković et al., 2019). The application of this tool is valuable to reduce the experimental 
cost (Liu et al., 2018). However, there are several models provided for optimisation using 
RSM. Hence, a suitable model should be selected. In this work, four polynomial models 
(linear, interactive or 2FI, quadratic, and cubic) in RSM were evaluated to determine the 
most suitable model which fitted the experimental data. Similar models were also tested 
by Maran & Priya (2015) and Ahmad et al. (2020). 

In this study, the best polynomial model will be useful for future work to design the 
experiment condition and improve the conversion of the reaction. A combination of the 
effects of the 3 independent variables (catalyst concentration, temperature, and reaction 
time) on the FFA esterification in RNSO using sulfuric acid catalyst were investigated to 

Figure 2. Effect of Temperature and Reaction Time on the FFA Conversion at the Catalyst Concentration 
of 3% w/w and Molar Ratio of RNSO and Methanol of 1:30
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select the model. These variables were used to optimise using RSM since they were the 
main parameters studied in experimental work. Experiments with the different combinations 
of the three variables were conducted and calculated statistically using an experimental 
design based on the Box-Behnken Methodology (BBD). The BBD is a self-reliant quadratic 
design which does not involve implanted factorial (Rodríguez-Ramírez et al., 2020). This 
complete factorial design is the most commonly applied in RSM optimisation (Veljković 
et al., 2019). The experimental design using BBD is shown in Table 3. 

Table 3
Experimental Design Using Box-Behnken Methodology (BBD), which equipped with the experimental data 
and predictive result

Run Temperature 
(A)

Catalyst 
Concentration

(B)

Time
(C)

FFA Conversion, 
%

% 
Error

FFA Content, 
%

% 
Error 

Exp Prediction Exp Prediction
1 60 3 60 74.07 74.10 0.05 4.77 4.97 4.25
2 60 3 120 78.18 78.75 0.73 4.02 4.24 5.46
3 40 3 60 64.9 66.67 2.73 6.46 6.30 2.52
4 50 5 120 55.41 56.88 2.65 8.21 8.44 2.76
5 40 3 120 68.7 71.00 3.35 5.76 5.61 2.53
6 40 5 90 44.97 47.97 6.67 10.13 9.94 1.88
7 60 5 90 52.56 56.84 8.14 8.73 8.35 4.30
8 50 1 120 69.96 72.15 3.13 5.53 5.22 5.66
9 40 1 90 66.8 64.84 2.94 6.11 6.54 7.10
10 50 5 60 52.56 52.08 0.91 8.73 9.09 4.07
11 60 1 90 71.85 71.14 0.98 5.18 5.43 4.83
12 50 3 90 72.17 73.36 1.64 5.12 5.15 0.53
13 50 1 60 66.48 67.98 2.25 6.17 5.99 3.00

The four polynomial models, namely linear, interactive (2FI), quadratic, and cubic, 
were used to predict the response variable to the experimental data. In addition, two types 
of tests, i.e., a sequential model sum of squares and model summary, were used as the 
basis for the polynomial model determination, which is suitable for optimising the FFA 
conversion. The result is shown in Tables 4 and 5, respectively.  

Based on the result shown in Tables 4 and 5, it was acquired that the quadratic model 
was justified as the most suitable model for optimising the FFA content and conversion in 
the esterification using a sulfuric acid catalyst. The basis of the selection of the quadratic 
model was the lowest p-value, the highest value of adjusted R2, and the highest value of 
predicted R2. Table 4 reveals that the quadratic model provided the lowest p-value. Table 5 
shows that the quadratic model provided the highest value of adjusted R2. Meanwhile, the 
predicted R2 for the quadratic model did not appear in Table 5 since the value was precisely 
closed to 1. In contrast, the actual R2 were not presented in Table 5 since this table depicted 
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Table 4 
Sequential model sum of squares test

Component Sum of square DF Mean Square F-value p-value Remarks
Sequential Sum of Square for FFA Content 
Mean 554.72 1 554.72
Linear 25.51 3 8.50 5.08 0.0250 Suggested
2FI 0.0595 3 0.0198 0.0079 0.9989
Quadratic 14.16 3 4.72 16.85 0.0221 Suggested
Cubic 0.8404 3 0.2801 Aliased
Residual 0.0000 0
Total 595.30 13 45.79
Sequential sum of square for FFA Conversion
Mean 54097.44 1 54097.44
Linear 753.08 3 251.03 5.08 0.0249 Suggested
2FI 1.74 3 0.5787 0.0078 0.9989
Quadratic 417.93 3 139.31 16.83 0.0222 Suggested
Cubic 24.83 3 8.28 Aliased
Residual 0.0000 0
Total 55295.02 13 4253.46

Table 5 
Model summary test

Component Std. Dev Adjusted R2 Predicted R2 Press Remarks
Model Summary of FFA Content
Linear 0.0250 0.5050 0.2313 Suggested 0.0250
2FI 0.9989 0.2604 -0.8490 - 0.9989
Quadratic 0.0221 0.9172 - Suggested 0.0221
Cubic - - - Aliased -
Model summary of FFA Conversion 
Linear 0.0249 0.5051 0.2314 Suggested 0.0249
2FI 0.9989 0.2606 -0.8492 - 0.9989
Quadratic 0.0222 0.9171 - Suggested 0.0222
Cubic - - - Aliased -

the summary of the model test. Therefore, the actual R2 values were advanced investigated 
based on the values of predicted R2. Based on the values of the p-value, adjusted R2, and 
predicted R2 attained, the quadratic model was found the most suitable model and further 
analysed using ANOVA. This finding is in line with the result analysis of  Maran & Priya 
(2015), which suggested that the quadratic model was the most appropriate. 

The empirical model, expressed using the quadratic model with the interaction obtained 
from the experimental data based on the RSM, was modified into a polynomial equation. 
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The final equation for FFA content and FFA conversion optimisation is presented in 
Equations 1 and 2, respectively.

FFA Content (%) = 16.5 – 0.306 A – 2.2 B + 0.014 C – 0.0059 AB – 0.000042 
AC + 0.0005 BC + 0.0026 A2 + 0.54 B2 – 0.00014 C2

(1)

FFA Conversion (%) = 10.63 + 1.66 A + 11.91B – 0.081 C + 0.032 AB + 
0.00026 AC + 0.0026 BC – 0.014 A2 – 2.94 B2 + 0.00075 C2

(2)

Statistical analysis for the quadratic model using ANOVA regression model is shown 
in Table 6. 

Table 6 
ANOVA regression model to predict the FFA conversion using sulfuric acid catalyst

Source Sum of square Degree of Freedom Mean square F value p-value Remarks
ANOVA for FFA Content

Model 39.73 9 4.41 15.76 0.0221 significant
X1 4.15 1 4.15 14.80 0.0310
X2 20.51 1 20.51 73.22 0.0034
X3 0.8515 1 0.8515 3.04 0.1796
X12 0.0552 1 0.0552 0.1971 0.6871
X13 0.0006 1 0.0006 0.0022 0.9653
X23 0.0036 1 0.0036 0.0129 0.9169
X1

2 0.1486 1 0.1486 0.5306 0.5191
X2

2 10.69 1 10.69 38.16 0.0085
X3

2 0.0343 1 0.0343 0.1224 0.7495
Residual 0.8404 3 0.2801
Cor Total 40.57 12
Adeq prec 12.46
ANOVA for FFA Conversion

Model 1172.75 9 130.31 15.74 0.0222 significant
X1 122.38 1 122.38 14.79 0.0310
X2 605.35 1 605.35 73.14 0.0034
X3 25.35 1 25.35 3.06 0.1784
X12 1.61 1 1.61 0.1949 0.6888
X13 0.0240 1 0.0240 0.0029 0.9604
X23 0.0992 1 0.0992 0.0120 0.9197
X1

2 4.37 1 4.37 0.5278 0.5201
X2

2 315.17 1 315.17 38.08 0.0086
X3

2 1.04 1 1.04 0.1258 0.7463
Residual 24.83 3 8.28
Cor Total 1197.58 12
Adeq prec 12.46
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The F-value of the model was 15.76, indicating that the model was significant. There 
was only 2.22% of noise potential, which could cause the model unsuccessful in predicting 
the value of the response variable (FFA conversion). The p-value was 0.022 (< 0.05), 
designating that the variables were significant to the model. In this study, the influential 
variables were A, B, and B2. Table 6 also demonstrates the value of adeq precision. Adeq 
precision measures the signal ratio to the disturbance (noise), and its value is expected to 
be higher than 4. A ratio of 12.46 resulted in this work, denoted that the inputted signal 
was appropriate. 

Validation of the model capability in predicting is necessary to ensure the accuracy 
of the model approach. Figure 3 shows the model validation by comparing the predicted 
result with the experimental data. Figure 3(a) demonstrates that the predictive value based 
on the model’s calculation was close to the experimental data. It was indicated by the 

Figure 3. The Result of the Diagnoses for the Quadratic Model Approach
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point of the prediction and experimental 
response values just about the 45o line. 
It specified that the proposed model was 
successfully identified the correlation of 
the input variables (catalyst concentration, 
reaction temperature, and reaction time) to 
the response (reaction conversion).

The model suitability was further 
determined by constructing a plot between 
the externally studied residuals and the 
prediction value. Figure 3(b) exhibits that 
all the data were under the limit, meaning 
that the model was suitable. As shown in 
Figure 3(c), all the leverage parameters 
were less than 1.  It denoted that there 
was no significant error that could affect 
the model approach. Figure 3(d) presents 
that all the points were under the expected 
Cook’s Distance Parameter. It implied that 
there is no significant error in observation 
in taking the experimental data. All the 
results of the model diagnoses demonstrated 
that the quadratic model developed in this 
analysis was appropriate for FFA content 
and FFA conversion optimisation in the FFA 
esterification using a sulfuric acid catalyst. 
The graphical illustration, termed response 
surface, is frequently used to justify the 
individual and cumulative influences of the 
experimental variables and their successive 
effect on the response (Liu et al., 2014).

The significant variables affecting 
the FFA content and conversion were 
temperature and catalyst concentration as 
demonstrated in Figures 4 and 5. It can 
be observed that the FFA content reduced 
and, in contrast, the FFA conversion rose 
due to the temperature increase up to 
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Figure 4. Three dimensional (3D) response surface 
of the effect of the process condition to the FFA 
content. (a) Reaction time = 90 min; (b) Catalyst 
concentration = 5 (g/g RNSO); and (c) Reaction 
temperature = 50℃.
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60℃. Additionally, increasing catalyst 
concentration from 1 to 3% significantly 
enhanced the FFA conversion and lowered 
the FFA content. However, an additional 
amount of catalyst employment did not result 
in the higher reaction conversion and the 
FFA removal. Reaction time considerably 
improved the reaction conversion and FFA 
removal from 0 to 60 minutes. After 60 
minutes, reaction time slightly affected the 
esterification reaction. 

In this work, the Derringer method was 
employed for the FFA conversion and FFA 
removal optimisation in the esterification 
using a sulfuric acid catalyst. In the complex 
system, various experimental variables 
have to be considered simultaneously to 
determine the optimum condition. It is 
known as a multi-response problem based on 
Multi-criteria Decision Making. In this case, 
the desirability approach is often employed 
as a vigorous instrument for optimisation 
in a multi-response system. The Derringer 
method is among the popular desirability 
method. The desirability function values 
are between 0 and 1. The value 0 means that 
the factors provided an undesired response. 
On the other hand, the value 1 indicates 
the optimal condition of the parameter 
evaluated (Amdoun et al., 2018).

Based on the RSM simulation, it was 
revealed that the optimum conversion 
and the FFA content  were 78.27% 
and 4%, respectively, achieved at the 
reaction temperature of 59.09 oC, catalyst 
concentration 1.98% g/g RNSO, and reaction 
time of 119.95 minutes. At this operation 
condition, the value of the desirability ramp  

Figure 5. Three dimensional (3D) Response surface 
of the effect of the process condition to the FFA 
conversion. (a) Reaction time = 90 min; (b) Catalyst 
concentration = 5 (g/g RNSO); and (c) Reaction 
temperature = 50℃.
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was 1 (Figure 6). The result fitted the experimental data and indicated the accuracy of the 
model. A similar method of optimisation applying desirability function was also described 
by (Mourabet et al., 2017). 

Extrapolation was performed using RSM to predict the operating conditions and achieve 
a maximum of 2% FFA content.  As shown in Figure 7, the FFA content can be lowered up 
to 2% with the reaction condition as follows: reaction temperature, catalyst concentration, 

Figure 7. RSM prediction of operation condition on the FFA esterification using sulfuric acid catalyst to 
decrease the FFA content to 2%

Figure 6. Optimisation of FFA conversion using RSM (Quadratic model) 
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and reaction time were 58.97℃, 3%, and 194.9 minutes, respectively, whereas the molar 
ratio of oil to methanol was fixed at 1:30. Therefore, the FFA conversion achieved was 
estimated at 89.3%. 

The result has shown that RSM is simple and effective for process optimisation. 
Furthermore, the RSM and desirability function combination lead to the more accurate 
finding of the optimal condition. The identical deduction was reported by Amdoun et al. 
(2018). This study is significant in providing the optimum operating condition for reducing 
the FFA in CNSO to fulfil the allowable level of FFA content before being used as feedstock 
for biodiesel production via base catalysed transesterification reaction. 

CONCLUSION

The experimental work of FFA esterification in RNSO with methanol in the presence of 
sulfuric acid catalyst has shown the optimal reaction condition at the reaction temperature 
of 60℃, a reaction time of 120 minutes, the molar ratio of RNSO) to methanol of 1:30, and 
the reaction times of 120 minutes, which yielded the reaction conversion of 78.18% and the 
FFA concentration of 4.01%. This value did not match the maximum acceptable FFA content 
value for alkaline catalysed transesterification (2%). The RSM was performed to estimate 
the optimal operation condition for achieving the FFA content of 2%. The RSM model 
analysis demonstrated that the quadratic model was the most suitable for optimising this 
process in future work. The RSM extrapolation predicted that the FFA content of 2% could 
be obtained at the reaction temperature, catalyst concentration, reaction time of 58.97℃, 
3%, and 194.9 minutes, respectively, and the fixed molar ratio of oil to methanol of 1:30. 
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ABSTRACT

Nyamplung seed (Calophyllum inophyllum L.) oil is a prospective non-edible vegetable 
oil as biodiesel feedstock. However, it cannot be directly used in the alkaline catalysed 
transesterification reaction since it contains high free fatty acid (FFA) of 19.17%. The 
FFA content above 2% will cause saponification reaction, reducing the biodiesel yield. In 
this work, FFA removal was performed using sulfuric acid catalysed esterification to meet 
the maximum FFA amount of 2%. Experimental work and response surface methodology 
(RSM) analysis were conducted. The reaction was conducted at the fixed molar ratio of 
nyamplung seed oil and methanol of 1:30 and the reaction times of 120 minutes. The 

catalyst concentration and the reaction 
temperature were varied. The highest 
reaction conversion was 78.18%, and the 
FFA concentration was decreased to 4.01% 
at the temperature of 60℃ and reaction 
time of 120 minutes. The polynomial model 
analysis on RSM demonstrated that the 
quadratic model was the most suitable FFA 
conversion optimisation. The RSM analysis 
exhibited the optimum FFA conversion 
of 78.27% and the FFA content of 4%, 
attained at the reaction temperature, catalyst 
concentration, and reaction time of 59.09℃, 
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1.98% g/g nyamplung seed oil, and 119.95 minutes, respectively. Extrapolation using 
RSM predicted that the targeted FFA content of 2% could be obtained at the temperature, 
catalyst concentration, and reaction time of 58.97℃, 3%, and 194.9 minutes, respectively, 
with a fixed molar ratio of oil to methanol of 1:30. The results disclosed that RSM is an 
appropriate statistical method for optimising the process variable in the esterification 
reaction to obtain the targeted value of FFA.

Keywords: Biodiesel, Box-Behnken, esterification, FFA, quadratic model, RSM, sulfuric acid 

INTRODUCTION 

Population, economic, and industry growth have intensified the global energy demand. To 
date, fossil energy still dominates the energy supply worldwide (Ghasemian et al., 2020). 
However, crude oil production in some countries shows a declining trend, which is not in 
balance with the energy need. Besides, the utilisation of fossil fuel currently also faces an 
environmental challenge as its combustion becomes the major source of carbon dioxide 
emission. Carbon dioxide is among the most dominant greenhouse gasses, contributing to 
global warming and climate change (Paraschiv & Paraschiv, 2020). The issues on the fossil 
fuel supply depletion and the negative environmental effect of fossil fuel utilisation have 
led to the increasing interest in renewable energy research. In recent days, many countries 
implement the policy to use fossil fuel and biofuel blending to ensure energy sustainability 
and security. Biodiesel is a viable biofuel that can be used as pure or in blends with diesel 
fuel. This alternative fuel is prospective for large scale production and application since it 
is non-toxic, low sulfur and aromatics content, biodegradable, and simple to use. Moreover, 
it holds neutral carbon characteristics, a high flash point that ensures safety in handling and 
storage, good lubricity, and high oxygen (Corach et al., 2017; Dey et al., 2021). Application 
of biodiesel/diesel fuel blends in diesel engines shows a good combustion, performance 
and emission reduction, especially for B20 or 20% biodiesel in the biodiesel-diesel fuel 
mixture (Mubarak et al., 2021). 

Biodiesel is a fatty acid methyl ester derived from vegetable oils and/or animal fats. 
Most of the current industrial production of biodiesel from vegetable oils is achieved 
through transesterification (Aboelazayem et al., 2018; Demirbas, 2006). Theoretically, 
in transesterification, at least three moles of alcohol are required to achieve complete 
conversion of one mol of triglycerides to alkyl esters (Islam et al., 2014). The most common 
catalyst for biodiesel production is an alkaline catalyst such as KOH, NaOH, or solid base 
catalyst. The transesterification process using an alkaline catalyst is cheap and easy. 

Some potential biodiesel feedstocks in Indonesia are crude palm oil, jatropha oil, and 
coconut oil. However, currently, the non-edible vegetable oil is preferred as biodiesel 
raw material to avoid the conflict between food and energy need (Kusumaningtyas et al., 
2014). Among Indonesia’s the prospective local non-edible oil for biodiesel production 
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is nyamplung (Calophyllum inophyllum L.) seed oil (Musta et al., 2017; Silitonga et al., 
2014). Calophyllum inophyllum L is extensively planted in Indonesia, and the nyamplung 
seed oil can be purchased from the local farmers (Ong et al., 2019). In addition, Atabani 
and César (2014) reported that Calophyllum inophyllum methyl ester blended with diesel 
fuel (B10 and B20) revealed good properties and good engine performance and emission 
in diesel machines. 

However, crude nyamplung seed oil (CNSO) usually contains gum and high free 
fatty acid (FFA). A high amount of FFA in the feedstock is not desirable in alkaline 
catalysed transesterification since it can react with the base catalyst, yielding the soap and 
diminishing the biodiesel yield. The desired amount of FFA in alkaline-catalyst is less than 
0.5% to less than 3% w/w of oil (Arora et al., 2015). Generally, the maximum tolerable 
amount of FFA in base-catalysed transesterification is 2%. Thus, a pre-treatment step is 
necessary to reduce the FFA content in nyamplung seed oil to a maximum level of 2% 
prior to transesterification reaction. FFA removal in CNSO can be conducted through an 
esterification reaction using methanol in the presence of an acid catalyst. There are several 
types of acid catalysts for FFA esterification. They are categorised into the homogenous 
acid catalysts, for instance, sulfuric acid, para-toluene sulfonic acid, phosphoric acid, and 
hydro, and HCl (Harun et al., 2018; Murad et al., 2018) and the heterogenous ones, such 
as Amberlyst 15, sulfated zirconia, niobic acid, zeolite, and tin (II) chloride (Banchero 
& Gozzelino, 2018; Dal Pozzo et al., 2019; Kusumaningtyas et al., 2014). Homogenous 
catalyst, particularly sulfuric acid, has been found as an efficient and economic catalyst 
for FFA esterification both at laboratory and industrial scales (Banani et al., 2015; Chai et 
al., 2014; Gebremariam & Marchetti, 2018). 

Therefore, sulfuric acid was selected as the catalyst for the FFA removal via the 
esterification reaction of CNSO oil in this work. The investigation included experimental 
work and the analysis using response surface methodology (RSM) to determine the optimal 
operation condition, which yielded the targeted FFA final value of 2%. The final FFA 
level was aimed at 2% since it is the maximum acceptable FFA value for the subsequent 
transesterification reaction to avoid undesired saponification reaction. The work comprised 
the detailed analysis of several polynomial models on RSM to reveal the most appropriate 
model for optimisation. The study on the FFA esterification in CNSO in the presence of 
a sulfuric acid catalyst which involves the comprehensive analysis and selection of the 
various polynomial models in RSM for process optimisation, has never been reported in 
the literature. 

MATERIALS AND METHODS

Materials

The material used in this work were: crude nyamplung seed oil, phosphoric acid (from 
Merck), methanol (industrial grade, form local supplier), ethanol (analytical grade, from 
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Merck), KOH (analytical grade, from Merck), oxalic acid (analytical grade, from Merck), 
sulfuric acid (analytical grade, from Merck), distilled water (analytical grade, from a local 
supplier), and phenolphthalein indicator (analytical grade, from Merck). 

Nyampung Seed Oil Characterisation

Prior to the esterification reaction, the crude nyamplung seed oil was first degummed 
using phosphoric acid to remove its gum content, resulting in refined nyamplung seed 
oil (RNSO). Both CNSO and RNSO were then characterised to reveal their properties. 
First, the fatty acid composition was determined using Gas Chromatography-Mass 
Spectroscopy (GC-MS Perkin Elmer, GC Clarus 680, MS Clarus SQ 8T), similar to our 
previous work  (Kusumaningtyas et al., 2016). Next, density measurement was conducted 
using a pycnometer (Taghizade, 2016). Then, viscosity determination was carried out 
using viscometer bath Stanhope-Seta KV6 tube 350 CFO. Finally, acid value tests were 
accomplished based on the AOCS acid-base titration method (Banchero & Gozzelino, 
2018).

Degumming

Initially, 500 ml CNSO was introduced into 500 mL beaker glass and heated using a hot 
plate at 70℃. Next, sulfuric acid with a concentration of 0.3% w/w was added. The mixing 
was kept for 25 minutes using a magnetic stirrer to ensure the completion of the degumming 
reaction. After the reaction finished, the CNSO was inputted into the separating funnel and 
added with warm distilled water (40-50℃ in temperature) for purification. The mixture 
of the degummed CNSO and water was settled for 24 hours until the gum was separated. 
Then, the two layers were formed. The top and bottom layers were refined nyamplung 
seed oil (RNSO) and gum, respectively. To remove the water content, the RNSO was then 
heated using the oven at 105℃ until it reached the constant weight. 

FFA Removal

The FFA removal was conducted via an esterification reaction with methanol employing 
sulfuric acid. First, RNSO and methanol were weighed to obtain the molar ratio of RNSO 
and methanol of 1:30. Then, RNSO was introduced into the three necks flask batch reactor 
and heated until it reached the reaction temperature. On the other flask, methanol was 
also heated at an exact temperature. When both RNSO and methanol attained the reaction 
temperature, methanol was then poured into the reactor. The reaction temperatures were 
varied at 40℃, 50℃, and 60℃. Afterwards, the sulfuric acid catalyst was added at a 
specific concentration (1%, 3%, 5%, 7% w/w RNSO). The reaction was carried out for 
120 minutes. A constant mixing using a magnetic stirrer with a speed of 1000 rpm was 
performed to certify the homogeneous reaction. The total experimental running was 7 



2609Pertanika J. Sci. & Technol. 29 (4): 2605 - 2623 (2021)

Optimisation of Free Fatty Acid Removal in Nyamplung Seed Oil

experiments with different operating conditions. The sample was taken periodically every 
10 minutes for each experiment. Hence, the total sampling number was 31 times. The 
reaction conversions were calculated based on the FFA content of the sample using the 
procedure of our previous work. The FFA content of the samples was calculated using the 
standard KOH titration (Kusumaningtyas et al., 2018). 

RSM

RSM using Design Expert 11 software was employed for statistical calculation using three 
different variables (reaction temperature, catalyst concentration, and reaction time) based 
on the Box-Behnken methodology (BBD). The four polynomials models in the RSM, 
namely linear, interactive (2FI), quadratic, and cubic, were evaluated to determine the 
most appropriate model for optimisation. The selected model was applied in this work.  

RESULT AND DISCUSSION

CNSO and RNSO Characterization

The properties of CNSO and refined nyamplung seed oil (RNSO), which has undergone 
a degumming process, were demonstrated in Table 1. The degumming process aims for 
reducing the gum content. Besides, degumming has also brought about a better characteristic 
of the oil feedstock. It can be observed in Table 1, the density viscosity, acid number, and 
acidity of the RNSO were lower than CNSO. The decreasing value of density happened 
due to the losses of some heavy compounds such as gum. The degumming process also 
caused a lighter colour of the oil. It was due to removing the compounds which significantly 
affected the oil colour (Lamas et al., 2016). Thus, the degumming process has shown a 
better characteristic of the oil feedstock, leading to an effective transesterification reaction 
and a higher quality of biodiesel product. 

Table 1
Properties of CNSO and RNSO 

Properties CNSO (Before Degumming) RNSO (After Degumming)
Density (kg/m3) 906 898
Viscosity (mm2/s) 60.39 59.04
Acid Number (mg KOH/g) 0.38 0.36
Acidity (%) 19.18 18.39

The fatty acid composition in CNSO was determined using GC-MS, and the result 
was exhibited in Table 2. Based on this composition, the molecular weight of CNSO can 
be calculated. It was found that CNSO molecular weight was 869.74 g/mol and the most 
dominant fatty acid in CNSO were oleic acid and linoleic acids. It is in good agreement with 
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the fatty acid composition found by Aparamarta et al. (2020). The fatty acid composition 
was merely performed for the CNSO. Fatty acid analysis for the RNSO was discounted. 
Based on the slightly altering of the acid number of CNSO and RNSO exhibited in Table 
1, it can be assumed that the degumming process did not significantly change the fatty 
acid composition.

Table 2
CNSO fatty acid composition

Fatty acid Molecular Weight (g/mol) Area (%)
Palmitic acid 256.2228 15.51
Linoleic acid 280.45 28.94
Oleic acid 282.52 40.55
Stearic acid 284.47 14,39
Arachidic acid 312.54 0.60

Esterification of FFA: Effect of Catalyst Concentration 

FFA removal was conducted via esterification reaction of RNSO and methanol in the 
presence of a sulfuric acid catalyst. Sulfuric acid catalyst concentration was varied at 
1%, 3%, 5%, and 7% w/w RNSO with the molar ratio of RNSO: methanol of 1: 30 and 
temperature of 40℃, 50℃, and 60℃. Encinar et al. (2021) suggested the sulfuric acid 
catalyst concentration of 0.5% to 2% for the feedstock with an FFA content of 10.7%. The 
higher sulfuric catalyst concentration can be employed for the higher acidic vegetable oils. 
The molar ratio of oil to methanol referred to Chai et al. (2014), recommended the molar 
ratio of oil to methanol in the range of 1:20 to 1:60. Specifically, Marchetti & Errazu (2008) 
proposed the molar ratio of 1:30 as the optimal condition. On the other hand, the reaction 
temperature ratio was adjusted to the boiling point of the methanol. The reaction was run 
for 120 minutes, as suggested by Chai et al. (2014). The effect of catalyst concentration 
on the FFA conversion is demonstrated in Figure 1. 

In Figure 1, reaction conversion increased at the catalyst concentration from 1% to 
3%. It was due to the decreasing of the activation energy by the addition of the catalyst. 
Thus, the collision between the particles was increased, resulting in a higher possibility of 
reaction occurrence. Accordingly, it enhanced the reaction rate and FFA conversion. On the 
other hand, the apparent reaction conversion declined on the higher reaction concentration 
(5% to 7%) since the excessive amount of catalyst could provoke the side reaction and 
reduce the FFA conversion (Widiarti et al., 2017). The excessive employment of catalysts 
will correspondingly bring about the difficulty and higher costs in the product separation. 
Based on the experiments, it was revealed that the optimum catalyst concentration was 3%, 
which resulted in the FFA conversion of 78.18% at the temperature of 60℃ with a reaction 
time of 120 minutes. The FFA content of such operation conditions was 4.01%. This value 
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has not satisfied the maximum allowable FFA content of 2% for the transesterification 
reaction yet. Therefore, further, observation was conducted at different temperatures and 
reaction times.

Esterification of FFA: Effect of Temperature and Reaction Time

The influence of the reaction temperature and time was presented in Figure 2. It is shown 
that the higher the reaction temperature, the higher removal of FFA occurred. This 
phenomenon was because the higher reaction temperature will increase the molecular 
motion of each reactant species, improving the kinetics energy. Therefore, the increase in 
the reaction temperature raised the FFA conversion. This fact also agreed with the Arrhenius 
law, which states that the reaction rate is equivalent to the reaction temperature.  Encinar 
et al. (2021) described that this phenomenon was common for the endothermic reaction. 
According to Le Chatelier’s principle, the equilibrium shifts to the product formation as 
the temperature rises. 

As shown in Figure 2, it was also found that the FFA conversion enhanced with the 
reaction time, but the enhancement was slower from 60 to 120 minutes. It means that 
the reaction was approaching the chemical equilibrium point at 120 minutes. Based on 
catalyst concentration alteration (Figure 1) as well as the temperature and reaction time 
variation (Figure 2), it was revealed that the best conversion was achieved at the catalyst 
concentration of 3%, molar ratio of RNSO to methanol of 1:30, reaction temperature of 
60℃, and reaction time of 120 minutes with the FFA conversion of 78.18% and the FFA 
content of 4.01%. This result was in line with our previous work that reported that the 
optimum condition of FFA removal in kapok randu seed oil using methanol reactant and the 
sulfuric acid catalyst was 60℃, and reaction time of 120 minutes (Kusumaningtyas et al., 
2019). The promising way to enhance the reaction conversion is by increasing the reaction 

Figure 1. Effect of Catalyst Concentration on the FFA Conversion at the Reaction Time of 120 Minutes and 
Molar Ratio of RNSO to Methanol of 1:30
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temperature to 65℃ and applying a higher molar ratio of the reactants, as accomplished by 
Chai et al. (2014). In this work, the lowest FFA content obtained among all the experiments 
conducted was 4.01%. It did not match FFA content’s standard limitation for base catalysed 
transesterification (2%). Therefore, response surface methodology optimisation was then 
carried out to predict the optimum operating condition of the esterification reaction, yielding 
the 2% FFA content of RNSO. 

RSM Analysis

The result of the FFA removal was under the targeted value of FFA content (maximum 
2%). Thus, RSM will be beneficial for designing the operating condition to achieve the 
targeted conversion. RSM is a set of mathematical and statistical tools that can be used to 
develop an empirical model that correlates the reaction conversion or product yield with 
the significant process parameters (Veljković et al., 2019). The application of this tool is 
valuable to reduce the experimental cost (Liu et al., 2018). However, there are several 
models provided for optimisation using RSM. Hence, a suitable model should be selected. 
In this work, four polynomial models (linear, interactive or 2FI, quadratic, and cubic) in 
RSM were evaluated to determine the most suitable model which fitted the experimental 
data. Similar models were also tested by Maran & Priya (2015) and Ahmad et al. (2020). 

In this study, the best polynomial model will be useful for future work to design the 
experiment condition and improve the conversion of the reaction. A combination of the 
effects of the 3 independent variables (catalyst concentration, temperature, and reaction 
time) on the FFA esterification in RNSO using sulfuric acid catalyst were investigated to 
select the model. These variables were used to optimise using RSM since they were the 
main parameters studied in experimental work. Experiments with the different combinations 

Figure 2. Effect of Temperature and Reaction Time on the FFA Conversion at the Catalyst Concentration 
of 3% w/w and Molar Ratio of RNSO and Methanol of 1:30
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of the three variables were conducted and calculated statistically using an experimental 
design based on the Box-Behnken Methodology (BBD). The BBD is a self-reliant quadratic 
design which does not involve implanted factorial (Rodríguez-Ramírez et al., 2020). This 
complete factorial design is the most commonly applied in RSM optimisation (Veljković 
et al., 2019). The experimental design using BBD is shown in Table 3. 

Table 3
Experimental Design Using Box-Behnken Methodology (BBD), which equipped with the experimental data 
and predictive result

Run Temperature 
(A)

Catalyst 
Concentration

(B)

Time
(C)

FFA Conversion, 
% % 

Error

FFA Content, 
% % 

Error 
Exp Prediction Exp Prediction

1 60 3 60 74.07 74.10 0.05 4.77 4.97 4.25
2 60 3 120 78.18 78.75 0.73 4.02 4.24 5.46
3 40 3 60 64.9 66.67 2.73 6.46 6.30 2.52
4 50 5 120 55.41 56.88 2.65 8.21 8.44 2.76
5 40 3 120 68.7 71.00 3.35 5.76 5.61 2.53
6 40 5 90 44.97 47.97 6.67 10.13 9.94 1.88
7 60 5 90 52.56 56.84 8.14 8.73 8.35 4.30
8 50 1 120 69.96 72.15 3.13 5.53 5.22 5.66
9 40 1 90 66.8 64.84 2.94 6.11 6.54 7.10
10 50 5 60 52.56 52.08 0.91 8.73 9.09 4.07
11 60 1 90 71.85 71.14 0.98 5.18 5.43 4.83
12 50 3 90 72.17 73.36 1.64 5.12 5.15 0.53
13 50 1 60 66.48 67.98 2.25 6.17 5.99 3.00

The four polynomial models, namely linear, interactive (2FI), quadratic, and cubic, 
were used to predict the response variable to the experimental data. In addition, two types 
of tests, i.e., a sequential model sum of squares and model summary, were used as the 
basis for the polynomial model determination, which is suitable for optimising the FFA 
conversion. The result is shown in Tables 4 and 5, respectively.  

Based on the result shown in Tables 4 and 5, it was acquired that the quadratic model 
was justified as the most suitable model for optimising the FFA content and conversion in 
the esterification using a sulfuric acid catalyst. The basis of the selection of the quadratic 
model was the lowest p-value, the highest value of adjusted R2, and the highest value of 
predicted R2. Table 4 reveals that the quadratic model provided the lowest p-value. Table 5 
shows that the quadratic model provided the highest value of adjusted R2. Meanwhile, the 
predicted R2 for the quadratic model did not appear in Table 5 since the value was precisely 
closed to 1. In contrast, the actual R2 were not presented in Table 5 since this table depicted 
the summary of the model test. Therefore, the actual R2 values were advanced investigated 
based on the values of predicted R2. Based on the values of the p-value, adjusted R2, and 
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Table 4 
Sequential model sum of squares test

Component Sum of square DF Mean Square F-value p-value Remarks
Sequential Sum of Square for FFA Content 
Mean 554.72 1 554.72
Linear 25.51 3 8.50 5.08 0.0250 Suggested
2FI 0.0595 3 0.0198 0.0079 0.9989
Quadratic 14.16 3 4.72 16.85 0.0221 Suggested
Cubic 0.8404 3 0.2801 Aliased
Residual 0.0000 0
Total 595.30 13 45.79
Sequential sum of square for FFA Conversion
Mean 54097.44 1 54097.44
Linear 753.08 3 251.03 5.08 0.0249 Suggested
2FI 1.74 3 0.5787 0.0078 0.9989
Quadratic 417.93 3 139.31 16.83 0.0222 Suggested
Cubic 24.83 3 8.28 Aliased
Residual 0.0000 0
Total 55295.02 13 4253.46

Table 5 
Model summary test

Component Std. Dev Adjusted R2 Predicted R2 Press Remarks
Model Summary of FFA Content
Linear 0.0250 0.5050 0.2313 Suggested 0.0250
2FI 0.9989 0.2604 -0.8490 - 0.9989
Quadratic 0.0221 0.9172 - Suggested 0.0221
Cubic - - - Aliased -
Model summary of FFA Conversion 
Linear 0.0249 0.5051 0.2314 Suggested 0.0249
2FI 0.9989 0.2606 -0.8492 - 0.9989
Quadratic 0.0222 0.9171 - Suggested 0.0222
Cubic - - - Aliased -

predicted R2 attained, the quadratic model was found the most suitable model and further 
analysed using ANOVA. This finding is in line with the result analysis of  Maran & Priya 
(2015), which suggested that the quadratic model was the most appropriate. 

The empirical model, expressed using the quadratic model with the interaction obtained 
from the experimental data based on the RSM, was modified into a polynomial equation. 
The final equation for FFA content and FFA conversion optimisation is presented in 
Equations 1 and 2, respectively.
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FFA Content (%) = 16.5 – 0.306 A – 2.2 B + 0.014 C – 0.0059 AB – 0.000042 
AC + 0.0005 BC + 0.0026 A2 + 0.54 B2 – 0.00014 C2

(1)

FFA Conversion (%) = 10.63 + 1.66 A + 11.91B – 0.081 C + 0.032 AB + 
0.00026 AC + 0.0026 BC – 0.014 A2 – 2.94 B2 + 0.00075 C2

(2)

Statistical analysis for the quadratic model using ANOVA regression model is shown 
in Table 6. 

Table 6 
ANOVA regression model to predict the FFA conversion using sulfuric acid catalyst

Source Sum of square Degree of Freedom Mean square F value p-value Remarks
ANOVA for FFA Content

Model 39.73 9 4.41 15.76 0.0221 significant
X1 4.15 1 4.15 14.80 0.0310
X2 20.51 1 20.51 73.22 0.0034
X3 0.8515 1 0.8515 3.04 0.1796
X12 0.0552 1 0.0552 0.1971 0.6871
X13 0.0006 1 0.0006 0.0022 0.9653
X23 0.0036 1 0.0036 0.0129 0.9169
X1

2 0.1486 1 0.1486 0.5306 0.5191
X2

2 10.69 1 10.69 38.16 0.0085
X3

2 0.0343 1 0.0343 0.1224 0.7495
Residual 0.8404 3 0.2801
Cor Total 40.57 12
Adeq prec 12.46
ANOVA for FFA Conversion

Model 1172.75 9 130.31 15.74 0.0222 significant
X1 122.38 1 122.38 14.79 0.0310
X2 605.35 1 605.35 73.14 0.0034
X3 25.35 1 25.35 3.06 0.1784
X12 1.61 1 1.61 0.1949 0.6888
X13 0.0240 1 0.0240 0.0029 0.9604
X23 0.0992 1 0.0992 0.0120 0.9197
X1

2 4.37 1 4.37 0.5278 0.5201
X2

2 315.17 1 315.17 38.08 0.0086
X3

2 1.04 1 1.04 0.1258 0.7463
Residual 24.83 3 8.28
Cor Total 1197.58 12
Adeq prec 12.46
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The F-value of the model was 15.76, indicating that the model was significant. There 
was only 2.22% of noise potential, which could cause the model unsuccessful in predicting 
the value of the response variable (FFA conversion). The p-value was 0.022 (< 0.05), 
designating that the variables were significant to the model. In this study, the influential 
variables were A, B, and B2. Table 6 also demonstrates the value of adeq precision. Adeq 
precision measures the signal ratio to the disturbance (noise), and its value is expected to 
be higher than 4. A ratio of 12.46 resulted in this work, denoted that the inputted signal 
was appropriate. 

Validation of the model capability in predicting is necessary to ensure the accuracy 
of the model approach. Figure 3 shows the model validation by comparing the predicted 
result with the experimental data. Figure 3(a) demonstrates that the predictive value based 
on the model’s calculation was close to the experimental data. It was indicated by the 

Figure 3. The Result of the Diagnoses for the Quadratic Model Approach
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point of the prediction and experimental 
response values just about the 45o line. 
It specified that the proposed model was 
successfully identified the correlation of 
the input variables (catalyst concentration, 
reaction temperature, and reaction time) to 
the response (reaction conversion).

The model suitability was further 
determined by constructing a plot between 
the externally studied residuals and the 
prediction value. Figure 3(b) exhibits that 
all the data were under the limit, meaning 
that the model was suitable. As shown in 
Figure 3(c), all the leverage parameters 
were less than 1.  It denoted that there 
was no significant error that could affect 
the model approach. Figure 3(d) presents 
that all the points were under the expected 
Cook’s Distance Parameter. It implied that 
there is no significant error in observation 
in taking the experimental data. All the 
results of the model diagnoses demonstrated 
that the quadratic model developed in this 
analysis was appropriate for FFA content 
and FFA conversion optimisation in the FFA 
esterification using a sulfuric acid catalyst. 
The graphical illustration, termed response 
surface, is frequently used to justify the 
individual and cumulative influences of the 
experimental variables and their successive 
effect on the response (Liu et al., 2014).

The significant variables affecting 
the FFA content and conversion were 
temperature and catalyst concentration as 
demonstrated in Figures 4 and 5. It can 
be observed that the FFA content reduced 
and, in contrast, the FFA conversion rose 
due to the temperature increase up to 
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60℃. Additionally, increasing catalyst 
concentration from 1 to 3% significantly 
enhanced the FFA conversion and lowered 
the FFA content. However, an additional 
amount of catalyst employment did not result 
in the higher reaction conversion and the 
FFA removal. Reaction time considerably 
improved the reaction conversion and FFA 
removal from 0 to 60 minutes. After 60 
minutes, reaction time slightly affected the 
esterification reaction. 

In this work, the Derringer method was 
employed for the FFA conversion and FFA 
removal optimisation in the esterification 
using a sulfuric acid catalyst. In the complex 
system, various experimental variables 
have to be considered simultaneously to 
determine the optimum condition. It is 
known as a multi-response problem based on 
Multi-criteria Decision Making. In this case, 
the desirability approach is often employed 
as a vigorous instrument for optimisation 
in a multi-response system. The Derringer 
method is among the popular desirability 
method. The desirability function values 
are between 0 and 1. The value 0 means that 
the factors provided an undesired response. 
On the other hand, the value 1 indicates 
the optimal condition of the parameter 
evaluated (Amdoun et al., 2018).

Based on the RSM simulation, it was 
revealed that the optimum conversion 
and the FFA content  were 78.27% 
and 4%, respectively, achieved at the 
reaction temperature of 59.09 oC, catalyst 
concentration 1.98% g/g RNSO, and reaction 
time of 119.95 minutes. At this operation 
condition, the value of the desirability ramp  

Figure 5. Three dimensional (3D) Response surface 
of the effect of the process condition to the FFA 
conversion. (a) Reaction time = 90 min; (b) Catalyst 
concentration = 5 (g/g RNSO); and (c) Reaction 
temperature = 50℃.
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was 1 (Figure 6). The result fitted the experimental data and indicated the accuracy of the 
model. A similar method of optimisation applying desirability function was also described 
by (Mourabet et al., 2017). 

Extrapolation was performed using RSM to predict the operating conditions and achieve 
a maximum of 2% FFA content.  As shown in Figure 7, the FFA content can be lowered up 
to 2% with the reaction condition as follows: reaction temperature, catalyst concentration, 

Figure 7. RSM prediction of operation condition on the FFA esterification using sulfuric acid catalyst to 
decrease the FFA content to 2%

Figure 6. Optimisation of FFA conversion using RSM (Quadratic model) 
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and reaction time were 58.97℃, 3%, and 194.9 minutes, respectively, whereas the molar 
ratio of oil to methanol was fixed at 1:30. Therefore, the FFA conversion achieved was 
estimated at 89.3%. 

The result has shown that RSM is simple and effective for process optimisation. 
Furthermore, the RSM and desirability function combination lead to the more accurate 
finding of the optimal condition. The identical deduction was reported by Amdoun et al. 
(2018). This study is significant in providing the optimum operating condition for reducing 
the FFA in CNSO to fulfil the allowable level of FFA content before being used as feedstock 
for biodiesel production via base catalysed transesterification reaction. 

CONCLUSION

The experimental work of FFA esterification in RNSO with methanol in the presence of 
sulfuric acid catalyst has shown the optimal reaction condition at the reaction temperature 
of 60℃, a reaction time of 120 minutes, the molar ratio of RNSO) to methanol of 1:30, and 
the reaction times of 120 minutes, which yielded the reaction conversion of 78.18% and the 
FFA concentration of 4.01%. This value did not match the maximum acceptable FFA content 
value for alkaline catalysed transesterification (2%). The RSM was performed to estimate 
the optimal operation condition for achieving the FFA content of 2%. The RSM model 
analysis demonstrated that the quadratic model was the most suitable for optimising this 
process in future work. The RSM extrapolation predicted that the FFA content of 2% could 
be obtained at the reaction temperature, catalyst concentration, reaction time of 58.97℃, 
3%, and 194.9 minutes, respectively, and the fixed molar ratio of oil to methanol of 1:30. 
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