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Graphical abstract 

 

Abstract 
 

Caesalpinia sappan linn. (CSL) is a plant which is also known as Sepang 

tree contains various medicinal values such as to treat diarrhea, skin 

rashes, syphilis, jaundice, drinking water for blood purifying, diabetes, and 

to improve skin complexion. The aim of this study is to obtain the most 

optimum condition in terms of the ratio of sample to solvent, particle size, 

and extraction time to get the highest amount of concentration of the 

CSL extract. In this study, the ranges of each parameters used were: ratio 

sample to solvent: 1.0:20, 1.5:20, 2.0:20, 2.5:20, 3.0:20, particle size: 1 mm, 

500 um, 250 um, 125 um, 63 um, and extraction time: 1 hr, 2 hr, 3 hr, 4 hr, 5 

hr. The concentration was analyzed using a UV-vis spectrophotometer. 

The optimum conditions were obtained by response surface 

methodology. From the design, 20 samples were run throughout this 

experiment. The optimized value from the RSM were 2.0:20 for ratio 

sample to solvent, 125 µm of particle size and 2.48 hours with the 

concentration of 37.1184 ppm. The accuracy of the predictive model 

was validated with 2 repeated runs and the mean percentage error was 

less than 3%. This confirmed the model’s capability for optimizing the 

conditions for the reflux extraction of CSL’s wood.  

 

Keywords: Caesalpinia Sappan Linn., Responce Surface Methodology, 

Reflux extraction, UV-vis spectrophotometer, Optimization  
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Abstrak 
 

Caesalpinia sappan linn. (CSL) adalah tumbuhan yang juga dikenali 

sebagai pokok Sepang yang mengandungi pelbagai nilai perubatan 

seperti merawat cirit-birit, ruam kulit, sifilis, jaundis, air minuman untuk 

pembersihan darah, diabetes, dan pemulihan permukaan kulit. Tujuan 

kajian ini adalah untuk mendapatkan parameter yang paling optimum 

dari segi nisbah sampel kepada pelarut, saiz serbuk, dan masa 

pengekstrakan untuk mendapatkan jumlah tertinggi kepekatan ekstrak 

CSL. Dalam kajian ini, julat bagi setiap parameter yang digunakan 

adalah: nisbah sampel kepada pelarut: 1.0: 20, 1.5: 20, 2.0: 20, 2.5: 20, 

3.0: 20, saiz serbuk: 1mm, 500 µm, 250 µm, 125 µm, 63 µm, dan masa 

pengekstrakan: 1 jam, 2 jam, 3 jam, 4 jam, 5 jam. Kepekatan dianalisa 

dengan menggunakan spektrofotometer UV-vis. Untuk mendapatkan 

keadaan optimum kepekatan, metodologi Response Surface 

Methodology (RSM) telah digunakan. Daripada reka bentuk RSM, 20 

sampel telah dijalankan sepanjang percubaan ini. Nilai yang 

dioptimumkan dari RSM adalah 2.0:20 untuk nisbah sampel kepada 

pelarut, 125 µm untuk saiz serbuk dan masa 2.48 jam dengan kepekatan 

37.1184 ppm. Ketepatan ramalan model telah dibuat pengesahan 

dengan menjalankan 2 kajian ulangan dan purata ralat peratusan 

adalah kurang daripada 3%. Ini mengesahkan keupayaan model untuk 

mengoptimumkan parameter bagi pengekstrakan refluks kayu CSL. 

 

Kata kunci: Caesalpinia Sappan Linn., Response Surface Methodology, 

Pengekstrakan Reflux, Spektrofotometer UV-vis, Pengoptimuman 
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1.0 INTRODUCTION 
 

Nowadays, natural resources like plant stem and 

leaves have become favorable to cure various kinds 

of diseases and made into herbal medicine to 

improve health quality. This can be ascribed to the 

fact that the presently synthetic medicines are either 

high cost or tend to have side effects [1]. The 

Caesalpinia sappan Linn. (CSL) is one of the natural 

resources examples that has been used traditionally 

as it has various medicinal properties [1]. The CSL is a 

spreading tree up to 10 meters in height, found wild, 

and cultivated throughout the Asian tropics like South 

India, Thailand, Sri Lanka, and Malaysia [1], [2]. 

Almost every part of CSL plant has medicinal 

purposes. The characteristics of the wood are hard, 

straight-grained with an even texture, and red-

orange color [1]. The heartwood of the CSL is used to 

treat diarrhea, skin rashes, syphilis, jaundice, drinking 

water for blood purifying, diabetes, as well as to 

improve skin complexion [1]. The major active 

component found in the CSL is brazilin, which is well 

known as the natural red pleochroism dye. The 

brazilin has been studied to possess numerous 

biological activities like antibacterial, anti-

photoaging, hypoglycemic, vasorelaxant, anti-acne, 

anti-inflammatory, antioxidant, and nuclease activity 

[1], [2], [3].  

There are various methods of fluid extraction from 

the plant that produces an excellent quality product 

and can be categorized as the conventional 

extraction method and non-conventional extraction 

method. The examples of the conventional 

extraction methods are hydro-distillation, 

maceration, soxhlet extraction, reflux extraction, and 

percolation extraction. Non-conventional extraction 

methods like Microwave-Assisted extraction (MAE) 

and Supercritical Fluid extraction are also known as 

modern extraction methods. Both types carry the 

same purpose which is to extract the active 

component from any part of the plant that can be 

used as drugs, food, and herbal medicine. The 

conventional extraction method is economical 

friendly compared to the unconventional extraction 

method as it required simpler equipment for the 

extraction process. According to research, almost 

90% of the small and medium scale production 

industries use conventional method in their 

production process[4], [5], [6]. 

The reflux extraction is a conventional method 

that has been favorable in industries because it is 

economical friendly, not complex, and easy to 

handle [4], [7], [8], [9]. It operates at the boiling point 

temperature of the solvent with reiteration of solvent 

evaporation that condense back to the liquid state 

with the aids of condenser at selected time without 

deprivation of solvent. The solvent that contains the 

extract will evaporate from the three-neck round 

bottom flask and pile up inside the reflux condenser 

column and then condense back to the liquid phase 

by the cooling water. In order to accelerate the 

organic reaction, the solvent with the plant parts is 

boiled to extract the active component. The 

extracted liquid will be separated using vacuum 

pump. The duration of extraction [7], [10] and type of 

solvent [11], [12], [13] are the parameters frequently 
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interrogated for reflux extraction. Response surface 

methodology (RSM) is a statistical approach that 

helps to appraise the effect of numerous factors like 

particle size, ratio of solid to solvent, pressure, and 

temperature to determine the best state for a 

designated response while reducing the iteration of 

experiment required [14]. In simple words, it is 

necessary to use RSM because it is an effective 

method as it requires shorter time and use less raw 

materials to determine the best state in the process 

especially in the massive-scale process [15]. It is 

better to use Central Composite Design (CCD) 

compared to using the Box-Behnken design (BBD) for 

these three parameters because the CCD method 

requires lesser experimental runs and at the same 

time gives a a better result compared to BBD [14]. In 

this research, the best condition can be defined as 

the highest percentage yield of the active 

compound in the CSL wood. Design Expert 11 

software was used to form a graph that illustrates the 

best conditions of the CSL wood extraction method.  

The UV-vis Spectrophotometer (UV-vis) is a device 

used to analyze the chemical structure of matters, 

identify and measure the inorganic and organic 

compound [16], [17]. The benefits of using the UV-vis 

are excellent accuracy and sensitivity, wide 

application, and convenience to analyze the sample 

[16], [17]. The concentration amount of the red-

orange extract fluid of the CSL wood from the reflux 

extraction unit was analyzed by analyzing the UV-vis 

wavelength absorbance. 

 

 

2.0 METHODOLOGY 
 

Figure 1 illustrates the overall process flow for this 

research. Three parameters were selected which 

were the ratio of solid to solvent, the duration of 

extraction, and the particle size to determine the 

optimum condition of reflux extraction. Design expert 

11 (DE11) was used and the parameters were added 

into DE11 by using the CCD type [18]. 

Based on the DE11, 20 runs of designed 

experiments with 20 samples based on diverse 

parameters were generated. The CSL wood was 

purchased from the local herbal shop at Batu Pahat, 

Johor, Malaysia and the material was in the form of 

heartwood [2]. The wood was washed and rinsed 

using deionized water to remove the fine debris that 

might affect the experiment. The wood was 

scattered evenly into trays where they were 

continuously dried at 40°C for 2 days. The low 

temperature was set to ensure the wood manage to 

dry completely, and the active component would 

not degrade. 

Next, the dried wood was ground into powder 

form to increase the total surface area. About 1kg of 

the dried wood powder was sent to Kedah 

BioResources Corporation Sdn. Bhd. (KBioCorp), 

Kedah, Malaysia for extracting the CSL wood in the 

form of liquid and then transformed it into red-orange 

powdered form by using spray dryer. This extracted 

powder was then mixed with the deionized water 

and used as a standard for the readings (in ppm) of 

the UV-vis. 

 

 
 

Figure 1 The process flow of the methodology of reflux 

extraction 

 

 

The rest of the dried wood powdered form of the 

wood was then sieved into five selected sizes. Five 

varied sizes of wood were added with silica gel and 

kept in dry zipper bag to preserve it. The reflux 

extraction method was used to extract the samples. 

The reflux extraction involved combinations of 

boiling, heating, and refluxing at the selected time. 

The reflux procedure began by drenching the wood 

powder based on the size recommended by DE 11 in 

200 ml of solvent (deionized water) at a duration of 

time recommended by DE 11. The solvent was then 

heated at the temperature of 100 °C which was the 

boiling point of the solvent. The suction pump was 

used to filter the extracted sample.  

The UV-vis spectrophotometer device was used to 

determine the extraction concentration. The results 

from the extraction runs were reinserted into the DE 

11 to obtain the optimum condition of the reflux 
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method. The predicted optimum conditions 

interpreted by the DE 11 were experimentally 

evaluated and verified. The error between the 

predicted and experimental optimal condition of the 

reflux extraction was calculated and compared after 

analyzing the concentration using the UV-vis. The 

difference of the error was less than 10% to ensure 

the validity of the model. 

 
Table 1 List of levels of the experimental parameters 

 

 Factor Level of Range (coded) 

-1.68179 -1 0 +1 +1.68179 

1 Ratio of 

sample to 

solvent 

1.0:20 1.5:20 2.0:20 2.5:20 3.0:20 

2 Particle 

size 

0.063 

µm 

0.125  

µm 

0.250 

µm 

0.500 

µm 

1.000 

mm 

3 Duration 

of 

extraction 

1 hr 2 hrs 3 hrs 4 hrs 5 hrs 

 

 

3.0 RESULTS AND DISCUSSION 
 

3.1 RSM Regression Data Result  

 

Table 2 and Figure 2 show the regression data and 

line of predicted result versus actual result. The 

twenty dots represented twenty experiments that 

were conducted. The more dots fell on the regression 

line the more reliable the results would be. Based on  

Table 3, the value of regression (R2) after 

troubleshooting increased up to 0.979. It proves that 

the data was reliable as the R2 value closes to one 

[19]. The predicted R2 of 0.9176 was in reasonable 

agreement with the adjusted R2 of 0.960 when the 

difference is less than 0.2. The adequate precision 

function was to measure the signal to noise ratio. A 

ratio that is greater than four is desirable. As for this 

experiment, the value of 23.934 of adequate 

precision indicates an adequate signal. 
 

Table 2 Coded Factor Level vs Extraction Concentration 

 

Run Coded 

Factor Level 

     CSL Extraction Concentration 

                       (ppm) 

     1 2 3 Final Actual 

Value 

(experiment) 

Predicted 

Value 

(RSM-

Quadratic) 

1 1 1 1      27.063 27.770 

2 0 0 0      22.569 24.171 

3 -1 1 1     16.046 14.981 

4 0 0 0     22.947 24.171 

5 -1 1 -1 17.294 17.667 

6 1 -1 1 36.832 38.791 

7 0 1.6817 0 19.777 19.035 

Run Coded 

Factor Level 

     CSL Extraction Concentration 

                       (ppm) 

     1 2 3 Final Actual 

Value 

(experiment) 

Predicted 

Value 

(RSM-

Quadratic) 

8 1 -1 -1 36.160 36.688 

9 1 1 -1 25.380 26.178 

10 0 0 -1.6817 24.452 24.416 

11 1.6817 0 0 15.945 17.631 

12 0 -1.6817 0 33.55 35.050 

13 1.6817 0 0 38.245 37.633 

14 0 0 0 25.407 24.171 

15 -1 -1 -1 26.934 25.691 

16 -1 -1 1 21.643 23.515 

17 0 0 0 25.397 24.171 

18 0 0 0 23.774 24.171 

19 0 0 0 25.986 24.171 

20 0 0 1.6817 22.143 23.926 

 

 

 
Figure 2 The predicted vs actual graph 

 

 

Table 3 The Regression Score 

 

STD. 

DEV. 
1.30 R² 0.9790 

MEAN 25.38 ADJUSTED R² 0.9600 

C.V. % 5.11 PREDICTED R² 0.9176 

  
ADEQ PRECISION 23.9339 
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3.2 Development of Regression Model Equation  

 

The relationships between three parameters for this 

research were well fitted with the quadratic model.  

Based on Table 4, the Model F-value of 51.68 

implies that the model is significant. It is due to there 

is only a 0.01% chance that the F-value of this large 

could occur due to noise. Moreover, P-values of less 

than 0.05 indicates that the model term is significant 

[15], [19]. In this case, A, B, AC, A2, and B2 are 

significant model terms. The model terms are 

considered not significant when the P-value is 

greater than 0.1 [15], [19]. Furthermore, the Lack of Fit 

F-value of 0.62 implies the lack of fit is not significant 

relative to the pure error. There is a 69.08% (P-value) 

chance that a lack of fit F-value. The higher the value 

of  Lack of Fit F-value, the more likely that the model 

will effectively fit the data, and thus not-significant 

means good for the model. Besides, the quadratic 

models chosen were reliable and suitable for 

evaluating the predicting response (concentration) 

in the central composite design method when the 

value is more than 0.05. Furthermore, the prediction 

of concentrations were within the range of the 

designed parameters. 

 

Table 4 Analysis of Variance (ANOVA) for regression model 

 

Source 
Sum of 

Squares 
df 

Mean 

Square 

F-

value 
p-value 

 

Model 783.02 9 87.00 51.68 < 0.0001 significant 

A-ratio 

sample to 

solvent 

480.80 1 480.80 285.57 < 0.0001 
 

B-particle 

size 
254.37 1 254.37 151.08 < 0.0001 

 

C-duration 

of 

extraction 

4.78 1 4.78 2.84 0.1230 
 

AB 3.51 1 3.51 2.09 0.1791 
 

AC 9.87 1 9.87 5.86 0.0360 
 

BC 3.18 1 3.18 1.89 0.1993 
 

A² 14.53 1 14.53 8.63 0.0148 
 

B² 10.45 1 10.45 6.21 0.0319 
 

C² 1.65 1 1.65 0.9808 0.3454 
 

Residual 16.84 10 1.68 
   

Lack of Fit 6.47 5 1.29 0.6248 0.6908 
not 

significant 

Pure Error 10.36 5 2.07 
   

Cor Total 799.85 19 
    

 

R2 = 0.9790 

 

 

 

 

 

3.3 Process Parameters Studies 

 

The three dimensions of graphical illustration 

obtained from the DesignExpert software show the 

relationship between the responses and range of the 

parameters and type of interactions between tested 

parameters to get the optimum condition. All the 

three variables as shown in Figure 3 – 5, should 

demonstrate quadratic trends where the optimum 

point (red dot) should lay at the tip of the graph.  

Figure 3 shows the three-dimensional response 

surface plot for the relationship between the reaction 

of sample to solvent and particle size. It was 

determined that when the ratio of sample to solvent 

was higher, maximum amount of concentration 

could be achieved [20], [21]. The concentration 

achieved was 38.245 ppm when the maximum ratio 

of sample to solvent was applied. However, it was 

vice versa for particle size. The concentration 

achieved was only 15.945 ppm when the largest 

particle size was applied. Thus, it was proven that the 

highest ratio of sample to solvent and the smallest 

particle size were needed to achieve the optimum 

result of the highest extract concentration. 

 

 
 

 
 

Figure 3 Response surface plot for the effect of the ratio of 

sample to solvent and particle size on CSL extract 

concentration 
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Figure 4 demonstrates the three-dimensional 

response surface plot for the relationship of ratio 

sample to solvent and duration of extraction. It was 

determined that the highest concentration (38.245 

ppm) was achieved when both red dots fell on the 

maximum point. Thus, it can be stated that the 

longest duration of extraction and the highest ratio of 

sample to solvent were required in order to achieve 

optimum result. 

Figure 5 shows the response surface plot for the 

relationship between particle size and duration of 

extraction. When the largest particle size with a 

maximum duration of extraction was applied, the 

concentration achieved was mediocre as shown by 

the green region on the graph. Thus, the highest 

concentration of the extract was achieved when the 

maximum duration of extraction and the smallest 

particle size were applied during the extraction 

process as indicated by the red dot. This is due to the 

smaller size particle tends to have large total surface 

area that offer a huge mass transfer rate between 

the plant matrix and the solvent [22]. 

 

 
 

 
Figure 4 Response surface plot for the effect of ratio sample 

to solvent and duration of extraction on CSL extract 

concentration 

 

 

 

3.4 Validation of the Model 

 

Numerical optimization was selected to predict the 

maximum concentration from the combination of 

suggested parameters. The prediction of optimum 

conditions were determined from the Predicted 

Equation.  

 

Prediction Equation: 

 

Concentration (ppm) = +24.34170 + 5.93343 * ratio of 

sample to solvent - 4.31573 * particle size - 0.591444 * 

duration of extraction - 0.662750 * ratio of sample to 

solvent * particle size + 1.11050 * ratio of sample to 

solvent * duration of extraction + 0.630500 * particle 

size * duration of extraction + 1.00412 * ratio of 

sample to solvent² + 0.851561 particle size² - 0.338499 

* duration of extraction ²       

 

 
 

 
 
Figure 5 Response surface plot for the effect of particle size 

and duration of extraction on CSL extract concentration 

 

 

The selected optimum conditions based on the 

equation is shown in Figure 6. Figure 6 shows the 

predicted value of ratio of sample to solvent, particle 

size, and duration of extraction from the optimization 

of reflux extraction condition using RSM. Based on 

Figure 6, the optimal conditions developed by the 

software for maximizing the conditions of the extract 

are at 2.5:20 ratio of sample to solvent, particle size of 

0.125 µm and 2.48 hours of extraction time. Under 
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these optimal condition, the predicted condition is 

37.1184 ppm. 

To evaluate the accuracy of the optimum 

prediction, two replications of validation runs were 

done and the results were shown in Table 5. The 

mean error percentage difference was below 3% 

which proves the reliability of these results as shown in 

Table 3-4. The model proposed was accurate and 

satisfactory. The instability of the experimental error 

might be due to some noise during the reading of 

UV-vis spectrophotometer or maybe during the reflux 

extraction process. 

 

 

 
 

 
 

 
 

Figure 6 The ramping line (numerical) of the suggested 

optimum parameters and predicted optimum response 

(concentration) 

 

 

 

 

 

 

 

Table 5 Verification study of the optimum conditions 

 
Run    A  

(ratio of 

sample 

to 

solvent) 

B 

(mm) 

 C 

(hr) 

Concentration 

 Experimental 

(ppm) 

Predicted 

(ppm) 

Error 

(%) 

1 2.5:20 0.125  2.48  35.893 37.1184 3.40  

2 2.5:20  0.125  2.48  36.382 37.1184   2.02  

Mean error (%)   2.71  

 

 

4.0 CONCLUSION 
 

The objective of this research is to optimize the reflux 

extraction of Caesalpinia sappan linn. (CSL) wood 

using Response Surface Methodology based on the 

different ratios of sample (CSL) to solvent (water), 

particle size, and duration of extraction. The 

application of Central Composite Design (CCD) 

method in RSM was used to evaluate the optimal 

conditions of concentration of CSL wood extract by 

using the DesignExpert software 11. Different 

concentrations of extracts were evaluated based on 

different condition of the parameters. The predicted 

optimum condition was compared to experimental 

condition using the suggested optimum parameters. 

The optimum CSL extract concentration obtained 

from experiments were 35.893 ppm and 36.382 ppm, 

respectively. The percentage error of both optimize 

experimental conditions was less than 3%. In 

conclusion, the best ratio of sample to solvent was 

2.5:20, particle size of 0.125 mm, and 2.48 hours for 

duration of extraction. The objectives of this research 

had been well performed and achieved.  
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