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ABSTRACT 
 

Aims: This study aimed to optimizing the extraction conditions for total saponins from Polyscias 
fruticosa using response surface methodology coupled with Box-Behnken design (RSM-BBD). 
Methodology: The optimization process for extraction of saponins from the roots of Polyscias 
fruticosa was involved in three parameters including extraction temperature, time, and solvent-to-
sample ratio. The three levels of independent variables were identified by screening test. The 
response surface methodology conjugated with Box-Behnken design was then applied to 
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investigate the affinities between the extraction variables and experimental response (extraction 
yield) which was expressed in terms of mg oleanolic acid equivalents (OAE) per gram of plant 
extract.  
Results: Based on the analysis of all integrated data, the optimal extraction conditions were 
predicted to be temperature of 60.91°C, extraction time of 4.57 hours and solvent/sample ratio of 
10.3:1 (mL/g). The highest total saponins content value predicted by response surface methodology 
was 37.18 mg OAE/g of plant extract which was in close agreement with the corresponding 
experimental value of total saponins content (37.42 ± 0.26 mg OAE per g of plant extract) (n = 3, p 
< 0.05). 
Conclusion: The strong correlation between the real and the predicted data indicated that the 
response model was adequate to reflect the expected optimization. 
 

 
Keywords: Polyscias fruticosa; saponins; optimization; response surface methodology; box–behnken. 
 

1. INTRODUCTION 
 
Polyscias fruticosa (L.) Harms (P. fruticosa) 
belongs to the Araliaceae family, commonly 
known as the ginseng family. The plant has other 
names such as Panax fruticosum, Panax 
fruticosus, Nothopanax fruticosum or Ming aralia 
[1]. In Vietnam, the roots of P. fruticosa have 
long been used as a traditional medicine for 
treatment of various illnesses such as 
depression, insomnia, fatigue, rheumatoid 
arthritis. In addition, it is commonly believed that 
it might be helpful in enhancing blood circulation 
to brain tissues and protecting against 
neurodegenerative pathology such as Alzheimer 
and Parkinson. The main compound isolated 
from the roots of P. fruticosa is oleanolic acid 
saponins [2]. Saponins are secondary 
metabolites that are widely distributed in nature. 
‘Saponins’ are derived from the Latin word 
soapwort (Saponaria officinalis L.), which means 
‘soap’, because saponin molecules form soap-
like foams in aqueous solutions. This property is 
due to its amphiphilic nature with the presence of 
a lipid-soluble aglycone and water-soluble 
chain(s) in their structure [3]. “In traditional and 
pharmaceutical applications, the biological 
activities of saponins include hemolytic, anti-
inflammatory, antimicrobial, insecticidal and 
molluscicidal properties” [4]. “Besides that, at 
least 150 different types of natural saponins have 
been identified to possess significant anti-cancer 
properties” [5].  
 

Extraction plays a crucial role in the recovery of 
saponins from the roots of P. fruticosa. The 
efficiency of extraction is attributed primarily to a 
variety of factors including extraction 
temperature, time [6], solvent/sample ratio [7], 
and particle size of the plant material [8]. 
Traditionally, the optimization of medicinal plant 
extraction has been conducted by screening the 

effect of one variable at a time on an 
experimental response [9]. This so-called one-
factor-at-a-time optimization technique is 
involved in a large number of experiments 
necessary to perform the research, resulting in 
time-consuming processes and an increase in 
the consumption of materials and reagents. 
Moreover, the possible interaction effects among 
various factors can be ignored and misleading a 
true optimum condition. The actual response of 
the extraction process is influenced by the 
interaction between factors.  
 
“Response surface methodology (RSM) can 
overcome the limitations of traditional 
optimization. RSM consists of a group of 
mathematical and statistical techniques that 
enables analysis of the effects of multiple factors 
and their interactions” [10,11,12]. “RSM is based 
on the fit of empirical models to the experimental 
data obtained in relation to experimental design, 
leading to the employment of polynomial 
functions to express the system studied and to 
display experimental conditions until its 
optimization” [13,14]. Using RSM, values for a 
given response at any combination of factors can 
also be predicted. Therefore, optimization of 
extraction conditions can be obtained for 
maximum efficacy. 
 
Box–Behnken design (BBD) is a widely used 
experimental design in RSM [15,16]. The BBD 
for three-variable optimization with 13 to 17 
experimental points (depending on the number of 
central points) is established. In comparison with 
the full one-factor-at-a-time design with 33 = 27 
experiments, it is noted that BBD is more 
economical and efficient. Therefore, RSM is 
more efficient not only in reducing the number of 
experimental runs and time needed for 
investigating the optimal conditions for extraction, 
but also improving the statistical interpretation 
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and demonstrating the interaction between 
variables. 
 
In this study, the parameters involving the 
extraction of saponins from the roots of P. 
fruticosa including extraction temperature, time, 
and solvent/sample ratio were initially screened 
by single factor test to select the independent 
variables of major effects on the system. The 
RSM in conjunction with BBD was then applied 
to investigate the affinities between the extraction 
variables and experimental response (extraction 
yield) which was expressed in terms of mg 
oleanolic acid equivalents (OAE) per gram of 
plant extract. This present research thus aimed 
to optimizing the extraction conditions for total 
saponins from P. fruticosa using response 
surface methodology coupled with Box-Behnken 
design (RSM-BBD). 
 

2. MATERIALS AND METHODS 
 

2.1 Materials and Reagents 
 

The fresh roots of 5-years-old P. fruticosa were 
collected in Dong Nai Province, Southern 
Vietnam. The plant was authenticated by The 
Institute of Tropical Biology Vietnam, and a 
voucher specimen of No. AB Bio–15–05–02 had 
been deposited in the herbarium of Applied 
Biochemistry Laboratory, Department of Applied 
Biochemistry, School of Biotechnology, 
International University Vietnam National 
University – Ho Chi Minh City, Vietnam. 
Concentrated sulfuric acid and ethanol were 
purchased from Merck (Darmstadt, Germany). 
Oleanolic acid and vanillin were purchased from 
Sigma-Aldrich (USA). All chemicals and reagents 
were stored in accordance with the most 
stringent regulations and freshly prepared with 
distilled water to the desired concentrations for 
experimental purposes. 
 

2.2 Preparation of Materials 
 

The fresh roots of P. fruticosa were washed 
thoroughly with running water to remove any 
possible contaminants. The roots were cut into 
small pieces prior to being dried in the oven at 

60C until the moisture concentration drops 
down to below than 10%. The dried roots were 

then ground into fine powder using a mechanic 
grinder. The fine root powder was passed 
through a 0.5 mm sieve for particles having size 
of 0.5 mm or smaller [17]. Dried root powder of 
P. fruticosa was packaged in a sealed bag and 
stored in a desiccator for further usage. 
 

2.3 Methods 
 
2.3.1 Screening test for independent variables 
 
The optimization process for extraction of 
saponins from the roots of P. fruticosa was 
involved in three factors including extraction 
temperature, time, and solvent-to-sample (S/S) 
ratio. The total saponin content was then 
extracted using distilled water as solvent in an 
ultrasound water bath apparatus. Experiments 
were designed with variables ranges for each 
factor as described in Table 1 [18]. All the 
experiments were performed in triplicate. All the 
samples were collected and filtered through 
Whatman No.1 filter paper to remove debris. The 
final filtrates were concentrated under reduced 
pressure using a rotary evaporator until forming a 
brownish residue. The residue, known as total 
extracts, was cold stored in the refrigerator at 
4oC prior to further assay. 
 

2.3.2 Determination of total saponin content 
 

Total saponin content (TSC) was determined by 
Vanillin-Sulfuric acid method [19,20]. Oleanolic 
acid (OA) was used as standard for the 
calibration curve. The assay was prepared by 
mixing 0.5 mL of the extract with 4.5 mL of 
distilled water to make a 10-time diluted sample. 
0.5 mL of diluted sample was then mixed with 1 
mL of vanillin (8%, w/v in ethanol), followed by 
the addition of 5 mL of 72% sulfuric acid and 
cooling the reaction mixture in the ice bath. After 

3 min, the mixture was transferred into 60C 
water bath to warm up for 10 min. The mixture 
was then cooled down in ice-cold water for 3 min. 
The absorbance of the mixture was measured 
against the blank at 544 nm using UV-VIS 
spectrophotometer (Thermo Scientific, USA) and 
Biotek Synergy HT 96- well plate. The TSC of the 
samples was then expressed in mg of OA 
equivalents (OAE) per gram of extract (mg 
OAE/g of extract).  

 

Table 1. Screening test for independent variables 
 

Factor Independent variable Constant variable 

Extraction temperature 30, 40, 50, 60 and 70˚C 10:1 S/S ratio in 3 h extraction time 
Extraction time 1, 2, 3, 4, 5 and 6 hours 10:1 S/S ratio at 40˚C 
Solvent-to-sample ratio 6:1, 8:1, 10:1 and 12:1 (mL/g) 40˚C in 3 h extraction time 
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Table 2. Box–Behnken design and observed responses 
 

Run Independent variable Response*  
(mg OAE/g of extract) X1 X2 X3 

(Temperature, ˚C) (Time, h) (S/S ratio, mL/g) 

1 50 (-1)  4 (-1) 10 (0) 32.79 
2 70 (+1) 4 (-1) 10 (0) 33.78 
3 50 (-1) 6 (+1) 10 (0) 29.81 
4 70 (+1) 6 (+1) 10 (0) 30.23 
5 50 (-1) 5 (0) 08 (-1) 28.53 
6 70 (+1) 5 (0) 08 (-1) 30.27 
7 50 (-1) 5 (0) 12 (+1) 30.75 
8 70 (+1) 5 (0) 12 (+1) 31.40 
9 60 (0) 4 (-1) 08 (-1) 31.71 
10 60 (0) 6 (+1) 08 (-1) 27.88 
11 60 (0) 4 (-1) 12 (+1) 34.03 
12 60 (0) 6 (+1) 12 (+1) 28.97 
13 60 (0) 5 (0) 10 (0) 36.60 
14 60 (0) 5 (0) 10 (0) 36.54 
15 60 (0) 5 (0) 10 (0) 36.94 

*Average value of triplicate experiments 

 
2.3.3 Experimental design 
 
Three-level Box-Behnken design (BBD) was 
employed for the optimization of saponins 
extraction from the roots of P. fruticosa. The 
three independent extraction variables were 
extraction temperature (X1, ˚C), extraction time 
(X2, hours) and S/S ratio (X3, mL/g), at three 
levels (-1, 0, +1). The extraction yield (Y) was 
considered as the response. A total of 15 
experiments were designed as detailed in            
Table 2. A second-order polynomial model was 
used to express the extraction as a function of 
the independent variables by applying the 
equation (1). 
 

(1) 
 
Where: 
 
Y was the response variable. 
β0, βi, βii, and βij were the constant, linear, 
quadratic, and interactive coefficients, 
respectively.  
Xi and Xj were the levels of the independent 
variables. 
 

2.4 Statistical Analysis 
 
All experiments were conducted in triplicate, and 
the results were expressed in terms of Mean ± 
Standard Error of Mean (SEM). Statistical 
analysis was performed by SPSS and analysis of 

variance (ANOVA) with a p-value significance 
level of 0.05. 
 
Minitab (Trail Version 16.2.4, Mini Tab Inc., USA) 
and Design-Expert (Trail Version 10.0.6, State-
Ease, Inc., Minneapolis MN, USA) were used to 
obtain the coefficients of the quadratic 
polynomial model. The adequacy of the fitted 
model was determined by evaluating the lack of 
fit, the coefficient of determination (R2), and its 
statistical significance was checked by an F-test 
from the analysis of variance (ANOVA). The 
significance was determined by using t-test at 
0.05 levels.  
 

3. RESULTS AND DISCUSSION 
 

3.1 Determining Levels for Independent 
Variables 

 

The three levels of the extraction temperature 
variable were determined based on the results of 
screening test carried out at 30, 40, 50, 60 and 
70˚C with 10:1 S/S ratio in 3 h extraction time. A 
significant increase of TSC was observed in line 
with the increasing temperature. However, the 
highest TSC was recorded 32.56 ± 0.24 mg 
OAE/g of extract at 60˚C (Fig. 1). The extraction 
temperature of 50, 60 and 70˚C were then 
selected for the three levels of extraction 
temperature variable coded -1, 0, +1, 
respectively. The effect of different extraction 
time on TSC was examined for 1, 2, 3, 4, 5 and 6 
hours with the 10:1 S/S ratio at the extraction 
temperature of 40˚C. The TSC significantly 
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increased with the increasing extraction time          
and reached the highest TSC value of                    
33.28 ± 0.14 mg OAE/g of extract in 5 h 
extraction time (Fig. 2). The three levels selected 
for the temperature variable were 4, 5 and 6 
hours, respectively. The effect of different                 
ratios of S/S on TSC was investigated                      
with the ratio of 6:1, 8:1, 10:1 and 12:1 at                   
40˚C for 3 hours. The TSC gradually increased 

from 19.24 ± 0.08 (6:1 S/S ratio) to 24.86 ± 0.21 
(8:1 S/S ratio), reached the highest value of 
29.59 ± 0.25 (10:1 S/S ratio), and slightly 
decreased to 26.80 ± 0.24 mg OAE/g of extract 
(12:1 S/S ratio) (Fig. 3). The ratio of 8:1, 10:1 
and 12:1 was then selected as the three variable 
levels for the S/S ratio. The three levels for 
independent variables were summarized in   
Table 3. 

 

 
 

Fig. 1. Effect of temperature on TSC (n = 3). Values are presented as means ± standard 
deviation. (a-e)Values marked by different letters are significantly different (p < 0.05) 

 

 

 
Fig. 2. Effect of time on TSC (n = 3). Values are presented as means ± standard deviation.  

(a-f)Values marked by different letters are significantly different (p < 0.05) 
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Fig. 3. Effect of solvent/sample ratio on TSC (n = 3). Values are presented as means ± standard 

deviation. (a-d)Values marked by different letters are significantly different (p < 0.05) 
 

Table 3. Levels for independent variables 
 

Independent variable Unit Symbol Coded levels 

   -1 0 +1 

Extraction temperature ˚C X1 50 60 70 
Extraction time hour X2 4 5 6 
Solvent/sample ratio mL/g X3 8:1 10:1 12:1 

 
Table 4. ANOVA table for the effect of temperature, time, and S/S ratio on TSC extraction 

 

Parametera  Coefficient 
Estimate 

Standard 
Error 

DFb Sum of 
Squares 

F-Value p-value 
Prob > F 

Intercept 
   

Model 
  

β0 36.69 0.25 1 124.25 75.76 < 0.0001* 
β1 0.48 0.15 1 1.81 9.91 0.0254* 
β2 -1.93 0.15 1 29.69 162.95 < 0.0001* 
β3 0.85 0.15 1 5.74 31.50 0.0025* 
β12 -0.14 0.21 1 0.078 0.43 0.5411 
β13 -0.27 0.21 1 0.30 1.64 0.2566 
β23 -0.31 0.21 1 0.37 2.05 0.2120 
β11 -2.73 0.22 1 27.43 150.51 < 0.0001* 
β22 -2.31 0.22 1 19.77 108.49 0.0001* 
β33 -3.73 0.22 1 51.36 281.82 < 0.0001* 
Lack of Fit 

  
3 0.82 5.92 0.1479 

Pure Error 
  

2 0.092 
  

R2 0.9927 
 

Adj R2 0.9796 
  

C.V.% 1.33 
 

PRESS 13.31 
  

a Coefficients refer to the general model. 
b Degree of freedom. 

* Significant value 
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3.2 Model Fitting 
 
Table 2 presents the extraction conditions and 
corresponding experimental response data of a 
BBD. The extraction parameters and response 
variables were analyzed to fit a regression 
equation that could predict the response within 
the given range of the independent variables. An 
analysis of variance (ANOVA) was performed for 
the model fitted to the experimental data, the 
regression coefficients of the intercept, linear, 
quadratic, and interaction terms of the model 
were calculated and presented in Table 4. 
Second-order polynomial equations were given 
as below:  

 
TSC = 36.69 + 0.48X1 – 1.93X2 + 0.85X3 - 
2.73(X1)2 - 0.14X1X2 – 2.31(X2)2 – 0.27X1X3 - 
0.31X2X3 – 3.73(X3)2                       (2) 

 
The coefficient of determination value (R2 = 
0.9927) indicates a very strong relationship 
between these three variables. The second-order 
polynomial model was statistically significant and 
adequately represented the real relationship 
between the responses and the variables. The 
regression coefficients of the intercept, linear, 
quadratic, and interaction terms of the model 
were calculated and presented in Table 4. The 
ANOVA result indicated one linear parameter 
and all quadratic parameters were found to be 
significant (p < 0.05), whereas all the interaction 
parameters were insignificant (p > 0.1). The 
ANOVA evaluation revealed that the effect of the 
S/S ratio was the major contributing factor to the 
yield of TSC. Furthermore, results of the error 
analysis showed that the lack of fit was 
insignificant (p > 0.05). The coefficient of 
variation (C.V.%, 1.33) of less than 5% indicated 
that the model was reproducible. The Predicted 
Residual Sum of Squares (PRESS) for the 
model, which was a measure of how a particular 
model fits each point in the design, was 13.31. 
The model F-value was 75.76, reflecting that the 
model was significant.  

 
3.3 Response Surface Analysis 
 
To express the effect of any independent 
variable on the TSC extraction, the three-
dimensional surface plots were generated based 
on the equation (2). The relationships between 

the extraction parameters and the response 
could be better understood by varying two 
variables within the experimental range under 
investigation and holding the other variable 
constant at its central level (0 level). 

 
Fig. 4 shows the response surface plots for the 
effect of temperature and time on the extraction 
yield of TSC at a fixed S/S ratio of 10:1. Both 
temperature and time simultaneously influenced 
TSC extraction. The yield of TSC increased 
slightly with the increase of the extraction 
temperature and reached the peak at 60.91°C, 
followed by gradually declining with the further 
increase of the extraction temperature. Fig. 5 
shows the response surface plots for the effect of 
time and the S/S ratio on the extraction yield of 
TSC at a fixed extraction temperature of 60°C. 
The yield of TSC steadily decreased with an 
increase in solvent volume. However, the highest 
value of TSC was noted at 4.57 hours and ratio 
of 10.3:1 S/S. Fig. 6 shows the response surface 
plots for the effect of temperature and the S/S 
ratio on the extraction yield of TSC at 5 h 
extraction time. It was evident that the extraction 
temperature and S/S ratio were the major 
contributing factors to the efficient extraction of 
saponins from the roots of P. fruticosa. 

 
3.4 Attaining Optimum Extraction 

Conditions 
 
The optimum conditions for extraction of 
saponins from the roots of P. fruticosa were 
obtained from software Design-Expert. Analysis 
of all integrated data revealed that the optimum 
extraction conditions were predicted to be 
temperature of 60.91°C, extraction time of 4.57 
hours and S/S ratio of 10.3:1 (mL/g) (particle size 
≤ 500 µm). The highest TSC value predicted by 
RSM was 37.18 mg OAE/g of plant extract. This 
predicted TSC value was found to be in close 
agreement with the corresponding experimental 
value of TSC (37.42 ± 0.26 mg OAE per g of 
plant extract) (n = 3), which demonstrated the 
validity of the RSM model, since there were no 
significant (p > 0.05) differences between 37.18 
and 37.42 ± 0.26 mg OAE/g of plant extract. The 
strong correlation between the real and the 
predicted data indicated that the response model 
was adequate to reflect the expected 
optimization. 
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Fig. 4. The effect of temperature and time on the extraction yield of TSC at a fixed 
solvent/sample ratio of 10:1 

 

 
 

Fig. 5. The effect of time and the solvent/sample ratio on the extraction yield of TSC at a fixed 
extraction temperature of 60°C 
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Fig. 6. The effect of temperature and the solvent/sample ratio on the extraction yield of TSC at 

a fixed extraction time of 5 hours 

 
Table 5. Optimum conditions for the extraction of the highest yield of TSC 

 
Independent variable Predicted 

response 
(mg OAE/g of 
extract) 

Experimental 
response 
(mg OAE/g of 
extract) 

X1 X2 X3 

(Temperature, ˚C) (Time, hours) (S/S ratio, mL/g) 

60.91°C  4.57 10.3:1 37.18 37.42 ± 0.26 

 
4. CONCLUSION  
 
In this present study, conclusively, the predicted 
TSC value of 37.18 mg OAE/g of plant extract 
was found to be in close agreement with the 
corresponding experimental value of TSC (37.42 
± 0.26 mg OAE per g of plant extract). The 
optimum extraction conditions were predicted to 
be temperature of 60.91°C, extraction time of 
4.57 hours and S/S ratio of 10.3:1 (mL/g) 
(particle size ≤ 500 µm). These findings 
confirmed the reliability of using the response 
surface methodology coupled with a Box–
Behnken design in optimizing the extraction 
conditions for TSC from the roots of P. fruticosa. 
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