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ABSTRACT 
 

Gymnema lactiferum is a leafy vegetable which contains phenolics and carotenoids and also 
possesses many health benefits such as antidiabetic properties. Response surface methodology 
(RSM) has been used to optimize the extraction parameters for the recovery of total phenolic 
compounds and carotenoids from leaves of Gymnema lactiferum. Solvent concentration (30-100%), 
extraction temperature (30-60°C) and extraction time (30-90 min) were used as the independent 
variables. A three-factor inscribed central composite design (CCD) was used to identify the 
relationship existing between the response functions (total phenolics and carotenoids) and the 
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process variables, as well as to determine those conditions that optimised the extraction process of 
total phenolics and carotenoids contents of the extracts. A second order polynomial model produced 
a satisfactory fitting of the experimental data with regard to total phenolics (R

2
 = 86.75%, p < 0.002) 

and carotenoid (R
2
 = 84.74, p < 0.017) contents. The optimum extraction conditions of ethanol 

concentration, extraction temperature and extraction time for phenolics, were 19.2%, 70.2°C and 
98.2 min for phenolics and 100%, 70.20°C and 110.5 min for carotenoids. The experimental values 
for total phenolics were 4.01±0.74 mg gallic acid equivalent (GAE) g extract and 3.56±0.19 mg/g dry 
weight (DW) carotenoids and no significant difference (p < 0.05) was found between the 
experimental and predicted values of the extractable phenolics and carotenoids  
 

 

Keywords: Gymnema lactiferum leaves; phenolics; carotenoids; response surface methodology. 
 

1. INTRODUCTION 
 

Phytochemicals such as phenolics and 
carotenoids from numerous vegetables exert 
several health-promoting functions including 
reducing the risks of many chronic diseases such 
as cancer, diabetics and heart and 
neurodegenerative diseases [1]. Most of these 
preventive effects of these phytochemicals are 
associated with their antioxidant activity by 
protecting cells and tissues from oxidative 
damage which can be by various free radicals 
and reactive oxygen species [2,3]. Gymnema 
lactiferum (Linn.) is an edible plant and the 
leaves of G. lactiferum are used as salads, 
curries and in herbal gruels. According to 
Gunathilake and Ranaweera [4] and Gunathilake 
et al. [5], leaves of this plant contain high levels 
of total phenolics and carotenoids and having 
good antioxidant properties. G. lactiferum leaves 
possess anti-inflammatory properties [6] and also 
it has been used as a supportive treatment for 
diabetes in Sri Lanka for several decades [7,8, 
9]. Therapeutic properties of this plant extracts 
may possibly be attributed to the phenolic and 
carotenoids compounds present. There is a 
current trend for natural dietary sources of 
antioxidants for the formulation of the functional 
foods and nutraceutical ingredients. In this 
course, extraction is the initial and most vital step 
in the recovery and purification of bioactive 
compounds from plant sources [10] and many 
factors such as solvent concentration, extraction 
temperature, solvent-to-solid ratio and extraction 
duration may significantly influence the extraction 
efficiency and concentration of bioactive 
compounds [11]. Optimization of these extraction 
conditions is therefore needed to achieve the 
higher bioactive recovery.  Response surface 
methodology (RSM), nowadays, is one of the 
most popular optimisation techniques in the area 
of food science and technology and has been 
applied for the extraction of antioxidant bio 
actives from a number of dietary sources. 
However, there are no reports in the literature on 

the optimisation of the extraction conditions for 
polyphenols and carotenoids from leaves of G. 
lactiferum. Therefore, the objective of this study 
was to investigate the optimum extraction 
conditions for G. lactiferum leaves for higher total 
phenolics and carotenoids recovery. 

 

2. MATERIALS AND METHODS 
 

2.1 Plant Materials and Chemicals 
 

G. lactiferum leaves were collected from home 
gardens in Kottawa area of Sri Lanka. All the 
chemicals used were of analytical grade. 
 

2.2 Preparation of Extracts 
 

One gram of air-dried and ground leaf sample 
was placed in a conical flask with 20 mL 
aqueous ethanol (1:20 solid/liquid ratio) at 
desired concentrations and extraction was 
carried out using a rotary shaker (Unimax 1010, 
Heidolph, Kelheim, Germany) at 400 rpm, under 
specified temperature according to the 
experimental design as described in Gunathilake 
et al. [12].  
 

2.3 Determination of Total Phenolic 
Content 

 

The total phenolic content was determined using 
the Folin–Ciocalteu assay [13] with some 
modification, as described by Gunathilake [14]. 
Briefly, 0.5 mL of extract and 0.1 mL of Folin–
Ciocalteu reagent (0.5N) were mixed and 
incubated at room temperature for 15 min in the 
dark. Then 2.5 mL 7.5% sodium carbonate were 
added to the mixture and further incubated for 2 
hours in the dark at room temperature and then 
the absorbance was measured at 760 nm using 
a UV/VIS spectrometer (Optima, SP-3000, 
Tokyo, Japan). The concentration of total 
polyphenols was expressed as mmol gallic acid 
equivalents (GAE) per g dry weight (FW) of the 
leaves. 
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2.4 Total Carotenoids Content 
 

The carotenoid content was analysed according 
to the method described by Sükran et al. [15] 
with slight modifications. The homogenate was 
filtered through a filter paper (No: 42 Whatman) 
and centrifuged using the centrifuge (EBA20) for 
10 min at 245 g. The supernatant was separated, 
and the absorbance was read at 470, 653, 666 
nm on UV/VIS spectrometer (SP-3000).                   
The concentration of each pigment was 
calculated according to the following formulas 
and the carotenoid contents were reported as 
mg/g DW 
 
Chlorophyl a = 11.75 (A662) − 2.350(A645).  
Chlorophyl b = 18.61 (A645) − 3.960 (A662).  
Carotene = 1000 (A470) − 2.270 (Ca) − 81.4 
(Cb)/227.  
 
Where, Ca, Chlorophyll a and Cb, chlorophyll b;  
 

2.5 Experimental Design 
 
The effect of three independent variables, 
ethanol concentration, extraction temperature, 
and extraction time; and the response variables 
were total phenolic and total carotenoid contents 
were studied. The response surface optimisation 
procedure was designed based on a three-factor 
inscribed central composite design (CCD) 
consisting of aqueous ethanol (30–100%), 
extraction temperature (30–60°C) and extraction 
time (30-90 min) as shown in Table 1. During the 
study, solid to liquid ratio were maintained at 
1:20. The selection and range of these three 
factors were based on previous studies. Each 
variable to be optimized was coded at three 
levels 1, 0, +1 (Table 1) and twenty randomised 
experiments including six replicates as the center 
points were assigned based on CCD and 
measured response variables were total phenolic 
content and carotenoid content, as given in 
Table 2.  
 

2.6 Statistical Design 
 
The assumptions of normality and constant 
variance were checked and confirmed. A 
response surface analysis and analysis of 
variance (ANOVA) were employed to             
determine the regression coefficients, the 
statistical significance of the model terms and to 
fit the mathematical models of the experimental 
data that aimed to optimize the overall region for 
both response variables. A second-order 
polynomial model was applied to predict the 

response variables. The adequacy of the model 
was predicted through the regression analysis 
(R

2
) and the ANOVA analysis. Optimum 

extraction conditions were computed using the 
MINITAB 15 software to achieve the maximum 
recovery of polyphenols and carotenoids. For the 
verification of predicted extraction conditions, 
experimental data for the contents of phenolics 
and carotenoids in G. lactiferum leaf samples 
were determined according to the best 
extractions conditions obtained with RSM. 
 

3. RESULTS AND DISCUSSION 
 
The efficiency and effectiveness of the phenolics 
and carotenoids extraction process are generally 
manipulated by multiple variables, including solid 
to solvent ratio, extraction time, temperature and 
solvent composition [16]. RSM is accepted as a 
powerful tool in optimizing experimental 
conditions to maximize various responses [17]. 
The obtained data were used for the prediction of 
an optimum set of extraction parameters from 
leaf extract with higher phenolics and 
carotenoids contents. The amount of phenolics 
and carotenoids in the extracts were employed in 
a multiple regression analysis, performed using 
RSM to fit the second-order polynomial 
equations as shown in Table 3 and 4 for 
phenolics and carotenoids, respectively. The 
‘‘fitness’’ of the model was studied through the 
lack-of-fit test (p > 0.05) and the quality of fit to 
the second-order polynomial models for G. 
lactiferum leaf extracts was established. The 
software generated the estimated regressions 
coefficients for quadratic equations for both 
phenolics and carotenoids as appeared in Table 
3.  
 
Total phenolics content of leaf extracts varied 
from 1.12 to 4.26 mg GAE/g dry sample and the 
total carotenoids contents varied from 1.08 to 
2.82 mg/g DW. The ANOVA of the second order 
polynomial models for the phenolics extractions 
from G. lactiferum leaves show that the models 
were significant (p < 0.05) with R

2
 and p-values 

of 0.86 and 0.02, respectively (Table 3). There 
was no significance in the lack of fit (p = 0.58) in 
the model indicating that the model could be 
used to predict the responses. For carotenoids 
extraction, the model was significant (p < 0.05) 
and the R

2
 and p-values were 0.81 and 0.01, 

respectively (Table 3). The lack of fit (p = 0.69) in 
the model was not significance (p<0.05) and this 
indicated that the model could be used to predict 
responses. To visualize the relationship between 
the response and experimental levels of the 
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independent variables for the total phenolics and 
carotenoids extraction, three-dimensional (3D) 
surface plots were constructed as in Figs. 1            
and 2.   
 
Response surfaces were used to illustrate the 
effects of solvent concentration, extraction                 
time and the temperature on the responses 
(Figs. 1–2). Extraction of phenolic compounds 
depends greatly affect on the extraction of 
phenolics and carotenoids from G. lactiferum 
leaves (Figs. 1 and 2). The use of ethanol is 
relatively cheap, reusable and non-toxic, an 
environmentally friendly preparation of  
potentially bioactive extracts for food uses can 
be achieved.  
 
Extraction of phenolic compounds depends 
significantly on the polarity of the solvents used 
in the extraction process. Use of a pure ethanol 
may not be effective for the separation of 
phenolics from plant materials [10]. According to 
Fig. 1, an ethanol-based extraction system with 
lower ethanol % is preferred for phenolic 
extraction from G. lactiferum as the highest level 
of extract yield of phenolics was found when 
compared with the extract with pure ethanol 
(100%). Many earlier findings also stated that 
phenolics are more extractable in polar solvents 
as compared to non-polar ones [10,3]. Ethanol is 
also a good solvent that can be used for 
carotenoids extraction [18] and the extraction is 
highly influenced by extractions variables 
including solvent concentration, extraction 
temperature and time [19]. Influence of three 
extraction conditions towards total carotenoids 
extraction was reported in surface plots in Fig. 2 
and the regression coefficients of the second-
order polynomial regression equation appear in 
Table 3. Among the extraction variables, 
extraction solvent showed a greater influence                
on the carotenoids extraction. The extraction  
and separation of carotenoids depend largely on 
the nature of the polarity of the solvents [19].  For 
G. lactiferum, higher carotenoids extractions 
were observed when 100% ethanol was used 
(Fig. 2) compared with aqueous ethanol solvent 
system. When ethanol concentration increased 

from 30% to 100% while keeping extraction 
temperature and time at 30°C and 30 min, 
respectively, increase in the carotenoids content 
from 1.71 to 2.38 mg /g DW was observed  
(Table 2). 
 
In terms of extraction temperature on total 
phenolics, the recovery of phenolics was 
increased considerably when the extraction 
temperature was increased to 60°C, while the % 
ethanol maintained at a low level (Figs. 1 c & d). 
Results showed that at a lower solvent 
concentration (30%) and extraction duration (30 
min), increasing the extraction temperature from 
30°C to  60°C and extraction time (30 min), 
increased the extractable phenolics from 3.64 to 
4.02 mg GAE/g DW. Extractable carotenoid 
concentration increased when used pure ethanol 
(100%) and extraction time of 30 min from 2.38 
to 2.60 mg/g DW. This could be due to the 
increase in the solubility of these bioactive 
compounds, diffusion rate, mass transfer rate, 
extraction rate and reduced solvent viscosity and 
surface tension at higher temperatures and 
solvent polarities which could improve the 
phenolic extractability [20]. However, extractable 
carotenoids content decrease from 1.71 to 1.08 
mg/g DW when the extraction temperature 
increased from 30 to 60 while keeping solvent 
concentration and 30% and extraction time of 30 
min. The extraction time was another important 
parameter in the extraction procedure for 
bioactive in many previous studies. However, the 
results showed that extraction time did not have 
a significant effect on the phenolics and 
carotenoids extraction from G. lactiferum leaves 
at P < 0.05 level.  
 
The software generated predicted optimal 
ethanol concentration, extraction temperature, 
extraction time were developed for maximizing 
both responses and they were 19.2%, 70.2°C 
and 98.2 min for phenolics and 100%, 70.20°C 
and 110.5 min for carotenoids, respectively. The 
values obtained experimentally for both response 
variables are near to the predicted values, 
indicating a satisfactory model. The experimental 

 
Table 1. Levels of extraction variables for experimental designs 

 

Independent variables Level total phenol content/ carotene content 

+1 0 -1 +1.682 -1.682 

X1: Ethanol (%) 

X2: Temperature (°C) 

X3: Time (min) 

100 

60 

90 

65 

45 

60 

30 

30 

30 

123.86 

70.23 

110.45 

6.137 

19.773 

9.546 
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Table 2. Central composite design arrangement for extraction of phenolics and carotenoids 
from Gymnema lactiferum 

 

Run 
order 

Ethanol % Temperature 
(°C) 

Time (min) Phenolic mg/g 
GAE 

Carotenoids 
mg/g 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

65.00 

65.00 

65.00 

6.14 

30.00 

100.00 

65.00 

100.00 

30.00 

65.00 

65.00 

100.00 

65.000 

123.86 

30.00 

65.00 

30.00 

100.00 

65.00 

65.00 

19.77 

45.00 

45.00 

45.00 

30.00 

60.00 

45.00 

30.00 

60.00 

45.00 

70.23 

60.00 

45.00 

45.00 

30.00 

45.00 

60.00 

30.00 

45.00 

45.00 

60.00 

60.00 

110.45 

60.00 

90.00 

90.00 

60.00 

90.00 

30.00 

60.00 

60.00 

30.00 

9.55 

60.00 

30.00 

60.00 

90.00 

30.00 

60.00 

60.00 

3.49 

3.19 

3.94 

3.75 

3.68 

1.62 

3.38 

1.63 

4.02 

2.71 

3.81 

1.66 

3.16 

1.12 

3.64 

3.59 

4.26 

1.57 

3.88 

4.22 

2.42 

2.09 

2.41 

1.17 

1.95 

2.82 

2.11 

2.15 

1.08 

1.60 

2.55 

2.60 

2.06 

1.89 

1.71 

2.48 

1.32 

2.38 

2.45 

2.07 

 
values for total phenolics were 4.01±0.74 mg 
GAE g extract and 3.56±0.19 mg/g DW 
carotenoids and no significant difference (p < 

0.05) was found between the experimental and 
predicted values of the extractable phenolics and 
carotenoids. 

 
Table 3. Estimated Regression Coefficients for phenolics and carotenoids using data in 

uncoded units 
 

Terms Phenolics Carotenoids 

Constant        

Ethanol %                             

Temperature (°C)                       

Time (min)                            

Ethanol %*Ethanol %                  

Temperature *Temperature (°C) 

Time (min)*Time (min)                

Ethanol %*Temperature (°C)          

Ethanol %*Time (min)                

Temperature (°C)*Time (min 

1.88493 

0.0324392 

0.0343011 

0.0142711 

-3.81259E-04 

-1.65574E-04 

-8.06772E-05 

-2.08333E-04 

-3.12500E-05 

3.12500E-05 

3.18114 

0.0154882 

-0.0845285 

-0.00180295 

-1.87407E-04 

0.000477953 

2.12791E-05 

0.000511905 

-5.83333E-05 

0.000125000 

R
2
 86.87% 81.34% 

P values for regression 0.002 0.011 

P values for lack of fit 0.576 0.686 
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Table 4. Predicted values and experimental values of total phenolics and carotenoids at the 
optimum extraction conditions for Gymnema lactiferum 

 

Optimum extraction conditions Predicted values (mg/g) Experimental values (mg/g) 

Phenolics Carotenoids Phenolics  Carotenoids  Phenolics  Carotenoids  

ETOH:19.2% 
Temp:70.2 °C 
Time:98.2 min 

ETOH:100% 
Temp:70.2°C 
Time:110.5 min 

4.46 
 

3.33 4.01±0.74 3.56±0.19 

 

120

80
3.0

3.5

4.0

40
20

4.5

40
060

Phenolic mg/g

T ime (min)

T emperature (°C)

Ethanol % 30

Hold Values

Gymnema

 

60

0.0

1.5

40

3.0

0

4.5

40 2080
120

Phenolic mg/g

T emperature (°C)

Ethanol %

Time (min) 30

Hold Values

Gymnema

 

120

80
0

2

40
0

4

40
80 0

120

Phenolic mg/g

T ime (min)

Ethanol %

Temperature (°C) 30

Hold Values

Gymnema

 
 

60

0.0

1.5

40

3.0

0

4.5

40 2080
120

Phenolic mg/g

T emperature (°C)

Ethanol %

Time (min) 30

Hold Values

Gymnema

 

60

0.0

1.5

40

3.0

0

4.5

40 2080
120

Phenolic mg/g

T emperature (°C)

Ethanol %

Time (min) 90

Hold Values

Gymnema

 
Fig. 1. Pair-wise response surface plots of the phenolics (mg GAE/g DW) extraction from 
Gymnema lactiferum leaves as a function of ethanol %, extraction temperature and time: 
ethanol % was kept constant at 30% (a) and 100% (b); temperature of extraction was kept 

constant at 30 °C (c) and 60 °C (d); the time of extraction was kept constant at 30 min (e) and 
90 min (f) 

120

80
0.0

1.5

3.0

40
0

4.5

40
80 0

120

Phenolic mg/g

T ime (min)

Ethanol %

Temperature (°C) 60

Hold Values

Gymnema
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120

80
1.0

1.5

2.0

40
20

2.5

40
060

Carotenoid-mg/g

T ime (min)
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2

0

3

40 2080
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Carotenoids mg/g

T emperature (°C)

Ethanol %

Time (min) 30
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601

40

2

0

3

40 2080
120

Carotenoids mg/g

T emperature (°C)

Ethanol %

Time (min) 90

Hold Values

Gymnema

 

Fig. 2. Pair-wise response surface plots of the carotenoids (mg/g DW) extraction from 
Gymnema lactiferum leaves as a function of ethanol %, extraction temperature and time: 
ethanol % was kept constant at 30% (a) and 100% (b); temperature of extraction was kept 

constant at 30 °C (c) and 60 °C (d); the time of extraction was kept constant at 30 min (e) and 
90 min (f). 

 

4. CONCLUSIONS 
 
An ethanol-based extraction technique was 
applied for the extraction of phenolic and 
carotenoids compounds from G. lactiferum 

leaves and optimised by response surface 
methodology. The results showed that the 
solvent concentration had a greater influence on 
extraction yields of total phenolics and total 
carotenoids from G. lactiferum than extraction 
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temperature and time. It was confirmed that the 
predicted total phenolics and carotenoids content 
were not significantly different from those of 
experimented values. 
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