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 ABSTRACT 
 

Blackgram have the antioxidant properties because of the presence of the natural phenolic compounds 
which has beneficiary effects. In the present work, polyphenols are extracted using solid liquid extraction 
in a batch reactor at constant temperature. The polyphenol content is determined using the Folin- 
Ciocalteau method and expressed as Gallic Acid Equivalents (GAE). The effect of the solvents ethanol, 
methanol, acetone and water were studied on the parameters pH, extraction temperature and extraction 
time on Total Phenolic Content have been checked and it was optimized using a three variable, three-
level Box-Behnken response surface methodology for extracting phenolic content. Validation of the model 
is based on the predicted and the observed values. The quadratic model predicted total phenolic content 
of 25% and ethanol extracts is 68.6 mg GAE/g of dry black gram powder sample. HPLC analysis showed 
the presence of phenolic acids and flavonoids.  
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INTRODUCTION 
 
Polyphenols are the secondary metabolites present in 
variety of fruits, vegetables, grains and beverages. It 
has the antioxidant ability which delays the oxidation of 
oxidizable substrates1.  Polyphenols prevent the 
persistent diseases such as neurological problems, 
cancer and atherosclerosis. They have active role in 
reducing inflammation such as coronary artery disease2, 
in the regulation of oxidative low density lipoprotein3 and 
preventing the aggregation of platelets.  As there will be 
numerous phenolic antioxidants compounds present in 
single food and their individual in vivo action cannot be 
measured. In this present work, polyphenol is extracted 
from black gram legume as legumes are the excellent 
sources of bioactive compounds in general.  Black gram 
is an important legume which is very nutritious; it is 
creamy white in colour and with a black seed coat4. It is 
also known as Vigna mungo and scientifically it is known 
as Phasiolus mungo.  Black gram has a significant lipid 
lowering action5 and anti inflammatory6 properties. Other 
than the  anti oxidant properties , this black gram acts as 
anticarcinogenic, antimutagenic, hepatoprotective, and 
also free radical scavenging properties7 and showed 
significant anticolon- cancer and anti- inflammatory 
activity8. Total phenolic content extracted from the black 
gram is affected by the factors such as solvent type, 
solvent concentration temperature pH, and stirring 
speed. These factors are to be optimized to obtain 
better performance9. As per the classical method of 
optimization, one factor will be varied and  the remaining 
factors will be maintained constant. However, to the best 
of our facts, optimization of extraction of phenolic 
antioxidants from black gram (Vigna mungo) using 
Response Surface Methodology (RSM) has not been 
reported yet. Therefore, the objective of this study was 
to optimize the effect of solvent type, solvent 
concentration, temperature, pH, speed of stirring by 
making use of design of experiment for response 
surface methodology. A mathematical correlation 
between the parameters was developed to obtain 
maximum Total Phenolic Content (TPC) using the Box 
Behnken design of experiments. 
 MATERIALS AND METHODS 
 
Chemicals 
Ethanol, Acetone, Methanol (Merck, Mumbai, India) and 
water are used as solvents for solvent liquid extraction. 
Folin-Ciocalteu reagent (Phenol reagent) from Loba 
Chemie (Mumbai, India), Sodium carbonate, DPPH, 
Ascorbic acid (Vitamin C). All the solvents and 
chemicals used are of analytical grade. Deionized water 
was used for the preparation of solutions. 
 
Sample Preparation 
Black gram seeds were purchased from the Tumkur 
market, Karnataka and the seeds were cleaned 
manually to remove all foreign matter such as dust, dirt, 
stones as well as immature and broken seeds. The 
seeds were then powdered using grinder. The powder 
was passed through sieve of 52# to get the uniform size 
powder. 
 

Solid Liquid Extraction Procedure- Preparation of 
extract 
5% of the powdered black gram was dissolved in 
different concentration of ethanol and the pH of the 
sample was adjusted. The contents were transferred to 
batch reactor maintained at desired speeds. The 
experiment was carried out at different pH (2, 4, 5, 6 and 
8), speed (200, 400, 600, 800 rpm) and at different 
temperatures (30, 40, 50 and 60oC) .The sample is 
collected for different time intervals. The remaining 
sample in the reactor were subjected to centrifugation at 
10000 rpm for 10 min at -40C. The supernatant was 
collected and subsequently used for the determination 
of total phenolic content. All the extractions were 
repeated once. The procedure was repeated for 
different solvents. 
 
Experimental Design 
The experimental design was classified in two stages. 
Firstly, single factor experiments were performed to 
determine the appropriate range of conditions for 
phenolic extraction from black gram by varying solvent, 
concentration of the solvent, extraction time, pH and 
extraction temperature, by varying one variable at a time 
and keeping other variables as constant. Secondly, the 
optimization of phenolic compounds extraction was 
carried out using RSM and polynomial model was 
developed. 
 
Single factor experiments 
Selection of solvent type 
Extraction was carried out by using the different solvents 
such as water, 75% ethanol, 75% methanol and 75% 
acetone at a fixed temperature of 300C. The samples 
were withdrawn at different times and the total phenolic 
content (mg GAE/ g dry weight) was determined.  
 
Effect of solvent concentration on extraction of 
phenolic compounds 
Samples were extracted with the different solvent 
ranging from 25% (v/v) to 100% (v/v) by fixing extraction 
temperature at 180 min and at 300C respectively. The 
total phenolic content (mg GAE/ g dry weight) was 
determined. 
 
Effect of extraction time on extraction of phenolic 
compounds 
The solvent with the optimized concentration will be 
considered to study the effect of extraction time on the 
extract sample at 300C. At different time in the range of 
5min to 300 min, the sample will be collected and its 
total phenolic content (mg GAE/ g dry weight) was 
determined.  
 
Effect of stirrer speed on extraction of phenolic 
compounds 
The solvent with the optimized concentration will be 
considered to study the effect of mixing on the sample at 
300C. The stirring speed was maintained in the range 
from 200 rpm to 800 rpm. At different time in the range 
of 5min to 180 min, the sample was collected and its 
total phenolic content (mg GAE/ g dry weight) was 
determined.  
 
Effect of pH   on extraction of phenolic compounds 
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The solvent with the optimized concentration will be 
considered to study the effect of pH on the sample at 
300C. pH was maintained in the range of 2 to 8. Dilute 
forms of Hydrochloric acid or Sodium hydroxide is used 
to maintain pH. At different time in the range of 5min to 
180 min, the sample was collected and its total phenolic 
content (mg GAE/ g dry weight) was determined.  
 
Effect of extraction temperature on extraction of 
phenolic compounds 
Samples was extracted at different extraction 
temperature in the range of 300C to 600C using the 
optimized solvent concentration at the optimized time. 
The extraction temperature was optimized by 
determining the total phenolic content (mg GAE/ g dry 
weight).Based on the results of single factor experiment, 
the ranges of three factors such as stirrer speed, pH, 
extraction time and extraction temperature are 
determined for RSM. 
 
Determination of Total Phenolic Content 
The phenolic content of blackgram is determined 
spectrophotometrically using the Folin- Ciocalteu total 
phenol procedure described by Spanos and Wrolstad10 
with slight modifications. The phenolic content is 
expressed as Gallic Acid Equivalents (GAE) based on 
the absorbance at 765nm11.100ml of gallic acid stock 
solution was prepared by mixing with 10ml of ethyl 
alcohol. From the gallic acid stock solution, standard 
gallic acid for 50, 100, 150, 200 and 250µg/ml was 
prepared. 0.1ml of gallic acid from the prepared 
standard solution was mixed with 3ml of 0.2N FC 
reagent. It was mixed well, 2 ml of 9% (w/v) sodium 
carbonate solution was added.The mixture was 
incubated for 30 minutes and the absorbance was read 
at 765nm using UV-Spectrophotometer. In the same 

way, absorbance was read for 0.1ml of extract sample. 
The concentration of the total phenolic compounds in 
the extracts is determined by comparing the absorbance 
of the extract samples to that of the gallic acid standard 
solutions against the blank sample. A calibration curve 
of absorbance versus concentrations of gallic acid is 
plotted. All samples are run in duplicate. Total phenolic 
contents are expressed as mg Gallic Acid Equivalents 
(GAE) per g dry black gram powder. 
 
Experiment of RSM 
Box Benkhen design was used in order to optimize the 
variables that influence the total phenolic content from 
blackgram. The Box Benkhen design was used to 
determine the good estimation of pure error12. The 
three-dimensional (3D) plots were made by keeping 
one variable constant at the centre point and varying 
the others within the experimental conditions. The 
resulting response surfaces showed the effect of 
independent variables temperature, pH and stirrer 
speed on the total phenolic content which is the 
dependent variable. 
 
STATISTICAL ANALYSIS 
 
The experimental results in single factor experiments 
were expressed as means ± standard deviations of 
repeated measurements. The response of dependent 
variable was estimated from the three factor Box 
Benken design using a statistical package Design 

Expert®8.1.0 and the optimal point was predicted. This 
was done by fitting a second degree polynomial to the 
experimental data.  The Box-Behnken design is used in 
optimizing a process using a small number of 
experimental runs. 

  
 
This design requires an experimental number of runs according to: 
 

 
 
Where k is the factor number which is 3 in this case 
and cp is the number of replications at the center point 
which is also 3. The experimental runs were 
randomized to maximize the effects of unexplained 

variability in the observed responses due to 
extraneous factors. The levels of the independent 
variables were selected based on preliminary 
experiments.

  
 
The second degree polynomial was expressed as follows: 
 

 
 
Where Y is predicted response, ,   and  are 
coded values of  independent variables,   is offset 
term( intercept), , ,  are linear effects, , ,  are interaction terms.The ANOVA tables were 
formed, the effect and regression coefficients of 
individual linear, quadratic and interaction terms were 
determined. The significances of all terms in the 
polynomial were analyzed statistically by calculating the 
F-value at a probability (p) of 0.001, 0.01 or 0.05. 
 

Determination of polyphenols using HPLC 
The polyphenols present in the blackgram was 
determined using HPLC method with gradient elution. 
Phenolic acid and flavonoids of black gram extracts are 
analyzed at 215nm using UV detector using HPLC using 
C18 column. Acetonitrile and water are used as mobile 
phase in the ratio of 7:3 with a flow rate of 1ml/min 
under ambient temperature and 3500psi pressure. The 
detection is at 215nm. The phenolic acid and flavonoids 
present in the black gram are analyzed on the basis of 
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retention time and it is compared with the standard 
chromatogram of gallic acid and rutine 
 
Verification of model 
Using the second order polynomial model of RSM, 
optimal conditions required for the extraction of total 

phenolic content from black gram was estimated.  Under 
the certain optimal conditions, the model equation was 
verified for the predicted response values. The 
experimental and the predicted values of the TPC were 
checked to verify the validity of the model. Experimental 
runs were replicated under the optimized conditions. 

 
 RESULTS AND DISCUSSION 

 
 

 
 

Figure 1  
Calibration curve for Standard Gallic acid 

 
 
A standard curve of gallic acid was constructed to 
determine the amount of total phenolic contents in the 
black grams. The equation for the gallic acid was 
expressed as y= 0.002x (R2=0.973). The results of the 
study were expressed as gallic acid equivalent (GAE) in 
µg/ g of dry weight. 
 
Single factor experiments 
Effect of solvent type on extraction of phenolic 
compounds 
Selection of extraction solvents is very important as it 
has important role in the determination of the amount 
and the type of phenolic compounds that will be 
extracted. Aqueous alcohols particularly acetone, 
ethanol and methanol are usually preferred for the 
extraction of the phenolic compounds from the plant 
source13, 14. The study indicated 69.75 mg of GAE/g of 
dry sample was extracted using the solvent ethanol, 
68.17mg of GAE /g of dry sample using  the solvent 
acetone, 65.25 mg of GAE /g of dry sample  using  the 
solvent water and 56.25 mg of GAE /g of dry sample 
using  the solvent methanol. This indicating that 
phenolic compounds extracted from black gram might 
cover from moderate polarity to low polarity.  
 
Effect of ethanol concentration on the extraction of 
phenolic compounds 
There is a correlation with the polarity of extraction 
solvent and the solubility of phenolic compounds in it. 
Study indicates that ethanol at an optimal concentration 
of 25% (v/v) is more effective than water for the 
extraction of polyphenols which reached the maximum 

of 69.75 mg of GAE/ g of dry black gram powder The 
use of lower concentrations of alcohol has the added 
advantage that the proteins are not likely to be 
denatured and possibly their physico-chemical and 
functional properties are not impaired and indicated that 
the protein content of the extract is not decreased by the 
extraction at low concentrations of alcohol. There will be 
drop in total phenolic content with 100% ethanol9.  
 
Effect of pH on extraction of Polyphenols 
Extraction of polyphenols was varied at the different pH 
conditions. It was observed that 69.75 mg of GAE/ g of 
dry black gram powder was obtained at pH pH 6 (basic) 
for 25% ethanol by an amount of. But for 100% ethanol, 
69.19 mg of GAE/ g of dry black gram powder were 
extracted at acidic pH 2, which clearly indicates that for 
high concentration of alcohols even at acid pH had the 
better extraction yields 15. 
 
Effect of extraction temperature on extraction of 
phenolic compounds 
The extraction of phenolic compounds was checked in 
the temperatures ranging from 300C to 600C.  At 30°C, 
there was increase in polyphenol extraction. At higher 
temperature, the extraction of polyphenols was not 
effective; this may be due the decomposition of phenolic 
compounds or may be due to the breakdown of phenolic 
content which are present in the sample network. Also 
increase in the temperature leads to loss of solvent 
which will increase the cost of the extraction process16.  
 
Effect of Time on extraction of Polyphenols 
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The extraction time can either be as short as few 
minutes or very long up to 24 hours17, 18. From the Fick’s 
second law of diffusion it is clear that the final 
equilibrium will be attained between the solute in the 
solvent after a certain time, therefore longer duration is 
not necessary for the extraction of phenolic 

compounds19.  At 40 minutes, the extraction of 
polyphenols is optimized; further increase in time 
decreased the content of polyphenols. This may be 
possible because of some loss of phenolic compounds 
via oxidation and these products might polymerize into 
insoluble compounds. 

  

 
 

Figure 2  
 

Polyphenol extracted w.r.t Temperature, pH and Solvent  
concentration for Ethanol  

Polyphenols such as Phenolic acids and the flavonoids present in the black gram were analysed based on the 
retention time and was compared with the standard chromatogram of gallic acid and rutine. 
 

 
Figure 3 

HPLC chromatogram for Black gram extracts  
showing the presence of Flavonoids 
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Figure 4 
HPLC chromatogram for Black gram extracts  

showing the presence of Phenols 
 
 

Table 1 
HPLC analysis for the Flavonoids based on  

the Standard Rutine (Peak at 3.801)  
Component 

Name 
Retention time 

(min) Response Amount (mg) 

Rutine 
(standard) 3.8 83.404 0.4 

Ethanol 3.75 25.379 0.12 
Acetone 3.693 19.794 0.08 
Methanol 3.813 20.843 0.09 

Water 3.63 33.386 0.156 
 

Table 2 
HPLC analysis for Phenolic acid based on  

Standard Gallic acid (Peak at 3.607)  
Component 

Name 
Retention time 

(min) Response Amount 
(mg) 

Gallic acid 
( standard) 3.607 74.536 0.4 

Ethanol 3.637 19.233 0.08 
Acetone 4.26 57.035 - 
Methanol 3.770 9.100 0.04 

Water 4.273 12.773 - 
 
Optimum extraction conditions based on Total 
Phenolic Content from the solvent ethanol 
The results obtained from the experiment were 
subjected to multiple regression analysis using Box- 
Behnken design. The total phenolic content extracted 
using the ethanol as solvent, pH, temperature and 
stirrer speed was represented with a second degree 
polynomial using the response surface curves. The 
significance of the fit of the second-order polynomial for 

the total phenolic content was assessed by carrying out 
Analysis Of Variance (ANOVA) with results shown in 
Tables 3 and 4. The model is significant as  F-value is 
15.48.  Values of "Prob > F" less than 0.0500 indicate 
model terms are significant. In this case A, B, AB, A2, 
B2 are significant model terms. Values greater than 
0.1000 indicate the model terms are not significant15. 
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Table 3  
ANOVA for Response Surface Quadratic Model  

[Partial Sum of Squares - Type III]  
 

Source Sum of squares Degrees of freedom (df) Mean square F-value p-value 
Prob > F  

Model 620.22 9 68.91 15.48 0.0038 Significant 
A-Temperature 374.01 1 374.01 84.02 0.0003  

B-pH 38.72 1 38.72 8.70 0.0319  
C-Stirrer Speed 1.20 1 1.2 0.27 0.0319  

AB 56.85 1 56.85 12.77 0.0160   
AC0.19 1 0.19 0.043 0.8430   
BC0.86 1 0.86 0.19 0.6778   
A

2
 43.63 1 43.63 9.80 0.0259   

B
2
92.77 1 92.77 20.84 0.0060   

C
2
1.85 1 1.85 0.42 0.5477   

Residual 22.26 5 4.45    
Lack of Fit 22.26 3 7.42    
Pure Error 0.000 2 0.00    
Cor Total 642.48 14     

 
Table 4  

Statistical information for ANOVA 
 

Std. Dev 2.11 R-Squared 0.9654 
Mean 58.46 Adeq Precision 14.255 

C.V. % 3.61   
 
Co-efficient of determination (R2) for the model is 
0.964, it indicates 96.54% of variability and the result 
of chance is 3.46%. Co-efficient of Variation (C.V) is 
found to be 3.61%, the reliability of the experiment is 

based on the lower value of C.V. An adequate 
precision value of 14.255 which was greater than 4, it 
indicates an adequate signal, and hence this model 
can be used to navigate the design space.

 
 

Table 5  
Data obtained from  ANOVA ( Ethanol) 

 
Factor 

Coefficient 
Estimate 

Degrees of 
freedom 

(df) 
Standard Error 

95% 
Confidence 

Interval 
(CI)Low 

95% 
Confidence 
Interval (CI) 

High 

Varience 
Inflation 
Factor 
(VIF) 

Intercept 59.68 1.00 1.22 56.55 62.81  
A-Temperature -6.84 1.00 0.75 -8.76 -4.92 1.00 
B-pH 2.20 1.00 0.75 0.28 4.12 1.00 
C-Stirrer Speed -0.39 1.00 0.75 -2.31 1.53 1.00 
AB  3.77 1.00 1.05 1.06 6.48 1.00  
AC  0.22 1.00 1.05 -2.49 2.93 1.00  
BC 0.46 1.00 1.05 -3.18 2.25 1.00  
A

2
 3.44 1.00 1.10 0.61 6.26 1.01  

B
2 -5.01 1.00 1.10 -7.84 -2.19 1.01  

C
2
 -0.71 1.00 1.10 -3.53 2.12 1.01  

 
Final equation in terms of actual factors 
 

 
 
 
 
                                         Where - Temperature;  - pH ;  – Stirrer Speed 
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Figure 5(c)  
 Response Surface Plot and the corresponding Contour Plot showing  
the effects of pH and stirrer speed on Total Phenolic Effect ( Ethanol) 

 
Analysis of the plot 

 
The response surface plots were analyzed based on the 
effects of selected parameters on the response of total 
phenolic content. Figure 5(a) shows maximum extraction 
will be at lower temperature around 30oC and the 
phenolic content decreases as the temperature reaches 
to 60oC. Total phenolic content decreases from 68.85mg 

of GAE /mg of dry powdered sample to 45 mg of GAE /g 
dry black gram powder from  figure 5(a, b). Similarly, 
extraction is more around the pH 4 to 6. Figure 5(b) 
indicates that the stirrer speed does have moderate 
effect on the total phenolic content. An increase in pH 
with corresponding decrease in temperature resulted in 

 
 

Figure 5(a)  
Response Surface Plot and the corresponding Contour Plot showing 

 the effects of Temperature and pH on Total Phenolic Content ( Ethanol) 
 
 
 

  
 
 

Figure 5(b)   
Response Surface Plot and the corresponding Contour Plot showing  

the effects of Temperature and Stirrer Speed on Total Phenolic Content( Ethanol) 
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an increase in total phenolic content from about 50 mg 
of GAE/ g dry black gram powder to about 55mg/g dry 
black gram powder figure 5(c). To select the optimum 
conditions , the model was analyzed further, and the 
maximum response was predicted to be 68.85 mg of 
GAE/g dry black gram powder at the final optimized 
conditions of 500rpm (stirrer speed), 5.00 (pH) and 
25ºC (temperature). Aqueous ethanol has the important 
role in the extraction of phenolic compounds from the 
black gram than the pure ethanol16 which is in good 
agreement with the present study which indicates 25% 
ethanol gives good results. Also the study indicates that 
the energy cost of the process is minimized at the 
optimized temperature of 300C at moderate stirring of 
500rpm. The high levels of phenolic content recorded at 
pH 5 is not the optimized values as those particular 
experimental runs did not account for the optimized 

simultaneous effect of the independent variables 
namely temperature, pH and stirrer speed. The 
optimized pH value of 5 obtained from response 
surface methodology is the pH value at which the 
simultaneous effect of all tested variables was 
noticeable on the phenolic content.   
Verification of predictive model 
Under the optimal conditions, the experiments were 
repeated and the results validated by the regression 
model were confirmed. The results obtained from the 
experiment confirmed an average value (69.75 mg of 
GAE/g dry black gram powder) obtained was close to 
the predicted value (68.8 mg of GAE/g dry black gram 
powder).Thus the validity of the model  gave the 
correlation between the predicted and the measured 
values from the conducted experiments. 

 
 

 
 

Figure 6  
Comparison of Predicted v/s Actual  

values w.r.t Solvent Ethanol  
In the present study, ethanol (25% v/v) was found to be 
the most efficient solvent for the extraction of phenolic 
compounds at 30 °C and a solvent: mass ratio of 20 
ml/g for 12 min could be used to extract a maximum of 
69.75 mg GAE/g black gram powder. Hence, it is able to 
extract comparable levels of phenolic compounds using 
less solvent and in a much shorter time. Methanol was 
also shown to be an effective solvent although higher 
extraction temperatures were required when compared 
to ethanol. A higher methanol concentration (approx. 
75%) was required to reach total phenolic content levels 
comparable to that of samples extracted with ethanol. 
When considering the cost associated with higher 
extraction temperatures in addition to potential toxicity 
issues related to the use of methanol in food 
applications, ethanol may be preferred over methanol.  
 CONCLUSION 
 
From the present study, the merits of response surface 
methodology over classical method in optimizing the 
phenolic contents from blackgram were studied. Using 

Box- Benken design the effect of concentration of 
solvent, pH and temperature, time and stirrer speed on 
the solid liquid extraction was optimized. Total phenolic 
content extracted from black gram is related to pH and 
temperature and stirrer speed by a validated quadratic 
regression model.The quadratic regression model was 
able to define and predict to a high level of confidence, 
the total phenolic content produced during extraction by 
black gram using solvent ethanol (25%). The maximum 
total phenolic content obtained  at the combination of 
optimum conditions for 25% ethanol concentration, pH 
5, speed of 500rpm and at  30ºC  was 69.75 mg GAE/g 
of dry black gram powder, which was matching with the 
predicted value of 68.8 mg of GAE/g dry black gram 
powder. HPLC analysis signifies the presence of 
phenolic acid only in the ethanol and methanolic 
extracts whereas flavonoids is present in all the extracts 
considered for study. 
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