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Fig. 1. Effect of methanol concentration and extraction temperature on luteolin (A), total phenolics content (B, TPC), total flavonoid content 
(C, TFC), ABTS radical cation assay (D), and DPPH radical assay (E) of peanut hull extracts.
The vertical bars represent mean±SD (n=2). Significant differences between means of each group (by temperature) are denoted by letters. Means 
with the same letters are not significantly different (p>0.05).
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alone may not achieve. 
For all studied parameters, a concentration of 80% 

methanol and temperature of 85℃ increased the phenolic 
compounds as well as their antioxidant capacity (Fig. 1). 
There were significant differences between the temperature 
and methanol concentrations of the extracts (p<0.05), with 
that of temperature being highly significant (p<0.01) due to 
enhanced extractions and recovery of phenolic compounds 
through the increase of the diffusion coefficient and solid to 
solvent solubility. However, prolonged exposure or treatment 
with high temperatures could also lead to deterioration of 
active compounds which is likely the cause of the eventual 
decrease. 

At all temperatures, the highest yield of compounds was 
obtained from the 80% methanol extracts and while some 
compounds could be water-soluble, the efficiency of water as 
an extraction solvent, unaided by other factors like 
temperature, has been shown to be lacking in previous 
studies (Boonmee, 2012; Do et al., 2014; Kalita et al., 2013). 

Optimization

To determine the optimum extraction conditions of the 
peanut hulls, the central composite design was used (Table 
1, Table 2). The lack of fit for the measured parameters was 
insignificant relative to the pure error and this was tested 
against each response. Non-significant lack-of-fit is the 
preferred state of the model and so, implied the model fit 
for the responses. For TPC, due to the wide range present 
between the experimental values, the data was transformed 
and analyzed. The results obtained showed that there was 
less efficient extraction occurring at lower temperatures and 
lower methanol concentrations for all responses (Table 3, 
Table 4). At 25℃, luteolin ranged from 68-112 mg/100 g 
while TPC, TFC, ABTS and DPPH ranges were 628.22- 
828.22 mg GAE/100 g, 235.81-713.23 mg QE/100 g, 20.93- 
32.08% and 28.92-45.88%, respectively. The observed 
tendency showed that 100% methanol had the least 
antioxidant activity and content while 80% methanol had the 
highest at that temperature. This was similarly the case at 

Table 2. Fit summary of individual parameters (quadratic model) for quality prediction of peanut hull

Source Sequential
p-value F-value Lack of fit

p-value Adjusted R2 Predicted R2

Luteolin <0.0001 1.53 0.2717 0.9625 0.9509

Total phenolic content1) <0.0001 2.36 0.1399 0.9941 0.9883

Total flavonoid content 0.0355 1.09 0.4016 0.7987 0.5640

ABTS scavenging activity % 0.0005 1.16 0.3766 0.9693 0.9341

DPPH scavenging activity % <0.0001 1.49 0.2819 0.9800 0.9582
1)Total phenolics content was analyzed under ‘Inverse transform’ conditions due to wide range. p-value≤α: The lack-of-fit is statistically significant.

Table 3. Central composite design for the extraction of luteolin and antioxidant activities from peanut hull

Run X1 
(%)

X2 
(℃)

Luteolin
(mg/100 g)

TPC
(mg GAE/100 g)

TFC
(mg QE/100 g

1  60 85 138.59 1,441.75 1,296.43

2  60 85 140.87 1,573.79 1,396.43

3 100 25  78.73 628.22 235.81

4  80 55 144.63 1,291.96 865.16

5 100 85 152.57 1,346.60 832.14

6  60 25  68.04 713.27 535.81

7  80 55 152.07 1,237.76 878.07

8  80 55 145.18 1,270.34 867.81



Vol. 28(4) 2021 Korean Journal of Food Preservation528

(continued)

Run X1 
(%)

X2 
(℃)

Luteolin
(mg/100 g)

TPC
(mg GAE/100 g)

TFC
(mg QE/100 g

9 100 25  77.12 627.29 500.32

10  60 25  69.54 725.42 558.39

11 100 85 155.92 1,468.93 1,510.71

12  80 55 168.08 1,266.78 870.04

13  80 55 151.29 1,244.07 867.41

14  80 55 153.74 1,265.84 867.49

15 100 55 118.27 1,024.67 697.42

16  80 25 103.49 777.76 668.07

17  60 55 100.03 1,125.61 742.58

18  80 85 173.95 2,049.51 1,817.86

Where X1, methanol concentration; X2, temperature.

Table 4. Central composite design for the scavenging activity factors and responses from peanut hull extracts

Run X1
(%)

X2
(℃)

ABTS scavenging 
activity (%)

ABTS VCEAC 
(μg/mL)

DPPH scavenging 
activity (%)

DPPH VCEAC 
(μg/mL)

1 60 85 64.71 355.94 70.90 117.52

2 60 85 75.00 412.54 79.30 131.37

3 100 25 20.93 115.13 28.92  48.33

4 80 55 47.29 260.12 65.59 108.77

5 100 85 52.06 286.36 59.70  99.06

6 60 25 27.56 151.60 36.76  61.25

7 80 55 46.54 256.00 64.02 106.18

8 80 55 46.40 255.23 64.46 106.91

9 100 25 21.69 119.31 26.86  44.93

10 60 25 28.92 159.08 37.25  62.06

11 100 85 55.59 305.78 59.50  98.73

12 80 55 47.32 260.29 65.99 109.43

13 80 55 47.64 262.05 66.12 109.65

14 80 55 46.48 255.67 66.01 109.46

15 100 55 33.58 184.71 49.31  81.94

16 80 25 32.83 180.58 45.20  75.16

17 60 55 39.76 218.70 54.51  90.51

18 80 85 67.21 369.69 81.10 134.34

Where X1, methanol concentration; X2, temperature.
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85℃, where the response variables ranges were 152.57- 
174.12 mg/100 g for luteolin content; 1,346.6-1,769.9 mg 
GAE/100 g for TPC; 832.14-1,767.86 mg QE/100 g for 
TFC; 52.06-75% ABTS scavenging activity, and 59.7-81.3% 
DPPH scavenging activity. These values were from lowest 
at 100% methanol to highest at 80% methanol, with the 
exception of ABTS scavenging activity which was highest 
at 60% methanol.

From the CCD, the predicted optimal conditions for 
maximum yield of luteolin, were: 81.22℃ and 87.47% 
methanol for a predicted value of 174.51 mg/100 g (Table 
5). These experimental conditions were applied as 81℃ and 
87.5% methanol, and to verify the accuracy of the predicted 
optimal parameters from the CCD (X1: 87.5% and X2: 81℃), 
the luteolin content was determined under these optimal 
conditions. The percentage difference between the values 
obtained by the model were all below 10% which 
confirmed the predictability of the model for the extractions 
of peanut hulls. To confirm optimization, extraction was 
performed at 90℃ and the luteolin content decreased to 
68.56 mg/100 g, suggesting possible degradation at that 
temperature.

The interaction effects of the factors on the compounds 
and activities was shown on surface plots (Fig. 2) that 
expressed the interactive relationships between the methanolic 
concentration and temperature of the different extracts. 
Higher temperatures can enable the degradation of the cell 
walls of the peanut hulls but also increase the degradation 
of flavonoids like luteolin, in addition to degrading thermal 
labile phenolic compounds. With the exception of the 
methanol concentration, there were significantly positive 
correlations between the response variables as well as 

between the response variables and increasing extraction 
temperature. The parameters all had significant correlations 
between them (R2>0.70). The antioxidant components of 
phenolic and flavonoid compounds were reflected in the 
linear correlations between the parameters of phenolics, 
flavonoids, ABTS scavenging activity and DPPH scavenging 
activity. The increased luteolin content and antioxidant 
potential of peanut hull extracts can enhance the stability of 
various products if applied against primary oxidation.

Conclusion

Extracting luteolin under reflux from peanut hulls is a 
simple method with relatively low costs that, in succession, 
can exhaustively utilize peanut waste biomass in the 
production chain. Temperature and methanolic concentrations 
were optimized for increased extraction efficiency with the 
added benefit of increasing the antioxidant content and 
activity of the extracts and the extracted luteolin was 
increased by 42.50%. The results of the study will contribute 
to the extensive utilization of peanut hull waste by obtaining 
bioactive compounds prior to secondary processes such as 
biorefinery or composting facilities.
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Table 5. Predicted and experimental values at optimized conditions1) for quality parameters

Selected parameter Predicted value Experimental value % difference from 
predicted

Luteolin 174.51 mg/100 g 172.35±1.25 mg/100 g 1.25

TPC 1,667.23 mg GAE/100 g 1,666.29±0.06 mg GAE/100 g 0.06

TFC 1,411.90 mg QE/100 g 1,410.70±0.09 mg QE/100 g 0.09

ABTS 62.27% 61.38±1.46% 1.46

DPPH 74.68% 72.77±2.62% 2.62
1)Optimized parameters: 81℃; 87.5% methanol. Confidence=95%, Population=99%.
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Fig. 2. Response surface plots showing the effect of methanol concentration and extraction temperature on the five measured response 
variables. 
A, luteolin content; B, total phenolic content; C, total flavonoid content; D, ABTS scavenging activity; E, DPPH scavenging activity.
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