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ABSTRACT: Millet is a rich source of micro-nutrients and phytochemicals. However, 

literature on Sri Lankan millet varieties is limited. The present study was carried out to 

investigate the antioxidant activity (AOA), Total Phenolic Content (TPC) and Bound 

Phenolic Content of two varieties of finger millet (Eleusine coracana) and three varieties of 

foxtail millet (Setaria italica) prominently grown in Sri Lanka. The finger millet varieties 

tested were Wadimal Kurakkan and Bala Kurakkan whereas foxial millet varieties were Ran 

Thana Haal, Kaha Thana Haal and Kalu Thana Haal. AOA was screened using DPPH (1,1-

diphenyl-2-picryl-hydrazyl) and Ferric Reducing Antioxidant Power (FRAP). 

Folin−Ciocalteu method was used to determine the TPC of both soluble and bound contents. 

According to the results, AOA showed a significant correlation with TPC while a moderate 

correlation was observed with FRAP and DPPH. Therefore, a distinct content of PC has 

contributed to the AOA in the evaluated millet varieties. Finger millet varieties showed the 

strongest antioxidant activities compared to the foxtail varieties in all the assays performed. 

The total and bound phenolic contents were observed to be higher in finger millet varieties 

than those in the foxtail millet varieties. 
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INTRODUCTION 

 

The oxidative stress caused by the imbalance between antioxidant defense mechanisms and 

increased production of free radical is considered to be a leading cause in the development of 

chronic degenerative diseases (Chandrasekara et al., 2010). In the past two decades, there has 

been an emerging interest in phytochemicals due to their health promoting functions. 

Although numerous phytochemicals have been identified in plant sources, more than half 

remains to be unidentified in their antioxidant capacities. Therefore, it is important to explore 

the bioactive components of natural food crops such as fruits, vegetables, grains and spices. 

Grains contribute a significant supply of antioxidants which repair the damage of free 

radicals by donating electrons and hydrogen atoms. Epidemiological studies have 

demonstrated that regular consumption of whole grain cereals and their products can protect 

against the risk of cardiovascular diseases, type II diabetes, gastrointestinal cancers, and a 

range of other disorders (McKeown et al., 2002). Millet is so important because of its 

uniquely high content of nutrients, including impressive starch levels, very high B-vitamin 
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content, as well as its high proportion of phytochemicals. In addition to antioxidant 

properties, polyphenols of millets, particularly finger millet, possess other health benefits 

such as antimicrobial, anti-inflammatory, antiviral, anticancer and antiplatelet aggregation 

(Hegde et al., 2005). However, the available research evidence about the antioxidant 

activities of local varieties of foxtail millet and finger millet in Sri Lanka is limited. The 

main objective of the present study was to evaluate the phenolic content of both total and 

bound forms present in selected local varieties of millet species grown in Sri Lanka and to 

evaluate the antioxidant potential of them. 

 

 
MATERIALS AND METHODS 

 

Two varieties of millets grown in Sri Lanka namely finger millet (Elusine coracana) [Bala, 

Wadimal] and foxtail millet (Setaria italica) [Ran, Kaha, Kalu] were obtained from 

Research Stations of Department of Agriculture of Sri Lanka (Plate 1). The samples were 

cleaned, ground to a fine powder and pooled assuring the uniform distribution and stored at -

20˚C until further analysis. Plate 1 indicates the grain of millets used for the study. 

 

 
            Ran                      Kaha                     Kalu                     Bala                             Wadimal 

                                 Foxtail Millets                                                 Finger Millets 

 

Plate 1: Varieties of millets used in the study 

 

A sample (0.1 g) was ground with 7.5 ml of distilled water and centrifuged at 2500 rpm for 

10 min in a centrifuge (Himac CT4D, Japan). The supernatant was filtered and the extract 

was appropriately diluted with distilled water before analysis. Total Phenolic Content (TPC) 

of the extracts was determined spectrometrically as described by Singleton et al. (1965) with 

slight modifications. The reaction mixture was prepared by mixing 50 µL of sample extract 

and 105 µL of 10% Folin-Ciocalteu’s reagent dissolved in distilled water and 80 µL of 

sodium carbonate (7.5%, w/v) subsequently 15 µL of distilled water were added after 5 min. 

The mixture was incubated for 30 min at room temperature and the absorbance was read at 

760 nm using UV-Visible microplate spectrophotometer (Thermoscientific-Multiskan GO, 

Japan). The extraction of bound phenolic content was performed according to the procedure 

explained by Chandrasekara et al. (2010) with slight modifications. The resulting methanolic 

extracts (0.25 ml) were mixed with 0.25 ml of Folin-Ciocalteu’s reagent in a microcentrifuge 

tube and mixed vigorously by vortexing. Subsequently, 0.5 ml of Na2CO3 was added to 

neutralize the reaction mixture and diluted with 4 ml distilled water. The tubes were allowed 

to incubate at room temperature for 30 min and centrifuged for 5 min at 2500 rpm. The 

absorbance of the resulting mixture was read at 725 nm using a UV Visible microplate 

spectrophotometer (Thermoscientific-Multiskan GO, Japan). The FRAP assay was carried 

out according to the procedure described by Li Fu et al. (2011) with modifications. Briefly, 

the freshly prepared FRAP reagent was warmed to 37 ˚C in a water bath before use. Diluted 
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samples (10 µL) were added to 150 µL of the FRAP reagent. The absorbance of the mixture 

was measured at 593 nm using a UV Visible microplate spectrophotometer 

(Thermoscientific-Multiskan GO, Japan) after 10 min. Gallic acid was used as the standard. 

The free radical scavenging activity of the extracts was measured in terms of hydrogen 

donating or radical scavenging ability using the stable free radical DPPH according to the 

method described by Liyanage et al. (2011) with slight alterations. Briefly, the aqueous 

sample extracts of different concentrations were added to 100 µL DPPH solution and diluted 

with distilled water until the total volume reached 250 µL. After incubating for 30 min in the 

dark at room temperature, the absorbance was read at 517 nm using a UV Visible microplate 

spectrophotometer (Thermoscientific-Multiskan GO, Japan). All the experiments were 

performed in triplicate and the results are expressed as mean ± SD (standard deviation). 

Correlation between the phenolic contents and antioxidant activities were determined.  

 

 

RESULTS AND DISCUSSION 

 

Total phenol content 

 
The Folin-Ciocalteu’s assay was used to determine the phenolic contents on basis of the 

reducing activity of phenolic hydroxyl groups. The phenolic content of the extracts varied 

from 123.20 to 181.39 mg/GAE/100g. Wadimal Kurakkan (finger millet) exhibited the 

highest phenolic content while the lowest was observed in Kaha kurakkan (foxtail 

millet).The results obtained from the estimation of insoluble bound forms of phenolics are 

illustrated in the Figure 1. The bound phenolic content of the tested millets ranged between 

102.28 - 72.82 mg/100g/GAE. The highest bound phenolic content was observed in Ran 

variety while the lowest was observed in Kaha variety of foxtail millet. In addition, the 

bound phenolic content showed a significant portion of polyphenolics present in all the 

varieties. The extraction method used in the present study would have affected the accuracy 

of the results since ultrasonic assisted alkaline hydrolysis was followed in this study. The 

bound phenolic compounds are covalently bound to cellulose, pectin and polysaccharides 

through ester bonds, and are difficult to be hydrolyzed (Cuevas et al., 2011). Enzymatic, 

thermal and alkaline hydrolysis methods have been used to extract bound phenolic 

compounds from different sources, with alkaline hydrolysis being the most common. The 

method of extraction influences greatly for the release of the bound phenolics which are 

trapped or conjugated in the cell walls. Accordingly, it was revealed that the bound phenolic 

fraction consists of a distinct fraction of the total phenolic content (Figure 1). Therefore, 

inclusion of the bound phenolics in studies related to quantification and evaluation of 

antioxidant activity of cereals is essential. Otherwise, it would result in underestimation 

during the evaluation of phenolic content if the bound portion is not considered. 

 



Phenolic contents and antioxidant potential of selected millet varieties 

319 

 
Figure 1. Total and bound phenolic contents of millet varieties  

 

DPPH radical scavenging activity 

 
In the evaluation of radical scavenging components in food and biological materials, the 

DPPH radical scavenging assay is frequently employed as a screening test. Figure 2 shows 

the IC50 value of millet extracts. According to the study, all the millet varieties exhibited 

strong antioxidant activities. The strongest radical scavenging activity was exhibited by 

Wadimal variety of finger millet and the least by the Kalu variety of foxtail millet.  

 

 
Figure 2. DPPH Radical Scavenging Activity of different millet varieties 

 

Ferric reducing antioxidant power (FRAP) assay 

 
According to the Figure 3, Bala Kurakkan exhibited the highest antioxidant activity as 

determined in the FRAP assay (58.18 mg/100g/GAE). Three varieties of foxtail millet have 

showed less FRAP activity than the finger millets.  

 

0

50

100

150

200
P

h
en

o
li

c 

C
o

n
te

n
t(

m
g
/G

A
E

/1
0

0
g
) 

Millet Variety 

Total Phenolic Content

Bound Phenolic Content

4.67 

5.64 

4.09 

5.23 

3.90 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

Bala Wadimal Ran Kaha Kalu

D
P

P
H

 R
ad

ic
al

 

S
ca

v
en

g
in

g
 

A
ct

iv
it

y
(m

g
/m

L
 I

C
 5

0
) 

Millet Variety 



Jayawardana et al. 

320 

 
 

Figure 3.Ferric reducing antioxidant power (FRAP) of different millet verities  

Total phenolic content of all the millet varieties strongly correlated with their antioxidant 

activities determined by other two methods namely FRAP and DPPH. The correlation 

coefficients calculated were as follows: TPC versus FRAP, = 0.750; TPC versus DPPH, = -

0.824 but the correlation between FRAP and DPPH was reported to be moderately correlated 

which shows a value of 0. 543. According to the present study the bound fraction was 

significantly (P<0.05) higher than the TPC. However, a variation was identified in the trend 

between soluble and bound phenolic fractions of different millet varieties (Figure 1). The 

correlation between the bound fraction and the TPC was found to be 0.25. But there are 

studies which report that the amount of bound phenolic fraction is lesser than that of their 

free counterparts (Hung et al., 2008). The extraction method employed, temperature, pH and 

even the ratio between the solvent to the sample can affect the results generated. Since the 

present study was assisted with an ultrasonic extraction procedure, it can be suggested as an 

alternative for the conventional methods. 

 

 

CONCLUSIONS 

 

The present study demonstrated a wide variation in the polyphenolic content (PC) and 

antioxidant activities (AOA) in the investigated millets widely grown in Sri Lanka. Among 

them, it was significant that Finger millet varieties showed higher antioxidant activities 

compared to the Foxtail varieties in all the assays performed. But the highest content of 

bound phenolic fraction was exhibited in Ran variety of Foxtail millet. Therefore, the results 

generated in the present study suggest that both the foxtail millet varieties (Wadimal and 

Bala) are a rich source of potent antioxidants. 
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