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ABSTRACT 
Background: Roasting was found to affect the antioxidant and total phenolic content of food materials due to the formation of 

Maillard reaction products. Objective: The effect of roasting on phenolic compounds and antioxidant activities in roasted White 

yam, Groundnut, yellow maize and Plantain were investigated. Methods: The antioxidant capacity was determined in methanol 

extracts of roasted food samples using the stable radical DPPH⋅ (2,2-diphenyl-1-picrylhydrazyl) and the total polyphenols were 

quantified using the colorimetric method of Folin–Ciocalteau. Result: The total phenolic content (Folin Ciocalteu assay) and the 

free radical-scavenging activity (DPPH) were present in the roasted food samples. The roasting process did not reduce the total 

phenolic content significantly compared to the raw samples (p>0.05). However, roasting reduced the DPPH activity by 

approximately in the roasted food samples. Conclusion: In the present study a good correlation was recorded between TPC and 

radical scavenging capacity (r2=0.934) as well as TPC versus % inhibition of linoleic acid peroxidation (r2=0.849). 
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INTRODUCTION 
 

Excessive accumulation of free radicals results in oxidative stress. This is one of the main causes of 
initiation and progression of diseases and premature aging [28]. The antioxidant system in healthy humans 
functions to scavenge free radicals and turn them to harmless particles [22]. Free radicals and other reactive 
oxygen species are produced by oxidative metabolism continuously in vivo, resulting in cell ageing, cell death, 
and tissue damage [25]. Increased antioxidant, e.g, phenolic compounds, intake are beneficial for protecting 
humans from diseases, ageing, preventing disorder, reducing disease risk and maintaining health by inhibition of 
lipid peroxidation [13]. Plant foods rich in antioxidants have received a growing interest because they delay 
oxidative stress [12]. The chemo-protective properties of phenols and flavonoids have been reported to include 
antithrombotic, pharmacological and hypolipidemic effects. [3]. The antioxidant properties of phenolic 
compounds are directly related to their chemical structure, and particularly to the phenol group [24].   

Oxidative stress conditions seem to be involved in the etiology of several chronic human diseases, such as 
cardiovascular, diabetes, cancer, genetic, metabolic and neurodegenerative disease. The consumption of fruits 
and vegetables has been positively related to a reduction of the risk of developing these chronic diseases, [16]. 
Phenolic compounds exist naturally in vegetables, fruits and grains. These compounds possess the ability to 
reduce oxidative damage because they can act as direct antioxidant by donating a hydrogen atom to free radicals 
and by chelating metal ions, such as iron or copper, as well as they can act as indirect antioxidants by up 
regulating antioxidant enzymes [15]. The potential of beneficial plants has been attributed to the presence of 
bioactive compounds that show antioxidant properties, acting as free radical scavengers or metal chelators, 
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reducing the reactions that produce reactive oxygen species (ROS) [8,17,26]. The antioxidant properties of some 
bioactive compounds, such as phenolics, flavonoids, estrogens and carotenoids, have been widely described in 
animal models or in cell culture, demonstrating animal cell protection against the action of ROS and 
consequently protection against chronic diseases [10]. These bioactive compounds, which are distributed 
throughout all plant parts, are actually the defense system of plants in response to abiotic stress or the action of 
pathogens to which they are subjected. 

Thus, this study was carried out to investigate and compare the antioxidant capacity and the phenolic 
compounds of roasted White yam, Groundnut, yellow maize and Plantain. 

 
MATERIALS AND METHODS 

 
2.1. Roasted food samples: 
2.1.1. General: 

Four roasted food materials namely: White yam, Groundnut, yellow maize and Plantain were purchased 
from Ado Ekiti market, South West, Nigeria.  

 
2.2. Chemicals: 

The DPPH (2,2-diphenyl-1-picrylhydrazil) was purchased from Sigma-Aldrich (Steinheim, Germany). 
Trolox (6-hydroxy-2, 5, 7, 8- tetramethyl-chroman-2-carboxylic acid) was purchased from Sigma-Aldrich 
(Steinheim, Germany).  

 
2.3. Free radical scavenging assay (DPPH): 

The antioxidant capacity was determined in methanol extracts of roasted food samples using the stable 
radical DPPH⋅ (2,2-diphenyl-1-picrylhydrazyl),according [2] and modified by [18]. Briefly, to 5 g of each 
sample was added to 20 ml of methanol, homogenized and stored at −4 °C. After 24 h, the homogenate was 
centrifuged for 15 min. The test was carried out in tubes protected with aluminum foil containing 10 μL of 
methanol extract of nuts, 90 μL of methanol and 3.9 mL of DPPH⋅, totaling a final volume of 4.0 mL. The 
reaction occurred in the dark, and the values of absorbance at 516 nm after 30 min of reaction were determined 
using a spectrophotometer (Ultro-spec 2000 UV/ Visible, Pharmacia Biotech). The ability to scavenge the 
DPPH radical was determined using the standard curve (y=2.104 x, r2=0.994), obtained with Trolox (0 to 60 
mmol/L) and DPPH⋅. The results were expressed as TEAC, i.e., Trolox equivalent antioxidant capacity (μmol of 
Trolox/100 g dry matter). 

Triplicate measurements were made and the radical scavenging activity was calculated by the percentage of 
DPPH that was scavenged using the following formula: 

 
Inhibitiontrolox (%) = (Abs blank – Abs trolox)   x 100 
                                         Absblank  
 
Where AB is the absorption of blank sample; AA is the absorption of tested extract solution 
The ratio between % inhibition of the sample and the slope of the Trolox calibration curve was defined as 

the TEAC which was used to indicate the scavenging free radical capability of the sample on a dry basis by the 
following equation, 

 
TEAC           mmol Trolox Eq    = % inhibition sample   x 10 

               kg sample                          s x m 
 
Where, s represents the slope of Trolox calibration curve for DPPH and m is the sample amount in mg dry 

basis, 10 is the conversion factor to obtain TEAC values in mmol trolox Eq/kg of sample.  
 
2.4. Determination of total phenolic compounds: 

The total polyphenols were quantified using the colorimetric method of Folin–Ciocalteau [23]. Briefly, 2.0 
g of roasted food samples was ground with 20 mL of methanol and subjected to sonication for 10 min and then 
filtered using filter paper. The total volume was brought to 50 mL with the addition of methanol. The assay 
reaction consisted of 1.0 mL of the methanol extract and 0.5 mL of Folin–Ciocalteau reagent. After 3 min, the 
reaction was stopped with 1.5 mL of 20% sodium carbonate and kept at room temperature for 2 h, protected 
from light. The absorbance was obtained at 725 nm (Ultrospect 2000, Pharmacia Biotech). The phenolic 
concentration was determined using a standard curve prepared with a standard solution of gallic acid, and the 
results were expressed as mg gallic acid/100 g of roasted sample (GAE/100 g). 
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2.5. Statistical analyses: 
All analytical tests were performed in triplicate. Comparisons among the roasted food materials from each 

treatment were performed by ANOVA with a Bonferroni correction using SPSS, version 17.0. Results with 
p<0.05 were considered significantly different. 

 

             
 

Fig. 1: Calibration curve for Total phenolic compound 
 

             
 

Fig. 2: Calibration curve of DPPH of standard Trolox concentration 
 

Table 1: Total phenolic contents (TPC), DPPH radical scavenging activity, and percentage inhibition of White yam, Groundnut, yellow 
maize and Plantain 

 Samples TPC (mg GAE/g) DPPH Radical scavenging 
activity 

% inhibition 

Plantain 34.87±0.06b 0.28±0.03b 2.89±0.02b 
White yam 13.63±0.03d 0.12±0.01c  1.08±0.01c 
Groundnut 57.66±0.03a 0.36±0.03a 3.56±0.05a 
Yellow maize 39.67±0.02c 0.31±0.04a 3.43±0.03a 

 
 

RESULTS AND DISCUSSION 
 
3.1 Total Phenolic Content (TPC): 

y = 0.015x

R² = 0.998
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The determination of the total content of phenolic compounds in roasted white yam, groundnut, yellow 
maize, and plantain was done in methanol extract due to the high solubility of phenolic compounds in this 
medium and the results are shown in Table 1. The results show that the groundnut has an average content of 
total phenolic compounds higher than plantain, white yam, and yellow maize. The content found in groundnut 
was below the content reported for other popular nuts and those produced in the Center-South region of Brazil, 
such as pequi nuts [Caryocar brasiliense, Camb] and two species of pindo palm nuts [B. capitata e B. 
eriosphata], which had phenolic contents between 122 and 443mg GAE/100 g, respectively [7,20].  In the 
present study TPC of groundnut (57.66 mg GAE/g) was significantly (p<0.05) higher than that of yellow maize 
(39.67 mg GAE/g) followed by plantain (34.87 mg GAE/g) and white yam (13.63 mg GAE/g) (Table 1). The 
higher TPC of groundnut may be attributed to the presence of phenolic compounds. During food processing of 
plant origin by heating or roasting evaporation of intracellular water, triggers chemical reactions that can change 
the soluble protein and amino acids and form Maillard derivatives such as pyrroles and furans which may 
contribute to the increased in total phenolic compounds of the roasted samples, as discussed by [27]. Therefore, 
a thermal process can affect both the nutritional and bioactive characteristics of foods [9]. In the present study, 
roasting caused a significant reduction of the phenolic content in food samples. These results suggest that the 
phenolic compounds present in the roasted food samples are thermo labile. [11] confirm the presence of good 
positive correlation between phenolics and unsaturated fatty acids, including Omega3.  

 
3.2 Total Antioxidant Capacity (DPPH): 

Phenolic compounds found in plants are powerful antioxidants due to their ability to donate hydrogen or 
electron and to form stable radical intermediates [19]. DPPH is a stable nitrogen centered free radical, which is 
used to evaluate antioxidant activity because its radical quenching capacity is limited. The DPPH radical 
scavenging activity determination showed that groundnut had the highest ability (0.36%) while white yam had 
the lowest scavenging ability (0.12%). The means of DPPH scavenging activity followed the descending order: 
groundnut > yellow maize > plantain > white yam. It has been indicated that processing steps like roasting to 
liberate antioxidant compounds from plants vary from species to species [4].  

 

 
 

 
Fig. 3: Correlation between TPC and DPPH radical scavenging activity 
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Fig. 4: Correlation between TPC and %inhibition of linoleic acid peroxidation 
 

3.3 Correlation between TPC and Antioxidant Activity: 
Several authors have demonstrated a correlation between total phenolic content and the antioxidant 

capacity, while others found no such relationship. In the present study, the antioxidant activity of roasted white 
yam, groundnut, yellow maize, and plantain was determined by the ability of the samples to trap DPPH radical. 
This methodology has been widely used to evaluate the antioxidant activity of extracts and pure substances [5]. 
The correlation coefficients showing the relationship between TPC, DPPH assay and linoleic acid peroxidation 
system are presented in Figs 3 and 4. Antioxidant activity of phenolic compounds is mostly associated with their 
redox properties which allow them to act as antioxidative agents [21]. Figure 3 shows a good correlation 
coefficient (r2=0.934, p<0.05) between TPC and DPPH scavenging activity. A good correlation (r2=0.849, 
p<0.05) was seen between TPC and percent inhibition of lipid peroxidation (Fig. 4). In previous studies, the 
correlation between the concentrations of total phenolic content and the antioxidant activity showed a high and 
significant positive correlation (r2=0.897) in baru nuts [6]. This study revealed that TPC is responsible for DPPH 
free radical scavenging capacity and percent inhibition of linoleic acid peroxidation of the tested samples.  

 
Conclusions: 

Among the tested samples, roasted groundnut contained relatively higher amount of phenolic compounds 
and also exhibited superior antioxidant activity compared to roasted white yam, yellow maize, and plantain. The 
tested samples possessed varying but meaningful antioxidant activity which correlated well to their total 
phenolic contents. 
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