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SUMMARY 

Oxidative stress-induced disease conditions are on the increase and there is need for natural sources of 

antioxidant for relieving stress. The crude extract of Allium cepa L. has been well published as a potential 

natural source of antioxidant. But there is inadequate information on the antioxidant activities of fractionated 

extracts of the plant. The in-vitro antioxidant capacity of crude extract of red cultivar A. cepa bulbs and its 

four solvent fractions were studied and compared using Nitric oxide radical inhibitory assay (NORIA), 

FRAP and DPPH antioxidant models. The results of the three models revealed that the crude methanol 

extract exhibited very good antioxidant activities. However, with the aid of DPPH, the crude methanol 

extract, ethyl acetate and methanol fractions exhibited excellent antioxidant activities in comparison with 

ascorbic acid. Serial extraction did not make any of the fractionated extracts better than the crude extract of 

the red cultivar A. cepa bulbs. These results also showed that red cultivar A. cepa bulbs is a natural source 

of antioxidants and could serve as therapeutic agent in the prevention or slowing down of oxidative stress. 

Further studies are currently underway to identify the active component responsible for the observed 

antioxidant properties. 
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INTRODUCTION 

 

It is widely accepted that many diseases caused by 

oxidative stress associated with from an imbalance 

between formation of Reactive Oxygen Species 

(ROS) or Reactive Nitrogen Species (RNS) and 

their neutralization when the innate/endogenous 

antioxidant mechanisms fail to mop up the free 

radicals released into the circulation (Rao et al., 

2010). Excessive production of ROS is capable of 

inducing damages to the cellular biomolecules such 

as nucleic acids, carbohydrates, proteins, and 

enzymes, leading to development of several 

diseases (Prakash et al., 2007). Medicinal plants 

have been widely reported as sources of 

antioxidant principles. Several thousands of people 

are becoming more conscious of their health and 

are aware of the importance of food nutritional 

values (Ola–Mudathir et al., 2018). This has 

reflected in the rate at which people use herbs and 

or their products in order to control the effects of 

stress factors produced in their systems. 

Antioxidants are popular among plant nutrients 

because of their potentials to prevent many 

pathophysiological diseases (González-Sarrías et 

al., 2017).  Allium cepa (Onions) is one of the most 

widely cultivated plant and consumed world-wide. 

It belongs to the plant Family, Liliaceae (Benito-

Román et al.,2020; Milea etal., 2021) which has 

about 250 genera and 3,700 species (Nasri et al., 

2012; Bisen and Emerald, 2016). Allium cepa is a 

medicinal plants reputed for exhibiting activities 

against several disease conditions (Nwaoguike, 

2009). The in-vitro antioxidant activities of Allium 

cepa has been widely studied but most researchers 

(Benkeblia, 2005; Odukoya et al., 2005; Suru, 

2008; Skerget et al., 2009; Obioha et al., 2009; 

Alpsoy et al., 2013; Ogunmodede et al., 2012; 

Ashwini et al., 2013) have concentrated 

their investigations on the crude extracts of the 

plants, except Roldan-Marin et al., (2009) that 

investigated the in-vivo antioxidant defense 

ability using freeze-dried ‘Recas’ cultivar 

onion by-product from which two fractions 

were produced. From the available literature, 

Information on the antioxidant activity of red 

cultivar A. cepa beyond the crude extract level 

is apparently scanty in literature. Therefore, this 

work is designed to further investigate the in-

vitro antioxidant activity of the crude methanol 

extract and four (gradient solvent fractions of 

the red cultivar A. cepa grown in Nigeria. 

 

Materials and methods 

Ethical approval 

 

This study was approved by the University of 

Ibadan, Animal Care Use and Research Ethic 

Committee (ACUREC) with approval number 

UI/ACUREC/AJO/16/0030. 

 

Collection of plant and the preparation of 

crude methanol extract  

 

Fresh bulbs of red cultivar A. cepa L were 

obtained from a popular onion market in 

Abeokuta, Ogun state, Nigeria. A specimen 

sample of the plant was already registered and 

deposited at the Herbarium of the Department 

of Pure and Applied Botany, College of 

Biosciences, Federal University of Agriculture, 

Abeokuta, Nigeria with voucher number: 

FUNAABH0029. The coverings of the bulbs 

were peeled off. The clean bulbs were weighed 

on a laboratory bench weighing scale. The 

onion bulbs were then chopped into small 

pieces. Two (2) kilograms of the chopped A. 

cepa bulbs was macerated in 3.1 L of 96 % 

methanol for 72 hours. The soaked bulbs were 
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filtered and the resultant extract solution was 

concentrated by evaporation using a rotary 

evaporator (BUCHI R0210, Switzerland). A dark 

brownish extract was obtained, stocked in glass 

bottles, labeled as crude methanol extract of red 

cultivar Allium cepa bulb (CME)) and kept in the 

refrigerator (4°C) until it was needed for the study. 

 

Preparation of fractions 

 

Another set of fresh red cultivar A. cepa L bulbs 

were purchased from the same source. The dry 

coverings of the bulbs were peeled off. The peeled 

onion bulbs were chopped into small pieces and 

oven dried at 300C. Two hundred grams of dried A. 

cepa was blended using a Waring Laboratory 

Blender (ThermoScientific, USA). The blended 

dried onion bulbs were used for the serial extraction 

using four solvents (n-hexane, ethyl acetate, 

chloroform and methanol ) in increasing order of 

polarities. The dried and granulated onion was first 

macerated in n-hexane for 72 hours after which the 

filtrate was drained. The remains of the onion bulb 

granules were air dried for about 24 hours in order 

to remove the solvent. The subsequent dried onion 

bulb granules were again macerated in ethyl acetate 

for 72 hours, the filtrate was drained and remains 

of the granules were again air dried for about 24 

hours in order to remove the solvent. The procedure 

was repeated for chloroform and methanol in that 

order using the same granulated onion bulbs. The 

extracts obtained from each these solvents were 

concentrated by evaporation using a rotary 

evaporator (BUCHI R0210, Switzerland) and 

properly labelled as: n-Hexane Allium cepa 

Fraction (nHACF); Ethyl acetate Allium cepa 

Fraction (EAACF); Chloroform Allium cepa 

Fraction (CACF) and Methanol Allium cepa 

Fraction (MACF).  

 

IN-VITRO ANTIOXIDANT STUDIES 

1. Nitric Oxide Radical Inhibition Activity 

(NORIA) 

 

The Nitric Oxide Radical Inhibition Activity of 

CME and all the four solvent fractions was 

evaluated according to method described by 

Garrat (1964). To 0.1 ml of varying 

concentration of each of the test sample, 0.9 ml 

of sodium nitroprusside (10 mM) in phosphate 

buffered saline (PBS) was added. The mixture 

was then incubated in water bath at room 

temperature for 120 minutes under light. 

Sulphanilamide (1%; 0.5 ml) was then added to 

the solution. The reaction was allowed to stand 

for 10 minutes and protected from light. 

Naphthylethylene-diaminedihydrochloride 

(NED) solution (0.1%, 0.5 ml) was added and 

protected from light (Garrat, 1964). The 

absorbance of the chromophore formed was 

evaluated using spectrophotometer at 532 nm. 

Percentage inhibition of nitric oxide radical 

(%) by the extract was calculated using the 

formular [1-E/C] x100 (Marcocci et al., 1994). 

Where: E=absorbance in the presence of 

extracts; C=absorbance value of the fully 

oxidized control. 

 

2. Ferric Reducing Antioxidant Power 

Assay (FRAP) Assay 

 

Evaluation of the antioxidant capacity of CME 

and all the four solvent fractions of red cultivar 

A. cepa using FRAP assay was done as 

described by Benzie and Strain (1996).  The 

FRAP assay used antioxidants in the redox 

linked colorimetric method with absorbance 

measured with a spectrophotometer. A 300 

nmol/L acetate buffer of pH 3.6 (3.1 g of  
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sodium acetate + 16 ml of glacial acetic acid made 

up to 1 litre with distilled water, 10 nmol/l12,4,6-

tri 2-pyridyl 1,3,5-triazine, 98% (Sigma Aldrich), 

3.1 mg/ml in 40 mmol/HCl) and 20 mmol/l of ferric 

chloride were mixed together in the ratio of 10:1:1 

respectively to give the FRAP working reagent.  

Each of 50 µl aliquot of each of the test sample or 

standard was added to 150 µl of FRAP reagent in a 

semi-micro plastic cuvette and was run in triplicate. 

Absorbance measurement was taken at 593 nm 

(A593) exactly 10 minutes after mixing, using 50 µl 

of water as the control. To standardize 50 ml of the 

standard [iron (III) sulphate, 1 mM] was added to 

1.5 ml of FRAP reagent. All measurement was 

taken at room temperature with extracts protected 

from direct sunlight. The FRAP values of the 

extracts were determined from a calibration curve 

of ferrous sulfate solutions at concentrations of 

125, 250 and 500 M, expressed as M of ferric iron 

reduced per gram of dried sample. The antioxidant 

activity was measured by its ability to reduce the 

Fe3+/ferricyanide complex by forming ferrous 

products. Fe2+ can be monitored by measuring the 

formation of Perlûs Prussian blue at 593 nm. 

Increased absorbance at 593 nm indicates a 

stronger reducing power. 

 

3. DPPH Radical Scavenging Assay 

 

The stable DPPH radical scavenging effect of test 

samples was carried out according to Viturro, et al. 

(1999). A methanol DPPH solution (0.15%) was 

mixed with serial dilutions of the extracts. A 20 min 

incubation period at room temperature was used 

before reading the absorbance at 515 nm. All the 

test and analyses were performed in triplicate and 

average. The inhibitory percentage of DPPH was 

calculated according to the following equation: 

% inhibition= absorbance (control) -  absorbance 

(sample) X 100 

 

                                        Absorbance (control) 

 

Statistical Analysis 

 

Data generated from this study were presented 

as mean ± SEM. The difference between the 

means in the treated groups and in the untreated 

groups were compared by one-way analysis of 

variance (ANOVA) at 95% confidence interval 

using the Prism 5.0 Graphpad Statistic 

software. 

 

RESULTS 

 

Nitric Oxide Radical Inhibition Activity 

(NORIA) 

 

There was no significant (p>0.05) difference 

between the percentage nitric oxide radical 

inhibitory action of ascorbic acid and that of the 

crude methanol extract of red cultivar A. cepa 

at all concentrations, except at 0.25 mg/ml at 

which that of the crude extract (51.44±10.42%) 

was significantly (p<0.05) lower than that of 

ascorbic acid. There was no significant 

(p>0.05) difference between the IC50 

(inhibitory concentration) of ascorbic acid and 

that of crude methanol extract of red cultivar A. 

cepa (Table 1). There was no significant 

(p>0.05) difference between the percentage 

nitric oxide radical inhibitory action of ascorbic 

acid and that of any of the solvent fractions of 

Allium cepa at 0.5 mg/ml. However, at all other 

concentrations, the percentage values of all the 

A. cepa fractions were significantly lower 

(p<0.01) than those of ascorbic acid except for 

chloroform fraction (65.66±4.80% at 

0.25mg/ml) which was not significantly 

(p>0.05) different. There was no significant 

(p>0.05) difference between the IC50 of 
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ascorbic acid and that of any of the A. cepa extracts (Table 1). 

 

TABLE I: Percentage nitric oxide radical inhibitory action of crude methanol extract and solvents 

fractions of Allium cepa 

 

 Crude 

Methanol A. 

cepa extract 

n-Hexane 

fraction 

Ethyl acetate 

fraction 

Chloroform 

fraction 

Methanol 

fraction 

Ascorbic acid 

 

Concentration 

  

Percentage Inhibition (%) 

  

0.5 mg/ml 45.29±10.87 45.24±5.22 47.62±2.32 52.74±1.45 50.65±8.12 43.94±5.95 

0.25 mg/ml 51.44±10.42* 54.98±4.99* 49.86±7.11* 65.66±4.80 52.45±2.15* 76.69±1.15 

0.125 mg/ml 62.84±6.65 56.42±5.81* 47.47±5.60* 58.66±9.07* 40.76±11.79 78.35±2.78 

0.0625 mg/ml 63.49±4.36 46.10±4.97* 39.83±6.26* 46.61±6.76* 52.74±6.84* 76.41±6.14 

IC50 (mg/ml) 2.86mg/ml 2.97 mg/ml 3.16 mg/ml 2.62 mg/ml 3.09 mg/ml 2.36mg/ml 

*Indicates significant (p<0.05) difference compared to the Ascorbic acid values at the same concentration. 

 

 

Ferric reducing antioxidant potential (FRAP) 

 

The FRAP values for all the concentration of crude methanol extract of red cultivar A. cepa were 

significantly (p<0.01) lower than that of the ascorbic acid except at 1mg/ml [0.62±0.12 mM Fe (II)/L], 

which was not significantly (p>0.05) different from that of the ascorbic acid [0.89±0.07 mM Fe (II)/L] 

(Table 2). The FRAP values of all the solvent fractions of A. cepa at all concentrations were significantly 

(p<0.01) lower than that of the ascorbic acid except for ethyl acetate fraction [0.72±0.26 mM Fe(II)/L] at 

1mg/ml  and N-hexane  fraction [0.75±0.10mM Fe(II)/L] at 0.25 mg/ml which were not significantly 

(p<0.05) different from that of  the ascorbic acid at the same concentration (Table 2). 

 



Nigerian Veterinary Journal 43(3). 2022 Oyewusi et al. 
 

47 
 

percentage DPPH scavenging activities of all 

the solvent fractions of A. cepa were 

significantly (p<0.01) lower than that of the 

ascorbic acid. At 10mg/ml concentration, the 

percentage DPPH scavenging activities of N-

hexane (54.72±4.71%) and chloroform 

(61.96±1.33) fractions were significantly 

(p<0.05) lower than that of ascorbic acid while 

that of ethyl acetate (86.12±3.39%) and 

methanol fraction (87.19±0.19%) were 

insignificantly (p>0.05) higher than that of 

ascorbic acid (85.96±0.62%). The IC50 of all the 

fractions of A. cepa were extremely 

significantly (p<0.001) higher than that of the 

ascorbic acid (0.78 mg/ml) [Table 3]. 

 

 

The DPPH radical scavenging activity 

 

The extract-induced percentage inhibition of DPPH 

was significantly (p<0.01) lower than that of the 

ascorbic acid at all the applied concentrations. 

However, there was no significant (p>0.05) 

difference between the percentage inhibition of 

DPPH scavenging activity of crude methanol 

extract of red cultivar A. cepa (84.93 ± 1.73%) and 

that of ascorbic acid (85.96 ± 0.62%) at 10 mg/ml. 

The IC50 of crude methanol extract of red cultivar 

A. cepa (3.37 mg/ml) was also significantly 

(p<0.01) higher than ascorbic acid (0.78 mg/ml) 

(Table 3). At concentration of 0.01 – 10 mg/ml, the 

TABLE II: Ferric reducing antioxidant power (FRAP) activity of crude methanol extract and 

four solvent fractions of Allium cepa 

 

Concentration Crude 

Methanol A. 

cepa extract 

N-Hexane 

fraction 

Ethyl 

acetate 

fraction 

Chloroform 

fraction 

Methanol 

fraction 

Ascorbic 

acid 

  (mM Fe(II)/L) 

1 mg/ml 0.62±0.12 0.24±0.12* 0.72±0.26 0.13±0.09* 0.20±0.04* 0.89±0.07 

0.5 mg/ml 0.95±0.13 0.25±0.03* 0.20±0.09* 0.59±0.21* 0.23±0.11* 1.03±0.14 

0.25 mg/ml 0.53±0.06* 0.75±0.10 0.12±0.09* 0.32±0.16* 0.41±0.08* 0.91±0.30 

*Indicates significant (p<0.05) difference compared to the ascorbic acid values at the same concentration. 
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TABLE III: Percentage DPPH scavenging activity of crude methanol extract and four solvent 

fractions of A. cepa extracts compared to ascorbic acid 

 

 

Concentration 

Crude 

Methanol A. 

cepa extract 

N-Hexane 

fraction 

Ethyl 

acetate 

fraction 

Chloroform 

fraction 

Methanol 

fraction 

Ascorbic 

acid 

 

Percentage inhibition (%) 

 

 

10 mg/ml 

 

84.93±1.73 

 

54.72±4.71* 

 

86.12±3.39 

 

61.96±1.33* 

 

87.19±0.19 

 

85.96±0.62 

1 mg/ml 49.51±5.51* 26.61±1.25* 23.52±3.44* 34.50±10.32* 45.31±1.98* 81.11±0.75 

0.1 mg/ml 45.82±3.13* 23.61±4.15* 21.83±2.47* 18.46±2.47* 37.76±1.75* 87.21±1.21 

0.01 mg/ml 38.81±6.68* 29.65±6.05* 21.54±2.24* 18.71±1.84* 33.63±2.92* 85.13±0.43 

0.001 mg/ml 46.63±2.67* 22.73±0.97* 22.77±0.68* 17.99±1.35* 40.12±3.53* 56.79±2.65 
       

0.0001 mg/ml 39.60±7.37 22.40±4.08* 15.94±0.59* 17.13±2.06* 43.88±4.81 41.82±1.08 
       

IC50 (mg/ml) *3.37 mg/ml *7.69 mg/ml *4.58 mg/ml *6.30 mg/ml *3.80 g/ml 0.78 mg/ml 

*Indicates significant (p<0.05) difference compared to the Ascorbic acid values at the same concentration. 

 
fractions were studied and compared using 

Nitric oxide radical inhibitory assay (NORIA), 

FRAP and DPPH antioxidant models. The 

results of the nitric oxide-scavenging activity 

test in this study revealed that the crude 

methanolic extract of red cultivar A. cepa 

demonstrated a moderate antioxidant effect in 

nitric oxide scavenging activity. Though, not as 

effective as ascorbic acid (reference drug) but, 

its effect was higher than those of other solvent 

fractions of the extracts. This nitric oxide 

scavenging action observed with the crude 

extract indicates its antioxidant capability and 

this might be due to synergistic effect of one or 

two secondary metabolites in the crude extract 

that may have been separated during solvent 

fractionation. Nitric oxide (NO) is produced 

from amino acid L-arginine by vascular 

endothelial cells, phagocytes, and certain cells 

DISCUSSION 

 

Oxygen is essential for metabolic processes in 

biological systems as well as production of free 

radicals that are essential for the body’s signaling 

mechanisms (Meo and Venditti, 2020). However 

excessive production of free radicals can lead to 

imbalance between oxidants and the innate 

antioxidants resulting into oxidative stress 

(Mattson, 2004; Pisoschi and Pop, 2015; Rani et 

al., 2016). A lot of disease conditions such as 

cancer, diabetes mellitus, Alzheimer’s disease, and 

cardiac and liver diseases have been associated 

with long-term oxidative stress that results in  

damages to body’s cells, nucleic acids, proteins, 

and lipids, (Rao et al, 2010; Arka et al., 2022). The 

in-vitro antioxidant capacity of crude extract of red 

cultivar A. cepa bulbs and its four solvents 
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the crude methanol extract and that of the ethyl 

acetate and methanol fractions showed that they 

have very high antioxidant activities as 

observed with the standard antioxidant (ascorbic 

acid) used in this study. The results of the DPPH 

in this study showed that only the highest 

concentration (10 mg/ml) exhibited potent 

antioxidant activities at par with ascorbic acid. 

While other lower concentrations of ascorbic 

acid also showed high antioxidant activities, 

none of the lower concentration of any of the 

extracts showed up to 50% of the antioxidant 

activities observed with the standard 

antioxidant.  This indicates that the antioxidant 

actions of the crude extract and the solvent 

fractions of red cultivar A. cepa was 

concentration/dose dependent. This suggests 

that if the concentration of the extracts were to 

be raised beyond 10 mg/ml, other solvent 

fraction extracts of red cultivar A. cepa would 

have exhibited significant level of antioxidant 

potential. The results of the three in-vitro 

antioxidant tests used in this study revealed that 

red cultivar A. cepa and its solvent fractions 

have strong antioxidant activities but they 

manifested higher antioxidant activities with 

DPPH than the two other antioxidant tests 

employed in this study. This may imply that A. 

cepa bulbs exhibits its antioxidant activities by 

hydrogen (H+) donation to neutralize free 

radicals. This report is in agreement with the 

report of Lisanti et al. (2016) who reported high 

antioxidant activities of three A. cepa cultivars 

of Italian origin. All the cultivars exhibited high 

antioxidant activities with the aid of DPPH 

antioxidant assay with Rossa di Toscana (which 

is a red onion) presenting the highest antioxidant 

activities. The results of our study also agree 

with the report of Lee et al. (2014) who 

compared the antioxidant activities of orange- 

 

of the brain. Nitric oxide is considered to be a free 

radical because of its unpaired electron. It also 

exhibits important reactivity with certain types of 

proteins and other free radicals. The toxic effects of 

NO become deleterious when it reacts with 

superoxide radical, forming a highly reactive 

peroxy-nitrite anion (ONOO−) [Nagmoti et al., 

2011]. Chronic exposure to NO radical is 

connected with series of diseases such as 

carcinomas, juvenile diabetes, multiple sclerosis 

and inflammatory conditions such as arthritis, and 

ulcerative colitis (Huie and Padmaja, 1993). 

Therefore, the need for removal of these free 

radicals is very essential for the prevention of 

disease occurrence and for amelioration of the 

effects of presence of disease conditions.  The 

results of the FRAP test in this study showed that 

the crude methanol extract, the n-hexane and ethyl 

acetate fractions of red cultivar A. cepa were 

moderately effective as an antioxidant as observed 

in their ferric reducing activities. The crude extract 

had the highest ferric reducing capacity compared 

with the solvent fractions indicating that it has the 

strongest antioxidant activities. As observed with 

the nitric oxide scavenging activity test, the 

antioxidant activity of the crude extract may be due 

to the synergistic interaction of one or two 

secondary metabolites in it. The DPPH is a stable 

free radical and it has been widely employed for the 

estimation of free radical scavenging capabilities of 

extracts from medicinal plants (Murugan and 

Parimelazhagan, 2013). The results of the DPPH 

antioxidant test in this study revealed that the crude 

methanol extract, the ethyl acetate and methanol 

fractions exhibited very high scavenging activities 

for DPPH radical compounds; which indicate that 

they have very high hydrogen atom donor capacity 

compared to the other solvent fraction extracts 

(Contreras-Guzman and Srong, 1982; Kedare and 

Singh, 2011). The DPPH scavenging capacity of  
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coloured onion peels extracts obtained with water, 

ethanol and subcritical water separately. Their 

report revealed that all the extracts of the South 

Korean onion peel exhibited their highest 

antioxidant activity with DPPH antioxidant test. 

Allium cepa is known to possess organosulfur 

compounds, polyphenols and flavonoids (Oyewusi 

et al., 2015); all of which are known to be 

associated to antioxidant activities of medicinal 

plants (Xu et al., 2017; Chinaka and Edwin, 2019; 

Cherubim et al., 2020; González-de-Peredo et al., 

2021). Soto et al. (2016) attributed the phenolic 

content of three Spanish onion cultivar and one 

from USA to their antioxidant activities. Research 

results of Prakash et al. (2007) revealed that an 

Indian red onion had the highest phenolic content 

when compared with three other cultivars and it is 

highly associated with its antioxidant activities. 

This suggests that the antioxidant activities of red 

cultivar A.cepa bulbs in this study may be due to 

any of its flavonoid or phenolic contents. The 

results of the antioxidant evaluation of the red 

cultivar A. cepa in this study corroborate the reports 

of previous research reports that A. cepa possess 

strong antioxidant activities. However, within the 

available literature, this is the first antioxidant 

evaluation of Nigerian red cultivar A. cepa bulbs 

that compares the crude methanolic extract with 

four other solvent fractions of the same. The results 

of the three in-vitro antioxidant tests showed that 

the crude methanol extract exhibited the best 

antioxidant activities in all the three evaluation 

methods. However, with the aid of DPPH, the crude 

methanol extract, ethyl acetate and methanol 

fractions exhibited excellent antioxidant activities 

in comparison with ascorbic acid.  

 

CONCLUSION 

 

These results indicate that serial extraction of the 

 

extracts did not make any of the fractionated 

extracts better than the crude extract of the red 

cultivar A. cepa bulbs. These results also showed 

that red cultivar A. cepa bulbs is a natural source 

of antioxidants and could serve as therapeutic 

agent in the prevention or the slowing down of 

oxidative stress.  
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