International Food Research Journal 21(3): 1039-1043 (2014)
Journal homepage: http://www.ifrj.upm.edu.my

Total antioxidant activity and radical scavenging capacity of selected fruits
and vegetables from South India
1,2*

Venkatachalam, K., 2Rangasamy, R. and 2Krishnan, V.

Faculty of Agro-Industry/Postharvest Technology Innovation Center, Prince of Songkla University, Hat-Yai,
Songkhla 90112, Thailand
2
Department of Biochemistry, Kongu Arts and Science College, Erode, Tamilnadu 638107, India

1

Article history

Abstract

Received: 24 November 2013
Received in revised form:
18 January 2014
Accepted: 19 January 2014

The objective of this present study was to analyse and compare the total antioxidant activity
and radical scavenging capacity of selected fruits and vegetables from south India. The selected
fruits and vegetables such as mulberries, papaya, red grapes, mango, guava, tomato, red onion,
red cauliflower, carrot and beetroot were used in this study. The selected fruits and vegetables
showed a high variation in content of total ascorbic acid (ranged from 10.83 to 68.71 mg/100
g fresh weight (FW)); total phenolics (ranged from 26.57 to 57.64 mg/ 100 g FW) and total
flavonoids (ranged from 2.49 to 12.69 mg/100 g FW). Total antioxidant capacity of the selected
fruits and vegetables were ranged from 31.21 to 61.11 mg/100 g FW. The higher levels of
radical scavenging capacity were observed in beetroot, red onion, red cauliflower, red grapes
and mulberries as compared to other fruits and vegetables (P < 0.05). Papaya and guava had
moderate levels of radical scavenging capacity (P < 0.05). On the other hand, mango and tomato
obtained low levels of radical scavenging capacity (P < 0.05). The overall, pigmented fruits
and vegetables in this study contained the higher levels of antioxidant and radical scavenging
capacity.
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Introduction
Free radicals are continuously generated in the
human body as an effect of oxidative metabolism
and thus results the incidence of severe illness such
as coronary heart disease, cancer, neurodegenerative
ailments, diabetes mellitus, autoimmune disease and
aging (Jacob and Burri, 1996; Ratnam et al., 2006;
Stangeland et al., 2009). Antioxidants are substance
which can protect the human body from free radicals
and reactive oxygen species (ROS) induced chronic
diseases (Gülçin et al., 2005). Antioxidants are
categorized into two groups such as enzymatic and
non enzymatic. Enzymatic antioxidants include
superoxide dismutase (SOD), catalase (CAT) and
glutathione peroxidase, endogenously produced in
human systems and under normal conditions they are
defense against the free radicals and ROS. However,
antioxidant enzymes are weakened against radicals
during the severe disease conditions (Wootton-Beard
and Ryan, 2011). Therefore, the external sources of
dietary antioxidants are required to strengthen the
human defense system. Non enzymatic antioxidants
are polyphenols, carotenoids, vitamins and minerals
found rich in fruits and vegetables (Du Toit et al.,
2001; Lim et al., 2007; Isabelle et al., 2010; Nurliyana
et al., 2010).
Fruits and vegetables can act as the good source of
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antioxidants; it scavenges the free radicals by inhibiting
the enzymes that accountable for ROS productions
and reduces the highly oxidized ROS (Du Toit et al.,
2001; Fu et al., 2011). However, these scavengers are
small molecules and possibly consume by ROS and,
therefore, it needs in high quantity. In general, fruits
and vegetables are the definite part of the human
diets (Sreeramulu and Raghunath, 2010). South India
produces a wide range of health beneficial fruits and
vegetables, which it exports to several countries. The
antioxidant properties of fruits and vegetables from
south India have been investigated widely on the
individual basis with different analytical methods,
and it is difficult to compare and correlate. Therefore,
the present study was aimed to measure and compare
the total antioxidants and free radical scavenging
capacity of the selected and widely consumed fruits
and vegetables from south India.
Materials and Methods
Plant material
Plant material such as mulberries (Morus nigra,
Moraceae), papaya (Carica papaya, Caricaceae), red
grapes (Vitus vinifera, Vitaceae), mango (Mangifera
indica, Anacardiaceae), guava (Psidium guajava,
Myrtaceae), tomato (Lycopersicon esculentum,
Solanaceae), red onion (Allium cepa variety cepa,
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Alliaceae), red cauliflower (Brassica oleracea
variety botrytis, Cruciferae), carrot (Daucus carota
subspecies sativus, Umbelliferae) and beetroot
(Beta vulgaris variety conditiva, Chenopodiaceae)
were acquired from a contact garden in Tamilnadu
state, south India. Fruits and vegetables were freshly
harvested in the morning and then, they were taken into
the laboratory within a day at ambient temperature.
The non-defected fruits and vegetables were selected
and washed with distilled water and then proceed for
the extraction process.
Plant material extraction
Plant materials such as papaya, mango, red
onion and beetroot were homogenized without skin
and remaining fruits and vegetables were extracted
with the skin. Plant extractions were carried out
based on the method of Lim et al (2007) with a slight
modification. Triplicate samples of 25 g of each
samples edible portion were used for the extraction
in a mortar and pestle method at 4°C with 50 ml of
80% ethanol. Then, the homogenate was transferred
to 100 ml volumetric flask and made up the volume
with 80% ethanol. The mixture was shaken in the
orbital shaker for 20 min and then it was filtered
by muslin cloth. After that, the filtrate was used
for the following experiments. All the experiments
were carried out in triplicate within 2 days after the
extraction process.
Determination of ascorbic acid and phenolic
contents
Ascorbic acid content was analysed by an
indophenols method in accordance with the Nielsen
(2010) and the values were expressed as milligram
of ascorbic acid per 100 gram of fresh weight. Total
phenolic content was analysed in accordance with
the method of Lim et al. (2007), and the values were
expressed as milligram of gallic acid equivalents
per 100 gram of fresh weight. Total flavonoids were
analyzed in accordance with the method of Zhishen
et al. (1999), and the values were expressed as
milligram of catechin equivalents per 100 gram of
fresh weight.
Determination of antioxidant activity
Total antioxidant capacity was determined in
accordance with the method of Prieto et al. (1999)
and the values were expressed as milligram of
ascorbic acid equivalents per 100 gram of fresh
weight. DPPH scavenging capacity was determined
in accordance with the method of Binsan et al.
(2008) and the values were expressed as milligram
of ascorbic acid equivalents per 100 gram of fresh

weight. The ferric reducing power was determined
in accordance with the method of Benzie and Strain
(1996) and the values were expressed as milligram
of ascorbic acid equivalents per 100 gram of fresh
weight. The hydroxyl radical scavenging activity was
determined in accordance with the method described
by Hinneburg et al. (2006) and the values were
expressed as milligram of ascorbic acid equivalents
per 100 gram of fresh weight. The superoxide
anion radical scavenging activity was determined in
accordance with the method of Awah et al. (2012), and
the values were expressed as milligram of ascorbic
acid equivalents per 100 gram of fresh weight.
Data analysis
Duncan’s multiple range test was used to analyze
the significant differences among mean values of
plant extracts at the level of P < 0.05. Statistical
analysis was performed at the Statistical Package
for Social Science (SPSS for windows, SPSS Inc.,
Chicago, IL, USA).
Results and Discussion
Total ascorbic acid (TAA)
TAA of selected fruits and vegetables are
represented in Table 1. TAA levels were ranged from
10.83 to 68.71 mg/100 g FW. As compared to other
fruits and vegetables; papaya, carrot, guava and
beetroot showed the higher levels of TAA with 68.71,
54.50, 48.95 and 48.40 mg/100 g FW, respectively.
Ascorbic acid in the plant tissues are undergoing
active growth and development and the total amount
of ascorbic acid varies among species and cultivars
(Lee and Kader, 2000). Tomato, red cauliflower,
red onion and mulberries had the lower levels of
ascorbic acid content. The lower the light intensity
and fluctuation in growth temperature could be
minimized the level of ascorbic acid (Harris, 1975;
Lee and Kader, 2000).
Total phenolic contents (TPC)
TPC of the selected fruits and vegetables are
represented in Table 1. TPC levels were ranged from
26.57 to 57.64 mg/100 g FW. The higher levels of
TPC were seen in beetroot, red cauliflower, red onion
and mulberries with the value of 57.64, 44.23, 42.25
and 42.12 mg/100 g FW, respectively as compared
to other examined fruits and vegetables in this study
(P < 0.05). Also, the earlier reports on beet root, red
cauliflower, red onion and mulberries observed the
higher levels of TPC as compared to other fruits and
vegetables (Velioglu et al., 1998; Vinson et al., 1998;
Fu et al., 2011; Lu et al., 2011; Li et al., 2012;). The
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Table 1. Total ascorbic acid, total phenolics and total
flavonoids of selected fruits and vegetables
Plant extract
Mulberries
Papaya
Red grapes
Mango
Guava
Tomato
Red onion
Red cauliflower
Carrot
Beetroot

Total ascorbic acid content
(mg/100 g FW)*
32.19±0.5d
68.71±1.7i
43.97±1.1f
39.84±1.2e
48.95±1.0g
10.83±0.4a
28.12±1.3c
22.12±0.5b
54.50±0.2h
48.40±0.8g

Total phenolic contents
(mg/100 g FW)*
42.12±1.1f
35.86±1.5d
36.08±0.8d
33.44±1.7c
31.97±1.0b
26.57±1.1a
42.25±1.0f
44.23±2.2g
39.76±1.3e
57.64±1.2h

Total flavonoid contents
(mg/100 g FW)*
7.57±0.7f
2.49±0.9a
12.69±1.1i
4.64±0.5c
8.67±1.0g
5.36±0.7d
3.38±0.6b
6.69±0.5e
5.78±0.9d
10.19±1.7h

The values are expressed in mean ± standard deviation. The superscript alphabets in the
column shows the significant difference (P < 0.05).
*

Table 2. Total antioxidant and radical scavenging
capacities of selected fruits and vegetables
Plant extract
Mulberries
Papaya
Red grapes
Mango
Guava
Tomato
Red onion
Red
cauliflower
Carrot
Beetroot

Total
antioxidant
capacity
(mg/100 g
FW)*
45.78± 1.70d
40.05±2.50c
48.13±1.20e
31.21±1.70a
41.11±1.50c
34.57±3.00b
48.78±2.40f

DPPH
scavenging
capacity
(mg/100 g
FW)*
45.27±0.10f
38.24±0.90d
44.82±0.90f
28.99±1.20b
39.97±0.90d
18.67±0.70a
38.12±0.10d

FRAP
capacity
(mg/100 g
FW)*
32.11±0.50c
39.72±1.00e
32.04±0.70e
33.42±0.80d
31.32±0.20c
19.88±0.30a
29.23±0.50b

Superoxide
Hydroxyl
radical
radical
scavenging
scavenging
capacity
capacity
(mg/100 g FW)* (mg/100 g FW)*
h
48.90±0.90
41.22±1.30e
33.71±1.20c
36.50±0.50c
42.10±1.10f
45.65±1.40f
30.78±1.00b
28.17±1.00b
e
40.76±2.10
38.12±0.80d
a
18.80±1.00
21.88±1.10a
44.14±1.50g
40.47±1.50e

41.29±1.80c

40.53±0.50d

43.81±0.60f

39.37±1.00e

38.87±1.80d

47.65±1.20e
61.11±2.10g

34.44±0.10c
43.12±0.80e

33.29±0.90d
45.79±1.00g

37.77±0.90d
58.32±2.30i

35.41±1.20c
52.33±1.50g

The values are expressed in mean ± standard deviation. The superscript alphabets in the
column shows the significant difference (P < 0.05).
*

variation in phenolics of selected fruits and vegetables
could be influenced by different intrinsic and extrinsic
factors such as natural characteristics, maturity and
postharvest conditions (Jeffery et al., 2003; Marnova
et al., 2005; Lim et al., 2007).
Total Flavonoids (TF)
TF of selected fruits and vegetables are
represented in Table 1. TF levels were ranged from
2.49 to 12.69 mg/100 g FW. This study showed that
the TF values were rich in red grapes, beetroot, guava
and mulberries with 12.69, 10.19, 8.67 and 7.57 mg,
respectively (P < 0.05). Other fruits and vegetables
in this study were having the lower levels of TF. The
pigmented fruits and vegetables are having a key role
in the overall expression of phenolics that includes
flavonoids, anthocyanins and/or carotenoids (Chun et
al., 2003; Cieślik et al., 2006; Lin and Tang, 2008).
Although, the amount of polyphenols in fruits and
vegetables may be influenced by various factors such
as geographic origin, growing seasons, agricultural
practices and analytical methods (Chun et al., 2003).
Total antioxidant capacity (TAC)
TAC of the selected fruits and vegetables were
ranged from 31.21 to 61.11 mg/100 g FW (Table 1).
Beetroot, red onion, red grapes and carrot showed
the higher levels of TAC with 61.11, 48.78, 48.13
and 47.65 mg/100 g FW, respectively. TAC of fruits
and vegetables in this study was varied significantly
among each other. The natural antioxidants are most
multifunctional, and it might be contributed by
the polyphenols (Ślusarczyk et al., 2009; Fu et al.,

1041

2011).
Free radical scavenging capacity
DPPH scavenging capacity test is used as a
significant tool to identify the primary antioxidants
which can donate the hydrogen to scavenge free
radicals (Ajila et al., 2007; Wang et al., 2008;
Nurliyana et al., 2010). The selected fruits and
vegetables were having the significant levels of DPPH
scavenging activity and were ranged from 18.67
to 45.27 mg/100 g FW (Table 2). Mulberries, red
grapes, beetroot, red cauliflower and guava showed
the higher levels of DPPH scavenging capacity with
45.27, 44.82, 43.12, 40.53 and 39.97 mg/100 g FW,
respectively. Papaya and red onion were showed the
similar DPPH scavenging capacity with 38.24 and
38.12 mg/100 g FW, respectively.
The FRAP activity of selected fruits and
vegetables were ranged from 19.88 to 45.79 mg/100
g FW (Table 2). Beetroot, red cauliflower, papaya
and mango were having the higher FRAP activity
with 45.79, 43.81, 39.72 and 33.42 mg/100 g FW,
respectively (P < 0.05). The reduction of ferric
ions by electron donating capacity is often used
as an important indicator for phenolic antioxidant
mechanism in various plant extracts (Benzie and
Strain, 1996; Hinneburg et al., 2006; Fu et al., 2011).
Uma et al. (2012) reported the higher flavonoids and
anthocyanins were responsible for the increased DPPH
and FRAP activity in many fruits and vegetables.
Superoxide radical is a precursor for more reactive
oxygen species, and it is contributing the cellular and
tissue damage and various diseases (Halliwell and
Gutteridge, 1999). Superoxide radical scavenging
activity in the selected fruits and vegetables were
ranged from 18.80 to 58.32 mg/100 g FW (Table 2).
Among the fruits and vegetables: beetroot, red onion,
red grapes and mulberries were having the higher
superoxide radical scavenging activity with 58.32,
48.90, 44.14 and 42.10 mg/100 g FW, respectively
(P < 0.05). Lu et al. (2011) and Uma et al. (2012)
reported, the pigmented flavonoids and related
polyphenols are mainly contributed to antioxidant
activities of various fruits and vegetables.
Hydroxyl radical is highly reactive and persuades
the severe damage to adjacent biomolecules as
compared to other reactive oxygen species (ROS)
(Kubola and Siriamornpun, 2008). Hydroxyl
radical scavenging activity of the selected fruits and
vegetables were ranged from 21.88 to 52.33 mg/100
g FW (Table 2). Beetroot, red grapes, mulberries and
red onion were having the higher levels of activity
with 52.33, 45.65, 41.22 and 40.47 mg/100 g FW,
respectively (P < 0.05). Red cauliflower and guava
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showed the similar radical scavenging activity
with 38.87 and 38.12 mg/100 g FW, respectively.
However, the antioxidant activity of selected fruits
and vegetables in this study (Table 2) were not related
with their phenolic and flavonoid contents (Table 1).
This was in agreement with previously published
results (Dasgupta and De, 2007).
Conclusion
The selected fruits and vegetables in this study
are highly beneficial to human nutrition and health.
It was revealed by their antioxidant activity and
different scavenging capacity test. The pigmented
fruits and vegetables such as mulberries, red grapes,
beetroot and red onion were holding the higher levels
of antioxidant activity as compared to other fruits and
vegetables in this study. The overall information of
this present data will be very useful to nutritionists,
dieticians, farmers and consumers.
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