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Abstract

Four (red, violet, white and green) varieties of Allium cepa were studied for their total phenolic contents (TPC), antioxidant (AOA)
and free radical scavenging activities (FRSA). The TPC varied from 4.6 to 74.1 mg/g GAE, AOA varied from 13.6% to 84.1% and FRSA
showed wide range in terms of IC50 (inhibitory concentration) from 0.1 to 15.2 mg/ml, EC50 (efficient concentration) from 4.3 to
660.8 mg/mg and ARP (antiradical power) from 0.15 to 23.2. The outer dry layers of red and violet varieties showed better inhibition
of lipid peroxidation assayed by ammonium thiocyanate than a-tocopherol. The non-site-specific inhibition of hydroxyl radical induced
deoxyribose degradation was also higher in the outer dry layers of red and violet varieties than in their middle and inner layers. The outer
layers were also potential inhibitors of nitroblue tetrazolium chloride (NBT) reduction caused by superoxide anions. On the other hand
the ferrous ion chelating capacity of the red and violet varieties was highest in the inner layers. Specific phenolic composition performed
through HPLC and LC–MS/MS showed the presence of gallic acid, ferulic acid, protocatechuic acid, quercetin, and kaempferol. The
unutilised outer layers of the red variety were a rich source of quercetin (5110 lg/g) with high AOA, FRSA and also showed significant
protection of DNA damage caused by free radicals.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Reactive oxygen species (ROS) are produced in the cells
by cellular metabolism and other exogenous environmental
agents. They are generated by a process known as redox
cycling and are catalysed by transition metals, such as
Fe2+ and Cu2+ (Halliwell & Gutteridge, 1999). Overpro-
duction of ROS can damage cellular biomolecules like
nucleic acids, proteins, lipids, carbohydrates, proteins and
enzymes, resulting in several diseases. Living systems have
specific pathways to overcome the adverse affects of vari-
ous damages. However, sometimes these repair mecha-
nisms fail to keep pace with such deleterious effects
(Halliwell, 1995; Nilsson, Stegmark, & Akesson, 2004).
0308-8146/$ - see front matter � 2006 Elsevier Ltd. All rights reserved.
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Antioxidants scavenge free radicals and are associated
with reduced risk of cancer and cardiovascular diseases.
Allium cepa L. has been reported to have antimicrobial,
antispasmodic, anticholesterolaemic, hypotensive, hypo-
glycaemic, antiasthmatic, anticancer and antioxidant prop-
erties (Challier, Pernau, & Viel, 1998; Dorant, Van Den
Breandt, & Goldbohm, 1995; Fukushima, Takada, Hori,
& Wanibuchi, 1997; Gazzani, Papetti, Massolini, & Daglia,
1998; NOA; Stajner & Varga, 2003; Yin & Cheng, 1998).
Polyphenols, anthocyanins, flavonoids, quercetin, kaempf-
erol and their glycosides have been reported in onions
(Crozier, Lean, McDonald, & Black, 1997; Fossen, Peder-
sen, & Andersen, 1997; Rhodes & Price, 1996; Vinson,
1998).

Huge quantities of onions are consumed all over the
world for flavouring various types of food and their outer
layers go to waste. Available information on their free
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radical scavenging activities is scanty. Therefore, different
layers of four onion varieties were investigated for their
total phenolic contents, antioxidant and free radical scav-
enging activities and protection of DNA damage caused
by free radicals. Specific phenolic composition using
HPLC and MS/MS of various layers was performed.

2. Materials and methods

2.1. Chemicals and materials

Linoleic acid, b-carotene and quercetin were purchased
from Acros, Organics, Geel, Belgium; Tween 40, Folin–
Ciocalteau’s phenol reagent, HPLC solvents and other
analytical grade chemicals from E. Merck, Mumbai, India;
DPPH, NBT, pBR322 DNA, kaempferol, ferulic, gallic
and protocatechuic acids from Sigma–Aldrich, St. Louis;
Il. Plant materials collected from experimental field sta-
tions of the Institute and also the local market were sepa-
rated into different layers, chopped, dried, powdered (40-
mesh) and stored in polythene bags at 4 �C.

2.2. Chemical analysis

The powdered plant material (1.0 g) was extracted with
MeOH:H2O (1:1, 2 · 10 ml), overnight at room tempera-
ture. Total phenolic contents (TPC) in extract were mea-
sured as described by Ragazzi and Veronese (1973) and
expressed as mg/g gallic acid equivalent (GAE) on dry
weight basis. Antioxidant activity (AOA) was performed
by autoxidation of b-carotene and linoleic acid coupled
reaction method (Emmons & Peterson, 1999) and
expressed as percent of inhibition, relative to control. For
other concentration dependent studies, solvent was
removed from the extract under reduced pressure and
required quantities of the residue thus obtained were dis-
solved in MeOH. AOA was also determined by using
ammonium thiocyanate assay as described by Lee, Kim,
Kim, and Jang (2002). Free radical scavenging activity
(FRSA) was measured by using 1,1-diphenyl-2-pic-
rylhydrazyl (DPPH) solution (6 · 10�5 M in methanol)
and calculated according to Yen and Duh (1994). The
inhibitory concentration (IC50), efficient concentration
(EC50) and antiradical power (ARP) were estimated and
calculated as described by Kroyer (2004). Reducing capac-
ity of extracts (1.0 mg/ml in methanol) was determined by
ferric reducing antioxidant power assay, using quercetin as
reference standard (Apati et al., 2003) and expressed as
ascorbic acid equivalent (1 mM = 1 ASE). The ASE/ml
value is inversely proportional to reducing power. Deoxyri-
bose non-site specific hydroxyl ions scavenging effect was
performed as described by Halliwell, Gutteridge, and Aru-
oma (1987). Ferrous ions chelating capacity was estimated
by the method of Decker and Welch (1990). Inhibition of
superoxide radical production was assayed using the nitro-
blue tetrazolium chloride (NBT) method (Nishikimi, Rao,
& Yagi, 1972).
2.3. DNA nicking assay

DNA nicking assay was performed using supercoiled
pBR322 DNA by the method of Lee et al. (2002). A mix-
ture of 10 ll of plant extracts of different concentrations
(20–40 lg/ml) and plasmid DNA (0.5 lg) was incubated
for 10 min at room temperature followed by the addition
of 10 ll of Fenton’s reagent (30 mM H2O2, 50 lM ascorbic
acid and 80 lM FeCl3). The final volume of the mixture
was made up to 20 ll and incubated for 30 min at 37 �C.
The DNA was analysed on 1% agarose gel using ethidium
bromide staining.

2.4. HPLC analysis

For HPLC analysis, 1 g of dried and powdered plant
material was extracted with 50% methanol/water
(1 · 10 ml) for 2 h at room temperature. The plant extract
was hydrolysed with 1.2 N HCl by refluxing on a water
bath for 1 h (Lin-Chin, Huang, & Wen, 2000). The hydro-
lysate was processed and subjected to qualitative and quan-
titative analysis by using a Shimadzu LC-10A (Kyoto,
Japan) HPLC system (Bajpai, Pande, Tewari, & Prakash,
2005). Results (lg/g dry wt) were obtained by comparison
of peak areas (kmax 254 nm) of the samples with those of
standards.

2.5. Qualitative analysis by MS/MS

An API 2000 triple quadrupole mass spectrometer
(Applied Biosystems, Ontario, Canada) was used. Analysis
were performed on a Turbo ion spray source in negative
mode using the following settings: nebuliser gas (N2) 16,
curtain gas (N2) 12, collision gas (N2) 1–2 (arbitrary units),
focusing potential �400 V, entrance potential �10, declus-
tering potential 25–60 and collision energy 15–35. Full scan
acquisition was performed by scanning from m/z 150 to 700
at a cycle time of 2 s. MS/MS product ions were produced
by collision-associated dissociation of the selected precur-
sor ions in a collision cell. In all the experiments, the first
quadrupole was operated at unit resolution. Product ion
scan of selected molecules were carried out, in order to con-
firm the structure of the compounds.

2.6. Statistical analysis

Results are the mean values of three replicates of the
same sample. Statistical analysis was performed using anal-
ysis of variance.

3. Results and discussion

The total phenolic contents (TPC) and antioxidant
activity (AOA) of four (red, violet, white and green) varie-
ties of A. cepa are presented in Table 1. The TPC ranged
from 4.6 to 74.1 mg/g GAE and AOA from 13.6% to
84.1%. The outer dry layers of the red variety showed the



Table 1
Total phenolic content (TPC) expressed as mg/g gallic acid equivalent
(GAE) and antioxidant activity (AOA%) in different varieties and layers of
Allium cepa on dry weight basis

Variety Part TPC (mg/g GAE) AOA (%)

Red Outer layers 74.1 84.1
Middle layers 15.9 50.6
Inner layers 5.6 15.6

Violet Outer layers 43.5 73.9
Middle layers 14.9 36.2
Inner layers 4.6 14.5

White Outer layers 7.6 23.4
Middle layers 6.4 18.1
Inner layers 5.7 13.6

Green Outer layers 13.4 55.6
Middle layers 9.5 26.3
Inner layers 7.2 15.8

LSD at P < 0.01 For layers 0.5 1.7
For varieties 1.20 1.50
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highest TPC (74.1 mg/g GAE) followed by violet onion
(43.5 m/g GAE). Their outer layers had the highest con-
tents of TPC followed by a continuous decrease towards
the inner part of the bulb. The highest AOA was observed
in the outer layer of the red onion (84.1%) followed by vio-
let onion (73.9%) and moderate to low activities in their
remaining fleshy portions (Table 1). TPC values of 80.0
and 26.0 mg/g GAE in the dry outer skins of red and yel-
low onions respectively have been reported (Nuutila, Puup-
ponen-Pimiä, Aarni, & Oksman-Caldentey, 2003).

All four varieties were studied for their free radical scav-
enging activity (FRSA) and reducing power (Table 2). The
FRSA in different samples showed a wide variation of IC50

ranging from 0.1 to 15.2 mg/ml, EC50 from 4.3 to
660.8 mg/mg DPPH and ARP from 0.15 to 23.20. The
outer dry layers of the red onion were found most powerful
free radical scavenger compared to the rest of the varieties
Table 2
Free radical scavenging activity and reducing power in different varieties
and layers of Allium cepa on dry weight basis

Variety Part IC50

(mg/ml)
EC50

(mg/mg)
ARP ASE/ml

Red Outer layers 0.10 4.3 23.2 9.2
Middle layers 8.7 372 0.27 13.3
Inner layers 11.7 508 0.19 28.6

Violet Outer layers 0.7 30.6 3.26 12.5
Middle layers 9.8 422 0.23 17.9
Inner layers 12.7 566 0.17 30.5

White Outer layers 12.2 530 0.18 9.4
Middle layers 13.5 587 0.17 10.6
Inner layers 15.2 661 0.15 12.8

Green Outer layers 9.1 396 0.25 30.6
Middle layers 13.1 570 0.17 26.2
Inner layers 14.2 617 0.16 8.7

LSD at P < 0.01 For layers 0.61 10.1 0.81 1.75
For varieties 0.68 19.7 1.22 1.53

Standard Quercetin 0.20 8.6 11.6 0.5

IC50(mg/ml of extract), inhibitory concentration; EC50(mg/mg DPPH),
efficient concentration; ARP, anti-radical power; ASE/ml, ascorbic acid
equivalent (1 mM = 1 ASE) is inversely proportional to reducing power.
and standard quercetin. The other layers of the bulb in all
varieties showed very low FRSA as evidenced by high IC50

(8.7–15.2 mg/ml) and EC50 values (371.8–660.8 mg/mg)
and low ARP (0.15–0.27) compared to the standard (Table
2).

The layers of red and violet varieties with high of TPC
and AOA were assessed for concentration dependent
FRSA, using four different methods (Table 3). The IC50

values of lipid peroxidation inhibition measured by ammo-
nium thiocyanate assay in different layers ranged from 1.44
to 4.20 mg/ml (red) and 1.84 to 4.67 mg/ml (violet). The
outer layers of both varieties showed better inhibition than
a-tocopherol (3.44 mg/ml). The middle and inner fleshy
layers showed moderate to low inhibition. The non-site-
specific inhibition of hydroxyl radical induced deoxyribose
degradation was also higher, as evidenced by low IC50 val-
ues in outer dry layers of red (0.56 mg/ml) and violet
(0.90 mg/ml) varieties, compared to the middle and inner
layers. However, BHT standard showed better activity
(0.42 mg/ml). The outer dry layers of both red (2.54 mg/
ml) and violet (2.96 mg/ml) varieties were similar to BHT
(2.85 mg/ml) as potential inhibitors of NBT reduction by
superoxide anions. Quercetin had been found to reduce
the level of peroxynitrate, an extremely powerful oxidant
in the brain, by scavenging superoxide anions (Shutenko
et al., 1999). The concentration dependent ferrous ion che-
lating capacity of red and violet varieties increased from
outer to inner layers (Table 3). The most probable reason
for the variation of FRSA might be due to variation in
the quantities of quercetin in the various layers of different
varieties. These results were further supported by HPLC
results of the specific phenolic composition (Table 4),
which showed high amounts of quercetin in the outer layers
of the red variety. The mechanisms of action of quercetin
include free radical scavenging, chelation of transition
metal ions and inhibition of oxidases (de Groot & Rauen,
1998; Lean et al., 1999; Suzuki, Masahi, Segami, & Ito,
1998).

The four varieties of A. cepa were also studied for their
specific phenolic composition through HPLC (Table 4)
including ferulic acid, gallic acid and protocatechuic acid,
Table 3
Free radical scavenging activity expressed as IC50 (mg/ml) in different
layers of red and violet varieties of Allium cepa on dry weight basis

Variety Part A B C D

Red Outer layers 1.44 0.56 2.54 5.96
Middle layers 2.21 1.31 4.18 5.44
Inner layers 4.20 1.82 3.40 4.09

Violet Outer layers 1.84 0.90 2.96 6.38
Middle layers 2.61 1.38 4.76 5.96
Inner layers 4.67 2.11 3.81 4.17

LSD at P < 0.01 For layers 0.15 0.06 0.11 0.23
For varieties 0.19 0.08 0.10 0.21

A, hydroxyl radical scavenging activity assayed by ammonium thiocyanate
method; B, non-site specific inhibition of hydroxyl radical mediated
deoxyribose degradation; C, inhibition of NBT reduction caused by
superoxide anions; D, ferrous ion chelating capacity.
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Table 4
The composition of total phenols (lg/g dry weight) in different varieties
and layers of Allium cepa

Variety Part FA GA PA Quer Kaemp

Red Outer layers 21.4 263 138 5110 481
Middle layers 39.9 89.7 75.9 1120 44.3
Inner layers 84.3 71.1 32.4 419 6.5

Violet Outer layers 13.5 322 94.5 3200 203
Middle layers 23.9 266 42.6 235 18.9
Inner layers 45.8 158 13.4 125 11.5

White Outer layers 42.5 354 18.7 38.6 7.5
Middle layers 58.6 105 6.4 21.7 4.6
Inner layers 115.7 84.2 3.1 14.5 3.2

Green Outer layers 43.5 29.5 40.2 299 15.8
Middle layers 35.2 21.6 17.9 45.3 6.2
Inner layers 27.4 9.3 12.8 17.3 5.3

LSD at
P < 0.01

For layers 4.49 5.26 3.85 4.16 4.20

For varieties 5.93 11.7 9.13 13.8 3.80

FA, Ferulic acid; GA, Gallic acid; PA, Protocatechuic acid; Quer, Quer-
cetin; Kaemp, Kaempferol.
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quercetin and kaempferol. The quantities of ferulic acid
varied from 13.5 to 116 lg/g, gallic acid from 9.3 to
354 lg/g, protocatechuic acid from 3.1 to 138 lg/g, querce-
tin from 14.5 to 5110 lg/g and kaempferol from 3.2 to
481 lg/g. The quantities of gallic acid, protocatechuic acid,
quercetin and kaempferol decreased in all varieties from
outer dry to inner fleshy layers. The amounts of ferulic acid
showed a continuous increase from outer to inner layers in
red, violet and white varieties while in green there was a
continuous decrease. The outer dry layers of red variety
were found to be the richest source of protocatechuic acid
(138 lg/g) quercetin (5110 lg/g) and kaempferol (481 lg/
g). Highest quantities of ferulic (116 lg/g) and gallic acids
(354 lg/g) were in the inner and outer layers of white
onion, respectively (Table 4). It has been found that phyto-
chemicals in onions vary greatly due to varietal differences
(Bilyk, Cooper, & Sapers, 1984). It has also been reported
that yellow, red and pink onions have higher amounts of
quercetin than white varieties but colour was not found
to be the limiting factor (Patil, Pike, & Yoo, 1995). The
outer layers of the bulb go as a waste and can be utilised
for the isolation of quercetin that had been reported to pro-
vide beneficial effects in human health (Bingham et al.,
2003).

The identification of specific polyphenols was further
substantiated by MS/MS analysis (Table 5) that showed
the deprotonated molecule [M–H]�. Loss of CO2 was
observed for ferulic, gallic and protocatechuic acids, giving
Table 5
Phenolic compounds identified by MS/MS

Phenols Ion full scan MS MS/MS approach

[M–H]� Fragments Product ion scan

Ferulic acid 193 178, 149 193
Gallic acid 169 125 169
Protocatechuic acid 153 109 153
Kaempferol 285 133, 151 285
Quercetin 301 151 301
the ion [M–H-44]� as a characteristic ion. Ferulic acid also
showed the loss of a CH3 group, providing [M-15]� anion
radical at m/z 178 in the product ion scans. The aglycones
of quercetin and kaempferol underwent Retro-DielsAlder
fragmentation to give an ion at m/z 151; in the case of
kaempferol loss of neutral water molecule gave an ion at
m/z 133 also (Sanchez-Rabaneda et al., 2003).

Hydroxyl radicals generated by the Fenton reaction are
known to cause oxidatively induced breaks in DNA
strands to yield its open circular or relaxed forms. The con-
centration dependent (20–40 lg/ml) free radical scavenging
effect of 50% MeOH/water extracts of different varieties
were studied (Fig. 1) on plasmid DNA damage. The
extracts of outer layer of red variety (lanes 7 and 8) showed
significant reduction in the formation of nicked DNA and
increased native form of DNA. The protection offered by
red variety was significantly close to that of 5 U of catalase
(lane 3) and 2 U of superoxide dismutase (lane 4). The vio-
let (lanes 5 and 6) variety showed moderate, while green
(lanes 9 and 10) and white (lanes 11 and 12) varieties
showed comparatively low protection. The red variety with
high phenolic content showed better protection compared
to the others, indicating that protection was directly pro-
portional to the concentration of TPC. Quercetin effec-
tively protected DNA strand scission from tert-
butylhydroperoxide (Sestili, Guidarelli, Dacha, & Cantoni,
1998). Therefore, in the red variety presence of high quan-
tities of quercetin might be responsible for better protection
of DNA. In biological systems metal binding can occur on
DNA leading to partial site-specificity hydroxyl radical for-
mation. Polyphenols are potential protecting agents
against the lethal effects of oxidative stress and offer protec-
tion of DNA by chelating redox-active transition metal
ions.

Onions are widely used all over the world and their
outer dry layers go to waste. In present studies it was a
found that this portion of red onions was rich source of
phenols with promising antioxidant and free radical scav-
enging activities and ability to provide protection against
DNA damage caused by reactive oxygen species. This pres-
ent study together with previous work suggests the triple
synergistic action of phenols in scavenging ROS, repairing
DNA radicals and metal chelation (Zhao et al., 2005).
Native DNA 

Fig. 1. Inhibitory effects of onion extracts on DNA nicking caused by
hydroxy radicals. lane 1, native pBR322 DNA; lane 2, Fenton’s
reagent + DNA; lane 3, Fenton’s reagent + DNA + 5 U Catalase; lane
4, Fenton’s reagent + DNA + 2 U super oxide dismutase, lanes 5, 6, 7, 8,
9, 10, 11 and 12, Fenton’s reagent + DNA + (40 and 20 lg/1.0 ml)
extracts of outer layers of violet, red, green and white varieties of Allium

cepa bulbs, respectively.
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