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ABSTRACT

The antioxidant activities of various bulbs extracts of three kinds Allium were conducted by DPPH (2.2-diphenyl-1-
picrylhydrazyl) and ABTS (2-2’-azinobis (3-ethyl-benzothiazoline-6-sulfonic acid) assays. Sample 02 (ethyl acetate
extract of onion bulbs) had the highest DPPH scavenging capacity (45.86 %.) and the highest ABTS capacity (49.03
%). Sample RO2 (ethyl acetate extract of sample red onion) contained the highest total flavonoid (89.3 g QE/100 g)
and the highest phenolic contents (40.75 g GAE/100 g), while the highest carotenoid 7.4 g BET/100 g was given by
RO1 (n-hexane extract of sample red onion). Phenolic and flavonoid were the major contributors to antioxidant
activity in onion and red onion bulbs. The total carotenoid of three Allium bulbs extracts had no significant corre-
lation with DPPH and ABTS scavenging activities. There were positively high correlation between ABTS and DPPH
scavenging capacities for sample O and RO, but no correlation for sample G (garlic).
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INTRODUCTION

Phenolic compounds are commonly found in plants,
and they have been reported to have multiple biologi-
cal effects, including antioxidant activity. Many studies
had revealed that phenolic content in plants can be
correlated to their antioxidant activities (Kujala et al.,
2000). Fruits and vegetables such as onion, garlic,
sweet potatoes are rich source of carotenoid, flavonoid
and other phenolic compounds (Teow et al., 2007; Is-
lam et al., 2003).

Some of antioxidant methods such as ABTS (2-2’-
azinobis (3-ethyl-benzothiazoline-6-sulfonic acid) di-
ammonium salt and DPPH (2,2-diphenyl-1 picrylhy-
drazyl were used to predict antioxidant capacity of
fresh fruits, beverages and food (Leong, 2002; Gil,
2002). In previous study (Rahman, 2012) revealed that
DPPH method could be used to examine antioxidant
activity in garlic extract.

Study by Lanzotti (2006) demonstrated that total phe-
nolic content of red onion (Allium cepa L. var. ascaloni-
cum Backer) higher than garlic (Allium sativum L.) and
onion (Allium cepa L. var. cepa). The previous research
regarding three varieties of garlic illustrated that flavo-
noid and steroid of garlic extract had contribution in
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antioxidant capacities (Narendhirakaman, 2010). The
previous study by Najja et al. (2011) showed that DPPH
scavenging activity of Allium roseum was similar with
its ABTS scavenging capacity.

The objective of this research were to study antioxi-
dant activity of various extracts (n-hexane, ethyl ace-
tate and ethanol) of three kinds Allium (Allium cepa L.
var. cepa, Allium sativum L and Allium cepa L. var. asca-
lonicum Backer) bulbs using simple methods of anti-
oxidant testing DPPH and ABTS assays and correlations
of their activity with total flavonoid, phenolic, and ca-
rotenoid contents in each extracts.

MATERIALS AND METHODS
Chemicals

ABTS (2-2’-azinobis (3-ethyl-benzothiazoline-6-sulfonic
acid) diammonium salt, DPPH (2,2-diphenyl-1 picrylhy-
drazyl), gallic acid, quercetin, beta carotene was pur-
chased from Sigma-Aldrich (MO, USA), potassium per-
sulfate, methanol, ethanol. All other reagents were
analytical grades.

Preparation of leaves for analysis

Bulbs of three kinds Allium were bought from Caringin
market in Bandung that were onion (Allium cepa L. var.
cepa) from India, garlic (Allium sativum L.) from China
and red onion (Allium cepa L. var. ascalonicum Backer).
Onion bulbs (call as 0), garlic bulbs (G) and red onion
bulbs (RO) were thoroughly washed with tap water,
wet sortation and dried. The samples were cutting by
food processor and taken three days for drying process
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at temperature 402C. Then the dried samples were
grinding into powder.

Extraction

Three hundred grams of powdered samples were ex-
tracted with reflux techniques using increasing gra-
dient polarity solvents. The n-hexane extract was re-
peated three times. The remaining residue was then
extracted three times with ethyl acetate. Finally the
remaining residue was extracted three times with
ethanol. So there were three n-hexane extracts (name-
ly 01, G1 and RO1), three ethyl acetate extracts ( 02,
G2 and R0O2) and three ethanolic extracts (03, G3 and
RO3)

DPPH scavenging capacity

Preparation of DPPH solution were adopted from Blois
(1958) with minor modification. 2.5 mg DPPH were
diluted into 50 mL methanol. The mixture were incu-
bated in the dark room for 30 minutes. Keep the radi-
cal stock solution of DPPH in refrigerator (4°C). Each
extracts with concentration 50 pg/mL was pipetted
into DPPH solution concentration 50 pg/mL (1:1) to
initiate the reaction. The absorbance was read at wa-
velength 516 nm after 30 minutes incubation using
Hewlett Packard 8435 spectrophotometer UV-Vis. Me-
thanol was used as a blank and DPPH solution 50
pg/mL as standard. Analysis was done in triplicate for
standard and each extracts. All measurement proce-
dures were in dark room. Antioxidant activity of each
extracts were determined based on the reduction of
DPPH absorbance by calculating percentage of antioxi-
dant activity (Bedawey, 2010)

ABTS scavenging capacity

Preparation of ABTS radical solution were adopted
from Li et al. (2011) and Pellegrini et al. (2003) method
with minor modification. ABTS diammonium salt
aqueous solution with concentration 2.5 mg/5 mL and
potassium persulfate aqueous solution 2.5 mg/5 mL
was prepared. Each solutions allowing to stand in the
dark room for 12-18 hours. A radical stock solution of
ABTS was produced by mixing two above solutions and
ad to 50 mL with ethanol 95%. ABTS solution would
give absorbance 0.71 % 0.2 at wavelength 734 nm, veri-
fied by Hewlett Packard 8435 Diode Array Spectropho-
tometer (HP, Waldbronn, Germany). 0.3 mL of each
extracts 50 pug/mL was pipetted into 0.3 mL ABTS solu-
tion 50 ug/mL (1:1) to initiate the reaction. The mixture
was diluted with 1.4 mL ethanol. The absorbance was
read at wavelength 734 nm without incubation time
using Hewlett Packard 8435 spectrophotometer UV-
Vis. Ethanol (95%) was used as a blank and ABTS solu-
tion 50 ug/mL was used as standard. Analysis was done
in triplicate for standard and each extracts. All mea-
surement procedures were in dark room. Antioxidant
capacity of each extracts were determined based on
the reduction of ABTS absorbance by calculating per-
centage of antioxidant activity (Bedawey, 2010)..
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Total flavonoid determination

Total flavonoid content was measured using adapted
method from Chang et al (2002). Extracts 0.5 mL was
pipetted into 0.1 mL aluminium chloride 10%, 0.1 mL
sodium acetate 1M and 2.8 mL aquadest. The mixture
were diluted with 1.5 mL ethanol, and incubated for 15
minutes. The absorbance was read at wavelength 415
nm. Analysis was done in triplicate for each extracts.
Standard solutions of quercetin with concentration 40-
100 pg/mL were used to obtain a standard curve. The
total flavonoid content was reported as percentage of
total quercetin equivalents per 100 g extract (g QE/100

8)-
Total phenolic determination

Total phenolic content were measured using the mod-
ified Folin-Ciolcalteu method adapted from Pourmorad
(2006). Extracts 0.5 mL was pipetted into 5 mL Folin-
Ciolcalteu reagent (1:10) and 4 mL sodium carbonate 1
M. The mixtures were incubated for 15 minutes. The
absorbance was read at wavelength 765 nm. Analysis
was done in triplicate for each extracts. Standard solu-
tions of gallic acid with concentration 60-150 pg/mL
were used to obtain a standard curve. The total phe-
nolic content was reported as percentage of total gallic
acid equivalents per 100 g extract (g GAE /100 g).

Total carotenoid determination

Total carotenoid content was measured using the mod-
ified carotene method adapted from Thaipong et al
(2006). Each extracts were diluted into n-hexane sol-
vent. Extracts 2 mL were measured and the absorbance
was read at wavelength 470 nm. Analysis was done in
triplicate for each extracts. Standard solutions of beta
carotene with concentration 10-80 pg/mL were used
to obtain a standard curve. The total carotenoid con-
tent was reported as percentage of total beta carotene
equivalents per 100 g extract (g BET/100 g).

RESULT AND DISCUSSION

Lanzotti (2006) demonstrated that total phenolic con-
tent of garlic (Allium sativum L.) and onion (Allium cepa
L. var. cepa) lower than red onion (Allium cepa L. var.
ascalonicum Backer. Study by Narendhirakaman (2010)
regarding three varieties of garlic illustrated that flavo-
noid and steroid of garlic extract had contribution in
antioxidant capacities.

In previous study (Rahman, 2012) revealed that anti-
oxidant capacity in garlic extract could be determine by
using DPPH method. Study by Najja et al. (2011) re-
garding Allium roseum leaves extract showed that
DPPH scavenging activity was linear with its ABTS sca-
venging capacity and had high correlation with its total
phenolic content. Yang et al (2004) found that total
phenolic in onion and red onion had high correlation
with antioxidant activity. There were no study regard-
ing antioxidant activity of three different polarity ex-
tracts (which were n-hexane, ethyl acetate and etha-
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Figure 1: Antioxidant capacities of various bulbs extracts of three kinds Allium with DPPH and ABTS assays

Table 1: DPPH and ABTS scavenging activities of n-hexane bulbs extracts

Sample | DPPH scavenging activity (%) | ABTS scavenging activity (%)
01 16.88+£6.10a 12.47+4.94 a
G1 7.13t+4.05a 17.43+4.86 a
RO1 9.40+4.23a 13.26+4.73 a

P value <0.05 <0.05

a = means within a column with the same letter were not significantly different (p=0.05).

nol) of three kinds Allium bulbs using DPPH and ABTS
assays.

Antioxidant capacities of various bulbs extracts of
three kinds Allium with DPPH and ABTS assays

Both of DPPH and ABTS are stable free radicals which
dissolve in methanol or ethanol, and their colors show
characteristic absorption at wavelength 519 nm or 734
nm, respectively. When an antioxidant scavenges the
free radicals by hydrogen donation, the colors in the
DPPH and ABTS assays solution become lighter (Li et
al., 2011; Apak et al., 2007). DPPH and ABTS assays
have been widely used to determine the free radical
scavenging activity of extracts. Both of DPPH and ABTS
procedures are simple to perform (Teow et al., 2007).

The antioxidant capacities of various bulbs extracts of
three kinds Allium using DPPH and ABTS assays were
shown in Fig.1. In the DPPH method, radical scavenging
activities of various extracts ranged from 7.68 to 45.86
%. 02 bulbs extract (ethyl acetate extract of onion
bulbs) had the highest DPPH radical scavenging activity
(45.86%), while Q3 bulbs extract (7.68%) had the low-
est DPPH antioxidant activity.

In ABTS method, antioxidant activities of various bulbs
extracts of three kinds Allium in the range of 12.47-
49.03 %. 02 bulbs extract (ethyl acetate extract of
onion) had the highest ABTS scavenging activity (49.03
%), while the lowest activity (12.47 %) was given by O1
(n-hexane extract of onion) bulbs extract. According to
Rabinowitch and Kamenetsky (2002), red onion bulbs
had more highly active compounds than onion bulbs.
Benkeblia (2007) reported that non-polar sub-fractions
of the extracts did not show any antioxidant potential,

while the polar sub-fractions exhibited the activity.
Previous study revealed that n-hexane extract of red
onion and garlic had higher antioxidant capacities than
water extract (Leelarungrayub et al., 2006)

Statistical analysis of scavenging radical DPPH and
ABTS activities among n- hexane bulbs extracts were
shown in Table 1. All of n-hexane extracts 01, G1 and
RO1 indicated that DPPH and ABTS scavenging capaci-
ties were not significantly different from each other.

The DPPH and ABTS scavenging radical capacity among
ethyl acetate bulbs extract (Table 2) demonstrated that
02 and RO2 not significantly different from each other
and both of them significantly different with G2 (p<
0.05).

Statistical analysis of DPPH and ABTS scavenging activi-
tis among ethanolic bulbs extract showed that all of
samples 03, G3 and RO3 were not significantly differ-
ent from each other.

Total flavonoid content of various bulbs extracts of
three kinds Allium

The total flavonoid contents among the different varie-
ties were expressed in term of quercetin equivalent
using the standard curve equation. The flavonoid con-
tents shown as percentage of total flavonoid extract (g
QE/100 g). Total flavonoid content in ethyl acetate
extract and ethanolic extract were illustrated in Table
4. The total flavonoid contents of bulbs extracts in
three kinds Allium shown different result in the range
of 2.64 — 89.3 g QE/100 g. The total flavonoid contents
was highest (89.3 g QE/100 g) for RO2 bulbs extracts,
followed by 02 bulbs extract (66.74 g QE/100 g), and
the lowest (2.64 g QE/100 g) for O3 bulbs extract.
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Table 2: DPPH and ABTS scavenging activities of ethyl acetate bulbs extracts

Sample | DPPH scavenging activity (%) | ABTS scavenging activity (%)
02 45,86+3,38 a 49,03+4,37 a
G2 10,73+1,20b 23,69+4,93 b
RO2 40,22+3,06 a 36,2514,44 a

P value <0.05 <0.05

a-b = means within a column with the same letter were not significantly different (p=0.05).

Table 3: DPPH and ABTS scavenging activities of ethanolic bulbs extracts

Sample | DPPH scavenging activity (%) | ABTS scavenging activity (%)
03 8,2313,10 a 21,01+4,93 a
G3 7,68%2,66 a 18,68+4,93 a
RO3 10,6742,68 a 20,25+4,60 a

P value <0.05 <0.05

a = means within a column with the same letter were not significantly different (p=0.05).

Statistical analysis for total flavonoid contents among
in ethyl acetate bulbs extract showed that all of sam-
ples 02, G2 and RO2 significantly different from each
other (p< 0.05). The total flavonoid contents in etha-
nolic bulbs extract indicated that O3 and G3 not signifi-
cantly different and both of them significantly different
with RO3 (p<0.05).

Total phenolic content of various bulbs extracts of
three kinds Allium

The total phenolic contents among the different varie-
ties were expressed in term of gallic acid equivalent
using the standard curve equation. The phenolic con-
tents shown as percentage of total phenolic extract (g
GAE/100 g). The total phenolic contents of three Allium
bulbs shown different result ranged from 4.40 to 40.75
g GAE/100 g. Total phenolic content in bulbs extracts
were illustrated in Table 5.

RO2 bulbs extract (ethyl acetate extract of onion bulbs)
had the highest phenolic contents (40.75 g GAE/100g),
followed by 02 bulbs extract (40.3 g GAE/100 g). Study
by Lanzotti (2006) demonstrated that total phenolic
content of red onion (Allium cepa L. var. ascalonicum
Backer) higher than garlic (Allium sativum L.) and onion
(Allium cepa L. var. cepa). It was similar with the result
of this study. Horng et al (2005) showed total phenolic
content of ethyl acetate fraction was higher than buta-
nol fraction and water fraction and also similar with
this study that showed the total phenolic content of
ethyl acetate extracts was higher than n-hexane ex-
tracts and ethanol extracts.

Statistical analysis for total phenolic contents among in
n-hexane bulbs extract showed all of samples 01, G1
and RO1 not significantly different from each other.
The total phenolic content in ethyl acetate bulbs ex-
tract demonstrated that 02 and RO2 not significantly
different from each other and G2 signicantly different
to 02 and RO2 (p<0.05). In ethanolic bulbs extract indi-
cated that 03, G3 and RO3 not significantly different
from each other.

Total carotenoid content of various bulbs extracts of
three kinds Allium

The total carotenoid contents among the different va-
rieties were expressed in term of beta carotene equiva-
lent using the standard curve equation. The carotenoid
contents shown as percentage of total carotenoid ex-
tract (g BET/100 g). The total carotenoid contents of
bulbs extracts in three kinds Allium shown different
result in the range of 0.16 -7.40 g BET/100 g.

The highest carotenoid contents (7.40 g BET/100 g) for
RO1 bulbs extract, followed by O1 bulbs extract (5.20 g
BET/100 g), while the lowest carotenoid (0.16 g
BET/100 g) for RO3 bulbs extract.

Statistical analysis for carotenoid contents in bulbs
leaves extract were shown in Table 6. The total carote-
noid in all of samples n-hexane bulbs extract (01, G1
and RO1) significantly different (p<0.05) from each
other. Total carotenoid contents in ethyl acetate bulbs
extract indicated that G2 and RO2 not significantly dif-
ferent. Both of them significantly different with 02
(p<0.05). In ethanolic leaves extract, the total carote-
noid contents O3 and RO3 not significantly different
from each other and both them significantly different
with G3 (p<0.05).

Correlations of total phenolic, flavonoid, carotenoid
content and DPPH, ABTS scavenging capacities in
onion bulbs extracts

Pearson’s correlation coefficient was positively high if
0.61 <r <£0.97 (Thaipong, 2006). There were positively
high correlation between total phenolic content in
onion bulbs extracts with DPPH scavenging capacities (r
=0.965, p<0.01) and ABTS capacities (r = 0.941, p<0.01)
(Table 7). Total flavonoid content in onion bulbs ex-
tracts demonstrated high and positive correlation with
DPPH scavenging activities (r = 0.993, p<0.01) and ABTS
capacities (r = 0.963, p<0.01). There were no correla-
tion between total carotenoid in onion bulbs extracts
with DPPH and ABTS scavenging capacities. Total flavo-
noid content in onion bulbs extracts had high correla-
tion with total phenolic content. DPPH scavenging ac-
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Table 4: Total flavonoid content in bulbs extracts

Sample | Total flavonoid in ethyl acetate extract | Total flavonoid in ethanolic extract
(g QE/ 100 g) (g QE/ 100 g)
0] 66,74%1,3 a 2,6410,16 a
G 4,37+0,24 b 2,7510,38 a
RO 89,311,45c¢c 7,09+0,41 b
P value <0.05 <0.05

a-c = means within a column with the same letter are not significantly different (p=0.05).

Table 5: Total phenolic content in bulbs extracts

Total phenolic in n-hexane Total phenolic in ethyl acetate Total phenolic in ethanolic
Sample
extract extract extract
(g GAE/ 100 g) (g GAE/ 100 g) (g GAE/ 100 g)
0 4,4+2,10a 40,3+1,28 a 8,31+1,83 a
G 5,73t1,17 a 11,79+1,06 b 7,84+1,25a
RO 6,32+1,2 a 40,75+0,33 a 8,56+0,66 a
P value <0.05 <0.05 <0.05

a-b = means within a column with the same letter are not significantly different (p=0.05).

Table 6: Total carotenoid content in bulbs extracts

sample | . Total carotenoid . Total carotenoid . Total carptenoid
in n-hexane extract | in ethyl acetate extract | in ethanolic extract
(g BET/ 100 g) (g BET/ 100 g) (g BET/ 100 g)
0] 5,240,15 a 0,60+0,20 a 0,20+0,05 a
G 2,32+0,24 b 2,9310,25 b 0,52+0,04 b
RO 7,4+0,15c 2,84+0,21 b 0,160,011 a
P value <0.05 <0.05 <0.05

a-c = means within a column with the same letter are not significantly different (p=0.05).

Table 7: Pearson’s correlation coefficient of total phenolic, total carotenoid, total flavonoid and DPPH sca-
venging activity in onion bulbs extracts

TPH TBC TFL DPPH
TBC | -0.446 "™ - - -
TFL | 0,998™ | 0.838" - -

DPPH | 0,965 | -0.231™ | 0,993" -

ABTS | 0,941 | -0.616" | 0,963 | 0.84™

TPH = total phenolic, TBC = total carotenoid, TFL= total flavonoid, DPPH = DPPH scavenging activity, ABTS =
ABTS scavenging activity, * = significant at p < 0.05, ** = significant at p < 0.01, ns = not significant

tivities in onion bulbs extracts had high correlation
with ABTS activities.

Correlations of total phenolic, flavonoid, carotenoid
content and DPPH, ABTS scavenging capacities in gar-
lic bulbs extracts

There were positive and high correlation between total
phenolic content in garlic bulbs extracts with DPPH
scavenging capacities (r = 0.818, p<0.01) and no corre-
lation with ABTS activities (Table 8). Total flavonoid
content in garlic bulbs extracts demonstrated positively
high correlation with DPPH scavenging activities (r =
0.848, p<0.05) and no correlation with ABTS capacities.
There were no correlation between total carotenoid in
garlic bulbs extracts with DPPH and ABTS scavenging
capacities. Total flavonoid content in onion bulbs ex-
tracts had high correlation with total phenolic content.
There was no correlation between DPPH activities in
garlic bulbs extracts ABTS scavenging activities. Study
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by Narendhirakannan (2010) reported that garlic bulb
extracts contained flavonoid and steroids which were
known as antioxidants.

There were positively high correlation between total
phenolic content in red onion bulbs extracts with DPPH
scavenging capacities (r = 0.987, p<0.01) and ABTS ca-
pacities (r = 0.917, p<0.01) (Table 9). Total flavonoid
content in red onion bulbs extracts illustrated high and
positive correlation with DPPH scavenging activities (r =
0.99, p<0.01) and ABTS capacities (r = 0.914, p<0.05).
There were no significant correlation between total
carotenoid in red onion bulbs extracts with DPPH and
ABTS scavenging capacities. DPPH scavenging activities
in red onion bulbs extracts had high correlation with
ABTS activities. The onion had highest total quercetin
content than red onion (Patil, 1995). Nencini (2011)
have found positive correlation between total phenolic
content (TPC) in Allium species and the antioxidant
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Table 8: Pearson’s correlation coefficient of total phenolic, total carotenoid, total flavonoid and DPPH sca-

venging activity in garlic bulbs extracts

TPH TBC TFL DPPH
TBC | 0,451™ - -
TFL | 0,984™ | 0,95 - -

DPPH | 0,818 | 0,254™ | 0,848" -

ABTS | 0,644™ | 0.249™ | 0,599™ | 0,546

TPH = total phenolic, TBC = total carotenoid, TFL= total flavonoid, DPPH = DPPH scavenging activity, ABTS =
ABTS scavenging activity, * =significant at p < 0.05, ** = significant at p < 0.01, ns = not significant

Table 9: Pearson’s correlation coefficient of total phenolic, total carotenoid, total flavonoid and DPPH sca-
venging activity in red onion bulbs extracts

TPH TBC TFL DPPH
TBC | -0,241™ - -
TFL 1 0,995 - -

DPPH | 0,987"" | -0,214™ | 0,99" -

ABTS | 0,917 | -0,431™ | 0,914" | 0,928™

TPH = total phenolic, TBC = total carotenoid, TFL= total flavonoid, DPPH = DPPH scavenging activity, ABTS =
ABTS scavenging activity, * =significant at p < 0.05, ** = significant at p < 0.01, ns = not significant

activity evaluated with DPPH test. Najja (2011), signifi-
cant correlations were observed between total phenol-
ic content (TPC) of Allium roseum, and antioxidant ac-
tivity (R?=0.828 for TPC vs. DPPH and R?=0.925 for TPC
vs. ABTS), suggesting that polyphenolic compounds are
the major contributors to the antioxidant capacity.
Singh (2009) found the potent antioxidant effects of
polyphenolics including ferulic, gallic and protocate-
chuic acids, quercetin and kaempferol in garlic peel.

According to Leelarungrayub (2006), the antioxidant
activity in red onion depends largely on the polyphe-
nolic compounds and diallyl disulfide in the bulbs. A
good correlation was found between DPPH and ABTS
methods (R?=0.827) in Allium roseum, indicated that
these two methods gave consistent results for Allium
roseum (Najja, 2011).

In general, free radical scavenging effect of phenolics
depends mainly on number and position of hydrogen-
donating hydroxyl groups on aromatic ring of phenolic
molecules (Cai, 2004). Flavonoid would give antioxi-
dant activity which had OH in ortho C 3’,4’, OH in C 3,
oxo function in C 4, double bond at C 2 and C 3 (Heim,
2002). The previous study demonstrated that antioxi-
dant activity of flavonoids increased with 7,8-dihydroxy
group in the A-ring (Horng, 2005). Yang (2004) found
that phenolic and flavonoid content in red onions and
onions had strong correlations with the antioxidant
activities.

CONCLUSION

Ethyl acetate extract of onion bulbs had the highest
DPPH and ABTS scavenging activities and thus onion
bulbs as the potential source for antioxidant. The posi-
tively high correlation between total phenolic, total
flavonoid content with DPPH and ABTS scavenging ac-
tivities were given by onion (Allium cepa var ascaloni-
cum) and red onion (Allium cepa var cepa). There were

no significant correlation between total carotenoid
with DPPH and ABTS scavenging capacities that given
by all of samples (onion, red onion and garlic). Antioxi-
dant activity measured in onion and red onion bulbs
extracts may also be estimated indirectly by using total
phenolic and total flavonoid since they showed posi-
tively high correlation with the DPPH and ABTS sca-
venging activities. Phenolic and flavonoid were the
major contributors to antioxidant activity in onion and
red onion bulbs.
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