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Abstract

The antioxidant activities of the methanol extracts of selected varieties and parts of garlic and onion were determined by two
methods: inhibition of lipid peroxidation induced by tert-butyl hydroperoxide in isolated rat hepatocytes and scavenging activity
against diphenylpicrylhydrazyl radical. The total phenolics and the main flavonoids of the hydrolysed onion and garlic samples

were also analysed. The antioxidant activities obtained by the two methods were compared. Both methods gave similar antioxidant
activities for pure compounds and Allium extracts. However, the radical scavenging method had many benefits compared to the
lipid peroxidation method, being easier, cheaper, more specific and reproducible. The radical scavenging activities also correlated

positively with the total phenolics of the extracts. Onions had clearly higher radical scavenging activities than garlic, red onion
being more active than yellow onion. The skin extracts of onion possessed the highest activities.
# 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Diets rich in fruits and vegetables have been associated
with decreased risks of several chronic diseases, such as
coronary heart disease and some cancers (Block, Pat-
terson, & Subar, 1992; Hertog et al., 1995; Lampe,
1999). These protective effects have been attributed
partly to the various antioxidant compounds present in
fruits and vegetables, for example, vitamins C and E,
b-carotene and polyphenolics (Diplock et al., 1998).
One group of polyphenolics, flavonoids, are found ubi-
quitously in the plant kingdom with a great variety of
structures. In vegetables, quercetin glycosides are pre-
dominant, but glycosides of kaempferol, luteolin and
apigenin are also present (Hertog & Hollman, 1996).
Onion is one of the major sources of dietary flavonoids
in many countries (Hertog et al., 1995; Knekt, Järvinen,
Reunanen, & Maatela, 1996). In contrast to other
vegetables, in onions the highest amounts of quercetin
are found in the parts below the surface (Patil & Pike,
1995).

Plants belonging to the Allium family have been found
to have antioxidant properties in several earlier studies
(Cao, Sofic, & Prior, 1996; Gazzani, Papetti, Daglia,
Berté, & Gregotti, 1998; Yin & Cheng, 1998). Espe-
cially, garlics and different garlic extracts have been
shown to have antioxidant activity in different in vitro
models. The antioxidant activity of Allium plants has
mainly been attributed to a variety of sulphur-containing
compounds and their precursors (Kim, Kubota, &
Kobayashi, 1997; Lampe, 1999). According to Kim et
al. (1997), allicin, diallyl disulphide and diallyl trisul-
phide appeared to be the main antioxidative compounds
in the garlic volatiles. Animal tests have shown that
allicin (diallyl thiosulphinate) can be responsible for
garlic’s antioxidative properties in low concentrations,
although it can also act as a pro-oxidant in high con-
centrations (Lawson, 1998). However, Hirata and Mat-
sushita (1996) demonstrated that alliin [(+)-S-allyl-l-
cysteine sulphoxide], a precursor of allicin, does not
have antioxidative activity in a linoleic acid oxidation
system.
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The antioxidative potential of plant extracts and pure
compounds can be measured using numerous in vitro
assays. Each of these assays is based on one feature of
antioxidant activity, such as the ability to scavenge free
radicals or to inhibit lipid peroxidation. However, the
total antioxidant activities of vegetables cannot be eval-
uated by any single method, due to the complex nature
of phytochemicals (Chu, Chang, & Hsu, 2000). Two or
more methods should always be employed in order to
evaluate the total antioxidative effects of vegetables.
Furthermore, although several methods have been used
to test the antioxidant activities of various chemical
compounds, often these methods cannot be used as such
to measure the antioxidant activity of plant extracts due
to their complex composition (Hodges, DeLong, For-
ney, & Prange, 1999; Janero, 1990; Yamaguchi, Taka-
mura, Matoba, & Terao, 1998). Additionally, many of
the methods used are either too expensive or too com-
plex for testing of large series of samples.

In this study, we evaluated the suitability of two
methods for screening of the antioxidant activities of a
large number of samples consisting of fresh and pro-
cessed vegetables commonly used in the food industry.
Allium plants were chosen as test material because of
their high antioxidative potential. Moreover, the role of
plant phenolics in antioxidativity and/or in radical
scavenging activity was investigated.
2. Materials and methods

2.1. Plant material

2.1.1. General
Onions (Allium cepa L.), chives (Allium schoeno-

prasum L.) and garlics (Allium sativum L.) were purchased
from a wholesale market, except for the Finnish organic
garlics which were a gift from a local organic farmer.

2.1.2. Sample extraction for HPLC
The plant material was freeze-dried and ground. Fifty

milligrams of the ground plant material was hydrolysed
in 5 ml of 1.2 M HCl in 50% aqueous methanol. After
refluxing at 80 �C for 2 h, the extract was allowed to
cool and was made up to 10 ml with 50% aqueous
methanol and sonicated. The extract was then filtered
through a 0.45-mm filter for organic solvents prior to
injection. The hydrolyses were performed in triplicate.

2.1.3. Sample extraction for antioxidativity tests
Plant material was freeze-dried, ground and sieved

(0.5 mm). Of the ground plant material 1.5 g was
extracted with 10 ml methanol (HPLC-grade, Sigma) on
a magnetic stirrer (1 h) and then in an ultrasonic bath (20
min). The extract was centrifuged at 3000 rpm for 20
min. The extraction was repeated once. The supernatants
were evaporated to dryness at +40 �C using a rotava-
por. The dry residue was dissolved in 1.5 ml methanol
(radical scavenging method) or DMSO (lipid peroxi-
dation method).

2.2. Analysis of flavonoids by HPLC

2.2.1. General
The flavonoids were analysed as aglycones from

hydrolysed plant extracts using HPLC. The methods for
sample extraction and HPLC separation were modifi-
cations of methods by Crozier, Lean, McDonald, and
Black (1997), Häkkinen, Kärenlampi, Heinonen, Myk-
känen, and Törrönen (1998), and Hertog, Hollman, and
Venema (1992). The analysis were performed in triplicate.

2.2.2. HPLC separations
The hydrolysed samples were analysed using a Waters

HPLC system comprising a Millenium32 (Version 3.05.01)
chromatography manager, a Waters 712 WISP automatic
sample injector, a Waters 2487 Dual Wavelength Absor-
bance Detector and two Waters 6000A pumps. Reversed
phase separations were carried out at room temperature
using a 150�3.9 mm i.d., 5 mm C18 Symmetry column
(Waters) fitted with a 20�3.9 mm i.d., 5 mm C18 Symmetry
guard column (Waters). The mobile phase was a 25 min,
20–60% gradient of methanol in water with 300 ml l�1 tri-
fluoroacetic acid, eluted at a low rate of 0.8 ml min�1.
After each analysis the column was washed with 100%
methanol for 2 min, returned to 20% methanol and re-
equilibrated for 10 min before the next analysis. The
eluted components were monitored at 280 and 340 nm.

2.2.3. Standards
The HPLC-grade flavonoid standards were purchased

from Extrasynthese: apigenin (1102S), kaempferol
(1124S), luteolin (1125S) and quercetin (1135S). The
standard stock solutions were prepared by dissolving
standards in methanol containing 0.2% phosphoric acid
to a concentration of 200 mg ml�1. For the calibration
curves, ranging from 0.2 to 20 mg ml�1, the standard
stock solutions were diluted to final concentrations with
0.6 M HCl in 75% aqueous methanol.

2.3. Analysis of total phenolics

The amount of total phenolics was determined using
Folin-Ciocalteu reagent (Singleton & Rossi, 1965). One-
hundred microlitres of extract (three replicates) was
diluted with the same amount of methanol. One hun-
dred microlitres Folin–Ciocalteu reagent and 500 ml
20% Na2CO3 were added. The tubes were mixed and
200 ml 20% Na2CO3 were added. The tubes were cen-
trifuged for 3 min at 14 000 rpm and allowed to stand
for 20 min in the dark at room temperature. The
absorbance was measured at 735 nm. The standard
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curve was plotted using gallic acid. The amount of total
phenolics was calculated as gallic acid equivalents
(GAE) in milligrammes per kilogramme of freeze-dried
plant material.

2.4. Analysis of antioxidativity

2.4.1. General analytical procedure
The antioxidant activity was assayed by measuring

the inhibition of tert-butyl hydroperoxide-induced lipid
peroxidation in isolated rat hepatocytes and the
scavenging activity against diphenylpicrylhydrazyl radi-
cal. Apigenin (0051), kaempferol (0054), luteolin (0052),
myricetin (0055), quercetin dihydrate (0066) and rutin
trihydrate (0080), from Extrasynthese, were used as
reference samples in the antioxidnt activity assays. The
standards were dissolved in dimethyl sulphoxide
(DMSO, Riedel-de Haën) (15 mM) for the lipid peroxi-
dation assay and in methanol (200 mM) for the DPPH
radical scavenging assay.

2.4.2. Analysis of antioxidativity by lipid peroxidation in
rat hepatocytes
2.4.2.1. Animals. Male Wistar rats weighing 200–250 g
were obtained from the National Public Health Institute
(Helsinki, Finland). Rats had free access to food and
water before anaesthesia.

2.4.2.2. Hepatocyte suspensions. The hepatocytes were
isolated at the National Public Health Institute (Hel-
sinki, Finland). Rats were anaesthetized with sodium
pentobarbital (60 mg kg�1). Hepatocytes were isolated
by collagenase perfusion according to Lindros and
Penttilä (1985). Cell suspensions showed a viability of
70–90% when assessed by the exclusion method with
eosin. The incubation buffer of Malterud, Diep and
Sund (1996) was used. Fatty acid-free bovine serum
albumin (Sigma) was added at a concentration of 0.5%
(m/V) immediately prior to use. The cell suspension was
diluted to a concentration of 3�106 cells ml�1.

2.4.2.3. Peroxidation in hepatocytes. Peroxidation in
hepatocytes was performed according to Joyeux, Roll-
and, Fleurentin, Mortier, and Dorfman (1990) and
Malterud et al. (1996), with some modifications. The
inducing agent, tert-butylhydroperoxide (t-BuOOH,
Merck), and the reference compound, promethazine
hydrochloride (Sigma), were dissolved in water and the
sample (plant extract or pure flavonoid) in DMSO
(Riedel-de Haën). The hepatocyte cell suspension (1 ml)
was pipetted into the incubation flasks (20-ml scintil-
lation flasks). Into this suspension, 20 ml of t-BuOOH
and 20 ml of the sample were added simultaneously. In
the first experiment, a suitable concentration of
t-BuOOH (0.25–24 mM) in buffer solution for hepato-
cytes was tested. On the basis of this experiment, a final
concentration of 3.0 mM t-BuOOH was used in all later
experiments. The final volume in each flask was 1.040
ml. Each sample was analysed in triplicate. Flasks were
incubated under slow oscillation (170 rpm) at +37 �C
for 30 min. The peroxidation reaction was stopped with
2 ml of 10% trichloroacetic acid (Merck) and the mix-
ture was centrifuged (1300�g, 5 min). The supernatant
fraction (2 ml) with 2 ml of 1% thiobarbituric acid
(Fluka) in water, was heated in a boiling water bath for
10 min. The mixture was allowed to cool and the red
colour obtained (malondialdehyde) was measured at
535 nm. The inhibition of the formation of thiobar-
bituric acid reactive substances (TBARS) was calculated
as (Auninh.�Atest)/(Auninh.�Ablank) � 100, where Auninh.,
Ablank and Atest are the absorbance values for unin-
hibited samples, blanks and the samples containing the
test compound or the vegetable extract, respectively, as
described in Malterud, Farbrot, Huse, and Sund
(1993).

2.4.3. Analysis of antioxidativity by scavenging of 1,1-
diphenyl-2-picrylhydrazyl (DPPH)

The DPPH radical scavenging method used was a
modification of the method of Malterud et al. (1993). Of
a methanolic solution 2.8 ml of DPPH (45 mg ml�1,
Sigma) were rapidly mixed with 200 ml of a methanolic
sample (plant extract or pure flavonoid) in a cuvette
placed in the spectrophotometer. The absorbance at 515
nm was measured after 5 min. The initial absorbance of
the DPPH solution was 1.2–1.3. The decline in radical
concentration indicated the radical scavenging activity
of the sample. Pyrogallol solution (125 mg ml�1,
Sigma) was used as a reference corresponding to 100%
radical scavenging activity. Radical scavenging activity
percentage was calculated as (A0 �Atest)/(A0 �Aref.) �

100, where A0 is the initial absorbance (DPPH absor-
bance plus sample absorbance) and Aref. and Atest are
the absorbance values after 5 min with pyrogallol
solution and sample solution (corrected for the sample
absorbance), respectively. The analyses were per-
formed in triplicate except for Aref., which had six
replicates.

For comparison, the radical scavenging activities of
three different sulphur compounds, diallyldisulphide
(1.5 mM, TCI Tokyo Kasei), diallyltrisulphide (1.4 mM,
ICN Pharmaceuticals) and alliin (11.3 mM, Extra-
synthese) were also measured.
3. Results

3.1. Flavonoids and total phenolics

Quercetin and kaempferol were found to be the most
abundant flavonoids in the hydrolysed samples (Table 1).
None of the analysed samples contained apigenin or
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luteolin. In the onions the quercetin content varied from
7 mg to 83 g kg�1 (lyophilized plant material), depending
on the variety and the part of the plant. The onion
leaves contained mainly kaempferol, but quercetin was
the major flavonoid in the other parts. The quercetin
contents in the red onions were about two-fold higher
than those of the yellow onions and, in the spring vari-
eties, the differences were even bigger. Quercetin was
not detected in chives. This result is in accordance with
the observed trend that young leaves contain mainly
kaempferol. Garlics did not contain quercetin or
kaempferol in detectable amounts, except for the leaves
of organic garlic.

The amount of total phenolics varied widely in the
Allium extracts and ranged from 75 to 80 000 GAE mg
kg�1 freeze-dried plant material. The lowest levels were
detected for garlic (75–700 GAE mg kg�1), whereas the
highest amounts of phenolics were detected for the dry
skin of onions: 80 000 GAE mg kg�1 in red and 26 000
GAE mg kg�1 in yellow onion. Intermediate levels were
found in onion bulbs and stems (800–3200 GAE mg
kg�1) (Table 2). These results are in accordance with
those of Kähkönen et al. (1999), who detected total
phenolics of 2500–3000 GAE mg kg�1 in onions.
3.2. Lipid peroxidation

A suitable concentration of t-BuOOH (0.25–24 mM)
in buffer solution for hepatocytes was tested in the first
experiment. A concentration of 3.0 mM t-BuOOH was
found to be the most suitable. This concentration is in
the linear part of the curve and the absorbance of
TBARS is rather high.

The lipid peroxidation method was first tested using
reference flavonoids (15 mM): apigenin, kaempferol,
luteolin, myricetin, quercetin, and rutin (Fig. 1). Myr-
icetin was the most effective inhibitor of lipid peroxi-
dation, followed by quercetin and kaempferol. The
flavones, apigenin and luteolin, were weaker inhibitors
than the flavonols. Rutin (quercetin glycoside) was the
least effective. This agrees with the results of an earlier
study of Joyeux, Lobstein, Anton, and Mortier (1995),
who found that the anti-lipoperoxidation activity of
flavonols seems to be directly proportional to the num-
ber of free phenolic hydroxyl groups. The ortho-
hydroxylation on the B-ring appears to play an essential
role in the activity. Additionally, Hopia and Heinonen
(1999) observed that quercetin aglycone was a more
active lipid peroxidation inhibitor in the methyl lino-
leate model than its glycoside derivatives (glucoside,
rhamnoside and rutinoside). The linearity of the lipid
peroxidation method was estimated, using pure flavo-
noids as test compounds. Myricetin and quercetin gave
linear responses (R2=0.993 and R2=0.990) in con-
centrations of 2–14 and 2–20 mM, respectively. Inhibition
percentages of lipid peroxidation were 10–60%. The
reproducibility was excellent within one experiment (CV
Table 1

Comparison of quercetin and kaempferol contents in various onions

and garlics
Quercetin
 Kaempferol
mg/kga
 �S.D.
 mg/kga
 �S.D.
Chives
 Leaves
 –
 –
 235
 34.0
Giant onion
 Leaves
 24
 2.4
 90
 7.8
Stem
 67
 17.1
 –b
 –
Edible part
 85
 12.42
 –
 –
Yellow spring onion
 Leaves
 7
 1.3
 295
 27.9
Stem
 974
 301
 –b
Edible part
 113
 28.1
 –
 –
Red spring onion
 Leaves
 227
 74.3
 67
 42.3
Stem
 2731
 532
 –
 –
Edible part
 1274
 375
 –
 –
Yellow onion
 Skin
 34 430
 2211
 –
 –
Edible part
 1080
 141
 –
 –
Red onion
 Skin
 83 477
 2879
 –
 –
Edible part
 1926
 266
 –
 –
Garlic, Finnish organically
 Leaves
 82
 8.6
 44
 4.4
produced
 Stem
 –
 –
 –
 –
Skin
 –
 –
 –
 –
Cloves
 –
 –
 –
 –
Garlic, Finnish giant
 Stem
 –
 –
 –
 –
Skin
 –
 –
 –
 –
Cloves
 –
 –
 –
 –
Garlic, Hungarian
 Cloves
 –
 –
 –
 –
–, Not detected.
a Lyophilized plant material.
b Trace amounts.
Table 2

Total phenolics in onions and garlics
Total phenolics
GAE mg/kga
 �S.D.
Giant onion
 Edible part
 845
 104
Yellow spring onion
 Stem
 3160
 248
Edible part
 1390
 81.1
Red spring onion
 Stem
 2670
 347
Edible part
 2000
 167
Yellow onion
 Skin
 26 105
 898
Edible part
 1550
 90.5
Red onion
 Skin
 79 820
 293
Edible part
 2075
 147
Garlic, Finnish organically
 Stem
 295
 52.9
produced
 Cloves
 75
 8.8
Skin
 175
 9.9
Garlic, Finnish giant
 Cloves
 115
 12.9
Skin
 705
 21.5
Garlic, Hungarian
 Cloves
 95
 7.8
a Lyophilized plant material.
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2.6%) but only satisfactory between experiments (CV
15.3%).

The extracts of yellow onion were effective inhibitors
of lipid peroxidation in rat hepatocytes, the dry skin
again being the most effective. Concentrations of 10–80
mg ml�1 (based on the dry weight of the original
extracted sample) resulted in 20–80% lipid peroxidation
inhibition (Fig. 2). The edible part of onion was clearly
less effective than the skin and a concentration of 1000
mg ml�1 (dry weight of the original extracted sample)
resulted in only 40% lipid peroxidation inhibition.
Garlic was a much less effective inhibitor of lipid per-
oxidation than yellow onion. Of the garlics tested, the
best inhibition (25%) was obtained using Hungarian
garlic (1000 mg ml�1, dry weight of the original extracted
sample). The giant garlic did not possess any inhibitory
activity in two separate experiments at this same con-
centration. Yin and Cheng (1998) reported that garlic
had a stronger inhibitory effect, on lipid oxidation in
their liposome model, than onion. This difference
between their results and the results of this study could
be due to different methods of sample extraction. Yin
and Cheng (1998) extracted the plant samples with dis-
tilled water, which results in a spectrum of compounds
different from our method, in which methanol was used
for extraction.

3.3. DPPH radical scavenging

Linearity of the radical scavenging method was esti-
mated using quercetin, myricetin and yellow onion
extract as test materials. For quercetin and myricetin,
the method gave linear responses in the concentration
range 25–250 mM (R2=0.996 and R2=0.993, respec-
tively). The radical scavenging activities were 20–90%.
The extract of the yellow onion gave a linear response
(R2=0.9947) in the extract concentration range 1–500
mg ml�1 (based on the dry weight of the original
extracted sample). Among the flavonoids tested, quer-
cetin (200 mM) was the most effective DPPH radical
scavenger and it also reacted faster than the other
flavonoids, especially rutin and kaempferol (Fig. 3).
Fig. 1. Inhibition of tert-butylhydroperoxide-induced lipid peroxidation by flavonoids (15 mM) in rat hepatocytes.
Fig. 2. Inhibition of lipid peroxidation in rat hepatocytes by methanol extracts of the dry skin and the edible part of yellow onion.
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DPPH radical scavenging activities of various onion
extracts are presented in Table 3. The lowest anti-
oxidant activities were detected for garlic. The edible
parts of onions gave 15 times higher activities than did
garlic, the red onion being more active than the yellow
onion. Skin extracts of onion possessed the highest
activities (more than 240 times higher than those of
garlic), the red onion being again more active than the
yellow onion. However, according to Miller, Rigelhof,
Marquart, Prakash, and Kanter (2000), garlic is very
high in antioxidants, its activity being about sixfold that
of yellow onion (1300 Trolox equivalents/100 g vs. 200
Trolox equivalents/100 g). The difference is probably at
least partially due to the different methods used. Miller
and co-workers (2000) extracted the fresh vegetables
using 50% methanol whereas, in our study, 100%
methanol was used for extractions. Their procedure was
developed specifically for cereal products, which contain
mainly other antioxidants than flavonoids and sulphuric
compounds. Cereal products are also very difficult to
extract.
4. Discussion

Quercetin and kaempferol and their glycosides have
been reported to be the most abundant flavonoids in the
acid hydrolysed samples of onion (Chu et al., 2000;
Price & Rhodes, 1997), as was also found in our study.
The major flavonoids of onion bulb are quercetin-3,40-
O-diglucoside (Qdg) and quercetin-40-monoglucoside
(Qmg). Bilyk, Cooper, and Sapers (1984) studied eight
onion varieties and found that the skin of some of the
varieties contained quercetin, both as the aglycone and
as glycosides. With some of the varieties, the skin also
contained small amounts of kaempferol. Patil and Pike
(1995) investigated the distribution of free and total
quercetin contents in different rings of coloured onion
cultivars. The dry skin of red varieties contained 27–30
g kg�1 f.w. of total quercetin and the dry skin of yellow
varieties 10–17 g kg�1 f.w. In our study, the total quer-
cetin content of dry skin of red onion (83 g kg�1 lyo-
philized plant material) was also approximately twice
that of the dry skin of yellow onion (34 g kg�1 lyophil-
ized plant material).

In the present study garlics did not contain quercetin
or kaempferol in detectable amounts. Based on these
results, the the hydrolysis method for analysis of flavo-
noids has been further developed in a later study, in
Fig. 3. Scavenging of the diphenylpicrylhydrazyl (DPPH) radical (114 mM) by myricetin, quercetin, rutin, kaempferol, luteolin (200 mM) and

pyrogallol (1 mM).
Table 3

Radical scavenging activities of the onion and garlic extracts
Dilution used

in the DPPH

methoda (mg/ml)
Radical

scavenging activity

of the dilution (%)
Giant onion
 Edible part
 67
 44.4
Yellow spring onion
 Stem
 67
 44.4
Edible part
 67
 56.7
Red spring onion
 Stem
 67
 –
Edible part
 67
 79.8
Yellow onion
 Skin
 4.2
 48.8
Edible part
 67
 32.9
Red onion
 Skin
 4.2
 74.7
Edible part
 67
 44.5
Garlic, Finnish organically
 Stem
 1000
 66.0
produced
 Cloves
 1000
 62.1
Skin
 1000
 63.7
Garlic, Finnish giant
 Cloves
 1000
 60.9
Skin
 1000
 95.8
Garlic, Hungarian
 Cloves
 1000
 43.0
–, not measured.
a Based on the dry weight of the original extracted sample.
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order to enhance detection of easily degradable agly-
cones (Nuutila, Kammiovirta, & Oksman-Caldentey,
2002). According to Bilyk and Sapers (1985) the
kaempferol contents of green and white parts of garlic
chives were 6 and 28 mg kg�1 f.w., respectively, and the
quercetin content of the green part was 4 mg kg�1 f.w.
Quercetin was not detectable in the white part of garlic
chive using their method.

In the lipid peroxidation method, a concentration of
3.0 mM t-BuOOH was found to be the most suitable in
our experiments. According to literature data, the con-
centration of t-BuOOH used by other investigators
(Joyeux et al., 1990, 1995; Malterud et al., 1993, 1996;
Miguez, Anundi, Sainz-Pardo, & Lindros, 1994) has
been lower (1.5 mM). However, this can be explained by
the lower extracellular pH (6.4 vs. 7.4) used in our
study. Imberti, Nieminen, Herman, and Lemasters
(1993) demonstrated that acidic pH can protect hepato-
cytes against lethal cell injuries from 100 mM t-BuOOH.
Protection was greater at pH 6.5 than at 7.0. Our
experiment showed that these protective effects prob-
ably also occur with higher concentrations of t-BuOOH.

A major problem in the thiobarbituric acid test in the
lipid peroxidation method was the background caused
by compounds in plant extracts, as previously already
recognised. The thiobarbituric acid test is non-specific
for malondialdehyde (MDA), and therefore non-lipid
material, as well as fatty-peroxide-derived decomposi-
tion products other than MDA, can react positively
with thiobarbituric acid (Janero, 1990). Using red cab-
bage as test material, Hodges and co-workers (1999)
observed that without corrections for interfering com-
pounds, MDA equivalents may be overestimated by up
to 96.5% in the thiobarbituric acid test. In our study,
the non-specific responses of three Allium extracts
(Hungarian garlic, and the dry skin and bulb of yellow
onion) were measured without hepatocytes after the
t-BuOOH treatment and thiobarbituric acid test. The
bulb of yellow onion gave the strongest responses.
Interfering compounds were yellowish orange and their
absorption maxima were at wavelengths of 450 and
380 nm. These interfering compounds distorted the
results and therefore all the final results of the onion
extracts have been corrected using the absorbances of
the plant-derived compounds after the thiobarbituric
acid test. No interfering compounds were detected in
garlic.

In earlier studies, quercetin has been shown to be the
most effective ABTS�+ radical scavenger, followed by
myricetin, rutin, luteolin, apigenin, and kaempferol
(Rice-Evans, Miller, & Paganga, 1996). The chemical
properties of polyphenols, in terms of the availability of
the phenolic hydrogens as hydrogen-donating radical
scavengers, predict their antioxidant activity. In our
study the radical scavenging activities of 100 mM myri-
cetin and quercetin were equal but, at 250 mM, quercetin
was more effective. All the sulphuric compounds tested
had very low radical scavenging activities, below 3.5%.

The radical scavenging and antioxidant activity
results for Allium plants obtained in this study are not in
agreement with the earlier literature (Cao et al., 1996;
Gazzani et al., 1998; Yin & Cheng, 1998). However,
these contradictory results are most probably due to
differences in the methodology and the experimental
conditions used in the different studies. Due to the wide
variety of potential antioxidant compounds, such as
vitamins, flavonoids, phenolic acids and sulphur com-
pounds (e.g. allicin) present in plants, differences in the
method of sample extraction (e.g. solvent used) can
result in a wide variation in the antioxidativity of the
extract. In our study, there was an observable corre-
lation between high radical scavenging/antioxidant
activity and high amounts of total phenolics and flavo-
noids of the onion extracts (Tables 1–3). This result
indicates that the phenolic compounds of Allium plants
contribute to their antioxidative properties. In our
experiment methanol extracts of garlic had only mod-
erate antioxidant activities in both models when com-
pared to onion. Neither did the tested pure sulphur
compounds have radical scavenging activity. Yin and
Cheng (1998) found aqueous extracts of garlic to have
higher antioxidant activities than aqueous extracts of
onion, but their results also suggested that compounds
other than allicin, i.e. vitamins and phenolic com-
pounds, were involved in determining the antioxidant
activities of the extracts. According to Cao et al. (1996),
among the 22 common vegetables studied, garlic had
the highest antioxidant activity, with an antioxidant
score (automated oxygen radical absorbance capacity
assay) of 23.2 based on fresh weight of the vegetable.
The antioxidant score of onion was 5.6. The difference
was much smaller when the results were calculated per
dry weight (55.1 vs. 49.5).

In conclusion, in this study two methods were com-
pared: lipid peroxidation and DPPH radical scavenging.
The two methods gave similar antioxidant activity
trends for pure compounds and for Allium extracts.
Scavenging of free radicals, which can initiate and pro-
pagate the lipid peroxidation cascade, is an important
mechanism for the inhibitory activity towards lipid per-
oxidation. Thus, radical scavenging activity could be a
good marker for antioxidant activity. In addition, the
radical scavenging method had many benefits compared
to the lipid peroxidation method. It was cheap and easy
to perform, and the reproducibility of the method was
better than that of the lipid peroxidation method, the
reproducibility of which was clearly weaker, especially
between the hepatocyte batches. The weakness of
reproducibility of the lipid peroxidation method may
also partly be due to the fact that the number of lipid
peroxidation tests was restricted by the availability of
hepatocytes. The sensitivity of the lipid peroxidation
A.M. Nuutila et al. / Food Chemistry 81 (2003) 485–493 491



test was not sufficient for all garlic samples. The DPPH
radical scavenging method could also be enhanced even
further using microtitre plates to improve the speed and
efficiency of the method.
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Häkkinen, S. H., Kärenlampi, S. O., Heinonen, I. M., Mykkänen,
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