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ABSTRACT: In this study, we compared the analytical fingerprint and bioactivity of three onion extracts, including an aqueous,
a methanol, and a fermented aqueous extract. The extracts were characterized by HPLC-DAD, LC-MS, and GC-MS analyses.
The antibacterial, antigenotoxic, and antiproliferative activity of these extracts was assessed by means of agar disk diffusion,
bacterial growth kinetics, a comet assay, cell cycle distribution analysis, and cell viability testing. Both the aqueous and methanolic
extracts showed a typical flavonol-fingerprint as assessed by HPLC measurements and showed little to no bioactivity. The
fermented aqueous extract, which lacks the usual onion flavonoid profile, was found to be the most active in all of the assays. This
finding indicates that metabolites of onion compounds, generated by lactic acid fermentation, may be more active than their
precursor substances.
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■ INTRODUCTION
Onions (Allium cepa L., Alliaceae) are among the oldest plants
cultivated worldwide and are used both as a dietary component
and for medical purposes.1,2 They are used for the treatment
and prevention of various diseases and disorders, such as
asthma and heart disease, and disturbances of the gastro-
intestinal tract.1,2 Epidemiological studies have provided
evidence for a reduced cancer incidence as a result of onion
intake. Onion consumption has been associated with a lower
risk for developing stomach or breast cancer.3,4 Other studies
have shown the anticarcinogenic and chemopreventive
potential of onions in multiple organs or cell lines.5−8

Furthermore, their antioxidant and antibiotic properties have
been reported.1,2 These activities are mainly related to the
thiosulfinates, volatile sulfur compounds that are responsible for
the pungency of onions.2,9,10 Additionally, onions are
characterized by their high phenolic content, especially
flavonoids; in fact, onions are regarded as one of the highest
dietary sources of flavonoids.2,11

The antibacterial activity of Allium cepa is mostly due to
organic sulfoxides;2 however, quercetin and kaempferol have
also been shown to display activity against several bacterial
strains.12 Individual quercetin oxidation products can inhibit
the growth of MRSA strains and of Helicobacter pylori.13

However, the antibacterial activity of onions is reported
controversially. Whereas Indu et al.14 detected no inhibition
of growth in various bacterial strains, other studies report a low
to moderate activity of onion crude extracts against both Gram-
negative and Gram-positive bacteria.15−17 While a slightly
higher activity against Gram-positive strains compared with
Gram-negative strains has been reported,18 higher activity

against Gram-negative bacteria has also been claimed.12

Furthermore, the antibacterial activity of onions against
Streptococcus mutans and S. sobrinus,10 or even total inhibition
of the pathogenic strains Staphylococcus dysenteriae and S.
aureus, has been found following the application of a 4%
aqueous onion extract.19

To clarify the contradictory results for the antibacterial
activity of onion extracts and to enhance our knowledge on the
chemopreventive activity of onions, we completed the following
studies. Three different onion extracts were prepared and
analyzed for their secondary metabolites as well as any other
alterations during the different preparation processes. The
antibacterial activity of the extracts, as well as the antigenotoxic
and growth arresting potency on metabolically competent
human cancer cells, was evaluated. Finally, the impact of the
major constituents of the extracts on these aforementioned
biological activities is discussed.

■ MATERIALS AND METHODS
Reagents. The following substances were used as a reference:

catechol (99%; Sigma, Seelze, Germany), isoquercitrin (purum, TLC;
Roth, Karlsruhe, Germany), quercetin dihydrate (>98%, HPLC;
Sigma, Seelze, Germany), and L-tryptophan (>99%; Merck, Darmstadt,
Germany). Methanol p.a. was purchased from Roth (Karlsruhe,
Germany). DMSO (purity >99%, CAS 67-68-5) and benzo[a]pyrene
(B(a)P) (purity >98%, CAS 50-32-8) were purchased from Sigma-
Aldrich (Taufkirchen, Germany). Gentamicin was purchased from
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Serva (Heidelberg, Germany). Dulbecco's Minimal Essential Medium
(DMEM) and fetal calf serum (FCS) were purchased from PAA
(Darmstadt, Germany). Normal melting point agarose (NMA) was
obtained from Merck (Darmstadt, Germany), and low melting point
agarose (LMA) was obtained from Serva (Heidelberg, Germany).
Onion Extracts. Fermented Aqueous Extracts (FAE). A

fermented aqueous Allium cepa extract was provided by
WALA Heilmittel GmbH (Bad Boll/Eckwal̈den, Germany,
batch AL06). This batch was chosen as representative of several
phytochemically comparable batches (data not shown). The
extract was prepared according to an official specification20

using fresh yellow onion bulbs and whey in a ratio of 100:50
(w/w), respectively. Making use of the natural microbial flora
of the plant and whey, spontaneous fermentation of this blend
was performed over 3.5 days at 37 °C before separation of the
liquid from the solid onion residue. The resulting turbid filtrate
was again fermented for 3.5 days at room temperature and
passed through a filter before storage for 12 months at 15 °C.
The filtrate obtained was immediately frozen at 20 °C and
thawed shortly before analyses. The final concentration was
0.8−0.9 g/mL fresh onion/mL extract.
Aqueous (AE) and Methanolic (ME) Extracts. A total of 50 g of

fresh pieces (approximately 2 cm) of A. cepa bulbs, from the same
onion batch as the fermented extract, were kept frozen at −20 °C. For
preparation of the extracts, the onions were thawed, immediately cut
into small pieces (1−3 mm) at room temperature, and thoroughly
ground. Extracts were obtained by stirring 20 g of the pulp with 15 mL
of either methanol (p.a.) or distilled water over a period of 1 h at room
temperature. The mixtures were then filtered, and the residues were
extracted two additional times. ME was evaporated to dryness in vacuo
at a bath temperature of 40 °C, and AE was freeze-dried. Both were
diluted in 20.0 mL of water. Ten-milliliter aliquots were kept frozen
(−20 °C) until use. The final concentration of the extracts was 1.0 g/
mL (fresh weight).
Instrumental Analyses. HPLC−UV. The extracts were diluted

1:2 in distilled water (v/v), centrifuged, and the supernatant
was injected in the HPLC. The analysis was performed twice on
an HP-1090 system series II (Hewlett-Packard, Palo Alto,
California) equipped with an autosampler, a tertiary pump, and
a photodiode array-detector. The analysis software was HP
ChemStation (Agilent, version A.10.02, Santa Clara, Ca, USA).
The Zorbax SB RP-column (C18; 3.5 μm; 250 × 4.6 mm;
Agilent, Waldbronn, Germany) was connected to a Nova-Pak
precolumn (C18; 4 μm; Waters, Eschborn, Germany).
Detection was performed at 280 and 351 nm. A gradient was
applied using aqueous 0.05% formic acid (v/v; solvent A) and
methanol (HPLC grade; solvent B) with the following time
course: 0−2 min, 0% B; 2−17 min, 0−45% B; 17−20 min, 45−
80% B; 20−21 min, 80% B; 21−22 min, 80−100% B; 22−27
min, 100% B; 27−28 min, 100−0% B; 28−35 min, 0% B. The
injection volume was 20 μL, and the flow rate was 1.0 mL/min.
LC−MS. FAE was analyzed via LC-MS. The same extract dilution

was used as mentioned above. The samples were injected twice and
measured in the positive and in the negative mode. The HPLC system
was an Agilent HPLC series 1200 (Agilent, Waldbronn, Germany)
equipped with a degasser G1322A, a binary gradient pump G1312A,
an auto sampler G1329A, a column oven G1316A, and a diode array
detector G1315B. Using the same method as that described above,
separation was achieved on a Zorbax SB RP-column, connected to a
Security Guard Cartridge (C18; 4 × 2.0 mm, Phenomenex, Torrance,
Ca, USA). The LC system was coupled to an HCT ultra ion trap
(Bruker Daltonic GmbH, Bremen, Germany) with an ESI source
operating in the negative mode. The full-scan mass spectra of the
HPLC eluates were recorded during the chromatographic separation
yielding [M − H]− ions. To gain further structural information, these
ions were trapped and fragmented to yield the precursor product
patterns of the analytes. MSn data were acquired over the m/z-range
from 50 to 2000 in the auto MS/MS mode with a compound stability
and trap drive level of 100%. The instruments were controlled by
Agilent Chemstation and EsquireControl Software (6.1).

GC−MS. One milliliter of extract was freeze-dried. Next, 1 mL of
methanol was added to the residue. After centrifugation, the
supernatant was used for analyses. GC−MS analyses were performed
twice according to a previously described method.21 The temperature
program started at 60 °C, followed by a ramp of 10 °C/min to 220 °C,
which was held for 10 min (complete run: 26 min). The injector and
detector temperatures were set to 280 °C, the injection volume was
1.0 μL, and the split was 10:1. Mass spectra were recorded over the m/
z-range from 40 to 400. The chromatograms were monitored in total
ion mode. A NIST-library was available to compare MS-spectra and
used to assign the majority of the peaks.

Pyruvate Measurement. The pyruvate analysis was performed as
previously described.22,23 The extracts were thawed at room
temperature, centrifuged for 10 min (20,800g), filtered (0.45 μm
syringe filter), and then diluted 1:10 (v/v) in distilled water. An
aliquot (0.25 mL) of the filtrate was added to 0.5 mL of 2,4-
dinitrophenyl hydrazine (DNPH; 0.0125% (w/v), in 2 mol/L HCl)
and 0.75 mL distilled water in a reaction tube. The mixture was briefly
vortexed and incubated at 37 °C for 10 min. A total of 2.5 mL of 0.6
mol/L NaOH was then added to the reaction tube, and the
absorbance at 420 nm was recorded (Ultrospec 2100pro, Amersham
Biosciences, Freiburg, Germany). To allow calculation of the pyruvate
concentration from the onion samples, a standard curve was produced
by sequential dilutions of a 1 mmol/L pyruvate solution, yielding a
concentration range of standards from 0.03 to 0.8 mmol/L. The
pyruvate concentration in onions (mmol/g fresh weight) was
determined from the equation of the linear calibration standard.

Microbiological Assays. Bacterial Cultures. Five Gram-
negative strains, including Klebsiella pneumoniae ATCC
700603, Stenotrophomonas maltophilia ATCC 13637, Escher-
ichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853,
and Acinetobacter baumannii ATCC 19606, and five Gram-
positive strains including, Staphylococcus aureus ATCC 29213
and ATCC 43300, Staphylococcus epidermidis ATCC 12228,
Enterococcus faecalis ATCC 29212, and Enterococcus faecium
ATCC 6057 were used. Shortly before use, these bacterial
strains were grown on blood agar (Heipha Dr. Müller GmbH,
Eppelheim, Germany) and diluted to 108 cfu/mL in Tryptone
Soy Broth (TSB, Oxoid, Basingstoke, UK) by means of
turbidity measurements (MicroScan Turbidity Meter, Dade
Behring, Chicago, USA).

Test Solutions. Ten milliliters of each onion extract was thawed,
sterile filtered (0.2 μm), aliquoted into 1.5-mL reaction tubes (Roth,
Karlsruhe, Germany), and immediately refrozen. The aliquots were
allowed to reach room temperature before use. Distilled water served
as a negative control, and octenisept wound desinfectant (Schülke-
Mayr, Norderstedt, Germany) served as a positive control.

Agar Diffusion Assay. The 108 cfu/mL bacterial culture was diluted
to 105 cfu/mL with TSB. This dilution was then poured and spread on
an MH agar plate (Müller-Hinton agar, Merck, Darmstadt, Germany).
The excess was pipetted off. Six cavities (6 mm i.d.) were punched in
the agar after the plates had been dried for 15 min at room
temperature. A total of 50 μL of the test solution was pipetted
undiluted into each hole. After a 24-h incubation at 37 °C, the
inhibition zone diameters were recorded with a ruler scaled in
millimeters. This assay was performed twice with two replicates for
each bacterial strain.

Bacterial Growth Kinetics. The 108 cfu/mL bacterial cultures were
diluted to 104 cfu/mL with TSB. One part of the FAE, water, or
octenisept as control was each mixed with nine parts of the prepared
bacterial suspension. The solutions were then divided into three
reaction tubes (Eppendorf, Wesseling-Berzdorf, Germany), which
were incubated at 37 °C for 0, 4, and 24 h, respectively. At this point, a
certain volume of the solution (mostly after dilution) was spread on an
MH agar plate before incubation at 37 °C for 24 h. The cfu was
counted, and the bacterial concentration (cfu/mL) was determined.
This assay was performed twice with two replicates for all bacterial
strains.

Genotoxicity, Antigenotoxicity, and Growth Inhibition
Assays. HepG2 Cells. HepG2 cells were purchased from the
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German Collection of Microorganisms and Cell Cultures
(DSMZ), Germany. The cells were cultured in low glucose
DMEM supplemented with 15% fetal calf serum and 50 μg/mL

gentamicin in a 5% CO2 atmosphere at 37 °C. Cell line
verification was conducted by microscopically checking the
morphology of the cells and performing a growth curve analysis

Figure 1. Overlay of HPLC−UV (280 nm; a) and GC−MS (b) chromatograms. The extracts, each diluted 1:2 (v/v) in water, are represented in
blue, ME; red, AE; and green, FAE. For the assignment of the peaks in panel a using HPLC-UV and LC-MS, the following results were obtained: 1 =
not identified; 2 = tyrosine; 3 = tryptophan; 4 and 5 = not identified; 6 = quercetin-3,4′-diglucoside; 7 = quercetin-3-glucoside; 8 = quercetin-4′-
glucoside; 9 = isorhamnetin-4′-glucoside; and 10 = quercetin. For the assignment of the peaks in panel b by GC-MS the following compounds were
identified: I = methylpyruvate; II = 3-hydroxymethylfuran; III = propylene glycol; IV = pyranone; V = catechol; VI = 5-hydroxymethylfurfural; and
VII = palmitic acid.

Table 1. LC-MS and GC-MS Data of Compounds in Methanolic (ME), Aqueous (AE), and Fermented Aqueous Extracts (FAE)
from Onion Bulbsa

relative peak size in
UV-chromatogramb

peak Rt compounds ME AE FAE m/z (rel. abundance)

LC-MS (ESI) 1 7.6 n.i. +* +* +* 307 [M+H]+, 217 (+MS2); 305 [M-H]−, 128 (-MS2)
2 9.1 tyrosine − − − 182 [M+H]+, 165 [M-NH2]

+ (+MS2); 180 [M-H]−, 136 (-MS2)
3 15.6 tryptophanc + + − 205 [M+H]+, 188 [M-NH2]

+ (+MS2); 203 [M-H]−

4 16.3 n.i. +* +* +* 295 [M+H]+, 166 (+MS2); 293 [M-H]−, 128 (-MS2)
5 18.5 n.i. − n.d. n.d. 231 [M]+, 214 (+MS2); 230 [M-H]−

6 21.6 quercetin-3,4′-di-β-glucoside ++ + n.d. 325 [diglucoside+H]+; 625[M-H]−, 323 [diglucoside-H]−

7 22.8 quercetin-3-β-glucosidec n.d. − n.d. 465 [M+H]+; 463 [M-H]−, 301 [M-glucoside]−

8 23.2 quercetin-4′-β-glucoside ++ + n.d. 465 [M+H]+; 463 [M-H]−, 301 [M-glucoside]−

9 23.5 isorhamnetin-4′-β-glucoside − − n.d. 163 [glucose-H2O+H]
+; 477 [M-H]d

10 24.0 quercetinc + − n.d. 303 [M+H]+, 301 [M-H]−; 179 (-MS2), 151 (-MS3)
GC-MS (EI) I 3.8 methyl pyruvate − − ++ 43 (100), 31 (16), 102 ([M], 12)

II 4.8 3-hydroxymethylfuran − − ++ 98 ([M], 100), 43 (82), 81 (49)
III 5.5 propylene glycol − − ++ 45 (100), 31 (38), 29 (20), 76 ([M], 0)
IV 9.4 pyranone − − ++ 144 ([M], 100), 43 (92), 101 (64)
V 10.2 catecholc n.d. n.d. + 110 ([M], 100), 64 (28)
VI 10.3 5-hydroxymethylfurfural ++ ++ − 97 (100), 126 ([M], 67), 41 (55)
VII 19.6 palmitic acid n.d. n.d. ++ 73 (100), 60 (71), 256 ([M], 59)

a++ = high; + = intermediate; − = traces; * = only detected in the MS. n.d. = not detected; n.i. = not identified. bNot quantified, relative amounts.
cIdentification by comparison with reference substances. dNo aglycone detected.
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on a regular basis. The cell culture tested negative for
mycoplasma contamination.
Single-Cell Gel Electrophoresis (Comet) Assay. The SCGE assay,

also known as the comet assay, was performed according to the
guidelines developed by Tice et al.24 with slight modifications as
previously described.25 Briefly, HepG2 cells were plated onto multiwell
systems at a density of 3 × 105 cells/mL culture medium. The cells
were exposed to the test substances for 24 h at logarithmic growth. For
antigenotoxicity testing, the cell cultures were pretreated with the test
substances for 24 h, the medium was removed by thorough washing
with PBS, and the cells were subsequently exposed to 50 μM B(a)P for
an additional 24 h. The samples (n = 3) were analyzed with a Leica
fluorescence microscope (Leica DMLS, Solms, Germany; excitation
filter, BP 546/10 nm; barrier filter, 590 nm) connected to a
computerized image analysis system (Kinetic Imaging 5.5, Optilas,
Munich, Germany). The Olive tail moment (OTM), defined as
(Tailmean − Headmean) × Tail%DNA/100, was calculated as an indicator
of DNA damage. For each sample, 102 cells were analyzed.
Determination of Cell Viability. HepG2 cells were plated onto 12-

well plates (Greiner bio-one, Germany) at a density of 1.5 × 105 cells/
mL culture medium. After 48 h of growth, the cells were exposed to
the test substances for 24 h at 37 °C and 5% CO2. In combination
experiments with B(a)P, the cells were pretreated with the extracts for
24 h before exposure to B(a)P (50 μM) for an additional 24 h. After
treatment, the viability of the cells was determined by the vital dye
exclusion test with erythrosin B.26

Measurement of the Sub-G1 DNA Content and Cell Cycle
Distribution. Cellular DNA content was measured after permeabiliza-
tion of HepG2 cells by fixation with 70% ethanol and staining of the
DNA with PI master mix (40 μg/mL propidium iodide, 100 μg/mL
RNase, DNase free, PBS), which allows for the identification of the
generally called “sub-G1” or “hypoploid” peak of apoptotic cells on a
DNA content frequency histogram. Analysis was performed using flow
cytometry with a FACSCalibur (BD, Germany). The software Modfit
was used to deconvolute the DNA frequency histograms, estimate the
proportions of cells in particular phases of the cell cycle, and to
quantify the percentage of apoptotic cells in the sub-G1 peak.
Statistical Analysis. For toxicity tests and combination experiments,

the results were compared with the negative control and 50 μM B(a)P,
respectively, using a Student’s t test (*, p ≤ 0.05; **, p ≤ 0.01).

■ RESULTS AND DISCUSSION

Phytochemical Analysis on Phenolic and Sulfur
Constituents. Three different extracts, including a methanolic
extract (ME), an aqueous extract (AE), and a fermented
aqueous extract (FAE), were prepared from a single batch of
fresh onions and studied. The flavonoid profiles of ME and AE
were very similar (Figure 1 and Table 1). Quercetin glucosides,
mainly quercetin-3,4′-diglucoside and quercetin-4′-glucoside,
each amounted to approximately 45% of the total flavonols. To
a lesser extent, the aglycone quercetin was detected in both
extracts (ME and AE), thus corroborating the previous
literature.27,28 The flavonoid content in AE was slightly lower
as in ME. In contrast, no flavonol glucosides and only traces of
the aglycone quercetin could be detected in FAE, indicating the
hydrolysis and further decomposition of these compounds.
Furthermore, except for traces of catechol, no other
decomposition products, such as the p-hydroxyacetophenone
or p-hydroxyphenylpropionic acid previously detected in birch
leaves extracted under the same fermentation conditions,29

could be found in the present work. The absence of detectable
metabolites in the fermented aqueous onion extract suggests
rapid decomposition of the flavonols into smaller molecules,
such as acetate, butyrate,30 or even carbon dioxide.31,32 These
compounds were not detectable using the established HPLC-
DAD, LC-MS, or GC-MS methods.

Allium extracts are also known to contain decomposition
products of the genuine alk(en)yl cysteine sulphoxides
(ACSOs).9 These natural constituents are highly labile and
volatile. No organic sulfur derivatives could be identified with
the applied chromatographic methods. However, pyruvate has
been proven to be formed when S-substituted L-cysteine
sulfoxide derivatives interact with enzymes of the alliinase
type.23 Therefore, the content of pyruvate was determined
photometrically as a substitute for the sulfoxides, using 2,4-
dinitrophenylhydrazine (Table 2). This method allows the

quantification of enzymatically liberated pyruvic acid, a
compound that correlates with onion pungency.22,23 Whereas
moderate levels of pyruvic acid were detected in ME and AE
(6.0 and 4.6 μmol/g fresh weight, respectively), which is in
agreement with a recent report,33 FAE did not contain any
pyruvic acid. Additionally, we used GC-MS to analyze the
composition of the extracts. Whereas pyruvic acid was not
detectable via GC-MS, methyl pyruvate was assigned in each of
the three extracts via the NIST database (m/z 102 [M], 43, 31).
This result may be explained by the fact that pyruvic acid is
methylated and that the methylated product does not react with
2,4-dinitrophenylhydrazine. Moreover, pyruvic acid can be
further degraded during the fermentation process. Interestingly,
the peak area of methyl pyruvate was significantly higher for
FAE compared with ME and AE (Table 2). According to the
GHP production protocol,20 onions and whey serve as the
starting point of fermentation. Pyruvate could be formed as an
intermediate compound by lactic acid bacteria during lactate
production in the fermentation process. However, despite the
numerous possible lactate pathways, methyl pyruvate has not
yet been reported as a possible intermediate of lactic acid
fermentation.34 Therefore, the subsequent generation of methyl
pyruvate may be explained by the reaction of pyruvate with
methanol, the latter being released from pectic substances
during the fermentative process35,36 as well as serving as the
solvent for the GC-MS analyses.

Biological Effects of Onion Extracts. In the agar diffusion
assay, FAE induced a growth inhibition on all Gram-negative
bacterial strains (Figure 2 a and b) and slightly reduced the
growth of the Gram-positive strains. Individual isolated colonies
could be observed within the zone of inhibition of the Gram-
positive bacteria. The strongest bacterial activity was detected
against the Gram-negative strain A. baumannii, with a zone of
inhibition of 16.5 mm (50 μL extract). Interestingly, in this
case, a double zone of inhibition was identified with a bacteria
ring inside the inhibition zone. This result may be explained by
the heterogeneous diffusion of the onion extract compounds in
the agar, resulting in zones that were affected, whereas other
zones exhibited no effects. However, it might also be possible
that A. baumannii exhibits heterogeneous resistance to the

Table 2. Photometric Determination of Enzymatically
Produced Pyruvate in the Three Extracts and the Peak Areas
of Methyl Pyruvate from the GC-MS Analyses

pyruvate methyl pyruvate

extract (μmol/g f.w.a) RSD (%) (peak area, m/z 102)

ME 6.02 9.90 396.363
AE 4.58 0.28 2581.50
FAE 0.56 5.74 1.1502.44

af.w., fresh weight.
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extract. This type of an effect was observed for Staphylococcus
aureus against vancomycin and methicillin.37,38

ME had a slight antibacterial effect on S. maltophilia, A.
baumannii, S. epidermis, and S. aureus, as indicated by a modest
reduction in bacterial growth (on a maximum diameter of 10
mm, Figure 2a and b); whereas, AE did not show any influence
on these strains. Both extracts induced a slight growth of K.

pneumoniae, and ME alone induced stronger growth of P.
aeruginosa (on a diameter of 9−13 mm, Figure 2c).
Because FAE was the only one to show antibacterial activity

in the agar diffusion test, it was further studied in a kinetic
experiment using a bacterial suspension. A considerable
reduction in cell colonies could be observed after 4 h when
compared with the control (Figure 3). This effect was slightly

more pronounced with the Gram-negative bacteria. Here, the
number of colonies was between 10% and 20% of the negative
control; whereas, in the case of the Gram-positive strains, the
growth reduction was lower (30−55% of the negative control).
After 24 h of incubation, FAE exhibited less or no antibacterial
effect.
All these findings clearly demonstrate that the mode of

extraction may modify the specific composition, thus
modulating the resulting antibacterial potency of the extract.
This may also explain the various partly contradicting data from
the literature. In two earlier reports, aqueous onion extracts
were slightly more active against the Gram-positive strains
tested (Staphylococcus aureus, Bacillus cereus, several Strepto-
coccus species, and Lactobacillus odontolyticus) than against the
Gram-negative species tested (Escherichia coli, Serratia
marcescens, Pseudomonas aeruginosa, and Klebsiella species).12,18

A slight antibacterial activity of the aqueous onion extracts
against E. coli was only reported by Srinivasan et al.17 and
Elnima et al.18 Another study used different concentrations of
the aqueous onion extract and found no antimicrobial activity
against all Gram-positive or Gram-negative strains tested.14

The antibacterial activity of onions is assumed to be primarily
due to sulfoxides and other organic sulfur compounds.
Unfortunately, the identification of these compounds was not
possible in the present work because they are rather labile in
solution and very volatile. Thus, it can only be speculated that
sulfoxides and their degradation products are responsible for
the moderate transient antibacterial activity that we observed.
Santas et al. reported that quercetin and kaempferol and a
flavonoid-rich onion extract display antimicrobial activity,
mainly against Gram-negative bacteria.12 Our findings are
consistent with the assumption that flavonoids are generally not
associated with a strong antimicrobial effect39 because FAE
contained only traces of quercetin. In addition, the antimicro-
bial activity of the extracts could be due to specific secondary
metabolites formed by the respective bacterial strain. Finally,

Figure 2. Agar diffusion assay. For five Gram-negative (a) and five
Gram-positive (b) strains, the diameter of the zones of inhibition
(±SD) for FAE (0.8−0.9 g/mL fresh weight), ME (1 g/mL fresh
weight) and octenisept (0.1% octenidine diHCl, 2% 2-phenoxyetha-
nol), as a positive control, are shown. The growth of K. pneumoniae
was slightly induced by AE and ME. The growth of P. aeruginosa was
strongly induced by ME; a = SD = zero, b = single colonies within the
zone of inhibition, and c = double inhibition ring. An exemplary agar
plate with P. aeruginosa (c) shows the growth inhibition by FAE and
the positive control, no effect by AE and the negative control
(sterilized water), and growth induction by ME.

Figure 3. Growth kinetics of the Gram-negative and Gram-positive
strains studied. The cfus (%) for the bacterial strains incubated for 0, 4,
and 24 h with FAE (0.8−0.9 g/mL fresh weight), in relation to a water
control, is reported.
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short-chain organic acids resulting from lactic acid fermenta-
tion, such as acetate or butyrate, may also contribute to the
stronger activity of FAE. These hypotheses should be addressed
in further investigations.
Moreover, we evaluated whether the extracts possessed DNA

damaging potential. As shown in Figure 4, 24 h-exposure of the

cells to any of the three extracts did not lead to an increase in
DNA migration. The saturation limit of the extracts in the
culture medium was reached at 150 μL/mL; therefore, higher
concentrations were not tested in the assay.
In the antigenotoxicity testing, no protection against B(a)P-

induced DNA damage was detectable with ME and FAE
(Figure 4b). Because of massive cell loss, data evaluation of the
highest concentration of FAE was impossible. Pretreatment of
the cells with AE resulted in a weak concentration-dependent
reduction of DNA damage, but the effect was significant at only
150 μL/mL.
In summary, no relevant antigenotoxic activity (with or

without flavonoids) against B(a)P-induced DNA damage, even
at very high concentrations, was evident. Our results contrast
the previously reported chemopreventive effects of Allium
vegetables related to the regulation of drug metabolizing
enzymes and antioxidant activity.40−42 Thus, a methanolic

extract of Allium cepa was proven to induce quinone reductase,
an important detoxification enzyme in murine hepatoma
Hepa1c1c7 cells.43 In another study, glutathione peroxidase
and glutathione reductase activities increased in the eryth-
rocytes of rats fed onion extracts.44 Flavonoids, which are the
main ingredient in onions, are suggested to possess chemo-
preventive properties, such as the DNA-protective effect of
quercetin against B(a)P found in HepG2 cells.45

In addition to their chemopreventive action, the onion
extracts were studied for their potential chemotherapeutic
properties, i.e., cytotoxic and/or cytostatic efficacy against
tumor cells. Cell viability, as assessed by erythrosin B, was not
remarkably affected by either of the extracts (Figure 5a). In

combination experiments with B(a)P, a continuous reduction
in vitality was detectable; however, the loss was only remarkable
in cells pretreated with 150 μL/mL of FAE, concurring with the
results from the comet assay (Figure 5b).
Furthermore, the cell cycle of HepG2 cells was not

influenced by ME and AE (Figure 6a and b). Interestingly,
although no considerable toxicity was indicated by erythrosin B,
cell treatment with FAE led to a significant cell arrest at the
G0/G1 phase. At a concentration of 50 μL/mL FAE, the cell
population at G0/1 phase increased by 15%, while the number
of S phase cells dropped by 11% when compared with control
cells (Figure 6c). In accordance with this observation, a strong
apoptotic response of 47% above control was evident at

Figure 4. Effect of onion extract treatment on DNA migration, as
determined by the SCGE assay: (a) HepG2 cells treated with the
onion extract for 24 h and (b) HepG2 cells pretreated with the onion
extract for 24 h before exposure to 50 μM B(a)P for an additional 24
h. The bars represent the mean OTM ± SD, (n = 3). *p ≤ 0.05 and
**p ≤ 0.01 for a Student's t test comparing the extracts with the
solvent control, 0.1% DMSO (a), or with 50 μM B(a)P (b). A.d., aqua
dest; SC, solvent control = 0.1% DMSO; and + control, positive
control = 50 μM B(a)P. Figure 5. Vitality assessment of HepG2 cells after extract treatment for

24 h (a) and extract/B(a)P combination treatment (b). The bars
represent the mean values ± SD (n = 2). SC, solvent control = aqua
dest (a) or 0.1% DMSO (b). * p ≤ 0.05 for Student's test comparing
the treatments with the solvent control.
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concentrations greater than 50 μL/mL FAE (Figure 7). Weak
apoptosis (approximately 2-fold of control) was detected after
treatment of cells with ME for 24 h but not with AE (Figure 7).
These results are in line with the previous data found in the

literature. Yang et al. provided evidence that the antiprolifer-
ative capacity of onion extracts against cancer cells differs
widely between varieties, some of which are completely
inactive.46 This was demonstrated in HepG2 as well as in
Caco-2 cells in a concentration range comparable to those used
in our current study. However, the bioactivity detected by Yang
et al. could not be clearly attributed to the phenolic or flavonoid
content.46 Additionally, Votto et al. also showed that a 24-h cell
treatment with a crude onion extract induced the weak death of
human Lucena MDR erythroleukemic and K562 cancer cells
but only at high concentrations.47 Further experiments

conducted by this group revealed that neither the aqueous
extract nor the methanolic extract, or quercetin alone could
account for the cytotoxic effect. The authors speculated that
cell death was triggered by the DNA damage signaling pathway.
However, due to the lack of effect in the comet assay, this
hypothesis can be excluded in our study. In another
investigation, the aqueous extracts of onions were shown to
induce apoptosis in Jurkat T leukemia and PC-3 prostate cancer
cells. This finding correlated with a specific inhibition of
proteasomal chymotrypsin-like activity.48

Previous studies performed with onion oil demonstrated a
growth inhibitory potency in the lung cancer cell line A549,
presumably via the production of reactive oxygen species.49

Furthermore, the proliferation of human promyelocytic
leukemia HL-60 cells was also inhibited by onion oil.50

Figure 6. Effect of onion extracts on the cell cycle. HepG2 cells were treated with the extract for 24 h and analyzed using flow cytometry. The bars
represent the mean values ± SD (n = 3). SC, solvent control = aqua dest.
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However, in contrast to the extracts in the present study, onion
oil is a highly concentrated lipophilic distillate containing no
flavonoids but rather high amounts of organic sulfur
compounds.
In summary, of the extracts we examined, FAE possessed the

best growth inhibitory potency. FAE also showed the best
antibacterial activity, which leads to the suggestion that the
same components are responsible for the positive response in
the different bioactivity end points. Although the common
flavonols, quercetin-4′-glucoside and quercetin-3,4′-diglucoside,
are present in onions and are both biologically important, AE
and ME were not active in the utilized assays. In contrast, FAE
was biologically active. This may be due to organic acids or
metabolites formed from flavonols and organosulfur com-
pounds during lactic acid fermentation. It remains unclear if the
activity of the extracts are from a single compound or the
concerted action of several compounds; however, this warrants
further investigation in the future.
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