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Abstract: Background. Allium species extracts including 
Allium cepa L. contain sulfur compounds, known for 
their antiplatelet, antimicrobial, antineoplasic activities. 
Methodology. Antibacterial activity of a formulation based 
on A. cepa extracts - liquid and lyophilized samples, has been 
demonstrated using two classes of bacteria: Gram-positive 
(Staphylococcus aureus) and Gram-negative (Escherichia 
coli) and three methods: discs soaked with liquid extract, the 
wells method in the culture medium, filled with the liquid 
extract and lyophilized formulation extracts transformed 
by the incorporation of ultrapure water. The second part 
of this study includes identification of thiosulfinates 
compounds from the studied samples by high performace 
liquid chromatography - mass spectrometry (HPLC-MS). 
Results. The most important inhibition and the highest 
antibacterial efficiency were observed against Gram-positive 
bacteria, such as Staphylococcus aureus. The HPLC-MS 

† These authors equally contributed to this paper.

thiosulfinates profile of the tested formulation extracts 
shows the presence of seven thiosulfinate compounds, 
MeS(O)S 1-propenyl (E,Z); n-PrS(O)S 1-propenyl-(E); n-PrS(O)
S 1-propenyl-(Z); trans-zwiebelane; n-PrS(O)CHEtSS-
1propenyl; 1-propenylS(O)CHEtSS1-propenyl, which may 
be responsible for antibacterial activity. Conclusion. Testing 
antimicrobial effects using the three mentioned methods 
confirmed the antimicrobial activity of the tested samples 
based on A. cepa extracts, with a demonstrated content of 
seven thiosulfinate compounds.

Keywords: Allium cepa L, thiosulfinate compounds, 
antimicrobial activity, HPLC-MS, natural extract.

Introduction
Allium cepa L. varieties and other Allium species contain 
sulfur compounds that give them their flavor and aroma. 
They are obtained by disruption of the cell structure of 
a precursor compound - S-alkenyl cysteine sulfoxide, 
which reacts with the enzyme alliinase. This enzyme 
cleaves the precursor, forming sulfenic alkyl acids. 
These intermediate alkyl sulfenic acids are rapidly 
converted into thiosulfinate compounds. In onions, the 
predominant compound 1-propenyl-sulfenic acid turns 
especially into (Z, E) thiopropanal-S-oxide, zwiebelanes 
and tear factor, isomers of di(1-propenyl) thiosulfinate 
[1]. Other sulfenic acids condense into thiosulfinates 
that appear to be responsible for the smell of freshly cut 
onions. Thiosulfinates are relatively unstable and they 
rearrange into polysulfides, thiosulfonates and other 
compounds [1-3]. Qualitative and quantitative analysis of 
Allium organosulfur compounds depends on isolation and 
the analytical methods involved - gas chromatography-
mass spectrometry (GC-MS), high performance liquid 
chromatography with diode array detection (HPLC-DAD), 
nuclear magnetic resonance (NMR), high performance 
liquid chromatography-mass spectrometry (HPLC-
MS), liquid chromatography-atmospheric pressure 
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chemical ionization-mass spectrometry (LC-APCI-MS) 
[1-8]. Thiopropanal-S-oxide, a compound responsible 
for tears, was analyzed directly from the juice of fresh 
onions (A. cepa) by solid phase microextraction and by 
GC-MS. Identification and quantification of thiosulfinates 
and zwiebelanes obtained in the same juice extracted 
with diethyl ether were performed using GC-MS [3]. In 
the literature, numerous similar studies are reported: 
identification of thiosulfinates in A. cepa samples using 
HPLC-DAD-tandem mass spectrometry [4]; quantification 
and identification of the most abundant species of 
metabolites in edible onions by NMR and HPLC-MS [5]; 
determination of volatile compounds in onion samples 
processed with gas chromatography-mass spectrometry 
(HSGC-MS) [6]. Supercritical fluid extracts of homogenized 
Allium species, garlic, ramp, and onion, were characterized 
with liquid chromatography (LC) and atmospheric pressure 
chemical ionization mass spectrometric identification [8].

Recent research has demonstrated that onions possess 
several biological properties, such as antibacterial [9], 
antimutagenic [10], antifungal [11], antimicrobial [12], 
antiplatelet [14] and antioxidant activities [10,12-14]. A. 
cepa essential oil shows a moderate antimicrobial activity 
against reference strains and also possesses an interesting 
antioxidant activity [12].

Antimicrobial Allium compounds differ depending 
on processing. When they are freshly crushed, various 
thiosulfinates are present; when crushed and stored, 
various dialk(en)yl sulfides are revealed. Allium extracts, 
which are expected to contain primarily thiosulfinates 
formed from sulfoxides, inhibit the growth of Gram-
positive, Gram-negative, and acid-fast bacteria [15]. 

Antimicrobial activity against Staphylococcus aureus 
from methanolic and aqueous extracts of dried A. cepa 
(Liliaceae) bulbs was studied using the agar well diffusion 
method. Essential oil extracts of onion and garlic can be 
used as natural antimicrobial additives incorporated in 
various food products [16-17]. Given what was presented 
above, it is very important to study the antimicrobial 
activity of A. cepa formulations based on A. cepa extracts.

The aim of this paper was to study the antimicrobial 
activity and the HPLC-MS thiosulfinates profile of the 
A. cepa extract formulation using both the liquid and 
lyophilized extract of A. cepa, the white variety.

Experimental procedure   
The studied samples used are extracts from white variety 
of A. cepa L., cultivated on soil from Maramureş region, 
Romania. The liquid sample was obtained according to 

the data mentioned in our previous studies [14]. The solid 
formulation tested was obtained from the liquid extract 
of A. cepa stabilized with excipients: silicon dioxide, zinc 
stearate and gelatine, at appropriate concentrations, as 
approved by the Food and Drug Administration (FDA) 
(liquid extract - 87.11%, SiO2 - 5.19%, Zn stearate - 1.51%, 
gelatine - 6.19%). The liquid extract with excipients 
was frozen and subsequently lyophilized using  
Lyophilizer – Model Alpha 1-4LDPLUS. The material 
tested further was the liquid extract and the lyophilized 
formulation – powder.

Antimicrobial assay

The disc diffusion method is based on the property of various 
test substances to diffuse into the solid culture medium. 
Discs are pieces of filter paper soaked with antibiotics. 
Placed on a solid culture medium, in which a bacterial 
culture has been inoculated, the substance diffuses into 
the environment around the disc. If the studied species is 
sensitive to the antibiotic or the antimicrobial substance, it 
will not develop around the disc, and the medium remains 
clear; the bacterial culture concerned will develop in the 
rest of the medium in the Petri dish. 

Work technique. A bacterial culture in nutrient broth 
culture medium was obtained [18]. The dilution of the 
culture medium was 1%: 0.1 ml culture + 9.9 ml sterile 
medium. Each Petri dish was inoculated with 1 ml of the 
mentioned dilution. After coating the surface, the excess 
liquid was removed, by tilting, from the solid surface of 
the culture medium (Nutrient Agar). The dishes were dried 
at 37°C, for 1 hour. Sterile paper discs 6 mm in diameter 
were placed on the solid surface of the culture medium. 
Then, the discs were impregnated with 20 μl antimicrobial 
solution. They were incubated for 18-24 hours, at 37°C. 
Reading was done by measuring the diameter of the 
inhibition zone: if the diameter of the inhibition zone was 
larger, bacterial susceptibility to the tested antimicrobial 
substance was greater [19].

Three types of experiments were performed to test 
the antimicrobial activity of the onion extracts. Each test 
method used was performed in triplicate.

a). Method of discs soaked with A. cepa liquid extract
In the dishes with Nutrient Agar culture medium [18], 

the test strains (Staphylococcus aureus ATCC 25923 for 
Gram-positive bacteria and Escherichia coli ATCC 25922 
for Gram-negative bacteria) were inoculated in aseptic 
conditions. For the inoculation of the test microorganisms, 
1 ml bacterial suspension was used, which was applied 
on the entire surface of the medium. After drying of the 
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inoculated medium, the paper discs were introduced. 
These discs were treated with 20 μl A. cepa extract two 
times. Then, the dishes were incubated at 37°C. After the 
incubation period, the results were evaluated by measuring 
the inhibition zone (mm) around the disc. Since no 
inhibition was observed at 24 or 48 hours, incubation was 
prolonged to 72 hours. After these 72 hours, the inhibition 
zones were determined for the tested strains.

b). Method of wells in the culture medium, filled with A. 
cepa liquid extract 

In the Nutrient Agar [18] culture medium, 6 mm wells 
were made under aseptic conditions. Then, the test strains 
were inoculated (Staphylococcus aureus ATCC 25923 for 
Gram-positive bacteria and Escherichia coli ATCC 25922 
for Gram-negative bacteria). For the inoculation of the 
test microorganisms, 1 ml bacterial suspension was used, 
which was applied on the entire surface of the medium. 
After drying of the inoculated medium, 15 μl liquid extract 
of A. cepa were introduced into each of three wells, and the 
well in the middle of the Petri dish was left empty, serving 
as a control. The dishes were then incubated at 37°C. At 48 
hours of incubation, the inhibition zones were read.

c). Method of wells in the culture medium, filled with a 
lyophilized formulation based on onion extract transformed 
by incorporation of ultrapure water. 

In the Nutrient Agar [18] culture medium, 6 mm wells 
were made under aseptic conditions. Then, the test strains 
were inoculated (Staphylococcus aureus ATCC 25923 for 
Gram-positive bacteria and Escherichia coli ATCC 25922 for 
Gram-negative bacteria).

For the inoculation of the test microorganisms, 1 ml 
bacterial suspension was used, which was applied on the 
entire surface of the medium. After drying of the inoculated 
medium, A. cepa extract obtained from onion extract-
based formulations with ultrapure water was introduced 
into three wells. The well in the middle of the Petri dish 
was left empty and served as a control. The boxes were 
then incubated at 37°C. At 48 hours of incubation, the 
inhibition zones were read.

HPLC-MS equipment and method 

For HPLC-MS analyses, an Agilent high performance liquid 
chromatograph 1200/2008 with detectors was used: VWD-
G1314B and MS. For HPLC separation, a Zorbax Eclipse XDB-
C18 column (4.6 x 150 mm, 5 µm) at 25°C was used. Methanol 
was purchased from Merck (Darmstadt, Germany). The 
water used for preparing the standard solution was Millipore 
water (18.2 MΩ cm-1). The gas was high purity He carrier gas. 
HPLC sample preparation: 1 gram of A. cepa formulation 

was dissolved in water (in a 10 ml flask), the solution was 
ultrasonicated for 15 minutes, then vacuum filtered with a 
filter of 0.45 µm, and injected into the HPLC.

The mobile phase was a mixture of water (A, ultrapure 
Millipore water) and methanol (B, HPLC grade), and a 
gradient was applied according to the following method: 
0-2 min, isocratic 99% A, 2-6 min, linear gradient 99–94% 
A; 16–9 min, linear gradient 96–99% A; 9–15 min, isocratic 
99% A. The flow rate was 0.5 ml min-1 and the injector 
volume was 20 ml. An MS detector of chemical ionization 
at atmospheric pressure (APCI) was used in positive mode 
of ionization [M-H]+. Nebulization was carried out at 
300°C and 50 psi, under a nitrogen stream of 12L N2/min. 
Capillary voltage was set at 3000V. Thiosulfinates were 
qualitatively determined by recording the abundance of 
fragments m/z, 111 [MeS(O)SMe], 137 [MeS(O)S1-propenyl 
(E,Z), MeSS(O)1-propenyl-(E)], 163 [AllS(O)S1propenyl-
(E,Z); cis, trans-zwiebelane], 165 [n-PrS(O)S1-propenyl-(E)], 
211 [1-propenyS(O)CHEtSSMe], 237 [1-propenylS(O)CHEtSS1-
propenyl], 239 [1-propenylS(O)CHEtSSPr-n]. Compounds 
were identified according to the reference [8].

Results and discussion 
For a detailed description of the properties of the studied 
natural formulation, testing and quantifying of the 
antimicrobial effect is an important step, especially in the 
context of literature studies replete with information in 
this regard [11,12,15-17].

Antimicrobial activity

This study used qualitative disc diffusion methods. These 
methods are simple, quick and easy to perform, allowing 
sufficient guidance for practical and clinical needs. They 
have the advantage that they can be used for almost all 
antimicrobials. This method relies on the property of 
antibiotics or antimicrobials to disseminate in the culture 
medium (Nutrient Agar), creating a circular area where 
antibiotic concentrations decrease from the center to the 
periphery. When working with decreasing concentrations 
of antibiotics, the sensitivity of the studied germ can be 
appreciated by comparison with a standard strain, total or 
only partial inhibition being obtained.

a). Method of discs soaked with A. cepa liquid extract 
It was noted that both the Gram-positive strain 

(Staphylococcus aureus ATCC 25923) and the Gram-
negative strain (Escherichia coli ATCC 25922) had no zones 
of inhibition around the disc. However, Staphylococcus 
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aureus showed a weak (7 mm), not very well defined 
inhibition. 

b). Method of wells in the culture medium, filled with A. 
cepa liquid extract 

Bacterial growth inhibition zones can be observed in 
all three wells for both Gram-positive and Gram-negative 
bacteria. However, there are some differences between 
the tested bacterial strains. The average of the triplicate 
assessments shows that the sensitivity of Gram-positive 
bacteria (Staphylococcus aureus) is much higher (18 mm) 
compared to that of Gram-negative bacteria (Escherichia 
coli), whose average value reaches 14.3 mm.

c). Method of wells in the culture medium, filled with a 
lyophilized formulation based on onion extract transformed 
by incorporation of ultrapure water. 

Bacterial growth inhibition zones can be seen in all 
three wells for both the Gram-positive and Gram-negative 
bacteria. This antimicrobial test method also evidences a 
difference between the tested strains. The average of the 
triplicate assessments shows that this time the sensitivity 
of Gram-positive bacteria (Staphylococcus aureus) is higher 
(20.66 mm) compared to that of Gram-negative bacteria 
(Escherichia coli) (16 mm).

Regarding the antibacterial effect of A. cepa extracts, 
many authors have demonstrated both an individual 
antimicrobial and antifungal effect, and a synergistic 
effect with other antibiotics or antifungals [11]. The higher 
antimicrobial effects demonstrated in the case of the 
lyophilized extract of A. cepa, stabilized with the excipients 
mentioned in the previous study, could be explained by 
the greater amount of extract in the case of the lyophilized 
sample compared to the liquid sample, and by the use of 
zinc stearate, known for its antibacterial properties, as an 
excipient [20].

This study, through the promising antimicrobial effects 
of the Allium extract, supports and strengthens the results 
of other studies that have shown an intense antibacterial 
effect on various microorganisms tested, with significant 
minimum inhibitory concentration values (MIC) [12]. It 
has been suggested that essential oils of A. cepa can be a 
potential source of natural antimicrobial agents.

The tested antimicrobial effects of the studied samples 
(liquid extract compared to the lyophilized and stabilized 
formulation) and the inhibition zone diameter in these 
experiments are shown in Table 1.

HPLC-MS thiosulfinates profile study 

Under APCI of MS detector with methanol / water mobile 
phase, the mass spectra of the thiosulfinates have a base 

peak coresponding to the protonated molecule [M-H]+. The 
Table 2 shows the HPLC-MS data of thiosulfinates found in 
formulations based on A. cepa extract.

The HPLC-MS study of the thiosulfinates profile of the 
A. cepa extract formulation shows the presence of seven 
thiosulfinates, mentioned in Fig. 4 and Table 2.

Figure 1: Determination of bacterial sensitivity (A - Staphylococcus 
aureus, B - Escherichia coli) in discs impregnated with A. cepa liquid 
extract, after 72 hours of incubation.

Figure 2: Determination of bacterial sensitivity (A - Staphylococcus 
aureus, B - Escherichia coli) in A. cepa liquid extract in wells, at 48 
hours of incubation.

Figure 3: Determination of bacterial sensitivity (A - Staphylococcus 
aureus, B - Escherichia coli) in the lyophilized formulation based on 
onion extract transformed by incorporation of ultrapure water, at 48 
hours of incubation.
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Table 1: Inhibition zone diameter (mm) of A. cepa extracts for the tested bacteria.

Method used Sample Inhibition zone diameter (mm)
Staphylococcus aureus
ATCC 25923

Escherichia coli
ATCC 25922

Method of discs soaked with liquid extract of 
Allium cepa L

1 7 0
2 7 0
3 7 0

Method of wells in the culture medium filled with 
liquid extract of Allium cepa L.

1 20 16
2 18 11
3 16 16

Method of wells in the culture medium filled with 
lyophilized formulation based on onion extract 
transformed by the incorporation of ultrapure 
water

1 20 16

2 21 15

3 21 17

Table 2: Thiosulfinate compounds identified in the formulation based on A. cepa lyophilized extract. 

RT
[min]

Area
%

Thiosulfinate compoundsa No. compound [8] /
Molecular structure

m/z of [M-H]+ ions
(relative abundance)

2.161
2.996

69.527
16.883

MeS(O)S 1-propenyl (E,Z) 4;5 73 (25); 137.1 (100)

3.431 5.089 n-PrS(O)S 1-propenyl-(E) 15 73 (25); 165 (100)

3.651 4.077 n-PrS(O)S 1-propenyl-(Z) 16 73 (25); 165 (100)

5.542 2.348 trans-zwiebelane 21 113 (81); 163 (100)

7.125 1.362 n-PrS(O)CHEtSS-1propenyl 27 105 (100); 239 (39)

8.041 0.713 1-propenylS(O)CHEtSS1-propenyl 25 105.2 (100); 237 (32)

aChemical abstracts name of compounds: 4, methanesulfinothioic acid S-(E)-1-propenyl ester; 5, , methanesulfinothioic acid S-(Z)-1-propenyl 
ester; 15, 1-propanesulfinothioic acid S-(E)-1-propenyl ester; 16, propanesulfinothioic acid S-(Z)-1-propenyl ester; 21, (±)- (1α,2α,3β,4α,5β)-
2,3-dimethyl-5,6-dithiabicyclo[2.1.1]hexane 5-oxide (trans-zwiebelane); 27, (E)-1-propenyl 1-(propylsulfinyl)propyl disulfide; 25, (E)-1-
propenyl 1-(1-propylsulfinyl)propyl disulfide;
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Thiosulfinate compounds were identified according 
to the reference [8]. Seven thiosulfinates were found in 
the A. cepa extract: MeS(O)S 1-propenyl (E,Z), n-PrS(O)S 
1-propenyl-(E),  n-PrS(O)S 1-propenyl-(Z), trans-zwiebelane, 
n-PrS(O)CHEtSS 1-propenyl, 1-propenylS(O)CHEtSS1-
propenyl, which can be responsible for antimicrobial 
activity in the studied samples. The chromatogram in Fig. 
4 shows that MeS(O)S 1-propenyl (E,Z) compounds are the 
majority (peak area 84.41%).

Conclusions
Testing of the antimicrobial effects of A. cepa extracts 
using the three mentioned methods confirmed their 
antimicrobial activity. A minor antimicrobial effect of the 
A. cepa liquid extract was observed by using the method 
of discs soaked with onion extract, with a minimum 
inhibition for Staphylococcus aureus.

A significant antibacterial efficiency was demonstrated 
for both the liquid and lyophilized formulation extracts 
using the method of wells in the culture medium, 
filled with the liquid extract and with the lyophilized 
formulation based on onion extract transformed by 
incorporation of ultrapure water, respectively. The most 
important inhibition and the highest antimicrobial 
efficiency were observed against Gram-positive bacteria, 
such as Staphylococcus aureus.

The thiosulfinates profile of the lyophilized formulation, 
using the HPLC-MS method, shows the presence of seven 
thiosulfinate compounds: MeS(O)S1-propenyl (E,Z); 

n-PrS(O)S1-propenyl-(E); n-PrS(O)S1-propenyl-(Z); trans-
zwiebelane; n-PrS(O)CHEtSS-1propenyl; 1-propenylS(O)
CHEtSS1-propenyl, with MeS(O)S1-propenyl (E,Z) being 
the dominant compound. These compounds appear to be 
responsible for antimicrobial activity.
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