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A B S T R A C T

In this experimental study, the Allium essential oil (AHEO) was extracted through the hydrodistillation method.
AHEO components were identified through gas chromatography/mass spectrometry (GC/MS), and its anti-
oxidant properties and total phenolic content were examined through the methods of 2,2-diphenyl-1-picrylhy-
drazyl (DPPH), ß-carotene/linoleic acid inhibition and Folin-Ciocalteu, respectively. The antimicrobial effect of
AHEO was evaluated on Pseudomonas aeruginosa, Escherichia coli, Bacillus cereus, Bacillus subtilis, Staphylococcus
aureus, Streptococcus pyogenes, and Candida albicans through the methods of well diffusion, disk diffusion,
minimum inhibitory concentration, and minimum bactericidal/fungicidal concentration. Phytochemical con-
stituents (alkaloids, tannins, saponins, flavone and glycosides) were evaluated. 5-chloroorcylaldehyde with a
percentage of 45.6% was the major compound of AHEO. Increasing concentration of AHEO had a significant
effect (p ≤ 0.05) on inhibition zone diameter. The MICs of the AHEO varied from 0.25 mg/ml to 2 mg/ml. The
MBCs/MFCs of the AHEO varied from 0.25 mg/ml to 4 mg/ml. The results of phytochemical screening of AHEO
showed the existence of alkaloids, tannins, saponins, flavone and glycosides. There was also little difference
between disk diffusion and well diffusion methods, and the data was well distributed throughout the X and Y
components.

1. Introduction

It was estimated that 30% of people in developed countries suffer
from foodborne diseases [1]. Therefore, it is highly appreciated to find
out ways overcoming these issues. One solution is to find food grade
anti-pathogenic compounds such as Allium.

Allium genus (Alliaceae family) in which the Allium hushidari, Allium
sativum (garlic) and other onions are in same biological genus [2,3]. It is
one of the valuable members of Allium with antifungal, antibacterial,
antiprotozoal, antiviral, and antihelmintic properties [2,4,5] It was
reported that Allium genus extracts are good potentials to reduce the
growth of the organisms by lowering oxygen uptake as well as in-
hibiting the synthesis of proteins, lipids, and nucleic acids and dama-
ging the membranes. Allicin (diallyl thiosulfinate) was identified as a
main component, which is responsible for remarkable antibacterial
activities of Allium family [3,6]. Research has shown that the long-term
application of chemical preservatives leads to the outbreak of numerous
complications including cancers. Therefore, utilization of such com-
pounds has now decreased. Alternatively, application of medicinal
plants has recently increased due to their less side effects.

Multivariate analysis (MVA) technique can be applied to accomplish
trade studies across multiple dimensions while considering the impacts
of all variables on the interest responses [7].

The purpose of this research was to identify the chemical substances
and the antioxidant potential and antimicrobial of AHEO together with
its scavenging activity of free radicals and oxidation inhibition power.
Thus, MVA including partial least squares–discriminant analysis
(PLS–DA) and principal component analysis (PCA) were performed for
first time to evaluate the effect of AHEO on the microbial pathogens.

2. Materials and methods

2.1. Chemicals, reagents, and microbial media

Sabouraud dextrose agar (SDA), sabouraud dextrose broth (SDB),
Mueller hinton agar (MHA) and mueller hinton broth (MHB) were
purchased from Merck Chemicals (Darmstadt, Germany). 2,2-diphenyl-
1-picrylhydrazyl (DPPH) and bacteriological peptone were supplied
from Sigma-Aldrich (USA) and BDH Chemicals Ltd (England), respec-
tively. Tryptone soya broth (TSB) and sodium chloride were prepared
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from East Anglia Chemicals, UK. plant was collected from Kurdistan,
Iran.

2.2. Essential oil preparation and determination of the extraction yield

50 g plant powdered was transferred to the glass clevenger appa-
ratus containing 750 ml of distilled water and hydro distillation tech-
nique, with the distillation rate of 1 ml/min, was performed. Extraction
of AHEO was performed for 3 h and the essential oil was collected in
vials and stored at 4 °C [8].

2.3. Identification of the essential oil chemical composition

Determination of the essential oil components present in AHEO was
carried out using gas chromatography coupled with mass spectrometer.
Injection volume was 0.2 μl. The carrier gas (helium) rate and an io-
nization energy were 1.1 ml/min and 70 eV, respectively [9]. The
compounds were recognized by comparing their mass spectra and re-
tention indexes (RI) with those of the standard samples and those given
in previous studies. Quantification of each component relative amounts
was carried out according to the area percentage method without
considering the calibration factor.

2.4. Estimation of total phenolic content (TPC) and phytochemical
constituents

The method of Folin-Ciocalteu was carried out for the determination
of TPC. The result was expressed as mg of Gallic Acid Equivalents (GAE)
per gram of the essential oil. Phytochemical constituents (alkaloids,
tannins, saponins, flavone and glycosides) were evaluated based on
qualitative methods [10].

2.5. Antioxidant activity

2.5.1. DPPH free radical-scavenging assay
For this purpose, 3.9 ml of the stock solution of DPPH (0.004 g of

DPPH in 100 ml of methanol) was mixed with 0.1 ml of each extract
and was kept at a dark place for 30 min. Then, its absorbance was read
at 517 nm using spectrophotometer. The radical scavenging percent of
DPPH was following equation (1):

% Scavenging activity = [(Abscontrol−Abssample)]/(Abscontrol)] × 100
(1)

Where, Abscontrol and Abssample refers to the absorbance of
DPPH + ethanol and DPPH + sample, respectively [10]. The results
were reported as IC50 (amount of antioxidant required to reduce the
DPPH concentration to 50% of its initial value).

2.5.2. ß-Carotene-linoleic acid (B-CL) assay
Potential antioxidant activity was assessed with the oxidation pre-

vention by linoleic acid and inhibition of the development of con-
jugated hydro-peroxides and volatile compounds. The B-CL assay was
performed according to Akhbari et al. (2017) [11]. The average in-
hibition percent was calculated as follow:

%Inhibition = [(AA120 − AC120)/ (AC0 − AC120)] × 100 (2)

Where, AA120, AC120, and AC0 are the absorbance for the antioxidant
activity of sample after 120 min, control sample after 120 min, and
control sample at the beginning of experiment (t = 0), respectively. All
tests were performed in triplicate.

2.6. Preparation of the microbial strains

Microbial strains of Pseudomonas aeruginosa (ATCC 27853),
Escherichia coli (ATCC 25922), Bacillus cereus (ATCC 14579), Bacillus

subtilis (ATCC 23857), Staphylococcus aureus (ATCC 25923),
Streptococcus pyogenes (ATCC 19615), and Candida albicans (ATCC
5027) were used in this study. All American type culture collections
were supplied from the department of food science and technology at
Ferdowsi University of Mashhad (FUM), Mashhad, Iran. Bacterial sus-
pension was diluted by Ringer solution until the solution turbidity
equalized with 0.5 McFarland standard solution. The suspension must
have contained 1.5 × 108 CFU/ml.

2.7. Antimicrobial susceptibility test

2.7.1. Disk diffusion agar (DDA)
Different concentrations of AHEO at 0.25, 0.5, 1, 2, 4, and 8 mg/ml

were prepared in a suitable solvent. AHEO sterilized via a 0.45 μm
syringe microfilter. Then the blank discs were immersed in the extract
solutions for 15 min. Finally, these discs were immobilized on the
medium surface. After that, the petri-dishes were incubated at 37 °C for
24 h and 27 °C for 72 h for bacteria and fungi, respectively. The anti-
microbial effect was determined in term of IZ diameter (mm) [12].

2.7.2. Well diffusion agar (WDA)
The plates containing 0.25, 0.5, 1, 2, 4, and 8 mg/ml of AHEO were

used, which were contaminated with specific microorganisms with
sterilized pastor pipette specified for well creation. Next, the media
including the bacteria and fungi were incubated at 37 and 27 °C for 24
and 72 h, respectively. After that, the extent of the inhibition zone was
measured as mm and the mean values were reported [13].

2.7.3. Determination of minimum inhibitory concentration (MIC) through
micro dilution broth

National Committee for Clinical Laboratory Standards (NCCLS) was
applied for identification and valuation of MIC. Different concentra-
tions of AHEO was prepared as 0.125, 0.25, 0.5, 1, 2, 4, 8, 16, 32 and
64 mg/ml. Identification was performed using of three phenyl-tetra-
zolium. MIC was reported as the first concentration in which microbial
growth did not occurred and no red color was synthesized [14].

2.7.4. Minimum bactericidal/fungicidal concentrations (MBC and MFC)
In order to asses MBC and MFC, all wells with opacity-free condi-

tions were cultured separately on the media of MHA and SDA. Then the
bacteria and fungi containing media were incubated for 24 and 72 h,
respectively. The essential oil concentration, in which bacteria or fungi
did not grow, was reported as MBC and MFC [13].

2.8. Statistical analysis

Obtained data were analyzed using SPSS (Version18.0, SPSS Inc.,
Chicago, USA) and Microsoft Windows Excel 2016. The data were in-
itially analyzed by one-way ANOVA and Duncan's mean comparison
test at the 5% significance level. All experiments were triplicated.

2.9. Multivariate data analysis (PLS–DA and PCA)

Multivariate data analysis including principal component analysis
and partial least squares–discriminant analysis (PLS–DA) were per-
formed on mean centering and unit variance scaling of variables by
Simca (Umetrics Inc., Ume°a University, Sweden). The model's quality
was determined by the goodness-of-fit parameter (R2X or R2Y) and
predictive ability parameter (Q2), as well as permutation testing (for
PLS–DA models). Data points were randomly assigned a 100 times-
class, and the corresponding R2Y and Q2 calculated and compared with
the cross-validated using cross-validated analysis of variance (CV-
ANOVA) and original. The data of PLS–DA models with variable in-
fluences of projection> 1, which the corresponding jackknife-based
95% CIs were not close to or including 0 were considered discriminative
[15,16].
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3. Results and discussion

3.1. Chemical compounds

Water distillation technique was used for extraction of AHEO (had
yellowish color) with the extraction efficiency of 0.06 (v/w). The re-
sults of gas chromatography showed that AHEO consists of 14 com-
pounds, which allocated 96.5% of total composition of AHEO. 5-
chloroorcylaldehyde was the major compound of AHEO (45.6%). Other
AHEO's compounds included methylthiomethyl disulfide (28.2%),
pentythiophene (5.4%), tricosane (5.2%), dimethyl trisulfide (4.5%),
carvacrol (1.2%), and thymol (0.5%). The results showed that sulfide
compounds allocate an important part of AHEO composition. The re-
sults were somehow in line with other reports.

Fasihzadeh et al. (2016) [17] identified AHEO compounds and re-
ported that the AHEO extraction efficiency was 0.06 (v/w) and the
major compounds were 1-butene, 1-(methylthio)-(Z) (18.21%), methyl
methylthiomethyl disulfide (8.41%), dimethyl tetra sulfide (6.47%),
and piperitenone oxide (4.55%). Mahboubi et al. (2014) [18] reported
that the extraction efficiency of AHEO was 0.04 (v/w), and AHEO
consisted of 11 compounds as follow; 5-chloroorcylaldehyde (55.1%),
methyl methylthiomethyl disulfide (24.6%), Tricosan (6.3%), pen-
tylthiophene (3.8%), and dimethyl trisulfide (3.1%). Ismail et al. (2013)
[19] showed that Allium hirtifoliummainly comprised of 9-hexadecenoic
acid, 11,14-eicosadienoic acid, and n-hexadecanoic acid. The compar-
ison between the results of this study and other researchers showed that
the compounds identified in the AHEO differ in type and amount of the
constituents. Constituents of the AHEO can vary due to the weather
conditions, growth stage and place, and the time plants were taken
[14].

3.2. Antioxidant activity, total phenolic content (TPC) and phytochemical
constituents

Total phenol, calculated with Folin-Ciocalteu procedure, was
168.9 ± 0.45 μg/ml in terms of gallic acid (GAE). DPPH and ß-car-
otene/linoleic acid inhibition tests for assessing antioxidant activity of
AHEO showed IC50 of 1.2 ± 0.35 mg/g and 28.6%, respectively. The
results of phytochemical screening of AHEO showed the existence of

alkaloids, tannins, saponins, flavone and glycosides.
The antioxidant activity of the AHEO was directly related to its

phenolic and flavonoid compounds, which were in line with others
(Kanatt et al. (2007) [20], Peterson et al. (2001) [21], Bamdad et al.
(2006) [22] and Alizadeh Behbahani et al. [14]. Ghasemi Pirbalouti
et al. (2015) [23], reported total phenol content of AHEO 44.28 mg
GAE/g. They indicated that there is a direct relationship between total
phenol content of AHEO and its antioxidant activity. Ghahremani-majd
et al. (2012) [24], assessed total phenol and antioxidant activity of
Allium hirtifolium by DPPH, ferric reducing antioxidant potential (FRAP
assay), and ABTS. They reported that the antioxidant activity of Allium
hirtifolium was mainly due to its phenolic compounds. Mahboubi et al.
(2014) [18] calculated the antioxidant activity of AHEO through DPPH
and ß-carotene/linoleic acid inhibition and reported that AHEO anti-
oxidant activity were equal to 56.1 and 32.3%, respectively.

The correlation between antioxidant activity and the compounds in
essential oils and plant extracts is not readily possible. This can be at-
tributed to the difference in the type and number of effective com-
pounds present in their composition. In general, the number of hy-
droxyl groups in antioxidants' structure is not mainly responsible for
their functionalities. Position of hydroxyl groups, presence of other
functional groups, such as double bonds and the combination of hy-
droxyl and ketone groups, will play an important role in the antioxidant
activity. The reason for the difference in the results of the antioxidant
activity and phenolic compounds of AHEO in several studies, can be
related to the climatic conditions, the method of drying and the dif-
ference between the methods of measuring phenolic compounds and
antioxidant activities [10]. Singleton et al. (1999) [25] reported that
the number of different phenolic compounds could cause various re-
sponses using the Folin–Ciocalteu procedure. It was reported that the
presence of some inorganic substances such as hydroxyammonium
chloride, iron sulfate, and hydrazine could react with the Folin–Cio-
calteu reagent and increase the apparent phenolic concentration
[26,27].

3.3. Antimicrobial activity

The results of antimicrobial effects of AHEO on 7 microbial strains
were assessed using diffusion agar method and well diffusion agar at 6

Table 1
Antimicrobial effect of AHEO concentrations for some microbial pathogens (DDA).

Microorganism DDA (mm)

0.25 0.5 1 2 4 8

S. pyogenes 9.10 ± 0.54 11.50 ± 0.50 13.60 ± 0.52 15.20 ± 0.45 17.60 ± 0.50 19.20 ± 0.50
B. subtilis 8.70 ± 0.50 10.50 ± 0.57 12.00 ± 0.28 13.90 ± 0.45 15.40 ± 0.52 17.80 ± 0.45
S. aureus 7.00 ± 0.52 7.90 ± 0.50 9.90 ± 0.50 12.20 ± 0.50 13.80 ± 0.45 15.20 ± 0.52
B. cereus 6.50 ± 0.57 7.70 ± 0.57 9.60 ± 0.52 11.00 ± 0.50 13.00 ± 0.45 14.00 ± 0.45
E. coli – 7.20 ± 0.28 8.80 ± 0.50 10.10 ± 0.50 12.00 ± 0.50 13.00 ± 0.28
P. aeruginosa – 7.00 ± 0.50 7.50 ± 0.54 9.00 ± 0.50 10.90 ± 0.45 11.80 ± 0.50
C. albicans 8.90 ± 0.50 11.20 ± 0.50 12.90 ± 0.50 14.70 ± 0.45 16.30 ± 0.28 17.90 ± 0.50

Table 2
Antimicrobial effect of AHEO concentrations for some microbial pathogens (WDA).

Microorganism WDA (mm)

0.25 0.5 1 2 4 8

S. pyogenes 9.90 ± 0.45 11.80 ± 0.54 14.20 ± 0.50 16.00 ± 0.50 18.00 ± 0.50 19.60 ± 0.50
B. subtilis 9.00 ± 0.54 11.10 ± 0.50 12.80 ± 0.52 15.10 ± 0.54 16.20 ± 0.28 18.10 ± 0.50
S. aureus 7.50 ± 0.50 8.50 ± 0.54 10.50 ± 0.54 12.70 ± 0.50 14.90 ± 0.54 16.30 ± 0.50
B. cereus 7.50 ± 0.50 8.70 ± 0.28 10.30 ± 0.50 12.00 ± 0.52 13.50 ± 0.45 14.60 ± 0.52
E. coli 7.00 ± 0.50 7.90 ± 0.50 9.00 ± 0.54 10.00 ± 0.54 12.60 ± 0.52 14.10 ± 0.50
P. aeruginosa 7.00 ± 0.52 7.50 ± 0.52 8.00 ± 0.50 9.40 ± 0.28 11.00 ± 0.45 12.40 ± 0.50
C. albicans 9.90 ± 0.52 11.50 ± 0.54 13.80 ± 0.52 15.70 ± 0.54 17.20 ± 0.50 18.30 ± 0.50
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concentrations (Tables 1 and 2). The results showed that the Gram-
positive Streptococcus pyogenes was the most sensitive strain to AHEO.
The highest resistance to AHEO was observed for Gram-negative Pseu-
domonas aeruginosa. The antimicrobial activity of the DDA was reduced
by diluting AHEO and at 0.25 mg/ml concentration, the inhibition zone
was not observed for Pseudomonas aeruginosa and Escherichia coli. In
DDA procedure, the greatest inhibition zone diameter of AHEO
(19.20 ± 0.50) was observed at a concentration of 8 mg/ml, which
was related to Streptococcus pyogenes. The WDA technique, which can
provide direct contact with microorganisms, showed greater inhibition
zone than the DDA method, which AHEO must penetrate from disk to
the surface of the culture medium. Factors such as disk diameter,
thickness, temperature, and soaking time of the disk in the AHEO can
be effective on the results obtained from the DDA method [28,29].

In general, the sensitivity of the studied microorganisms from the
most resistant to the most sensitive strains was as follows; Pseudomonas
aeruginosa > Escherichia coli > Bacillus cereus > Staphylococcus
aureus > Bacillus subtilis > Candida albicans > Streptococcus pyo-
genes. There are different literature indicating bacteri/fungi cidal, an-
tiprotozoal, and antiviral effects of Allium genus, but there are few
works about AHEO [18,30–32]. The results were in good match with
others such as Ismail et al. (2013) [19]. They investigated antimicrobial
activity of Allium hirtifolium by DDA and microdilution broth on 10
pathogen microorganisms. Their results showed that gram-positive
bacteria are more susceptible than gram-negative bacteria.

The results of the MIC and MBC/MFC of AHEO were presented in
Table 3. The results showed that the MIC of AHEO for the studied
strains was in the range of 0.25–2 mg/ml. Strains of Streptococcus
pyogenes, Bacillus subtilis, and Candida albicans were more susceptible.
Pseudomonas aeruginosa was the most resistant microbial strain. The
results of the MBC/MFC varied between 0.25 and 4 mg/ml.

Mahboubi et al. (2014) [18], reported that the MIC and minimal
lethal concentration (MLC) ranges of 0.06–2 and 0.25–2 μl/ml, re-
spectively. They reported higher antimicrobial activity of AHEO against
bacteria, yeast, and fungi. According to the compounds identified in
AHEO, the main role in the antimicrobial activity of AHEO is related to
sulfide compounds, thymol, and carvacrol. It was reported that sulfur
compounds in Allium spp are major compounds exhibiting anti-
microbial properties. Sulfides containing three or more sulfur atoms in
their structures are effective fungicidal agents [18,33]. Methyl, thio-
methyl disulfide, and dimethyl trisulfide were the main sulfides present
in Allium hirtifolium extracts. Phenolic compounds such as carvacrol and
thymol were also founded in AHEO, which had wide range of anti-
microbial activities [34–36]. Thymol and carvacrol play their anti-
microbial role by inhibiting the ergosterol biosynthesis and destruction
of the membrane integrity [36]. There are various mechanisms for
antimicrobial effects of plant extracts [37–39]. Phenolic compounds
can act with two different mechanisms through the cell membrane and
cell wall of the microorganisms [40]. Phenolic compounds can make
their destructive role on the bacterial cell membrane by interacting
with the membrane proteins through their hydroxyl groups
[23,41and42].

3.4. Statistical multivariate methods: partial least squares–discriminant
analysis (PLS–DA) and principal component analysis (PCA)

Fig. 1 shows the results of the AHEO effect on 7 bacterial strains by
PCA. Results showed no outlier data. There was also little difference
between DDA and WDA methods, and the data was well distributed
throughout the X and Y components. The largest difference was ob-
served for Candida albicans microbial strains. Although the different
concentrations of the essential oil caused the difference between the
inhibition zone, but none of the multivariate statistical models such as:
partial least squares regression and optimized potential for liquid si-
mulations were fitted on the samples, which could be due to a non-
significant difference between the types of microorganisms.

4. Conclusion

The results showed that AHEO had antimicrobial effect on patho-
genic strains under laboratory conditions. According to the compounds
identified in AHEO, the main role in the antimicrobial activity of AHEO
was related to sulfide, Thymol, and carvacrol compounds. The results of
phytochemical screening of AHEO showed the existence of alkaloids,
tannins, saponins, flavone and glycosides. According to the PCA results,
there was no outlier data and all data were well distributed along the X
and Y component.
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