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Abstract

The aim of this study was to investigate the antimicrobial properties of aqueous and methanolic extracts, as well as essential oils of
red beet leaves. The leaves were purchased from local farms in Isfahan province, Iran. After drying the leaves, their extracts were ob-
tained by water and methanol as solvent, and also essential oils of the leaves were extracted through the hydro-distillation method.
Antibacterial activity of the extracts and essential oils was determined against five foodborne bacteria by disc-diffusion assay and
minimum inhibitory concentration method. Moreover, the antifungal activity of the samples was examined by the contact phase
method against five fungi species. The aqueous extract of red beet leaves did not show any antimicrobial activity against the stud-
ied species, whereas the methanolic extract inhibited the growth of four strains of the bacteria, including Escherichia coli, Bacillus
cereus, Staphylococcus aureus, Salmonella enteritidis. Essential oil had an inhibitory effect against B. cereus, S. enteritidis, and S. aureus.
Furthermore, the aqueous and methanolic extracts and essential oils had a variable degree of antifungal activity against all tested
fungi. However, the methanolic extract and essential oils had a stronger antifungal effect than the aqueous extract.
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1. Background

Despite the expansion of antibiotics regarding their
numbers and effectiveness, bacterial and fungal infections
are still a major issue in medicine. In addition, the rapid
development of microbial resistance to the existing antibi-
otics has become a new challenge (1). Foodborne diseases
caused by contaminated foods with pathogenic bacteria
is still classified as a high-priority public health problem
(2). Therefore, searching for new antimicrobial agents is
an ongoing process (3). Over the last decade, the appli-
cation of natural extracts obtained from domestic plants,
which is prevalently used by our predecessors as a rem-
edy, in medicines and preservation of foods and cosmet-
ics, has surged significantly. Herbal drugs have been ex-
tensively used in this field for many centuries. Since these
natural products are more available, non-toxic, biodegrad-
able, and have fewer side-effects in comparison with com-
mon antibiotics or preservatives, they have recently been
widely considered (1).

In Iranian traditional medicine, the leaves of red beet

are used to treat some infections, like vaginal and skin in-
fections. However, to the best of our knowledge, no re-
search has yet been conducted on the antimicrobial activ-
ity of this plant.

2. Objectives

The present study is part of a comprehensive investi-
gation in searching for alternative natural antimicrobials
and preservatives, which gives way toward a new plant
source for controlling pathogens and food spoilage mi-
crobes.

3. Methods

3.1. Plant Materials

The leaves of red beet Beta vulgaris, Johari variety, were
purchased from a local farm in Isfahan, Iran, in October
2017. The leaves were washed twice with tap and distilled
water, respectively. The leaves were dried by a cabinet
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dryer (Hydrotec, Iran) under 25°C and ventilation for 48 -
72 h. Subsequently, dried leaves were ground by a grinder
(Achtung, Germany) using mesh no. 10 (2 mm diameter)
(4).

3.2. Preparation of Extracts

The dried powder of the leaves (20 g) was soaked in 200
ml distilled water and left at room temperature for 48 h
while being stirred at 150 rpm. Similarly, 20 g of the leaves
were soaked in 200 ml of methanol (80% v/v) in flasks,
sealed with foil, and stirred for 48 h under the same con-
dition. The aqueous and methanolic extracts were filtered
out using a filter paper (Whatman no. 1) and concentrated
in a rotary vacuum evaporator at 50°C. The residues were
dried at -56°C by a freeze-dryer (Christ, alpha 1 - 2 LD plus,
UK). Final powders were stored at 4°C until subsequent use
(5).

3.3. Essential Oils Isolation

Essential oils were extracted from the grounded leaves
(50 g) by hydro-distillation method using a Clevenger-type
apparatus. The extraction was carried out in 2 L distilled
water for 4.5 h; up to the point that no more oil obtained
(6). The essential oil was collected and stored at 4°C until
subsequent use.

3.4. Test Microorganisms

Five reference bacteria, including Staphylococcus au-
reus, Bacillus cereus PTCC 1154, Escherichia coli PTCC 1395,
Salmonella enteritidis, and Pseudomonas aeruginosa PTCC
1310, and five fungi, including Aspergillus niger PTCC
5012, Byssochlamys fulva PTCC 5062, Geotrichum candidum,
Fuzarium oxysporum PTCC 5115 and Alternaria alternata PTCC
5224 were used in this study. The test microorganisms were
provided by Microbial Culture Collection of Food Micro-
biology Laboratory, College of Agriculture, Isfahan Univer-
sity of Technology.

Cultures of the bacteria were grown in brain heart in-
fusion (BHI) broth (Merck, Germany) at 37°C for 24 h aer-
obically and stored on BHI agar slants at 4°C. Fungi were
cultivated on potato dextrose agar (PDA) (Merck, Germany)
and incubated at 30°C for 48 h. The cultures were main-
tained on PDA slants at 4°C. Bacteria maintained on agar
slants were recovered for experiments by inoculating into
BHI broth and incubated at 37°C until the concentration
of the microorganisms reached 108 CFU/mL. For recovering
fungi, the cultures were inoculated on PDA plates and incu-
bated at 30°C for 72 h (7, 8).

3.5. Antibacterial Activity Evaluation

3.5.1. Disc-Diffusion Assay

In order to prepare paper discs, a 100-mg plant extract
was added to 1 mL dimethyl sulfoxide (DMSO) (Merck, Ger-
many) and sterilized by a 0.45 µm cellulose acetate filter
(Millipore, USA). Then, 50 µL of 100 mg/mL plant extract
(equivalent to 5 mg dosage) and 50 µL DMSO were applied
to 6 mm diameter paper discs (Puya-Teb, Iran). Next, 100µL
of the prepared inoculum (equal to 108 CFU/mL) was pipet-
ted on to the Mueller-Hinton agar (MHA) plates. A sterile
L-shaped glass rod was used to completely spread the in-
oculum on the plates by streaking over the surface with ro-
tation. Then, the inoculated discs were placed on the top
of the MHA plates. Ampicillin and chloramphenicol discs
were used (Puya-Teb, Iran) as positive controls for deter-
mining the susceptibility of tested bacteria. Moreover, a
disc impregnated with pure DMSO (solvent) was used as a
negative control. The plates were incubated at 37°C for 48 h
and the formation of inhibition zone (IZ) around the discs
was considered as an antibacterial activity of the extracts
(3).

3.5.2. Measurement of Minimum Inhibitory Concentration

Measurement of minimum inhibitory concentration
(MIC) of the samples was investigated through the broth
dilution method. A 100-µL bacterial suspension at a con-
centration of l05 CFU/mL was added to each 1.5-mL Eppen-
dorf tubes containing 200 µL sterile BHI. Then, the test
compounds (methanolic or water extractions or essential
oil of red beat leaves) were added to give the ultimate con-
centrations of 50, 100, 250, and 500µg/mL. The tubes were
then incubated at 37°C for 24 h. A 100-µL sample of each
tube was taken and cultivated on MHA plates. Plates were
incubated at 37°C for 24 h. The least concentration, at
which no growth occurred on the plates was considered as
MIC (9). Antibiotics and a solvent were used as positive and
negative controls, respectively. All experiments were car-
ried out in triplicate.

3.6. Antifungal Activity Investigation

For studying the antifungal activity of the aqueous and
methanolic extracts and essential oils of red beet leaves,
contact phase (CP) method was used. PDA medium was au-
toclaved and cooled in a water bath to 40°C. Extracts and
essential oils were thoroughly mixed with a sterile molten
medium at 40°C in the flasks to obtain the final concen-
tration of 5% (v/v). The PDA media containing essential
oils and extracts were poured into sterile 8 cm Petri dishes
(22 mL/plate). Agar discs (5 mm diameter) from the edge
of fungi cultures were placed at the center of each plate
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and incubated at 30°C for 72 h. The mean radial mycelial
growth of the fungi was determined by measuring the di-
ameter of the colony in two directions. The growth was
compared with the control plate, in which the same fungi
were grown on an untreated PDA medium incubated un-
der the same condition. Three replications were done for
each treatment. The mean growth values were measured
and converted to the inhibition percentage of mycelial
growth (MGI) in relation to the control treatment using
Equation 1:

(1)MGI (%) = [(dc − dt) /dc] × 100

Where, dc and dt are mycelial growth diameter in con-
trol and treated plates, respectively (10). In this experi-
ment, ethylene diamine tetra-acetate (EDTA) was used as a
positive control.

3.7. Data Analysis

Experiments were carried out in triplicate, and all data
were averaged. Statistical analysis was carried out through
a completely randomized design by SPSS software. Signif-
icant differences between the means were determined by
Duncan’s multiple range test at P ≤ 0.05.

4. Results

4.1. Antibacterial Activity

4.1.1. Disc Diffusion Method

In this study, to investigate the ability of methanolic
and aqueous extracts of red beet leaves and their essential
oils to prohibit the growth of tested bacteria, the disc dif-
fusion assay was employed, which is a common test for de-
termining the antimicrobial activity of various materials.
In this test, the antimicrobial effect of compounds was de-
termined by measuring the diameter of an inhibition zone
around the disks, where microbial growth was inhibited
(Table 1).

As shown in Table 1, the methanolic extract of red beet
leaves had an inhibitory effect on the growth of some bac-
teria, including E. coli, B. cereus, S. enteritidis, and St. aureus.
The aqueous extract of red beet leaves showed no antimi-
crobial activity against all tested bacterial species. Essen-
tial oils of red beet leaves had an inhibitory effect against
three bacterial species, including B. cereus, S. enteritidis, and
St. aureus.

It is noteworthy that P. aeruginosa was resistant to all
extracts and essential oils. E. coli showed sensitivity only to
the methanolic extract.

Thus, the MIC was determined by the broth dilution
method only for bacteria, which showed susceptibility in
the disk diffusion method.

4.1.2. Minimum Inhibitory Concentration

The results of the minimum inhibitory concentration
(MIC) test of the samples are shown in Table 2. Since the
disk diffusion method is a qualitative test and many factors
influence its accuracy, the MIC test was used to measure
the antibacterial activity of the samples. In this test, after
adding different concentrations of the antimicrobial sub-
stances to the tubes containing test microorganisms, the
least concentration that inhibited the growth of microbes
in media was considered as MIC. According to Table 2, a
higher amount of MIC represents the lower antimicrobial
activity of the compound or higher bacterial resistance.

Except for P. aeruginosa, which was completely resis-
tant against the methanolic extract in the disk diffusion
test, MIC of this extract was evaluated against other bacte-
ria, and the results are demonstrated in Table 2. E. coli and
S. enteritidis showed the highest resistance to methanolic
extract, whereas St. aureus was the most sensitive bacteria
as it showed the lowest MIC.

Moreover, MIC of essential oils was examined against
all test bacteria except for P. aeruginosa and E. coli, which
both were completely resistant in the disk diffusion test
(Table 2). Essential oils had higher antimicrobial potential
against St. aureus and B. cereus compared with S. enteritidis.

MIC of the antibiotics, including Chloramphenicol and
Ampicillin, as positive controls, are also presented in Ta-
ble 2. Considering MIC values for methanolic extract and
essential oils, the antibacterial effect of red beet leaves ex-
tracts was not as strong as antibiotics.

4.2. Antifungal Activity

Figure 1 presents the average data obtained by measur-
ing the antifungal activity of essential oils, as well as the
aqueous and methanolic extracts of red beet leaves against
various fungi. The percentage of inhibition is shown for all
strains tested. The results showed that antifungal proper-
ties depended on the type of fungi and also the method of
extraction i.e., aqueous or methanolic extract or essential
oils. It was observed that the most and the least sensitive
fungi were Fusarium and Alternaria, respectively.

EDTA, as a strong fungicide, had the highest percentage
of inhibition. There were significant differences between
the inhibition percentage of EDTA and the extracts (P <
0.05). Antifungal activity of different treatments against
tested fungi was as follows: methanolic extract > essential
oils > aqueous extract. Growth inhibition percentage of
the extracts was calculated in the range of 8% - 69%. Accord-
ing to the results, the highest inhibitory effect was found
for the effect of water extract on Alternaria (percentage of
inhibitions = 69%), and the lowest was the effect of water
extract on Fusarium (percentage of inhibitions = 8%).
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Table 1. Antibacterial Activity of the Extracts of Red Beet Leaves Against Tested Bacterial Species by Disc Diffusion Method (5 mg/disc)

Bacteria
Treatment

Methanolic Extract Water Extract Essential Oils Negative Control Positive Control

Escherichia coli + - - - +

B. cereus + - + - +

P. aeruginosa - - - - +

S. enteritidis + - + - +

St. aureus + - + - +

Abbreviations: negative control: dimethyl sulfoxide (DMSO); positive control: ampicillin and chloramphenicol; +, observation of inhibition zone; -, no inhibition zone.

Table 2. Minimum Inhibitory Concentrations of the Methanolic Extract and Essential Oils of Red Beet Leaves (µg/mL)a , b

Treatment
Bacteria

Escherichia coli B. cereus S. enteritidis St. aureus

Methanolic extract 500A 250B, C > 500A 100C

Essential oils ND 50C 250B, C 100C

Antibiotics (positive control)c 5D 10D 2D 5D

Abbreviation: ND, not determined.
aEach data is the average of three replications.
bDifferent letters indicate significant differences (P < 0.05).
cAmpicillin and chloramphenicol were used for Gram-negative and Gram-positive bacteria, respectively.
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Figure 1. Antifungal activity of different extracts of red beet leaves by the contact phase method (each column is the average of three data).

5. Discussion

The obtained results demonstrated that the aqueous
extract of red beet leaves had no significant antimicro-
bial effect against none of the test bacteria. However, the
methanolic extract and essential oils included some com-
pounds with antibacterial activity. These results are in

accordance with previous studies reporting methanol as
a better solvent for the extraction of antimicrobial sub-
stances from plants compared with other solvents, such
as water, ethanol, or hexane (5, 11). A research team has
recently used various solvents, such as water, methanol,
ethyl acetate, and petroleum ether, for the extraction of
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antimicrobial compounds from remedial plants of India.
They observed that methanolic extracts of almost all plants
showed higher inhibitory activity against microbial indi-
cators than aqueous extracts. However, they finally intro-
duced ethyl acetate as the best solvent for the extraction
of antimicrobials (12). Our findings are in agreement with
results reported by Casagrande et al. (13), who reported the
aqueous extract of Baccharis dracunculifolia with no antimi-
crobial activity against B. cereus, E. coli, P. aeruginosa, and S.
enteritidis with slight activity against St. aureus.

Measuring MIC of the methanolic extract and essential
oils of red beet leaves showed that Gram-negative bacteria,
including P. aeruginosa, E. coli, and S. enteritidis were more
resistant than Gram-positive bacteria, such as St. aureus
and B. cereus. Such susceptibility differences among mi-
croorganisms against antimicrobial substances may be ex-
plained by considering their cell wall composition and/or
inherited genes on plasmids (5). For instance, infections
caused by P. aeruginosa are among the most difficult to
deal with using conventional antibiotics (14), and it was
observed in this study that P. aeruginosa was resistant to
all tested extracts. Generally, Gram-positive bacteria are
more susceptible to plant antibiotic substances in com-
parison with Gram-negative bacteria, which has confirmed
by several studies. For example, investigations on antimi-
crobial properties of volatile oils of black pepper, clove,
nutmeg, oregano, geranium, and thyme (15), essential oils
of cinnamon, clove, thyme, and 19 other plants (16), es-
sential oils of Corydothymus capitatus, Cinnamomum cassia,
Origanum heracleoticum, Satureja montana, and Cinnamo-
mum verum (2). Sgariglia et al. (17) demonstrated that all
tested strains of B. cereus and St. aureus, as Gram-positive
indicators, were susceptible to antibacterial components
isolated from Caesalpinia paraguariensis bark. However,
several Gram-negative indicators were resistant to similar
plant antimicrobials.

It is worth mentioning that penicillin and some other
antibiotic agents with fungal sources also represent their
inhibitory action selectively, and most of them are active
against Gram-positive bacteria (14). It can be explained by
the fact that Gram-negative bacteria display a central re-
sistance to a wide variety of antimicrobial agents, which
is associated with the hydrophobic surface of their outer
membrane that forms a barrier against toxic agents and
is rich in lipopolysaccharide molecules. Small hydrophilic
molecules can freely pass through the outer membrane
because of the porin proteins (1, 18); However, access of
many compounds to the peptidoglycan layer of the cell
wall is hindered by outer lipopolysaccharide layer of Gram-
negative bacteria (14). The same mechanism was also re-
ported for bacterial resistance of Gram-negative strains to

bacteriocins as the outer membrane covers the receptor of
these species-specific antibacterial peptides and inhibits
their bactericidal activity (19).

The mechanism of action of essential oils against
Gram-positive bacteria and fungi seems to be similar. The
oil components destroy the bacterial and fungal cell walls
and membrane, which leads to a leakage of cytoplasm and
its coagulation (1, 20). Essential oils also inhibit the syn-
thesis of DNA, RNA, proteins, and polysaccharides in fun-
gal and bacterial cells (21). In many cases, the antifungal ac-
tivity of essential oils is caused by an interaction between
these oils and some compounds, such as phenols, ethers,
aldehydes, ketones, alcohols, and hydrocarbons. Also, it
seems that the inhibition effect of essential oils against
fungi is strongly influenced by its main ingredients, as
some of these have a strong antifungal effect individually
(22). Wang et al. (23) evaluated the antifungal activity of
11 plant essential oils against several toxigenic molds, in-
cluding A. flavus, A. carbonarius, and P. viridicatum. They
reported essential oils obtained from four plants, includ-
ing Cinnamomum cassia, Litsea cubeba, Cymbopogon mar-
tini, and Thymus mongolicus with stronger activity against
indicators (23). Essential oils isolated from peppermint
also showed significant antifungal activity against Alt. al-
ternaria, F. tabacinum, Penicillum spp., and A. fumigates.
These antifungal activities can be due to chemicals con-
taining heteroatoms i.e., oxygen (24).

Our results also demonstrated that EDTA had a consid-
erable antifungal activity that can inhibit the growth of
molds significantly and that is why it is considered as a pos-
itive control for antifungal activity tests. Gil et al. (25) at-
tributed the antifungal activity of EDTA to high-molecular-
weight mannoproteins (HMWM), with mycelium walls
that are blocked in EDTA-treated cells. Other studies also
revealed the antifungal effect of EDTA as a chelating agent,
which significantly decreased the metabolic activity of
Candida albicans and destabilized its biofilm leading to in-
hibiting fungal proliferation (26)

5.1. Conclusions

In this study, the antibacterial and antifungal proper-
ties of red beet leaves were studied. Experiments were car-
ried out on methanolic extract, water extract, and essen-
tial oils of the leaves. To the best of our knowledge, this is
the first study in which the methanolic extract and essen-
tial oils of red beet leaves were reported to contain some
antimicrobial agents. The methanolic extract had an in-
hibitory effect on the growth of four bacterial species, in-
cluding E. coli, B. cereus, S. enteritidis, and St. aureus. More-
over, essential oils showed an antibacterial effect against
three bacterial species of B. cereus, S. enteritidis, and St.
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aureus. The water extract had no antimicrobial activity
against tested bacteria. Therefore, it is suggested that
methanol is a better solvent for extracting antimicrobial
materials compared with water. However, essential oils
and the methanolic extract of red beet leaves selectively ex-
erted a great inhibitory activity against Gram-positive mi-
croorganisms regarding their amount of MICs in compar-
ison with Gram-negative bacteria.

In addition, studying antifungal properties revealed
that the water extract, methanolic extract, and essential
oils had an approximately 50% antifungal effect depended
on the type of extracts or fungi genus.

It can be concluded that by adding the extracts of red
beet leaves to foodstuffs, it can retard microbial contami-
nation, and consequently reduce the onset of spoilage and
pathogenicity.
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