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Antibacterial Activities of the Hydroalcoholic Extract of Portulaca oleracea
Leaves and Seeds in Sistan Region, Southeastern Iran
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Background: Many efforts have been made by researchers to find new antibiotics which are clinically useful against bacteria and drug
resistant microorganisms.

Objectives: We aimed to evaluate the antimicrobial effects of hydroalcoholic extracts of leaves and seeds of the Portulaca oleracea plantin
traditional medicine of Sistan region, southeast of Iran.

Materials and Methods: In this cross-sectional and descriptive study, from January 2010 to January 2012, we studied the antibacterial
activity of P. oleracea extract using nine bacteria (Gram-positive and Gram-negative bacterial strains) which were resistant to standard
antibiotics such as erythromycin, cefixime, ceftazidime, tetracycline, ampicillin and amikacin. Bacterial strains were obtained from a
standard laboratory. Broth microdilution method was used to determine the minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC).

Results: The hydroalcoholic extract of P. oleracea L. leave and seed had antibacterial effects on selected drug resistant bacterial strains.
Conclusions: The leaves and seeds extract of P. oleracea has a remarkable antibacterial effect and it can be a good alternative when we are
faced with drug resistance bacteria. However, more studies are required.
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1. Background

Many plants and their extracts have been used in tra-
ditional medicine to treat infectious and noninfectious
diseases in the world (1). These plants have a wide range
of antibacterial properties (2). Medicinal plants with
antibacterial effects do not have any major side effects
on human health and are also inexpensive. During the
last 40 years, many researchers in the world worked on
plants to find new antibiotics which were clinically effec-
tive against drug sensitive-and drug-resistant bacteria (1-
6). One of these plants which is important in traditional
medicine in Sistan region (southeast of Iran) is Portulaca
oleracea. P. oleracea is an annual plant with fresh, thick,
and juicy stems and leaves. This plant has green and red
stems and small yellow or white flowers and tiny black
seeds which consist of many medicinal properties. This
plant grows in most parts of the world. P. oleracea has
a diuretic effect and also reduces the stomach pain and
liver discomforts; the leaf extract is helpful in treating
kidney pain (3). P. oleracea is also used as an analgesic
and antitussive agent and can set the blood sugar in dia-
betic patients (4). In many parts of the world including
southern countries of Asia, this plant is used as a green

vegetable (5). Other biological properties include anti-
inflammation, muscle relaxation and fever suppression
(6).P. oleracea is a rich source of omega-3 fatty acids and
can prevent heart attacks and improve the immune sys-
tem in human (7). Okafor in 2014 in Nigeria studied the
water extract of aerial parts of P. oleracea and showed
the presence of steroids, protein, and alkaloids (8). Dkhil
etal. in 2011 in Egypt investigated the antioxidant prop-
erties of the P. oleracea extract in male mice (9). Uddin et
al. in 2012 in Malaysia determined the mineral composi-
tion of P. oleracea consisting of calcium, iron, zinc, mag-
nesium and potassium, the level of which increase with
plant maturation (10). Another study in 2009 showed
that the major constituent in the stems and leaves of
this plant was water (90.5%). Barbosa et al. reported that
the fat content was different ranging from 0.11 to 0.57%
and 27 types of leaf fatty acid in the leaf samples were
found (11). Nayaka and Londonkar in 2014 evaluated the
antimicrobial effect of hydroalcoholic extract of aerial
parts of P. oleracea in India (12). In 2011, Londonkar and
Nayaka showed the antimicrobial and antifungal prop-
erties of ethanol extracts of P. oleracea on some bacteria
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and fungi (5). A study by Ji-Hyun Bae in 2004 showed the
antimicrobial effect of P. oleracea extracts on foodborne
pathogens (13). During these years, researchers have not
faced with any signs of significant toxicity in connec-
tion with this plant (14).

2. Objectives

According to the medicinal properties of P. oleracea,
there was no comprehensive study in Southeastern Iran;
thus, we aimed to study the antibacterial effect of this
plant.

3. Materials and Methods

3.1. Preparation Method of the Alcoholic Extract

P. oleracea was prepared from the central part of Zabol
in Sistan and Baluchestan province in the southeast of
Iran; then, its leaves and seeds were collected and sepa-
rated. Afterwards, they were dried to obtain the extract
from the maceration with soaking method. The P. olera-
cea leaves and seeds powder was prepared; 20 g of the
powder was added to 60 mL of 95% ethanol and water;
then, they were soaked. The extract was filtered using
Whatman paper and rotary vacuum distillation unit and
dried at 50-40°C for two days.

3.2. Bacterial Strains and Culture Conditions

Bacterial strains were obtained from a standard labora-
tory. Antibacterial activities of the plant extracts were in-
vestigated using Streptococcus pyogenes ATCC® 19615™, S.
pneumoniae ATCC 49619, S saprophyticus ATCC®15305, Haf-
nia alvei ATCC 51873, Acinetobacter baumannii ATCC 19606,
Enterococcus faecalis ATCC 29212, Proteus mirabilis ATCC
35659, Serratia marcescens ATCC 274, and Staphylococcus
aureus ATCC® 25923. The typed cultures of bacteria were
subcultured on nutrient agar (oxoid) and stored at 4°C
until required for study.

3.3. Agar Disc Diffusion Assay for Antibiotics

The susceptibility test of all the antibiotics was carried
out using disc diffusion method on Muller-Hinton agar,
as recommended by Clinical and Laboratory Standards
Institute (CLSI) (11). All the mentioned bacteria plates
were grown overnight on blood agar and nutrient agar
and colony suspension was prepared using a sterile sa-
line water equivalent to a 0.5 McFarland standard. The
suspension (100 uL) was spread over the media plate and
the antibiotic disc was transferred aseptically to the sur-
face of the inoculated media plate. The isolated plates
were tested with different antibiotics and their concen-
trations were shown in parenthesis.

3.4. Plant Materials

The leaves and seeds of P. oleracea L. were collected from

Zabol, southeastern Iran and dried at room temperature.
Samples were crashed and transferred into a glass con-
tainer and preserved until the extraction procedure was
performed in the laboratory.

3.5. Preparation of Extracts

Plants were properly dried and pulverized into a coarse
powder. Each of 20 g grinded powders was soaked in 60
mL of ethanol 95% separately for one day (shaking occa-
sionally with a shaker). After one day from the dissolving
process, the materials were filtered (Whatman No. 1 filter
paper). Then, the filtrates were evaporated using rotary
evaporator. At last, 0.97 g of the dried extracts were ob-
tained and then, they were stored at 40°C in an air-tight
screw-cap tube.

3.6. Minimum Inhibitory Concentration and Mini-
mum Bacterial Concentration of Plant Extracts

Broth microdilution method was used to determine
the minimum inhibitory concentration (MIC) and
minimum bacterial concentration (MBC). All the tests
were performed in Mueller-Hinton broth supplement-
ed with Tween 80 at a final concentration of 0.5% (v|v).
Serial doubling dilutions of the extract were prepared
in a 96-well microtiter plate, ranged from 12.5 ppm to
400 ppm. To each well, 10 pL of indicator solution and
10 uL of Mueller-Hinton broth were added. Finally, 10 pL
of the bacterial suspension (106 CFU/mL) was added to
each well to achieve a concentration of 104 CFU/mL. The
plates were wrapped loosely with cling film to ensure
that the bacteria were not dehydrated. Plates were pre-
pared in triplicates and then placed in an incubator at
37°C for 18-24 hours. Afterwards, the color change was
assessed visually. The lowest concentration at which the
color change occurred was taken as the MIC value. The
average of the three values was calculated providing the
MIC values for the tested extract. MIC was defined as the
lowest concentration of the extract at which the micro-
organism does not demonstrate any visible growth. The
microorganism growth was indicated by turbidity. MBC
was defined as the lowest concentration of the extracts
at which the incubated microorganism was completely
killed.

3.7. Agar Well Diffusion Assay for Extracts

Antibacterial activity of the plant crude extracts was
tested using agar well diffusion method. The test in-
oculums (0.5 McFarland turbidity) were spread into
Muller-Hinton agar using a sterile cotton swab. The
wells were made by sterile well puncture and 20 pL of
the extracts were added to each well and incubated at
37°C for 24 hours. The presence of inhibition zone was
regarded as the presence of antimicrobial action. The
average diameter of the inhibition zone was measured
in millimeter.
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Table 1. Antimicrobial Susceptibility and Minimum Inhibitory
Concentration/Minimum Bacterial Concentration of Leaf Ex-
tract of Portulaca oleracea L. for Standard Bacteria @

Bacteria MIC/MBC Antibiotic Resistance
Staphylococcus aureus 50/100 E,CE,TE,AM
Streptococcus pyogenes  100/200 -
Streptococcuspneu- 200/200 E,CE,CF,AM
moniae

Hafniaalvei 200/200 E,TE, AM
Staphylococcus sapro- 200/400 E,CF,TE, AM
phyticus

Acinetobacterbaumannii 100/100 CE,TE
Enterococcus faecalis 100/200 E,CE, AM
Proteus mirabilis 50/50 E,TE, AM
Serratiamarcescens 100/100 CE

2 Abbreviations: E, erythromycin; CE, cefixime; CF, ceftazidime; TE,
tetracycline; AM, ampicillin; AN, amikacin; MIC, minimum inhibitory
concentration; MBC, minimum bacterial concentration.

Table 2. Antimicrobial Susceptibility and Minimum Inhibitory
Concentration/Minimum Bacterial Concentration of Seed Ex-
tract of Portulaca oleracea L. for Standard Bacteria @

Bacteria MIC/MBC Antibiotic Resistance
Staphylococcus aureus 50/100 E,CE,TE,AM
Streptococcus pyogenes 50/50 =
Streptococcus pneu- 50/50 E,CE,CF, A
moniae

Hafniaalvei 50/100 E,TE, AM
Staphylococcus sapro- 50/100 E,CF,TE, AM
phyticus

Acinetobacter baumannii  50/50 CE,TE
Enterococcus faecalis 100/200 E,CE, AM
Proteus mirabilis 50/50 E,TE, AM
Serratiamarcescens 50/100 CE

2 Abbreviations: E, erythromycin; CE, cefixime; CF, ceftazidime; TE,
tetracycline; AM, ampicillin; AN, amikacin; MIC, minimum inhibitory
concentration; MBC, minimum bacterial concentration.

Table 3. Antimicrobial Activity of the Plant Crude Extracts as
Mean of Inhibition Diameter Zone Against Gram-Positive and
Gram-Negative Pathogenic Bacteria

Bacteria Diameter Zone for Diameter Zone for
Leaf Extract, mm Fruit Extract, mm

Staphylococcus 15 15.5

aureus

Streptococcus 12 14

pyogenes

Streptococcus pneu- 7 16

moniae

Hafniaalvei 7 14

Staphylococcus 5.5 13.5

saprophyticus

Acinetobacter bau- 10.5 15

mannii

Enterococcus 9 10

faecalis

Proteus mirabilis 18 13.5

Serratiamarcescens 8.5 15
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4. Results

4.1. Antimicrobial Activity of Leaf and Seed Extract
of Portulaca oleracea L.

The highest MIC for the P. oleracea leave was 200 ppm
and three strains were inhibited at this concentration,
while the highest MIC for the P. oleracea seed was 100
ppm. The lowest MIC concentration for P. oleracea seed
and leave was 50 ppm and eight strains were inhibited
at this level. The highest MBC for P. oleracea leave was 400
ppm and S. saprophyticus was lost at this level, while the
lowest MBC was 50 ppm and P. mirabilis was destroyed
at this concentration. The highest MBC for seed was 200
ppm and E. faecalis was destroyed at this level. The maxi-
mum diameter of inhibition zone (mm 18) for P. oleracea
leaves was observed against P. mirabilis, while the high-
est inhibition zone (16 mm) for seed of P. oleracea were
observed against S. pneumonia. All the results are shown
in Tables1to 3.

5. Discussion

Medicinal plants with therapeutic properties due to
different compounds have protean effects on human
health (15). Our results showed that P. oleracea had anti-
bacterial effect on drugresistant bacteria. The highest
MIC for P. oleracea leave was 200 ppm, while the highest
MIC for P. oleracea seed was 100 ppm. The lowest MIC was
50 ppm for leave and seed and the highest inhibition
zone diameter for P. oleracea leave against P. mirabilis was
18 mm, while the highest zone of inhibition for P. olera-
cea seed against S. pneumonia was 16 mm. Many studies
have reported the antibacterial and antioxidant effects
of P. oleracea. Nayaka and Londonkar in 2014 showed the
antibacterial activity of hydroalcoholic extract of some
parts of P. oleracea by five pathogenic bacteria, including
Salmonella typhimurium and P. mirabilis. The highest inhi-
bition zones for Pseudomonas aeruginosa, Klebsiella pneu-
monia, and Enterobacter aerogenes were 14.56 + 0.21 and
11.68 * 0.13 mm, respectively (12). Londonkar and Nayaka,
in 2011 studied the ethanol extract of the aerial parts of P.
oleracea, and showed its inhibitory effect against strains
of St. aureus, K. pneumonia, Bacillus cereus and Aspergillus
fumigates (5). The Bae study in 2004 showed that the ethyl
acetate extract of P. oleracea had the highest antimicro-
bial activity against S. aureus and Shigella dysenteriae (13).
In our study, the antibacterial effect of the mentioned
plant was detected in nine bacterial strains including S.
pyogenes, S. pneumoniae, S. saprophyticus, H. alvei, A. bau-
mannii, E. faecalis, P. mirabilis, S. marcescens, and S. aureus,
which were resistant to erythromycin, cefixime, ceftazi-
dime, tetracycline, ampicillin, and amikacin. In addition,
with increasing the extract concentration, the percent-
age of free radical scavenging increased and when com-
pared, the antioxidant properties of leaves were higher
than those of seed. Hyun Kim in 2009 showed that with
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increasing the extract concentration of the aqueous ex-
tract of P. oleracea, the percentage of free radical scaveng-
ing increased (16). A study by Radhakrishnan et al. detect-
ed that the 10% ethanolic extract of this plant restricted
movement in animals during routine screening studies
(17). Behravan et al. (18) showed that the aqueous extract
of P. oleracea significantly inhibited DNA damage, while
there was no such effect for the ethanolic extract. They
concluded that the aqueous extract of P. oleracea can
prevent oxidative DNA damage to human lymphocytes,
which was likely due to antioxidant constituents in the
extract.

As a conclusion, the leaves and seeds extract of P. olera-
cea has a remarkable antibacterial effect and it can be a
good alternative agent when we are faced with drug-re-
sistant bacteria. However, we need to more studies.
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