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Abstract

Background: Flowers of Punica granatum L. (Punicaceae) var. pleniflora, known as “Golnar” in Iranian traditional
medicine have been used for the prevention and treatment of foodborne diseases. In this study, antibacterial
activities of ethanol extract of Golnar and its fractions were scientifically evaluated against bacteria causing
foodborne diseases including Staphylococcus aureus, Bacillus cereus, Listeria monocytogenes, Escherichia coli, Shigella
dysantriae, and Salmonella typhi. The total phenolic and flavonoid contents of the extract and its fractions were also
determined.

Methods: The antibacterial effect of the ethanol extract and its fractions were primarily evaluated by agar well
diffusion and their MIC and MBC were determined by broth macro dilution method. The total phenolic and
flavonoid contents of the extract and its fractions were measured based on gallic acid and rutin equivalents
(GAE and RE), respectively.

Results: After evaluation of total phenolic and flavonoid content the chloroform fraction showed the lowest
phenolic and flavonoid contents (3.8 mg GAE/g and 1.1 mg RE/g respectively) and the methanol fraction showed
the highest phenolic and flavonoid contents (18.1 mg GEA/g and 3.3 mg RE/g respectively). The total phenolic and
flavonoid content was positively associated with the antibacterial activities of the fractions with chloroform extract
exhibiting lowest antibacterial activity against E. coli (MIC 25 mg/ml) and the methanol fraction exhibiting the
highest antibacterial effect against S. aureus (MIC 0.19 mg/ml).

Conclusion: Golnar extract showed antibacterial activity against both Gram positive and Gram negative bacteria
causing food poisoning. Therefore, the extract can be used for prevention or treatment of foodborne diseases or as
preservative in the food industry.
The methanol fraction with the highest phenolic and flavonoid content showed the highest antibacterial effect.
This indicates that the phenolic and flavonoid compounds in the extract can be responsible for the effect.

Keywords: Flavonoid, Minimum inhibitory concentration, Minimum bactericidal concentration, Foodborne, Golnar

* Correspondence: a.mahboubi@sbmu.ac.ir
1Department of Pharmaceutics, School of Pharmacy, Shahid Beheshti
University of Medical Sciences, 2660, Vali-Asr Ave, Tehran 141556153, Iran
Full list of author information is available at the end of the article

© 2015 Mahboubi et al. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Mahboubi et al. BMC Complementary and Alternative Medicine  (2015) 15:366 
DOI 10.1186/s12906-015-0887-x

http://crossmark.crossref.org/dialog/?doi=10.1186/s12906-015-0887-x&domain=pdf
mailto:a.mahboubi@sbmu.ac.ir
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Background
Foodborne diseases are taking thousands of lives every
year. Forty-five million people become food poisoned,
128,000 people are hospitalized, and it takes 3000 lives in
the USA annually [1]. Therefore, food safety is an import-
ant issue for consumers and the food industry. The food
industry is now following the consumer opinions for safer
additives, especially natural preservatives [2, 3]. Discover-
ing plants and their active ingredients to prevent or cure
infections, including foodborne diseases, could be a great
achievement [3]. There are at least two important reasons
for clinical scientists to get interested in the potential anti-
microbial effects of plants. The first reason is the increas-
ing resistance of bacteria to common antimicrobial agents
and the second is the unpleasant side effects of synthetic
antimicrobial agents. More than that, the antibacterial ef-
fects of various medicinal plants are being investigated
due to the toxicological concerns associated with the syn-
thetic antioxidants and preservatives [4, 5].
P. granatum L. (Punicaceae) is widely cultivated in Iran

and has an extensive geographical distribution from Iran
to Himalayas in northern India [6]. Punica granatum var.
pleniflora is endemic to Iran and grows as a bush or shrub
2–5 m in height. The flowers are odorless but colorful red
or reddish, 3.5 to 7 cm in length, campanulate or cylin-
drical. Flowers are two types. One of them is the fertilized
with large and long- styled, long-stamened, and colorful
flowers. The other is the unfertilized with smaller, barren
and short- styled, short-stamened flowers, in which the
stigma is far below the anthers [7, 8]. The unfertilized
flowers are commonly known as “Golnar” in Iranian trad-
itional and complementary medicine [9–11].
Golnar has been extensively used in Iranian traditional

medicine as an astringent, haemostatic, and antimicro-
bial agent. It has also been used as a treatment for bron-
chitis, diarrhea, digestive problems, infected wounds,
and diabetes [9–11]. P. granatum fruit (pomegranate)
and its pericarp are known to have high molecular
weight phenolic compounds including condensed tan-
nins and hydrolysable tannins [12–14]. Several studies
indicate that P. granatum peels can slow bacterial
growth and inhibit toxins produced by bacteria [15–17].
To the best of our knowledge there is no study on anti-
microbial activity of Golnar.
In this study, we investigated the antibacterial activity of

Golnar against bacteria causing foodborne diseases, based
on the traditional use of Golnar as an antibacterial agent.
In addition, the total phenolic and flavonoid contents of
ethanol extract and its fractions were determined.

Methods
Plant material
Shade dried Golnar were obtained from Darab, Fars Prov-
ince, Iran in November 2012 and were identified by Dr.

Asgarpanah in Department of Pharmacognosy, Pharma-
ceutical Sciences Branch, Islamic Azad University, Tehran,
Iran. A sample was deposited in the herbarium of the uni-
versity with voucher specimen No.733. Flowers were then
ground down to fine powder by a mechanical miller.

Preparation of ethanol extract
750 g of the grounded Golnar was exhaustively extracted
by maceration with EtOH (3 × 1.5 lit). The extract was
evaporated to yield the residue (195 g). The dried etha-
nol extract (EE) was kept in the refrigerator at 4 °C.

Preparation of fractions
According to the pre-evaluation of the antibacterial effect
of EE, the extract was fractioned by chloroform (C), ethyl
acetate (EA), methanol (M) and water (W), successively.
The obtained fractions were filtered through paper filter
Whatman No. 1 to remove the solid particles and then
concentrated on rotary evaporator. The samples were then
stored at 4 °C.

Bacterial strains
Six different microorganisms including Staphylococcus
aureus ATCC 25923, Bacillus cereus PTCC 1247, Listeria
monocytogenes ATCC 7644, Escherichia coli ATCC 25922,
Shigella dysantriae PTCC 1188, and Salmonella typhi
ATCC 19430 were used for evaluation of antibacterial ef-
fects of the extract and the fractions. The microorganisms
were obtained from Iranian Research Organization for
Science and Technology, Persian Type Culture Collection
(PTCC), Tehran, Iran. The microorganisms were cultured
on Mueller Hinton Agar (MHA) medium (Merck,
Germany) and incubated at 37 °C for 24 h.

Antibacterial susceptibility test
The agar well-diffusion method was conducted for pri-
mary evaluation of the inhibitory effects of EE and its frac-
tions against test microorganisms [18, 19]. The Muller
Hinton agar (MHA) medium was purchased from Merck
Company, Germany. The wells (6 mm diameter) were
made in the medium which was streaked with a suspen-
sion of the microorganism in saline with a turbidity
equivalent to a 0.5 McFarland standard.
The extract and the fractions were serially diluted

from 500 to 1.95 mg/ml by sterile Tween 20 (20 % v/v).
100 μl of different concentrations of C, EA, M, W frac-
tions, EE extract, and solvent (as negative control) were
added to each well on MHA medium. The plates were
then incubated overnight at 37 °C and the zones of in-
hibition were measured. The test was repeated three
times and the means of the results were reported.
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Minimum inhibitory concentration (MIC)
The MIC of the extract and its fractions were deter-
mined by macro broth dilution method according to CLSI
(Clinical Laboratory Standardization Institute) [19, 20]. The
inoculums with a turbidity equivalent to 0.5 McFarland
standard (1.5× 108 cfu/ml) were prepared by making a dir-
ect broth suspension of isolated colonies selected from 24 h
cultured bacteria on MHA plate.
Serial dilutions of ethanol extract and its fractions were

prepared volumetrically in sterile tubes using Muller
Hinton Broth (MHB) medium (Merck, Germany). The 0.5
McFarland suspensions were diluted by MHB (1:150).
One ml of these adjusted inoculums were added to each
of the tubes containing 1 ml of dilutions of the ethanol ex-
tract or its fractions. Therefore, the final inoculums were
5 × 105 CFU/ml. The tubes were incubated for 24 h at
37 °C, and then evaluated for bacterial growth. The lowest
concentration with no visible growth was considered as
minimum inhibitory concentrations (MICs) of the extract
and the fractions [20].

Minimum bactericidal concentration (MBC)
To confirm MICs and to establish MBC, 50 μl of each
tube with no visible growth was removed and inoculated
in MHA plates. After 48 h of aerobic incubation at 37 °C,
the numbers of surviving microorganisms were deter-
mined. MBC was defined as the lowest concentration at
which no growth of bacteria was seen [20]. Each experi-
ment was repeated at least three times.

Total phenolic content
Folin Ciocalteu reagent was used for the analysis of total
phenolic content of the extract and the fractions [3].
Stock solutions of the ethanol extract and the fractions
in methanol (10 mg/ml) were prepared and 0.02 ml of
each stock solution was added to 1.58 ml of distilled
water in a test tube. Then, 0.1 ml of diluted Folin Ciocal-
teau reagent was added to the test tube. The mixture
was kept at room temperature for 3 min and then,
0.3 ml Na2CO3 7.5 % solution was added. After 30 min,
absorbance of the mixture was measured at 765 nm by
UV-spectrophotometer (Multispec-1501 Shimadzu). A
standard curve was prepared using gallic acid (Merck,
Germany). The determinations were carried out in tripli-
cate and the total phenolic content was expressed as
gallic acid equivalents (mg of GAE/g of sample) [3].

Total flavonoid content
The total flavonoid contents were measured by a colori-
metric assay [21, 22]. The dried extract was dissolved in
80 % methanol to obtain a final concentration of 1 mg/ml.
The calibration curve was prepared using 0.1–1 ml ali-
quots of Rutin solution, 500 μL of the acetic acid solution,
2 ml of the pyridine solution and 1 ml of the aluminum

chloride solution. The final volume was adjusted to 10 ml
with 80 % methanol and the final Rutin concentration was
1–10 μg/ml. To quantify the flavonoids, 0.5 ml of the
ethanol extract or the fractions was transferred to a test
tube and 0.5 ml of the acetic acid solution, 2 ml of the
pyridine solution, 1 ml of the reagent aluminium chloride
solution and 6 ml of 80 % methanol were added. The sam-
ples were kept at room temperature for 30 min and the
absorbances of the mixtures were measured in 420 nm.
The test was performed three times and the flavonoid
content was expressed as milligrams of Rutin equivalents
(RE) per gram of sample of extracts (mg RE/g) [21, 22].

Statistical analysis
Data were presented as mean ± SD in all tables. One-way
ANOVA and Tukey’s post test were used to compare the
total phenolic or flavonoid content of the ethanol extract
and the fractions. Graphpad Prism 5.0 (GraphPad Soft-
ware, Inc., CA, USA) was used for statistical analysis. In all
experiments a value of P < 0.05 was considered significant.

Results
Yield of the fractionation
The fractionation yields are shown in Table 1.

Evaluation of antibacterial effect by the Agar Diffusion
Method
The diameter of inhibition zones made by the ethanol
extract (EE) and its fractions (C, EA, M, W) are shown
in Table 2. Tween 20 (20 % V/V), as negative control,
showed no inhibitory effect against the tested strains. As
shown in Table 2, the ethanol extract and its fractions
showed antibacterial activity against all of the tested mi-
croorganisms (diameters of zone of inhibition ranging
between 10 and 34 mm). The largest inhibition zone
made by TE extract and its fractions was against S. aur-
eus. The methanol and water fractions reflected larger
inhibition zones while ethyl acetate and chloroform frac-
tions showed smaller zones.

Determination of MIC
Table 3 shows MIC values of the extract and the frac-
tions against all tested microorganism. The MIC values
obtained in this study ranged from 0.19 to 12.5 mg/ml.
The ethanol extracts and the methanol and water frac-
tions showed the lowest MIC (0.19 mg/ml) against S.

Table 1 The yield of fractions from Golnar ethanol extract

Type of fractions Yield %

Methanol 25

Water 25

Ethyl acetate 10

Chloroform 10
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Table 2 Mean of Growth inhibition zone diameter (mm) of ethanol extract of Golnar and its fractions (n = 3)

Extract concentration 500 mg/ml 250 mg/ml 125 mg/ml 62.5 mg/ml 31.25 mg/ml 15.62 mg/ml 7.8 mg/ml 3.9 mg/ml 1.95 mg/ml
Microorganism

Staphylococcus aureus
ATCC 25923

M 32 ± 0 30 ± 0.6 29 ± 1 28 ± 1 27 ± 0 26 ± 0.6 25 ± 0.6 24 ± 1 23 ± 0

W 34 ± 0.6 32 ± 1 31 ± 1 30 ± 0.6 28 ± 1 27 ± 0.6 26 ± 1 25 ± 0.6 24 ± 0.6

EA 31 ± 1 28 ± 1 27 ± 1 26 ± 0.6 24 ± 1 22 ± 0 18 ± 0 15 ± 1 13 ± 0

C 19 ± 1 16 ± 0 14 ± 0.6 13 ± 0.6 - - - - -

EE 32 ± 0 30 ± 0 28 ± 0.6 27 ± 1 25 ± 1 24 ± 1 23 ± 1 22 ± 0 21 ± 0.6

Bacillus cereus
PTCC 1247

M 29 ± 0 21 ± 0 19 ± 1 17 ± 1 16 ± 1 15 ± 0.6 14 ± 0.6 13 ± 0.6 12 ± 0.6

W 28 ± 1 23 ± 1 22 ± 0 19 ± 0 18 ± 0 16 ± 0 14 ± 0.6 13 ± 0.6 12 ± 0.6

EA 29 ± 0.6 23 ± 0.6 20 ± 0.6 14 ± 1 13 ± 1 12 ± 0 11 ± 0 10 ± 0 -

C 17 ± 0 13 ± 1 12 ± 1 11 ± 1 10 ± 0.6 - - - -

EE 28 ± 0.6 25 ± 0.6 23 ± 0 19 ± 0 18 ± 1 16 ± 1 15 ± 1 12 ± 0 11 ± 0

Listeria monocytogenes
ATCC 7644

M 30 ± 0 26 ± 1 22 ± 0.6 19 ± 0.6 17 ± 0.6 15 ± 0 14 ± 0 11 ± 0 10 ± 0.6

W 30 ± 0.6 25 ± 1 23 ± 1 20 ± 0 17 ± 0 15 ± 0 14 ± 0.6 12 ± 0.6 11 ± 0.6

EA 28 ± 0 22 ± 0 20 ± 1 17 ± 0.6 13 ± 1 - - - -

C 18 ± 1 14 ± 1 11 ± 0.6 - - - - - -

EE 32 ± 1 28 ± 1 26 ± 1 26 ± 0 22 ± 0 18 ± 0 14 ± 0.6 13 ± 0.6 11 ± 0.6

Shigella dysantriae
PTCC 1188

M 32 ± 0.6 29 ± 0.6 28 ± 0.6 28 ± 0 27 ± 0 26 ± 1 25 ± 1 24 ± 0 23 ± 0.6

W 30 ± 1 28 ± 0.6 27 ± 0.6 26 ± 0 25 ± 0 24 ± 0 22 ± 0.6 20 ± 1 19 ± 1

EA 30 ± 0 27 ± 0 24 ± 0.6 21 ± 0.6 20 ± 0.6 19 ± 0 17 ± 0 15 ± 0.6 12 ± 0.6

C 18 ± 0.6 15 ± 1 13 ± 1 12 ± 1 - - - - -

EE 30 ± 1 27 ± 0 25 ± 0 24 ± 0.6 23 ± 1 21 ± 1 20 ± 1 19 ± 0 18 ± 0

Salmonella typhi
ATCC 19430

M 31 ± 0.6 24 ± 0 21 ± 0 18 ± 0.6 14 ± 0.6 13 ± 0.6 12 ± 0.6 11 ± 0.6 10 ± 0

W 30 ± 0 25 ± 0 22 ± 0 16 ± 0.6 13 ± 0.6 12 ± 0.6 10 ± 0.6 - -

EA 23 ± 0.6 19 ± 1 15 ± 1 12 ± 1 11 ± 1 - - - -

C 14 ± 1 10 ± 1 - - - - - - -

EE 27 ± 0.6 24 ± 0 22 ± 0 21 ± 0 17 ± 0 14 ± 0 11 ± 0.6 - -

Escherichia coli
ATCC 25922

M 28 ± 1 19 ± 1 15 ± 0.6 11 ± 0 10 ± 0 - - - -

W 25 ± 0.6 15 ± 0.6 12 ± 0 10 ± 0 - - - - -

EA 23 ± 1 18 ± 1 15 ± 1 12 ± 0.6 - - - - -

C 12 ± 0 - - - - - - - -

EE 22 ± 1 15 ± 0.6 13 ± 0.6 10 ± 0 - - - - -

M, W, EA, C, and EE represents methanol, water, ethyl acetate fractions and ethanol extract, respectively, Zone of inhibition, including the diameter of the well
(6 mm); mean ± SD value of three independent experiments

Table 3 Minimum inhibitory concentration (mg/ml) of ethanol extract of Golnar and its fractions (n = 3)

Extract and fractions M mg/ml W mg/ml EA mg/ml C mg/ml EE mg/ml

Microorganism

Staphylococcus aureus ATCC 25923 0.19 0.19 0.39 3.12 0.19

Bacillus cereus PTCC 1247 0.19 0.19 0.39 3.12 0.39

Listeria monocytogenes ATCC 7644 1.56 3.12 3.12 6.25 6.25

Escherichia coli ATCC 25922 3.12 3.12 6.25 12.5 6.25

Shigella dysantriae PTCC 1188 0.39 0.39 0.39 6.25 0.39

Salmonella typhi ATCC 19430 1.56 3.12 3.12 6.25 6.25

M, W, EA, C, and EE represents methanol, water, ethyl acetate fractions and ethanol extract, respectively, all tests were done in triplicate
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aureus. This indicates the highest sensitivity of S. aureus
among the six microorganisms tested in this study. E.
coli was the most resistant microorganism against all of
the fractions (MIC equal to 12.5 mg/ml for the chloro-
form fraction and 3.12 mg/ml for the water and the
methanol fractions).

Determination of MBC
MBC of the ethanol extract and the fractions are shown
in Table 4. The MBC values obtained in this study
ranged from 0.78 to 50 mg/ml. The lowest MBC value
of 0.78 mg/ml was observed from EE extract against S.
aureus which reflects the highest sensitivity of S. aureus
among the six microorganisms tested in this study. Simi-
lar to results of MIC determination, E. coli was the most
resistant microorganism against all the fractions and the
extract (MBC equal to 50 mg/ml for chloroform frac-
tion). It may be because of the differences in their cell
wall composition and presence of second membrane in
Gram negative bacteria cellwall.

Total phenolic content
After making a standard calibration curve by gallic acid
(y = 1.48× –0.05, r2 = 0.99), the total phenolic content of
the extract and the fractions were measured. The total
phenolic content was ranged from 3.8 to 18.1 mg GAE/g
of dry powder. As shown in Table 5, the chloroform
fraction (C) had the lowest and the methanol fraction
(M) had the highest total phenolic contents.

Total flavonoid content
Standard calibration curve of Rutin was used to evaluate
the content of flavonoid in the extract and the fractions
(y = 0.02× –0.05, r2 = 0.97). Results are shown in Table 5.
The lowest flavonoid content was seen in the chloroform
fraction (1.1 mg RE/g of dry powder) and the highest
was seen in the methanol fraction (3.3 mg RE/g of dry
powder).

Discussion
Golnar has been used in traditional Iranian medicine for
healing wounds, treating large intestine ulcers, strengthening

gums, and the treatment of diarrhea and oral infec-
tions [9–11]. In this study, we evaluated the antibac-
terial effects of the ethanol extract of Golnar and its
fractions against bacterial strains that cause food poi-
soning. Among the bacteria used in this study, E. coli
is the most common cause of diarrhea in developing
countries [23]. The second most common cause of
bacterial foodborne diseases in the United States is
Salmonella. Shigella dysantriae is the third important
microorganism involved in food and water contamin-
ation [24]. Other bacteria such as S. aureus and B. ce-
reus are also involved in food poisoning [25, 26]. L.
monocytogenes is a Gram-positive bacterium respon-
sible for the severe foodborne illness, listeriosis. This
disease is primarily transmitted through various foods
such as fish, dairy products, cured or processed meat,
egg, poultry, seafood, salad, fruits and vegetables [27].
Listeriosis is a severe infection and has been associated
with a mortality rate as high as 30–40 % [28]. Using syn-
thetic preservatives for prevention and antibiotics for
treatment of foodborne diseases may result to several un-
pleasant effects including hypersensitivity, immune-
suppression and allergic reactions [29]. Therefore, there is
an increasing need to develop new alternative natural
agents as preservative or antibacterial agents [30].
In this study, the antibacterial activity of the ethanol ex-

tract and its fractions were primarily evaluated by the agar
well diffusion method. The results indicated a broad
spectrum activity against both gram positive and gram
negative bacteria. The largest inhibition zone (34 mm)
was seen with the water fraction for S. aureus at the con-
centration of 500 mg/ml. The smallest inhibition zone at
this concentration was seen for E. coli with the diameter
of 12 mm related to the chloroform fraction. The results
showed that S. aureus (Gram positive bacteria) and Shi-
gella dysantriae (Gram negative bacteria) could be more
sensitive based on their larger inhibition zones.
All fractions and the ethanol extract showed inhibitory

effects against S. aureus at a concentration equal to
1.95 mg/ml and higher. However, the chloroform frac-
tion showed inhibitory effect at 62.5 mg/ml and higher
concentrations. This profile of the antibacterial effect of

Table 4 Minimum bactericidal concentration (mg/ml) of ethanol extract of Golnar and its fractions (n = 3)

Extract and fractions M mg/ml W mg/ml EA mg/ml C mg/ml EE mg/ml

Microorganism

Staphylococcus aureus ATCC 25923 1.56 1.56 3.12 12.50 0.78

Bacillus cereus PTCC 1247 1.56 1.56 3.12 12.50 1.56

Listeria monocytogenes ATCC 7644 6.25 6.25 12.50 12.50 25.00

Escherichia coli ATCC 25922 12.50 12.50 25.00 50.00 25.00

Shigella dysantriae PTCC 1188 3.12 3.12 3.12 25.00 1.56

Salmonella typhi ATCC 19430 6.25 12.50 12.50 25.00 25.00

M, W, EA, C, and EE are represents methanol, water, ethyl acetate fractions and ethanol extract, respectively; all tests were done in triplicate
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the ethanol extract and the fractions were confirmed by
determining the MICs and MBCs. In fact, the polar frac-
tions generally showed better antibacterial activity,
which can be related to the total phenolic content of the
fractions. Polyphenols are hydrophilic phytochemicals
and hydrophilic solvents are more effective agents for
the extraction [31, 32]. The total phenolic content of the
extract and its fractions were expressed in term of gallic
acid equivalent. According to the results, EE contains
17.6 mg GAE/g of phenolic content, while methanol and
water fractions contain 18.1 mg GAE/g and 17.8 mg
GAE/g, respectively. The ethyl acetate and chloroform
fractions contain only 8.2 mg GAE/g and 3.8 mg GAE/g
of phenolic contents, respectively. Moreover, one-way
ANOVA followed by Tukey’s test revealed a significant
decrease in phenolic content in the ethyl acetate and
chloroform fractions compared to the water fraction
(P < 0.001), methanol fraction (P < 0.001), and ethanol ex-
tract (P < 0.001). The antimicrobial activities of phenolic
compounds have been demonstrated in previous studies
[31, 33]. Our results are in agreement with the previous
studies on pomegranate (P. granatum fruit) [17]. Although
chemical components of Golnar were not analyzed in this
study, however, it could be suggested that the phenolic
compounds are involved in the antibacterial effects we
reported.
Quantitative evaluations of antimicrobial activity were

done against test microorganisms using the broth dilu-
tion method. Considering the MICs, the best results
were related to EE extract, as well as M and W fractions
(0.19 mg/ml) against S. aureus. Gram negative bacteria
were more resistant to the extract. Presence of an outer
membrane in Gram negative bacteria can explain the re-
sistance. E. coli was found to be the most resistant bac-
teria with the MIC of 12.5 mg/ml for the most effective
fraction and 50 mg/ml for the least effective fraction. Al-
zoreky has reported that the 80 % methanol extract of
pomegranate fruit peels has similar effects on Gram
positive and Gram negative bacteria [2].

The highest flavonoid content was measured in the
methanol fraction (P < 0.001 and P < 0.05 compared with
the ethanol extract and the water fraction, respectively),
in which the most antibacterial action was also observed.
It has been shown that the antimicrobial efficacy of the
herbal extracts correlates with their flavonoid contents
[34]. In addition, many flavonoids have also shown anti-
infective effects through making complexes with differ-
ent proteins inside the bacterial cell walls or extracellular
proteins [34, 35] Such a relation between antibacterial
effects and flavonoid content was suggested from the re-
sults of this study.
It has been shown that pomegranate pericarp extract

enhances the antibacterial activity of ciprofloxacin
against extended-spectrum beta-lactamase and metallo-
beta-lactamase producing Gram-negative bacilli [3].
Considering the antibacterial effects of Golnar, there is a
potential benefit in using the extract in combination
with classic antibacterial agents to improve the antibac-
terial effects and consequently reduce the side effects of
the agents.

Conclusion
From the results of the present study, it could be con-
cluded that the methanol and the water fractions have
similar effects on Gram positive bacteria. Antibacterial
effects of the methanol and water fractions on Gram
negative bacteria are also relatively similar except for the
methanol extract which revealed to be more effective on
Salmonella typhi. The ethyl acetate and chloroform frac-
tions have less effect on microorganisms, suggesting that
the active antibacterial agents are most concentrated in
polar fractions. The results of this study complies the
traditional use of Golnar as an antibacterial agent against
foodborne diseases. Moreover, there is potential for its
use in the food industry and in medicine as a preserva-
tive. Clearly, further studies are necessary to evaluate the
efficacy of the extract in different indications.

Table 5 Total phenolic and flavonoid of the ethanol extract of Golnar and its fractions (n = 3)

Extract and fractions Phenolic content (mg GAE/g) Flavonoid content (mg Rutin/g)

Water 17.8 ± 1.3ac 2.6 ± 0.35hig

Methanol 18.1 ± 1.5a 3.3 ± 0.14bk

Ethanol extract 17.6 ± 2.3c 1.9 ± 0.3f

Ethyl acetate 8.2 ± 2.14bdj 1.3 ± 0.14ad

Chloroform 3.8 ± 0.9bdej 1.1 ± 0.12hdf

Data were shown as mean ± SD
ap > 0.05, bp < 0.001, hp < 0.05 difference compared with the ethanol extract
cp > 0.05, dp < 0.001, ip < 0.05 difference compared with the methanol fraction
ep < 0.001, fp > 0.05 difference compared with the ethyl acetate fraction
gp < 0.001 difference compared with the chloroform fraction
jp < 0.001, kp < 0.05 difference compared with the water fraction
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