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Abstract

The present study aimed to extract polyphenols from pomegranate (Punica granatum L.) peel extract (PPE) by maceration
using three different solvants: acetone 70%, ethanol 70% and methanol 70% (v/v). The antioxidant capacity potential was
determined by scavenging activity of free radicals (DPPH) and ferric reducing power (FRAP) assays. The antimicrobial
activity of PPE was evaluated against six oral pathogens isolated from dental caries and supragingival plaque (Streptococcus
mutans, Enterococcus faecalis, Gemella morbillorum, Staphylococcus epidermis, Enterococcus bugandensis and Klebsiella
oxytoca). The highest total phenolic and flavonoid contents were obtained with ethanolic PPE (204.67 + 15.26 26 mg gallic
acid equivalents (GAE)/g dry weight (DW), 67.67 + 1.53 mg quercetin equivalent (QE)/g DW respectively). The highest
proanthocyanidin content was observed with acetonic extract (220 + 17.32 mg catechin equivalent (CE)/g DW). The
phenolic profile of ethanolic PPE was determined by HPLC analysis; peduncalagin, punigluconin and punicalagin as a
predominant ellagitannin have been identified. The highest scavenging activity (87.37 + 1.36%) was exhibited by ethanolic
PPE with the lowest IC50 value (220 + 14ug/ml) for DPPH, whereas the highest reducing power assay was observed with
acetonic PPE with a value of 1.48 at 700 nm. The antibacterial activity was investigated by microdilution method, all
bacteria were sensitive to the extract with MIC (minimum inhibitory concentration) ranging from 0.0125 to 100 mg/ml, the
Gram-positive bacteria are the most sensitive. Antibiofilm activity of ethanolic PPE was tested by crystal violet. The
maximum biofilm inhibition was observed at the highest concentration of the extract (MIC) with E. faecalis (91.95%) and S.
epidermis (90.7%). Results indicate the potential application of PPE as antioxidant and antibacterial agent against oral
pathogens and that it has great potential for prevention and treatment of dental caries.
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glossy, leathery leaves and bears red flowers at the branch
tips (Khalil, 2004). The pomegranate is fruit of this plant,
locally known as romane variety safferi. The tree is native

1. Introduction

For a long period in history, a large number of
aromatic, spicy, medicinal, and other plants have been
used for their medicinal or aromatic properties. The plant
derived extracts and essential oils are a potential source of
natural and safer antibacterial, antioxidant,
anticarcinogenic, antifungal, analgesic, insecticidal,
anticoccidial and hypoglycemic agents (Hussain et al.,
2008 ; Dadashi et al., 2016). During the growth, Plants
generate a variety of secondary metabolites for their
defense against negative biotic and abiotic environmental
factors. Polyphenols, one of the main bioactive secondary
metabolites, are natural antioxidant agents which have an
important role in human health because of their ability to
scavenge free radicals (Saeed et al., 2012) which have
been implicated in the development of a number of
disorders, including cancer, neurodegeneration and
inflammation (Halliwell, 2007; Ferguson, 2010), giving
rise to studies of antioxidants for the prevention and
treatment of diseases.

Punica granatum Linn is a plant of punicaceae family;
the tree may grow up to five meters in height. It has
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in Asian countries; it has been cultivated and naturalized
over the whole Mediterranean region since ancient times
(Ahangari et al., 2012). Pomegranates have prominent
medical history, and possess remarkable medicinal
properties (Longtin, 2003) such as anti-inflammation, anti-
diabetes, anti diarrhea, treat dental plaque and aphtae and
to combat intestinal infections and malarial parasites
(Ismail et al., 2012). Recent studies also revealed the
efficacy of the pomegranate fruit against cancer,
atherosclerosis, infectious and coronary heart diseases
(Lansky et al., 2007; Fischer et al, 2011).The
pomegranate peels represent 50% of total weight of fruit,
they are an important source of bioactive compounds as
phenolics, flavonoids, ellagitannins, and proanthocyanidin
compounds (Li et al., 2006), minerals, mainly potassium,
nitrogen, phosphorus, magnesium, sodium, and calcium
(Mirdehghan and Rahemi, 2007), and complex
polysaccharides (Jahfar et al., 2003).

The oral cavity harbors diverse and complex microbial
community, more than 700 species have been detected in
human oral cavity, and they are composed by both
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commensal and pathogenic species (Paster et al., 2001;
Dewhirst et al., 2010). Some of these adhere to the teeth
and initiate formation of a dental biofilm, which is the
major cause of dental caries and periodontal disease
(Hardie, 1992; Aas et al., 2005; Do et al., 2013). Oral
pathologies such as cavities and periodontal disease are
among the most prevalent worldwide (Petersen et al.,
2005). The poor oral health has a significant impact on
quality of life, as well as implications for systemic health;
there is a strong association between severe periodontal
diseases and diabetes, cardiovascular diseases, rheumatoid
arthritis, osteoporosis, stomach ulcers and gastric cancer
and the risk of pregnancy complications, such as preterm
low-birth weight (Watabe et al., 1998; Petersen et al.,
2005; Yeo et al., 2005; Rautemaa et al., 2007).

The aim of this research is to investigate the effects of
different solvents on the extraction of polyphenol from
pomegranate peels extract. We also investigate and
compare antioxidant, antimicrobial and antibiofilm activity
of acetone, ethanol and methanol pomegranate peel
extract. This study hints for a plausible economic
exploitation of an agroindustrial wastes in pharmaceutical
and food industries.

2. 2. Materials and Methods

2.1. Preparation of the Samples

The pomegranate fruits were collected from the region
of Hassi Mameche (Mostaganem, Algeria), during the
months of September and October, and identified by
Microbiology and vegetal biology laboratory at
Mostaganem University. Fresh pomegranate fruits were
peeled manually and collected peels were then rinsed with
distilled water. Peels were further cut into small pieces and
dried in an incubator at 30 °C for several days (6-7 days).
Dried pieces were ground into a fine powder by a blender
and stored away from light for further studies. The solvent
extraction procedure was carried out according to the
method described by Soares et al. (2009). The plant
extracts were prepared by mixing 5 g of grounded material
in 100 mL of different solvents with increasing polarity:
acetone 70%, ethanol 70% and methanol 70% (v/v). The
mixture was then shaken for 24 hours at ambient
temperature prior to filtration. The filtrates were
concentrated under reduced pressure with a rotary
evaporator (Heidolph Laborota 4000) at 40°C. The
resulting crude extracts were stored at 4°C for further
analysis.

2.2. Phytochemical Analysis of Plant Extracts

2.2.1. Total Phenolic Content

The total phenolic content of all extracts was measured
using the Folin-Ciocalteu method described by the
International Organization for Standardization (ISO
14502-1:2005(E)). Aliquots of 1 mL of diluted extracts (2
mg/mL) were mixed with 5 mL Folin-Ciocalteu reagent at
10% (v/v). After 5 minutes, 4 mL of 7.5% sodium
carbonate solution was added to the mixture and incubated
for 60 minutes at room temperature in the dark. The
absorbance was measured at 765 nm against a blank. The
total phenolic content was calculated by the regression
equation of the calibration curve of gallic acid (ranging
from 10 to 50 pg/mL), and the results were expressed as

mg of gallic acid equivalents per gram of dry weight (mg
GAE/g of DW).

2.2.2. Total Flavonoid Content

Total flavonoids of the samples were measured by the
aluminum chloride spectrophotometric assay according to
Kumazawa et al. (2004). Briefly, 0.5 mL of trichloridric
aluminium (AICI3) at 2% (ethanolic solution) was added to
0.5 mL of appropriately diluted extract. After 10 minutes
of incubation at room temperature, absorbance was
measured at 420 nm. Quercetin was used as a standard for
the construction of the calibration curve (ranging from
0.125 to 40pg/mL). The results were expressed in mg
equivalent of quercetin per g dry weight (mg QE/g DW).

2.2.3. Proanthocyanidin Content

The proanthocyanidin content was carried out by the
modified vanillin assay (Sun et al., 1998b). 2.5 mL of each
methanolic solutions of a 1:3 (v/v) sulfuric acid and 1%
(w/v) of a vanillin solution were mixed with 1mL of
appropriately diluted extract in distilled water (1mg/mL).
The tubes were incubated at 30°C for 15 minutes, the
absorbance was measured using a spectrophotometer
(6715 UV / VIS, Jenway) at a wavelength of 500 nm. The
tannin content is estimated in mg equivalent of catechin
per gram of dry weight (CE/ g) from the calibration curve
(ranging from 50 to 400pg/mL).

2.3. High Performance Liquid Chromatography
Analysis

HPLC analyses are performed using a Shimadzu
instrument equipped with a high pressure liquid
chromatography pump (LC-2030C) with a deuterium UV
detector (LC-2030/2040 PDA). Phenolic compounds were
separated on Restek IBD ultra C8 reversed-phase column
(250mm x4.6mm ,5um), using water/acetic acid (0.075%)
(Solvent A) and methanol/ acetic acid (0.075%) (Solvent
B) at pH 3. Flow rate for each sample was 0.8 mL/min,
column temperature was 35°C and the detection was
monitored at 280 nm. The phenolic compounds were
identified by comparing their retention times with those of
pure standards.

2.4. Antioxidant Activity

2.4.1. DPPH Scavenging Assay

The antioxidant activity of the PPE was measured in
terms of radical scavenging ability, using the DPPH
modified method of Sanchez-Moreno et al. (1998). 50 pl
of each plant extracts at different concentrations from
0.025 to 5 mg/mL was added to 1950 pl of methanolic
solution of DPPH (0.025 g/l). The mixture was shaken
vigorously and left to stand for 30 minutes in the dark, at
room temperature. The absorbance was recorded at 515
nm on spectrophotometer. The control was prepared as
above without any extract and methanol was used as blank.
The scavenging ability (SA) was calculated as follows:

DPPH scavenging activity (%) = (A. -As /A;) x 100.
Where, A. is the absorbance of the control reaction and A,
is the absorbance of the test compound.

The EC50 value is the concentration of the sample
necessary to decrease initial concentration of DPPH by
50%; it was calculated from the nonlinear graph of
scavenging activity (%) versus concentration of samples.
Lower absorbance of the sample indicated the higher free
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radical scavenging activity but higher IC 50 value
indicates a weaker capacity to scavenge DPPH radicals.

2.4.2. Ferric Reducing Power Assay

The reducing power of the PPE was carried out
according to the method of Oyaizu (1986). 2.5 mL of
phosphate buffer solution (0.2 M, pH 6.6) and 2.5 mL of
1% potassium ferricyanide solution (K3 [Fe(CN)6]), were
mixed with 1 mL of various concentrations of the extracts
(0.1, 0.2, 0.3, 0.4 and 0.5 mg/mL) diluted in distilled
water. After incubation for 20 minutes at 50°C, 2.5 mL of
10% trichloracetic acid (w/v) was added to the mixture.
After the centrifugation (Rotofix 32A) at 3000 rpm for 10
minutes, 2.5 mL of the supernatant was mixed with 2.5 mL
of distilled water and 0.5 ml of 0.1% ferric chloride
solution. The absorbance of the mixture was measured at
700 nm. Ascorbic acid was used as a positive control.

2.5. Antibacterial Activity

2.5.1. Sample Collection and Culturing Conditions

Samples were taken from the patients who exhibited
the sign and symptoms of dental caries and periodontal
diseases (gingivitis, periodontitis). Sterile cotton swaps
were used to collect microbial samples (from caries and
supragingival plaque) appropriately under the assistance of
dentist. Sample collection was performed at a community
health center in Mostaganem Algeria, on a total of 37
patients (male and female, age ranging from 4 to 61 year).
Informed consent was obtained from all patients in accord
with the protocol approved by the local ethics committee.
The samples were taken to the laboratory of microbiology
and vegetal biology at Mostaganem. The sticks were taken
out and put in nutrient broth and incubated at 37°C for 24
hours. For the isolation of etiological agents involved in
causing dental caries and teeth plaques, several media are
used to inoculating all samples; Trypticase soy agar (TSA)
+ 5% blood for the isolation of a facultative anaerobic
bacteria, Mac Conckey’s medium for the isolation of
aerobic Gram-negative bacteria, Chapman agar for
isolation of staphylococcus strains. Then the inoculated
plates are incubated at 37°C for 24 or 48 hours in aerobic
or anaerobic conditions. After the purification of the
isolates, a bacterial identification is carried out by the
conventional methods of microbiology (morphology of
colony, gram stain reaction, and biochemical tests
including catalase, oxidase, Voges-Proskauer and methyl
red), hemolytic test and the utilization of API 20 strep, API
staph and API 20E (Biomérieux, France). Isolated cultures
were identified and screened for biofilm formation.

2.5.2. Determination of Minimum Inhibitory
Concentration (MIC) and Minimum Bactericidal
Concentration (MBC)

MIC of ethanolic, methanolic and acetonic crude
extract of pomegranate peels was evaluated by the
microdilution method by using 96-well microplates
(Gulluce et al., 2007). The stock solution of each extract
(200 mg/mL) was prepared in 10% dimethylsulfoxide
(DMSO0), from this solution twofold serial dilutions were
made in a concentration range from 200 mg/mL to 0.0125
mg/mL. 100 pl of stock solution, is added to the wells of
the first line of the microplate, then 100 pl of the different
dilutions are added successively in the following lines. 90
ul of nutrient broth and 10pl of inoculums (adjusted at 0.5

Mc Farland) were introduced in each well. The
microplates were incubated at 37°C for 24 hours. The MIC
was determined as the lowest extracts concentration of the
permitting no visible growth of microorganism (no
turbidity).

The minimum bactericidal concentration (MBC) is the
lowest concentration of the extract that inhibited visible
growth of the microorganism. The MBC were determined
by subculturing 10 pL of the culture from each negative
well on Mueller Hinton Agar, and incubated at 37°C for 24
hours. All these analyses were performed in triplicate.

2.6. Determination of Antibiofilm Activity

2.6.1. Biofilm Formation Assay

The ability of the isolates to adhere to the abiotic
surface in vitro was tested by the adopted tube method
(Lim et al., 2008) with some modifications. The bacterial
strains were inoculated in TSB at 37°C with stirring
overnight, then the density was adjusted to 108CFU/mL at
600 nm. Isolates were inoculated (200ul) in 2 mL
trypticase soy broth (TSB) with 5% sucrose and incubated
for 2, 4, 6, 24 and 48 hours at 37°C at static condition.
The quantitative analysis of biofilm formation was
performed using crystal violet staining of the attached cells
(Djordjovic et al., 2002). The planktonic-phase cells were
gently removed and the glass tubes were washed three
times with PBS, allowed to air dry for 20 minutes, then
stained for 20 minutes with 0.1 % crystal violet (w/v) and
rinsed thoroughly to remove excess stain and dried for 20
minutes. 2 mL of 95% ethanol was added into each tube
and incubated for 30 minutes. The optical density of 2 mL
distained solution was examined at 595 nm using a
spectrophotometer. All tests were performed in triplicate.

2.6.2. . Quantitative Assay of Biofilm Inhibition

In this study, the ethanolic PPE was chosen because of
its efficacy. The ability of the extract to inhibit biofilm
formation of oral pathogen was tested by tube method, by
the adopted method from Cramton et al., (1999) with little
modifications. Briefly 1mL of inoculated fresh TSB+5%
sucrose (adjusted to 10® CFU/mL at 600 nm) was
dispensed into each test tube in presence of 1 mL of
different concentrations of PPE (ranging from final
concentration MIC to 6.25% MIC). The tubes with
bacterial suspension and D.W are considered as negative
control. All the tubes are incubated at 37°C for 48 hours.
After incubation, the biofilm was assayed using the crystal
violet staining method (Djordjovic et al., 2002).

The results are expressed as percentage inhibition:
[(OD growth control — OD sample) / OD growth control] x
100.

2.7. Statistical Analysis

All analyses were carried out in triplicate; the values
were then presented as average values along with their
standard derivations. Data were statistically analyzed by
One-way analysis of variance (ANOVA) complemented
with Tukey’s test with SPSS version 25. Results were
considered significant if p <0.05.
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3. Results

3.1. Determination of Polyphenol, Flavonoid and
Proanthocyanidin Contents

Data in table 1 summarizes the contents of total
phenolic, flavonoid and proanthocyanidin of the 70%
acetonic, 70% ethanolic and 70% methanolic extracts of
pomegranate peels. The total polyphenol contents of PPE
are in the range of 80.67 + 1.15 to 204.67 + 15.26 mg
gallic acid equivalents (GAE)/g dry weight (DW). The
highest TPC was obtained with 70% ethanol. With respect
to TPC extraction yield, solvents used in the present study
could be classified in the following decreasing order:
ethanol 70% (204.67 + 15.26 mg GAE/g DW), acetone
70% (176.67 + 3.06 mg GAE/g DW) and methanol 70%
(80.67 + 1.15 mg GAE/g DW). The total flavonoids
contents in PPE ranged from 54.67 + 4.62 to 67.67 + 1.53
mg quercetin equivalent (QE) /g DW.

The solvent classification with respect to their
extraction efficiency was similar for polyphenols and
flavonoids. Ethanolic extract showed the highest value of
the flavonoids contents, while the lowest value was
obtained by methanolic extract.

Based on the results, it is evident that the PPE is rich in
proanthocyanidin and ranged from 115 + 13.23 to 220 +
17.32 mg CE/g; the highest level of condensed tannins was
observed with acetonic extract, followed by ethanolic
extract.

Table 1. The total phenolic, flavonoid and tannin contents of
pomegranate peel extracts

Pomegranate Total Total Proanthocyanidin
peel extract phenolic flavonoid mg CE/g
mg GAE/g mg QE/g
Acetonic PPE 176.67 £ 60 + 20 220+ 17.32
3.06
Ethanolic PPE ~ 204.67 £ 67.67 + 145 + 50
15.26 1.53
Methanolic 80.67 + 54.67 + 115 +13.23
PPE 1.15 4.62

The data are displayed with mean standard deviation of twice
replications.

3.2. HPLC Analysis

In order to identify components from PPE, HPLC
analysis was performed on ethanolic PPE (Figure 1),
which has shown the highest level of polyphenols. The
results revealed the presence of tannins as peduncalagin,
punicalagin and punigluconin respectively in ethanolic
PPE by comparisons to the retention time and UV spectra
of authentic standards. In the present study, the
punicalagin was determined as predominant in the extract;
it constituted of 36.451% of the total extracted compounds
followed by peduncalagin (23.430%) and punigluconin
(9.486%).

Datafile Name:Grenadine Ethanol4.lcd
Sample Name:Grenadine Ethanol
Sample 1D:Grenadine Ethanol
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Figure 1. HPLC chromatogram of ethanolic pomegranate peels
extract recorded at 280 nm. Peak 1 is peduncalagin; peak 2 is
punicalagin; peak 3 is punigluconin.

3.3. DPPH Assay

In the present study, we have evaluated the free radical
scavenger activity of ethanol 70%, acetone 70% and
methanol 70% PPE; the scavenging activity of DPPH in
PPE solution was determined in percentage and compared
with a standard ascorbic acid. The decrease in absorbance
of DPPH radical is caused by the reaction between
antioxidant found in a mixture solution of the PPE and
DPPH, which induces the change in color of the mixture
from purple to yellow. The hydroalcoholic extracts showed
concentration  dependant on antiradical  activity.
Antioxidant activity of phenolic compounds varied greatly
according to tested solvent as given in Table 2. The
highest scavenging activity (87.37 £+ 1.36%) was exhibited
by ethanolic PPE followed by acetonic PPE (57.84 +
4.85%), their DPPH radical scavenging activity are not
significantly different, whereas methanolic PPE had the
lowest antioxidant property (22.23 + 0.76%) and is
significantly different from ethanolic PPE (p = 0.043).
When compared to a standard ascorbic acid, the DPPH
radical scavenging activity of ethanolic PPE was higher at
concentrations ranging from 25 pg/mL to 50 pg/mL;
however, its antiradical activity is lower than ascorbic acid
at concentrations ranging from 100 pg/mL to 1000 pg/
mL. The EC 50 values obtained for the investigated plant
extracts were in the range from 220 + 0.02 pg/mL to 700 +
37 pug/mL. The EC50 of ethanolic PPE had the lower value
(220 £ 0.02 mg/mL) in comparison with the different
extracts (Table 3).

In this present study, a positive relationship exists
between the total phenolic content, flavonoid content and
the antioxidant activity of the PPE. This is because the
highest antioxidant capacity was exhibited by 70%
ethanolic extract which also showed the highest
concentrations of phenolics and flavonoids. Likewise,
methanolic PPE  extract exhibited the lowest
concentrations of phenolics, flavonoids and antioxidant
activity.
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Table 2. DPPH radical scavenging activities (%) of 70% acetonic,
70% ethanolic and 70% methanolic PPE. Ascorbic acid was used
as positive control

Concentration % of inhibition

(ug/mL) Acetonic Ethanolic Methanolic Ascorbic
PPE PPE PPE acid

25 20.27+0.88 44.74+1.05 4.57+2.16 5.41+2.19

50 34.81+0.54 46.79+0.68  13.09+ 0.82 21.04+3.92

100 4453+ 197 50.96+0.84  17.03+2.28 63.61+ 6.61

500 46.01+1.84 70.54+0.63  22.01+0.55 90.24+ 1.78

1000 57.84+4.85 87.37+1.36 22.23+0.76 97.24+ 0.90

The data are displayed with mean + standard deviation of twice
replications.

Table 3. EC50 concentrations of DPPH scavenging activity from
bioactive compounds.

3.5. Identification and Selection of Oral Pathogen

In this study, samples were collected from 37 patients,
males and females, of different age groups; all samples
were cultured on different media, and conventional
methods were used for isolation and identification. Strains
were identified as Streptococcus mutans, Streptococcus
salivarius, Streptococcus constellatus, Enterococcus
faecalis, Enterococcus faecium, staphylococcus epidermis,
staphylococcus aureus, Lactobacillus sp, Klebsiella
oxytoca, Enterobacter bugandensis. Six strains exhibiting
significant biofilm formation were selected for our study,
for which four were selected for antibiofilm activity and
subjected to molecular identification (data not shown).
Table 4. Gram staining and cell morphology of isolated bacteria.

Bioactive compounds (PPE) EC50 (ug/mL)

Acetonic PPE 510+ 20
Ethanolic PPE 220+ 14
Methanolic PPE 700+ 37
Ascorbic acid 200+ 26

Values are expressed as mean of three replicates. EC50: the
sample concentration required to scavenge 50% free radicals.
Ascorbic acid was used as positive control.

3.4. FRAP Assay

The reducing power was used to investigate the ability
of the antioxidants found in the extract to donate an
electron and reduce Fe** to Fe*’. In this experiment,
depending on the reducing power of the sample, the yellow
color of the test solution changes to pale green and blue
color. As shown in Figure 2, it was found that the increase
in extract concentration increases the reducing power
activity. The reducing power of acetonic, ethanolic and
methanolic PPE at different concentrations showed a range
of absorbance values from 0.13 to 1.48 at 700 nm; the
activity of the three extracts was not significantly different
(p= 0.657). These values were lower than those obtained
with ascorbic acid with absorbance values from 0.71 to
2.28; the reducing power of the reference compound is
significantly higher (p <0.05) than that of methanolic and
ethanolic PPE. The lowest reducing power was found in
the methanolic PPE; this result confirmed that obtained by

DPPH assay.
23
- 2
; L§ == A ascorbic
L Eth extr
E- —d—Meth extr
<05
= Acet extr
0
0 100 200 300 400 500 600
Concentration (ug/ml)

Figure 2. Reducing power of PPE. Eth extr = ethanol extract;
Meth extr = methanol extract; Acet extr = acetone extract;
Ascorbic acid was used as positive control.

Strains Gram staining Morphology
Streptococcus mutans + Cocci
Gemella morbillorum + Cocci
Enterococcus faecalis + Cocci
Staphylococcus epidermis + Cocci
Klebsiella oxytoca - Rod
Enterobacter bugandensis - Rod

3.6. Antibacterial Effect

Antibacterial activity was evaluated by determining the
MIC and MBC of the PPE against oral pathogen by
microdilution method, according to Gulluce et al. (2008).

The three PPE, screened for antimicrobial activity,
showed antibacterial activity against all strains. As evident
from the Table 5, the intensity of antibacterial activity of
the extracts varied depending on the species of bacteria.
Statistical analysis reveals that extracts from pomegranates
peels exhibited significantly different antimicrobial
potential against tested strains (p= 0.026). Gram-negative
bacteria are more resistant to the extracts. The highest MIC
values were observed with E. bugandensis (from 3.15
mg/mL to 100 mg/mL), followed by K. oxytoca with
action interval of PPE from 12.5 to 25 mg/mL. PP extracts
are the most effective against S. mutans and E. faecalis
(MIC values from 0.0125 to 0.025 mg/mL). In comparison
between the effects of the ethanolic, methanolic and
acetonic PPE on each strain, there is not statistically
significant difference in activity (p < 0.05). Action interval
of acetonic, ethanolic and methanolic extract was from
0.0125 mg/mL to 12.5 mg/mL, from 0.025 mg/mL to 100
mg/mL and from 0.0125 mg/mL to 100 mg/mL
respectively.

On the other hand, results of minimum bactericidal
concentrations (MBC) are listed in Table 5, where the
ethanolic and acetonic PPE have the lowest MBC values
and have approximately the same values against oral
pathogens. They were in the range from 6.25 mg/mL to
>200 mg/mL. CMBs of methanolic PPE were in the range
from 25 mg/mL to 200 mg/ML,; there are no significantly
differences between the MBC values of the three extracts.
MBC results show that S. mutans and E. faecalis were the
most sensitive, E. bugandensis and K. oxytoca were the
most resistant microorganisms and have significantly
different values of MBC than the other strains, which
confirm the results of the MIC. A bacteriostatic activity of
the PPE was observed in all the strains.



408 © 2020 Jordan Journal of Biological Sciences. All rights reserved - Volume 13, Number 3

Table 5. MIC and MBC of acetonic, ethanolic and methanolic
PPE.

Species Acetone Ethanol Methanol Acetone Ethanol Methanol
MIC (mg/mL) MBC (mg/mL)

S. mutans 0.0125 0.025 0.025 6.25 6.25 100
G.morbillorum 12.5 12.5 25 12.5 125 25

E. faecalis 0.0125 0.025 0.0125 6.25 12.5 25

S. epidermis 0.4 0.05 0.05 25 12.5 12.5

K. oxytoca 12.5 12.5 25 >200 >200 200
E.bugandensis  3.15 100 100 100 200 200

MIC: minimum inhibitory concentration; MBC: minimum
bactericidal concentration.

3.7. Antibiofilm Activity

In this study, the in vitro antibiofilm effect of the
ethanolic PPE was evaluated against four selected oral
pathogens by tube method. The effect of PPE on biofilm
formation was evaluated by staining with crystal violet as
previously reported (Djordjevic et al.,, 2002). The
adherence capabilities of the strains were classified into
four categories, no/low (OD595 < 0.2), moderate (0.2 <
OD595 < 0.4), high (0.6 < OD595 < 1), and very high
(OD595 > 1) biofilm producers (Russo et al., 2018). All
the strains showed positive result on their capability of
biofilm formation (Figure 3). G. morbillorum and E.
bugandensis formed the thickest biofilm (very high
producer), E. faecalis, S. epidermis, K. oxytoca were
classified as high biofilm producers and S. mutans as
moderate biofilm producer. There are no significant
differences in biofilm formation between strains.

Susceptibility of biofilms against plant extract showed
that the effect of tested ethanolic PPE inhibited the biofilm
formation of all the strains (Figure 4), and the obtained
effect was dose dependent. The extract showed good
antibiofilm activity >50% against all tested bacteria.
Significant differences (p< 0.05) were observed between
different extract concentrations in biofilm inhibition
values. Doses of MIC, 50% MIC and 25% MIC had a
greater influence in biofilm eradication than doses of
12.25% MIC and 6.25% MIC. The maximum biofilm
inhibition was observed at the highest concentration of the
extract (MIC) with E. faecalis (91.95%) and S. epidermis
(90.7%), and the lowest biofilm reduction was observed
with E. bugandensis (62.66%).
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Figure 3. Quantification of biofilm formation by tube method
after 2, 4, 6, 24 and 48 hours of incubation. Values represent
means + standard errors for three replicates. Data with different

letters indicate  significant difference at p<  0.05.
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Figure 4. The effect of ethanolic PPE on the formation of
bacterial biofilms. Values represent means + standard errors for
three replicates. Different letters denote significant difference
from one another (p < 0.05).

K.oxyioca

4. Discussion

Recently, the use of medicinal plants as antibacterial
agent has increased due to opposing effects of antibiotics
and the increasing resistant pattern of bacteria which made
that antibiotics lose their efficacy (Davies, 1994; Service,
1995; Ahmad et al., 1998). For this, it is necessary to find
an alternative of antibiotics for the treatment of infectious
diseases. Among these, Punica granatum, known for its
antioxidant and antimicrobial activities, these properties
could be attributed to the production of several secondary
metabolites by the plants (Khan et al., 2017). Therefore, in
the current study we have evaluated different classes of
phenolic compounds. The results indicated that the
pomegranate peel extract is rich in polyphenol and
proanthocyanidin contents. Our results are in agreement
with Elfalleh et al. (2012) and Shinde et al. (2015) who
reported that total phenolic content of pomegranate peels is
85.60 + 4.87 and 212 + 20.55 mg GAE/g DW respectively.
The ethanolic PPE has the highest polyphenol and
flavonoid contents. Ethanol has been known as a good
solvent for polyphenol extraction and is safe for human
consumption (Dai and Mumper, 2010). Malviya et al.
(2014) and Wang et al. (2011) also reported that content of
polyphenols and flavonoids in ethanol extract of
pomegranate peels are higher than water, methanol and
acetone extracts. There is a different factor that influenced
the variation in the recovery of phenolics and flavonoids
from natural products, the type of plant, the nature of
compounds to extract and the efficiency of extraction
solvents to dissolve such compounds (Shabir et al., 2011;
Roudsari et al., 2007). Also, the use of mixed solvents
(solvent+ DW) results in an enrichment of the extracts in
polyphenols, which is due to the increase in the solubility
of the phenolic compounds in the extracts (Mohammedi
and Atik, 2011; Trabelsi et al., 2010). The results indicated
that PPE contained higher level of tannins compounds,
which is in compliance with the literature (Machado et al.,
2002; Voravuthikunchai et al., 2005; Al zoreky, 2009).
Wang et al. (2011) found that the proanthocyanidins
content of ethanol and acetone extracts were higher than
the methanol extract. Also, Vijayalakshmi et al. (2017)
revealed the presence of highest total tannin content in the
ethanolic PPE.

HPLC analysis was performed to obtain more
information about the nature of the phenolic compounds
present in the ethanolic PPE. The results showed the
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presence of three ellagitannins with punicalagin as major
components. The pomegranate peel is a rich source of
ellagitannins, especially punicalagin, gallic acid, ellagic
acid (Gil et al., 2000; Cerda et al., 2003). Punicalagin,
which belongs to the class of hydrolisable tannins, is the
most abundant component and is characteristic compounds
in pomegranate peel (Seeram et al., 2006; Bakkalbasi et
al., 2009). Our findings are in correlation with other
studies, Middha et al. (2013) and Kwak et al. (2005)
revealed the presence of punicalagin as a major
ellagitannin in PPE. Other authors (Choi et al., 2011; Cam
and Hisil, 2010) found in addition to punicalagin other
compounds such as ellagic acid and gallic acid.
Furthermore, HPLC analysis of methanolic PPE carried
out by Ali et al. (2014) revealed the presence of
pyrogallol, chlorogenic acid, coumaric acid, ferulic acid,
cinnamic acid, benzoic acid, catechin, rutin, acacetin,
genistein and kaempferol. These variations in results are
probably due to the used solvent, which have an impact on
the composition of PPE (El-Falleh et al., 2012). Also
several factors (environmental, processing and post
harvesting) influenced the composition of the peel
(Houston, 2005).

In vitro radical scavenging and antioxidant capacity of
the PPE were studied by using DPPH free radical
scavenging assay and Ferric reducing power assay. The
DPPH test is used to measure the capability of antioxidants
in plants extracts to scavenge free radicals from the DPPH
solution by donating hydrogen atoms or electrons, which
converts free radicals into more stable products (Roudsari.,
2007; Sajid et al., 2012).

In the DPPH test, the scavenging activity of the extract
varies according to the extraction methodology and the
polarity of solvent used for extraction; this could be due to
the solubility or insolubility of different antioxidant
compounds found in the extract with different chemical
characteristics and polarities in particular solvent (Bushra
et al., 2009; Boeing et al., 2014). In the present studies,
ethanol is a better solvent than acetone and methanol.
Results were consistent with the findings of Malviya et al.
(2014), who reported such higher antioxidant activity was
found in 100 % water and 70 % ethanol: 30 % water.

The FRAP assay is a simple method frequently used in
the evaluation of antioxidant compounds of fruits,
vegetables and some biological samples (Wong et al.,
2006). In this method, acetonic extract gave the highest
reducing power followed by ethanolic extract. Similar
results were reported by Thitipramote et al. (2019) where
acetonic and ethanolic PPE exhibited the highest bioactive
compound and antioxidant activity in ferric reducing
power assay. Other authors found the best results of
antioxidant activity in methanolic PPE (Li et al., 2006;
Pagliarulo et al., 2016). The differences in results may be
attributed to the type of pomegranate variety, storage time,
harvesting date, climate conditions and method of
extraction, as well as solvent concentration (Moure et al.,
2001; Robards , 2003; Pinelo et al., 2004).

In the current study, PPE showed antibacterial activity
against all tested bacteria. The intensity of antibacterial
activity varied depending on the tested bacteria. Gram-
positive strains are more sensitive to PPE than Gram-
negative bacteria. This variation in sensitivity is ascribed
to the differences in cell wall composition. The cell wall of
Gram-positive bacteria contains a thick peptidoglycan

layer, while the cell wall of Gram-negative bacteria
contains a thin peptidoglycan layer that is surrounded by a
thick cytoplasmic membrane and perisplastic space, which
prevents the penetration of antimicrobial substances
(Staszewski et al., 2011; Oliveira et al., 2013). Alvarez-
Ordonez et al. (2014) reported that the plant extracts were
able to disrupt the molecular structure of the bacteria cell
wall and caused leakage of intracellular content, causing
increasing in membrane permeability. Several authors
have also observed low MIC values for plant extracts for
Gram-positive bacteria and high values was reported for
Gram-negative bacteria (Burt, 2004; Al-Zoreky, 2009;
Hayrapetyan et al., 2012; Tayel et al., 2012). The present
research was in line with other studies demonstrating
antibacterial effect of punica granatum L. peel extracts
against S. aureus, Salmonella enterica, Shigella sonnei, E.
coli, Bacillus subtilis and Enterococcus faecalis (Machado
et al., 2002; Voravuthikunchai et al., 2005; Pagliarulo et
al., 2016; Rosas-Burgos et al., 2017). In the work carried
by Malviya et al. (2014) the antibacterial activity of
ethanolic PPE of Ganesh variety was demonstrated on
Staphylococcus  aureus,  Enterobacter  aerogenes,
Salmonella typhi and Klebsiella pneumonia. In the study
by Jaisinghani et al. (2018), the inhibitory effect of
ethanolic PPE cultivars against both Gram-negative and
positive bacteria strains have been reported. The
ellagitannins are the major components of pomegranate
peel polyphenols, which have been implicated in
antimicrobial, anti-inflammatory and anti-cancer activities
(Adams et al., 2006; Glazer et al., 2012). Bialonska et al.
(2009) has reported effect of pomegranate tannin
constituents on the growth of various species of human gut
bacteria in vitro. The tannins increase bacteriolysis,
interfere with mechanisms of bacterial adhesion onto the
tooth surfaces (Pereira et al., 2006).

The six oral isolates were screen for the biofilm
formation by tube method. All the strains showed
adherence of the stain in test tube. The antibiofilm activity
was tested at concentrations < CMI of ethanolic PPE
against four selected oral pathogens. Results showed that
the tested extract could inhibit the biofilm formation for all
tested bacteria in a dose-dependent manner, the inhibitory
effect increased with  increasing  concentration.
Vasconcelos et al. (2006) demonstrate the potential of PPE
to significantly reduce the adherence of three standard
streptococci strains (mutans ATCC 25175, sanguis ATCC
10577, and mitis ATCC 9811) of dental plague and the
high efficiency of pomegranate gel in inhibition of
bacterial adherence. Menezes et al. (2006) observed the
effect of the pomegranate hydroalcoholic extract to
significantly reduce the bacteria of dental plaque and
concluded that this extract could be helpful in the
prevention of diseases caused by plaque bacteria. These
results are supported by an in vitro study of several authors
(Kakiuchi et al.,, 1986, Pereira et al., 2006) who
demonstrated that the antimicrobial action of Punica
granatum Linn on the inhibition of adherence of dental
biofilm bacteria is the result of disturbance of glucan
synthesis, thus preventing the adhesion of these bacteria to
dental surface.
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5. Conclusion

This study showed that pomegranate peels are a
potential resource for phenolics, flavonoids and
proanthocyanidins. The phytochemistry of ethanolic
extract was the highest followed by acetonic extract.

This research revealed the highest antioxidant activities
of pomegranate peels which may be attributed to
ellagitannins identified by HPLC analysis. All extracts of
pomegranate peels have inhibitory effect against both
Gram-negative and Gram-positive bacteria. Also, the
ethanolic PPE are able to inhibit biofilm formation of E.
faecalis, S. epidermis, K. oxytoca and E. bugandensis. So,
the use of pomegranate peels, which is the by product,
could be interesting for its antioxidant and antimicrobial
activities against oral pathogen by its incorporation in
gum, mouthwash, toothpaste and in the elaboration of
products to reduce caries and dental plaque.
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