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Abstract

Background and Objective: Natural plants have been evaluated as sources of
antimicrobial agents against wide range of microorganisms. The aim of this study is
to investigate antibacterial potency of pomegranate peels, seed and whole fruit

extracts against these Gram positive bacteria (Staphylococcus aureus,
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Streptococcus pneumonia, and Bacillus sp), and Gram negative bacteria

(Escherichia coli, Klebsiella sp, Shigella sp, and Pseudomonas sp).

Methods: The fresh fruits extracts (peels, seeds and whole fruit) were separately
prepared with methanol and distil water (D.W) by standard procedure. The samples
were stored in refrigerator at 4°C until use. The bacterial samples were taken from
scientific research center in Koya-Erbil-Kurdistan region-Irag. The antibacterial
activity of different pomegranate extracts was determined by using disc diffusion

method.

Results: The results of present study showed that different pomegranate extracts
with methanol and water have effect on the bacterial growth. The study demonstrated
that there was more significant effect on growth of gram positive bacteria
(Staphylococcus aureus, Bacillus sp and Streptococcus pneumonia) than gram
negative bacteria (Escherichia coli, Klebsiella sp, Shigella sp, and Pseudomonas sp)

based on the inhibition zone diameter.

Conclusion: This study indicates that different pomegranate extracts peels, seed
and whole fruit may serve as natural alternatives due to their potential chemical
agents against variety of bacterial infections. Performing more studies require to
isolate the active antibacterial agents in pomegranate and know their mechanisms of

action so that they could use in therapeutic purposes.

Key words: Punica granatum, Gram positive bacteria, Gram negative bacteria,
Pomegranate Peel, Seed, Whole fruits.

(6) Journal of Raparin University - Vol.5, No.15, (December 2018)
e-ISSN (2522-7130) p-ISSN (2410-1036)



Shawqi Muhammad Hassan, Abdulgadr Khdir Hamad, Ahmed Farhan Shallal

G&y

<

cl‘.au K ASGJ‘)SS‘.:\

Aol Sae d 535 (Sweobel 59 ouloale 45 G G a3s (Saey laotw Soy el Sog,
sstudngs pd (@LLOBLISG 50 wome SV g5 o wbjes (SSey, Ll lbius
e A5 5 Seny JS ) lks SSLaG gseda 5 Seuy S8 SIS Gl (5SS eyl <
(Staphylococcus aureus, Streptococcus al S il Al SLSG (g5 (Gbaa o8l
(Escherichia coli, Klebsiella sp, Shigella sp, and . ).ass;s;pneumonia, and Bacillus sp
Pseudomonas sp)

oS S,

Bt b5 Jplane JS o o) Seuboll a4 (Sogme ss0ta Sious 5 JSu53) Hhan gosne SIS GleSy
Sl Glaa,Ka K G oL o gl gt d wa¥and G Ks ol Saulels GleSyu jenliv
Lo b Geslsha Gl S K G bl dosduing ol d oSy LS
sy GBSy 035) Sy, G5 oS Slam S, d (b Suas K, © oIS ks GBLS
JolCeiis (55580 4 (899950 (g4 LSa oluss oliny

ot oda LS Uy Jplase JE A L0 da SlSe5l ke Gl o Sliy Sopdning elad &
A LS, e d Ly Hhds SGLSs o goss Sepdnig GELIK & geads
O Ao Al S Lo J& d oyt ok lSaass )5

ialaddd o0

Uit DS 4 Sl Sleyss Sey g Ses [Laa SlSe)lshia Gl alosy liuy s 548 Kb s 35 55
Sl Ll laslSaleSy d s o gl gaale Sus 63 0 OB wdga O e
ob SBLSG a3s susle eiulShe Ay ses0aShiags ok sestudngs Sl plad & Sepdiuds
ROl 4 pleses ol septis HLes SlSe5) sl GleSyy

Lyl
idaglly alal
Sl SUSKH e Ll e same s olg Saall Solise Jol gal uliasS 153 fo Luaulall BBl a0 o3
o8 Lulyall 838 o Ciaglh by Saall bl LLadll a2 dle piaS (p 56058 K 5) olasll 50 3
238 (o legane  wis AlSH LEWN likiiey Hoully Gloyll 55d8  ashiall Solaall Llelll Ll
Oo desane g o puobials LSSy dualiall Ly dpalll o stiall ol Kall) aloall s sall LSl
(0w oubgo g gaes Dt Ml ¢ IS Ly 5us]) aloall Ll Ll
:Jasdl 355k
shiall slally Jolisall po Juadio Sy (AalS 85a35 55l sd) daslall LS claliiiue judad &5
sl Al Ja Lste slass 4 e L B sluall 5333 5 eobaall Yl danl sy (DW)

Journal of Raparin University - Vol.5, No.15, (December 2018) (7)
e-ISSN (2522-7130) p-ISSN (2410-1036)



The effect of pomegranate extracts on bacteria

slaall BLE w083 @3 3oal) — Gl sS wali] ~dash LS B Talall & sall 350 o 2l el
ol Y S Tk aludial i) Gle ) elalitia LSl

el

LoaSll e e L8l Ll elally Jolinall po BBl oloyll olibite o Ll Lubull @l o ek
5 omsiosl S S shilin L) abiall La pall Lol pab o 58T g gine 585 wpay Luloull o ekl
9 e MaeanlS 5 (S Lty 5us]) aloall Lleadl LSSl (o (Logosais usSsS st st 5 oo ousbinsls

ola )
palitiney 1L Lalities Lsill alitae o Gabaall Gl clalitae of ) Lalyull sda uis
oo desiie Ao gane wis Ulad LohaS Jolse o siaile o Bl Pla 058 o oS LSS el
B yme s loll b Al LSl Solaall Jalsall J3al olahyull o wopall sloa) Gl oSl oLl

) LMo LaleYl Lpalidtiol (Sa tums Lelee =T

1. Introduction

[

Higher and aromatics plants have traditionally been used in folk therapy, showing
inhibition against bacteria and fungi (Bupesh et al., 2007). The antimicrobial
properties of plants have been investigated by a number of studies worldwide and
many of them have been used as therapeutic agents. Many investigations have
demonstrated the antimicrobial activity of the components of some higher plants that
which appears to have the same effects of antibiotics (Hamad et al., 2017).D
Medicinal plants are always a good source to find new treatment for human health
problems. Recently, a wide range of these plants have been screened for
antimicrobial property. Punica granatum, commonly known as pomegranate, has
been highlighted in some studies as they have that property (Sadeghian et al., 2011).
Certain natural products of plant origin were evaluated as a source of antimicrobial
agents against a variety of phytopathogenic fungi (Mohamad and Khalil, 2014).

Pomegranate (P.granatum Linn) is one of the oldest known fruits. This fruit is
mentioned in the Bible and Quran and is often associated with fertility. According to
Qur’an, the fruits like grapes, date, fig, olive and pomegranate are gifts and heavenly

fruits of God (Bharani and Namasivayam, 2016).The chemical analysis of different
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parts of pomegranate has been studied by many researchers, they found fruit and
peel of pomegranate were rich source of polyphenolic compounds. Pomegranate
polyphenols include flavonoids (flavonols, flavanols and anthocyanins), condensed
tannins (proanthocyanidins), hydrolysable tannins (ellagitannins and gallotannins).
Hydrolyzable tannins (HTs) are found in the peels membranes, and piths of the fruit

HTs are predominant polyphenols (Hama et al., 2014).

P.granatum described as nature’s power fruit, has been widely used by traditional
remedy in America, Asia, Africa and Europe for the different treatment types of
diseases. The fruits of Pgranatum have been used to cure acidosis, dysentery,
diarrhea, helminthiasis, hemorrhage, respiratory pathologies, and act as antiviral
activity (Bupesh et al .,2007). In addition, several studies showed the role of different
pomegranate extracts in prevention of cancer, cardiovascular disease, diabetes,
dental conditions, bacterial infections, male infertility, Alzheimer’s disease, arthritis,
and obesity (Albarri et al., 2017)

Pomegranate is reported in many studies that have antimicrobial activity against a
wide range of microorganisms including, Gram positive and Gram-negative bacteria
(Hama et al., 2014).

Over the years, there have been many studies undertaken in various areas of the
world on the bactericidal effects of pomegranates on a number of highly pathogenic
and drug-resistant strains (Howell and D'Souza, 2013). The flower, seed oil, seed
extract, and peel extract of pomegranate have a potent antioxidant activity (Singh et
al., 2002). Furthermore, the water and methanol extracts of pomegranate peel
possesses antimicrobial activity against microorganisms, such as Bacillus subtilis,
Staphylococcus aureus,Yersinia enterocolitica, and Listeria monocytogenes
(Nuamsetti et al., 2012). However, few studies have stated antibacterial activity of
pomegranate peels, seeds and whole fruits. The aim of this study is to investigate
antibacterial impact of methanol and aqueous extracts of pomegranate peels, seed

and whole fruit against a range of different bacteria such as Staphylococcus aureus,

Journal of Raparin University - Vol.5, No.15, (December 2018) (9)
e-ISSN (2522-7130) p-ISSN (2410-1036)



The effect of pomegranate extracts on bacteria

Streptococcus pneumonia, Bacillus sp, Escherichia coli, Klebsiella sp, Shigella sp,

and Pseudomonas sp by disk diffusion method.

2. Materials and Methods

2.1. Preparation of Pomegranate powder

The fresh fruits (peels, seeds and whole fruit) were separated manually and rinsed
with distilled water (D.W). The collected peels, seeds, and whole fruits separately
were dried in oven at 50 °C for 48 hours and grounded into fine powder using an

electric blender.

2.2. Preparation of Pomegranate extracts

A. Methanol extract: The powder (10 g) of peels, seeds, and whole fruits were
separately placed in beaker and extracted with 100 ml of 99% methanol at room
temperature for 24hours.The clear extracts were filtered and sterilized. The samples
were stored in refrigerator at 4°C until use.

B. Aqueous extract: The powder (10 g) of peels, seeds, and whole fruits were
separately placed in beaker and extracted with 100 ml of D.W at room temperature

for 24hours.The clear extracts were filtered and sterilized. The samples were stored

in refrigerator at 4°C until use.

2.3. Bacteria and culturesl]

The test microorganisms (Staphylococcus aureus, Streptococcus pneumonia,
Bacillus sp, Klebsiella sp, Eschericia coli, Shigella sp, and Pseudomonas sp) were
taken from Scientific Research Center in Koya- Erbil-Kurdistan Region-lraq. The
tested bacteria were sub-cultured and incubated at 37 °C for 24 Hours. The
organisms were inoculated on Muller Hinton Agar. Sterile paper disks (5 mm
diameter) were soaked with (20 g /ml) of peels, seeds and whole fruits extracts

separately. Then the discs were placed on the surface of inoculated agar plates of

microorganisms and incubated at 37 °C for 24 hours (Sadeghian et al., 2011)

(10) Journal of Raparin University - Vol.5, No.15, (December 2018)
e-ISSN (2522-7130) p-ISSN (2410-1036)



Shawqi Muhammad Hassan, Abdulgadr Khdir Hamad, Ahmed Farhan Shallal

2.4. Determination of antibacterial activity
The antimicrobial activity of pomegranate extracts were determined by using disc
diffusion method. The antibacterial activity was evaluated by measuring the diameter

of inhibition zone (DIZ) around disc of pomegranate extract (Dahham et al.,2011).

2.5. Statistical analysis

All tests were performed in triplicate. The results were expressed as mean and
standard deviation. Statistical significance was calculated by ANOVA test (LSD). The
mean difference were considered significant at the 0.05 level (Nuamsetti et al.,
2012).[]

3. Results

The results for methanolic pomegranate extracts on tested bacterial cultures have
shown some variation based on diameter of inhibition zone (DIZ) values as showed
in tablel. The diameter of inhibition zone (DIZ) mean values of methanolic extracts
for Staphylococcus aureus was between 5.9mm and 20.1 mm. The maximum
inhibitory effect was recorded by peel extract with mean value of 20.1 mm DIZ mean
value which was more than the mean value of control ciprofloxacin (CIP) with 14.9
mm. The lowest activity is shown by seed extract with a DIZ mean value 5.9 mm. The
DIZ mean values of extracts for Bacillus sp were between 4.1mm and 19mm. The
maximum inhibitory effect was recorded by peel extract. However, the seed extract,
whole fruit extract and CIP had less inhibitory effect.

For Streptococcus pneumonia, the DIZ mean values were between 10.1mm and 15
mm for the peel and whole fruit extracts. However, the seed extract was not affected
on S.pneumonia. The DIZ mean values of different extracts for Klebsiella were
between 9.9mm and 14mm, the maximum inhibitory effect was noted by peel extract.
However, the seed extract and CIP presented less inhibitory effect. For Shigella, the
DIZ mean values of extracts were between 7.4mm and 20.1mm. The whole fruit

methanolic extract was more active than peel, ciprofloxacin and seed respectively.

The DIZ mean values of different extracts for Eschericia coli were between 7.4mm
and 15mm. The maximum antibacterial effect was reported by peel extract against

E.coli. While the methanolic seed and whole fruit extract were less active. The DIZ
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mean values of different extracts for Pseudomonas sp were between 10mm and
18mm. The maximum inhibitory effect for Pseudomonas sp was noted by peel extract
with a DIZ mean value of 18 mm. However, the seed extract showed minimum
antibacterial activity and DIZ mean value was 10 mm. The current study for methanol
pomegranate extracts, showed the highest antibacterial activity by peel with DIZ
mean value 20.1 mm against S. aureus. While, the lowest effect was observed on

Bacillus sp by seed with a DIZ mean value of 4.1 mm.

The results of this study for aqueous pomegranate extracts, showed some variation
based on diameter of inhibition zone (DIZ) mean values as shown in table2. High
antibacterial effect was recorded by peel on S.aureus with a 13mm DIZ mean value,
and minimum effect was noted for Pseudomonas sp with a 10.2 mm DIZ mean value.
The seed extract of Pomegranate with 7.8mm DIZ mean value was recorded the
highest influence on Klebsiella, and the lowest effect showed on Bacillus sp with
2mm DIZ mean value. The seed extract was not affected on S.pneumonia. Whole
fruit was more active than seed, but less than peel. Whole fruit was recorded the
highest antibacterial activity with 9.7 mm DIZ mean value on both E.coli and
Pseudomonas sp, and the lowest activity was observed with a DIZ mean value of

4mm on Kliebsella sp.

1200 b Taleh N VW E WSk Wate Wat
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Name of Seed .. | Ciprofloxaci
) Peel Whole fruit
Bacteria (20 ug /ml) (20pg/ml) (20ug/ml) n 20 ug
Staphylococcus
20.1+0.26* 5.9+0.15* 13+0.14 * 14.9+0.3 *
aureus

Bacillus sp 19+0.14 * 4.1+0.17 * 12 .4+0.45~ 11.1+0.32 *

Streptococcus

_ 15+0.5* 0.00 10.1+0.26 * 19.8+0.26 *
pneumonia
Klebsiella sp 14+0.3 * 9.9+0.35* 12.9+0.15* 12.9+0.15*
Shigella sp 15 +0.15~ 7.4+0.45* 20.1+0.2 * 14.1+0.15 ~
Escherichia coli 15+0.15* 7.4+0.45~ 13+0.11 * 20+0.15+
Pseudomonas sp 18+0.2 * 10+0.15+ 12.2+0.25* 19.7+0.62 *

Table (1). Effect of different methanol pomegranate extracts on the bacterial
growth, expressed as mean + standard deviation.

Means and standard deviation for n = 3. For each bacterium, the experimental values
within each row that have significantly different (p < 0.05) according to ANOVA test
(LSD). * Mean difference is significant at the 0.05 level.

Table (2). Effect of different aqueous pomegranate extracts on the bacterial

growth, expressed as mean * standard deviation.
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[

Diameter of inhibition zone in mm(DI2)

Peel

Name of (20 Seed |Whole Ciprofloxacin
Bacteria /mf;g (20ug/ml) | fruit 20 ug
(20pg/mil)
Staphylococeus |44, 5, 4+0.2+ | 5.9+0.25+ 15+0.2 *
aureus
Bacillus sp| 12+0.25* 2+0.2 * 8+0.15~ 11+0.3*
Streptococcus | 4. o5 . 0.0 8+0.15 * 20+0.3 *
pneumonia
Klebsiella sp | 11.93+0.3* | 7.8+0.17 * 4+0.2 * 13+0.2 *

4.8620.15 | 93,04+ | 13.4+05+

Shigella sp | 11.93+0.3 *

Escherichia coli| 11.4+0.4 * 48+0.15* | 9.7+0.36 * 19.5+0.5 *

Pseudomonas
Sp

10.2+0.2* | 4.8+0.15* | 9.7+0.36* 19.3+0.6 *

Means and standard deviation for n = 3. For each bacterium, the experimental values
within each row that have significantly different (p < 0.05) according to ANOVA test
(LSD). * Mean difference is significant at the 0.05 level.

4. Discussion!]

The change in the inhibition zone of bacterial growth around pomegranate extract
discs are given in tables (1 and 2). There were significant variations in the
antibacterial activities (Diameter of Inhibition Zone mean values) of methanol and
aqueous extracts. Results of present study indicated that methanol and aqueous
pomegranate extracts have influence on the growth of bacteria S.aureus, Bacillus sp,
S.pneumonia, E.coli, Klebsiella sp, Shigella sp, and Pseudomonas sp. The current

study is agreed with previous study conducted by Duman et al., 2009 who showed
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that methanol, ethanol, and water extracts obtained from pomegranate were active
and effective against the tested microorganisms S. aureus, E. coli, Salmonella typhi,
Vibrio cholera, S. dysenteriae, and S. sonnei. This study has shown that the
antimicrobial activity of pomegranate extracts have more effect on the growth of gram
positive bacteria (S.aureus, Bacillus sp, and S. pneumonia) than gram negative
bacteria (E.coli, Klebsiella sp, Shigella sp and Pseudomonas sp). This is may be due
to the different structures of the cell walls of Gram-positive and Gram-negative
(Hamad et al., 2017).

From the present results we observed that methanol peel extracts of pomegranate
have high antibacterial activity against S.aureus and E.coli. It has been reported that

methanol extract of pomegranate peels is a potent inhibitor for S. aureus, Listeria
monocytogenes, E. coli and Yersinia enterocolitica (Albarri et al., 2017). The
presence of some phytocompounds in the pomegranate peel extract may be
responsible for the inhibitory effect (Elfalleh et al., 2012). Similarly, it has been
stated that the antibacterial activity of pomegranate peels may be indicative of

presence of some metabolic toxins or broad spectrum antibiotic compounds (Hama
et al., 2014).

The peels of pomegranate are more active than whole fruit and seed respectively,
because peels of P.granatum contains many potent compounds such as
(anthocyanins, hydrolysable, tannis ellagic, flavones, gallic acid and vitamin C(Yehia
et al., 2011). Similar results were clearly recorded in our study which have shown that
methanolic peel extract of pomegranate (P.granatum) were more effect than whole
fruit and seed.

Our results support that methanol extracts are more active than water extracts.
Similarly, Devatkal et al., 2013 showed that aqueous pomegranate extracts have

weaker effect than acetone and methanol extracts. Another study is agree with the
current study which revealed that acetone and aqueous extracts were estimated
against both Gram positive and Gram-negative bacteria. The acetone extract showed
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the highest antibacterial activity, followed by methanol and water extract (Devatkal et

al., 2013). Moreover, it has been reported that methanol extracts were more active

than water extracts against E. coli, S. aureus, and B. subtilis (Nuamsetti et al.,
2012).

S.aureus were more sensitive to aqueous peel extracts than Pseudomonas sp as
shown in tablel and table2. Similarly, Sadeghian and his colleagues et al (2011)
indicated that the growth inhibition activity of agueous peel extract started at lower
concentration for S. aureus than for P. aeruginosa. Therefore, the aqueous peel
extract may be more effective on Gram positive bacteria as compare to Gram
negative bacteria.

The methanol extracts of P.granatum whole fruit is known to be active against all
microorganisms tested in their study (Duman et al., 2009). Our results also
reported that methanol whole fruit extract has antibacterial activity on all tested
bacteria. It has reported that antibacterial activity of pomegranate may be related to
the presence of hydrolysable tannins and polyphenolics in the pomegranate extracts,
especially punicalagin and gallagic acid. The antimicrobial influence of tannins is
associated to its molecular structure and toxicity for bacteria. Tannins were able to

act on the bacterial cell wall and cell membrane (Kiany et al., 2016).

5. Conclusions

In conclusion, our results obviously demonstrated broad spectrum activity of
pomegranate extracts against wide range of bacteria. The results also indicated that
methanol extracts of pomegranate are more effective against bacteria than the water
extracts. The presence of phytocompounds in the extracts including phenols, tannins
and flavonoids as major active constituents may be responsible for these activities.
The results of the present study for antibacterial activity of pomegranate extracts give
chance to pharmacists to use them in the alternative therapy. Further studies are
required to isolate the strong antibacterial agents in pomegranate and know their
mechanisms of action. This could be used in medicinal purposes. Further studies are
recommended to investigate the effect of pomegranate extracts on other species of

bacteria.
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