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ABSTRACT

Recently there has been an increasing intereskiraeting relevant natural antimicrobial agents petent as the
chemical antibiotics to be used as an alternatigpraach for controlling growth of microorganismsomegranate
(Punica granatum) has taken great attention for jiistent antimicrobial agent, in this study pomegen
homemade and market syrup (molasses) were testettiefio antibacterial activity against 13 bacteriatrains
varying between gram positive bacteria such asI8tlmgoccus aureus ATCC 25923 , MRSA ATCC 124985AVR
ATCC 3345, Bacillus subtilis ATCC 6633, Streptoascpyogenes ATCC 19615, Enterococcus faecalis ATCC
29212, Staphylococcus xylosis cilinical isolateeftococcus pneumoniae ATCC 6303, Streptococcidiaris
clinical isolate and gram negative bacteria namelcherishia coli ATCC 25922, Pseudomonas aerugidsaC
27853, Klebsiella pneumoniae ATCC 700603 and Saitasosp Agar well diffusion technique revealed the highest
antibacterial activity of pomegranate syrup to mported against E.coli, S. aureus, S. xylosus, IBacsubtilis
respectively. Viable cell count and cell wall aliBon were observed with time incubation assayipalarly with S.
aureus and E. coli after being incubated in pomegta syrup at 37°C at different time intervals andmined by
scanning electron microscopy (SEM). HPLC with té@lonoids and total phenolic content revealed tha major
chemical component of pomegranate syrup is galtid #0 which potent antibacterial activity, decress viable
cell count and structural alteration could be reddt

INTRODUCTION

Pomegranate, fig, olive grapes and dates mentionélte Holy Quraan are considered as heavenlysfmfitGod
indicating their beneficial effects.

PomegranateRunica granatumis one of the oldest edible fruit which has addrnistory as a medicinal fruit
extensively used in many cultures [16].The edildegof the fruit are consumed or used in the pedjmen of fresh
juices, canned food and also in the productionootht paste [14], [25], as well as in therapeutiomfolas and
cosmetics.
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Since ancient times, pomegranate has been regasied“healing food” with a numerous therapeutiedt in
several diseases [40]. It was used in eliminatiagagites, treating aphtae, ulcers, diarrhea, asidasicrobial
infection and was also used as antipyretic [23}] Ehd anti carcinogenic [17], [36], [20].

Nowadays, not only pomegranate is an important ceroi@ fruit crop that is widely cultivated mainig the
Mediterranean parts of the world but it is consédeas an alternative natural antibacterial agentémtrolling
growth of microorganisms.

The wide spread and over misuse of commerciallyilabla chemical anti-microbes led to the dangerous
development of antimicrobial resistance of some dupathogenic microorganisms, threatening as swelpublic
health. As a consequence, more emphasis was diedida medicinal plants known to have potent amtiotiial
activity [19], [10] and have always been remed@shuman health problems [37].

Pomegranate has been considered in many studiegvasy this antimicrobial activity [7], [9] [30].nl particular,
there has been renewed global interest on theifuradtand nutritional benefits of pomegranate ffLg].

The phytochemicals like tannins (gallic acid, eitagcid) and flavonoids extracted from pomegranateealed
antimicrobial activity when assayed agairisscherichia coli, Pseudomonas aeruginosaethicillin resistant
Staphylococcus aureldRSA and other harmful bacteria [31]. Braga réeddhat pomegranate extracts inhibited
not only the growth oStaphylococcus auredmit also the production of entrotoxins [9].

Many studies revealed that pomegranate is a fialitwith polyphenols including ellagitanins, gadlanins, ellagic
acid, gallic acid and catechins. These polypheralsibit various biological activities such as eliaiing free
radicals [28], inhibiting oxidation [4], antimicrad growth [30], [7], [22] and decreasing the rizkcardiovascular
diseases and some cancers [27].

The aim of this present study is to determine theitro antibacterial activity of homemade pomegtanaqueous
extract syrup (molasses) compared to that founthénmarket against thirteen bacteria varying betwgem
positive and gram negative among which are humahnoganic antibiotic resistant strains suchpasudomonas
aeruginosa ATCC 27853nethicillin resistanStaphylococcus aureU8#IRSA) ATCC 12498, MRSA ATCC 3345
and Salmonella sp.

Mostly affected bacteria were selected for timeeralion technique by incubating selected bacterta the
pomegranate syrup for different time intervals 24l 48 hours at 37°C, after which bacteria were ofeseunder
the scanning electron microscopy for any changasrttay occur on the cell wall which has to be stddurther in
the coming article on the genetic basis since fewooarticles studied this alteration of the bdaterell wall caused
by pomegranate incubation assay. Chemical compositientifying mainly gallic acid present in homeatea
pomegranate syrup was performed using the HPLC.

MATERIALS AND METHODS

Collection of pomegranate

Fresh pomegranate fruit samples were collected fitdocal Lebanese fruit market. The fruits werkeicto halves
and seeds were separated from the skin, squeeziedvader to release their juice. The juice was thesught to
boiling to be transformed into pomegranate syrugkrmown as molasses widely used in the Mediterrariead.

Fresh pomegranate homemade syrup together wittmalnkeet pomegranate syrup were compared and studied.

Both homemade and market molasses were steriligeflitbation using the filter membrane unit of O
membrane size (Millipore, USA). Sterilized samphese kept in sterile eppendorf tubes at 4°C fothier use.

Bacterial Isolates

Bacterial strains namelgtaphylococcus aureusTCC 25923 , MRSA ATCC 12498 , MRSA ATCC 334scillus
subtilis ATCC 6633,Streptococcus pyogendd CC 19615,Enterococcus faecalidTCC 29212,Staphylococcus
xylosus cilinical isolate, Streptococcus pneumonia@TCC 6303, Streptococcusviridians clinical isolate,
Escherichia coliIATCC 25922 Pseudomonas aeruginogd CC 27853 Klebsiella pneumoniadTCC 700603 and
Salmonellasp. were obtained from King Khaled Hospital, Mimiao gy laboratory, Riyadh, Saudi Arabia. Each of
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these tested microorganisms was freshly culturedutrient agar plates (Oxoid, USA) incubated atG¥5r 18- 24
hours.

Preparation of Bacterial Suspension
Prior to susceptibility test, bacterial suspensib.5 MacFarland of each bacterium respectivelg weepared in
5ml sterile nutrient broth (Oxoid, USA) test tultede inoculated on Muller Hinton agar plates (@x&iSA).

Pomegranate syrup antibacterial susceptibility test

Agar well diffusion technique

Both pomegranate homemade and market syrups atetit@ctivity was performed using the agar weéffugion
technique [21]. Small inoculums of the bacteriagmension were spread with the help of sterile costwab on the
surface of Muller Hinton agar plates. Inoculateates were kept to dry, two equidistant holes wiees tperformed
by the use of a sterile cork borer of 6 mm diamdfech well was loaded with 50pl of the two pomegta syrups
respectively. Plates were kept for 30 minutes anrdemperature before incubation at 37°C for 18pdirs,
allowing as such the tested samples to diffusethmcagar.

The antibacterial activity was determined by meiaguthe inhibition zone in mm around the wells leddvith the
fruit syrups. Standard antibiotic discs Ampicillitdug, optichin 10 pg, tetracycline 30 pug, vancomy80 pg,
sulfamethoxazole 25 pg and oxicillin 1 pg relatedetach bacterium correspondingly were used as iy®sit
reference control, comparing as such the pomegrabatterial activity with that of the chemicallyopuced
antibiotic discs. All tests were carried out irplicates.

Time Incubation Assay

Among the tested microorganisms in this studyy foacteria showing largest inhibition zone and feimostly
affected with pomegranate syrups particul@tgphylococcus aureugscherichia coli antibiotic resistant bacteria
Pseudomonas aeruginogand MRSA were selected to determine their celbiity and cellular morphological
alteration when incubated in 1ml (v/v) pomegrartaeemade and market syrups diluted in sterilelididtivater
(v/iv,5ml/5ml) at different time intervals for 24shand 48 hrs respectively at 37°C.

Prior to incubation, 0.1ml of pomegranate and eafcthe treated bacteria mixture was spread on tinfase of
nutrient agar plates to determine the cell viapgihd observe the structural changes that may aoctine bacterial
outer layers. Plates were then incubated at 37¥C1l824 hrs [32]. Colonies were counted to deteentimeir

viability and examined morphologically on the sgdaof the agar plates and further with scanningteda

microscopy SEM for noting any cell wall alterations

Cell Viability Determination

Viable cell counting of the treated bacteria wadgrened on the nutrient agar plates and determasedumber of
cells/0.1ml. It was noted that lower bacterial dowas obtained after 24 hrs of incubation in bodmkmade and
market pomegranate syrups than with 48 hrs of iatab. Among the selected treated bacté&saherichia coli
showed the lowest number of cells after 24 hrsoffibation in the pomegranate syrups followe®tgphylococcus
aureus,Pseudomonas aeruginosainor effect was observed on MRSA, this findingegdn agreement with Sat
al., 2012 [33] who stated that MRSA reduction depemdfime as well as on the dose of the extractgeged.

Morphological Alterations

Not only bacterial cell viability was affected blget time incubation assay but also morphologicahgka was
observed on the nutrient plates mainly Bicoli where the cells appeared to be larger, dry andpedmvith an
irregular margin, similarlys. aureusells changed into dry cells having an irregulargm, Pseudomonasolonies
appeared as dry and irregular; however, little atffeas observed on MRSA. To gain insights on thetdsal
mechanism of pomegranate syrups, scanning eleatioroscopy (SEM) was employed to further deternane
observe the structural alterations that had ocdwrethe outer layers of the treated bacteriab¢ai].

Scanning Electron Microscopy (SEM)

After being morphologically described and for bettenderstanding of the structural changes assatiai¢h

pomegranate syrups treatment, selected colonidsedfeated bacteria were cut into 5- by 10-mnegse fixed in
3% glutaraldehyde in PBS buffer for 1, followedfixation in 2% osmium tetroxide for 1 h. The tissugere then
dehydrated in ethyl alcohol, critical-point driedthvcarbon dioxide, mounted on aluminum stubs gitlier paint

77
Scholars Research Library



Amal A Al Hazzani et al Annals of Biological Research, 2013, 4 (5):75-87

[35], vacuum coated with gold palladium alloy, aridwed by SEM at an accelerating voltage of 2 kivKing
Saud University, central Laboratory, Sciences @alJéKSA.

Chemical Composition Analysis

HPLC

The chromatographic HPLC analysis of homemade poanete molasses was performed according to theoaheth
of Gil with slight modifications to determine majyrthe percentage of gallic acid present in the sareing tested.
Before injection, the sample was centrifuged (4 atiB000rpm) and the supernatant was filtered tiira0.45um
Millipore filter unit (Millipore, USA). Injection wlume was 50ul. An RP C18 Nucleosil 100 column wsed for
the separation of sample components. Mobile phassisted of solvent A (2.5% v/v, solution of acedicd in
water) and solvent B (2.5% vl/v, solution of acedicid in methanol) at different ratios. Chromatogsamere
recorded at 280 nm. Gallic acid was quantified é&mpparing its highest peak related to other obsepesdks. [15]

Total phenolic contents

The Folin-Ciocalteu method was used for the deteation of total phenolic compounds with minor maxifion
[21]. Briefly, 125ul of standard gallic acid solution (0—0.32 mg/mi)1@5ul of pomegranate home made syrup at 1
mg/ml in dimethylsulphoxide (DMSO) was added to bof distilled water and 12pl of Folin-Ciocalteu reagent
and then incubated for 10 min. Thereafter, 1.29MM% Na2CO3 and 1 ml of distilled water were adaed each
sample. Then, all samples were warmed at 45 °CLl%omin. The absorbance at 765 nm was measured asing
spectrophotometer. The concentration of total phemempounds was calculated from gallic acid staddcurve
and the data was expressed as mg of the galliceggcidalent (GAE) per 1 g of dry weight sample..Big

Total flavonoid contents

Total flavonoid content was evaluated accordingatoolorimetric assay with AICI3 with minor altei@ti [18].
Briefly, 250 ul of standard catechin solution (0— 0.32 mg/mIR60 ul of the home made pomegranate syrup at 1
mg/ml in DMSO was mixed with 1.25 ml of distilledater and then 7pl of 5% NaNO2 was added. After 10 min,
150 ul of 10% AICI3  6H20 was added and the mixture dtabroom temperature for 10 min. Next, 50®f 1

M NaOH and 275l of distilled water were added. Five minutes lagsrich sample was mixed and its absorbance at
532 nm measured using a spectrophotometer. Theentration of total flavonoids was obtained fromatechin
standard curve and values were shown as mg offéatequivalents (CAE) per 1 g of dry weight samplig.4

RESULTS

The therapeutic antibacterial effect of pomegraraieeous seed extract pomegranate syrup againgbuteen
tested bacterial isolates was studied and tabutstede average of the inhibition zone measurednm (table 1)

Table 1. Average inhibition zone measured in mm agast the tested bacterial isolates indicating theraibacterial activity of both
pomegranate homemade and market syrup. Highest atacterial activity of pomegranate syrup was obsengwith the homemade
mainly againstS. aureus, S. xylosus, E.coli, B. subtilisand S. pyogenes with little effect on MRSA, S. viridans and S. pneumoniea
repectively. Results were compared with the contradtandard antibiotic discs used for each of the tésd bacteria.

Inhibition Zone in (mm)

Bacterial isolates Homemade pomegranate syrup  Mpdegranate syrup  Standard antibiotic discs (Lg)
Staphylococcus aureus 26 26 Amp. (10) 29
Staphylococcus xylosus 23 21 Amp.(10)27
MRSA 22 18 Va (30) 25
MRSA ATCC 3345 20 15 24
Streptococcus pyogenes 23 195 OP (10) 25
Enterococcus faecalis 21 22 SXT(25) 27
Streptococcus viridans 155 17 OX(1)_
Streptococcus Pneumoniae 11 16.5 P(10) _
Bacillus subtilis 26.5 255 TE(30) 27
Escherichia coli 26 16.5 Amp.(10)_
Pseudomonsa aeruginosa 16 14 OX(1)_
Salmonella sp. 11 _ SXT(25) 19
Klebsiellapneumoni 19 22 OX(1) 1¢

Amp.(10): Ampicillin, SXT (25): Sulfamethoxazoiméthoprine, TE: tetracycline, OP: Optichin, Va:né&mycin, OX: Oxycillin, P: Penicillin.
MRSA: methicillin resistant Staphylococcus aureus.
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Fig.1 inhibition zone exerted by homemade and markgomegranate syrup respectively omBacillus subtilis and Staphylococcus aureus.

The most potent antibacterial activity of pomegtarsyrup was measured in mm and interpreted blatigest zone

of inhibition observed mainly oBtaphylococcus aureus, Bacillus subtilis and Ei fmlowed by Staphylococcus
xylosus Enterococcus faecalis, MRSA and Pseudomarasginosa;however, little or no activity was observed on
Streptococcus pyogenes, S. viridans and Streptasgmeeumoniaén agreement with other findings [2], [9]. The
highest antibacterial activity was exhibited by thememade pomegranate syrup rather than the market
pomegranate syrup. Synergistic effects were obdemen standard antibiotic discs were used ondfa bacterial
strains being tested particularly wittaphylococcus aureamdBacillus subtilis[12].

Time incubation results

The time incubation assay results were best obdesné&. aureus and E. codiffecting both the cell count and the
structural morphology mainly after 24 hrs rathearthd8 hrs of incubation with little alteration exasd on
Pseudomonas aeruginosa and methicillin resistaapl8tlococcus aureus MRSAhese morphological changes
were supported by the SEM where the treated bactmpeared longer in size with filamentous margirsach
different cell wall compared to the control unteghbacteria[34], [5]; however the mechanism ofaacts still not
clear and should be examined and studied in ouirgpfature work . (Fig. 2, fig.3)

Fig. 2 Effect of time incubation assay 24hrs at 3T on Escherichia coli, bacterial cells are observed to be larger with aifregular margin
and with a lower bacterial count.
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Fig.3 Effect of time incubation assay 24 hrs at 3T on Staphylococcus aureus, bacterial cells are seen bigger than their normadize with
an irregular margin.

Curves comparing the incubation time assay results:

Time Incubation Assay
250
M Staph
_ 200
E
HMRSA S 150
HE. coli E 100
E
3
ps - 50
0 - . ;
24 h (H) 24h (M) 48h (H) 48h (M)
time/hour

Fig. 4 Histogram comparing the time incubation assaeffect onS. aureus, E. coli, MRSA and P.aeruginosa. Lower cell count is observed
with E. coli, S. aureus and P. aeruginosarespectively.
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Fig.5 SEM of the four selected treated bacteria adr being incubated at 37°C for 24 and 48 hrs in poegranate homemade syrup
showing cell wall alteration giving new horizons foour coming work. Lane 1: Staphylococcus aureus; lane 2: Pseudomonas aeruginasa.
Lane 3: MRSA ATCC 3345, and Lane 4Escherichia coli.

A: control, B: incubation for 24 hrsand C: incubation for 48 hrs.

HPLC Analysis

HPLC analysis with total flavonoids and total phiémeoontents revealed that the major constituerparhegranate
homemade syrup is the hydrolysable tannins, gatlid in correlation with other findings (fig. 6gfirand fig.8), to
which the major antioxidant and consequently thetnpotent antibacterial effect is being related [62], [2], [8]
and[41]. It was well known that plant phenolics dtal/onoids are highly effective free radical saagers and
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antioxidants. It has been reported that oxidizifr@dgical material leads to a rapid burst of sup&te, hydrogen
peroxide, and hydroxyl (OH) generated primarily doese of the inonizing of water molecules [3] whitien
interact with biological target molecules causiipid peroxidation, DNA damage and subsequentlyltiegpin cell
killing and mutations [1]. This was obviously obged and emphasized in this study for the first tiosng the time
incubation assay for 24 hrs and SEM which revealtstation in the cell wall, the cell viability arden the size of
the bacterial cells being tested. Our next comiogkis to determine, mainly on the DNA basis, th&jon chemical

constituent of pomegranate syrup, gallic acid meigma of action on some of the tested bacteriahiss!.

<Chromatogram>
usl

2563

L

<Peak Table>
FDA Ch1 280nm
PeakE Rel, Time

(i)

Total 162

1 353

reght Conc Unit
82370 107460 PRM

82370

o
Lo

POA Multi 1 280nm £nm

Name

GALLIC ACID

Fig. 6 HPLC chromatogram showing the highest peakefers to gallic acid, the major constituent of théhome made pomegranate syrup

sample being processed.
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<Chromatogram>
uAU
5 PDA Multi 1 280am 4nm
N
100000
75000
50000
25000
0
0 10 20 a0 40 1] 60 L]
min
<Peak Table>
POA Ch1 280nm
Peak# Ret Time  Area Height Cone. Unit  Mark Mame

1 2.882
Total

1634530 91265 107,795 PPM M GALLIC ACID
1634530 81265

Fig.7 HPLC analysis chromatogram revealing the majoconstituent of pomegranate syrup being tested tbe gallic acid indicated by the

highest peak at 280 nm.
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<Chromatogram>
uAU
500 ‘ N PDA Multi 1 280nm,4nm
1 :1‘_)
" m
-500- {
'1000% T = i .
0 10 20 30 40 50 60 70

min
<Peak Table>
PDA Ch1280nm

Peak# Ret. Tme ~ Area  Height ~ Conc. Unit | Mark Name
1 347 1093 | 95 0072 PPM M GALLICACID
Total 1093 95|

Fig. 8 Pomegranate syrup HPLC chromatogram revealethe major peak observed is gallic acid as a majaronstituent
(0.072x100/0.5ml= 14.4 ppm)
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STD CONCENTRATION IN PPM I ABSRBANCE
0 )

— + -

SAMPLE ABSORBAMCE/SLOPE*10/0.5 = RESULT IN PPM

Fig.9 Total flavonoids slope showing the highest abrbance at 0.219 for 10ppm corresponding to gallicid the main constituent of
pomegranate syrup being tested.

DISCUSSION

Several antibacterial mechanisms of plant derivechets have been reported such as inhibiting éfledovision, or
damaging the cell walls of bacteria [32] and cagisthanges in microbial metabolism [5]. Several Melites
including tannins, flavonoids and other active sabses have been previously associated with ambiviel activity
and extensively used in the replacement of the @@y produced antimicrobial agents [6].

Among these plantfunica granaturmor commonly known as pomegranate is well knowmfrancient times as a
rich source of pharmacological properties duedaittioxidant, antimicrobial and antiproliferatigetivities. It was

demonstrated that the potent antibacterial battactivity was mainly due to the presence of hygsable tannins
and polyphenols specifically gallic acid in pomegate extracts [2], [6], [39], [12] and [8].

Tannins may act on the cell wall and across thiencembrane by precipitating proteins. They may lithénzymes
by oxidizing reagents and disturb co-aggregatiomafroorganisms [6], [2], [26] and [38]. Cowan [14]jggested
that the antimicrobial properties of tannins reside inactivating microbial adhesions, enzymes egltl envelope
transport proteins, forming complexes with polyses@es and modifying the cell morphology of miagenisms
in agreement with our findings reported with thadiincubation assay for 24 hrs in homemade pomatgayrup
where both cell viability and structural alteraiomere observed, giving new development strategiethe
treatment of human pathogenic among which are iatitbresistant where pomegranate syrup showednpote
antibacterial activity against all tested bactergallates in this study. Braga observed that poarege extracts
inhibit not only the growth oStaphylococcus aureusit also the production of enterotoxins [Bkcherichia coli,
Pseudomonas aeruginosa, Bacillus subtiisl MRSAwere reported to be affected by pomegranate estfadi,
[6], [31], [32]; however, the mechanism of actiarstill unclear and should be studied in futurekwor

The attempt in this present work to reveal thebauerial activity of pomegranate syrup and maimbw the
bioactive compounds present in pomegranate extadd cause a drastic alterations in viable celintdogether
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with morphological changes after 24 hours of int¢idoaat 37°C indicated that pomegranate could ke s an
alternative potent antibacterial agent replacinguah the chemically used ones; however, the mésthaof action
should be extensively studied for a better promgishrerapeutic usages of the ancient and heaveulydf God as
mentioned in the Holy Quraan.
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