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I N F O A B S T R A C T

Pomegranate as an Antibacterial Agent against 
Pathogens and at the same Time Advantageous 
to Beneficial Bacteria: A Review
Valentina Stefanou, Aliki Tsakni, Dimitris Timbis, Panagiota-Argiro Vougiouka, Irini Doumi, 
Iliana Maronikolaki, Nikos Siatras, Vladimiros Lougovois
Department of Food Science and Technology, Faculty of Food Sciences, University of West Attica, Athens, Greece.

Pomegranate contains several categories of bioactive constituents 
such as anthocyanins, flavonols, flavanols, isoflavones, flavones, 
hydrolysable and non-hydrolysable tannins that possess strong 
antioxidant, antibacterial and anti-inflammatory properties. 
Researches showed that pomegranate’s juice, extracts and isolated 
compounds are effective against various pathogens, as Clostridium, 
Escherichia coli, Aggregatibacter, Acinetobacter, Bacillus, Helicobacter, 
Porphyromonas, Acinetobacter, Cryptococcus, Citrobacter, Alcaligenes, 
Prevotella, Bacteroids, Cronobacter, Achromobacter, Prevotella, Proteus,  
Enterococcus,  Yersinia,  Treponema, Serratia, Klebsiella, Mycobacterium, 
Lysteria, Pseudomonas, Shigella, Streptococcus, Staphylococcus, 
Salmonella and Vibrio giving results in many cases comparable or even 
better than the commercial antibiotics. Pathogens are causing several 
infections with different scale of severity. Pomegranate’s phytochemicals 
possess more than one bioactivities and thus it can treat such health 
issues by more than one ways, affecting more than one parameters 
associated to them. For example, in cases of bacteria that are causing 
inflammation, pomegranate is not only killing the bacteria but also by 
its anti-inflammatory and antioxidant activity is treating the infections 
caused by them, achieving faster health rather than just removing the 
infection’s reason (the bacteria). Even pomegranate is bactericidal 
towards pathogens, it is protecting and enhancing the growth of gut 
microbiota that is important for health maintenance. Safety tests 
showed that pomegranate is safe in contrast with antibiotics that are 
having side effects and are disturbing gut microbiota causing dysbiosis 
and other disorders indicating that in cases that the antibacterial 
activity of pomegranate is comparable to antibiotics’ activity, it could 
be considered as a promising alternative antibacterial agent.
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Introduction
Pomegranate, containing several phytochemicals each 
of them having more than one bioactivities, has various 
medicinal uses such as antibacterial, antiviral, antifungal, 
astrigent, styptic, antihelminthic, vermifuge, stimulant, 
immune modulation and it has been used since ancient 
years until now in traditional medicines in order to treat 
cardiovascular diseases, asthma, bronchitis, cough, 
diabetes, dispepsia, disendery, diarrhea, malaria, fever, 
obesity, erectile dysfunction, male infertility, vaginitis, 
acquired immune deficiency syndrome, ulcers, wounds, 
bruises, denture stomatitis, bleeding disorders, Altzheimer;s 
disease, prostate cancer, skin lesions, mouth lesions and 
hypoxic-ischemic brain injury.1,2,3

Pomegranate Phytochemicals
Pomegranate is rich in polyphenols categorised in flavonoids 
(flavanones, flavones, flavonols, flavanols, isoflavones, 
anthocyanins), non-flavonoids (phenolic acids, hydroxy-
benzoic acids and hydroxy-cinnamic acids) and tannins 
(hydrolysable and non-hydrolysable) which possess strong 
antioxidant, antimicrobial and anti-inflammatory properties. 
Every plant part contains different phytochemicals and also 
same in different concentrations.4

The peel that is the 30-40% of the total fruit weight is 
very rich in phenolics such as gallic acid, gallotannins, 
ellagitannins, punicalagin, punicallagin, granatin A and B, 
anthocyanins, rutin, quercetin, catechin, epigallocatechin 
galate, pelargonidin, casuarinin, luteolin and prodelphinidin. 
The juice is rich in phenolics as gallic acid, ellagic acid, 
anthocyanins, ascorbic acid, rutin, quercetin, catechin, 
epigallocatechin gallate and also containsaminoacids and 
mineral elements. The seed oil contains punicic acid, fatty 
acids, ellagic acid and sterols. Ellagitannins as punicafolin 
and punicalin and flavonols as apigenin and luteolin are 
present in the leaves. The flowers contain gallic acid, 
triterpenoids as asiatic, maslinic and ursolic acid. Piperidine 
alkaloids and ellagitannins are found in roots and barks.5,6,7,8

Antibacterial Properties of Pomegranate
Salmonella, a Gram negative pathogen causes a range of 
clinical diseases that can be categorised in three groups: 
localised intestinal infection (gastroenteritis), systemic 
infection of healthy host (typhoid) and systemic infection 
of immune compromised or selectively sensitive host (non-
typhoid salmonelosis).9 In a research, in vitro and in vivo 
tests were carried out in order to evaluate the antimicrobial 
properties of pomegranate peel ethanolic extract against 
16 Salmonella strains including6 antibiotic resistant strains. 
The strains used in the study were Salmonella dublin 
ATCC 39184, (JOL 409), S. typhi ATCC 19943 (JOL 380), 
S. choleraesuis ATCC 7001 (JOL 411), S. derby ATCC 6960 
(JOL 410), S. gallinarum ATCC 9184 (JOL 423) and also local 

isolates of S. paratyphi A (JOL 381), S. Enteritidis strains JOL 
386, JOL 407, S. typhimurium strains JOL 387, JOL 388, JOL 
389, JOL 408, S. gallinarum strains JOL 419, JOL 420, JOL 
421 and JOL 422. The antibiotic resistant strains were JOL 
389, towards ampicillin, chloramphenicol, sulfisoxazole, 
streptomycin, ticarcillin, JOL 411 towards ampicillin 
and rimethoprim/sulfamethoxazole, JOL 419 towards 
cephalothin, sulfisoxazole. trimethoprim/sulfamethoxazole, 
JOL 420 towards cephalothin, nalidixic acid, JOL 421 
towards sulfisoxazole, nalidixic acid, streptomycin and 
JOL 423 towards ampicillin, amoxicillin/clavulanic acid, 
chloramphenicol, sulfisoxazole and streptomycin. The 
extract showed very high antibacterial activity against all 
strains tested including the antibiotic resistant strains. The 
in vivo tests have shown that inhibition of S. typhimurium 
growth decreased remarkably the mice mortality and that 
in the extract administrated mice, histological damage 
or clinical signs of infection rarely were observed while 
untreated mice had severe histological damage and clinical 
signs of infection in the tested organs. These results show 
that the ethanolic extract can efficiently treat salmonellosis. 
HPLC analysis of the extract showed that it contained 
punicalagin as main ellagitannin, punicallagin isomers, 
ellagic acid and gallic acid. It is referred that ellagic acid 
has antimicrobial properties, gallic acid shows antibacterial 
activity against intestinal bacteria, yet all above isolated 
compounds show weak activity against salmonella and this 
indicates that the high antibacterial activity was because 
of the presence of metabolic toxins that show antibiotic 
activity10 or due to synergistic action among the extract’s 
components.

Escherichia coli is an enterobacterium, part οf the normal 
intestinal flora and it is not causing infections unless it goes 
to another body part as in the abdomen, the lower urinary 
tract or in the case of neonatals, the brain. Pathogenic 
E.coli can cause stomachic cramps, vomit, fever, nausea, 
diarrhea, that in some cases can be even fatal.11 E.coli 
O104:H4, is a heat resistant enteroaggregative strain that 
can be found in the meat and  causes diarrhea or bloody 
diarrhea. In order to see if high ellagic acid concentration 
commercial pomegranate could be used in the ground 
chicken as antibacterial agent against these strains by meat 
processors, pomegranate  powder (70% ellagic acid) by 
0.0, 1.0, 2.0 and 3.0 wt/wt% in temperatures 55.0, 57.5, 
60.0 and 62.5 oC were tested in a full factorial design and 
was found that the rich in phenolics pomegranate powder 
increases the susceptibility of E.coli O104:H4 that as heat 
resistant could remain after heating process in the meat and 
thus cause infections. Pomegranate powder 1% reduced 
lethality time by 50% in comparison with the control where 
no pomegranate powder was added.12

Uropathogenic Escherichia coli is the main cause of over 
the 80% of the uncomplicated infections of the urinary 
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tract.13 Research showed that exposure of the uropathogenic 
Escherichia coli strain CFT 073 in pomegranate rind extract, 
results in decrease of the expression of the flagellin gene 
(fliC) and of the flagelin production and as the flagellin- 
mediated motility helps bacteria to spread arround, the 
bacteria’s swimming and swarming motilities were found to 
be prevented and thus bacteria did not spread in the upper 
urinary tract. Pomegranate fruit powder and punicalagin, a 
hydrolysable tannin, were also evaluated and was found that 
the pomegranate rind extract showed the highest inhibitory 
effect on the expression of fliC, yet pomegranate powder 
and not the rind extract showed the highest inhibitory 
activity in swimming motility with the inhibitory activity 
percentage of rind extract, punicalagin and powder to be 
50%, 14% and 70% respectively.14 Even if punicagalin is 
one of the main pomegranate compounds, these results 
indicate synergic action among the phytochemicals of the 
rind extract and of the pomegranate powder so they have 
significantly higher antimicrobial activity than the isolated 
punicalagin.

Staphylococcus epidermidis is a multidrug resistant gram-
positive bacteria that mostly colonizes human skin, is 
associated with acute and chronic pulpitis, dry socket, 
pericoronitis, angular stomatitis and periodontitis and also 
is involved in nosocomial infections.15 The antibacterial 
properties of fresh pomegranate juice have been evaluated 
against 60 strains of S. epidermidis, resistant to the 
antibiotics: ampicillin, ceftriaxone, cephalothin, ceftazidime, 
ciprofloxacin, gentamicin, ethidium bromide, neomycin, 
norfloxacin, sulfisoxazole, polymyxin, ofloxacin, oxacillin,  
vancomycin, tetracycline and tobramycin. The results 
showed that the juice at 20% had on all the strains that 
were tested minimum inhibitory concentration equal to 
100% something that is attributed to the high polyphenolic 
content and also to its’ antioxidant activity.16

Staphylococcus aureus is found in the skin flora almost 
in 1/3 of human population without causing infections, 
yet depending on the immune system it is possible to 
infect the skin, the soft tissue in the body, the blood 
stream and the bones and also is referred as the most 
frequent reason of post-surgical infections. Pseudomonas 
aeruginosa is a resistant to last resort antibiotics as 
polymixins and carbapenems hospital pathogen causing 
to immunocompromised individual sepsis and death. It 
produces various exoproducts as alkaline protease, elastase, 
hemolysin, pyocyanin andrhamnolipids associated with 
pathogenesis and infections and also is referred that can 
cause denial for lung transplantation.11,17

Pomegranate peel and seeds ethanolic extracts were 
tested against Staphylococcus aureus and Pseudomonas 
aeruginosa clinical isolates from Health Centers and was 
found that both extracts showed very good inhibitory 

activity on the bacteria tested, with the peel extract to have 
stronger antibacterial properties, as in all tests, the minimum 
inhibitory and minimum bactericidal concentrations were 
remarkably lower than those in seed extract. The minimum 
inhibitory concentrations were 12.5 mg/ml for the peel and 
25.0 for the seed extract and the minimum bactericidal 
concentrations were 25.0 mg/ml and 50.0 mg/ml for peel 
and seed extracts respectively. The main compounds 
found in both peel and seeds extracts with difference 
in percentage in favour of the peel extract were gallic 
acid, catechin, epicatechin, gallocatechin, gallocatechin-
(4,8)-catechin, furfural, heptacosane, ellagic acid, ellagic 
acid, 3,3′-di-O-methyl, ellagic acid, 3,3′, 4′-tri-Omethyl, 
5-hydroxymethylfurfural, pyrogallol, ascorbic acid, linoleic 
acid, gamma-sitosterol, stigmasterol.18   

Methycillin Resistant Staphylococcus Aureus (MRSA) are the 
strains that became resistant to beta-lactam antibiotics such 
as cephalosporins and penicillins. As they do not respond 
to the first line antibiotics, they can cause to people with 
weakened immune system serious infections that can be 
even fatal. Pomegranate ethanolic extracts were found 
to inhibit 35 MRSA hospital isolates with MIC values to 
be a range of 0.2-0.4 mg/ml. After pomegranate extract 
application, it is found by scanning electron microscopy that 
alterations have been caused on the bacterial cell walls.19

In a study the antibacterial activity of pomegranate skin 
methanolic and aqueous extracts has been evaluated 
against Staphylococcus aureus and the Pseudomonas 
aeruginosa and the results were compared to commercial 
antibiotics. Both, aqueous and methanolic extracts showed 
good antibacterial properties against both bacteria, with 
the methanolic extract to give better results. The observed 
activity against Staphylococcus aureus was comparable 
with cloxacillin’s activity and the activity on Pseudomonas 
aeruginosa was similar with gentamycin’s, showing that the 
pomegranate can be considered as a potent antibacterial 
agent against these bacteria.20 

In another study, 95% ethanolic pomegranate extract was 
found in a research to show very strong and comparable 
activity against Staphylococcus aureus with the commercial 
antibiotics Clindanycin, Chloramphenicol,  Vancomycin and  
Gentamycin.21

Furthermore, pomegranate peel extract and Cu(II) ions 
combination was found to indicate strong antibacterial 
activity against isolated Methicillin-Sensitive Staphylococcus 
Aureus (MSSA) and Methicillin-Resistant Staphylococcus 
Aureus (MRSA).22 

In an in vivo experiment C3H/He mice were orally 
administrated with methanolic extract of pomegranate 
peel containing ellagic acid, punicalin and punicalagin and 
after 14 days infection has been induced by Citrobacter 
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rodentium, a pathogen that mimics several aspects of 
the Escherichia coli enteropathogenic human infections. 
Infection with Citrobacter rodentium causes strong Th1/
Th17 immune response that result in overproduction of 
the pro-inflammatory interleukin cytokines IL-1β, IL-12, 
IL-17, IL-22, IL-23, IFN-γ and TNF-α, that mean high risk 
of inflammation,  autoimmune disorders, tissue damage, 
pain, allergies, pathogenesis processes and chronic 
diseases.23-27 The results showed that the C. rodentioum 
infection induced weight loss and the mortality of mice 
treated with extract were decreased in comparation with 
the controls which were treated with water instead of the 
extract. Has been observed that significant colonization of 
C. rodentium in spleen occurred only in the control group, 
as in pomegranate group there was a remarkably dose 
dependent colonization decrease. However, colonization 
of the bacteria in colon has not been affected despite the 
pomegranate treatment, but the damage of the colon was 
less in the pomegranate group.23  

Klebsiella pneumoniae is an enterobacterium found in the 
digestive tract and it is associated with hospital infections, 
pneumonia, respiratory and urinary tract infections. In 
neonatals it can also infect the bloodstream.11 Pomegranate 
juice, methanolic and aqueous peel extracts and the 
isolated pomegranate constituents ellagic acid, quercetin, 
epigallocatechin-3-gallate (EGCG) and caffeic acid were 
tested against Klebsiella pneumoniae clinical isolates from 
different sources that were resistant to ampicillin/sulbactum, 
aztreonam, ceftazidime, chloramphenicol, ceftriaxone, 
ciprofloxacin, cefuroxime, cefixime, doxycycline, cefoxitin, 
imipenem, gentamicin, levofloxacin, nitrofurantoin, 
norfloxacin, meropenem, ofloxacin, piperacillin/tazobactum 
and tetracycline. All isolated compounds which were 
dissolved in DMSO (2mg/ml), juice and extracts showed 
antibacterial activity, with most effective to be the isolated 
compounds quercetin (MIC 64-256μg/ml), ellagic acid (MIC 
64-256μg/ml), ECGC (64-256μg/ml), caffeic acid(128-512μg/
ml) than the juice and extracts (mixture of compounds) 
which gave higher MIC values. These compounds, extracts 
and juice were also effective against Mycobacterium 
tuberculosis strains resistant to ciprofloxacin, D-cycloserine, 
isoniazid, kanamycin, rifampicin and streptomycin. The best 
results were given by isolated compounds with MIC values 
to be 64-512μg/ml for quercetin, ellagic acid and ECGC and 
higher for caffeic acid, extracts and juice.28 

Streptococcus sanguis is the main cause of dental 
plaque formation.29 It is one of the bacteria that cause 
Recurrent Aphthous Stomatitis and also it is found to be 
associated with bacterial endocarditis30 and gastrointestinal 
carcinoma.31 Hydralcoholic pomegranate seed extract (70% 
ethanol) has been tested on S. Sanguis and the values of 
the Minimum Inhibitory Concentration (MIC) which is 
the lowest concentration of an antimicrobial agent that 

prevents the bacteria’s visible growth (bacteriostatic) and 
the Minimum Bactericidal Concentration (MBC) that is the 
lowest concentration of the antimicrobial agent that can 
kill a bacterium into specific conditions. The results showed 
that the extract inhibited efficiently the growth of S. Sanguis 
with MIC and MBS values to be 500 ppm and 2000 ppm 
respectively.32 In an in vivo study, Swiss Webster mice were 
administrated with pomegranate seeds ethanolic extract 
and has been observed that the extracts showed strong 
bacteriostatic and bactericidal activity against the bacteria 
S.Sanguis ATCC 10556. In the same study toxicity test has 
also been carried out and showed that the extract had no 
toxicity in the dosage needed for the antibacterial activity.33

Cronobacter sakazakii, an opportunistic pathogen causes 
severe, even sometimes fatal infections to infants. 
Pomegranate peel methanolic extract containing in high 
concentrarions the ellagitannins α- and β- punicalagin 
followed by punicalin, ellagic acid and its’ derivatives has 
been found to possess bacteriostatic and bactericidal 
properties against Cronobacter sakazakii strains HPB 
2855, HPB 2871 and HPB 3290. Significant decrease of 
the minimum inhibitory and bactericidal concentrations 
has been observed by reducing the temperature (37, 21, 
10oC) and pH (6, 5, 4).34

Shigellosis is a common enteric infection including 
symptoms as fever, nausea, abdominal cramps, dysentery, 
vomiting, diarrhea or bloody diarrhea and it is caused 
by Shigella bacteria.35 Pomegranate’s ethanolic extracts 
were found to be highly effective against Shigella spp. Its’ 
antibacterial activity was found higher than the antibiotic’s 
chloramphenicol, and lower than trimethoprim’s activity. 
The extracts were also very effective against Shigella 
sonei. Pomegranate fruit pericarp extracts showed 
higher antibacterial activity against Salmonella typhi in 
comparation with ampicillin. Pomegranate peel extract was 
also found very effective against Vibrio cholerae, which is 
causing cholera infections.19

In a research, the antibacterial properties of punicalagins, 
ellagic acid, gallic acid and pomegranate extract were 
evaluated against the gram-positive intestinal pathogens 
Clostridium ramosum, Clostridium clostridioforme and 
Clostridium perfringens. Punicalagins inhibited the 
growth of all bacteria tested. Ellagic acid was found to 
inhibit completely the growth of C. clostridioforme and 
C. perfringens and the growth of C.ramosum by 26%  
compared to control. Pomegranate extract inhibited C. 
ramosum and C. perfringens while the C. clostridioforme’s 
growth was decreased by 60%. Gallic acid decreased not 
significantly the growth of C. ramosum and C. perfringens.36

The antibacterial properties of three different genotypes 
of pomegranate 17-67, 19-66 and 19-121 were evaluated 
against Escherichia coli (ATCC 25922), Salmonella Enteritidis 
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(ATCC 13076) and Staphylococcus aureus (ATCC 25923) and 
was found that all the pomegranate genotype extracts 
showed significant activity against the tested strains. It has 
also been observed that the genotype 19-66 despite having 
the highest total phenolic content it showed markedly 
lowest antibacterial activity than the other genotypes and 
an explanation that was given for this result was that there 
is synergistic activity of phenolics with organic acids and 
when the concentration of organic acids is increased, the 
antibacterial activity also is increased.37

Acinetobacter baumanii is a hospital pathogen, resistant to 
last-resort antibiotics as carbaperems and polymyxins that 
is responsible for various infections.11 Pomegranate peel 
extracts (100 mg/ml) in methanol, ethanol, acetone and 
water were evaluated as antibacterial against Acinetobacter 
baumannii ATCC 27945, Pseudomonas aeruginosa ATCC 
27853 and Staphylococcus aureus ATCC 29243. The aqueous 
extract had total phenolics 83.17±0.003mg/g and total 
flavonoid content 10.65±0.003mg/g, the ethanolic extract 
total phenolics 94.14±0.02mg/g and total flavonoids 
14.48±0.005mg/g, the methanolic total phenolics 
105.6±0.005mg/g and total flavonoids 20.99±0.004mg/g, 
the acetonic extract had total phenolics 130.36±0.01mg/g 
and total flavonoids 70.5±0.01mg/g. The inhibition zones 
of the acetonic, methanolic, ethanolic and aqueous extract 
against S.aureus were 28mm, 22mm, 21mm, and 13mm, 
result expected due to total phenolics and total flavonoids 
values for each extract. The inhibition zones against P. 
aeruginosa for aqueous and ethanolic extracts were 24mm, 
for methanolic 26mm and for acetonic extract were 28 
mm. In the A. Baumanii’s case, despite the fact that less 
phytochemicals were extracted in the aqueous extract, 
the inhibitory zone of the aqueous was the same with 
this of the methanolic extract, 28mm. The inhibitory zone 
was 26 mm and 29 mm for ethanolic and acetonic extract 
respectively.38 Phytochemicals have different solubility in 
the various solvents and these results may indicate that 
the compounds that have bigger solubility in the water, are 
those who play important role in the A. Baumanii’s inhibition 
or may indicate a possible synergic action among those 
compounds and other phytochemicals. Further experiments 
could give more information.

In an in-vitro study, the antibacterial properties of 95% 
ethanol, acetone and hot water extracts were evaluated 
against the food related bacteria Salmonella typhimurium, 
Bacillus subtilis, Escherichia coli and Staphylococcus aureus. 
All the extracts showed potent antibacterial properties 
against all the bacteria tested. Results have also shown 
bigger susceptibility of the gram-positive bacteria to the 
pomegranate extracts than the gram-negative.39

The antibacterial properties of pomegranate extracts have 
been evaluated in vitro (agar diffusion) and in situ (food) 

against food-borne pathogens. Yersinia enterocolitica, 
the main cause of Yersiniasis, is a zoonotic bacteria 
causing infections such as gastroenteritis and is related to 
extraintestinal manifestations too, such as reactive arthritis. 
Pomegranate peel methanolic extract (80%)  was found to 
be a strong inhibitor of Yersinia enterocolitica, Escherichia 
coli, Listeria monocytogenes and Staphylococcus aureus.40

In a study, pomegranate juice, peel and seeds extracts were 
found to possess good antibacterial properties against S. 
aureus with the peel extract to show the strongest activity.41 

Pomegranate peel extracts were found to be very effective in 
inhibiting in test plates the growth of poultry meat isolated 
Pseudomonas stutzeri strain CTSP36.42

The antibacterial properties of pomegranate juice, ellagic 
acid, gallagic acid,  punicallagins, punicalins and also of 
mixture of tannin fractions in H2O, BuOH and EtOAc have 
been evaluated against Escherichia coli, Cryptococcus 
neoformans, Mycobacterium intracellulare, Candida 
albicans, Pseudomonas aeruginosa and methyliccin 
resistant Staphylococcus aureus and was found that all 
isolated compounds, mixture and juice showed very good 
antibacterial activity with gallagic acid and punicallagins 
to show the strongest activity against Cryptococcus 
neoformans, Pseudomonas aeruginosa and methyliccin 
resistant Staphylococcus aureus.43 

In order to see if pomegranate peel flour can be used as a 
natural antimicrobial agent in the food industry, a research 
has been carried out where HPLC polyphenol profile 
determined flour was tested against bacteria strains that 
are responsible for several infections and food poisoning.   
The strains were Listeria innocua, Listeria monocytogenes, 
Salmonella sp, Escherichia coli, Staphylococcus aureus and 
Pseudomonas aeruginosa. Eight phenolic compounds have 
been identified with the main component to be punicagalin 
(16.67 mg/g) followed by ellagic acid (0.12 mg/g). The 
minimum inhibitory concentrations were between 20 and 
50 mg/ml. The antibacterial activity against the strains was 
L. innocua< P. aerugonosa< L. monocytogenes = Salmonella 
sp = S. aureus = E. coli.44

In a research, the antibacterial activity of pomegranate leaf 
extracts against standard Escherichia coli (ATCC 25922) and 
Staphylococcus aureus (ATCC 25923) strains and clinical 
isolates resistant strains as well has been evaluated by 
microdilution method and disc diffusion method. The 
extracts used were aqueous, ethanolic, hexane, ethyl 
acetate, chloroform and also extract enriched with Total 
Oligomer Flavonoids (TOF) prepared using an acetone/
water mixture to extract the phytochemicals from leaves 
in which the phenols and flavonoids were in the highest 
concentration among all extracts and with ellagic acid, 
gallic acid, luteolin and rutin to be determined by HPLC in 
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it. It was found that the TOF extract showed the strongest 
antibacterial activity against every tested strain. The 
ethanol extract showed antibacterial activity against both 
standard and resistant Staphylococcus aureus and also in 
the standard Escherichia coli strains. The aqueous extract 
showed antimicrobial activity especially against Escherichia 
coli and Staphylococcus aureus standard strains. In the same 
research, the synergic action between the pomegranate leaf 
extracts and the antibiotics amoxicillin and cefotaxime was 
also evaluated with the check board method and was found 
that amoxilin and TOF extract showed the best synergistic 
interaction against penicillin resistant E. Coli and penicillin 
resistant S. Aureus.45   

Ethanolic extract of pomegranate flowers with total phenolic 
content 40.8±1.3 mg gallic acid equivalent/g of extract and 
total flavonoid content (64±38 mg quercetin equivalent /g of 
extract has been tested against 8 strains of antibiotic resistant 
Escherichia coli, Enterococcus faecalis, Pseudomonas 
aeruginosa, Staphylococcus epidermidis, Staphylococcus 
aureus, Shigella spp and Klebsiella pneumonia. The bacteria 
strains were resistant to 1-12 of the antibiotics: amikacin, 
ampicillin, chloramphenicol, cephalothin, ceftriaxone, 
gentamicin, penicillin, tetracycline, azithromycin, cefoxitin, 
cefotaxime, erythromycin, norfloxacin and methicillin. The 
results showed a moderate activity against Staphylococcus 
aureus and Staphylococcus epidermidis and weaker activity 
against the other antibiotic resistant bacteria.46 

The antibacterial properties of pomegranate peel extracts 
in acetone -water (70%), methanol-water (80%) and ethyl 
acetate have been evaluated against Achromobacter 
denitrificans CECT 449, Listeria innocua CECT 910 and 
Algaligenes faecalis CECT 145, while the polyphenolic profile 
of each extract has also been determined by HPLC in order 
to correlate the phytochemicals that mainly were extracted 
by each solvent with the observed antibacterial activity. The 
extraction yield was highest in acetone extract by 86.5%. In 
methanolic extract was 67.5% and in ethyl acetate only 3.8%. 
All extracts showed very good antibacterial activity against 
all bacteria except the ethyl acetate extract which was found 
to be no effective against the Achromobacter denitrificans 
bacteria. The main compound that was identified in acetone 
and methanol extracts was punicalagin and in the ethyl 
acetate extract was ellagic acid. Three derivatives of ellagic 
acid have also been determined. The acetone extract, 
containing polyphenols in highest concentrations, showed 
the best antibacterial activity among all extracts.47 It is 
referred that one of the reasons that make ellagic acid and 
also gallic acid to show strong antibacterial properties is 
their ability to precipitate membrane proteins and inhibit 
those enzymes which lead to cell lysis.48

In a research, pomegranate peel extracts in petroleum 
ether, methanol and water have been evaluated against the 

gram-negative Pseudomonas aeruginosa and Escherichia 
coli and the gram-positive bacillus subtilis and Pseudomonas 
aeruginosa. The phytochemicals that were extracted in each 
solvent were different. In the methanolic extract were found 
polyphenols, tannins (gallic and catechic), flavonoids and 
alcaloids. The aqueous extract was containing polyphenols, 
catechic tannins, flavonoids and Leucoanthocyanes. In the 
petroleume ether, sterols and polyterpenes were extracted. 
The antibacterial activities of the extracts and also of the 
commercial chloramphenicol have been evaluated by agar 
disk diffusion method. The methanolic extract inhibited 
significantly the growth of S.aureus which was inhibited 
most, E. coli and P. aeruginosa The results were comparable 
to those of chlorampenicol especially in P. aeruginosa 
bacteria. The aqueous extract was also very effective against 
S.aureus, E. coli and P. aeruginosa. The best results were 
given by the methanolic extract obtained by ultra sound 
extraction. It is also referred that ethanolic pomegranate 
bark extracts show strong antibacterial properties 
against Escherichia coli, Pseudomonas aeruginosa and 
Staphylococcus aureus.49

Pomegranate leaves’ aqueous extracts were found to 
be very effective against Gram(+) and Gram(-) multidrug 
resistant strains of Acinetobacter baumannii, Pseudomonas 
aeruginosa, Klebsiella pneumoniae, Escherichia coli, 
Serratia liquefaciens, Citrobacter freundii, Proteus mirabilis, 
Staphylococcus epidermidis, Streptococcus feacalis and 
Staphylococcus aureus. The inhibition zones were found 
to be very large with the diameter in somecases to reach 
23.7mm and the MIC and MBC values to be lower than 
0.78mg/ml. It is important to be emphasized that the 
extracts were effective against  Acinetobacter baumannii, 
that is a very difficult to treat hospital pathogen causing 
serious infections such as nosocomial meningitis and 
pneumonia,  resistant to last resort antibiotics as polymyxins 
and carbappenems.50-52

Researches showed that the dried powdered peel exhibit 
strong antibacterial properties against dental plaque 
microorganisms.22 Rothia dentocariosa and streptococcus 
mutans Clarke are considered to be the main cause of 
dental caries. Pomegranate’s hydralcoholic peel extract 
and juice were evaluated against R. dentocariosa clinical 
isolate and S.mutans ATCC 25175, and the results showed 
that the peel extract inhibited sufficiently the survival and 
growth of both bacteria with MIC value to be 10μg/μl 
and MBC 15 μg/μl. The juice inhibited significantly the S. 
mutans with MIC and MBC values to be 25 μg/μl and 40 
μg/μl respectively and also showed inhibitory activity on 
R. dentocariosa with MIC and MBC values to be 20 μg/μl 
and 140 μg/μl respectively.53 In another study, pomegranate 
mouthwash was found to be very effective antibacterial 
agent against the periodontal bacteria Prevotella 
intermedia, Aggregatibacter actinomycetemcomitans and 
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Porphyromonas gingivalis and against Helicobacter pylori, 
associated to deep periodontal pockets and also gastritis 
inflammation, chronic inflammation and gastric cancer.3,1,54

60 healthy patients aged 9-25 years old used as mouth rinse 
hydralcoholic pomegranate extract in order to evaluate its’ 
antibacterial activity against dental placue microorganisms, 
E. coli, Staphylococcus, Proteus, Klebsiella and Streptococcus 
species. Results showed similar efficacy with chlorhexidine, 
indicating that hydralcoholic pomegranate extract could be 
used as an alternative dental plaque treatment. The high 
antibacterial activity is attributed to the punicallagin and 
ellagitannin fraction.55,29 

The pomegranate’s antibacterial activity against periodontal 
bacteria is attributed to reactions of its’ phytochemicals with 
sulphydril groups, oxidation of enzymes of the bacteria and 
through more nonspecific reactions with their proteins.56

In a study were used mono- and multi-species biofilms in order 
to evaluate the pomegranate juice effects on the periodontal 
pathogens’ Treponema denticola, Aggregatibacter 
actinomycetemcomitans and Porphyromonas gingivalis 
viability. The pomegranate juice decreased remarkably 
both mono- and multi-species biofilm mass, at all juice 
concentrations used and all incubation times (1h, 6h and 
24h). The best results were obtained in case of T. denticola 
with 25% concentration (optical density of biofilm mass OD 
0.87 ± 0.08) in case of A. actinomycetemcomitans with 50% 
concentration (OD 0.22 ± 0.01), in case of P.gingivalis with 
100% (OD 0.34 ± 0.03) and in case of multispecies film with 
concentration 50% (OD 0.09 ± 0.02).57

Gingivitis is a gum’s inflammation caused by bacterial plaque 
biofilms attached on tooth surfaces. 19 Gel containing 
pomegranate extract has been used for 21 days by 
chronic gingivitis patients. It was found that the gel use 
in combination with mechanical debridement resulted in 
remarkable improvement of plaque index, gingival index 
and papillary bleeding index.58 

Biodegradable chips impregnated with pomegranate peel 
extract and also placebo chips were implanted in patients 
with periodontitis having gum pocket depths 5-8 mm in 
order to evaluate the extracts effects. The level of bacterial 
attachment, plaque indexes, gingival and bleeding were 
measured and compared to the measurement results 
after 3 and 6 months. The pomegranate treatment lead 
after 3 months to remarkable decrease of the pocket 
depth, bacterial attachment and also plaque decrease 
compared to the control. Moreover, the inflammatory 
marker interleukin IL-1beta has been decreased after 3 
and 6 months treatment.19 

In a research, punicallagin was found to enhance the 
growth of probiotic bacteria, mostly Lactobacillus and 
Bifidobacterium species, which seem to be able to treat 

sufficiently periodontitis by decreasing the periodontal 
bacteria and also by strengthening the epithelial barrier 
function that leads to higher resistance to infections.56

Helicobacter pylori causes gastritis inflammation. 
Pomegranate shows good antibacterial activity against 
H. Pylori and kills the bacteria, yet the inflammation it 
created it remains or could in certain circumstances recur. 
Pomegranate constituents except bactericidal possess anti-
inflammatory properties too and thus it contributes by 
more than one way- bioactivities to health achievement.1

Οpen wounds for a long time can be a favorable environment 
for tumor growth. Pathogens in wounds can cause serious 
infections and delay wound closure.59 Research showed that 
5% methanolic pomegranate peel extract showed significant 
antibacterial properties against the wound present bacteria 
such as Escherichia coli, Salmonella anatum, Salmonella 
typhimurium, Klebsiella pneumoniae, Streptococcus 
pneumoniae, Staphylococcus aureus and Pseudomonas 
aeruginosa. In an in vivo experiment, ointment containing 
methanolic peel extract 5% was applied on guinea pigs’s 
wounds for 12 days. The wound closure was markedly 
enhanced as the extract showed strong antibacterial activity 
against wound bacteria, and also, the DNA and protein 
synthesis were increased19 as the pomegranate contains 
several phytochemicals with more than one bioactivities 
leading most of the times to the desirable result by more 
than one way.

Several researches have also shown that pomegranate 
peel constituents have very good antibacterial activity 
against Prevotella intermedia, Aggregatibacter 
actinomycetemcomitans, Streptococcus salivarius, Listeria 
monocytogenes, Escherichia coli O157:H7, Salmonella 
enterica serovars.60 

Pharmacokinetic studies showed that the flavanoids 
naringin and pelargonidin in the peel have antibacterial 
properties7. Pomegranate fruit barks show antibacterial 
activity against Bacillus anthracis and Vibrio cholerae.61

Pomegranate Protecting and Promoting Useful 
Bacteria

The gut microbiota is acting as it is a real body’s organ, having 
important metabolic function, stimulating the immune 
system and thus regulating the inflammatory response, and 
by the symbiotic interactions among microorganisms and 
gastrointestinal tract it’s helping into the gut homeostasis 
maintaining. They also inhibit urogenical and intestinal 
pathogens; growth. Lactobacillus bacteria, decrease the risk 
of urinary tract infections caused by pathogens, prevent 
and treat gastroenteritis and also with its’ presence in 
vagina protects from vaginosis.62 Bifidobacteria can treat 
gastrointestinal disorders as diarrhea, reduce Inflammatory 
Bowel Disease symptoms, inhibits rotavirus that is causing 
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sporadic diarrhea to neonatals, protects DNA from damage 
induced by carcinogenesis. It is also found to inhibit 
genotoxic carcinogen’s effect preventing thus colorectal 
cancer.63 Imbalance of gut microbiota, dysbiosis, as it 
happens with every other organ’s imbalance leads to 
diseases, particularly to intestinal and extraintestinal 
pathogenesis and disorders such as Inflammatory Bowel 
Disease, allergies, obesity, asthma, cardiovascular diseases, 
coeliac disease, metabolic syndrome,  Irritable Bowel 
Syndrom, inflammation, psoriasis and also it is associated 
with colorectal cancer64, 65, 66,67 indicating that the protection 
and enhancement of probiotic gut bacteria are important 
for the health maintenance.19 

While pomegranate is inhibiting pathogens’ growth, it is 
promoting the  beneficial bacteria’s growth. It is found 
that the pomegranate extracts are promoting the growth 
of Lactobacillus spp, Bifidobacterium spp, Bifidobacterium 
infantis and Bifidobacterium breve.19 Pomegranate extract 
containing in high concentrations oligomers composed by 
2-10 repeating units of ellagic acid, glucose and gallic acid 
in different combinations and also seperatelly punicalagins, 
all compounds possessing antibacterial properties, were 
incubated with bacteria from fecal samples in order to find 
out their effect on gut bacteria growth. The results showed 
that with the pomegranate extract not only did not reduce 
the bacteria, but also remarkably enhanced their growth 
due to the dibenzopyranone-type urolythins production 
during incubation. Same results are also referred in in-
vivo experiments where rats were fed with pomegranate 
extracts. Punicalagins also protected the gut bacteria but 
showed lower effect on their growth in the concentration 
used in the experiment.68

In a research, pomegranate juice has been tested in order to 
find out the way it is affecting the growth of the beneficial 
bacteria Bifidobacterium animalis, Lactobacilus lactis 
spp, Lactobacilus casei and also the growth of 4 strains 
of the multidrug resistant bacteria Clostridium difficile 
hypervirulent NAP1/027/BI which causes epidemic diarrhea, 
severe watery diarrhea, pseudomembranous colitis and 
also producing enterotoxinds is responsible for damages in 
the target cells’ actin that lead to inflammation, neutrophil 
infiltration, necrosis of epithelial cells, damages of the 
tight joints of epithelial cells, vascular permeability and 
hemorrhage. Results showed that the pomegranate juice 
inhibited the growth of the multidrug resistant C. Difficile 
with MIC and MBC values to be 309 μg/ml and 780 μg/ml 
respectively for all 4 strains tested while the growth of the 
beneficial bacteria was not affected.69,70

In another study, the effect of pomegranate juice and 
pomegranate extract on the growth of the beneficial intestinal 
Lactobacilli and Bifidobacteria and also on the pathogens 
Clostridia, Bacteroides fragilis and Enterobacteriaceae 

has been determined. Both pomegranate extract and 
juice stimulated the growth of the beneficial bacteria 
Lactobacillus and Bifidobacterium, while remarkable dose 
dependent growth inhibition of the pathogens has been 
observed.71

The antibacterial activity of HPLC determined pomegranate 
gel containing 0.234% punicalagin has been evaluated 
against the pathogens Streptococcus sanguinis and 
Streptococcus mutans and the beneficial Lactobacillus 
casei and was found that the pathogens were sufficiently 
inhibited having MBC 250 and 125 mg/ml and Total Kill 
Assay (TKA) 6 and 1 hour for S. mutans and S. sanguis 
respectively. Other studies have shown that pomegranate 
plant part extracts are inhibiting S. mutans sufficiently, with 
the results to be comparable with those of chlorhexidine.72

In an experiment, the probiotic Lactobacillus casei shirota 
was not affected by pomegranate peel ethanolic extract 
while pathogens were inhibited at a concentration range 25-
100 mg/ml in the following order: Escherichia coli NCIM2065 
< Escherichia coli < Staphylococcus aureus NCIM2079 ≤ 
Proteus mirabilis < Pseudomonas aeruginosa ≤ Salmonella 
typhi para B < Staphylococcus aureus < Salmonella typhi 
< Shigella flexineri.73

Antibiotics’ Side Effects
Antibiotics can affect the gut microbiota and cause several 
serious long-term consequences such as reduced microbial 
diversity, enhancement of the opportunistic pathogens 
Klebsiella spp, Escherichia spp and salmonella typhimurium, 
overgrowth of the difficult to treat Clostridium difficile and 
modulation of the ratio Bacteroidetes/Fir minutes.64,74 

Side effects that are mentioned to be caused by antibiotics 
are gastrointestinal discomfort, stomach pain, diarrhea, 
nausea, vomiting, rashes and fever, allergic reactions, 
arthropathies, anemia. They are mentioned to affect the 
liver, kidneys and ear functions.75 Heart rate effects are also 
referred.76 Bactericidal antibiotics are found to promote the 
formation of reactive oxygen species as ROS and induce 
alterations to the cellular redox state 77 that could increase 
the risk of the diseases associated to the oxidative stress.

Pomegranate Safety
Several experiments that have been carried out to test 
pomegranate’s safety showed that the pomegranate juice 
and extracts are safe at the dosages that have been used 
in traditional medicine. It has been found that 600 mg/kg 
body weight did not cause any side effects. After 90 days 
treatment, there were not any treatment related gross or 
histopathology findings.2,78-84 

Discussion
Pomegranate, rich in flavones, flavanols, flavonols, 
isoflavones, anthocyanins, hydrolysable and non-
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hydrolysable tannins, possesses very strong antioxidant, 
antibacterial and anti-inflammatory properties and is 
effective against strains of several pathogens such as 
Escherichia coli, Salmonella, Clostridium, Staphylococcus, 
Streptococcus, Aggregatibacter, Citrobacter, Pseudomonas, 
Lysteria, Shigella, Acinetobacter, Cryptococcus, Enterococcus, 
Cronobacter, Yersinia, Klebsiella, Achromobacter, Prevotella, 
Alcaligenes, Mycobacterium, Serratia, Proteus, Prevotella, 
Porphyromonas, Helicobacter, Bacteroids, Bacillus, 
Treponema, Vibrio, that are causing infections with severity 
to vary from mild to even life threatening.

The beneficial bacteria on the other hand are enhancing 
health and contribute in its maintenance. Disturbed gut 
microbiota, dysbiosis, can lead into many intestinal and 
extraintestinal disorders.

Pomegranate juice, plant part extracts and isolated 
compounds as well, were found to be potent antibacterial 
agents against pathogens, in several cases giving results 
comparable or even better than commercial medicines 
while at the same time they are protecting and enhancing 
the growth of beneficial bacteria. It is important to be 
mentioned that no side effects have been observed at the 
safety tests that have been carried out for the pomegranate 
while antibiotics have various side effects that several 
times are serious.

Moreover, pomegranate not only protects the beneficial 
for the health bacteria while inhibiting the pathogens’ 
growth but as it contains various phytochemicals each one 
to possess more than one bioactivity it is achieving the 
health maintenance affecting more than one parameter 
involved in that health issue.

 Free radicals and oxidative stress can cause or enhance an 
already existing inflammation. Pomegranate’s constituents 
are strong antioxidants and also possess anti-inflammatory 
properties and thus in cases where bacteria cause 
inflammation, the one action towards healing and health 
achieving is removing-killing the bacteria that cause the 
inflammation and then by anti-inflammatory and antioxidant 
properties the inflammation can also be inhibited. The 
reason of the whole health issue were the bacteria, but 
the inflammation itself is a problem too that should be 
treated, and this is also achieved, as the pomegranates 
phytochemicals have apart from antibacterial, antioxidant 
and anti-inflammatory properties too.

An example where more than one bioactivity is involved in 
order to achieve health is Helicobacter pylori that causes 
gastritis inflammation. Pomegranate as it possesses 
antibacterial activity, it kills the bacteria, but also treats 
the inflammation, the remaining problem that bacteria left 
as it has strong anti-inflammary properties too and thus 
the healing process is enhanced.

Besides, pomegranate is beneficial to periodontitis 
treatment by more than one way, as it enhances the 
probiotic bacteria that decrease periodontal pathogens 
in the oral biofilm and the same time strengthening the 
epithelial barrier function, contributing thus by more than 
one ways into reducing periodontitis symptoms.

Except for the multiple ways of treating the health issue the 
bacteria created which is an overall treating, leading many 
times to health achievement rather than just removing 
the factor that created the infection (bacteria), but not 
treat or even create new health issues (new infections, 
inflammation, diseases), pomegranate is offering many 
other benefits to human body organs, while antibiotics 
may by side effects cause damages to them.

For example, bactericidal antibiotics promote the 
formation of Reactive Oxygen Species (ROS) that can lead 
to oxidative stress that is the reason of several diseases. 
Pomegranates’ constituents are antioxidant too except 
for potent antibacterials and thus the pomegranate use 
as antibacterial is improving the antioxidant status of the 
patient, while the antibiotic’s use is harming it. Antibiotics 
can cause gastrointestinal discomfort stomach ulcers cramps 
and pain while pomegranate is gastroprotective,1 can cause 
allergies while pomegranate has antiallergic properties,85 
they can cause fever while pomegranate has been used 
since ancient years to treat fever,3 they can affect the liver 
and kidneys while pomegranate is hepatoprotective and is 
protecting kidneys86 and they also may affect heart rate 
while pomegranate offer benefits to the cardiovascular 
health.6

It is important to emphasize that pomegranate was found 
effective even against multidrug resistant bacteria, and as 
it is protecting and also enhancing the growth of beneficial 
bacteria without side effects as antibiotics do and moreover 
is offering various benefits to the general health, could 
be considered as a promising alternative antibacterial 
agent. Further researches and clinical studies can provide 
us with important information on the bactericidal activity 
of pomegranate constituents and the biochemical paths 
they are involved as isolated compounds or as mixture as 
they exist in the juice and extracts, where synergic activity 
may occur.

Conclusion
Pomegranate is found to possess strong antibacterial 
properties against pathogens and to be sufficient even 
against multidrug resistant pathogens’ strains, with results 
in many cases comparable and even better than those of 
commercial medicines. In contrast with antibiotics that 
disturb the beneficial gut microbiota which is important for 
the health maintenance, and also they can cause by side 
effects severe diseases and disorders, the pomegranate is 
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protecting and also enhancing the gut microbiota not only 
without having any side effects, but also as it possesses 
various categories of phytochemicals with more than 
one bioactivities it offers multiple benefits to the human 
health, approaching more than one parameters involved 
to the respective health issue and contributing by more 
than one ways to the treating and health achievement. In 
the cases where results of pomegranate and antibiotics 
are comparable, pomegranate could be considered as a 
preferable potential alternative antibacterial agent.

Sources of Funding: None

Conflicts of Interest: None

References
1. Valentina Stefanou, Spyros Papatheodorou, Aliki 

Tsakni, Vladimiros Lougovois, Aikaterini Talelli, Giannis 
Panourgias et al. Anti-Inflammatory Properties of 
Pomegranate. Int J Adv Res MicroBiol Immunol 2020; 
2(1&2): 1-13.

2. Stefanou V, Papatheodorou S, Vougiouklaki D, 
Antonopoulos D, Lougovois V, Tsaknis I et al. 
Medicinal Properties of Antioxidant Pomegranate in 
Cardiovascular Health. Int J Preven Cardio 2020; 1(1): 
10-19.

3. Divyashree Prasad, Ravi Kunnaiah. Punica granatum: 
A review on its potential role in treating periodontal 
disease. J Indian Soc Periodontol.2014; 18(4): 428-432.

4. Redha A, Hasan A, Mandeel, Q. Phytochemical 
Determinations of Pomegranate (Punica granatum) 
Rind and Aril Extracts and their Antioxidant, Antidiabetic 
and Antibacterial Activity. Natural Products Chemistry 
& Research 2018; 6(4): 1-10. DOI:10.4172/2329-
6836.1000332.

5. Allwyn Sundar Raj A, Swathi Rekhaa VP, Suvedha P, 
Renu Priya N. Pomegranate: constituents, biological 
properties, therapeutic applications and its safety - A 
Review.  International Journal of Advanced Life Sciences 
2014; 7(4): 534-548.

6. Nathalie Tristão Banhos Delgado, Wender do 
Nascimento Rouver, Roger Lyrio Santos. Protective 
effects of pomegranate in endothelial dysfunction. 
Current Pharmaceutical Design 2020; 26(46). DOI: 10
.2174/1381612826666200406152147.

7. Wang RE, Ding Yi, Liu R, Yiang L, Lijun Du. Pomegranate: 
Constituents, Bioactivities and Pharmakikinetics”; 
Global Science Books. Fruit, Vegetable and Cereal 
Science and Biotechnology 2020; 4(2): 77-87.

8. Lantzouraki D, Sinanoglou V, Zoumpoulakis P, 
Glamoˇclija J, Ciri´c A, Sokovi M, Heropoulos G, Proestos 
C. Antiradical-antimicrobial activity and phenolic profile 
of pomegranate (Punica granatum L.) juices from 
different cultivars: A comparative study. RSC Advances 
2015; 5(4): 2602-2614. DOI:10.1039/c4ra11795f.

9. Griffin AJ, McSorley SJ. Development of protective 
immunity to Salmonella, a mucosal pathogen with a 
systemic agenda. Mucosal Immunology 2011; 4(4): 
371-382. DOI:10.1038/mi.2011.2.

10. Choi JG, Kang OH, Lee YS, Chae HS, Oh YC, Brice OO et 
al. In Vitro and In Vivo Antibacterial Activity of Punica 
granatum Peel Ethanol Extract against Salmonella. 
Evidence-Based Complementary and Alternative 
Medicine 2011; 1–8. (doi:10.1093/ecam/nep105).

11. https://www.bag.admin.ch/bag /en/home/
krankheiten/infektionskrankheiten-bekaempfen/
antibiotikaresistenzen/welche-bakteriellen-
krankheiten-gibt-es-.html.

12. Juneja VK, Cadavez V, Gonzales-Barron U, Mukhopadhyay 
S, Friedman M. Effect of pomegranate powder on the 
heat inactivation of Escherichia coli O104:H4 in ground 
chicken. Food Control 2016, 70: 26-34. DOI:10.1016/j.
foodcont.2016.05.027. 

13. Sivick KE, Schaller MA, Smith SN, Mobley HLT. The 
Innate Immune Response to Uropathogenic Escherichia 
coli Involves IL-17A in a Murine Model of Urinary Tract 
Infection. The Journal of Immunology 2010; 184(4): 
2065-2075. DOI: 10.4049/jimmunol.0902386.

14. Asadishad B, Hidalgo G, Tufenkji N. Pomegranate 
materials inhibit flagellin gene expression and flagellar-
propelled motility of uropathogenic Escherichia coli 
strain CFT073. FEMS Microbiology Letters 2012; 334(2): 
87-94. DOI:10.1111/j.1574-6968.2012.02622.x. 

15. Zhou X, Yuqing Li. Atlas of Oral Microbiology, chapter 
3.1.5.1. Zhejiang University Press. Published by Elsevier 
Inc. 2015.

16. Betanzos-Cabrera G, Montes-Rubio P. Y, Fabela-Illescas 
HE, Belefant-Miller H, Cancino-Diaz JC. Antibacterial 
activity of fresh pomegranate juice against clinical 
strains ofStaphylococcus epidermidis. Food & Nutrition 
Research 2015; 59(1), 27620. DOI:10.3402/fnr.
v59.27620.

17. Lau GW, Hassett DJ, Ran H, Kong F. The role of 
pyocyanin in Pseudomonas aeruginosa infection. 
Trends in Molecular Medicine 2004; 10(12): 599-606. 
(doi:10.1016/j.molmed.2004.10.002). 

18. Nozohour Y, Golmohammadi R, Mirnejad R, Fartashvand 
M. Antibacterial Activity of Pomegranate (Punica 
granatum L.) Seed and Peel Alcoholic Extracts on 
Staphylococcus aureus and Pseudomonas aeruginosa 
Isolated From Health Centers. J Appl Biotechnol Rep 
2018; 5(1): 32-36. (doi: 10.29252/jabr.01.01.06).

19. Howell AB, D’Souza DH. The Pomegranate: Effects on 
Bacteria and Viruses That Influence Human Health. 
Evidence-Based Complementary and Alternative 
Medicine 2013; 1-11. (doi:10.1155/2013/606212).

20. Sadeghian A, Ghorbani A, Mohamadi-Nejad A, 
Rakhshandeh H. Antimicrobial activity of aqueous 



11
Stefanou  V et al.

Int. J. Adv. Res. MicroBiol. Immunol. 2020; 2(2)

and methanolic extracts of pomegranate fruit skin. 
Avicenna Journal of Phytomedicine 2011; 1(2): 67-73.

21. Alaa’ Turki Monawer Algurairy. Assessing the 
Antibacterial Activity of Pomegranate against 
Staphylococcus aureus obtained from wound infections. 
Research Journal of Pharmaceutical, Biological and 
Chemical Sciences 2018; 9(4): 1602-1606.

22. Asgary S, Javanmard S, Zarfeshany A. Potent health 
effects of pomegranate. Advanced Biomedical Research 
2014; 3(1): 100. (doi:10.4103/2277-9175.129371).

23. Smith A, George N, Cheung L, Bhagavathy G, Luthria 
D, John K et al. Pomegranate peel extract reduced 
colonic damage and bacterial translocation in a mouse 
model of infectious colitis induced by Citrobacter 
rodentium. Nutrition Research 2019. (doi:10.1016/j.
nutres.2019.11.001). 

24. Sun L, He C, Nair L, Yeung J, Egwuagu, C. Interleukin 12 
(IL-12) family cytokines: Role in immune pathogenesis 
and treatment of CNS autoimmune disease. Cytokine 
2015; 75(2): 249-255. (doi:10.1016/j.cyto.2015.01.030). 

25. Kuwabara T, Ishikawa F, Kondo M, Kakiuchi T. The 
Role of IL-17 and Related Cytokines in Inflammatory 
Autoimmune Diseases. Mediators of Inflammation 
2017; 1-11. (doi:10.1155/2017/3908061). 

26. Jin M, Yoon J. From Bench to Clinic: the Potential of 
Therapeutic Targeting of the IL-22 Signaling Pathway 
in Atopic Dermatitis. Immune Network 2018; 18(6). 
(doi:10.4110/in.2018.18.e42). 

27. Tang C, Chen S, Qian H, Huang W. Interleukin-23: as a 
drug target for autoimmune inflammatory diseases. 
Immunology 2012; 135(2): 112-124. (doi:10.1111/
j.1365-2567.2011.03522.x ).

28. Dey D, Ray R, Hazra B. Antimicrobial activity of 
pomegranate fruit constituents against drug-
resistantMycobacterium tuberculosisandβ-lactamase 
producingKlebsiella pneumoniae. Pharmaceutical 
Biology 2015; 53(10): 1474-1480. (doi:10.3109/138
80209.2014.986687). 

29. Menezes S, Nunes Cordeiro L, Viana G.  Punica 
Granatum (Pomegranate) Extract Is Active Against 
Dental Plaque. J Herb Pharmacother 2006; 6 (2): 79-92.

30. Caufield P, Dasanayake, A, Li Y, Pan, Y, Hsu J, Hardin M. 
Natural History of Streptococcus sanguinis in the Oral 
Cavity of Infants: Evidence for a Discrete Window of 
Infectivity. Infection and Immunity 2000; 68(7): 4018-
4023. (doi:10.1128/iai.68.7.4018-4023.2000). 

31. Nijjer S, Dubrey S. W. Streptococcus sanguis 
endocarditis associated with colonic carcinoma. BMJ 
Case Rep 2010; 2010: bcr09.2009.2311. (doi: 10.1136/
bcr.09.2009.2311).

32. Setiadhi R, Sufiawati I, Zakiawati D, Nur’aeny N, Hidayat 
W, Firman D. Inhibition growth of pomegranate 
seeds extract against streptococcus sanguis: the 

cause of recurrent aphthous stomatitis. Journal of 
Dentomaxillofacial Science 2(1): 7-11. (doi: 10.15562/
jdmfs.v2i1.452).

33. Setiadhi R, Sufiawati I, Zakiawati D, Nur’aeny N, 
Hidayat W, Firman D. Evaluation of antibacterial 
activity and acute toxicity of pomegranate (punica 
granatum l.) seed ethanolic extracts in swiss webster 
mice. J Dentomaxillofac Sci 2017; 2(2): 119-123. (doi: 
10.15562/jdmfs.v2i2.536)

34. Polat Yemis G, Bach S, Delaquis P. Antibacterial activity 
of polyphenol-rich pomegranate peel extract against 
Cronobacter sakazakii. International Journal of Food 
Properties 2019; 22(1): 985-993. (doi:10.1080/10942
912.2019.1622564).

35. Sjölund Karlsson M, Bowen A, Reporter R, Folster 
J, Grass J, Howie R. Outbreak of Infections Caused 
by Shigella sonnei with Reduced Susceptibility to 
Azithromycin in the United States. Antimicrobial 
Agents and Chemotherapy 2012; 57(3): 1559-1560. 
(doi:10.1128/aac.02360-12).

36. Bialonska D, Kasimsetty S, Schrader K, Ferreira D. The 
Effect of Pomegranate (Punica granatumL.) Byproducts 
and Ellagitannins on the Growth of Human Gut Bacteria. 
Journal of Agricultural and Food Chemistry 2009; 
57(18): 8344-8349. (doi:10.1021/jf901931b). 

37. Orak H, Demirci S, Gümüş T. Antibacterial and antifungal 
activity of pomegranate (Punica granatum L.cv.) peel. 
EJEAFChe 2011; 10(3): 1958-1969.

38. Hussein Abdu O, Saeed A, Abubaker Fdhel T. 
Polyphenols/Flavonoids Analysis and Antimicrobial 
Activity in Pomegranate Peel Extracts. EJUA-BA 2020; 
1(1): 14-19.

39. Nuamsetti T, Dechayuenyong P, Tantipaibulvut S. 
Antibacterial activity of pomegranate fruit peels and 
arils. ScienceAsia 2012; 38(2): 319-322. (10.2306/
scienceasia1513-1874.2012.38.319).

40. Al-Zoreky N.S. Antimicrobial activity of pomegranate 
(Punica granatum L.) fruit peels. International Journal 
of Food Microbiology 2009; 134(3): 244-248. (doi: 
10.1016/j.ijfoodmicro.2009.07.002).

41. Dahham S, Ali N. M, Tabassum H, Khan M. Studies on 
Antibacterial and Antifungal Activity of Pomegranate 
(Punica granatum L.). American-Eurasian J Agric & 
Environ Sci 2010; 9(3): 273-281.

42. Devatkal S, Jaiswal P, Jha S, Bharadwaj R, Viswas K. 
(2011). Antibacterial activity of aqueous extract of 
pomegranate peel against Pseudomonas stutzeri 
isolated from poultry meat. Journal of Food Science 
and Technology 2011; 50(3): 555-560. (doi:10.1007/
s13197-011-0351-y).

43. Reddy M, Gupta S, Jacob M, Khan S, Ferreira D. 
Antioxidant, Antimalarial and Antimicrobial Activities 
of Tannin-Rich Fractions, Ellagitannins and Phenolic 



12
Stefanou  V et al.
Int. J. Adv. Res. MicroBiol. Immunol. 2020; 2(2)

Acids From Punica Granatum L. Planta Med 2007; 
73(5): 461-7. (doi: 10.1055/s-2007-967167).

44. Gullon B, Pintado M, Pérez-Álvarez J, Viuda-Martos, M. 
Assessment of polyphenolic profile and antibacterial 
activity of pomegranate peel (Punica granatum) flour 
obtained from co-product of juice extraction. Food 
Control 2016; 59: 94-98. (doi:10.1016/j.foodcont 
.2015.05.025).

45. Trabelsi A, El Kaibi MA, Abbassi A, Horchani, A, 
Chekir-Ghedira L, Ghedira K. Phytochemical Study 
and Antibacterial and Antibiotic Modulation Activity 
of Punica granatum (Pomegranate) Leaves. Scientifica 
2020; 1-7. (doi:10.1155/2020/8271203). 

46. Abdolahi N, Soltani A, Mirzaali A, Soltani S, Balakheyli 
H, Aghaei M. Antibacterial and Antioxidant Activities 
and Phytochemical Properties of Punica granatum 
Flowers in Iran. Iran J Sci Technol Trans Sci 2017; (doi: 
10.1007/s40995-017-0413-8). 

47. Cano-Lamadrid M, Viuda-Martos M, Garcia-Garvi JM, 
Clemente-Villalba J, Carbonell- Barrachina A, Sendra 
E. Polyphenolic Profile and Antimicrobial Potential of 
Peel Extracts Obtained From Organic Pomegranate 
(Punica Granatum L) Variety “Mollar De Elche”.  Acta 
Horticulturae et Regiotecturae 2020; 1/2020 pp1-4 
(doi: 10.2478/ahr-2020-0001).

48. Syed QA, Batool Z, Shukat R, Zahoor T. Nutritional and 
Therapeutic Properties of Pomegranate. Scho J Food & 
Nutr 2018; 1(4). (doi: 10.32474/SJFN.2018.01.000118).

49. Eddebbagh M, Ziyate N, Moughaoui F, Abourriche A, 
Berrada M, Darkaoui S et al. Antimicrobial activity of 
pomegranate (Punica granatum) waste. The Second 
International Conference on Smart Applications And 
Data Analysis for Smart Cities 27th and 28th February 
2018. 

50. Chebaibi A, Rhazi Filali F, Amine A, Zerhouni M. 
Effet bactéricide (in vitro) des extraits aqueux des 
feuilles du grenadier marocain (Punica granatum L.) 
sur des bactéries multirésistantes aux antibiotiques. 
Phytothérapie 2011, 9(3): 158-164. (doi:10.1007/
s10298-011-0626-5). 

51. Garnacho-Montero J, Amaya-Villar R. Multiresistant 
Acinetobacter baumannii infections: epidemiology and 
management. Current Opinion in Infectious Diseases 
2010; 23(4): 332-339. (doi: 10.1097/QCO.0b013 
e32833ae38b).

52. Yang YS, Lee YT, Huang TW, Sun JR, Kuo SC, Yang CH. 
Acinetobacter baumannii nosocomial pneumonia: is 
the outcome more favorable in non-ventilated than 
ventilated patients? BMC Infectious Diseases 2013; 
13(1): (doi:10.1186/1471-2334-13-142).

53. Ferrazzano G. F, Scioscia E, Sateriale D, Pastore G, 
Colicchio R, Pagliuca C. In Vitro Antibacterial Activity 
of Pomegranate Juice and Peel Extracts on Cariogenic 

Bacteria. BioMed Research International 2017; 2017, 
Article ID 2152749: 1-7. (doi:10.1155/2017/2152749). 

54. Wroblewski L, Peek R, Wilson K. Helicobacter pylori and 
Gastric Cancer: Factors That Modulate Disease Risk. 
Clinical Microbiology Reviews 2010; 23(4): 713-739. 
(doi:10.1128/cmr.00011-10).

55. Chandulal D, Maya I, Jayshri W. Pomegranate: Natural 
remedy for treating periodontal disease. International 
Journal of Advanced Education and Research 2016; 
1(8): 27-31.

56. Thangavelu A, Elavarasu S, Sundaram R, Kumar T, 
Rajendran D, Prem F. Ancient seed for modern cure 
– pomegranate review of therapeutic applications in 
periodontics. Journal of Pharmacy & BioAllied Sciences 
2017; 9(5): 11-14. (doi: 10.4103/jpbs.JPBS_101_17).

57. Widyarman AS, Suhalim OP, Nandary D, Theodorea C. 
F. Pomegranate Juice Inhibits Periodontal Pathogens 
Biofilm In Vitro. Scientific Dental Journal 2018; 03 
(2018): 101-108. (doi: 10.26912/sdj.v2i3.2572).

58. Ashwini Somu C, Ravindra S, Ajith S, Ahamed M.G. Effi 
cacy of a herbal extract gel in the treatment of gingivitis: 
A clinical study. Journal of Ayurveda and integrative 
medicine 2012; 3(2): 85-90. (doi: 10.4103/0975-9476. 
96525).

59. Aslam MN, Lansky EP, Varani J. Pomegranate as a 
cosmeceutical source: Pomegranate fractions promote 
proliferation and procollagen synthesis and inhibit 
matrix metalloproteinase-1 production in human skin 
cells. Journal of Ethnopharmacology 2006; 103(3): 
311-318. (doi:10.1016/j.jep.2005.07.027). 

60. Howell AB, D’Souza DH. The Pomegranate: Effects on 
Bacteria and Viruses That Influence Human Health. 
Evidence-Based Complementary and Alternative 
Medicine 2013; 1-11. (doi:10.1155/2013/606212). 

61. Kote S, Kote S, Lakshminarayan Nagesh. Effect of 
Pomegranate Juice on Dental Plaque Microorganisms 
(Streptococci and Lactobacilli). Anc Sci Life 2011; 31(2): 
49-51.

62. Reid G, Burton J. Use of Lactobacillus to prevent infection 
by pathogenic bacteria. Microbes and Infection 2002; 
4(3): 319-324. (doi:10.1016/s1286-4579(02)01544-7).

63. O’Callaghan A, van Sinderen D. Bifidobacteria and 
Their Role as Members of the Human Gut Microbiota. 
Frontiers in Microbiology 2016; 7(925): 1-23. (doi:10. 
3389/fmicb.2016.00925).

64. Dudek-Wicher RK, Junka A, Bartoszewicz M. The 
influence of antibiotics and dietary components on 
gut microbiota. Gastroenterology Review 2018; 13(2): 
85-92. (doi:10.5114/pg.2018.76005).

65. Arianna K. DeGruttola, Daren Low, Atsushi Mizoguchi, 
Emiko Mizoguchi. Current Understanding of Dysbiosis 
in Disease in Human and Animal Models. Inflamm 
Bowel Dis 2016; 22(5): 1137-1150.



13
Stefanou  V et al.

Int. J. Adv. Res. MicroBiol. Immunol. 2020; 2(2)

66. Carding S, Verbeke K, Vipond DT, Corfe BM, Owen L. J 
Dysbiosis of the gut microbiota in disease. Microbial 
Ecology in Health & Disease 2015; 26(0). (doi:10.3402/
mehd.v26.26191).

67. Visser MJE, Kell DB, Pretorius E. Bacterial Dysbiosis 
and Translocation in Psoriasis Vulgaris. Frontiers in 
Cellular and Infection Microbiology 2019; 9(7): 1-9. 
(doi:10.3389/fcimb.2019.00007).

68. Bialonska D, Ramnani P, Kasimsetty SG, Muntha KR, 
Gibson GR, Ferreira D. The influence of pomegranate by-
product and punicalagins on selected groups of human 
intestinal microbiota. International Journal of Food 
Microbiology 2010; 140(2-3): 175-182. (doi:10.1016/j.
ijfoodmicro.2010.03.038). 

69. Sukumar MR, König B. Pomegranate extract specifically 
inhibits Clostridium difficile growth and toxin production 
without disturbing the beneficial bacteria in vitro. 
Infection and Drug Resistance 2018; 2018:11 2357-
2362.

70. Fatima R, Aziz M. The Hypervirulent Strain of Clostridium 
Difficile: NAP1/B1/027 - A Brief Overview. Cureus 2019; 
11(1): e3977. (doi: 10.7759/cureus.3977).

71. Li Z, Summanen PH, Komoriya T, Henning SM, Lee RP, 
Carlson E et al. Pomegranate ellagitannins stimulate 
growth of gut bacteria in vitro: Implications for prebiotic 
and metabolic effects. Anaerobe 2015; 34(2015): 164-
168. (doi:10.1016/j.anaerobe.2015.05.012). 

72. Albarri O, Var I, Boushihassal A, Meral M, Önlen C, 
Hassan M et al. The potential effects of Pomegranate on 
Bacteria and Viruses: A review. Journal of Biotechnology 
Science Research 2016; 3(6): 175-180.

73. Jaisinghani RN, Makhwana S, Kanojia A. Study on 
antibacterial and flavonoid content of ethanolic extract 
of Punica granatum (pomegranate) peel. Microbiology 
Research 2018; 9(1): 6-9. (doi:10.4081/mr.2018.7480). 

74. Zhang S, Chen DC. Facing a new challenge. Chinese 
Medical Journal 2019; 132(10): 1135-1138. (doi:10.1097 
/cm9.0000000000000245).

75. Goel S. Antibiotics in the Environment: A Review. 
Emerging Micro-Pollutants in the Environment: 
Occurrence, Fate, and Distribution, Chapter 2, 2015; 
19-42. (doi:10.1021/bk-2015-1198.ch002).

76. Mason J, Moon T. Moxifloxacin Increases Heart Rate in 
Humans. Antibiotics 2017; 6(1): 5: 1-9. (doi:10.3390/
antibiotics6010005).

77. Dwyer DJ, Belenky PA, Yang JH, MacDonald IC, 
Martell JD, Takahashi N. Antibiotics induce redox-
related physiological alterations as part of their 
lethality. Proceedings of the National Academy of 
Sciences 2014; 111(20): E2100–E2109. (doi:10.1073/
pnas.1401876111).

78. Vidal A, Fallarero A, Peña BR, Medina ME, Gra 
B, Rivera F et al. Studies on the toxicity of Punica 

granatum L. (Punicaceae) whole fruit extracts. Journal 
of Ethnopharmacology 2003: 89(2-3): 295-300. 
(doi:10.1016/j.jep.2003.09.001). 

79. Basu A, Penugonda K. Pomegranate juice: a heart-
healthy fruit juice. Nutrition Reviews 2009: 67(1): 49-56. 
(doi:10.1111/j.1753-4887.2008.00133.x).

80. Patel C, Dadhaniya P, Hingorani L, Soni MG. Safety 
assessment of pomegranate fruit extract: Acute 
and subchronic toxicity studies. Food and Chemical 
Toxicology 2008; 46(8): 2728-2735. (doi:10.1016/j.
fct.2008.04.035).

81. Vidal A, Fallarero A, Peña BR, Medina ME, Gra B, 
Rivera F. Studies on the toxicity of Punica granatum 
L. (Punicaceae) whole fruit extracts. Journal of 
Ethnopharmacology 2003; 89(2-3): 295-300. (doi:10. 
1016/j.jep.2003.09.001).

82. Vlachojannis C, Zimmermann BF, Chrubasik-
Hausmann, S. Efficacy and Safety of Pomegranate 
Medicinal Products for Cancer. Evidence-Based 
Complementary and Alternative Medicine 2015; 1-15. 
(doi:10.1155/2015/258598). 

83. Patel C, Dadhaniya P, Hingorani L, Soni MG. Safety 
assessment of pomegranate fruit extract: Acute 
and subchronic toxicity studies. Food and Chemical 
Toxicology 2008; 46(8): 2728-2735. (doi:10.1016/j.
fct.2008.04.035).

84. Ismail T, Sestili P, Akhtar S. Pomegranate peel and fruit 
extracts: A review of potential anti-inflammatory and 
anti-infective effects. Journal of Ethnopharmacology 
2012; 143(2): 397-405. (doi:10.1016/j.jep.2012.07.004).

85. Panichayupakaranant P, Tewtrakul S, Yuenyongsawad 
S. Antibacterial, anti-inflammatory and anti-allergic 
activities of standardised pomegranate rind extract. 
Food Chemistry 2010; 123(2): 400-403. (doi:10.1016/j.
foodchem.2010.04.054). 

86. Ahmed E. Abdel Moneim, Mohamed A. Dkhil, Saleh 
Al-Quraishy. Studies on the effect of pomegranate 
(Punica granatum) juice and peel on liver and kidney 
in adult male rats. Journal of Medicinal Plants Research 
2011; 5(20): 5083-5088.


