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Consumers have been questioning the safety of synthetic 
preservatives of food (Al-Zoreky, 2009). As a result, there 
is an increasing demand for natural products which 
could serve as alternative food preservatives (Tajkarimi, 
Ibrahim, and Cliver, 2010; Tehranifar et al., 2011). One of 
them could be the co-products generated in the industrial 
transformation of vegetables and fruits, insomuch as these 
are potentially good sources of bioactive compounds 
(Ayala-Zavala et al., 2011). In this way, during the industrial 
processing of pomegranate juice, the wastes (mainly peel 
and internal membranes) on average account for 50% of 
the fresh weight. In the last recent years, little attention 
has been paid to pomegranate non-edible parts (Hasnaoui, 
Wathelet, and Jiménez-Araujo, 2014). Pomegranate peel is 
a rich source of polyphenolic compounds, which possess 
antibacterial properties (Al-Zoreky, 2009; Agourram et al., 
2013). A linear relationship between total phenolic content 
and antibacterial activity against several microorganisms 
has been previously reported (Shan et al., 2007). 

In our knowledge, this is the first study where the 
polyphenolic profile of organic certified pomegranate peel 
extracts and their antimicrobial properties are evaluated 
against listeria and other bacteria from refrigerated foods. 
Thus, the aim of this work was to determine the polyphenolic 
profile and the antibacterial properties of different organic 
pomegranate peel extracts (acetone, methanol and ethyl 
acetate based extracts), to know if they could be used as 
potential antimicrobial ingredients to be included in organic 
foods.

Plant material
Ripe pomegranate fruits, variety “Mollar de Elche”, were 
obtained from an organic field certified by CAERM (Council 
Agriculture the Ecological Region of Murcia) in Alquerias 
(Murcia). Pomegranate peel (PoP) was obtained following 
the procedure described by Gullón et al. (2016). After that, 
the sample was lyophilized and stored under vacuum until 
analyzed.

Determination of polyphenolic compounds

Extraction of polyphenolic compounds
The method run was described by Gullón et al. (2016). The 
solvents used were: ethyl acetate (ea), 70% acetone in water 
(ac) and 80% methanol in water (m) with an increasing 
polarity. Three replicates were performed for each extraction 
in order to calculate extraction yield, which was calculated 
after removing the extraction solvents. Extracts were 
named: PoP methanol (PoPm), PoP acetone (PoPac) and PoP 
ethyl acetate (PoPea). 

HPLC analysis
The determination of the phenolic compounds using High 
Performance Liquid Chromatography (HPLC) was performed 
on a Hewlett-Packard HPLC series 1,200 instrument 
(Woldbronn, Germany) equipped with UV-Vis Diode Array 
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Detector following Gullón et al. (2016). The compounds 
were quantified through calibration curves of standard 
compounds as mean of three replicates.

Antimicrobial activity

Microorganisms and growth conditions
Each pomegranate peel extract (PoPx) were was individually 
tested against bacterial strains which are common spoilage 
agents or indicators of the presence of pathogenic bacteria in 
refrigerated foods: Listeria innocua CECT 910, Achromobacter 
denitrificans CECT 449 and Alcaligenes faecalis CECT 145. 
These species were supplied by the Spanish Type Culture 
Collection of the University of Valencia (CECT).

Minimum inhibitory concentration (MIC)
The antimicrobial activity against bacteria species was 
determined based on a method proposed by Abate, 
Mshana, and Miorner, (1998), with some modifications. 
Bacteria were cultured in Mueller Hinton (MH) broth for 
24 h at 37 ºC (L.  innocua, A. denitrificans and A. faecalis) 
and diluted in sterile MH broth to a final level of 106 colony 
forming units (CFU) mL-1. Dried organic PoPx obtained 
with ethyl acetate, acetone 70% and methanol 80% were 
suspended to concentration ranges from 50 to 100 mg.mL-1 
in MH and sterilized by filtration though a 0.22 µm nylon 
filter. The 96-well microplates (Iwaki, Japan) were prepared 
by dispensing the extracts (the concentration of the 
extracts on the media tested on the microplates ranged 
from 20  microliters/mL to 0.009 microliters.mL-1), fresh 
media and 20 µL of microbial suspension (containing about 
106 CFU·mL-1) to a total volume of 300 µL. Contents of each 
well were mixed on a plate shaker at 150 rpm for 2  min 
prior to incubation for 24 h at 37 ºC. After incubation, 25 µL 
of 3-(4.5-dimethylthiazol-2-yl)-2.5-diphenyl tetrazolium 
bromide (MTT) (Sigma Life Science), dissolved in dimethyl 
sulfoxide (DMSO) was added to each of the wells and 
incubated for 1 h in order to allow the viable microorganisms 
to metabolize the yellow MTT dye into formazan (purple 
crystals). The MIC was the concentration of the first well 
that did not undergo colour change (from yellow to purple). 
Results were confirmed by plating 10 mL samples from clear 
wells onto MH agar medium. The procedure was repeated 
three times for each microorganism.

Well diffusion method
The antibacterial action of the PoPx (100 mg.mL-1) was 
tested on bacteria described using the well diffusion 
method (Smith-Palmer, Stewart, and Fyfe, 1998). Wells 
were aseptically made in the agar at the center of the 
plate, in order to add 100 µL of the extract. The inhibition 
zones around the wells were measured using a transparent 
millimeter ruler. Two zones were identified as bactericidal 
and bacteriostatic (Smith-Palmer, Stewart, and Fyfe, 1998). 
For each extract and microorganism tested, three replicates 
were made.

Statistical assay
Results are provided as the mean ± standard error. First, 
data was subjected to one-way (factor = extract) analysis 
of variance (ANOVA) and later, data was also subjected 
to  the Tukey’s multiple-range test to compare the means. 
Differences were considered statistically significant at 
p  <0.05. All statistical analyses were performed using 
StatGraphics Plus 5.0 software (Manugistics, Inc., Rockville, 
MD).

Polyphenolic profile
The extraction yield of the extracts was in a decreasing order: 
Acetone > Methanol > Ethyl acetate (86.5, 67.5 and 3.8%, 
respectively). The effect of the solvent used for extraction 
showed significant differences (p <0.05) on the extraction 
yield. In most of published researches on phenolic extraction 
(Al-Zoreky, 2009; Akhtara et al., 2015; Nuncio-Jáuregui et al., 
2015), the solvent used was methanol or methanol-water 
given their high extraction yield, however, in this work 
the most effective solvent was acetone-water, although 
methanol extraction yield was also high. Table 1 shows 
the HPLC profile of the three PoPx. A total of five phenolic 
compounds were identified as punicalagins (PC), ellagic 
acid (EA) and ellagic acid derivatives (EAd1, EAd2 and EAd3) 
in all extracts except EAd1 which was not detected in PoPea. 
In this work, PC is the sum of both isomers (α-punicalagin 
and β-punicalagin) as usually reported by other authors 
(Calín-Sánchez et al., 2013; Nuncio-Jáuregui et al., 2015).

Results and discussion

Table 1 Polyphenolic profile of organic pomegranate peel extracts (PoPx)

Compound Lyophilized Organic PoPx (µg.g-1)

PoPm PoPac PoPea

Punicalagin 5,177 ±249b* 7,939 ±103a 14 ±5c

Ellagic acid 603 ±12b 1,026 ±17a 171 ±3c

Ellagic acid derivate 1 823 ±80b 1,026 ±12a nd**

Ellagic acid derivate 2 293 ±8b 494 ±4a 20 ±2c9

Ellagic acid derivate 3 283 ±10b 528 ±6a 22 ±8c

PoPm – 80% methanol extract; PoPac – 70% acetone extract; PoPea – ethyl acetate extract; * – values followed by different letter 
within the same line were statistically different according to the Tukey’s multiple range test, (p <0.05); nd** – below LOQ [limit of 
quantification determined as three times the standard deviation of the blanks, limit of detection (LOD), multiplied by the proper 
dilution factor]
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The results showed that PoPac had the highest (p <0.05) 
contents of all phenolic compounds identified followed by 
PoPm. The major compound found in PoPm and PoPac was 
PC (p <0.05) while in PoPea it was EA. The results obtained 
were similar that to those reported by other authors 
(Sarkhosh et al., 2007; Lu, Ding, and Yuan, 2008; Gullón et al., 
2016) who mentioned that the most abundant polyphenolic 
compounds in pomegranate peel were PC followed by EA. 

However, the use of organic solvents in the manufacturing 
process of food ingredients, in general and in organic 
food in particular, is regulated and environmental aspects 
should be taken into account related of the use of them as 
the solvents used for extraction (Tabaraki, Heidarizadi and 
Benvidi, 2012), in this case acetone and methanol are both 
biodegradable.

MIC determination
The MICs, expressed in mg.mL-1, of the extracts are presented 
in Table 2. All extracts showed antimicrobial activity against 
all bacteria tested except PoPea against A. denitrificans. 
L. innocua was inhibited in the presence of 50 mg.mL-1 of all 
PoPx. No statistical differences were found (p >0.05) in MICs 
values of PoPac and PoPm against A. faecalis, whilst MIC of 
PoPea was 100 mg.mL-1 (p <0.05). As regards, A. denitrificans, 
PoPea was not effective. In general, the most active extract 
was PoPac (p <0.05) followed by PoPm. 

Inhibitory activity of PoPx against the microorganisms 
may due to polyphenolic compounds present in the 
extracts, mainly punicalagins and ellagic acid or their 
derivatives. High-molecular weight proteins may react 
with polyphenolic compounds and constitute complex 
molecules, which can react with oxyreductase (cellular 
enzymes) that exists in cell walls of bacteria (Tehranifar et 
al., 2011), impairing the cell membrane structure, leading 
to a loss of cell homeostasis (Li et al., 2014). There are 
several works which inform that these compounds have 
been recorded as having anti-microbial activity (Reddy et 

al., 2007; Shan et al., 2007; Abuelsaad et al., 2013; Agourram 
et al., 2013): EA has been reported to have antibacterial 
activity against both Gram-positive and Gram-negative 
pathogens (Miguel, Neves, and Antunes, 2010).

Diffusion method
The antimicrobial efficacy of the PoPx against bacteria 
was evaluated using a diffusion method to measure the 
surrounding inhibition zones. Table 3 shows the antibacterial 
activity of the PoPx (100 µL concentration 100 mg.mL-1) as 
determined by applying the diffusion method. All extracts 
were effective against L. innocua being the maximum 
value for bacteriostatic effect 2.4 mm which corresponded 
to PoPm and really scarce for bactericidal effect. As to the 
other bacteria, both Gram negative, no inhibitory effect was 
observed using the studied extractsstudied. Given that the 
inhibitory effect was only detected against the only Gram 
positive bacteria tested, it may be possible that the nature of 
the cell wall would be related to the mechanism of action of 
the extracts. These results showed as well, that compounds 
in the extracts have little diffusivity to the surrounding 
environment and that their mechanisms of inhibitory action 
require the direct contact with the target bacteria. So they 
would be effective when included in food formulation as 
well as in antimicrobial coatings or films. 

Conclusions
From the present study, it could be concluded that organic 
pomegranate peel has antimicrobial activity due to the 
content of polyphenolic compounds. The polar solvent 
acetone : water (70 : 30) gets the highest extraction yield 
as well as antimicrobial activity. Pomegranate peel extracts 
grown by organic agricultural practices could be considered 
as a possible functional source of additives exerting 
antibacterial effect against listeria and other psicrophilic 
psychrophilic bacteria to elaborate organic foods or to be 
included in films or coatings.

Table 2 Minimum inhibitory concentration (MIC) of organic pomegranate peel extracts (PoPx) against L. innocua, A. faecalis 
and A. denitrificans

Microorganism MIC (mg.mL-1)

PoPm PoPac PoPea

Listeria innocua CECT 910 50* 50 50 

Alcaligenes faecalis CECT 145 70b 70b 100a

Achromobacter denitrificans CECT 449 100a 80b NA**

PoPm – 80% methanol extract; PoPac – 70% acetone extract; PoPea – ethyl acetate extract; * – values followed by different letter 
within the same line were statistically different according to the Tukey’s multiple range test (p <0.05); NA** – not active

Table 3 Antibacterial effects of PoPx (100 mg.mL-1) on each bacteria studied, applying the diffusion method

Microorganism Diameter of inhibition zone (mm) *

PoPm PoPac PoPea

Listeria innocua CECT 910 2.4±0.2
(1.2±0.1)

1.9±0.3 
(1.4 ±0.1) 1.4±0.1 (0.9±0.1)

Alcaligenes faecalis CECT 145 nd** nd nd

Achromobacter denitrificans CECT 449 nd nd nd

* – the values shown are the mean averages for three replications; ** – no inhibition detected; Values within brackets indicate 
bactericidal effect (no growth), whereas plain text valuers indicate bacteriostatic effect (slight growth detected)
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