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Abstract

This study was carried out to investigate the effectiveness of inhibition by
aqueous and alcoholic extracts of watercress seeds Nasturtium officinale and thin
peels of pomegranate Punicagranatum against two of human pathogens Escherichia
coli and Staphylococcus aureus. The diffusion method was used for investigating
the effect of different concentrations of aqueous and alcoholic extracts on the
growth of bacteria, and the results showed that the alcoholic extract of the seeds
of watercress did not affect the growth of bacteria under the study. The rest of
the extracts have given mixed results; statistical analysis showed that the aqueous
extract of the peel pomegranateconcentrations of 10% and 25%, prepared from
the stock solution (100 mg. ml'), were more significantly affected the growth of
St. aureus (P = 0.027 and P = 0.036), respectively. On the other hand, 75% of the
aqueous extract of pomegranate peel was more significantly affected the growth
of E. coli.

Keywords
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activity.
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1. Introduction

Escherichia coli, which is considered a co-
liform bacteria belonging to the Enterobacte-
riaceae family,inhabits the digestive tract of
animals and humans|1].

E. coli can cause serious infectionsincludin-
ginflammatory bowel disease, diarrhea and
colitis if they escape from the digestive tract
as a result of surgical operations and enter the
bloodstream andtissues [2].Staphylococcus
aureus is one of the bacteria that cause dis-
eases in humans (gastroenteritis) by producing
a highly heat-stable protein toxin. St. aureusis
a facultative anaerobic bacteria, catalase and
coagulase positiveand Gram-positive cocci|3].

Diseases caused by these pathogens are
normally treated by using antibiotics. The
misuse of antibiotics led to serious risks such
as the increase of antibiotic resistance [4], the
increasing occurrence bacterial strains with
multi-drug resistance and new occurrence of
strains with decreased sensitivity to antibiot-
ics [5]. In addition, antibiotics are commonly
associated with adverse effects on the host
including immune suppression, allergic reac-
tions and hypersensitivity [4]. Furthermore,
commensal bacteria are also affected by an-
tibiotics.

Serious attention has been paid towards
searching for new antimicrobial substances.
Therefore, significant attention has recently
been paid to explore alternatives to antimicro-
bial drugs for the treatment of diseases from
medicinal plants. A growing body of literature
1s available on the application of various plant

extracts in different parts of the world.

Many diseases including dysentery, haem-
orrhage, microbial infections and respiratory
pathologies have been effectively treated by
the fruits of pomegranate, Punicagranatum L.
[6]. Furthermore, pomegranate extracts have
shown an antiviral activities against the her-
pes virus [7]. Although whole fruits of pome-
granate have been widely investigated, thin
peels of pomegranate were rarely studied.

Watercress (Nasturtium officinale ) is a pe-
rennial plant belonging to the Brassicaceae
family which found in clear, cold water in Eu-
rope, America and Asia [8]. Watercress is used
as a herbal medicine in treatment of some dis-
eases including oxidative stress, asthma and
diabetes [9, 10]. Watercress is a high source of
vitamins and pro-vitamin A, glucosinolates,
folic acid, protein, iron, sulphur and calcium
compounds [11].

The present study was carried out to inves-
tigate the antibacterial activity of thin peels of
pomegranate Punicagranatum and watercress
seeds Nasturtium officinale against two hu-

man pathogens E. coli and St. aureus.

2. Materials and methods

2.1. Plant specimens

Watercress seeds and thin peels of pome-
granate were obtained from a local market
and transferred to the laboratory, and ground
into fine powder using an electric blender. The
powder was dried in an oven at 40°C for 24 h.
Then plant pellets were collected in polyeth-
ylene and stored at 4°C until extraction.
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2.2. Preparation of the extract

2.2.1. Preparation of aqueous extracts

Separately, ten grams (10 g) of watercress
seeds and thin peels of pomegranatewere ex-
tracted with (100) ml of hot distilled water in
a conical flask (250) ml with a rubber stopper.
Suspension was left in a shaking incubator (at
room temperature) for (24) hours. After that,
plant extracts were filtered off using several
layers of sterile gauze medical pads into an-
other clean conical flask. The plant extracts
obtained were secondly filtered using ster-
ile filter paper (Whatman no. 1) into anoth-
er clean conical flask. Finally, plant extracts
were then centrifuged at (3000) rpm for (10)
min. Supernatants were placed in sterile Petri
dishes and the extracted liquid was subjected
to rotary evaporation in order to remove the
liquid. After drying, the dried extracts were
scraped off using a clean and sterile knife. The
obtained extracts were then stored at (4) °C
for antibacterial activity test. Different con-
centrations were prepared (7.5, 10, 25, 75 and
100%) by adding the required amount of the
extract to a suitable volume of distilled water

(D.W.) immediately before use.

2.3. Ethanol extraction

Ten grams (10 g) of watercress seeds and
thin peels of pomegranatewere separately sus-
pended in (100) ml of ethanol (95%) in a coni-
cal flask (250) ml and covered with a rubber
stopper. After that, the same steps were used

as in hot water extraction.

2.4. Bacterial isolates

Two bacterial strains were used in the study:
one Gram negative, namely E. coli and one
Gram positive, namely St. aureus. The tested
strains were obtained from Kerbala Public
Health Laboratory, Iraq.

2.5. Inoculum preparation

The inocula were prepared from stock cul-
tures, which were maintained on nutrient agar
slant at (4) °C and subcultured on to nutrient
broth.

To calculate the bacterial cellsin the sus-
pension, (0.1) ml of suspension was diluted
with (0.9) ml sterile of phosphate buffered
saline (PBS; pH (7.3); Oxoid, UK). This so-
lution was then serially diluted tenfold to
10-7 with PBS and (100)ul of each dilution
was spread on duplicate Nutrient Agar (Ox-
oid, UK) plates and incubated aerobically at
(37) °C for (24) h. The colony forming units
(CFU) were counted on all plates containing
(30-300) CFU to determine the inoculum size
to reach an inoculum of approximately log
(107) CFU ml-1 to be used in assays.

3. Antibacterial activity

Antibacterial activity of the four different
samples: hot water extract of watercress seeds,
hot water extract of thin peels of pomegranate,
ethanol extract of watercress seeds and ethanol
extract of thin peels of pomegranate,were sepa-
rately investigated against the studied organisms.

In vitro, antibacterial activity was then con-

ducted by an agar-well diffusion method us-
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ing (100)ul of final suspension of investigated
bacteria (107 CFU ml-1) spread on Mueller-
Hilton agar plates. Plates were left at room
temperature for 15 minutes for adsorption
and wells were cut from the agar by using a
sterile tip (5 wells for different concentrations
for each plant extract and one for control with
sterile distilled water in each plate). Fifty pl
(50) pl from each concentration were trans-
ferred to the well for each plant extract and at
the same time 50 pl D.W. was transferred to
a negative control well. The plates were incu-
bated at (37) °C for (24) h. Antibacterial activ-
ity was evaluated by measuring the diameter
of inhibition zone in centimeters (cm) against

the invesitgated bacteria.

4. Statistical analyses

The means and standard deviations were
calculated for all data and a one-way analy-
sis of variance (ANOVA), followed by post-
hoc Tukey’s HSD test, were applied to test for
significant differences between different con-
centrations in each type of plant extract and
between each concentration for plant extracts.
Data analysis was conducted using MiniTab
statistical software version 16 (IBM, Penn-
sylvania, USA). The accepted level of signifi-
cance was P<0.05.

5. Results

5.1. Escherichia coli

All types of plant extracts except the etha-
nol extraction of watercress seeds showed dif-
ferent levels of antibacterial action against St.

aureusand E. coli. Fig (1) showed that all con-
centrations of aqueous extract of watercress
seeds displayed different levels of antibacte-
rial action against E. coli bacteria. Although
the greatest effect among all concentrations
was at (25%) for which diameter of zones of
inhibition was (2.2) cm, no significant differ-
ences were found between the concentrations
(P=0.127).

Ethanol extract of thin peels of pomegran-
ate exhibited
against E. coli; the pathogen was highly sensi-
tive to (75%) and (100%), with diameter of
inhibition zones being (2.6) and (2.9) cm, re-

various antibacterial effects

spectively. Significant differences were shown
between these concentrations and the others
(P=0.011) Fig (2).

Fig (3) shows that all concentrations of
aqueous extract ofthin peels of pomegranate
exhibited different levels of antibacterial ac-
tivity against E. coli. The highest effect was
observed at (100) % with significant differ-
ences among other concentrations (P = 0.002).

5.2. Staphylococcus aureus

The ethanol extract of watercress seeds
had no activity against St. aureus, unlike that
shown with E. coli.

Although the highest effect of aqueous ex-
tract of watercress was for (75%), for which the
diameter of zones of inhibition was (2.9) cm,
other concentrations showed antibacterial activ-
ity as well. Significant differences were found
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between the concentrations (P =0.127) Fig (4)

Fig.(5)reflects the results of antibacterial ac-
tivity ofethanol extract of thin peels of pome-
granate against St. aureus. The highest action
was for (100)mg ml-1 with significant differ-

ences among the concentrations (P = 0.002).

Fig.(6)shows that all concentrations of
aqueous extract ofthin peels of pomegranate
exhibited different levels of antibacterial ac-
tivity against St. aureus. No significant differ-
ences were found between the concentrations
(P=0.407).

6. Discussions

Results of the current work revealed that
aqueous and ethanolic extracts of two plants
exhibited antibacterial activity against two
bacterial pathogens. Experimental findings
showed that all the extracts displayed differ-
ent degrees of antimicrobial activity on the
invesitgated bacteria, but the aqueous extract
was more effective than the ethanolic extract
for controlling the bacteria.

The ethanolic and aqueous extracts of thin
peels of pomegranate displayed strong anti-
bacterial activity on the growth of the tested
pathogenic bacteria.

This work is in agreement with Dahhamet
al. [12], who found that the peel extract gave
highest antimicrobial activity compared to
seed, juice and whole fruit of pomegranate
extracts on St. aureus. In earlier research con-

ducted by other researchers, the growth ofLi-

steria monocytogenes,St. aureus,E. coliandY-
ersinia enterocoliticawas inhibited by using
alcohol extracts of pomegranate peels [13].
Recently, Gullonet al. [ 14 ]reported that pome-
granate peel flour had antibacterial activity on
Listeria monocytogenes,Listeria innocua,St.
aureus, Pseudomonas aeruginosa,E. coliand-
Salmonellasp. Furthermore, the current results
confirmed the study of Pagliaruloet al.[15]
who found thatSt. aureusandE. coli, were af-
fected by both pomegranate aril and peel ex-
tracts. In all work mentioned, pomegranate
revealed strong antibacterial activity against
tested microorganisms due to their phenolic
and anthocyanin content of fruits including
alkaloids, tannins, phenolic compounds, fla-
vonoids, polyphenols, sugars, fatty acids, aro-
matic compounds, and amino acids[16, 17].
In the current study, aqueous extract of wa-
tercress exhibited higher antibacterial activity
on the growth of pathogenic bacteria tested. In
agreement with the current results, acetone/di-
chloromethane, ethanol and aqueous extracts of
twelve common medicinal plants, among them
watercress, were tested against St.aureus, Bacil-
lus subtilis, E. coli, and Ps. aeruginosa[18]. Re-
sults obtained from this study showed that wa-
tercress revealed antibacterial activity against
pathogenic bacteria. In a study Bocanegra-
Garciaet al. [19] found that the watery extract
of watercress displayed antibacterial activity
against the microorganisms tested in that study
including E. coli and St.aureus. Furthermore, in
agreement with the current resultsaqueousex-

tract of watercress has previously been reported
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to exhibit antibacterial activity against Myco-
bacterium tuberculosis [20].

Results of the current study showed that
the ethanol extract of watercress exhibited
no antibacterial activity in the growth of bac-
teria tested. These results contrast with the
above-mentioned studies which indicated that
all extracts of watercress including ethanolic
extract revealed antibacterial activity against
tested bacteria. The reason is not clear but it
could be attributed to the method used to ob-
tain the extract which affected the potency of
the extract. In addition, the differences in an-
timicrobial activities of the plant extracts are
influenced by such factors including freshness
of the plant material, age of the plant used, mi-
crobial contamination, physical factors (light,
water, or temperature), and incorrect prepara-
tion of the plant [21].

7. Conclusions

The results of the present study have pro-
vided evidence and confirmed previous results
that watercress and pomegranates revealed an
antimicrobial activity against E.coli and St.
aureus. The inhibition of these bacteria by the
extracts of pomegranate and watercress could
become the promising plant antimicrobial
agents therapeutic

References:
[1] Dahlén, Gunnar. Bacterial in-
fections of the oral mucosa. Periodon-

tology 2000,  49(1),13-38.doi/10.1111

/j.1600-0757.2008.00295,(2009).

[2] Muszer, M, Noszczynska M, Kasperkie-
wicz K, & Skurnik M. Human microbiome:
when a friend becomes an enemy. Archivum
Immunologiae et Therapiae Experimentalis,
63(4),287-98. Article/ 10.1007/s00005-015-
0332-3,(2015).

[3] Le Loir, Yves, Florence Baron, & Mi-
chel Gautier. Staphylococcus aureus and

food poisoning. Genetic Molecular Research,
2(1),63-76.https://archive.li/6rHbb.(2003).

[4] Ahmad, I., Mehmood, Z & Mohammad,
F. Screening of some Indian medicinal plants
for their antimicrobial properties. Journal of
Ethnopharmacology, 62(2),183-93. www.
ncbi.nlm.nih.gov/pubmed/9741890.(1998).

[5] Rojas, Jhon J, Veronica, J Ochoa, Oc-
ampo, Saul A, & Mufoz, John F. Screening
for antimicrobial activity of ten medicinal
plants used in Colombian folkloric medicine:
A possible alternative in the treatment of non-
nosocomial infections. BMC Complementary
and Alternative Medicine, 6(1),1.www.ncbi.
nlm.nih.gov/pmc/articles/PMC1395329/.
(2006).

[6] Citarasu, T, Rajajeyasekar R, Venkatra-
malingam K, Dhandapani PS, & Peter Mar-
ian, M. Effect of wood apple Aegle marmelos,
Correa (Dicotyledons, Sapindales, Rutaceae)

extract as an antibacterial agent on patho-

AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies




Ali A. Al-Hisnawi

Vol. 6, No. 11 and 12 P. (73-82)E, 2018

gens infecting prawn (Panaeus indicus) lar-
viculture. Indian Journal of Marine Sciences,
32(2),156-61.www.researchgate.net/publica-
tion/297535897, (2003).

[7] Citarasu, T, Veeramani S, Grasian I,
Namita R, & Vadivel M. Influence of selected
Indian immunostimulant herbs against white
spot syndrome virus (WSSV) infection in
black tiger shrimp, Penaeus monodon with
reference to haematological, biochemical and
immunological changes. Fish & Shellfish Im-
munology, 21(4),372-84.www.ncbi.nlm.nih.
gov/pubmed/16698283.(2006).

[8] Jafari, Sajad, & Mohammadreza Has-
sandokht. Evaluation of some Iranian water-
cress (Nasturtium officinale L.) populations
using agro-morphological traits. International
Journal of Forest, Soil and Erosion, 2(3),119-
23.http://www.1jfse.com/index.php/IJFSE/ar-
ticle/view/IJFSE-V01%202(3)-2012-2.(2012).

[9] Hoseini, Hassan Fallah, Ahmad R
Gohari, Soodabeh Saeidnia, Naghi Shahabi
Majd, & Abbass Hadjiakhoondi. The effect
of Nasturtium officinale on blood glucose
level in diabetic rats. Pharmacologyonline, 3
(8),66-71.https://www.researchgate.net/publi-
cation/235418501.(2009).

[10] Yazdanparast, R, Bahramikia, S, & Ar-
destani, A. Nasturtium officinale reduces oxi-
dative stress and enhances antioxidant capacity

in hypercholesterolaemic rats. Chemico-Bi-

ological Interactions, 172(3),176-84.https://
www.ncbi.nlm.nih.gov/pubmed/18325487.
(2008).

[11] Asadi, MS, Mirvaghefei AR, Nematol-
lahi MA, Banaee, M & Ahmadi, K. Effects of
Watercress (Nasturtium nasturtium) extract
on selected immunological parameters of
rainbow trout (Oncorhynchus mykiss). Open
Veterinary Journal, 2(1),32-39.https://www.
ncbi.nlm.nih.gov/pubmed/26623289.(2012).

[12] Dahham, Saad Sabbar, Mir Naiman
Ali, Hajera Tabassum, & Mazharuddin Khan.
Studies on antibacterial and antifungal ac-
tivity of pomegranate (Punica granatum L.).
American—Eurasian Journal of Agriculture
and Environmetal Science, 9(3),273-81.http://
www.idosi.org/aejaes/jaes9(3)/8.pdf.(2010).

[13] Al-Zoreky, NS. Antimicrobial activ-
ity of pomegranate (Punica granatum L.) fruit
peels. International Journal of Food Microbiol-
ogy, 134(3),244-48.http://www.sciencedirect.
com/science/article/pii/S0168160509003316.
(2009).

[14] Gullon, B, Manuela E. P, Pérez-Alva-
rez, José A, & Manuel Viuda-Martos. Assess-
ment of polyphenolic profile and antibacterial
activity of pomegranate peel (Punica grana-
tum) flour obtained from co-product of juice

extraction. Food Control,59,94-98.http://

“ 80 AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies



Vol. 6, No. 11 and 12 P. (73-82)E, 2018

Ali A. Al-Hisnawi

www.sciencedirect.com/science/article/pii/
S0956713515002844.(2016).

[15] Pagliarulo, C, De Vito V, Picariello G,
Colicchio R, Pastore G, Salvatore P, & Gra-
zia Volpe M. Inhibitory effect of pomegran-
ate (Punica granatum L.) polyphenol extracts
on the bacterial growth and survival of clini-
cal isolates of pathogenic Staphylococcus
aureus and Escherichia coli. Food Chemis-
try, 190,824-31.http://www.sciencedirect.
com/science/article/pii/S0308814615009176.
(2016).

[16] Duman, Ahmet D, Mustafa Ozgen,
Kenan S Dayisoylu, Nurcan Erbil, & Coskun
Durgac. Antimicrobial activity of six pome-
granate (Punica granatum L.) varieties and
their relation to some of their pomological
and phytonutrient characteristics. Molecules,
14(5),1808-17, (2009).

[17] Mahalakshmi, R, Aswini, M & Tha-
hira Banu A. ANTI DIABETIC ACTIV-
ITY OF POMEGRANATE PEELS. Research
Journal of SRNMC, 1(2),76.http://stnmcol-
lege.net/research/d3ae2ecd594eaec28ce6btad-
da63116c7ebablace.(2015).

[18] Penecilla, Gerard L, and Celia P
Magno. Antibacterial activity of extracts of
twelve common medicinal plants from the
Philippines. Journal of Medicinal Plants
5 (16),3975-81.http://www.aca-
demicjournals.org/journal/JMPR/article-

Research,

abstract/7BBEFEE22854.(2011).

[19] Bocanegra-Garcia, Virgilio, Maria del
Rayo Camacho-Corona, Monica Ramirez-
Cabrera, Gildardo Rivera, & Elvira Garza-
Gonzalez. The bioactivity of plant extracts
against representative bacterial pathogens
of the lower respiratory tract. BMC research
notes, 2(1),95.http://bmcresnotes.biomedcen-
tral.com/articles/10.1186/1756-0500-2-95.
(2009).

[20] Camacho-Corona, Maria del Rayo,
Monica A Ramirez-Cabrera, Omar Gonzalez
Santiago, Elvira Garza-Gonzélez, Isidoro de
Paz Palacios, and Julieta Luna-Herrera. Activ-
ity against drug resistant-tuberculosis strains
of plants used in Mexican traditional medicine
to treat tuberculosis and other respiratory dis-
Phytotherapy Research, 22(1),82-85.
http://onlinelibrary.wiley.com/doi/10.1002/
ptr.2269/abstract.(2008).

€ascs.

[21] Yogeshkumar, V, & Chanda S. Screen-
ing of methanol and acetone extracts of
fourteen Indian medicinal plants for antimi-
crobial activity. Turkish Journal of Biology,
31(4),243-48.http://journals.tubitak.gov.tr/bi-
ology/abstract.htm?1d=9045.(2007).

AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies 81 -



Ali A. Al-Hisnawi

Vol. 6, No. 11 and 12 P. (73-82)E, 2018

§§ES

Inhibition zome fem)

's

25%
Concentrations (%)

g

Fig (1): Antibacterial activity (diameter of zone of
inhibition; cm) of various concentrations of aqueous
extract of watercress seeds against E. coli. Results
are presented as mean values £ SD (n = 3). No sig-
nificant differences were found between the concen-
trations used in the present study (P = 0.127).
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Fig (2): Antibacterial activity (diameter of zone of
inhibition; cm) of various concentrations of etha-
nol extract of thin peels of pomegranate against
E. coli. Results are presented as mean values £ SD
(n = 3). Columns with different letters are signifi-
cantly different (P = 0.011).
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Fig (4): Antibacterial activity (diameter of zone of
inhibition; cm) of various concentrations of aque-
ous extract of watercress seeds against St. aureus.
Results are presented as mean values = SD (n =
3). Columns with different letters are significantly

different (P = 0.002).
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Fig (5): Antibacterial activity (diameter of zone of
inhibition; cm) of various concentrations of etha-
nol extract of thin peels of pomegranate against St.
aureus. Results are presented as mean values £ SD
(n = 3). Columns with different letters are signifi-
cantly different (P = 0.002).

inhibition zone (em)
—_ - ¥ ra w |
= o = o (=] )

(=]
wn

7.50% 25% 100%
Concentration (%)

=]
=

525
% 20
515
=
e
210
£
05
00

7.50% 25%
Concentrations (%)

Fig (3): Antibacterial activity (diameter of zone of inhi-

bition; cm) of various concentrations of aqueous extract

of thin peels of pomegranate against E. coli. Results are
presented as mean values = SD (n = 3). Columns with

different letters are significantly different (P = 0.002).

Fig (6): Antibacterial activity (diameter of zone of
inhibition; ¢cm) of various concentrations of aqueous
extract of thin peels of pomegranate against E. coli.

Results are presented as mean values = SD (n = 3).

No significant differences were found between the
concentrations used in the present study (P = 0.407).

I <>

AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies



