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ABSTRACT:

BACKGROUND:

Antibiotics are generally beneficial in treating susceptible microbial infections but such beneficial
effects are counter balanced by rampant irrational use. In fact, the misuse of antibiotics leads to the
emergence of antibiotic-resistant bacteria. On the other hand, the consumption of foods
contaminated with some pathogenic microorganisms represents a serious health risk to humans.
OBJECTIVE:

Therefore the present study describes the comparison of antibacterial activity between two plants
which are known traditionally by their biological activities and used in Iragi folk medicine as
antidiarrheal.

METHODS:

Agar — well diffusion method tested antibacterial activities of methanolic crud extracts with
different concentrations of the two plants on six types of bacteria strains which are:-:-
Lactobacillus sp., Staphylococcus aureus, Proteus sp. , Pseudomonas aeruginosa, Escherichia coli
,and Enterococcus sp.

RESULTS:

Two plants extract had antibacterial activity ,methanolic extract of Plantago major was more
active than methanolic extract of Ceratonia siliqua against the same tested bacteria. The biological
activity was determined by measuring the inhibition zone in millimeters, results were expressed as
means + standard deviation of triplicate experiments.

CONCLUSION:

These results suggest that extract of two plants possesses antimicrobial and properties, and
therefore they can be used as a potential source of active ingredients for food, pharmaceutical
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industry or preservatives.
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INTRODUCTION:

It has been well known since ancient times that
some plants and spices have antimicrobial
activity. There has been a considerable interest to
use plants and spices for the elimination of
microorganisms because of increasing antibiotic
resistance of microorganisms

Plantago major (greater plantain, common
plantain) is a perennial medicinal herb that
belongs to the highly diverse genus Plantago of
the Plantaginaceae family. It has been used as a
traditional medicinal plant for centuries, and is
reported to cure numerous diseases from cold to
hepatitis, skin diseases, infectious diseases,
problems concerning the digestive organs,
respiratory organs, reproduction, the circulation,
and for reducing fever ©.

Arrange of biological activities of P. major
leaves have been identified including anti-
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inflammatory, antiviral, analgesic, antioxidant ,

anticarcinogenic,  antitumor,  antinociceptive
(reducing the sensitivity to
painfulstimuli),weakly antibiotic, immune

modulating, anti-ulcerogenic, antileukemic and
antihypertensive effects®*>®"_ P major has also
been used to neutralize poisons internally and
externally @.

Greek physicians described the use of P. major
in wound healing already in the first century
A.D. ®_ Either whole or crushed leaves, or juice
from leaves of P. major have been used to treat
burns, to stop bleeding and to treat all kinds of
wounds to enhance the healing process ©. In the
Scandinavian countries, P. major has a strong
reputation for its wound healing properties,
which is also reflected in its common name (in
Swedish and Norwegian: ‘groblad’) @.

Carob is the fruit of an evergreen (Ceratonia
siliqua) cultivated in the Mediterranean area
10 Recently, this species has attracted much
attention and became economically important.
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Pods and seeds are used as row material in food,
pharmaceutical and cosmetic industries ™. The
use of the whole fruit, however, in human
consumption is limited, due to a high level of
tannins causing excess astringency *°.

Many recent activities are reported for carob
pods such as antihyperglycemic, antioxidant,
immunomodulating and antiproliferative on
mouse hepatocellular carcinoma cell line ®?. Its
bark and leaves are used in Turkish folk
medicine as an antidiarrheal and diuretic. The
fruits of this plant are traditionally used as an
antitussive and against warts .

The nutritive value of the carob pods was
attributed to its high levels of carbohydrates
(45%), appreciable amounts of protein (3%), and
low levels of fat (0.6%) 2.

The objective of the present study was to assess
the antibacterial activity of C. siliqua and
Plantago major extracts against various
pathogenic bacteria. .To our best knowledge and
literary survey, there is no report available on
antibacterial activities of these plants against a
wide range of other microorganisms.
MATERIALS AND METHODS:

Plant material

C. siliqgua fruits and P. major leaves were
collected from herbs market and were separately
dried in shade, pulverized by a mechanical
grinder and stored in airtight glass containers in
dark until extraction.

Bacterial strains

All bacterial strains used in the study are clinical
strains, and kindly provided by microbiology
laboratory in college of pharmacy in (April
2011). They are Gram positive:- Lactobacillus
sp. and Staphylococcus aureus, and Gram
negative: - Proteus sp.,

Pseudomonas aeruginosa, Escherichia coli, and
Enterococcus sp..

Preparation of extraction

For extraction of P. major leaves and C. siliqua
fruits, methanol was used as solvent, 30 grams of
dried and powdered plant materials were
extracted with 300 ml of methanol by using
soxhlet apparatus for 10 h. at a temperature not
exceeding the boiling point of the solvents ™,
then the obtained extracts were filtered by using
Whatman No.1 filter paper and the solvent was
evaporated using rotary distillation apparatus.

In order to obtain a completing dry extract, the
resultant extracts were transferred to glass dishes
and were left in 40°C oven for 24 hrs. , then they
were left at 4°C until assessments of their
antibacterial activities.

Antibacterial activity:-

Antibacterial activities of the P. major leaves
and C. siliqua fruits were evaluated by means of
agar-well diffusion assay ™ with some
modifications. Fifteen milliliters of the molten
agar (45 °C) were poured into sterile petri dishes
(290 mm). Working cell suspensions were
prepared and 100 pl was evenly spreaded onto
the surface of the agar plates of Mueller-Hinton
agar (HIMEDIA ,India). Once the plates had
been aseptically dried, 6 mm wells were punched
into the agar with a sterile Pasteur pipette. The
residual extracts were dissolved in their
extracting solvent to vyield the final
concentration: 1000,500,250 and 125 mg/ml and
sterilized by filtration (filter pore size 0.45um).
Thus, 100pl were placed into the wells and the
plates were incubated at 37 °C for 24 h .Solvents
were used as negative control while antibiotic of
streptomycin at the same concentration were
used as positive control. .Antimicrobial activity
was evaluated by measuring the diameter of
circular inhibition zones around the well. Tests
were performed in triplicate.

Statistical analysis:-

Experimental results concerning this study were
expressed as means + standard deviation of three
parallel measurements.

RESULTS:

The invitro antimicrobial activity of the two
plants against the tested bacteria was assessed by
the presence or absence of inhibition zone
diameters. We found that the activity of the two
extracts depends on its concentration and the
strain of tested bacteria.

The result showed that the methanol extract of
Plantago major leaves and Ceratonia siliqua
fruits showed an antibacterial activity against
tested Gram-positive and negative bacteria.
Different concentrations of methanol extract of
Plantago major are shown in (table 1). The
methanol extract of Plantago major produced
inhibition zones against Gram positive bacteria:-
Lactobacillus sp. it's sensitive to concentration
ranges  from  1000-250  (mg/ml)  and
Staphylococcus aureus sensitive to concentration
ranges from 1000-125 (mg/ml). Also it's
produced inhibition zones against Gram negative
bacteria:-Pseudomonas aeruginosa sensitive to
concentration ranges from 1000-125 (mg/ml),
Proteus sp. and Escherichia coli sensitive to
concentration ranges from 1000-250 (mg/ml),
and Enterococcus sp. ranges from 1000-500
(mg/ml).
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Table 1: Antibacterial activities of methanol extract of Plantago major leaves and methanol
(negative control).

Inhibition zone diameter in (mm)~at different
Tested bacteria concentrations of methanol extract in (mg/ml)
1000 500 250 125
Gram positive
Lactobacillus sp. 25+1.3 20+£0.9 | 15+0.8 | -
Staphylococcus aureus 20+0.9 | 15+0.7 | 13+1.0 | 10+0.6
Gram negative
Proteus sp. 20£1.2 17£0.9 | 15+0.7 | -
Pseudomonas aeruginosa | 24+0.9 18+1.2 | 17+0.8 | 15+1.0
Escherichia coli 18+0.6 16+0.9 | 12#05 | -
Enterococcus sp. 12+0.7 1006 | - -
Methanol - - - -

*Diameter of inhibition zones including diameter of well 6 mm
Values are given as mean = S.D. of triplicate experiment

Antibacterial activity of C. siliqua fruits at
different concentrations of methanol extract were
shown in (table 2). This extract produced
inhibition zones against Gram positive bacteria:-
Lactobacillus sp.and Staphylococcus aureus
sensitive to concentration ranges from 1000-500
(mg/ml). Also it's produced inhibition zones
against Gram negative bacteria:-Proteus sp. and
Pseudomonas aeruginosa  sensitive to
concentration ranges from 1000-125 (mg/ml),

Escherichia coli and Enterococcus sp. sensitive
to concentration ranges from 1000-500 (mg/ml).
Methanol extract of C. siliqua fruits less effective
than Plantago major extract against the same
tested bacteria. Solvent (negative control) used
for preparation different concentrations showed
no activity against any tested bacteria.
Streptomycin (positive control) at concentration
of 125-1000 (mg/ml) showed inhibition zone
ranges from 40-23 mm against all tested bacteria
(table 3).

Table 2: Antibacterial activities of methanol extract of C. siliqua fruits and methanol (negative control).

Tested bacteria

Inhibition zone diameter in (mm)~ at different
concentrations of methanol extract in (mg/ml)

1000 500 250 | 125
Gram positive
Lactobacillus sp. 13+1.0 9+0.8 - -
Staphylococcus aureus 17+0.9 12+0.7 | - -
Gram negative
Proteus sp. 17+0.5 15+1.0 | 12+ | 10+0.8
Pseudomonas aeruginosa 16+0.9 14+09 | 0.9 10+0.6
Escherichia coli 12+0.7 10+0.5 | 12+ | -
Enterococcus sp. 14+0.8 10+£0.6 | 0.7 -
Methanol (negative - - - -
control)

*Diameter of inhibition zones including diameter of well 6 mm
Values are given as mean = S.D. of triplicate experiment
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Table 3: Anti bacterial activity of streptomycin (positive control) 125-1000 (mg/ml).

Tested bacteria Inhibition zone diameter in (mm)™ at different
concentrations of streptomycin in (mg/ml)
1000 500 250 125

Gram positive

Lactobacillus sp. 40+£1.0 | 40+1.5 | 35+1.2 | 33+0.8

Staphylococcus aureus 40+£0.9 | 40+2.0 | 35+1.4 | 30+1.6

Gram negative

Proteus sp. 35+1.4 | 33+0.9 | 30+1.3 | 30+0.8

Pseudomonas aeruginosa | 40+1.2 | 39+1.2 | 35+1.5 | 35+0.7

Escherichia coli 39+1.0 | 35+1.5 | 34+1.2 | 32+1.4

Enterococcus sp. 20+£0.7 | 16x09 | - -

*Diameter of inhibition zones including diameter of well 6 mm
Values are given as mean = S.D. of triplicate experiment

DISCUSSION:

The presented study was designed to obtain
preliminary information on the antibacterial
activity of Plantago major leaves and C. siliqua
fruits on pathogenic bacteria. The agar- well
diffusion method was preferred to be used in this
study. The results showed a remarkable
antibacterial activity of the methanol extracts of
these plants.

The strong antimicrobial activity of the
Ceratonia  seligua  against the  tested
microorganisms could be attributed to the
presence of high percentage of hydrocarbon
(51.06 %), monoterpene (0.9 %), and oxygenated
monoterpene (1.19 %) appreciated for their
antibacterial potentials (16,17%). These results
are in agreement with those reported in literature
for methanol extract of ceratonia seliqua showed
strong action on Enterococcus ,Escherichia coli
(8) and Staphylococcus aureus 2.

On the other hand P. major is used for different
purposes in traditional medicine around the
world; therefore, researchers have tested it for
different types of biological activities. Most tests
have been performed on crude extracts without
examining the nature of the active compounds .
Presently it is not known exactly what
phytochemicals in P. major are most important in
mediating the  beneficial effects. Both
polysaccharides and polyphenols have been
proposed to be bioactive, and the antiviral
activity of P. major is reported to derive mainly
from its phenolic compounds *%. P. major leaves
contain a mixture of different polyphenolic
antioxidants that may contribute to its wound
healing properties @,

Also it seems to be some intermediately polar or
non polar substances of relatively low molecular
weight in P. major that have antibiotic activity
against some gram negative and gram positive

bacteria in addition to a weak antimycotic
activity ®.These results are in agreement with
those reported in literature for the antibacterial
activity of methanolic extract of P. major against
S. aureus and fungi @.

The obtained results are of a great importance,
particularly in the case of S. aureus which are
well-known for their resistance to a number of
phytochemical compounds and for the
production of several types of enterotoxins that
cause gastroenteritis 2.

Generally the Gram positive bacteria were more
susceptible to the antimicrobial properties of two
plants extract than Gram negative ones. These
differences could be attributed in part to the great
complexity of the double membrane-containing

cell envelope in Gram negative bacteria
compared to the single membrane structure of
positive  ones @ or its related to

lipopolysaccharides in their outer membrane @2,

CONCLUSION:
The results of this study revealed that the two
plants possess some antibacterial properties as
antibiotics , the diameters of inhibition zone of
the antibacterial agents i.e. ceratonia siliqua
,Plantago major, and streptomycin were
different, according to the kinds, concentrations
and purity. This supports the fact that more have
to be done on purification , identification and
quantification of the active of extracts
components with the view of using them for
invivo studies.

REFERENCES:

1. Hisamettin, D., Emrullah, S., Zekai, T.,
&Fevzi, O.: Antibacterial activities of
Allium vineale, Chaerophyllum
macropodum and Prangos ferulacea
African Journal of Biotechnology,2006;5
:1795-98.

THE IRAQI POSTGRADUATE MEDICAL JOURNAL

133

VOL.11,NO.1, 2012



ANTIBACTERIAL ACTIVITY OF PLANTAGO MAJOR

10.

Anne, B. Samuelsen:The traditional uses,
chemical constituents and biological
activities of Plantago major L. A review.
Journal of Ethno pharmacology,2000;71:1—
21.

Beara, I.N., Lesjak, M.M., Jovin, E.D.,
Balog, K.J., Anackov, G.T., Orcic, D.Z,,
Mimica- Dukic, N.M.:Plantain (Plantago
L.) species as novel sources of flavonoid
antioxidants.
J.Agric.FoodChem.,2009;57:9268-73.

Beara, I.N.,Orcic,D.Z., Lesjak, M.M,
Mimica-Dukic, N.M., Pekovic, B.A,
Popovic, M.R.:Liquid chromatography

/tandem mass spectrometry study of anti-
inflammatory activity of plantain(Plantago
L.) species.J.Pharm.Biomed.  Analysis
,2010;52:701-6.

Chiang, L.C., Chiang, W., Chang, M.Y.,
Lin, C.C., Invitro cytotoxic: antiviral and
immunomodulatory effects of Plantago
major and Plantago asiatica. Am.J. Chinese
Med,2003;31:225-34.

Mc Cutcheon, A.R., Roberts, T.E.,
Gibbons, E.:Antiviral screening of British
Colombian medicinal plants.J.
Ethnopharmacol.,1995;49:101-10.

Nyunt, T.M., Lwin, K.K., Aye, T.T., Than,
M.A., Chit, K., Kyaw, T., Hlaing, O.M.T.,
Wun, M., Win, N.N:Antihypertensive effect
of Plantago major Linn. Whole plant
(Ahkyawpaung-tahtaung) on mild to
moderate hypertensive patients.Myanmar
Health Sci.Res.J., 2007;19:97-102.
Lithander, A.:Intracellular fluid of way
bread (Plantago major) as a prophylactic for
mammary cancer in mice.TumorBiol.
,1992:13:138-41.

Samuelsen, A.B., Lund, I., Djahromi, J.M.,

Paulsen, B.S., Wold, J.K., Knutsen,
S.H.:Structural features and anti-
complementary  activity of  some

heteroxylan polysaccharide fractions from
the seeds of Plantago major L..
Carbohyd.Polym., 1999;38:133-43.
Avallone, R., Plessi, M., Baraldi ,M,
&Monzani ,A.: Determination of Chemical
Composition of Carob (Ceratonia siliqua):
Protein, Fat, Carbohydrates, and Tannins.
Journal of food Composition and
Analysis,1997;10:166—-72.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Mohamed, M., Mohammed, El ., Nadia
\W., Aziz, O., Abdelali B. & Abdelmajid
H.:Fruit and seed diversity of domesticated
carob (Ceratonia siliqgua L.) in Morocco.
Scientia Horticulturae ,2009;123:110-16.
Gohar A., Gedara S.R., & Baraka
H.N.:New acylated flavonol glycoside from
Ceratonia siliqgua L.seeds.Journal of
Medicinal Plants Research,2009;3:424-28.
Bijen, K., & Tuba, M.:Antimicrobial and
Cytotoxic Activities of Ceratonia siliqua L.
Extracts.Turk J. Biol.,2002;26:197-200.
Lin, J., Opuko, A.R., Geheeb-Kaller, M.,
Hutchings, A.D., Terblanche Tager A.K.,
&Vanstaden, J .:Preliminary screening of
some traditional zulu medicinal plants for
anti-inflammatory ~ and  antimicrobial
activity.J.Ethanopharmacol.,1999;68:267-
74.

Guven, K., Yicel, E,
F.:Antimicrobial activities of fruits of
Crataegus and Pyrus species.
Pharmaceutical Biology,2006; 44:79-83.
Sivropoulou, A, Nikolaou, (o8
Papanikolaou, E., Kokkini, S., Lanaras, T.,
Arsenakis, M.:Antimicrobial, cytotoxic, and
antiviral activities of Salvia fruticosa
essential oil. Journal of Agricultural and
Food Chemistry,1997;45:3197-3201.
Yangui, T., Bouaziz, M., Dhouib, A,
Sayadi, S.:Potential wuse of Tunisian
Pituranthos chloranthus essential oil as a
natural disinfectant.Letters in Applied
Microbiology,2009; 48:112-17.

Anis Ben, H., Mohamed, T., Riadh Ben,
M., Raoudha, M. J., Mohamed, D.,& Samir,
J:Chemical composition, cytotoxicity effect
and antimicrobial activity of Ceratonia
siliqua essential oil with preservative
effects against Listeria inoculated in
minced beef meat.International Journal of
Food Microbiology,2011; 148: 66-72.
Chiang, L.C., Chiang, W., Chang, M.Y.,
Ng, L.T., Lin, C.C.:Antiviral activity of

Cetintas,

Plantago major extracts and related
compounds in
vitro.Antivir.Res.,2002;55:53-62.

Yokozawa, T., Dong, E., Liu, ZW.,
Shimizu, M.:Antioxidant activity of
flavonols in vitro.Phytother.

Res.,1997;11:446-49.

THE IRAQI POSTGRADUATE MEDICAL JOURNAL

134

VOL.11,NO.1, 2012



ANTIBACTERIAL ACTIVITY OF PLANTAGO MAJOR

21. Halpin-Dohnalek, M.1., Marth,
E.H.:Staphylococcus aureus: Production of
extracellular compounds and behavior in
foods. A review,Journal Food
Protection,1989;54:524-27.

22. Bagamboula, C.F., Uyttendaele, M.,
Debevere, J. :Inhibitory effects of thyme
and basil essential oils, carvacrol, thyme,
estragol, linalool and p-cymene towards
Shigella zonnei and S. flexneri..Food
Microbiology,2004;21:33-42.

23. Gao, Y., Belkun, M.J., & Stiles M.: The
outer membrane of Gram-negative
bacteria inhibits antibacterial activity of
Brochacin C..Applied Enurion
Microbial, 1999;65:4329-33.

Authorship entitlement

Excerpts from the uniform requirements for manuscripts submitted to biomedical
journals updated November 2003
Available from www.icmje.org

The international committee of medical journal editors has recommended the
following criteria for authorship;thes criteria are still appropriate for those journals
that distinguish authors from other contributors.

Authorship credit shouldbe basedon 1)substantial contributions to conception and
design,or acquisition of data ,or analysis and interpretation of data;2)intellectual
content;and 3) final approval of the version to be published. Authors should meet
conditions1,2and3.

Acquisition of funding, collection of data, or general supervision of the research
group, alone, dose not justify authorship.
An author should be prepared to explain the order in which authors are listed.

THE IRAQI POSTGRADUATE MEDICAL JOURNAL 135 VOL.11,NO.1, 2012



