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ABSTRACT

Aims: Development of multiple resistances against pathogenic bacteria has become a global
concern at the moment. This problem has enforced scientists to search for new antimicrobial
substances from various sources including medicinal plants. Hence the study was designed to
determine the effect of ethanol extracts of commonly used some herbs rhizomes of Curcuma longa,
bark of Careya arborea, seed of Madhuca longifolia and leaves of Punica granatum at different
levels of concentrations (125, 100, 75 and 50 mg/ml) in Sri Lanka on (Salmonella typhimrium
(ATCC 14028), Bacillus subtilis (ATCC 6633) and Escherichia coli (ATCC 25922)).

*Corresponding author: E-mail: ruwandeepika@yahoo.co.uk;
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Study Design: This is a laboratory-controlled experimental design.

Place and Duration of Study: Laboratory of Livestock Production, Faculty of Agricultural
Sciences and Laboratory of Chemistry, Faculty of Applied Sciences, Sabaragamuwa University of
Sri Lanka.

Methodology: Ethanol herbal extracts at four different concentrations (125, 100, 75 and 50 mg/ml)
were screened for its antimicrobial activity by Kirby-Bauer disc diffusion assay method. In vitro, the
antioxidant ability was determined using 1,1-diphenyl-2-picryl-hydrazyl (DPPH) radical scavenging
assay method.

Results: Punica granatum showed the highest inhibition against S. typhimrium; 15.46+0.1,
14.71+0.14, 13.11£0.06 and 11.81+0.09 mm at 125, 100, 75 and 50 mg/ml concentrations
respectively. Careya arborea showed the highest inhibition against B. subtilis with inhibitory zones
of 10.34+=0.12, 9.22+0.25, 7.55+0.15 and 7.05+0.056 mm and second highest inhibition was
against E. coli; 12.89+0.07, 12.43+0.10, 11.34+0.19 and 10.67+0.08 mm for all concentrations
respectively. Careya arborea exhibited the highest inhibition against B. subtilis with inhibitory zones
of 10.34+=0.12, 9.22+0.25, 7.55+0.15 and 7.05+0.05 mm. When considering the effect of Curcuma
longa, B. subtilis and E. coli had shown significant highest inhibition at 125 mg/ml and S.
typhimurium had lowest inhibition. Highest antimicrobial effect on B subtilis (7.49+0.31 mm) was
shown by the ethanolic extract of M. longifolia (125 mg/ml) compared to other two bacteria (for S.
typhimrium, 6.53+0.18 mm and E. coli 6.67+0.18 mm). Careya arborea exhibited the highest
ascorbic acid equivalent antioxidant concentrations (718.40+22.78 mg ascorbic/g extract) followed
by Punica granatum (213.43+17.82 mg ascorbic/ g extract) and Curcuma longa (144.28+6.40 mg
ascorbic/g extract). Madhuca longifolia had lowest (4.11+0.27) and inhibitory concentration at 50%
(ICsp) of DPPH radical scavenging activity (2.84+0.08, 9.62+0.76, 14.14+0.61 and 498.01+34.63
ICs0 pg/ml) in the ethanol extracts of Careya arborea, P. granatum, C. longa and Madhuca
longifolia respectively.

Conclusion: This study concluded that there was a significant antimicrobial effect in ethanol
extracts of tested herbs against S. typhimurium (ATCC 14028), B. subtilis (ATCC 6633) and E. coli
(ATCC 25922) at varying levels.

Keywords: Antibiotic resistance; antioxidant; antimicrobial; plant extracts.

1. INTRODUCTION United States (US) at least 2 million people

Infectious diseases create social and economic
crisis all over the world. Among the etiologies of
infectious diseases bacterial causes are playing
a vital role and as the drug of choice for the
treatment of infectious diseases caused by
bacteria, antibiotics are wused extensively.
Nowadays many different antibiotics are used
against bacterial diseases like penicillin,
cephalosporin, sulphonamides, aminoglycosides,
chloramphenicol, tetracycline, macrolides, and
quinolones [1]. But these drugs leads resistance
development which is an alarming issue globally
and also it leads to product losses (milk and
meat), environmental contaminations, extra
medicines and labour costs and allergies.

Since the successive introduction of various
synthetic antibiotics into therapeutics as well as
in the food industries, the sensitivity of
microorganisms changed a lot so that the
proportion of antibiotic-resistant strains is at most
concern group [2]. Centre for disease control and
prevention (CDC) reported that each year in

become infected with bacterial diseases that are
resistant to antibiotics [3]. As a result, at least 23,
000 people die each year in the world and also in
Sri Lanka antibiotic resistance is reported to be
increased [4]. Food and drug administration
stated that antibiotics that are used for livestock
health improvement and increase the production
are also reasons for the development of antibiotic
resistance. This has effect on animal health and
production and owing to that essential veterinary
drugs may no longer be available for the
treatment of animal diseases, the failure of
disease control programmes, increased severity
and longevity of diseases, increased mortality,
reduced productivity, and increased risk of
disease spread in animal populations and it
ultimately leading to the animal productivity and
national income as well [5]. Moreover, the
zoonotic aspects of these antibiotic-resistant
organisms can have a very severe effect on
human health.

This has enforced scientists to search for new
antimicrobial substances from various sources
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including medicinal plants. The antimicrobial
compounds found in plants are of interest as the
antibiotic resistance development is becoming a
worldwide public health concern [6]. Plants
produce a multitude of organic compounds that
have antimicrobial activity and antimicrobial
properties of phytochemicals can be due
to the presence of essential oils, phenolic
compounds, isothiocyanates etc. and they have
a significant role in controlling the ability to
treat of biofilm infections [7] as well. Many Asian
countries use herbs to treat many
infectious diseases in Ayurveda medicine
including Sri Lanka since hundreds of years.
Pharmaceutical industry and scientists are
paying much more attention to produce
pharmaceuticals using plant crude extracts to
overcome the antibiotic resistance issue [8].
Phytochemicals have shown the ability to
combat bacterial diseases and there plant
secondary metabolites can affect bacterial cell
wall [9].

Hence this study was conducted to investigate
the effect of an herbal extract of rhizomes of
Curcuma longa, the bark of Careya arborea, the
seed of Madhuca longifolia and leaves of Punica
granatum on S. typhimurium, B. subtilis and

E. coli and also to investigate the antioxidant
activity of the herbal extracts.

2. METHODOLOGY

The effect of antibacterial activity of four herbal
plant materials (extract of rhizomes of Curcuma
longa, bark of Careya arborea, seed of Madhuca
longifolia, leaves of Punica granatum) on three
food born pathogenic bacteria (S. typhimurium
(ATCC 14028), B. subtilis (ATCC 6633), E. coli
(ATCC 25922)) was determined. The study was
conducted at the Laboratory of Livestock
Production, Faculty of Agricultural Sciences and
Laboratory of Chemistry, Faculty of Applied
Sciences, Sabaragamuwa University of Sri
Lanka.

2.1 Effect of Plant Extract on Different
Bacteria

Effect of ethanol extracts of plant materials on S.
typhimurium (ATCC 14028), B. subtilis (ATCC
6633), and E. coli (ATCC 25922) was
investigated using Kirby-Bauer disc diffusion
method. Rhizomes of Curcuma longa, bark of
Careya arborea, Madhuca longifolia seed and
Punica granatum leaves were used for the study.

Madhuca longifolia

Punica granatum

Fig. 1. Plant materials used in the study
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2.2 Preparation of Ethanol Extracts

Plant materials were collected washed and air
dried without exposing to the direct sunlight. All
plant materials were powdered using grinder
following drying. Ethanol extraction was done
according to the method described by Tiwari et al
[10]. Plant materials were immersed in 200ml of
absolute ethanol (1:10) for 24 hours. The
supernatant was filtered through Whatman filter
paper No.1 and the filtrate was evaporated using
rotary evaporator on a 40°C water bath to
remove all the solvent materials. This was taken
as the concentrated extract and these extracts
were stored in refrigerated condition at 4°C after
weighing it until used. Four different
concentrations (125 mg/ml, 100 mg/ml, 75 mg/ml
and 50 mg/ml) of each plant extracts were
prepared using dried ethanol extract mixing with
Dimethyl Sulfoxide (DMSO) and stored in the
refrigerator at 4°C for subsequent antibacterial
assay.

2.3 Preparation of Bacterial Cultures

Pure cultures of S. typhimurium (ATCC 14028)
B. subtilis (ATCC 6633) and E. coli (ATCC
25922) used were kindly donated by Professor
Indrani Karunasagar, the Centre for Science
Education & Research, UNESCO MIRCEN for
Medical and Marine Biotechnology, Nitte
University, Mangalore, India. The cultures were
recovered from the stock cultures and single
colony was used for further study. Colonies were
grown in Luria Bertani broth for the study and
both S. typhimurium and E. coli were incubated
at 37°C overnight and B. subitilis were incubated
overnight and at 28°C. The bacterial cell
suspension was prepared at 1.0 x10° colony
forming units per ml (CFU/ml) following the
McFarland 0.5 turbidity standard. Cells were
harvested and washed by centrifugation and
number of cells was determined according to the
optical density (at 640 nm) by using UV
spectrophotometer (Thermo Scientific, Genesys
10S UV-V1S).

2.4 Antibacterial Assay

Antibacterial assay was performed by using disc
diffusion method described by Bauer et al. [11].
Sterilized paper discs with the diameter of 5.5
mm were made from Whatman filter paper and
the discs were sterilized é)rior to use. 0.5ml of
each bacterial culture (10° CFU/ml) was spread
on Muller Hinton agar plates and prepared
sterilized disc were placed on the inoculated

surface. Discs were impregnated with the test
extracts (10 pl) i.e. aqueous extracts and ethanol
extracts of Curcuma longa rhizome, Careya
arborea bark, Madhuca longifolia seed and
Punica granatum leaves (at concentrations 125
mg/ml, 100 mg/ml, 75 mg/ml and 50 mg/ml for
aqueous preparation and ethanol extract) and
kept at room temperature for absorption followed
by incubation at 37°C for S. typhimurium (ATCC
14028), E. coli (ATCC 25922) and at 28°C for B.
subtilis (ATCC 6633) overnight.

Plate sets with ampicilin (25 pg),
chloramphenicol (30 pg) and nalidixic acid (30
pg) discs (Himedia India Pvt. Ltd., Mumbai) were
used as a positive control and respective
solvents were taken as the negative control
(DMSO, distilled water and absolute ethanol). At
the end of incubation, inhibition zones formed
around the disc were measured by using a
vernier calliper and the tests were performed in
six replicates.

2.5 DPPH Radical Scavenging Assay

DPPH Radical Scavenging activity was
measured using 1,1-diphenyl-2-picryl-hydrazyl
(DPPH) solution. It was prepared by dissolving
20 mg in 100 ml of methanol. Five different
concentration of each herbal samples were
prepared in methanol. 20 mg of each herbal
extracts were dissolved in 20 ml of methanol
(1 mg/ml). Extracts were initially dissolved in
DMSO. Standard sample was prepared 20 mg of
L-Ascorbic acid dissolving in methanol. Then it
was diluted in methanol. DPPH Radical
Scavenging assay was performed according to a
method described by Blois [12].

In the assay, 450 yl DPPH and 2550 pl methanol
was used as a control and 750 ul from sample
was mixed with 2250 ul of methanol in cuvette as
blank as the extracts were having colour. Herbal
extracts sample was prepared as 750 pl extract
solution, 450 pyl DPPH and 1800 pl methanol
mixing in glass cuvette. Then the sample was
darkened and incubated at room temperature
25+2°C for 10 minutes. Absorbance was
recorded at 517 nm (Thermo Scientific, Genesys
10S UV-V1S).

2.6 Calculation of % Radical Scavenging
Activity of Sample/Standard

— [A control — A Sample test] x 1 OO

control

(Equation for radical scavenging activity)
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2.7 Calculation of IC5, (Concentration of
Sample/Standard at 50% inhibition)
of Sample/Standard

Percentage of radical scavenging activity at each
concentration of the sample/standard was
measured in five different concentrations with
triplicates. Concentration vs. percentage of
radical scavenging activity was plotted in the
scatter graph. Using the equation Y=mx+c
(x=sample concentration, Y=percentage of
radical scavenging activity) x was calculated
considering that the Y=50.

2.8 Analysis of Data

The individual analysis of variance and the
means were compared by Duncan's Multiple
range test at the level of 95% of confidence level
by statistical software SAS™ (9.0).

3. RESULTS AND DISCUSSION

3.1 Effect of Herbal
Microorganisms

Extracts on

When considering the ethanolic extracts of
Punica granatum has shown significant highest
(P=.05) inhibition zone against S. typhimurium
when compared to the other plant extracts.
Punica granatum had 15.46+0.1 mm, 14.71+0.14
mm, 13.11£0.06 mm and 11.81£0.09mm of
inhibition at 125 mg/ml, 100 mg/ml, 75 mg/ml,
and 50 mg/ml concentration levels respectively
(Table 1). Second highest inhibition against S.
typhimurium was by ethanolic extract of Careya
arborea and lowest inhibition was by M. longifolia
(Table 1). The ethanolic extract of Careya
arborea has shown significant highest (P=.05)
inhibition zone against B. subtilis and it
Careya arborea had 10.34+0.12 mm, 9.22+0.25
mm, 7.55+0.15 mm and 7.05+0.05 mm of
inhibition at 125 mg/ml, 100 mg/ml, 75 mg/ml,
and 50mg/ml concentration levels respectively
(Table 1).

When considering the E. coli, ethanolic extract of
Punica granatum has shown significant highest
(p=.05) inhibition zone when compared to other
plant extracts. Punica granatum had 12.89+0.07
mm, 12.43+0.10 mm, 11.34+0.19 mm and
10.67+0.08 mm of inhibition at 125 mg/ml, 100
mg/ml, 75 mg/ml, and 50 mg/ml concentration
levels respectively (Table 1). Second highest
inhibition against E. coli was by ethanolic extract
of Careya arborea.

Commercial antibiotics used in this study had the
significant effect on all the three bacterial species
studied (S. typhimurium, B. subtilis and E. coli) in
comparison with plant extracts. Among the four
antibiotics used, Chloramphenicol showed the
significantly  highest inhibition against S.
typhimurium, B. subtilis and E. coli with the
inhibition zones of 30.85+£0.34 mm, 32.83+0.62
mm and 30.04+0.49 mm respectively, whereas
the second higher inhibition for S. typhimurium
(26.08+0.19 mm) and for E. coli (25.47+0.32
mm) was with ampicillin and for B. subtilis that
was nalidixc (11.96+0.10 mm) (Table 1).

Ethanolic extract of Careya arborea has shown
significantly highest (p<0.05) inhibition zone at
125 mg/ml level against B. subtilis (10.34+0.12
mm) and E. coli (7.64+0.12 mm) when compared
to other concentrations (100 mg/ml, 75 mg/mi
and 50 mg/ml) used in this study. But considering
the S. typhimurium at 125 mg/ml, 100 mg/ml and
75 mg/ml did not show significant different
(P=.05) effect from each other. Inhibition zone at
125 mg/ml, 100 mg/ml and 75 mg/ml were
7.61+£0.27 mm, 7.37£0.31 mm and 7.07+0.21
mm respectively. Curcuma longa extract at 125
mg/ml has shown the highest (p<0.05) inhibition
zone against S. typhimurium (6.16£0.12 mm) B.
subtilis (7.72£0.13 mm) E. coli (7.38+0.33 mm)
and also for the Punica granatum highest
concentration has shown the highest (P=.05)
inhibition  zone against S.  typhimurium
(15.46+£0.10 mm) B. subtilis (7.42+0.15 mm) E.
coli (12.89+£0.07mm). None of the concentration
levels of Madhuca longifolia did show significant
inhibition zone on S. typhimurium. But the effect
of Madhuca longifolia on B. subtilis and E. coli at
125 mg/ml has shown significantly high inhibition
zone (7.4940.31 mm and 6.67+0.18 mm)
respectively (Table 1).

Ethanolic extract of Careya arborea at 125 mg/mi
and 100 mg/ml level highest significant (p=.05)
effect was shown on B. subtilis (10.34+0.12 mm)
compared to other two bacteria. When
considering the effect of Curcuma longa B.
subtilis and E. coli had significant highest (p=.05)
effect at 125 mg/ml level and S. typhimurium had
the lowest effect. The ethanolic extract of
Madhuca longifolia at 125 mg/ml level highest
significant (p=.05) effect was shown on B. subtilis
(7.494£0.31 mm) compared to other two bacteria.
When considering the effect Punica granatum on
three bacterial strains, at 125 mg/ml, 100 mg/ml,
75 mg/ml and 50 mg/ml levels showed significant
(p=.05) effect on three bacteria. The highest
significant (p=.05) effect was on S. typhimurium
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(15.46£0.10 mm). The second highest effect was
on E. coli (12.8940.07 mm) and the lowest effect
was on B. subtilis (7.42+0.15 mm) at 125 mg/mi
level (Fig. 2).

Curcuma longa extract contained alkaloids,
tannin, flavonoid, glycoside and carbohydrate.
There are reports showing that alkaloids and
flavonoids are the responsible compounds for the
antibacterial activities in higher plants [13]. Study
done by Gupta et al. (2015) found that
antibacterial effect of Curcuma longa extract on
Staphylococcus spp, and it is also proven by
Negi [14] who reported the inhibitory effects of
ethanol and hexane extract of turmeric against S.
aureus. Tyagi et al. [15] studied the effect of
curcumin which is an essential constituent of
Curcuma longa against different organism i.e,
Staphylococci, Pseudomonas, E. coli and
Enterococci and they confirms the broad-
spectrum antibacterial nature of curcumin, and its
membrane damaging property which enables the
antibacterial property. In B. subtilis it has shown
that cucumin of Curcuma longa induce the
filamentation suggesting that it inhibits bacterial
cytokinesis thereby perturbation of the GTPase
activity and it is lethal to bacteria and indicated
that curcumin inhibits bacterial cell proliferation
[16]. The observations of the present study which
shows that there is an antibacterial effect of
Curcuma longa against E.coli, B. subtilis and S.
typhimurium are in agreement with the findings of
previous studies which showed decrease in E.
coli cell growth, inhibition of Staph. aureus and P.
aeruginosa, E. faecalis and B. subtilis [17,18]. In
agreement with the current study, Luer [19] also
found that effect of Curcuma longa extracts
against E. coli, Staphylococcus aureus,
Salmonella  typhi and C. albicans by disc
diffusion method. Our results are compared with
some other studies done, Chandrana et al. [20]
and Kim et al. [21] who reported that Curcuma
longa extract was effective against E. coli,
B.subtilis and Staphylococcus aureus which may
be due to the presence of curcuminoid, a
phenolic compound. The antimicrobial activity of
Curcuma longa is reported to be due to the
presence of essential oil, curcumins,
curcuminoids, turmeric oil, turmerol and valeric
acid [16,22-24].

Careya arborea extract also has shown the
effects of different microorganisms and It is
known to have flavonoids, tannins, alkaloids and
terpenoids in Careya arborea [25-27]. The
current study revealed that there is a an

antibacterial effect of Careya arborea against all
the three microorganisms (B. subtilis, E. coli and
S. typhimurium) tested with highest activity
against the B. subtilis and it is in agreement with
the findings of Kumar et al, [28] who found the
antimicrobial activity against many
microorganism such as Pseudomonas, E. coli,
Salmonella, Shigella, Vibrios, Staphylococci,
Streptococci, against some fungal species as
well. Furthermore, they have found that there
is a strong antioxidant activity; it is also
comparable to this study. In line with the current
study, Mali and Wadje, [29] found that there is an
inhibition of Staphylococcus aureus, B. subtilis,
P. aeruginosa, E. coli, Aspergillus niger
and Candida albicans. Prabhakaran et al. [30]
and Panda et al. [31] explained the effect of
extracts of fruits of Careya arborea against
some bacteria and fungus in parallel to this
study.

In line with this study, Chakma [32] found an
antimicrobial effect of Madhuca longifolia against
Staphylococcus aureus, B. subtilis, E. coli and
Pseudomonas and also the survey by Pandey
and Agarwal [33] showed that this plant extract
has high potency to inhibit the growth of E.coli
and Staphylococci and some fungal species.
Kalavani and Jegadeesan [34] concluded in their
study that the Madhuca longifolia extracts have
significant  antimicrobial  activities  against
Staphylococcus aureus, B. subtilis, E. coli, P.
aeruginosa, A. oryzae and A. niger, which
supports the current study. Similar studies were
done by several earlier workers [35-41] who also
reported the antibacterial and antioxidant activity
of Madhuca longifolia.

3.2 DPPH Radical Scavenging Activity

All tested herbal extracts have shown DPPH
radical scavenging activities. It was measured
five concentrations of ethanol extracts using
three replicates. Concentration levels were
prepared half dilution series. The stock solution
was 1 mg/ml each plant extracts. DPPH radical
scavenging activity of herbal extracts was
calculated as L-ascorbic acid
equivalent antioxidant concentration values and
IC5p values.

DPPH radical scavenging activity of standard
antioxidant ascorbic acid was used to calculate
ascorbic acid equivalent antioxidant
concentration values. A standard curve is given
in Fig. 3.
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Table 1. Effect of ethanolic extract of rhizomes of Curcuma longa, bark of Careya arborea, Seed of Madhuca longifolia and leaves of Punica
granatum on, Salmonella typhimurium, Bacillus subtilis and Escherichia coli

Inhibition zone diameter of Salmonella typhimurium (mm)

Careya arborea Curcuma Madhuca Punica Chloramphenicol 30 uyg  Nalidixic acid 30 ug Ampicillin 25 pg
longa longifolia granatum
125 mg/ml  7.61+°0.27 6.16+90.12 6.53+'0.18 15.46+°0.1 30.85+°0.34 24.62+°0.22 26.08+°0.19
100 mg/ml  7.37+°0.31 5.93+90.01 6.66+°'0.61 14.71+°0.14  30.85+70.34 24.62+°0.22 26.08+°0.19
75 mg/ml 7.07+°0.21 5.73+'0.02  6.62+°0.16 13.11£°0.06  30.85+%0.34 24.62+°0.22 26.08+°0.19
50 mg/ml 6.79+°0.13 5.63+90.03  6.26+'0.08 11.81+°0.09  30.85+°0.34 24.62+°0.22 26.08+°0.19
Inhibition zone diameter of Bacillus subtilis (mm)
Careya arborea Curcuma Madhuca Punica Chloramphenicol 30 uyg  Nalidixic acid 30 ug Ampicillin 25 pg
longa longifolia granatum
125 mg/ml 10.34+°0.12 7.72+%0.13  7.49+™0.31 7.42£%0.15  32.83%%0.62 11.962°0.10 7.92+%0.01
100 mg/ml  9.22+°0.25 6.13+°0.37  6.51+°0.20 6.52+°0.18 32.83+%0.62 11.96+°0.10 7.92+°0.01
75 mg/ml 7.55+°0.15 5.77+°0.15  6.46+°0.20 6.36+°0.19 32.83+%0.62 11.96+°0.10 7.92+°0.01
50 mg/ml 7.05+°0.05 5.76+°0.34  6.46+°0.20 6.36+°0.19 32.83+°0.62 11.96+°0.10 7.92+¢0.01
Inhibition zone diameter of E. coli (mm)
Careya arborea Curcuma Madhuca Punica Chloramphenicol 30 pg  Nalidixic acid 30 ug Ampicillin 25 pg
longa longifolia granatum
125 mg/ml  7.64+°0.12 7.38+°0.33 6.67+0.18 12.89+°0.07  30.04+°0.49 24.54+°0.39 25.47+°0.32
100 mg/ml  7.08%°0.20 6.59+°0.16  5.70+'0.11 12.43+°0.10  30.04+%0.49 24.54+°0.39 25.47+°0.32
75 mg/ml 7.04+°0.17 6.18£'0.16  5.52+'0.02 11.34+°0.19  30.04+°0.49 24.54+°0.39 25.47+°0.32
50 mg/ml 6.45+°0.12 5.83+°0.18  0.00+'0.00 10.67+°0.08  30.04+°0.49 24.54+°0.39 25.47+°0.32

*Data were presented as the mean * standard error. Means with different superscripts in the same row are significant differences at (p<0.05)
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Fig. 2. Effect of herbal extracts (Rhizomes of Curcuma longa, bark of Careya arborea, Madhuca
longifolia seed, Punica granatum leaves) on Salmonella typhimurium, Bacillus subtilis and

E. coli
Table 2. Ascorbic acid equivalent antioxidant concentration (mg ascorbic/ g extract) and
ICs pglml
Extracts Ascorbic acid equivalent IC50 pg/ml
Antioxidant concentration (mg ascorbic/ g extract)

Careya arborea 718.40+°22.78 2.84+0.09
Punica granatum 213.43+°17.82 9.62+0.76
Curcuma longa 144.28+°6.40 14.14+0.61
Madhuca longifolia 4.11+°0.27 498.01+34.63

*Data were presented as the mean + standard error. Means with different superscripts in the same
column are significant differences at (p=.05)
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Fig. 3. Standard curve of Ascorbic acid

Table 2 has shown the highest DPPH values
were showed by Careya arborea bark extract
and the lowest value was showed by Madhuca
longifolia. There was a significant difference
within all plant extracts (p=.05).

DPPH radical scavenging activity was estimated
as inhibitory concentration. The 50% (ICsy) was
shown significantly highest (p=.05) value in
Madhuca longifolia seed extracts and lowest
value in Careya arborea bark extracts. Inhibitory
concentrating at 50% (ICs,) of DPPH radical
scavenging activity of herbal extracts has been
shown in Table 2.

In accordance with the current study Mostafa et
al. [42] found that ethanolic extracts of Punica
granatum has inhibitory effect on strains of
Gram-positive (Staphylococcus aureus and B.
cereus) and three strains of Gram-negative (E.
coli, Salmonella typhi, and P. aeruginosa).
Verma et al. [43] have shown that among the
three herbal extracts (Citrus limon, Allium
sativum and Punica granatum) they have tested,
Punica granatum as the extract with versatile
antimicrobial activity inhibiting the gram positive
and gram negative organisms effectively and the
present study also revealed that the Punica
granatum as the most effective extract against
Salmonella and E. coli. In parallel to the current

study some other studies also have
demonstrated that antibacterial activity and
antioxidant properties of Punica granatum, these
studies include Al- Zorkey [44] who found that
this extract as the potent inhibitor for Listeria
monocytogenes, Staphylococcus aureus, E.
coli and Yersinia enterocolitica, Choi et al. [45]
demonstrated significant effect of Punica
granatum extract against S. typhimuriumin a in
vivo study with mice. Further, the studies by
Shiwaikar, Agrawal, Dahake, and Tuba [46-49]
exhibited the antioxidant activity of plant extract.

4. CONCLUSION

This study concluded that there was a significant
antimicrobial effect in ethanol extracts of tested
herbs against S. typhimurium, B. subtilis and E.
coli at varied levels and also it has shown that
these herbs possess different antioxidant
activities while some herbs have high antioxidant
activities. Findings of this study could provide an
impetus for further research on active
constituents of these plant extracts regarding its
antibiotic potential against rapidly emerging
bacterial pathogens.

ACKNOWLEDGEMENT

Authors wish to acknowledge Prof. Indrani
Karunasagar, Dean, Faculty of Biomedical



Jayaweera et al.; JAMB, 10(2): 1-12, 2018; Article no.JAMB.41159

Sciences, Nitte University, Mangalore, India for
Providing the Standard Microbial Cultures.

COMPETING INTERESTS

Authors have declared

that no competing

interests exist.

REFERENCES

1.

Ingraham JL, Ingraham CA. Introduction to
microbiology. Belmont CA, Wadsworth
Publishing Company; 1995.

Antimicrobial resistance: Global report on
surveillance. WHO press. World Health
Organization, 20 Avenue Appia, 1211
Geneva 27, Switzerland.

ISBN: 978 92 4 156474 8.

World health statistics 2015. WHO Press.
World Health Organization, 20 Avenue
Appia, 1211 Geneva 27, Switzerland.
Jayatilleka K. Increasing  antibiotic
resistance in a tertiary care hospital in Sri
Lanka. SLJID. 2014;4(2):108-114.

Smith DL, Harris AD, Johnson JA,
Silbergeld EK, Morris JG. Animal antibiotic
use has an early but important impact on
the emergence of antibiotic resistance in
human commensal bacteria. Proc Natl
Acad Sci USA. 2002;99 (9):6434-6439.
DOI: 10.1073/pnas.082188899

Hsueh PR, Chen WH, Teng LJ, Luh KT.
Nosocomial infections due to methicillin-
resistant  Staphyloccus aureus and
vancomycin resistant Enterococci at a
university hospital in Taiwan from 1991 to
2003: resistance trends, antibiotic usage
and in vitro activities of new antimicrobial
agents. International J Antimicrob Agents.
2005;26:43-49.

Gandhi AD, Vizhi DK, Lavanya K, Kalpana
VN, Rajeswari VD and Babujanarthanam
R. In vitro anti- biofilm and anti-bacterial
activity of Sesbania grandiflora extract
against Staphylococcus aureus. Biochem
Biophys Rep. 2017;12:193-197.

DOI: 10.1016/j.bbrep.2017.10.004
Houghton PJ. The role of plants in
traditional medicine and current therapy. J
Altern  Complement Med. 1995;1(2).
Available:https://doi.org/10.1089/acm.1995
.1.131

Godstime CO, Felix OE, Augustina OJ,
Christopher OE. Mechanisms of
antimicrobial actions of phytochemicals
against enteric pathogens. A review. J.
Pharm. Chem. Biol. Sci. 2014;2(2):77-85.

10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Tiwari P, Kumar B, Kaur M, Kaur G and
Kaur H. Phytochemical screening and
extraction: A review. Int J Pharm Sci.
2011; 1:98-109.

Bauer AW, Kirby WMM, Sherris JC, Turck
M. Antibiotic susceptibility testing by
standardized single disc method. Am J
Clin Pathol. 1966;45:493—-496.

Blois MS. Antioxidant determinations by
the use of a stable free radical. Nature.
1958;181:1199-1200.

Cordell GA, Quinn-Beattie ML, Farnsworth
NR. The potential of alkaloids in drug
discovery. Phytother Res. 2001;15:183-
205.

Negi PS. Plant extracts for the control of
bacterial growth: Efficacy, stability and
safety issues for food application. Int J
Food Microbiol. 2012;156(1):7-17.

Tyagi P, Singh M, Kumari H, Kumari A,
Mukhopadhyay K. Bactericidal activity of
Curcumin | is associated with damaging of
bacterial membrane. PLoS ONE. 2015;
10(3):e0121313.

DOI: 10.1371/journal.pone.0121313

Rai D, Singh JK, Roy N, Panda D.
Curcumin inhibits FtsZ assembly: An
attractive mechanism for its antibacterial
activity. Biochem J. 2008;410:147-155.
Kaur S, Modi NH, Panda D and Roy N.
Probing the binding site of curcumin in
Escherichia coli and Bacillus subtilis FtsZ-
a structural insight to unveil antibacterial
activity of curcumin. Eur J Med Chem.
2010;45:4209-4214.

LUer S, Troller R, Aebi C. Antibacterial and
anti-inflammatory kinetics of curcumin as a

potential antimucositis agent in cancer
patients. Nutr Cancer. 2012;64(7):975—
981.

DOI: 10.1080/01635581.2012. 713161

Gul P, Bakht J. Antimicrobial activity of
turmeric extract and its potential use in
food industry. J Food Sci Technol. 2015;
52(4):2272-2279.

DOI: 10.1007/s13197-013-1195-4
Chandrana H, Baluja S, Chanda SV.
Comparison of antibacterial activities of
selected species of Zingiberaceae family
and some synthetic compounds. Turk J
Biol. 2005;29(29):83-97.

Kim KJ, Yu HH, Cha JD, Seo SJ, Choi NY

and You YO. Antibacterial activity of
Curcuma longa L. against methicillin
resistant Staphylococcus aureus.

Phytother Res. 2005;19:599-604.



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Jayaweera et al.; JAMB, 10(2): 1-12, 2018; Article no.JAMB.41159

Cikricki S, Mozioglu E, Yylmaz H.
Biological activity of curcuminoids isolated
from Curcuma longa. Rec Nat Prod. 2008;
12:19-24.

Basniwal RK, Butter HS, Jain VK and Jain
N. Curcumin nanoparticles: Preparation,
characterization, and antimicrobial study. J
Agric Food Chem. 201159:2056-2061.
Mohammad RI, Rubina A, Obaidur R,
Mohammad A, Akbar MA, AIAmin M, Alam
KD, Lyzu F. In vitro antimicrobial activities
of four medicinally important plants in
Bangladesh. Eur J Sci Res. 2010;39:199—
206.

Ambardar N, Aeri V. A Dbetter
understanding of traditional uses of Careya
arborea  Roxb:  Phytochemical and
pharmacological review. Tang Humanitas
Medicine. 2013;3(4):1-7.

Khaliq HA. Pharmacognostic,

physiochemical, phytochemical and
pharmacological studies on Careya
arborea  Roxb. A review. The J.

Phytopharmacol. 2016;5(1):27-34.
Ragavendran P. Radha A, Paul M. and
Suresh Kumar D. A pharmacognostical
report on Careya arborea Roxb.
(Lecythidaceae) fruits. Hygeia. J. D. Med.
2015;7(1):10-17.

Kumar S R, Sivakumar T, Sunderam SR,
Sivakumar P, Nethaji R. Antimicrobial and
antioxidant activities of Careya arborea
Roxb. stem bark. Iranian J Pharmacol
Ther. 2006;5:1-10.

Mali MR, Wadje SD. In vitro antimicrobial
activity of extracts from Careya arborea
Roxb leaves. Microbiol J. 2015;5:17-20.
Panda SK, Padhi L, Leyssen P, Liu M,
Neyts J, Luyten W. Antimicrobial,
anthelmintic, and antiviral activity of plants
traditionally used for treating infectious
disease in the Similipal Biosphere
Reserve, Odisha, India. Front Pharmacol.
2017;8:658.

DOI: 10.3389/fphar.2017.00658.
Prabhakaran M, Reejo B and Kumar DS.
Antibacterial activity of the fruits of Careya
arborea Roxb. (Lecythidaceae). Hygeia JD
Med. 2014;6(1):20-4.

Chakma CS, Patel MP. Antimicrobial
activity of the fruit-seeds Madhuca
longifolia (Koenig). IRJP. 2011;2(9):192-
193.

Pandey B, Agarwal S. Study of
antimicrobial activity of Madhuca longifolia
and its against various Microorganisms.

1"

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

IOSR J Environ Sci Toxicol Food Technol.
2015;1(2)10-15.

Kalaivani M, Jegadeesan M. Antimicrobial
activity of alcoholic extract of leaves and
flowers of Madhuca Iongifolia. 1JSRP.
2013;3(5).

ISSN: 2250-3153.

Sharma DSK, Reddy ASK, Akhil M,
Siva Sankar CH. Phytochemical and
antimicrobial activity of whole plant of
Madhuca indica. IJRPC. 2013;3(1):15-19.
Nimbekar T, Bais Y, Katolkar P, Wanjari B,
Chaudhari S. Antibacterial activity of the
dried inner bark of Madhuca indica J.F.
GMEL. Bull. Env. Pharmacol. Life Sci.
2012;1(2):26-29.

Umadevi U, Kamalam M. Screening of an
indigenous medicinal plant — Madhuca
longifolia  for its  antioxidant and
antimicrobial properties. IJPSR. 2015;6(1):
273-276.

Jyothi KS, Seshagiri M. In-vitro activity of
Saponins of Bauhinia purpurea, Madhuca
longifolia, Celastrus paniculatus and
Semecarpus anacardium on selected oral
pathogens. J Dent. 2012;9(4):216-223.
Sarwey U, Pandey B, Deshpande B.
Estimation of elemental contents of
Madhuca longifolia and its antimicrobial
activity against  various  pathogenic
microorganisms. Ind. J. Sci. Res. and
Tech. 2013;1(3):10-17.

Poonam V, Khusboo S, Ekta S, Laxmi V,
Swati P, Anil K. Evaluation of antibacterial
activity and phytochemical analysis of stem
and leaf of Madhuca longifolia, Callistemon
citrinus & Schleichera triguga. Int J Pharm
Biol Sci. 2015;9(1):93-99.

Kumar KP, Ejeta BM, Bura BP and Induri
MR. In-vitro antibacterial, antifungal and
anthelminthic activity of the bark of
Madhuca indica. Int J Pharm. 2017;7(1):
116-121.

Mostafa AA, Al-Askar AA, Almaary KS,
Dawoud MT, Sholkamy EN, Bakri MM.
Antimicrobial activity of some plant extracts
against bacterial strains causing food
poisoning diseases. Saudi J Biol Sci. 2018;
25:361-366.

Verma V, Singh R, Tiwari RK, Srivastava N
and Alpika. Antibacterial activity of extracts
of Citrus, Allium & Punica against food
borne spoilage. Asian J. Plant Sci. Res.
2012;2(4):503-509.

Al-Zoreky NS. Antimicrobial activity of
pomegranate (Punica granatumlL.) fruit



45.

46.

47.

Jayaweera et al.; JAMB, 10(2): 1-12, 2018; Article no.JAMB.41159

peels. Int J Food Microbiol. 2009;154(3):
244-248.

Choi JG, Kang OH, Lee YS, et al
In vitro and in vivo antibacterial activity
of Punica granatum Peel ethanol extract
against Salmonella. J Evid Based
Complementary Altern Med. 2011;17:
1-8.

Shirwaikar A, Prabhu KS, Punitha
ISR. In vitro antioxidant studies of
Sphaeranthus indicus (Linn). Indian J Exp
Biol. 2006;44: 993-996.

Agrawal S, Kulkarni GT, Sharma VN. A
comparative study on the antioxidant

48.

49.

activity of methanolic extracts of Terminalia
paniculata and Madhuca longifolia; Free
Radicals and Antioxidants. 2011;1(4):62-
68.

Dahake AP, Chakma CS, Joshi D,
Chakma RC, Tripathi A. Antioxidant activity
of methanolic extract of Madhuca longifolia
bark. J Pharmacy Research. 2010;3(8):
1709-1711.

Tuba AK, Gulcin I. Antioxidant and radical
scavenging properties of  curcumin;
Chemico-Biological Interactions. 2008;
174(1):27-37.

© 2018 Jayaweera et al.; This is an Open Access article distributed under the terms of the Creative Commons Afttribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history/24458

12



