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ABSTRACT
Dried leaves of Rubia cordifolia, Psidium guajava and Ocimum sanctum obtained from Amrut Kesari,
Bangalore, were extracted using methanol as extraction solvent via percolation method at temperature of
50°C. The leaf extracts were tested for antimicrobial activity against clinical isolates of Streptococcus
mutans, Streptococcus salivarius, Escherichia coli, Salmonella typhimurium, Aspergillus flavus and
Candida albicans using disc diffusion and broth dilution techniques. The leaf extracts of Rubia cordifolia,
Psidium guajava, and Ocimum sanctum showed antibacterial activity against the Gram-positive
Streptococcus mutans, Streptococcus salivarius and Gram-negative Escherichia coli, Salmonella
typhimurium and a remarkable antifungal activity were shown against Candida albicans. P. guajava
showed the highest antimicrobial activity (10-20 mm inhibition in diameter) for these microorganisms in
the disk diffusion and minimum inhibitory concentration (256-1024µg/ml) assays in comparison with
standard ciprofloxacin which showed maximum inhibitory activity(22-35mm inhibition in diameter) in disc
diffusion and minimum inhibitory concentration(0.5-1.0µg/ml) assay.
KEYWORDS: Antimicrobial activity, Plant extract, Clinical bacterial and fungal pathogens,
Antibiotic resistant, Disc diffusion method.
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INTRODUCTION
It is well known fact that infectious disease,
particularly those involving micro-organisms i.e.
bacteria and fungi causes serious infection in tropical
and subtropical countries of the world and
1
responsible for nearly one half of the death in India.
Due to indiscriminate use of commercial antimicrobial
drugs, commonly used to the human pathogenic
microorganisms have develop multiple drugs
2
resistance which creates enormous health problem.
India has a rich plant resources providing valuable
medicine, which are conveniently used in Ayurveda,
Unani, and other system of medicines for the
3
treatment of various diseases. Plants are rich in a
wide variety of secondary metabolite such as
4
tannins, terpenoids, alkaloids, flavonoids, etc. The
use of plant extracts and phytochemicals both with
known antimicrobial properties can be of great
5
significance in therapeutic treatments. Antimicrobial
medicines can be grouped according to the
microorganisms they act primarily against. For
example, antibacterial (commonly known as
antibiotics) are used against bacteria and antifungals
are used against fungi. They can also be classed
according to their function. Antimicrobials that kill
microbes are called microbicidal; those that merely
inhibit their growth are called microbiostatic.
Disinfectants such as bleach are non-selective
6
antimicrobial. Antibacterials or antibiotics are used to
treat bacterial infections. The toxicity to humans and
other animals from antibiotics is generally considered
low. However, prolonged use of certain antibiotics
can decrease the number of gut flora, which may
7
have a negative impact on health. Antifungals are
used to kill or prevent further growth of fungi. In
medicine, they are used as a treatment for infections
such as athlete's foot, ringworm and thrush and work
by exploiting differences between mammalian and
fungal cells. They kill off the fungal organism without
dangerous effects on the host. Unlike bacteria, both
fungi and humans are eukaryotes. Thus, fungal and
human cells are similar at the molecular level,
making it more difficult to find a target for an
antifungal drug to attack that does not also exist in
the infected organism. Consequently, there are often
side effects to some of these drugs. Some of these
side effects can be life-threatening if the drug is not
8
used properly. Conditions must be met for the
screening of antimicrobial activity:1) there should be
intimate contact between the test organisms and
substances to be evaluated. 2) Required conditions
should be provided for the growth of microorganisms.
3)Conditions should be same through the study. 4)
Aseptic / sterile environment should be maintained.
Various methods have been used from time to time
by several workers to evaluate the antimicrobial
activity. The evaluation can be done by the following
methods: 1) Turbidimetric method. 2) Agar streak
dilution method. 3) Serial dilution method. 4) Agar
diffusion method. The plant extracts and the
secondary metabolites possess antimicrobial,
9
antifungal and antiviral activity. The various plant
products that are regularly used for their therapeutic
potential, and plant or plant products that form the

part of the food or as dietary components, have been
consider attention. Plants extracts and essential oil
10
have been used for many thousands of years.
Looking for new antimicrobial agents is a priority, one
new/old approach is using medicinal plants. Many
antimicrobial studies showed that plant crude
extracts have bactericidal and fungicidal effects
which could be a solution for the raising problems
11-12
caused by the antibiotic-resistant bacteria.
Rubia
cordifolia L., is a traditional Indian and Chinese
medicinal plant which have been listed at the
12
Chinese pharmacopoeia in 2015. Psidium guajava
is a medium sized tree with evergreen
,opposite,aromatic
short-petioled
leaves.
The
inflorescence axillary 1-3 flowered trees are used for
treatment of various disease conditions especially in
13
developing countries. Different parts of the plant
are used in flok medicine for the treatment of various
human ailments such as wounds, ulcers, bowels and
14
cholera.
Among the medicinal plants, Ocimum
sanctum, Tulsi, or Holy Basil from the family
Lamiaceae has been described as the “Queen of
plants” and the “mother medicine of nature” due to its
15
perceived medicinal qualities. The 3 plants have
been used locally for their traditional medicinal
properties, all of which have documented
antimicrobial activities. However, their efficacies
against MDR bacteria have not been studied.In the
present study, Rubia cordifolia, Psidium guajava and
Ocimum sanctum were selected for evaluation
antimicrobial activity and minimum inhibitory
concentration assay.

MATERIALS AND METHODS
Collection and extraction of plant samples
Rubia cordifolia, Psidium guajava and Ocimum
sanctum were collected from Amrut Kesari,
Bangalore. And were authenticated and specimen
samples deposited at Skanda Life Sciences Private
Limited, Bangalore, Karnataka. 10 g of each plant
powdered was taken and mixed with 50ml of
methanol for keeping it for 50ºc,4 hrs in the water
bath after filter the solution supernatant solution has
taken and discarded the pellet after the filtration is
evaporated for 80ºc in water bath compound were
transfer the tubes.
Determination of Antibiotic susceptibility of
selected human pathogens (MIC)
The following test cultures were used : bacterial
cultures (Streptococcus mutans, Streptococcus
salivarius, Escherichia coli and Salmonella
typhimurium) and fungal organisms (Candida
albicans and Aspergillus flavus). Inoculums were
Bacterial cultures were grown on Trypticase soy
5
broth adjusted to 1-2 x 10 Cell suspension prepared
cells/ml. Antibiotics concentrations: 1-64µg/ml of test
antibiotics (Two fold dilutions) in Trypticase soy
broth.Control was Trypticase soy broth inoculated
with culture and without drug. 90ml drug / test
compounds of different test concentration were
mixed with 10ml inoculum in
96 well plate in
triplicate. The control prepared by mix 90ml
Trypticase soy broth without drug with 10ml
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Inoculum. Treated bacterial cultures are incubated at
o
0
22 C and 35 C. The bacterial test plates were
observed after 24-48 hrs and O.D at 600 nm is
measured in Tecan plate reader.
Evaluation of antimicrobial activity by Agar Disk
Diffusion Method
16
Agar disk-diffusion testing developed in 1940 , is
the official method used in many clinical microbiology
laboratories for routine antimicrobial susceptibility
testing. Nowadays, many accepted and approved
standards are published by the Clinical and
Laboratory Standards Institute (CLSI) for bacteria
17-18
and yeasts testing.
Screening of test extracts for antimicrobial
activity by Agar disk diffusion technique
Test organisms are the bacteria : Streptococcus
mutans, Streptococcus salivarius,
•
Gram positive bacteria: Streptococcus mutans
and Streptococcus salivarius, Escherichia coli
and Salmonella typhimurium and the fungal
pathogens : Candida albicans and Aspergillus
flavus. Inoculum was cell suspension prepared
from cultures grown on Trypticase soy broth
5
adjusted to 1-2 x 10 cells/mL. For fungi spore
suspension of the cultures grown on Sabouraud
5
Dextrose agar was adjusted to 1-2 x 10 cells
/mL.
•
Test concentrations: drug concentration
prepared
•
Test compounds: 100 mg/mL in Methanol
•
Control: Methanol

MIC determination against test clinical isolates
by micro broth dilution technique as per NCCLS
20
method.
The following organisms were tested: the bacterial
isolates Streptococcus mutans, Streptococcus
salivarius, Escherichia coli and Salmonella
typhimurium.The fungal islostes were Candida
albicans and Aspergillus flavus. O. sanctum, R.
cordifolia,and P. guajava were used as a test
compounds. The standard antibiotics were for
bacterial isolates and crystal violet for fungal isolates.
To prepare inoculum suspension prepared from
bacterial cultures grown on Tryptone broth adjusted
5
to 1-2 x 10 cells/ml. Drug concentration prepared as:
i. Ciprofloxacin: 0.25-16µg/ml (Two fold dilutions)
in Tryptone Broth
ii. Test compounds
16 - 1024µg/ml (Twofold dilutions) in Tryptone
broth for bacterial test cultures
The control was a Tryptone broth inoculated with
culture and without test compounds. 100l drug /
test compounds of different test concentration mixed
with 10l Inoculum in 96 well plate in triplicate.
Control prepared by mix 100l Tryptone broth
without drug with 10l Inoculum. Treated bacterial
0
cultures are incubated at 37 C. The bacterial test
plates were observed after 24-48 hours and O.D @
590 nm is measured in Tecan plate reader.
Determine MIC as Minimum concentration of drug
giving 50% inhibition of OD as compared with control

RESULTS

Determination of Antimicrobial activity
100 µl Inoculum of test cultures was inoculated on
Muller Hinton Agar plates (90 mm) for bacterial and
Sabouraud Dextrose agar for fungal cultures. Test
compounds (10µl, 100 mg/mL), and ciprofloxacin (10
µl, 1 mg/mL) were impregnated on 6mm sterile
Whatmann No. 1 Disks for bacterial cultures.
Flucanazole (10µl, 10mg/mL) was used as positive
control for fungal cultures. Test compounds and
standard disks were placed on Agar plates. The
0
plates were Incubated at 35 C for 24-48 hrs and
19
observe for zone of inhibition around the disk.

Antibiotic susceptibility profile of clinical isolates: the
antibiotic susceptibility pattern of the clinical bacterial
isolates showed among the bacterial isolates tested,
all the organisms were sensitive to only Methicillin
and ciprofloxacin. All the isolates were resistant to
Pencillin , and Amikacin. Gram negative pathogens
were resistant to clindamycin, and Oxacillin.
Antibiotic susceptibility pattern of clinical fungal
isolates showed all the fungal isolates were resistant
to common antifungal antibiotics Itracanazole and
Ketacanazole. Intermediate resistance was observed
for A. flavus for posaconazole and Varicanozole.
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Evaluation of antimicrobial activity against fungal and bacterial pathogens
Table 1
Inhibitory activity of plant extracts against
bacterial pathogens
Test Organisms

Concentration
(10µl, mg/ml)
100
100
100
1
100
100
100
1
100
100
100
1
100
100
100
1
100
100
100
1
100
100
100

Test Extracts

Escherichia coli

Streptococcus salivarius

Salmonella typhimurium

Streptococcus mutans

Candida albicans

Aspergillus flavus

Rubia cordifolia
Ocimum sanctum
Psidium guajava
Ciprofloxacin
Rubia cordifolia
Ocimum sanctum
Psidium guajava
Ciprofloxacin
Rubia cordifolia
Ocimum sanctum
Psidium guajava
Ciprofloxacin
Rubia cordifolia
Ocimum sanctum
Psidium guajava
Ciprofloxacin
Rubia cordifolia
Ocimum sanctum
Psidium guajava
Crystal violet
Rubia cordifolia
Ocimum sanctum
Psidium guajava
Crystal violet

It is evident from Table 1 that Psidium guajava has
shown the highest antimicrobial activity (11-16mm
inhibition in diameter) against the test pathogens
when compared to Rubia cordifolia and Ocimum

Zone of inhibition

1

12.50 ± 0.50
9.00 ± 0.00
14.00 ± 0.00
34.50 ± 0.50
14.50 ± 0.50
12.50 ± 0.00
12.50 ± 0.50
34.00 ± 0.00
10.00 ± 0.00
10.00 ± 0.00
13.00 ± 0.00
34.00 ± 0.00
13.00 ± 0.00
13.00 ± 0.00
16.00 ± 1.00
36.00 ± 1.00
10.00 ± 0.00
11.50 ± 0.50
13.50 ± 0.50
22.50 ± 0.50
11.00 ± 0.00
24.50 ± 0.50

sanctum, but less active than the standards
ciprofloxacin(34-36mm inhibition in diameter for
bacteria) and crystal violet (22-24mm inhibition in
diameter for fungal pathogens).

Determination of MIC
Table 2
Minimum inhibitory concentration of standard antibiotic
against bacterial pathogens.
Ciprofloxacin
Conc mg/ml
0.00
0.50
1.00
2.00
4.00
8.00
16.00
32.00
MIC (µg/mL)

E.coli
0.00
24.03
51.76
67.03
73.70
75.73
80.99
81.97
1.00

% Inhibition
S.typhi
S. mutans
0.00
0.00
37.14
52.71
50.66
62.46
53.04
71.11
60.32
82.16
75.81
86.83
83.40
87.63
84.58
92.72
1.00
0.5

The minimum inhibitory concentration (MIC) of
selected
bacterial
pathogens
for
standard
ciproflaxacin is depicted in table 2. The minimum

S.salivaricus
0.00
58.17
68.21
76.19
78.97
89.30
91.36
92.55
0.5

inhibitory concentration of E.coli, S.typhi, S.mutans
and S.salivaricus are 1.0, 1.0, 0.5 and 0.5µg/ml
respectively for standard ciproflaxacin
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Table 3
Minimum inhibitory concentration of standard crystal violet
against fungal isolates.
Test Compound

Standard(Crystal violet)

Conc
mg/ml
0.00
16.00
32.00
64.00
128.00
256.00
512.00
1024.00

MIC (µg/mL)
The minimum inhibitory concentration(MIC) of
selected fungal pathogens for standard crystal violet
is depicted in table 3. The minimum inhibitory
concentration of C.albicans and A.flavus are 128 and
64µg/ml respectively for standard crystal violet.

DISCUSSION
The current problem associated with emerging MDR
bacteria presents a serious global medical crisis,
requiring constant surveillance, which continuously
challenges the scientific community The diminishing
efficacy and increasing toxicity of synthetic drugs
further aggravate this problem, thus scientists are
directed to seek more natural or organic materials for
solutions. Traditional medicine has been practiced
worldwide for centuries, particularly the application of
herbal plants for therapeutic purposes. The 3 plants
have been used locally for their traditional medicinal
properties, all of which have documented
antimicrobial activities. However, their efficacies
against MDR bacteria have not been studied. In
developing countries, it is imperative that effective
but less expensive antibacterials should be
developed to accommodate all patients, regardless
of financial status, in order to eliminate some of the
human factors that can cause MDR. The result of
susceptibility of clinical isolates to R.cordifolia, P.
guajava and O.sanctum extracts is presented in
Table 1. Results of sensitivity test using disc diffusion
method
indicated that the methanolic extracts
presented higher activity in terms of the number of
isolates inhibited and the width of the zone of
inhibition formed. However, the activity is much lower
than that exhibited by standard antibiotic
(ciprofloxacin) used as control (Table 2). The
antimicrobial assay using disc diffusion test showed
that methanolic extract had a remarkable activity on

1.

the test isolates except for Aspergillus flavus which
was slightly sensitive. However the extracts showed
a remarkable activity against the clinical isolates, but
less active than the standard antibiotic disc used at
equal concentration. The results obtained in this
study showed that P. guajava present a potential for
production of drugs used in the treatment of
infections caused by Salmonella spp. Further
research should be carried out on this plant (P.
guajava) to determine the level of anti-nutrient
constituents and toxicity/safety of the plant extracts
as well as the active compound responsible for the
activity.

CONCLUSION
The results obtained in this study showed that P.
guajava can be a source of potential drug candidate
for the treatment of infections caused by drug
resistant Salmonella sp., E.coli Streptococcus sp.
and fungal pathogens. Further research should be
carried out on P. guajava to determine the level of
anti-nutrient constituents and toxicity/safety of the
plant extracts as well as the active compound
responsible for the activity.
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