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Antibacterial activity of chloroform of T.
erecta flower extract was performed on
six-gram  negative  bacteria  species
(Serratia marcescens, Acinobacter Spp.,
Escherichia  coli, Salmonella  Spp.,
Morganella ~ morganii,  Pseudomonas
aeruginosa) and two-gram positive Bac-
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teria (Streptococcus pneumonia and Staphylococcus aureus). The antibacterial study was
performed by ager well diffusion and disk diffusion methods. The extract shows good results
against examined bacteria and the results obtained by agar well diffusion method was better
than those obtained from disk diffusion method.
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Introduction
T. erecta L.is one of the commercially

exploited flower crops of the genus leafs and flowers are rich in alkaloids,

Tagetes and family Asteraceae. T. erecta L.
is popularly known as African marigold. T.
erecta is native to Mexico and naturalized
in rest of Central America and south
America, also it is naturalized in the
tropics and is widely cultivated all over the
world like Africa and Indian Ocean
islands, also it is cultivated widely in Irag
(11, Biochemical studies show that T. erecta

AJPS (2019)

flavonoids, tannins and essential oils [,
These active ingredients have very
important antibacterial activity. A plant of
medicinal use since prehistoric times. In
Mexico, decoction of flowers and leaves
used as diuretic and carminative Bl This
plant is widely used as antibacterial [,
larvecidal B!, insecticidal ™, antifungal [']
and Nematicidal . Despite of availability
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of antibacterial agents now a day, but there
uses are limited by number of factors like
side effects, drug toxicity, and the most
important factor is the emergence of
resistant ~ strains of bacteria. This
phenomenon result in many clinical
problems including the disease treatment
caused by these  microorganisms.
Therefore, it is important to discover new,
safer, and more effective antibacterial
agents from natural sources like plants.
The aim of this study is to evaluate the
antibacterial activity of T. erecta flower
chloroform extract against bacteria.

Materials and Methods

Collection of plant:

Flowers of T. erecta plant were collected
from AL-Itifia nursery during March and
April of 2018.

Preparation of extracts:

The flowers of T. erecta were dried under
shade for about ten days. The dried flowers
were pulverized by electric mill, 100 gram
of powdered plant flowers extracted with
1500 mL of chloroform after defatting with
hexane using soxhlet apparatus. The
extracts filtered and evaporated to dryness
under reduced pressure using rotary
evaporator. The extract filtered and
evaporated to dryness under reduced
pressure using rotary evaporator and were
left at 4 °C until assessment for their
antimicrobial activities. The stock solution
of chloroform (2 gram/ 2 ml) was prepared
by dissolving 2 grams of chloroform
extract in 2 ml of dimethyl-sulfoxide
(DMSO).  The dilution serials of 1
gram/ml, 500 mg/ml,  250mg/ml,
125mg/ml, 62.5mg/ml and 31.25mg/ml
were prepared for antibacterial assay by
agar well diffusion method. Stock solution
of chloroform 1 gram/ 1ml was prepared
by dissolving 1 gram of chloroform extract
in 1 ml of dimethyl-sulfoxide. The dilution
serials of 500 mg/ml, 250mg/ml,
125mg/ml, 62.5mg/ml, 31.25mg/ml were
prepared for antibacterial assay by disk
diffusion method.
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Tested microorganisms:

Six-gram  negative  bacteria  species
(Serratia marcescens, Acinobacter Spp.,
Escherichia  coli, Salmonella  Spp.,
Morganella  morganii,  Pseudomonas
aeruginosa) and two-gram  positive
bacteria (Streptococcus pneumonia and
Staphylococcus aureus) were tested. The
isolates were obtained from educational
laboratory /College of pharmacy /
Mustansiriyah  University. They were
isolated from different clinical sources.

Antibiotic sensitivity test:

The goals of testing are to detect possible
drug resistance in common pathogens and
to assure susceptibility to drugs of choice
for particular infections !, The antibiotics
susceptibility test of the tested organisms
was performed by disk diffusion method
[1011  The antibiotics used were:
Trimethoprim  (TMP-10mcg), Cefixime
(CFM-5mcg), Nitrofurantoin (F-100mcg),
Doxycycline (DO-10mcg) ,Amo-
xicillin/Clavulanic Acid (AMC- 20/10
mcg), Rifampin (RA- 5mcg) and Ofloxacin
(OFX-5mcg).

Agar well diffusion bioassay:

The antibacterial activity of chloroform
extract was determined by agar well
diffusion method and carried out by using
pure culture for all species of bacteria.
Stock cultures of the test bacteria were
grown in Muller Hinton Broth (MHB,
Merck, Germany) medium at 37°C for 22
hours. The final cell concentrations were
adjusted to 1.5 x 108 CFU/ML with
reference to the McFarland turbid meter
(12131 The media were allowed to solidify,
and wells were prepared in the seeded agar
plates with the help of a cup borer (6 mm)
into agar. Subsequently, in each agar plate
of tested bacteria eight wells were made
and (100ul) of dilutions of the extracts (1
gram/ml, 500 mg/ml, 250 mg/ml, 125
mg/ml, 62.5 mg/ml and 31.25 mg/ml)
introduced into wells on the plate. The
DMSO was used as the negative control,
and Cefixime was used as positive control.
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The plates were kept at 37 °C for 24 hours
and the antimicrobial action was estimated
by determining the diameter of the
inhibition zone. Evaluation of antibacterial
action was based on extent of the diameter
of inhibition zone formed all over the place
of the well.

Disk diffusion bioassay:

The antibacterial activity of chloroform
extract was determined by disk diffusion
method. Discs of 6 mm in diameter were
punched out using Whatman No. 1 filter
paper with the aid of a paper punch and
placed in Bijou bottles. The discs were
sterilized by autoclaving at 121 °C for 15
min after which they were allowed to cool.
Stock solution of the chloroform extract
was prepared by dissolving 1 g in 1 ml of
dimethyl sulphoxide. Therefore, stock
solution had a concentration of
1000mg/ml. From this stock, five different
concentrations of the extract were
prepared, these are 500 mg/ml, 250 mg/ml,
125 mg/ml, 62.5 mg/ml, 31.25 mg/ml
which finally yielded disc potencies of 500
mg/disk, 250 mg/disk, 125 mg/disk, 62.5
mg/disk and 31.25 mg/disk respectively.
This was followed by introducing 100
sterile discs into each concentration. The
discs were allowed to absorb the solution
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and sept for further analysis. Each paper
disc was capable of absorbing 0.01 ml. The
bacterial plates prepared by the same
method as in well diffusion agar method
using the same type and number of
bacteria but without making wells in the
plate. Subsequently, in each plate of tested
bacteria disks of dilutions of the extracts
(500 mg/ml, 250 mg/ml, 125 mg/ml, 62.5
mg/ml, 31.25 mg/ml) introduced into the
plate. = The DMSO was used as the
negative controller. The plates were kept at
37 °C for 24 hours and the antimicrobial
action was estimated by determining the
diameter of the inhibition zone. Evaluation
of antibacterial action was based on extent
of the diameter of inhibition zone formed
all over the place of the disk.

Results and discussion:

Antibiotic sensitivity test:

It seems that all types of bacteria are
resistant to rifampin while completely
sensitive to Ofloxacin except
Streptococcus pneumonia which show
resistance to all antibiotics used in the
tests. Other involved antibiotics varied in
their responses towards all types of
bacteria tested and these results considered
as positive control in this study, as shown
in Table (1) and Figure (1).

Table( 1): Antibiotic sensitivity test.

Antibiotic code/ concentration in microgram(mcg)/ inhibition zone

Bacteria species in millimeters
AMC DO F CFM | TMP RF OFX

(20/10) (10) (100) (5) (10) (5) (5)
Serratia marcescens 0 6 7 0 0 0 20
Acinobacter Spp 5 7 0 0 5 0 9
Escherichia coli 0 4 4 5 20 0 13
Salmonella Spp 0 6 6 0 25 0 10
Morganella 0 0 3 0 0 2 6
morganii
Pseudomonas 8 0 0 20 20 2 20
aeruginosa
Streptococcus 0 0 0 0 2 0 3
pneumonia
Staphylococcus 5 0 0 9 12 2 14
aureus
AJPS (2019) 9
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Amoxicillin/Clavulanic Acid (AMC- 20/10
mcg), Doxycycline (DO-  10mcg),
Rifampin (RA- 5mcg), Cefixime (CFM-
5mcg),  Trimethoprim  (TMP-10mcg),
Nitrofurantoin (RF-100mcg), and

Ofloxacin (OFX-5mcg).

Figure (1): Antibiotic sensitivity test
results

Anti-bacterial assay of chloroform
extract of T. erecta flower by agar well
diffusion method: The chloroform extract
of T. erecta flower were screened for their
antibacterial activity by agar well diffusion
method and DMSO used as a negative
control against six gram negative bacteria
(Serratia marcescens, A. Spp., E.coli, S.
Spp, M. morganii, P. aeruginosa) and two
gram positive bacteria (S. pneumonia and
S. aureus) at concentration of 1000mg /ml,
500 mg/ml, 250mg/ml,  125mg/ml,
62.5mg/ml and 31.25mg/ml of chloroform
extract as shown in Figure (2) and Table
(2).

The chloroform extract shows variable
results at different concentration towards
bacteria. The weakest concentration was
1000 mg/ ml; therefore, this concentration
was not used in the rest of the study. while
the most effective concentration was the
lowest one 31.25mg/ml followed by
62.5mg/ml and the rests concentrations
show moderate activity against all bacteria
understudy. The most resistant bacteria to
chloroform extract was E. coli and the
most sensitive one was S. marcescens. This
study show that chloroform extract has
good antibacterial study and this result is
confirmed by other studies in the world,
one of these studies show that chloroform
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has an excellent antibacterial activity
against s. aureus ™4 while another study
show that chloroform extract has good
antibacterial activity against E. coli and P.
aeruginosa %1, The essential oil and
terpenes content of T. erecta chloroform
extract may be responsible for the
antibacterial activity. The presence of
terpenes and volatile oil in T. erecta
flowers confirmed by gas chromatography
as shown in Fig (3). The terpenes, Stigma-
Sterol at retention time 26.602 and Oleic
acid at retention time 18.079are detected
by gas chromatography in chloroform
extract. The structures of Stigma-Sterol
and Oleic acid are shown in Figures (4)
and (5) and all their detailed GC
information are illustrated in Tables (3)
and (4). They are responsible for the
antibacterial activity and this activity was
confirmed by other studies in the word,
one of these studies show that stigma sterol
has antibacterial activity by using acetone
extract of the roots of Salvia jaminiana,
containing the sterols: stigma sterol and
Sitosterol remarkably inhibited the growth
of Bacillus subtilis and S. aureus ™. While
other study confirmed the antibacterial
activity of oleic acid by using
dichloromethane  extract of leaves
of Helichrysum pedunculatum resulted in
the isolation of oleic acids. Oleic acid was
active against Gram-positive bacteria (S.
aureus and Micrococcus kristinae) at a MIC
of 1.0 mg/ml while it was inactive against
the Gram-negative species tested 7. The
essential oil antibacterial activity was
confirmed by other studies one of these
studies show that the essential oil of T.
erecta exhibited moderate antimicrobial
activity against Bacillus subtilis and
Bacillus anthraces while slight activity
was observed against Escherichia coli,
Klebsiella pneumoniae, Salmonella
pullorum, Salmonella richmond,
Salmonella newport, Salmonella stanley,
Salmonella typhimolium, Staphylococcus
aureus, Proteus vulgaris, Pseudomonas
agalactiae. 18 Thus, this study is
confirmed by other studies in the world
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and show the antibacterial activity of T. Figure (2): Results of Antibacterial
erecta flower active ingredients (stigma activity of T. erecta chloroform extract
sterol, oleic acid and essential oil). by agar well diffusion method.

Table 2: Antibacterial activity of T. erecta chloroform extract with different bacterial
species measured in millimeter by agar well diffusion method.

Bacterial Concentrations of Positive | Negative
species chloroform extracts (mg/ml)/inhibition | Control | Control
zone in millimeters
1000 | 500 | 250 | 125 | 62.5 | 31.25 | Cefixime | DMSO
Serratia 5 7 7 5 5 5 0 0.5
marcescens
Acinobacter Spp 0 5 5 5 10 5 0 0.5
Escherichia coli 0 0 5 0 1 1 0.1 0
Salmonella Spp 0 10 0 0 15 10 1 0.5
Morganella 2 3 5 5 0 5 0 0.5
morganii
Pseudomonas 0 0 0 5 5 7.5 0 0.3
aeruginosa
Streptococcus 3 3 5 7 2 6 0 0
pneumonia
Staphylococcus 0 0 0 1 | 075 1 1.5 0
aureus
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Figure (3): GC chromatogram of chloroform extract of T. erecta by Soxhlet
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Fig (4): Chemical structure of Stigma-Sterol

Table (3): GC information of Stigma- Sterol

Retention time 26.602
Similarity index 92
Molecular weight 412.702 g/mole
Molecular formula Ca9H480
Library ID Stigmasterin
Cass number 83-48-7
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Fig (5): Chemical structure of Oleic acid

Table (4) GC information of Oleic acid

Retention time 18.079
Similarity index 99
Molecular weight 282.468 g/mole
Molecular formula Ci18H340,
Library ID Cis-9-Octadecenoic acid
Cass number 112-80-1
Anti-bacterial assay of chloroform bacteria (S. pneumonia and S. aureus) at

extract of T. erecta flower by disk
diffusion method:

The chloroform extract of T. erecta flower
was screened for its antibacterial activity
by disk diffusion method and DMSO used
as a negative control against six gram
negative bacteria (Serratia marcescens, A.
Spp., E. coli, S. Spp, M. morganii, P.
aeruginosa) and two gram positive
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concentration of 1000 gm/ml, 500 mg/ml,
250mg/ml, 125mg/ml, 62.5mg/ml and
31.25mg/ml of chloroform extract as
shown in Table (5) and Figure (6).

The results of Antibacterial activity of T.
erecta chloroform extract with different
bacterial species by disk diffusion method
show that the activity is not dose
dependent like in well diffusion method.
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The most effective concentration was 500
mg/ml and the rest of concentrations give
no result against all species of bacteria
under study. This method also show that
chloroform extract has good antibacterial
activity and also confirmed by other
studies in the world that show excellent
antibacterial activity of chloroform extract
of T. erecta because it contains essential
oil and terpenes with potential antibacterial
activity #1718 In this study two methods
were used for studying the antibacterial
activity of chloroform extract agar well
diffusion and disk diffusion methods. The
results of these two methods were differing
and the agar well diffusion method show
better results, the reason of these different
results may related to that disk diffusion
method is disk diffusion method allows to
simultaneously testing a large number of
antimicrobials in a relatively easy and
inexpensive manner. However, the results
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of disk diffusion are considered as
qualitative because it can only reveal the
susceptibility of antimicrobials against the
bacteria tested, which described as
susceptible, intermediate, and resistant
correlated with diameter of inhibition zone.
The major disadvantage of this method is
unable to generate the MIC value and
difficult to examine the susceptibility of
fastidious and slow-growing bacteria.
While agar well diffusion method is a
quantitative susceptibility testing method.
The advantages of agar dilution include the
ability to simultaneously test the
susceptibility of a number of bacteria in
one plate and the ability to test
susceptibility  testing for  fastidious
organisms since the agar is able to
adequately support the bacteria growth and
these differences confirmed by other
studies 191,

Table 5: Antibacterial activity of T. erecta chloroform extract with different bacterial
species measured in millimeter by disk diffusion method.

Bacterial Concentrations of chloroform Positive | Negative
species extracts(mg/ml)/inhibition zone in millimeters | control control
500 250 | 125 | 625 | 31.25 Cefixime | DMSO
Serratia 1 0 0 0 0 0 0
marcescens
Acinobacter 0 0 0 0 0 0 0
Spp
Escherichia 1 0 0 0 0 0.5 0
coli
Salmonella 1 0 1 1 0 0.5 0
Spp
Morganella 2 0 1 0 0 0 0
morganii
Pseudomonas 1 0 1 0 0 0 0
aeruginosa
Streptococcus 0 0 0 0 0 0 0
pneumonia
Staphylococcus 0 0 0 0 0 1 0
aureus
AJPS (2019) 13
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Figure (6): Results of Antibacterial
activity of T. erecta chloroform extract
by disk diffusion method.

Conclusion:

1.A good antibacterial activity of
chloroform extract against six species of
gram negative (Serratia marcescens, A.
spp., E. coli, S. Spp, M. morganii, P.
aerogenosa) and two were gram positive
bacteria (S. pneumonia and S. aureus).
2.Agar well diffusion method gives better
results than disk diffusion method.

3.T. erecta flower considered as an
important source of active ingredients with
antibacterial activity like stigma sterol,
oleic acid and essential oil. Thus, can be a
source for developing new natural
antibacterial agents.
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