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Abstract: Infectious diseases are one of the foremost causes of mortality and morbidity. In addition, day by day infection causing
microbes are becoming resistant and modifying themselves into multi-drug resistant strains. So there is a crucial need to introduce
new antibiotics to fight against these pathogens. The synthetic antibiotics are effective, but unsafe as well as are not consistent to use
owing to the resistance building capacity of the microbes. Consequently, there is greater need for alternative treatments. Medicinal
plants are store house of various types of phytochemicals and considered as a potential therapeutic remedy for numerous ailment.
Therefore the aim of the present study was to evaluate the antibacterial activity of the leaves extract of Cajanus cajan (C. cajan) L.
against coliform bacteria collected from tannery, tobacco and sugar mill waste water. In this study fresh leaves of C. cajan was
extracted by using ethyl acetate, chloroform and n-Hexane. The antibacterial activity of these plant extracts was determined by
measuring zone of inhibition (ZI) using the Agar disk diffusion method and minimum inhibitory concentration (MIC) was
determined by using the microbroth dilution method. Among three extracts highest (25+0.18 mm, ZI) antibacterial activity was
reported by ethyl acetate extract of C. cajan leaves against coliform bacteria isolated from sugar mill waste water at the highest
concentration with respect to chloroform and n-Hexane extracts. In addition, antibacterial activity was also higher for ethyl acetate
extract against coliform bacteria isolated from tannery and tobacco waste water compared to remaining extracts. The MIC of the
ethyl acetate extract ranged 550 to 570 pg/ml. Therefore ethyl acetate extract of C. cajan leaves could be used as antibacterial agents
against diseases caused by coliforms.
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Worldwide drug resistance is now a matter of great concern,
although pharmaceutical company has continuously generated
in various types of antibacterial agents [8]. Search of new drugs
is an increasing incidence in many researches due to the adverse
side effect associated with conventional drugs, resistant to
antibiotics and to combat the multi-resistant microorganism
[9-12].

Coliform bacteria are Gram-negative, rod-shaped, spore
forming and motile or non-motile bacteria [13]. These bacteria
that are present in the digestive tracts of warm-blooded animals,

1. Introduction

In the history of human ancestry plants have been used for
human being owing to various medicinal properties even in
modern time have formed many pharmaceuticals on the basis of
plant and plant materials [1, 2, 3]. It produces a vast amount of
secondary metabolites as defense against environmental stress
and other factors like pest control, wound and injuries [4, 5, 6].
In case of human being pathogenic bacteria have always been
suggested as one of the major cause of various diseases [7].
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including humans, and are found in their wastes as well as in
plant and soil material [14]. Most coliform bacteria are not
pathogenic [15]. However, some rare strains of Escherichia coli,
can cause serious illness [16]. This group of bacteria serves as an
indicator of water contamination and possible presence of
intestinal parasites and pathogens [17]. By observing coliform
bacteria, the increase or decrease of many pathogenic bacteria
can be estimated [18]. There are three groups of coliform
bacteria [19]. Each group of coliform bacteria is an indicator of
drinking water quality and each has a different level of risk [19].

Cajanus cajan (C. cajan) L. is known in Bengali as Orhor Dal
belongs to family Fabaceae [20]. This plant is an annual
perennial shrub largely cultivated in tropical and subtropical
region in the world, typically in a dry climate [20]. Different
parts of this plant are used in the management of disorders such
as diarrhea, diabetes, cough, sores and ulcer in South America,
Asia and Africa [21-24]. Leaf pest is used in oral ulcer,
inflammation and for inducing lactation [25]. Lactone and the
stilbenes (longistylin A, longistylin C and cajanin) isolated from
leaves of C. cajan has antibacterial and hypocholesterolemic
effects respectively [26, 27]. Pinostrobin isolate from leaves
possess anti-inflammatory activity [28]. This plant also
possesses antihelmenthic, antiparasitic, antifungal, antitumor,
antioxidant and antidiabetic activities [29].

Therefore the aim of this study was to evaluate the antibacterial
activity of C. cajan L. leaves extracts against coliform bacteria
from industrial waste water of Kushtia, Bangladesh.

2. Methodology

2.1. Chemicals and Drugs

The chemicals used in this study were purchased from native
sources and were of analytical grade. Cloxaciline (10 pg/disc)
was purchased from Sigma-Aldrich, USA.

2.2. Collection and Identification of Plant Materials

The leaves of C. cajan was collected from the local areas of
Bheramara, Kushtia, Bangladesh. It was authenticated from the
proper source and a voucher specimen No: 03 was deposited in
the Department of Biotechnology and Genetic Engineering,
Islamic University, Kushtia, Bangladesh.

2.3. Drying and Grinding of Plant Materials

Collected leaves were cleaned and shaded dried for several
weeks. The dried leaves were pulverized by a mechanical
grinder and passed through a 20 mm mesh sieve.

2.4. Preparation of Plant Extract

Dried and powdered C. cajan leaves (40 g) were extracted
with 200 ml of ethyl acetate, chloroform and n-Hexane. The
crude plant extracts extracted with solvents were filtered by
using Whatman (No. 1) filter paper and were concentrated
through the rotary evaporator at 55°C and stored until needed for
bioassays at 4°C.

2.5. Collection of Waste Water

Three types of waste water (Tannery, Tobacco and Sugar)
were collected at the time of January 2016 from industry situated
in Khulna province, Bangladesh. Tannery waste water was
collected from Tannery House, Kushtia, tobacco waste water
from British American Tobacco Co. Ltd. (Kushtia) and sugar
waste water from Carew & Co. Ltd. (Chuadanga).

2.6. Isolation of Coliform Bacteria

The samples collected from industries were serially diluted
using peptone water. One (1 ml) of each waste water sample was
pipetted into one sterile test tube containing 9 ml peptone water in
order to make 107! dilution. Therefore, further 107, 10°and 10”
dilution were made by the same way. From last three dilutions 1
ml of sample was transferred into Durham’s tubes containing 9 ml
of prepared Peptone Agar Broth (Merck KGaA, Darmstdt,
Germany). The tubes were covered with cotton wool and
incubated for 24 hrs. The tube was observed for gas production
which was recorded accordingly. Therefore, the samples from
each form of the gas producing tube were spread onto the surface
of MacConkey Agar plate and then incubated at 37°C for 24 hrs
for observation of colony characteristics. For the enumerations of
coliform count using most probable number (MPN) were adopted
as per the techniques described by FAO/WHO (1979). Nutrient
agar media were used as negative control.

2.7. Antibacterial Activity

The dried extracts were dissolved in same solvent used for
their extraction and sterilized by filtration using 20 um sterile
millipore filter. Then the antimicrobial test was carried out by
the Agar disk diffusion method [30] using 100 ul previously
prepared standardized inoculumn suspension containing 10’
CFU/ml of bacteria. Standard antibiotics, cloxaciline 10 pg/disc
(Sigma-Aldrich, USA) were used as positive control. The plates
were incubating at 37°C for 24 hrs for further investigation.
Antimicrobial activity was evaluated by measuring zone of
inhibition (ZI) generated against the tested bacteria. Each test
was performed three times.

2.8. Minimum Inhibitory Concentration

Minimum inhibitory concentration (MIC) of the plant extracts
was determined according to laboratory protocol published by
Rene S Hendricsen 2003 [31]. Active culture for MIC
determination were prepared by transferring a loopful of cells
from stoke culture to flask of autoclaved trypticase soy broth
(TSB, Loba Chemic Pvt. Ltd, Mumbai, India) medium and
incubated at 37°C for 24 hrs. Further, TSB medium was prepared
by incorporating the leaf extract to a concentration range 0 to
1000 pg/ml. Two milliliter of TSB was then transferred to culture
tube and incubates with 20 pl of bacterial suspension (107
CFU/ml). The control tube contains only suspension and not the
leaf extracts. The MIC was determined after macroscopic
evaluation of culture tube which did not show any visual growth
of the tested organisms and expressed in pg/ml.
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2.9. Statistical Analysis

The results of this study were expressed as mean+SD. MS
Excel 2010 (Roselle, IL, USA) was used for the statistical and
graphical evaluations.

3. Result and Discussion

The dilution time and the number of colonies generated on the
surface on MacKoncy agar media and nutrient agar as negative
control are shown in Table 1. Numbers of the colored colony
(Figure 1) formed on McKoncy agar media proved that the
bacteria were coliform [32-37].

Figure 1. Culture of coliform bacteria on MacConkey agar media.

The phytoconstituents of the plant extract such as phenolics,
terpenoids, essential oils, alkaloids, lectins and polypeptides,
polyacetylenes etc are responsible for the antimicrobial
activities [38]. Antimicrobial activity at different concentration
of the C. cajan leaves extracts is shown in Table 2. Ethyl acetate
extract of C. cajan leaves produces the highest ZI, 25+0.18 mm
at the concentration of 500 mg/ml against coliform bacteria
isolated from sugar mill waste water. This extract at the
concentration of 250 mg/ml produced lowest ZI (16+0.12)
against coliform bacteria isolated from sugar mill waste water.
The standard drug, cloxacillin produced highest, 26+0.00 mm ZI
against coliform bacteria isolated from sugar mill waste water at
the concentration of 10 pg/disc. Chloroform extract of C. cajan
leaves produced highest 18+0.11 mm ZI at the concentration of
500 mg/ml against coliform bacteria isolated from tannery waste
water and lowest 8+0.08 mm ZI was reported by coliform
bacteria isolated from tobacco waste water at the concentration
of 62 mg/ml given in Table 2. On he other hand, Cloxacillin
produced highest 26+0.00 and lowest 24+0.23 mm ZI against
coliform bacteria isolated from sugar mill and tobacco waste
water.

Chloroform extract of C. cajan leaves produced highest

18+0.11 mm ZI at the concentration of 500 mg/ml against
coliform bacteria isolated from tannery waste water and lowest
8+0.08 mm ZI was reported by coliform bacteria isolated from
tobacco waste water at the concentration of 62 mg/ml given in
Table 2. On he other hand, Cloxacillin produced highest 26+0.00
and lowest 24+0.23 mm ZI against coliform bacteria isolated
from sugar mill and tobacco waste water.

Table 1. Dilution time of samples and the growth of colony from the diluted
sample on MacConkey and nutrient agar medium.

Sample Dilution Number of Colonies (CFU/100 mL)
Name Time Tall Small Total Count  Colored
MacConkey Agar Media
107 200 390 590 248
10 30 200 230 12
Tannery 10° 12 20 32 4
waste water Nutrient Agar Media
107 508 1187 1695 =
10° 194 290 484 -
107 49 51 98 -
MacConkey Agar Media
107 100 120 220 200
10 3 75 78 30
Tobacco 10” 2 5 7 3
waste water Nutrient Agar Media
107 69 395 464 -
10° 28 58 86 -
107 4 28 32 -
MacConkey Agar Media
107 19 300 319 21
10 13 210 223 21
Sugar mill 107 21 58 79 16
waste water Nutrient Agar Media
107 45 300 345 -
10 45 300 345 -
10° 36 194 230 -

The lowest ZI produced by the n-Hexane extract of the C.
cajan leaves at the concentration of 62 mg/ml was 5+0.11 mm
offered in Table 2. No ZI was reported for control. All the extract
produces a significant zone of inhibition. From the data it is seen
that the ethyl acetate extract produces greater zone of inhibition
than chloroform and n-Hexane extracts that means that the
extractability of this plant compound is enlarged according to
the polarity of solvent as ethyl acetate > chloroform > n-Hexane.
This might be the results of high extractability of the ethyl
acetate. This is harmonized with the findings of Srinivasan et al.,
who stated that variation in extraction power of the solvents is
due to the variation in the solubility of the phytoconstituents to
the solvents. [39]. However, the antibacterial activity of plant
extract is also depends on the concentration, parts of the plant
used as well as the microbes tested [40].
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Table 2. Diameter of zone of inhibition of ethyl acetate, chloroform and n-Hexane extract of C. cajan leaves and cloxaciline against coliform bacteria.

Zone of Inhibition (mm)

Source of Coliform Bacteria Ethyl Acetate (mg/ml) Cloxacillin (pg/disc)
500 250 125 62 10
Tannery waste water 22+0.17 21+0.27 20+0.29 18+0.34 25+0.32
Tobacco waste water 23+0.34 22+0.22 18+0.31 16+0.14 24+0.23
Sugar Mill waste water 25+0.18 20+0.12 18+0.21 17+0.13 26+0.00
Chloroform
Tannery waste water 18+0.11 16+0.17 12+0.05 11+0.07 25+0.32
Tobacco waste water 15+0.32 12+0.11 9+0.09 8+0.08 24+0.23
Sugar Mill waste water 17+0.22 14+0.17 13+0.21 10+0.00 26+0.00
n-Hexane
Tannery waste water 19+0.07 16+0.23 12+0.33 10+0.10 25+0.32
Tobacco waste water 1140.07 9+0.21 8+0.21 540.11 24+0.23
Sugar Mill waste water 14+0.17 10+0.16 8.0+0.00 6+0.00 26+0.00
Values were expressed as mean+SD
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Figure 2. Minimum inhibitory concentration of ethyl acetate, chloroform and n-hexane extract of C. cajan leaves against coliform bacteria.

The MIC of ethyl acetate, chloroform and n-Hexane extracts
against tannery waste water are 560 pg/ml, 580 pg/ml and 595
pg/ml respectively. The MIC of ethyl acetate, chloroform and
n-Hexane extracts of C. cajan leaves against tannery waste water
was 570, 600 and 580 pg/ml respectively given in Figure 2.

For tobacco waste water, ethyl acetate, chloroform and
n-Hexane extract produced MIC of 560, 590 and 620 pg/ml
respectively. On the other hand the MIC of ethyl acetate,
chloroform and n-Hexane against sugar mill waste water was
550, 550 and 585 pg/ml respectively.

The low MIC values confirm that high antimicrobial activity
of the extract. Here ethyl acetate extract of C. cajan leaves
showed higher antibacterial activity against coliform isolates. In
a previous study it was shown that extract of C. cajan has
antimicrobial activity against some selected organism [41, 42,

43] and leaves contain more bioactive compound than the seed
[44]. Coliform and its closely related bacteria has been selected
as an indicator of harmful organisms in drinking water and its
presence in waste water could be related to improper disposal of
sanitary waste and potential health risk exists for individuals
exposed to this water.

In our study ethyl acetate extract show potential antibacterial
activity against coliform bacteria isolate from waste water. Thus,
this extract could be used for antibacterial agent and treatment of
diseases caused by the isolated coliforms from industrial waste
water.

4. Conclusion

The present investigations have shown that ethyl acetate
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extract of C. cajan L. leaves showed potent antibacterial
activities on coliforms than chloroform and n-Hexane extracts
with the MIC values ranging from 550 to 570 mg/ml. Hence,
ethyl acetate extract of C. cagjan leaves could be used as
antibacterial agents against diseases caused by the isolated
coliforms from industrial waste water although further studies
are recommended to characterize the active compound(s).
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