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Abstract In the era of presence and spread of infectious diseases caused by microorganisms demonstrating
resistance against most antimicrobial agents routinely used in the treatment, there is a serious need of search for
potential agents which can be used as antimicrobials. The plant extracts of Aerva lanata were collected and
processed using standard procedures. Whatman filter papers were then impregnated with varied concentrations of
plant extract and antimicrobial susceptibility testing was performed using Kirby-Bauer disk diffusion method for
bacteria. The standard disk diffusion method was used to test antifungal drugs against yeasts, and non-dermatophyte
filamentous fungal isolates.The ethanolic extract at a concentration of 600 µg/ mL and 900 µg/ mL showed
increased antibacterial activities against Esherichia coli as compared to the standard drug tested at similar
concentrations. The chloroform extracts and the ethanol extract revealed increased antibacterial activity against
Klebsiella pneumoniae. The chloroform solvent extract showed similar antifungal activities as the standard drug
against Candida albicans, and the H2O extract showed greater antifungal activity against Drechslera halodes as
compared to the control drug tested. Antibacterial and antifungal properties of leaf extracts of Aerva lanata plant in
comparison with the control drugs revealed either similar or increased activities signifying their potential for future
candidates as antimicrobial agents.
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1. Introduction
Emergence and spread of microbial drug-resistance has
limited the choice of antimicrobial agents and has been
responsible for severe morbidity and mortality [1].
Bacteria, fungi, parasites and viruses cause many
infections in both human and animals which are now
difficult to treat owing to their resistance to most of the
available antimicrobial drugs. Ability of some
microorganisms to change their antigenic structure each
time they result in an infection has been responsible for
non-availability of a standard vaccine for many microbial
infections (Human Immunodeficiency Virus (HIV),
Hepatitis C virus (HCV), Influenza virus and others [2].
Significant time taken for the synthesis and availability of
an approved allopathic drug in the market should be
considered as a cause for serious concern in health care

settings. Research is rigorously on for finding alternatives
to allopathic antimicrobial agents, which include
preparation of synthetic antibiotics, evaluating the
nanoparticles for their utility in treating infections and
analysing the activities of various plant extracts for their
medicinal properties [3,4,5].
Aerva lanata (L.) Juss. ex. Schult. is a medicinal plant
belonging to the family Amaranthaceae. It is commonly
called as a mountain knot grass, which grows all along the
plains of India. Aerva lanata is a perennial herbaceous
weed growing up to 2 meters (30 cm to 2 m) tall which is
present through the warmer geographical plains of India
including the states of Telangana, Andhrapradesh,
Tamilnadu, Karnataka, and Kerala. Other countries where
this plant grows include Srilanka, Arabian regions, Egypt,
African regions, Java, Philippines, and Australia [6,7].
Previous studies have evaluated anti-oxidant properties,
nephroprotective activities, hepatoprotective properties,
anti lithiatic activities (increased urinary excretion of
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calcium, oxalate and uric acid crystals, antidiabetic/hypoglycaemic activities, anti-hyperlipidemic
activities and anti-cancer properties of Aerva lanata. Few
other studies have highlighted the pharmacological
applications of Aerva lanata plant extracts which included
its diuretic properties, anti-inflammatory activities, cytotoxic
nature, and antimicrobial properties [7,8,9,10,11].
It has been observed that the plant extracts of Aerva
lanata were traditionally used to treat common ailments
like head ache, jaundice, cholera, reduce bleeding during
normal deliveries, treating burns wounds and skin
conditions, urinary and gall stones, nasal bleeding, cough
and bronchitis, diarrhoea and dysentery, rheumatoid
arthritis, fractures, and scorpion stings and snake bites
[12,13]. Only few studies are available in literature, which
have evaluated the antimicrobial properties of various
extracts of this medicinal plant [14-19].
The present study evaluates the in-vitro activities of
various plant extracts (leaf) of Aerva lanata against both
Gram positive and Gram negative bacteria (Escherichia
coli, Proteus vulgaris, Enterobacter aerogenes, Klebsiella
pneumoniae, Bacillus subtilis, Bacillus megaterium,
Bacillus pumilus, Staphylococcus aureus, Streptococcus
pyogenes, and Enterococcus faecalis) and fungi (Candida
albicans, Fusarium oxysporum, Drechslera halodes and
Colletotrichum falcatum).

2. Materials and Methods
The Aerva lanata plant was collected from the botanical
garden, Kakatiya University, Warangal, Telangana, India.

2.1. Phyto-chemical Extraction
The leaves collected from the plant were allowed to dry
in shade and was later ground to powder by mortar and
chisel manually. The plant powder was then defatted with
petroleum ether at 40°-60°C for 2 hours. The defatted
powder was then processed for extraction in Soxhelt
extractor using various solvents like benzene (A), water
(B), chloroform (C), Acetone (D) and 80% ethanol (E).
Various solvent extracts were then subjected to vacuum
distillation under reduced pressure using a rotavapour to
produce a semi-solid residue. The extracts were purified
by distilled water and overnight treatment with sodium
sulphite to remove moisture. The standard antiobiotic was
used as a control for bacteria (Streptomycin) and fungi
(Itraconazole).
Using a whatman filter paper 1, 6mm disks were
prepared consisting of different plant extract
concentrations. The plant extract concentrations prepared
included 600 µg/ mL and 900 µg/ mL for antibacterial
activity; 300 µg/ mL, 600 µg/ mL, 900 µg/ mL and 1200
µg/ mL for antifungal activities. The antibacterial activity
of various preparations of Aerva lanata plant extract was
studied using Kirby-Bauer disc diffusion method. The
microorganisms tested included were both gram positive
(Bacillus subtilis, Bacillus megaterium, Bacillus pumilus,
Staphylococcus
aureus,
Streptococcus
pyogenes,
Enterococcus faecalis) and gram negative bacteria
(Escherichia coli, Proteus vulgaris, Enterobacter
aerogenes, Klebsiella pneumoniae). The control bacterial
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strains used included Staphylococcus aureus ATCC 25923,
Pseudomonas aeruginosa ATCC 27853, E coli ATCC
25922.

2.2. Antimicrobial Susceptibility Testing
Two-three pure and isolated colonies from overnight
bacterial growth was inoculated in to peptone water/sterile
saline and later incubated at 37°C for 1-2 hours. The test
tube with growth is then adjusted to match the turbidity
equal to and not more than 0.5 Mac Farland standards.
Mac Farlands is a standard for measuring turbidity
manually by comparing and adjusting the culture turbidity
with a solution prepared by mixing 0.05 mL of 1% barium
chloride and 9.95 mL of 1% sulphuric acid. The test
organisms is then inoculated in to Mueller-Hinton agar
(MHA) as lawn culture/carpet culture with the help of
sterile cotton swabs, later various antimicrobial
impregnated filter paper disks were applied with the help
of sterile forceps. The plates were then incubated
overnight at 37°C. The sensitivity of the test
microorganism is observed as absence of growth around
the disks termed as zone of inhibition which is measured
in millimetres and resistance of the bacteria towards the
antimicrobial agent is indicated by the presence of growth
towards the edge of the disk. The interpretation of results
was done according to clinical laboratory standards
institute (CLSI) guidelines [20].
The disk diffusion susceptibility testing for fungi was
performed according to CLSI guidelines. The fungal
inoculums was prepared by microdilution method to yield
a fungal count of 104 CFU/ mL. Using a whatman filter
paper 1, disks of 6mm were prepared by impregnating the
solvent plant extract. The disks were then allowed to dry
in dark. Muller-Hinton agar (MHA) was then inoculated
as lawn culture with turbidity adjusted (0.5 Macfarlands
equalling count of 104 CFU/mL) fungal broth using a
sterile cotton swab. The plant extract impregnated
antifungal disks were then dispensed onto the surface of
the inoculated agar plates. The plates were incubated at
28°C, and the inhibition zone diameters (IZDs) were
measured in millimetres (mm) after 5 days [21,22].

3. Results
The ethanolic extract (E) at a concentration of 600 µg/
mL and 900 µg/ml showed increased zones of inhibition
against Esherichia coli as compared to the standard drug
tested at similar concentrations. The chloroform extracts
(C) and the ethanol extract (E) revealed increased
antibacterial activity against Klebsiella pneumoniae. The
details of antimicrobial activities of Aerva lanata plant
extracts against various bacteria at different concentrations
is shown in Table 1.
The chloroform solvent extract (C) showed similar
antifungal activities as the standard drug against Candida
albicans. The H2O (B) extract showed greater antifungal
activity against Drechslera halodes as compared to the
control drug tested. The anti-fungal activities of various
solvent plant extracts of Aerva lanata at varied
concentrations against different fungi (yeasts and moulds)
are shown in Table 2.
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Table 1. Antibacterial susceptibility profile of various solvent extracts of Aerva lanata at different concentrations
Name of the Solvent
Extract

Concentration of the
Extract (µg/ml)

Escherichia
coli
2.6
4.8
2
4.01
NA
NA
1.25
3.49
7.02
14.05
3.06
6.14

Microorganism Tested

Standard Antibiotic
(Streptomycin)

600
900
600
900
600
900
600
900
600
900
600
900

Name of the Solvent
Extract

Concentration of the
Extract (µg/ml)

Benzene (A)
Water (H2O)
(B)
Chloroform (CCl2)
(C)
Acetone (D)
80%Ethanol (E)

Water (H2O)
(B)
Chloroform (CCl2)
(C)
Acetone (D)
80%Ethanol (E)
Standard Antibiotic
(Streptomycin)

600
900
600
900
600
900
600
900
600
900
600
900

Proteus
vulgaris
4.2
8.02
5.02
10.25
2
4.25
4.2
8.09
4.02
8.04
8.9
16.09

Klebsiella
pneumoniae
3.24
6.34
2.89
6.24
5.48
10.09
2.04
4.25
8.82
14.02
3.24
6.54

Enterobacter
aerogenes
NA
NA
3.25
6.8
4.24
8.9
2
4.02
4.25
8.08
4.47
8.76

Bacillus subtilis
5.3
10.65
2.08
4.16
4.28
8.9
2.5
4.25
9.02
12.08
8.44
16.22

Antibacterial Susceptibility Profile Interpreted as Zone of inhibition (mm)
Bacillus
megaterium
4.48
8.98
6.25
12.09
4.26
8.19
4.2
8.4
6.3
12.01
6.23
12.8

Microorganism Tested
Benzene (A)

Antibacterial Susceptibility Profile Interpreted as Zone of inhibition (mm)

Bacillus
pumilus
5.02
10.71
NA
NA
5.25
10.53
3.2
6.8
2.01
4.28
7.25
14.5

Staphylococcus
aureus
3.41
6.48
4.25
8
3
6.25
1.55
3.25
6.5
12.01
10.34
20.01

Streptococcus
pyogenes
5.3
10.2
6.25
13.08
2.08
4.19
3.25
6.84
3.27
6.25
8.19
16.47

Enterococcus
faecalis
2.65
4.29
4.28
5.02
5.25
10.5
1.02
2.48
4.91
9.01
12.82
20.34

Table 2. Antifungal susceptibility profile of various solvent extracts of Aerva lanata at different concentrations
Name of the Solvent Extract

Concentration of the
Extract (µg/ml)

Microorganism Tested

Benzene
(A)

Water (H2O)
(B)

Chloroform (CCl2) (C)

Acetone
(D)

80% Ethanol
(E)

Standard Antibiotic
(Itraconazole)

300
600
900
1200
300
600
900
1200
300
600
900
1200
300
600
900
1200
300
600
900
1200
300
600
900
1200

Antifungal Susceptibility Profile Interpreted as Zone of inhibition (mm)
Candida
albicans
2.25
4.50
9.60
18.25
3.02
5.84
10.08
19.65
2.76
5.62
11.04
23.25
NA
NA
NA
NA
2.01
4.89
9.56
17.25
2.67
5.35
12.01
23.04

Fusarium
oxysporum
4.20
8.56
16.95
28.06
3.56
6.15
14.24
29.45
NA
NA
NA
NA
2.48
4.92
12.08
19.84
3.08
6.25
13.56
25.80
5.46
10.80
20.03
34.35

Drechslera
halodes
5.02
7.68
14.25
26.80
4.56
8.12
15.60
31.26
3.80
7.56
15.01
28.76
3.25
6.02
14.56
28.65
2.89
5.76
11.56
23.25
3.56
7.56
14.76
27.36

Colletotrichum
falcatum
3.24
5.56
13.56
25.92
5.62
9.76
19.40
33.81
4.08
8.62
17.02
31.80
4.49
7.60
16.81
32.50
3.25
6.50
13.76
26.45
4.45
9.34
18.26
33.75
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4. Discussion
Aerva lanata is also called as Aerva elegans, Illecebrum
lanatum and Achyranthes lanata and is commonly known
as mountain knot grass. There are about 28 identified
species of Aerva genus, among which only A persica, A
lanata and A javanica were known to possess medicinal
properties [24].
This medicinal plant is locally named as Pindidonda in
Telugu, Chaya, Gorakh buti, Gorakh ganja, kapurijad,
Khari and Khali in Hindi, Ciru-pulai and Ulinai in Tamil,
Kapurmadhuri in Marathi, Bili Himdi Soppu in Kannada,
Cherula in Malayalam, Bhuyi in Rajasthan, Chaya in
Bengali, Bhui and Jari in Sindhi, Polpala in Sinhalese,
Kinongo in Swahili and Bhadra, Ashmahabhedah,
Gorakshaganja, Pashanabheda and Shatakabhedi in
Sanskrit [25]. Aerva lanata has been traditionally used as
a medicine for treating various ailments. Increased
antibacterial activities of the Aerva lanata plant extracts
were observed against few potential bacterial pathogens as
compared to the standard drug tested highlighting their use
in treating the infections in human. Antifungal properties
of Aerva lanata plant extracts were compared with the
control drug and were found to possess either similar or
increased activities. A previous research study has
reported the antibacterial activity of whole plant extract of
Aerva lanata against both multi-drug resistant
(Escherichia coli and Pseudomonas aeruginosa which are
extended spectrum beta lactamase (ESBL) producers) and
common human pathogens (Salmonella typhi, Salmonella
paratyphi A, Salmonella paratyphi B, Proteus spp,
Streptococcus spp, Klebsiella spp, Serretia marcescens,
Escherichia coli and Pseudomonas aeruginosa). The
study revealed that ethanolic extract showed maximum
zone of inhibition against Klebsiella pneumoniae, Proteus
mirabilis and Pseudomonas aeruginosa (ESBL). It was
also observed that ethanolic extract was ineffective against
Salmonella paratyphi A. The study results also indicated
that petroleum ether and benzene plant extracts were
ineffective against many other bacterial species [26].
The current study results reveal an increased activity of
the ethanolic and the chloroform extracts of Aerva lanata
against Klebsiella pneumoniae, as compared to the same
concentration of the standard drug tested. The results also
clearly demonstrate a considerable decrease in the
activities of most Aerva lanata extracts against gram
poistive bacteria including the Staphylococcus aureus,
Streptococcus pyogenes, and Enterococcus faecalis. The
antifungal activities of the Aerva lanata plant extracts
were similar to the standard drug tested and has shown
activity against both the yeasts (Candida albicans) and the
filamentous fungi (Fusarium oxysporum, Drechslera
halodes, and Colletotrichum falcatum). The acetone
solvent extracts showed least antimicroboial activities
against both bacteria and the fungi as compared to the
standard antibiotic tested.
Similar to our study, a previous report highlighted the
antimicrobial properties of ethyl acetate, and methanolic
extract of Aerva lanata plant. Thus, it can be confirmed
that irrespective of the solvent used, Aerva lanata plant
extracts have a great potential to be future candidates as
antimicrobial agents [27].
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Results of a previous study which tested the plant
extract of Aerva lanata against bacteria like
Staphylococcus saprophyticus, Streptococcus agalactiae,
Acinetobacter baumannii, Xanthomonas citri, Klebsiella
pneumoniae, and Proteus vulgaris, revealed that the root
extracts were demonstrating increased antibacterial
activities as compared to the flower extracts [28].

5. Conclusion
Antibacterial and antifungal activities of the plant
extracts of Aerva lanata were found to be effective against
both bacteria and fungi as observed by the study results.
The Aerva lanata plant extracts were more effective
against gram negative bacteria as against grampositive
bacteria. Only few studies are available in literatures
which have evaluated the in-vitro and the potential in-vivo
antimicrobial activities of various plants extracts of Aerva
lanata. In view of emerging multidrug resistance among
various microbes isolated from human infections,
extensive research on the potential antimicrobial
properties of Aerva lanata plant extracts is warranted.
Further studies including the proven multidrug resistant
microorganisms and their susceptibility to different plant
extract both in-vitro and in-vivo is the need of the hour.
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