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Antibacterial Activity of Tris NaCl and PBS
Buffer Protein Extract of Cassia fistula,
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and Cymbopogon citrates Against
Bacterial Strains
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Abstract
Medicinal plants are gaining popularity over synthetic medicines because antibiotic resistance demands the alternative source of
medication. In the present research, the crude protein extraction of 4 medicinal plants Cassia fistula, Saccharum officinarum, Albizia
lebbeck and Cymbopogon citrates was carried out. Crude protein extraction was done by 2 different buffers i.e. Tris NaCl buffer and
PBS buffer. Protein confirmation was done by Bradford assay in the spectrophotometer. Antibacterial potential was checked and
compared against Escherichia coli, Bacillus subtilis, Neisseria gonorrhoea, Bacillus cereus and Proteus mirabilis. Antibacterial assay was
performed by disc diffusion method, agar well method and zones of inhibition were calculated. The study results indicated that
Tris NaCl extracts’ antimicrobial potential is higher than that of the PBS buffer. On disc diffusion method the Tris NaCl buffer
extracts of Cymbopogon citrates showed maximum zone of inhibition 11 mm and 9 mm against Bacillus subtilis and Bacillus cereus
respectively and control chloramphenicol showed maximum zone of inhibition 26 mm against Bacillus subtilis. Cassia fistula showed
maximum zone of inhibition of 7 mm against Bacillus cereus while Saccharum officinarum and Albizia lebbeck didn’t show the any
antibacterial activity. On the other hand, Protein extracts from PBS buffer didn’t show zone of inhibition against any bacteria. Only
Albizia lebbeck showed minute zone of inhibition against Neisseria gonorrhea. On well diffusion method, Cassia fistula Tris NaCl
protein extract showed the maximum zone of inhibition 20 mm and 18 mm against Proteus mirabilis and Bacillus subtilis respectively.
While Albizia lebbeck PBS protein extract showed the maximum zone of inhibition 19 mm and 17 mm against Bacillus subtilis and
Bacillus cereus. The results revealed that the protein extract of Albizia lebbeck, Cymbopogon citrates and Cassia fistula can be used
tosynthesize antimicrobial drugs to treat the bacterial infections.
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Introduction

Medicinal plants are serving very valuable from the pharmaco-

logical point of view from all over the realm. The uses of

medicinal plants are becoming popular with advancing time

and offer the human with new remedies.1 In the traditional

system, various ethnic plants are being utilized to diagnose,

deter, and abolition bodily, psychological and neurological

imbalance.2 Therapeutic effects of many of the medicinal plants

have been confirmed for neurological diseases,3 fungal dis-

eases,4 diabetes,5 diseases of lungs and respiratory system,6

children’s diseases,7 hyperlipidemia,8 obesity,9 liver diseases,10

cardiovascular diseases,11 migraine3 and many other diseases.
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Different types of researchon medicinal plants and utilizing

them are valuable resources for overcoming many diseases at

present. This helps to get to know much more about the med-

icinal plants and assemble new drugs that will lead to the

pharmaceutical industry’s advancement.12 Due to the positive

impact of these researches on medicinal plants during the past

years, most of the pharmaceutical industries are exceedingly

relying on wild population for the abstraction of medicinally

important chemical substances.3 This also helps in synthesizing

new drugs with medicinal value that can combat disease better

way thancommercially available synthetic and potent but

harmful drug.13

Saccharum officinarum plant is famous in relieving com-

plaints like jaundice, dysuria, anuria, and other urinary dis-

eases.14 Around 250,000 existing plants hold a widevariety of

bioactive chemicals than any chemical based library developed

by humans. Phytochemicals are present in different parts of

plant tissues; these include fruits, seeds, herbs and vegetables.

Methanolic and ethanolic extracts of Saccharum officinarum

leaves possess encouraging antioxidant activity.15 These

extracts also possess in vitro anti-inflammatory activity.15 Sac-

charum officinarum leaves and juice has several medicinal

constituent including fatty acid, alcohol, phytosterols, phenols,

terpenoids, flavonoids and glycosides.14 Cymbopogon citrates

is widely used in conventional medicine for treating numerous

disorders like nervous and digestive system problems. It mainly

acts as antispasmodic, pain killer, anti-inflammatory, anti-

pyretic, diuretic and sedative.16 Cymbopogon citrates is also

extensively used in the food, pharmaceutical, cosmetic and

medicinal industries because of its essential chemical constitu-

ents.17 Its antioxidant potential and activities against microbes

and fungus have also been documented by carrying out studies

on various extracts of Cymbopogon citrates.18 Majority of the

plant chemical constituents like essential oils, peptides etc.

show significant antimicrobial properties and which could be

further explored on an advanced basis to produce novel anti-

microbial formulations.19 Albizia lebbeck also has a significant

antibacterial activity. Studies indicated that Shigella was the

most sensitive bacteria to the Albizia lebbeck.20 Albizia

lebbeck also showed the antibacterial activity with high zone

of inhibition against Escherichia coli, Bacillus subtilis, Kleb-

siella pneumonia, Pseudomonas aeruginosa, Proteus vulgaris,

Staphylococus aureus and Salmonella typhii.21 On the other

hand, Casssia fistula is well known for its antibacterial activ-

ity.22 Casssia fistula had potent antibacterial activity against

S. typhosa at a dose lower than 1000 mg/kg.23

The antimicrobial peptides (AMPs) form the first line of

defense in the plant’s protective mechanisms and is tangled

in innate immunity.24 The antimicrobial activity of AMP has

been reported in many researches against fungi, viruses and

bacteria that confirm that AMPs are involved in host plant

resistance against pathogen attack.25 AMPs are extensive in

nature and are produced in both animals and plants. They are

the most antique peptides synthesized during host defense

mechanism.26 Once produced and activated, defensive proteins

efficiently inhibit fungus, gram-positive and gram-negative

bacteria.27 Plants protect themselves against pathogen attack

by synthesizing several types of proteins (AMP) such as glu-

canases, chitinases, defensins, catalase and glycoprotein etc.

These proteins directly or indirectly play their role in defence

mechanisms that leads to pathogen death. These proteins can

also protect the host by inducing and potentiating several other

plant defencing mechanisms.28 Some of These proteins possess

antimicrobial activities by performing hydrolytic action on cell

wall components of pathogen.29 These peptides act as antimi-

crobial agents against pathogens that defend the plant by dif-

ferent pathways. First they result in the formation of pores in

pathogens’ membranesor they induce the alteration in the

membrane permeability by interrupting the electrostatic charge

on its.30 A number of plant AMPs like defensins have been

identified and purified from several plant species that express

a wide range of remarkable biological activities regarding the

defence. These biological activities include, ion-channel block-

ing and antifungal and antibacterial activity.30 Many parts of

plants such as leaves and seeds contain these proteins that

definitely impede pathogen action. Different solvents are used

for the extraction of therapeutically essential compounds from

the leaves. This research study aimed to extract medicinally

important phytochemicals specifically the antimicrobial pep-

tides from the 4 medicinally important plants that belongi to the

Poaceae and Fabaceae families. Several AMP have been docu-

mented in these families, so we selected these 2 families’ plants

to extract proteins to perform the antimicrobial assay.

Materials and Methods

Plant Sample Collection

Collection of fresh, intact plant leaves was done from the nur-

sery of The Women University Multan, Pakistan. Plants were

identified and confirmed by the Department of Botany, The

Women University Multan, Pakistan. Samples were washed,

dried and cut into small pieces through sterilized scissor.

Extraction of Antibacterial Protein/Peptide by Tris NaCl
Buffer

Extraction of antimicrobial peptides was done by grinding

fresh 1gm leaves of each plant in 3.3 ml of 1 Molar Tris-HCl

(pH 7.5) and 0.5 Molar NaCl. The sample buffer mixture was

incubated for 12 hours at 4�C. After that, samples were cen-

trifuged at 12,000 rpm for 20 minutes in a centrifuge at 4�C.

After centrifugation, the resulting supernatant was analyzed for

protein concentration determination.31

Extraction of antibacterial protein/peptide by phosphate

buffer saline Fresh 0.3 g leaves of each plant sample were

ground in a pre-chilled mortar pestle to make a fine powder

in 4.5 ml of PBS. Samples were then passed through the freeze-

thaw cycle 3 times at the interval of about 12 hours. After that

the tubes were centrifuged at 10000 rpm for 10 minutes. Col-

lected the supernatant into a separate tube and stored at 4

degrees for quantification.32
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Determination of Protein Concentration by
Spectrophotometer

Total protein content of each of the leaf protein extract was

checked spectrophotometrically at 595 nm. Bradford method

was performed by forming a BSA (Bovine Serum Albumin)

stock solution in a concentration of (2 mg/ml) for PBS and (1

mg/ml) for extracts of Tris NaCl samples. Bradford reagent

was prepared and diluted 1:4 times by mixing 3 ml of the

reagent with 12 ml of distilled autoclaved water. The reagent

was then filtered by Whatman #1 paper immediately before

use. Bradford reagent was prepared according to the recipe

given.33

Test Organisms/Bacterial Organisms

The test organisms used in the study were supplied by the

Culture Collections of the Department of Microbiology and

Molecular Genetics, The Women University Multan. The

organisms used in the study were Escherichia coli, Bacillus

subtilis, Bacillus cereus, Proteus mirabilis and Neisseria

gonorrhoea

Antibacterial Assay

Organisms were grown on the Luria-Bertani Agar Media and

were incubated for night at 37�C for 24 hours. Antibacterial

assay of the protein extracts was carried out by Agar Disc

diffusion method. Zones of inhibition were measured. Chlor-

amphenicol, commercially prepared disc in a concentration of

10 ug / disc was used as positive control.

Disc Diffusion Method

Discs (6 mm) of Watman filter paper 1 were made. Plant

extracts containing a measured amount of (20 mg) protein sam-

ples were loaded on individual disc and placed on the plates.

Plates were incubated for 24 hours at 37�C in an incubator.

Each sample’s activity was checked by measuring the zones of

growth inhibition developed in millimeters with the help of a

graduated scale.34

Well Diffusion Method

Bacterial susceptibility to the plants was determined by agar

well diffusion method as described by.35

Results

Concentration of Plant Protein Sample in
Spectrophotometer

Absorbance of protein extracts of each plant leaf sample was

calculated on spectrophotometer at 595 nm. Concentration of

plant protein samples extracted through different buffers was

given in Table 1. The maximum protein concentration of 6073

ug/ml was found in Cassia fistula extract by Tris NaCl buffer

while the protein concentration of same plant with PBS buffer

with freeze thaw cycles was 2438 ug/ml and without freeze

thaw cycles was 2019 ug/ml. According to the table results,

the protein concentration in plant extracts in Tris NaCl buffer

was higher than extracts in PBS buffer. Extraction in PBS

buffer was done by passing the extracts with and without

freeze-thaw cycles. The concentration of protein was higher

in PBS buffer without freeze-thaw cycles, as protein concen-

tration in Saccharum officinarum with PBS buffer with freeze-

thaw cycles was 503 ug/ml while in the without freeze-thaw

cycles it was 889 ug/ml. The concentration of the same plant

from Tris NaCl buffer was 2043 mg/ml that was greater than the

PBS buffer extraction protein concentration.

Disc Diffusion Method

Antibacterial activity of protein extracts through Tris NaCl buffer.
Zone of inhibition of different bacterial strains was determined

by using the protein extract of plants and Chloramphenicol.

Protein extracts of Cymbopogon citratus showed a zone of

inhibition 11 mm against the B. subtilis and Cassia fistula

showed zones of inhibition 7 mm against Bacillus cereus (Fig-

ure 1). Cymbopogon citratus also showed zone of inhibition 9

mm against Bacillus cereus. While no zones of inhibition were

shown against remaining bacterial organisms. Protein extracts

of other plants Saccharum officinarum and Albizia lebbeck

were not shown any zone of inhibition against bacteria (Figures

1 and 2). Control was Chloramphenicol, commercially pre-

pared disc in a concentration of 10 mg / disc that showed max-

imum zone of inhibition 26 mm against B. subtilis (Table 2).

Antibacterial activity of protein extracts through PBS buffer. Anti-

bacterial assay was performed by using disc diffusion method

against Bacillus subtilus, Bacillus cereus, Proteus mirabilis,

and Neisseria gonorrhea. Protein extracts didn’t show any zone

of inhibition against any bacterial organism. While Albizia

Table 1. Concentration of Plant Protein Samples Extracted Through Different Buffers.

Plants Tris HCl buffer conc. (ug/ml)
PBS buffer with freeze

thaw conc. (ug/ml)
PBS buffer without freeze

thaw conc. (ug/ml)

Cassia fistula 6073 2438 2019.33
Albizia lebbeck 3583 1148 1372
Cymbopogon citratus 1823 -22 296
Saccharum officinarum 2043 503 889.333
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lebbeck showed minor antibacterial activity against Neisseria

gonorrhea (Figure 3).

Well Diffusion Method

Antibacterial activity of protein extracts through Tris NaCl buffer.
Zone of inhibition of different bacterial strains was determined

by using the protein extract of plants. Protein extracts of Cassia

fistula showed zone of inhibition 15 mm, 18 mm and 20 mm

against the B.cereus, B. subtilis and P.mirabilis respectively.

Albizia lebbeck showed zones of inhibition 14 mm against

Bacillus subtilis (Figure 4). While no zones of inhibition were

shown against remaining bacterial organisms. Protein extracts

of other plants Saccharum officinarum and Cymbopogon citra-

tus were not show any zone of inhibition against bacteria (Fig-

ures 4 and 5)

Antibacterial activity of protein extracts through PBS buffer without
freeze-thaw. Antibacterial assay was performed by using well

diffusion method against Bacillus subtilus, Bacillus cereus,

Proteus mirabilis, E.coli and Neisseria gonorrhea. Protein

extracts of Saccharum officinarum and Albizia lebbeck showed

zone of inhibition 11 mm and 17 mm against B. cereus respec-

tively (Table 3). Cymbopogon citrates showed zone of inhibi-

tion 18 mm against N. gonorrhea and C. fistula showed zone of

inhibition 13 mm against B.subtilis.

Antibacterial activity of protein extracts through PBS buffer with
freeze-thaw. Antibacterial activity of different plant protein

extracts was done using agar well diffusion method. Cymbo-

pogon citrates showed a zone of inhibition 18 mm against

Figure 1. Zone of inhibition of crude protein extracts through TrisNaCl buffer A) Bacillus subtilis B) Bacillus cereus C) E. coli. R, Sugar Cane
(Saccharum officinarum); A, Amaltas (Cassia fistula); L shows Lemon Grass (Cymbopogon citratus); C,chloramphenicol.

Figure 2. Zone of inhibition of crude protein extracts through TrisNaCl bufferA),Neisseria gonorrhea, B) Proteus mirabilis.S, Sugar Cane
(Saccharum officinarum); A,Amaltas (Cassia fistula); L shows Lemon Grass (Cymbopogon citratus); SH, Albizzia lebbeck; Cþ, positive control
(chloramphenicol); C-, negative control (TrisNaCl buffer).

Table 2. Zone of Inhibition of TrisNaCl Protein Extract.

Bacteria Plant Sample

S. officinarum C. citratus C. fistula Chloramphenicol

B. cereus — 9 mm 7 mm 24 mm
B. subtilis — 11 mm — 26 mm
E. coli — — — 25 mm
P. mirabilis — — — —
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N. gonorrhea. Protein extracts of Cassia fistula showed zone of

inhibition 14 mm against B. cereus 14 mm against B. subtilis.

While no zones of inhibition were shown against remaining

bacterial organisms. Protein extracts of other plants Saccharum

officinarum and Albizia lebbeck did not show any zone of

inhibition against bacteria.

Discussion

Many medicinal plants are considered possible antimicrobial

drugs and along with that, they have also considered a source

for novel chemicals with antibacterial activity. Different plant

extractions have been done in many studies and suggested them

as antimicrobial elements. Antimicrobial activities of several

plants have been studied that include Annona muricata,36

Nigella sativa,37 Spirulina platensis,38 Adathoda vasica,39

Cymbopogon citratus40 etc. Keeping in mind the antimicrobial

activity of peptides, this study was conducted to extract the

crude proteins from 4 medicinally important plants named Cas-

sia fistula, Saccharum officinarum, Cymbopogon citratus and

Albizia lebbeck. Antibacterial activity of these plants was

checked against Escherichia coli, Bacillus subtilis, Bacillus

cereus, Pseudomonas aurigenosa, Proteus, Neisseria

gonorrhoea. In this study, 2 buffers Tris NaCl and PBS buffer

were used for the protein extraction. The maximum protein

concentration of 6073 ug/ml was found in Cassia fistula extract

by Tris NaCl buffer. While same plant’s protein concentration

with PBS buffer with freeze-thaw cycles was 2438 mg/ml and

without freeze-thaw cycles was 2019 ug/ml. Protein concentra-

tion in plant extracts in Tris NaCl buffer was higher than

extracts in PBS buffer. The concentration of protein was higher

in PBS buffer without freeze thaw cycles, as protein concen-

tration in Saccharum officinarum with PBS buffer with freeze

thaw cycles was 503 ug/ml while in the without freeze thaw

cycles it was 889 mg/ml. The concentration of the same plant

from Tris NaCl buffer was 2043 mg/ml that was greater than the

PBS buffer extraction protein concentration. Padovan et al.41

identified the AMP defensin from the Saccharum officinarum

and cloned from genomic Saccharum officinarum DNA.The

antimicrobial activity of AMP has been reported in many

researches against fungi, viruses and bacteria that confirm that

AMPs are involved in host plant resistance against pathogen

attack. Few plant AMPs also possess insecticidal functions.25

There are a number of peptides classes with plant defensins,

lipid transfer proteins, thionins, knotin-type proteins, and

hevein-like proteins.42 Cyclotides class form of rare cysteine-

Figure 3. Zone of inhibition of crude protein extracts through PBS bufferA) Bacillus subtilis B) Bacillus cereus C) E. coli, D) Neisseria gonorrhea, E)
Proteus mirabilis S, Sugar Cane (Saccharum officinarum); A,Amaltas (Cassia fistula); L shows Lemon Grass (Cymbopogon citratus);SH, Albizzia
lebbeck; Cþ, positive control (chloramphenicol); C-, negative control (PBS buffer).

Figure 4. Zone of inhibition of crude protein extracts through Tris NaCl buffer using well diffusion method A) Bacillus subtilis B) Bacillus cereus
C) E. coli. S, Sugar Cane (Saccharum officinarum); A, Amaltas (Cassia fistula); L shows Lemon Grass (Cymbopogon citratus); SH, Albizzia lebbeck; p
shows the row of PBS buffer extracts with freeze thaw. Px Shows the extracts of PBS buffer without freeze-thaw. T shows the extracts of Tris
NaCl buffer.
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rich peptides present in Rubiaceae and Violaceae families of

the plants.43,44 In the previous studies, different AMP has

been separated from the plants including Phaseolus vulgari,45

Saccharum spp,41 Impatiens balsamina,43 Macadamia integri-

folia,44 Vigna unguiculata,46 Ricinus communis,47 Brassica

oleracea48 and Solanum lycopersicum.49 The particular

mechanisms engaged by plant defensins, to inhibit fungi and

bacteria are still under study, but it seems to show their activity

on the structural targets in the cell membrane of microbes.

These defensins may impede pre-existent ion channels or cre-

ate holes in the membranous layers that disrupt cellular ion

exchange balance27 and that causes the outflow of molecules

and ions—ATP, Kþ, and PO43-.50 Initially it was considered

that antimicrobial peptides play their antimicrobial function by

only increasing the cell membrane permeability of pathogen

but several AMP don’t only change the membrane permeability

but also perform their activity by inhibiting some essential

mechanisms like cell wall synthesis, protein synthesis and

enzymatic activity.51 They also target some molecular patterns

and inhibit DNA, RNA or protein synthesis. They affect some

essential enzymes’ activity, inhibit them, and affect membrane

septum formation and cell wall synthesis.52

In this study, plant protein extract of Tris NaCl buffer

showed the zone of inhibition for bacterial strains. Plant protein

extract of PBS buffer did not show any zone of inhibition for

bacterial strains however Albizia lebbeck showed minor zone

of inhibition for Neisseria gonorrhea on disc diffusion method.

Tris NaCl protein extract of Cymbopogon citratus showed

maximum zone of inhibition 11 mm against the B. subtilis and

9 mm against Bacillus cereus. Cassia fistula showed zones of

inhibition 7 mm against Bacillus cereus on the disc diffusion

method. While on the agar well method, Cassia fistula Tris

NaCl protein extract showed the maximum zone of inhibition

20 mm and 18 mm against Proteus mirabilis and Bacillus

subtilis respectively. While Albizia lebbeck PBS protein extract

showed the maximum zone of inhibition 19 mm and 17 mm

against Bacillus subtilis and Bacillus cereus. Chloramphenicol

showed maximum zone of inhibition 26 mm for B. subtilis.

Nyamath & Karthikeyan53 demonstrated the antibacterial

activity of ethanol extract of Cymbopogon citratus against Sta-

phylococcus aureus with 12.50 mm zone of inhibition. Cym-

bopogon citratus has also an excellent dye adsorption with

antibacterial properties.54 Akeel et al.55 conducted study to

evaluate the antimicrobial effect of crude peptide extracts from

Table 3. Antibacterial Activity of Protein Extracts From Different Buffers Through Well Diffusion Method.

plant samples

S. officinarum A. lebecck C. citratus C. fistula

Bacteria T Px P T Px P T Px P T Px P

B. cereus — 11mm — — 17mm — — — — 15mm — 14mm
B. subtilis — — — 14mm 19mm — — — — 18mm 13mm 14mm
E. coli — — — — — — — — — — — —
N. gonorrhea — — — — — — — 18mm 17mm — — —
P. mirabilis — — — — — — — — — 20mm — —

T indicates crude protein extracts from TrisNaCl buffer, Px for extracts through PBS buffer without freeze thaw and P is for crude protein extracts through PBS
buffer that have been passed with freeze thaw cycles.

Figure 5. Zone of inhibition of crude protein extracts through Tris NaCl bufferA),Neisseria gonorrhea, B) Proteus mirabilis. S, Sugar Cane
(Saccharum officinarum); A, Amaltas (Cassia fistula); L shows Lemon Grass (Cymbopogon citratus); SH, Albizzia lebbeck; P shows the row of PBS
buffer extracts with freeze-thaw. Px Shows the extracts of PBS buffer without freezethaw. T shows the extracts of Tris NaCl buffer.
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seeds of 6 plant seeds. Extraction was done in Sodium phos-

phate citrate buffer and Sodium acetate buffer. Allium ascoli-

nicum sodium phosphate citrate extract showed maximum zone

of inhibition 17 mm, 17 mm and 15 mm against Escherichia

coli, Proteus vulgaris and Staphylococcus aureus. Ali et al.56

demonstrated the moderate antimicrobial activity Albizia leb-

beck extract against the Aspergillus niger, Bacillus subtilis,

Vibrio mimicus, Staphylococcus aureus, Salmonella typhi,

Shigella dysenteriae and Candida arrizae. Bobby & Wesely21

also described the antimicrobial activity against Escherichia

coli, Bacillus subtilis, Klebsiella pneumonia, Pseudomonas

aeruginosa, Proteus vulgaris, Staphylococus aureus and Sal-

monella typhii.

In our study the crude protein extraction was carried out

using Tris NaCl buffer and PBS buffer. The Tris NaCl extracts

of Cassia fistula showed maximum anti-bacterial activity

against gram-positive bacteria while the crude protein extracts

of Saccharum officinarum didn’t show any significant antibac-

terial activity against any gram positive and gram negative

tested microorganism. However on the agar well method, the

PBS proteins extract of the plant show the 11 mm zone of

inhibition against Bacillus cereus. This negative antibacterial

activity of proteins of Saccharum officinarum supports the pre-

vious study of De-Paula et al.57 that tested defensing proteins

Sd1, Sd3, Sd5against gram positive and gram negative bacteria

including Kocuria rhizophila, Bacillus subtilis, Escherichia

coli and Staphylococcus aureus. Proteins showed no antibac-

terial activity against tested microorganisms.57 Kadhim et al.,22

were analyzed the antibacterial activity of Cassia fistula

against 11 disease causing bacteria. The diameters of zones

of inhibition were ranged from 1.00 + 0.05 to 6.02 + 0.23

mm for all assays.22 In another study, flowers of Cassia fistula

were used for the extraction of chemically active compounds

using different solvents. Hexane, methyl alcohol, chloroform,

ethyl acetate, and water extracts were taken and screened

against pathogens like bacterial and fungal microbes. Upon

results, all of the extracts showed antibacterial activity against

Gram-positive organisms with minimum inhibitory concentra-

tions between 0.078 and 2.5 mg/ml.58

Conclusion

Present study results concluded that Tris NaCl protein extract

of Cymbopogon citratus and Cassia fistulawere more effective

against the bacterial strains as compared to PBS buffer extract.

Cymbopogon citratus has antibacterial activity against Bacillus

subtilis, Bacillus cereus with zone of inhibition 11 mm, 9 mm

respectively and Cassia fistula has antibacterial activity against

Bacillus cereus with 7 mm zone of inhibition. While PBS

protein extract of Albizia lebbeck showed the maximum anti-

bacterial activity against Bacillus subtilis, Bacillus cereus.

Anti-bacterial activity of these protein extract suggests that

these protein extract of plants can be used against the bacterial

infection to improve human health.
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19. Da Silva LE, Gonçalves MVS, do Amaral W, et al. Chemical com-

position and antibacterial activity of Cymbopogon citratus and

Cymbopogon flexuosus essential oils. Ciência e Natura. 2017;40:2.

20. Sheyin Z, Maimako J, Shindang J, Essien CU, Bigwan EI, Ede

FR. Antimicrobial activity of Albizia lebbeck leaf extract on some

medically important bacteria. Int J Curr Microbiol App Sci. 2015;

4(9):473-477.

21. Bobby MN, Wesely EG, Johnson M. FT-IR studies on the leaves

of Albizia lebbeck benth. Int J Pharm Pharm Sci. 2012;4(3):

293-296.

22. Kadhim MJ, Mohammed GJ, Hameed IH. In vitro antibacterial,

antifungal and phytochemical analysis of methanolic extract of

fruit Cassia fistula. Oriental J Chem. 2016;32(3):1329-1346.

23. Chaerunisaa AY, Susilawati Y, Muhaimin M, Milanda T, Hen-

driani R, Subarnas A. Antibacterial activity and subchronic toxicity

of Cassia fistula L. barks in rats. Toxicol Rep. 2020;7:649-657.

24. van der Weerden NL, Bleackley MR, Anderson MA. Properties

and mechanisms of action of naturally occurring antifungal pep-

tides. Cell Mol Life Sci. 2013;70(19):3545-3570.

25. Noonan J, Williams WP, Shan X. Investigation of antimicrobial

peptide genes associated with fungus and insect resistance in

maize. Int J Mol Sci. 2017;18(9):1938.

26. Padovan L, Scocchi M, Tossi A. Structural aspects of plant anti-

microbial peptides. Curr Protein Pept Sci. 2010;11(3):210-219.

27. Freeman. An overview of plant defenses against pathogens and

herbivores. The Plant Health Instructor. 2008. doi:10.1094/phi-i-

2008-0226-01

28. Souza TP, Dias RO, Silva-Filho MC. Defense-related proteins

involved in sugarcane responses to biotic stress. Genet Mol Biol.

2017;40(1):360-372.

29. van Loon LC, Rep M, Pieterse CM. Significance of inducible

defense-related proteins in infected plants. Annu Rev Phytopathol.

2006;44:135-162.

30. Thomma BP, Cammue BP, Thevissen K. Plant defensins. Planta.

2002;216(2):193-202.

31. Ranjan S, Matcha R, Madhuri B, Babu N. Comparative evaluation

of protein extraction methods from few leguminous seeds. Int J

Adv Biotechnol Res. 2012;3(2):558-563.

32. Rehman S, Khanum A. Isolation and characterization of peptide

(s) from Pisum sativum having antimicrobial activity against var-

ious bacteria. Pak J Bot. 2011;43:2971-2978.

33. Bradford MM. A rapid and sensitive method for the quantitation

of microgram quantities of protein utilizing the principle of

protein-dye binding. Anal Biochem. 1976;72(1-2):248-254.

34. Naqvi SA, Shah SM, Kanwal L, et al. Antimicrobial and antihy-

percholesterolemic activities of Pulicariagnaphalodes. Dose

Response. 2020;18(1):1559325820904858.

35. Hayat S, Muzammil S, Rasool MH, et al. In vitro antibiofilm and

anti-adhesion effects of magnesium oxide nanoparticles against

antibiotic resistant bacteria. Microbiol Immunol. 2018;62(4):

211-220.

36. Karthikeyan K, Abitha S, Kumar VS. Identification of bioactive

constituents in peel, pulp of prickly custard apple (Annona mur-

icata) and its antimicrobial activity. Int J Pharm Phytochem Res.

2016;8:1833-1838.

37. Emeka LB, Emeka PM, Khan TM. Antimicrobial activity of

Nigella sativa L. seed oil against multi-drug resistant Staphylo-

coccus aureus isolated from diabetic wounds. Pak J Pharm Sci.

2015;28(6):1985-1990.

38. Biswajit Chakraborty, Jayaswal1 Rajesh P, Pankaj Pranay P.

Antimicrobial activity of spirulina platensis extract against gram

positive and gram negative bacteria- a comparative study. Inter-

national Journal of Current Pharmaceutical Review and

Research. 6(4):212-214. www.ijcpr.com

39. Kaur I, Chauhan P, Jaryal M, Saxena S. Antioxidant and antimi-

crobial activity of leaf extract of Adhatoda vasica against the

bacteria isolated from the sputum samples of asthmatic patients.

Int J Drug Res Technol. 2017;2(3):5.

40. Boukhatem MN, Ferhat MA, Kameli A, Saidi F, Kebir HT. Lemon

grass (Cymbopogon citratus) essential oil as a potent anti-

inflammatory and antifungal drugs. Libyan J Med. 2014;9(1):25431.

41. Padovan L, Segat L, Tossi A, et al. A plant-defensin from sugar-

cane (Saccharum spp.). Protein Pept Lett. 2009;16(4):430-436.

42. Benko-Iseppon AM, Lins Galdino S, Calsa T,Jr, et al. Overview on

plant antimicrobial peptides. Curr Protein Pept Sci. 2010;11(3):181.

43. Patel SU, Osborn R, Rees S, Thornton JM. Structural studies of

Impatiens balsamina antimicrobial protein (Ib-AMP1). Biochem-

istry. 1998;37(4):983-990.

44. McManus AM, Nielsen KJ, Marcus JP, et al. MiAMP1, a novel

protein from Macadamia integrifolia adopts a Greek key b-barrel

fold unique amongst plant antimicrobial proteins. J Mol Biol.

1999;293(3):629-638.

45. Wong JH, Zhang XQ, Wang HX, Ng TB. A mitogenic defensin

from white cloud beans (Phaseolus vulgaris). Peptides. 2006;

27(9):2075-2081.

46. De O. Carvalho A, De S. Teodoro CE, Da Cunha M, et al. Intra-

cellular localization of a lipid transfer protein in Vigna unguicu-

lata seeds. Physiol Plant. 2004;122(3):328-336.

47. Tsuboi S, Osafune T, Tsugeki R, Nishimura M, Yamada M. Non-

specific lipid transfer protein in castor bean cotyledon cells: sub-

cellular localization and a possible role in lipid metabolism.

J Biochem. 1992;111(4):500-508.

48. Pyee J, Yu HS, Kolattukudy PE. Identification of a lipid transfer

protein as the major protein in the surface wax of broccoli

8 Dose-Response: An International Journal

http://www.ijcpr.com


(Brassica oleracea) leaves. Arch Biochem Biophys. 1994;311(2):

460-468.

49. Shi L, Gast RT, Gopalraj M, Olszewski NE. Characterization of a

shoot-specific, GA3-and ABA-regulated gene from tomato. Plant

J. 1992;2(2):153-159.

50. Islam MR, Nagao JI, Zendo T, Sonomoto K. Antimicrobial

mechanism of lantibiotics. Biochem Soc Trans. 2012;40(6):

1528-1533.

51. Guilhelmelli F, Vilela N, Albuquerque P, Derengowski L,

Silva-Pereira I, Kyaw C. Antibiotic development challenges: the

various mechanisms of action of antimicrobial peptides and of

bacterial resistance. Front Microbiol. 2013;4:353.

52. Scocchi M, Mardirossian M, Runti G, Benincasa M. Non-

membrane permeabilizing modes of action of antimicrobial

peptides on bacteria. Curr Topics Med Chem. 2016;16(1):

76-88.

53. Nyamath S, Karthikeyan B. In vitro antibacterial activity of lem-

ongrass (Cymbopogon citratus) leaves extract by agar well

method. J Pharm Phytochem. 2018;7(3):1185-1188.

54. Cai Z, Remadevi R, Al Faruque MA, et al. Fabrication of a cost-

effective lemongrass (Cymbopogon citratus) membrane with

antibacterial activity for dye removal. RSC Adv. 2019;9(58):

34076-34085.

55. Al Akeel R, Al-Sheikh Y, Mateen A, Syed R, Janardhan K, Gupta VC.

Evaluation of antibacterial activity of crude protein extracts from

seeds of six different medical plants against standard bacterial strains.

Saudi J Biol Sci. 2014;21(2):147-151. doi:10.1016/j.sjbs.2013.09.003

56. Ali MT, Haque ST, Kabir ML, Rana S, Haque ME. A comparative

study of in vitro antimicrobial, antioxidant and cytotoxic activity

of Albizia lebbeck and Acacia nilotica stem bark. Bull Fac Pharm

Cairo Univ. 2018;56(1):34-38.

57. De-Paula V, Razzera G, Medeiros L, et al. Evolutionary relation-

ship between defensins in the Poaceae family strengthened by the

characterization of new sugarcane defensins. Plant Mol Biol.

2008;68(4-5):321-335.

58. Duraipandiyan V, Ignacimuthu S.Antibacterial and antifungal

activity of Cassia fistula L.: an ethnomedicinal plant. J Ethno-

pharmacol. 2007;112(3):590-594.

Habiba et al 9



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


