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INTRODUCTION

Since ancient times the emergence of modern appesathe drug discovery and the pace of drug dpustot
has slowed down, because of lack of proper leadbiamolecules, which is crucial to designing neweugd [6].
Pharmaceutical market is growing rapidly and cardirsly. But, still the demand for new drug discgvisr encouraged.
The reason behind this motivation can be the grgwinmbers of drug- resistant infectious diseaseraace and more
upcoming disorder causing by bacteria. The teliegstgsources have been greatly explored and théemcic and industry
researchers are striving to get lead molecules fiieeninner space of oceans [8]. Microalgae arevarde group of
photosynthetic microorganisms found in everywhéke bcean, lakes, rivers, ponds, puddles, moidbaees and fresh
water etc [11]. Microalgae represent a unique ofpmity to discover novel metabolites at lower cobtewever microbial
metabolites produced by microalgae. Microalgae haghly potential source of bioactive molecules whiare able to
produce some biological activities such as antévéadt antiviral, antifungal and anticancer [1].€Be organisms are rich
source of amino acids, terpenoids, phlorotannitespils, phenolic compounds, halogenated ketorksnes and cyclic
polysulphides [9, 10]. Secondary or primary metidbsl| produced by these organisms may be potenidctive
compounds of interests in the pharmaceutical imgi2t 3, and 4]. The bioactive compound from thgaa is investigated
for their antimicrobial activities as the pathogemicrobes are becoming resistant to the syntlgetig. According to the
world Health Organisation (WHO), approximately 80d¥the world population depends on traditional eelies for their
primary health care needs [16]. Microalgae haveldag time been used with therapeutic purposestlasid systematic
screening for biologically active compounds begari950s. The different solvent extracts from mitgaa were tested
against gram positive and gram negative bacteha.antimicrobial compounds are fatty acids, acrgticls, halogenated
aliphatic compounds, terpenes, sulphur containetgrio cyclic compounds, carbohydrates and phe@6ls Temperature
of incubation, pH of the culture medium, incubatiperiod, medium constituents and light intensitg #re important
factors influencing the production of antimicrobégents [5]. The antibacterial properties of a @pbycean green alga,
Scenedesmusp. isolated from a natural pond were tested agdinse different pathogenic bacterial strains [2¥jth this
knowledge the present study was aimed to screearttieicrobial potential o6cenedesmus abundahnnochloropsis
oculata and Spirogyra condensatagainst human bacterial pathogens. The first act#isial compound isolated from a
microalgae and chlorella; a mixture of fatty acidi,., chlorellin which was found to be responsifide the inhibitory

activity against Gram +ve and Gram —ve bacteria 2.1

MATERIALS AND METHODS

Collection of the Microalgal Strains and BacterialStrains

Fresh water algal samples were collected with 100capacity plastic bottles during winter sessionnir
Bundelkhand region Uttar Pradesh (U.P.) in Centidia. It is located between 220’ and 28 20’ N latitude and 7820’
and 82 40’ E longitude. WheréNannochloropsis oculatavere collected from Chhabi pond of Band&kgenedesmus

abundanswere collected from Mandakani river of Chitrakooidé&Spirogyra condensatwere collected from atiya tal of
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Jhansi. Human bacterial pathogens likacillus cereusMCCBO0061, Staphylococcus aereci$CCB0045, Escherichia
coli-MCCB0016 and Pseudomonas aerugeneBBCCB0035 were obtained from department of micrtdmy &
Fermentation Technology SHIATS Allahabad (U.P.JJiégn Bacterial strains were inoculating on to irtrisnt broth and

incubated at 3C for 24 hrs.
Isolation and Growth Condition of Microalgal Strains

Microalgae were isolated from fresh water algal gias After purification, the culture was grown BG-11
medium. The cultures were grown autotrophicallthia batch culture, in haffkins flasks and were kaghe culture room.
Culture condition was maintained such as tempegaific +0.%c; pH rang 7 to 7.5 of culture medium, incubatiamipd

2 months and 3000 lux light intensity.
Identification of Microalgal Strain

Microscopic observation of algal samples was done lbeca DM. 500 research microscope and
microphotography was done with attached camera B@J3 Morphological observation presence of chidast shape and
size of cells were taken into consideration. Thentdication of taxa was done by referring standascbnomic manuals of
Philipose [18] and Prescott [19].

Growth Analysis and Biomass Productivity

Growth rate of cultures was determined by measutirgg optical density (O.D.) at 680 nm using UV-VIS
Spectrophotometer (Spectrascan UV 2700, Therma®fig. For the measurement of optical densitynRculture was
drawn from the culture flask at the regular measiralternate days. The samples were diluted sothieavalue of Olg,

falls between the ranges of 0.2-0.8, actual OD dedsrmined by multiplying the dilution factor witlalue of OD.
Extraction of Microalgal Biomass

Biomass of microalgae was harvested after 40 arab§® respectively. The harvested biomass wasittaygd at
10000 rpm for 7 min and pellet was lyophilized. 28§ of Iyophilized algal powder was taken in fouffetent 50ml
capacity conical flask and mix with 15ml four diffmt solvents such as methanol, ethanol, acetaheliathyl ether. The
mixture was shaken overnight in orbital shaker trieiged at 10000 rpm for 10min in twice and suggamt was taken.
Supernatant was dried in a rotary evaporator & 4The algal extract dissolved in 1 ml four differesolvents used for

antimicrobial activity and preserved ific4for further use [12].
Disc Diffusion Method

Antibacterial activity of microalgae was used bgddiffusion method [13, 14]. For the disc diffusiassay 400
uL of each bacterial suspension was uniformly spr@a a solid nutrient agar medium in a petri diblwo sterile paper
disks (6 mm in diameter whatman filter paper) and streptomycin disc were placed on the surfaaaoh nutrient agar
plate and were impregnated with 20 uL of the ddusdgal extract. Plates were incubated for 24 heurappropriate
culture conditions [15]. Disc impregnated with dlgatract and methanol, ethanol, acetone and dieither served as
negative controls and a disk with an antibiotic¢Btomycin) served as a positive control. The aati&rial activity was

using (ethanol, methanol, acetone and diethyl ptigal extract.
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RESULTS

Growth Analysis and Biomass Productivity

The biomass contained found Stenedesmus abundahg8943 g/L,Nannochloropsis oculat8.53316 g/L and
Spirogyra condensatd.37916 g/L.

Optical density graph

-8~ Scenedesmus abundans

-+ Spirogyra condensata

-& Nannochloropsis oculata

Time(Days)

Figure 1
Antibacterial Activity of Different Algal Strain in Different Solvants

In the present study the methanolic, ethanolictcame and diethyl ether were tested for antibadtexddivity
against four human bacterial pathogens. The melicaagtract of Scenedesmusp. showed the antibacterial activity
against four bacterial pathogens vg.,Cereus, P. aerugenosa, S. aerandE. Coli, with the inhibition zone of 22, 17,
16 and 15 mm, respectively. The ethanolic extré@aenedesmus abundasi®wed the antibacterial activity against four
bacterial pathogens viB, cereus, P. aerugenosa, S. aerandE. Coliwith the inhibition zone of 23, 21, 23 and 20 mm,
respectively. The acetone extract 8€enedesmus abundasbowed the antibacterial pathogens vB., cereus, P.
aerugenosa, S. aereasdE. Coliwith the zone of inhibition zone of 23, 20, 34 d&&mm, respectively. The diethyl ether
extract of Scenedesmus abundasisowed the antibacterial activity against fourtbsaal pathogens vizB. cereus, P.
aerugenosa, S. aereasdE. Colil7, 15, 29 and 18 mm, respectively. The methamoficact ofNannochloropsis oculata
showed the antibacterial activity against four beat pathogens vizB. Cereus, P. aerugenosa, S. aerendE. coli with
the inhibition zone of 26, 17, 15 and 15 mm, refipely. The ethanolic extract dannochloropsis oculatahowed the
antibacterial activity against four bacterial pajaos viz.,B. cereus, P. aerugenosa, S. aeramsl E. coli with the
inhibition zone of 33, 24, 25 and 19 mm, respetyivdhe acetone extract dlannochloropsis oculatahowed the
antibacterial pathogens viB, cereus, P. aerugenosa, S. aerandE. coli with the zone of inhibition zone of 28, 12, 17
and 00 mm, respectively. The diethyl ether extadiannochloropsis oculatahowed the antibacterial activity against
four bacterial pathogens viAB. cereus, P. aerugenosa, S. aerand E. coli 12, 15, 10 and 00 mm, respectively. The
methanolic extract oSpirogyra condensatsshowed the antibacterial activity against fourtbdal pathogens viz.B.
Cereus, P. aerugenosa, S. aerams E. coli with inhibition zone of 26, 20, 16, and 25 mm, redpvely. The ethanolic
extract of Spirogyra condensatahowed the antibacterial activity against fourtbdal pathogens viz.B. cereus, P.

aerugenosa, S. aereasdE. Coli with the inhibition zone of 32, 22, 23 and 24 mespectively. The acetone extract of
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Spirogyra condensatahowed the antibacterial pathogens V. cereus, P. aerugenosa, S. aerand E. coli with the

zone of inhibition zone of 15, 15, 13, 17 mm, respely. The diethyl ether extract &pirogyra condensatshowed the

antibacterial activity against four bacterial pajaos viz.,B. cereus, P. aerugenosa, S. aeramsl E. coli with the

inhibition zone of 8, 9, 15, 00 mm, respectivelheTnegative control only for solvents In methanalvent showed

antibacterial activity against four bacterial paaos viz.B. cereus, P. aerugenosa, S. aerandE. coli00, 09, 00 and 07

mm., respectively. In ethanol solvent showed antdrgal activity against four bacterial pathogers. \B. cereus, P.

aerugenosa, S. aereamd E.coli 12, 11, 00 and 07 mm. respectively. In acetoneestlghowed antibacterial activity
against four bacterial pathogens vB.,cereus, P. aerugenosa, S. aerandE.coli 13, 15, 00 and 10 mm. respectively. In

diethyl ether solvent showed antibacterial actigityainst four bacterial pathogens v&.cereus, P. aerugenosa, S. aereus

andE.coli 00, 11, 00 and 00 mm. respectively. Source of antdrial activity keeping Streptomycin disc weredigs a

positive control against four bacterial pathogeias, B. cereus, P. aerugenosa, S. aerandE.coli zone of inhibition 17,

22, 15 and 28 mm. respectively.

Antibacterial Activity of Various Algal Extract in Different Solvents

Table 1
c tratio Inhibition Zone Diameter (mm)
Algal Species Extracts 0::;“' ) i E. Coli S. Aureus P. Aerugenosa B. Cereus
AE | NC |PC | AE |[NC |PC | AE |NC | PC | AE |NC | PC
Scenedesmus abundans Methanol 0.0039 15 7 16 - 17 | 9 22 -
7 P - 7 2 2
Ethanol 0.0010 20 7 28 23 15 21 |11 2 23 | 12 17
Acetone 0.0010 18 | 10 34| - 20 | 15 23 | 13
Diethyl ether 0.0017 18 - 29 | - 15 | 11 17 -
Methanol 0.0050 15 7 15 - 17 | 9 26 -
. Ethanol 0.0014 19 7 25 - 24 | 11 33 | 12
Ni 2 22
annochloropsis oculata Aceione 0.0011 - 10 8 17 - 15 o 15 3 13 17
Diethyl ether 0.0003 - - 10 | - 15 | 11 12 -
Methanol 0.0026 25 7 16 | - 20 ] 9 26 -
. Ethanol 0.0015 7 23 - 22 |11 32 | 12
; 2 22
Spirogyra codensata Acetone 0.0006 0|2 ¥ 5] ®? 56"
Diethyl ether 0.0014 - - 15 - 9 11 8 -

AE: algal extract; NC: Negative control; PC: Rgs control

Nannochloropsis Oculata Shows Antibacterial Activity against Four Pathogeit Bacteria in Four Different Solvent
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Figure 2

The Plates Showed Antimicrobial Activity of Nannochloropsis Oculata against Four Pathogenic Bacteria in Four
Different Solvents

4 Nannochloropsis Oculata Shows the Maximum 4Nannochloropsis Oculata Shows the Maximum
Antibacterial Activity in Ethanolic Antibacterial Activity in Methanolic
Extract againstB. Cereus Extract againsB. Cereus

4. Nannochloropsis Oculata Shows the Maximum 2. Nannochloropsis Oculata Shows the Maximum
Antibacterial Activity in Acetone Antibacterial Activity in Di Etylether
Extract againstB. Cereus Extract against P. Aerugenosa

Figure 3
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A.Methanolic extract ofNannochloropsisshows antibacterial against four different baetefl) E. coli (2)
P.aerugenosé3) S.aereug4) B. cereus

B. Ethanolic extract ofNannochloropsisshows antibacterial against four different bactgdiy E. coli (2)

P.aerugenosél3) S. aereugd) B.cereus

C.Acetone extract ofNannochloropsisshows antibacterial against four different bactefla E. coli (2)

P.aerugenosé3) S.aereug4) B. cereus

D.Diethyl ether extract oNannochloropsisshows antibacterial against four different baetdfi) E.coli (2) P.

aerugenosd3) S.aereug4) B. cereus

Scenedesmus Abundans Shows Antibacterial Activity against Four Pathogert Bacteria in Four Different Solvent

|

EZ31  Streptomycin disc
ZA Negative control
E=3 Ethanolic extract

Streptomycin disc
ZA Negative control 30
309 B3 Methanolic extract

NN
a
NN
M . LN

=
LD

N

Zone of inihibition (mm)
=
a
Zone of inihibition (mm)
-
aq

| 72 § 7
0 T — l/ T T 0 % ! !
E.Coli P.aerugenosa S.aereus  B.cereus E.Coali P. aerugenosa S. aereus B. cereus
— Streptpmycin disc EX1 Streptomycin disc
BN Negative control ZZ1 Negative control
359F= Acetone extract 357 E=3 Dithyl ether extract
_ 301
E = 30
£ 25 £
s = 25
S S
g 204 £ 20
= 8
£ 15 £ 15
S 5
% 104 ) 10
N ¢ NI 5
0- T T T — 0 T T T T
E.Coli P. aerugenosa S. aereus B. cereus E.Coli P. aerugenosa S. aereus B. cereus
Figure 4

www.tjprc.org editor @tjprc.org



22 Neha Srivastava, M. R. Suseela, Kiran Toppo & Rubina Lawrence

The Plates Showed Antimicrobial Activity of Scenedesmus Abundans against Four Pathogenic Bacteria in Four

Different Solvents

4. Scenedesmus Abundans Shows the Maximum  3&4Scenedesmus Abundans Shows the Maximum
Antibacterial Activity in Methanolic Antibacterial Activity in Ethanolic
Extract againstB. Cereus Extract against S. Aereus & B. Cereus Bacillucereus

4. Scenedesmus Abundans Shows the Maximum 4Scenedesmus Abundans Shows the Maximum
Antibacterial Activity in Acetone Antbacterial Activity in Diethyl Ether
Extract againstS. aereus Extract against S. aereus

Figure 5

A. Methanolic extract ofScenedesmushows antibacterial against four different baetefi) E. coli (2)

P.aerugenosé3) S.aereug4) B. cereus

B. Ethanolic extract ofScenedesmushows antibacterial against four different bactefla E. coli (2)

P.aerugenosé3) S. aereugd) B.cereus

C. Acetone extract dbcenedesmishows antibacterial against four different bactétieE. coli (2) P.aerugenosa
(3) S.aereugd) B. cereus

D. Diethyl ether extract of Scenedesmus shows actilial against four different bacteria &)coli (2) P.

aerugenosd3) S.aereug4) B. cereus
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Spirogyra Condensata Shows Antibacterial Activity against Four Pathogeit Bacteria in Four Different Solvent
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Figure 6

The plates showed antimicrobial activity ofSpirogyra condensata against four pathogenic bacteria in four different

solvents
4. Spirogyra Condensata Shows the Maximum 4Spirogyra Condensata Shows the Maximum
Antibacterial Activity in Methanolic Antibacterial Activity in Ethanolic
Extract againstB. cereus Extract against B. cereus
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1. Spirogyra Condensata Shows the Maximum 3Spirogyra Condensata Shows the Maximum
Antibacterial Activity in Acetone Antibacterial Activity in Diethyl Ether
Extract againstE. coli Extract against S. Aereus

Figure 7

A. Methanolic extract oSpirogyrashows antibacterial against four different baet¢ti) E. coli (2) P.aerugenosa
(3) S.aereugd) B. cereus

B. Ethanolic extract oSpirogyrashows antibacterial against four different bactétijpE. coli (2) P.aerugenosa
(3) S. aereug4) B.cereus

C. Acetone extract dpirogyrashows antibacterial against four different bact€teE. coli (2) P.aerugenosé3)
S.aereug4d) B. cereus

D. Diethyl ether extract ofSpirogyra shows antibacterial against four different baetefl) E.coli (2) P.
aerugenosd3) S.aereug4) B. cereus

DISCUSSIONS

Fresh water microalgae have become part of compleme medicine worldwide, because of their poténtia
sources of bioactive molecules cause many heattbflte in human being[25]. The present study resdvealed that the
ethanolic extract oNannochloropsis oculata, Scenedesmus abundadanethanolic extract &pirogyra condensathas
shown maximum zone of inhibition agairst coli. This bacteria is gram negative, rod shaped caosaaly types of
infection in human being like urinary tract infextj diarrhea, phylogenic infections and septicefe ethanolic extract
of Nannochloropsis oculaté&gcenedesmus abundarsd methanolic extract &pirogyra condensataas shown maximum
zone of inhibition againsP. aerugenosaThis bacterium is gram negative rod shaped, witighsed many types of
infection in human being like urinary tract infemtj respiratory system infection, soft tissue ititets, bone and joint
infection. The ethanolic extract bflannochloropsis oculat&pirogyra condensatsp. and acetone extract®tenedesmus
abundanshas shown maximum zone of inhibition agaiBSstaureus This bacteria is gram positive, rod shaped caused
many types of infection in human being like sepsisvounds and burns, septicemia, pharyngitis, #isusnd tonsillitis.
The ethanolic extract oNannochloropsis oculaiaScenedesmus abundaard Spirogyra condensatap. has shown
maximum zone of inhibition againBt cereusThis bacterium is gram positive, rod shaped pcedoxin, these toxins can
cause two types of illness: one type characterizgddiarrhea and the other, called emetic toxin, nausea and
vomiting[26]. In present study ethanolic crude agtrof Nannochloropsis oculatavas found more potent antibacterial

activity againstB. cereusas compared to antibiotic disc streptomycin. Aoetarude extract cbcenedesmus abundans
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was found more potent antibacterial activity agaBisaureusas compared to antibiotic disc streptomycin. Beenal.
2011 reported, The crude pigment extract of Scestade abundans was found to have inhibitory actaginst the food
borne pathogen S. aureus[24] ethanolic crude extfeigpirogyra condensataas found more potent antibacterial activity
againstB. cereusas compared to antibiotic disc streptomycin. Itaodes thaB. cereusandS. aureusGram — positive
bacteria were more inhibited than Gram — negatieetdyia E.coli and P. aeruginosa Issa (1999) reported the
antimicrobial activity of O. angutissima and Caldtiparietal, against bacteria and fungi. He codetlithaB. cereusand
S. aureus Gram- positive species were more inhibited thesimy negative specids. coli and P. aeruginosaby the
antibiotic applied[23]. Ethanolic crude extract dannochloropsis oculatand Spirogyra condensatavere found more
potent antibacterial activity again®.cereus, P. aerugenosa, S.aerearsd E.coli as compared to antibiotic disc
streptomycin. Acetone crude extract®fenedesmus abundamas more potent antibacterial activity agaiBsiereusas
compared to antibiotic disc streptomycin. The realdo proved that ethanol was the best solventherextracting the
antibacterial and antifungal agents fr@scillatoria latevirenswhile acetone was the best organic solventsXtaeting

antibacterial and antifungal agents frémormidium coriumandLyngbya martensiarja2].

The present study indicates that the antibact@naperty ofNannochloropsis oculata, Scenedesmus abundans
and Spirogyra condensatagainst the selected strains of human pathogergtefia varies depending upon the four
different solvent medium used for extraction. Fartiphytochemical studies are needed to elucidatectmponent

responsible for antibacterial activity of theseragts against bacteria.
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