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ABSTRACT

Seaweeds with their diverse bioactive compounds lagened up potential opportunities in pharmaceditand
agri-food processing industries. The present stlelsignated to evaluate antibacterial and antioxidpotential of
eight seaweeds (Enteromorpha compressa, Enteroradmpéstinalis,  Ulva fasciata,  Ulva lactuca,
Chaetomorpha antennina, Padina gymnospora, Graplithophila, and Hypnea valentiae) from Pondinlye
coast. Brown seaweed P. gymnospora showed maximenat inhibition against all the five pathogensrmined
with maximum activity against K. pneumonia (14.8#hm). In this study, antioxidant activities weestéed using
five different assays, total phenolic content, ltatatioxidant activity, reducing power, Hydrogenrgede radical
scavenging assay, DPPH radical scavenging actaitg maximum activity was observed in P. gymnospora.

Keywords: Antimicrobial activity; Antioxidant activity; Totalphenolic content; Total antioxidant activity;
Reducing power; Hydrogen peroxide radical scavengssay, DPPH radical scavenging activity

INTRODUCTION

Algae have become very useful in many differentistdes. Aside from its uses in the food manufaatuindustry,
it is also being studied for its components whioh lzelieved to have medicinal effects. According\bmu-Elelaet
al., 2009 marine organisms are rich source of strudyubablogically active metabolites and studies segjgd that
some hioactive compounds isolated from marine asgas had shown to exhibit anti-cancer, anti-micagbanti-
fungal or anti-inflammatory and other pharmacolagctivities. Several algae have been found te ls@condary
metabolites and most of which are phenolic compsumtich have medicinal potentials (Aliyt al, 2009) and
are important in developing new pharmaceutics (Meatal, 2012).

The discovery, development and clinical use of baotiics during the nineteenth century have subistiyt
decreased public health hazards resulting fromebatinfections. Due to the increase in bacteealstance against
commercial antibiotics there is a growing need,few antibacterial compounds that are active agaishogenic
bacteria. In addition, most of the existing antilui® are occasionally associated with adverse &ffecthe host,
including hypersensitivity, immune suppression afidrgic reactions. These developments demandathahewed
effort be made to seek antibacterial agents effectigainst pathogenic bacteria resistant to curaatibiotics.
Extracts of marine algae were reported to exhifibacterial activity (Siddhanan& al, 1997).
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Reactive oxygen species such as hydroxyl, supegoxzigd peroxyl radicals are formed in human cells by
endogenous factors and exogenously result in exteepsgidative damage that in turn leads to gegadegenerative
conditions, cancer and a wide range of other hudiaeases (Aruoma, 1999; Borek, 1993; Reaven & Witzu
1996). Carotenoids, the natural pigments from plangin react rapidly with these free radicals ametlard or
alleviate the extent of oxidative deterioration Ohk& Min, 1997). Furthermore, antioxidants fromurail sources
increase the shelf-life of foods (Schwatzal, 2001). Therefore, consumption of antioxidant andddition of
antioxidant in food materials protect the body &l as foods against these events (Charetiai, 2008).

Many researchers have reported various types ahdaants in different kinds of higher plants (Lans 1988; Shon
et al, 2003). More recent reports revealed seaweed ta bich source of antioxidant compounds (Dearal,
2006; Kudaet al, 2005; Limet al, 2002; Parlet al, 2004). Having the advantages of low cost raw rafehigh
amounts of secondary metabolites, and no secomuahytion, this alga may be used to be a naturake® of
antibacterial and antioxidant agents. This studyeal to document antibacterial and antioxidant #gtief eight
seaweeds collected from Pondicherry coast.

MATERIALS AND METHODS

2.1. Sample collection and preparation

Fresh thallus oEnteromorpha compress&nteromorpha intestinaljdllva fasciata, Ulva lactucaChaetomorpha
antennina Padina gymnosporaGrateloupia lithophila and Hypnea valentiaevere collected from the intertidal
regions of Pondicherry coast, India. The seaweesl® washed thoroughly with to remove extraneouserizds.
Washed samples were shade dried and ground withetpeof electric mixer. The seaweed powdered sasnpere
then stored in refrigerator for further use.

2.2. Preparation of crude extract

The seaweed powders were extracted with acetoseximet extractor for 12 h. The extracts were tb@mcentrated
under reduced pressure using a rotary flash evaporghe crude extracts obtained were stored ik dar°C for
further use.

2.3. Antibacterial activity

2.3.1. Bacterial strains

Human pathogens namelyEscherichia coli Staphylococcus aureusPseudomonas aerugingsaVibrio
parahaemolyticusndKlebsiella pneumoniavere obtained from the Department of Medical Miobogy, Rajah
Muthaiah Medical College, Annamalai University, Tiamadu, India. The bacterial stock cultures werentaned
in nutrient agar slant at 4°C.

2.3.2. Disc Diffusion assay (Kartniget al., 1991)

Whatmann filter paper (No.1) discs of 6mm diametere impregnated with 10 ul of the solution coritagncrude
extracts obtained from the seaweeds (at a contientraf 100mg/ml) and these discs were evaporat&¥ & for

24 h. Reference standard discs were prepared wihtesmycin (50 ug/ml) to compare the antibactesiaivity of

seaweed extracts. After drying, the discs with ssmlvextract and standard streptomycin were placeMdler

Hinton agar (MHA) already swabbed by bacterial ktogltures and incubated at 37°C for 24 h. Afteuimation,
plates were examined for clear zone around thesd&alear zone with diameter more than 2 mm whksrtaas a
antibacterial activity. All the experiments werergad out in triplicate and the mean values wec®réed.

2.4. Antioxidant assay

2.4.1. Evaluation of antioxidant activity

The lyophilized seaweed extracts were dissolvedistilled water at a concentration of 10 mg'niThe free radial
scavenging activity of the seaweed extracts wakiated using standard procedures and Gallic ac&lusad as the
reference compound. All analysis were run in tcgles and averaged.

I. Total phenolic content
Phenolic contents of crude extracts were estimhyethe method of Tagat al. (1984). Briefly 100 pl of aliquot
sample was mixed with 2.0 ml of 2% J)}&0D; and allowed to stand for 2 min at room temperatéfter incubation,
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100 ul of 50% Folin Ciocalteau’s phenol reagent wdded and the reaction mixture was mixed thorgught
allowed to stand for 30 min at room temperaturthéndark. Absorbance of all the sample solutions meaasured at
720 nm using spectrophotometer (Phenolic contenegpressed as Gallic acid equivalent per gram).

Il. Total antioxidant activity

Total antioxidant activity was measured followirige tmethod of Prietet al. (1999). To 7.45 ml of sulphuric acid
(0.6 mM solution), 0.9942 g of sodium sulphate (@8 solution) and 1.2359 g of ammonium molybdaten(4
solution) were mixed together in 250 ml distillec@gter and labeled as Total Antioxidant Capacity (JA€agent.
300 pl of extract was dissolved in 3 ml of TAC reafj Blank was maintained with distilled water eephg the
TAC reagent. Absorbance of all sample mixtures maasured at 695 nm. Total antioxidant activityxgressed as
the number of equivalents of ascorbic acid.

lll. Reducing power

Reducing power of different crude extract was deteed by the method prescribed by Oyaizu (198&).nl. of
different solvent extract containing different centration of samples was mixed with 2.5 ml of plegp buffer
(0.2 M, pH 6.6) and 2.5 ml of potassium ferric agen(1%). Reaction mixture was kept in a water lztB0°C for
20 min. After incubation, 2.5 ml of Trichloroaceticid (10% of TCA) was added and centrifuged at 1§50 for
10 min. From the layer, 2.5 ml solution was mixethv2.5 ml of distilled water at 0.5 ml of ferritiloride (0.1%).
Absorbance of all the solution was measured atird0Increased absorbance indicates increased regpoiver.

IV. Hydrogen peroxide radical scavenging assay

The ability of seaweed extract to scavenge hydrggeoxide was determined by following the standanatedure
(Gulgin et al., 2004). Hydrogen peroxide 10 mM solution was pre@an the phosphate buffer saline of 0.1 M, pH
7.4. 1 ml (0.25 mg) of the extract was rapidly ntixeith 2 ml of hydrogen peroxide solution. The absmce was
measured at 230 nm in the UV spectrophotometemapai blank (without hydrogen peroxide) after 1@ rof
incubation at 37°C. The percentage of scavengifyafogen peroxide was calculated using the folmaformula

% scavenging (kD,) = (Ao-A1/Ag) X 100

A, - absorbance of control
A; — Absorbance of sample.

V. DPPH radical scavenging activity

The Scavenging effects of crude methanol extradtfeactions were determined by the method of Yeth @hen
(1995). Briefly, 2.0 ml of 0.16 mM DPPH solutiom(imethanol) was added to the test tube containiGgn?
aliquot of sample. The mixture was vortexed forih mnd kept at room temperature for 30 min in thekdThe
absorbance of all the sample solutions was measurgti7 nm. The Scavenging effect (%) was calcdlateusing
the formulae given by Duaet al. (2006).

Scavenging effect (%) =[1 - (A sample - A blani§ ¢ontrol] x 100

A control - absorbance of the control (DPPH solutidthout sample)
A sample - absorbance of the test sample (DPPHigoltt Test sample)
A blank - absorbance of the sample only (samplaaut DPPH solution).

RESULTS

3.1. Antimicrobial activity

Eight seaweed extracts were examined for antibatretivity against five bacterial pathogeiis €oli, S. aureus

P. aeruginosaV. parahaemolyticuandK. pneumonia Brown seawee®. gymnosporghowed maximum zone of
inhibition against all the pathogens examined withximum activity againsk. pneumonia(14.7+0.5 mm) and
minimum activity againsk. coli(10.7£0.6 mm)P. aeruginosastrain showed resistance and thus minimum activity
was recorded to extracts Bf compressgE. intestinalis U. fasciata, U. lactucaandC. antenninavhile maximum
zone of inhibition was recorded as 13.8+0.9 mmmj&l. gymnosporavhich was higher than the value of positive
control streptomycin (10.0+1.0 mni. coli also showed resistance agaldsfasciata, U. lactucaandC. antennina
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while maximum zone of inhibition was recorded10.7+0.6 mm againg?. gymnospor. The results are shown in
Table 1

Table 1: Antibacterial activity of seaweeds fromPondicherry coast

Zone of Inhibition (mm)
S.No Bacterial Pathogen E. E. u. u. C. P. G. H. Streptomycin
compressa | intestinalis | fasciata | lactuca | antennina | gymnospora | lithophila | valentiae (+ ve cont)
1 E. cali 3.0£0.5 3.440.6 - - - 10.7+0.6 5.1+0. 6.4+0.7 13.3+1.1
2 S. aureus 2.9+0.3 3.1+0.7 4.1+0.9 3.8+0.4] 3.2+0.8 13.6+0.6] 5.3+0.% 5.2+0.6 22.7£1.4
3 P. aeruginosa - - - - - 13.8+0.9 12.0+0.¢ 12.6+0.4 10.0+£1.0
4 V. parahaemolyticus 4.7+0.2 5.1+0.7 - - 6.7+0.7 12.2+0.7 8.3+0.7 9.0+0.8 12.0+0.9
5 K. pneumoniae 3.240.3 3.5¢0.9 3.6+0.8 3.7+0.2 4.8+1.0 14.7+0.5] 8.6+0.¢ 8.6+0.5 11.4+1.1

3.2. Antioxidant activity

3.2.1. Total phenolic content

Phenolic compounds are commonly found in plants lzenke been reported to have several biologicalities
including antioxidant activity. Acetone extract P. gymnosporafollowed by G. lithophila exhibited higher
phenolic content of 0.89+0.0&nd 0.6+0.02mg GAE/g of seaweed extract respectiveFig. 1), as compared to
other seaweeds analysddinimum phenolic content of 0.+£0.03mg GAE/g was recorded C. antennina

3.2.2. Total antioxidant activity

Total antioxidant activities of eight seaweeds @resentedn Fig. 2. Higher activity 0f1.92+0.05, 1.54+0.07 and
1.27+0.05mg ascorbic acid equivalen of seaweed was observedAngymnosporaG. lithophila, andH. valentiae
respectively. Minimumactivity of 0.640.03mg ascorbic acid equivalent/g of seaweed was obdein
C. antennina

Fig. 1: Total phenolic content of seaweeds from Pondichg coast
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3.2.3. Reducing power

Reducing power of the seaweeds analysed are peelsentheFig. 3. The maximum (2.678+0.03) reducing pov
value was observed in 1 ml concentration P. gymnosporaand minimum (0.69+0.02) was obtained E.
compressa

3.2.4. Hydrogen peroxide radical scavenging ass

Hydrogen peroxide radical scavenging activity P. gymnosporawas recorded in highest percentage (9
followed byG. lithophila (54%) andH. valentiae(54%) respectively. The lowest scavenging activity warded
in C. antenning28%),E. compress(31%) anckE. intestinalis(31%) respectively which as shown irFig. 4.
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Fig. 2: Total antioxidant activity of seaweeds from Ponitherry coast
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4: Hydrogen peroxide radical scavenging assay of ageeds from Pondicherry coas
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3.2.5. DPPHradical scavenging activity

Free radical scavenging ability of seaweeds wepgessed in percentage (%) and showrFig. 5 Maximum
activity was found inP. gymnospor (90%) followed byG. lithophila (75%) andH. valentia¢ (60%) respectively
and the lowesactivity was recorded iC. antenning25%),U. lactuca(41%) anck. intestinalis (41%).

Fig. 5: DPPH radical scavenging activity of seaweeds fno Pondicherry coas
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DISCUSSION

Antimicrobial activities found in seaweeds were sidered to be an indication of synthesis of bia@ciecondar
metabolites. The marine macroalgae have an efeeaivtibacterial activity aginst most of the humactbrial
pathogens. It was reported thd51 species of macroalgal crude extracts showdibitory activities agains
pathogenic bacteria (Hornsey and Hide, 1985). THeree been a number of reports that demonstrati
antimicrobial activity of marine plants (Zampiet al, 2009), marine@lgae or seaweeds (D et al, 2008; Halikiet
al., 2005; Nairet al, 2007; Sasidharaet al, 2010), Mangrove flora (Chandrasekaet al, 2009) and seagrass
(Kumaret al, 2008; Kannaret al, 2010). Still, in India only limited informatiors iavailalle on marine algae.

Kandhasamy and Arunachalam (2008) had studied theré@phyceae members and it showed high antibat
activity than other members. The current studyriefé with Phaeophyceae members showed higher ateiiz
activity than Rhodopyceae and ChlorophyceaThe brown algae have naturally high secondary noditab
compared to red and green. The results shows hbabrown algaP. gymnospora strong antimicrobial activit
against with streptomycin standard. Extracts ofineabrowr algae have been reported to exhibit antibact
activity (Kim et al, 2007; Kamenarsket al, 2009) and antimicrobial activity (Trinjal997; Funahashilet al,
2001).

In the present study, brown seaw. gymnosporahowed maximum zone of inhibition against all tla¢hpgen:
examined with maximum activity againsk. pneumonig14.7+0.5mm) and minimum activity again
E. coli(10.7£0.6 mm).The present results agreed with the findings of Bag Parekh (1981) and Paa Kumar
and Ayyakkannu (1997) that organic extract of Inds@aweed exhibit antimicrobial activity againsirgrnegative
and gram positive biomedical pathogens. In the gmedéindings we have immense potential on the obrdf
clinical pathogens, sindbe strains used in the study were collected frasphal sources and most of the stre
appeared as multi drug resistant and cannot bedl@at with commercially prescribed antibiotics (&an anc
Abu-Hasan, 1998).

Natural antioxidants are not limit to terrestrial sources and reports have revealadessds are also rich in natu
antioxidant compounds (Lirat al, 2002; Duaret al, 2006; Kudaet al, 2007). The presence of phytoconsitue
such as phenols, flavanoids and tannins in seawersdiseagrasses indicated a possible role thakitacts ma
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have antioxidant activity. This activity was bekelto help in preventing a number of diseases girdree-radical
scavenging activity (Anggadired@ al, 1997; Rubertet al, 2001).

In the present study, the total phenolic contengea from 0.28+0.03 to 0.89+0.02 mg GAE with minimum in
the green seaweed. antenninaand maximum in the brown seaweBd gymnosporaSimilarly, Jimenezt al.
(2001) reported that brown seaweeds contain highenolic content than the red seaweeds. Reports fexealed
that phenolic compounds are one of the most effectntioxidants in brown algae (Nagai and Yukim@®@03) and
also known to contain phlorotannins and fucoxant#igmmajor active compounds (Yahal, 1996; 1999). Higher
total antioxidant activity of 1.92+0.05 mg ascorbkicid equivalent/g of seaweed was observeB.igymnospora
and minimum activity of 0.64+0.03 mg ascorbic aetiivalent/g irC. antennina

The effect of antioxidants on DPPH radical scaveggs thought to be due to hydrogen donating gbilihe DPPH
assay method is based on the reduction of DPPtdbtesree radical. With the odd electron, the fradical DPPH
gives a maximum absorption at 517 nm by visiblecBpscopy (purple color). As the odd electron of free
radical comes paired off in the presence of a hyelnodonor, e.g. a free radical scavenging antiotjdéne
absorption strength is decreased, and the resudgeglourization (yellow colour) is stoichiometrigth respect to
the number of electrons captured (Blois, 1958}hinpresent study, the maximum percentage of raslieaenging
activity was observed in brown seaweedgymnosporg90%) and minimum irC. antenning25%). Similarly,
Ganesaret al. (2008) noticed higher percentage DPPH radical exoging activity in methanol extract of brown
seaweedsargassum polycysturilydrogen peroxide radical scavenging activityPoigymnosporavas recorded in
highest percentage (91%) and lowestGnantennina(28%). Parthibaret al. (2014) studied on the antioxidant
activities of selected seaweeds from Tuticorin taasl found that brown seawe@&dconoidesexhibited maximum
antioxidant activity than red and green seaweedb/aed.

In the reducing power assay, antioxidants in thea@a reduce ferric (Ill) to ferrous (ll) in a reddinked
colourimetric reaction (Let al, 2006) that involves single electron transfer, th@ucing power indicates that the
antioxidant compounds are electron donors and eethe oxidized intermediate of the lipid peroxidatiprocess,
so that they can act as primary and secondary>adiiots (Yen and Chen, 1995). Concentration depandef
antioxidant activity was investigated as a functafnreducing power as this gave a general viewediuctones
present in the sample. Reducing power increaseu imitreasing concentrations in all the sampleghénpresent
study also reducing power increased with increasorgentration, maximum reducing power value waeoked in

1 ml concentration oP. gymnospor#2.678+0.03). The present results are in agreeméht Matsukawaet al.
(1997), who found that the antioxidant activitybwbwn algae was superior to that of red or greeugs.

CONCLUSION

Overall results showed that brown algaegymnosporaxhibits maximum antibacterial and antioxidantitgt
The antibacterial and antioxidant activities cobkd attributed to the presence of different secondagtabolites
such as phenolic compounds, and carotenoids andh#éohanism of action might be due to their indigdar
collective participation. The experimental findingsavisagedP. gymnosporaextract as a good candidate in
developing new antibacterial and antioxidant agents
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