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Abstract: The antibacterial effect of the crude methanol extracts and purified fractions of Cladophora
glomerata (Linnaeus) Kützing (Cladophoraceae) against multidrug resistant human pathogen Acinetobacter
baumannii and fish pathogens were investigated. Cladophora glomerata demonstrated appreciable activity
against the human pathogen A. baumannii and fish pathogens Vibrio fischeri, V. vulnificus, V. anguillarum,
V. parahaemolyticus, E. coli and B. cereus. TLC Purified fractions III and V of green seaweed C. glomerata
inhibited the human pathogen A. baumannii and fish pathogens V. fischeri and V. vulnificus. Purified fraction
II of the same seaweed inhibited only V. fischeri and V. vulnificus. Methanol extract of C. glomerata inhibited
E. coli and B. cereus growth at a minimum inhibitory concentration of 75 µg/ml and other species at 100 µg/ml.
Whereas, V. vulnificus growth was inhibited at a minimum concentration of 125 µg/ml. GC-MS analysis revealed
the presence of hydrocarbon compounds in active fractions II, III and V of C. glomerata. These findings
demonstrate that the methanol extract and their purified fractions of C. glomerata exhibited appreciable
antimicrobial activity and thus have great potential as a source for natural health products.
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INTRODUCTION septicaemia and urinary tract infections. Acinetobacter

Seaweeds are one of the important renewable among the nosocomial, aerobic, non-fermentative, Gram
resources in the marine environment and have been a part negative bacilli pathogens [14, 15]. Clinical impact of A.
of human civilization from time immemorial. They offer a baumannii infection has been a matter of continuing
wide range of therapeutic possibilities both for internal debate. Many studies reported high overall mortality rates
and external applications. Although terrestrial biodiversity in nosocomial patients susceptible to A. baumannii
is the foundation of pharmaceutical industry, the oceans bacteraemia or pneumonia [16, 17]. A. baumannii is
have enormous biodiversity and potential to provide attracting much attention owing to the increase in
novel compounds with commercial value [1, 2]. It has been antibacterial resistance and occurrence of strains that are
reported that seaweeds serve as an important source of resistant to virtually all available drugs [18]. Further
bioactive natural substances [2]. Many marine macro Vibrio spp., especially luminous Vibrio harveyi and V.
algae produce a variety of secondary metabolites [3]. parahaemolyticus have been implicated as the main
These metabolites are mainly terpenes, acetogenins, bacterial pathogens of shrimp farms [19]. These Vibrio
alkaloids and polyphenolics, with many of these species are resistant to every antibiotic used, including
compounds being halogenated [4]. Specific studies on chloramphenicol, oxytetracycline and streptomycin, (and
seaweeds, carried out in the Atlantic, Pacific and Indian are more virulent than in previous years). Consequently,
oceans, have demonstrated antibacterial, antifungal and the problem of giving treatment against resistant
antiviral activities [5-10]. Extracts of marine algae were pathogenic bacteria is becoming increasingly difficult [20].
reported to exhibit antibacterial activity and has been Since pathogens gaining resistance to drugs, is common
investigated most widely [11-13]. Acinetobacter due to indiscriminate use of antibiotics, much attention is
baumannii has emerged as an important and problematic needed to kill or control the pathogens using bioactive
human pathogen as it is the causative agent of several substances. Though literature speaks diverse studies of
types of infections including pneumonia, meningitis, bioactivity of marine flora against several pathogens, our

infections ranked second after Pseudomonas aeruginosa
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work on testing the antibacterial efficacies of seaweeds, MTCC 1687 were procured from Microbial type culture
mainly on human multidrug resistant pathogen A. collection, IMTECH, Chandigarh, India. V. anguillarum
baumannii and also on fish pathogens V. was procured from Central Institute of Brackish-water
parahaemolyticus, V. fischeri, V. anguillarum, V. Aquaculture (CIBA), Chennai. The multidrug resistant
vulnificus, Bacillus cereus and Escherichia coli is bacteria Acinetobacter baumannii obtained from
relatively on a new concept as few attempts had been Pondicherry Institute of Medical Sciences (PIMS),
made earlier in this line. In this study, the crude extracts of Pondicherry, India and the strain was biochemically
Cladophora glomerata and their purified fractions were characterized [23]. The pathogenic bacteria were cultured
employed and their potential was reported against individually on Tryptic soy broth at 37°C for 18 h, before
multidrug resistant A. baumannii and fish pathogens. inoculation for assay. Broth culture (100 µl), which

MATERIALS AND METHODS tryptic soy agar medium (Hi-media, Mumbai), poured into

Collection of Plant Materials: A total of eight seaweeds
was collected from Mandapam, Rameshwaram in Antibacterial Assay: Growth inhibition of pathogens by
Tamilnadu and Pondicherry coastal line, India during seaweeds extracts was assessed using the disc diffusion
August 2008. Seaweeds Sargassum wightii Greville and assay [24]. Briefly, crude extract impregnated discs (200
Sargassum myriocystum J. Agardh (Sargassaceae), µg/ml), positive control (Ampicillin 50 µg ml ) and
Kappaphycus alvarezzi Doty (Solieriaceae), Gelidiella negative control (methanol) disc was allowed to air dry
acerosa  F.  Minima  and  Srinivasa    rao  (Gelidiellaceae), and were subsequently placed equidistantly onto the
Grateloupia filicina Lamouroux and C. Agardh surface of the pathogen seeded TS agar plates. The plates
(Halymeniaceae), Ulva lactuca Linnaeus (Ulvaceae), were kept in an inverted position and incubated at 37 °C
Cladophora glomerata (Linnaeus) Kützing for 18 h. The growth inhibition was assessed as the
(Cladophoraceae) and Dictyota dichotoma (Hudson) diameter (in mm) of the zone of inhibited microbial growth.
Lamouroux (Dictyotaceae) was identified at Salim Ali The experiment was carried out in triplicate. Experimental
School of Ecology, Pondicherry University, in comparison data represent mean ± SD of each sample, unless
with data provided in a seaweed field manual by National otherwise stated. 
Institute of Oceanography, Goa [21] and University
Herbarium, University of California, Berkley, compiled by Minimum Inhibitory Concentration (MIC) Assay: A
Silva and Moe [22]. Voucher specimens were preserved in broth microdilution method was used to determine the
5% formaline solution. Minimum Inhibitory Concentration [25-27]. All tests were

Preparation of Extracts: The seaweeds were washed with
sea water three times and then successively with tap Purification of Compound by Thin Layer
water and distilled water to remove the epiphytes and Chromatography: Concentrated crude methanol extracts
other wastes. Finally, they were air dried under the shade of Cladophora glomerata was purified by thin layer
for two weeks. The dried plant material (10 g dry weight) chromatography using hexane-ethyl acetate as solvent
was ground to fine powder and extracted with 100 ml of systems. The crude extract was separated in a pre coated
methanol for 24 h and the extract was filtered through a aluminium TLC sheet with silica gel G 60 as stationary
Buchner funnel with Whatman number 1 filter paper. This phase and ethyl acetate: hexane mixture in the ratio of
was repeated three times for the complete extraction of 9.5:0.5 as mobile phase. The eluted spots, representing
methanol-soluble compounds and all the three methanol various compounds, were visualized under UV
extracts were pooled. The solvent was evaporated from transilluminator at 254 nm and also in the iodine chamber.
crude extract by rotatory evaporator. The dried extracts (1 TLC resolved spots of methanol extract at various R

values were scrapped from the TLC plate and the
until use. scrapped spots were dissolved in methanol, mixed well

Test Organisms: Bacteria, Vibrio parahaemolyticus (40 µl) of each fraction was used to check the antibacterial
MTCC 451, V. fischeri MTCC 1738, V. vulnificus MTCC activity against pathogens using the disc diffusion
1145, Bacillus cereus MTCC 430 and Escherichia coli method in triplicate. Ampicillin was used as positive

contained 10 -10  number of bacteria per ml was added to7 8

sterile petri dishes and allowed to solidify. 

-1

performed in Mueller-Hinton agar medium (Himedia).

f

g) were dissolved in 2 ml of methanol and stored at 4°C

and centrifuged at 12,000 x g for 5 min. The supernatant
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control. Experimental data represent mean ± SD of each lead compounds that could be used against infectious
sample. Active fractions were subjected to Gas diseases and parasites [28]. In this study, crude methanol
chromatography Mass spectrometry (GC-MS) for extracts of eight different seaweeds were screened for
chemical constituent analysis. antibacterial activity. Among the eight crude methanol

Gas  Chromatography-mass  Spectrometry:  After the showed high inhibiting activity against Acinetobacter
initial thin layer chromatography, the purified fractions baumannii and fish pathogens (Table 1). Similar
were analyzed using an Agilent 6890 series high- observation was made in a methanol extract of green
temperature gas chromatography-mass spectrometer (GC- seaweed Ulva lactuca (200 µg/ml) which showed high
MS), fitted with an autoinjector. For GC-MS analysis, a inhibiting  activity  against  Staphylococcus aureus [29].
high-temperature column (DB-5ht; 30 m x 0.25 mm id x 0.25 In the present study, the minimum inhibitory
µm film thickness) was purchased from Agilent concentration of  methanol  extract  of  C.  glomerata  was
Technologies (Agilent, USA). By employing a high- found to be 75 µg/ml against Bacillus cereus, E. coli and
temperature column, we eliminated the need for 100 µg/ml against Gram-negative pathogens A. baumannii
derivatization of each sample. The injector and detector and Vibrio spp (Table 1). Earlier studies showed that
temperatures were set at 350°C while the initial column methanol extracts of seaweeds Enteromorpha intestinalis
temperature was set at 80°C. A 2 µl sample volume was and Gracilaria corticata were active against Gram-
injected into the column and ran using split less mode. positive bacteria [30]. In the present study, we observed
After 2 min, the oven temperature was raised to 150°C at that methanol extracts of green seaweed C. glomerata
a ramp rate of 10°C/min. The oven temperature was then was active against Gram-negative bacteria. Many species
raised to 250°C at a ramp rate of 5°C/min and finally the of seaweeds were screened and found that members of
oven temperature was raised to 280°C at a ramp rate of red algae exhibited high antibacterial activity [31, 32].
20°C/min and maintained at this temperature for 40 min. However, the present study revealed that green seaweed
The helium carrier gas was programmed to maintain a exhibited high antibacterial activity than red and brown
constant flow rate of 1 ml/min and the mass spectra were seaweeds. The variation of antibacterial activity of our
acquired and processed using both Agilent ChemStation extracts might be due to the presence of antibacterial
(Agilent, USA) and AMDIS32 software. The compounds substances, which varied from species to species [33]. 
were identified by comparison of their mass with library Previous reports showed that Gram-positive bacteria
search and authentic standards. were more effectively controlled by the extracts of algae

Statistical Analysis: The experiments were conducted bacteria [34, 35]. This may be probably due to the
three times or as indicated and all data are expressed as presence of more complex cell wall structure in Gram-
means± SD using SPSS version 7.5. negative bacteria [36-39]. In addition to that, the

RESULTS AND DISCUSSION masking of antibacterial activity by the presence of some

Antibacterial Activity of Crude Extracts: The marine Interestingly, in the present study, it was observed that
environment  has  a  great  potential  for  the  discovery of the  seaweeds  which  were  used  in  this   work  exhibited

extracts, the green seaweed Cladophora glomerata

used in their study in comparison to Gram-negative

resistance displayed by the pathogens might be due to

inhibitory compounds or factors in the extract [40].

Table 1: Antibacterial activity of crude extracts and minimum inhibitory concentration of seaweed Cladophora glomerata against pathogens (inhibition
zone was measured to the nearest millimeter)

Cladophora glomerata methanol extracts
--------------------------------------------------------------------------------------------------------------------------------------------------------------

Test organism Crude extract (200 µg/ml) MIC (µg/ml) Positive control Ampicillin Negative control Methanol

V. parahaemolyticus 09.00±1.53 100 12.00±0.50 0.00±0.00
V. anguillarum 12.00±1.00 100 10.00±0.00 0.00±0.00
V. fischeri 09.00±2.52 100 13.00±0.50 0.00±0.00
V. vulnificus 11.00±2.00 125 12.16±0.28 0.00±0.00
E. coli 09.00±0.58 75 12.00±0.50 0.00±0.00
B. cereus 09.00±0.58 75 10.16±0.28 0.00±0.00
A. baumannii 15.00±1.58 100 10.16±0.28 0.00±0.00
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Table 2: Antibacterial screening of Cladophora glomerata purified fractions against pathogens (inhibition zone was measured to the nearest millimeter)

Cladophora glomerata methanol extracts Purified fractions Positive control
------------------------------------------------------------------------------------------------------------------------- ----------------------------

Test organism Cg 1 Cg 2 Cg 3 Cg 4 Cg 5 Ampicillin (50µg/ml)

V. parahaemolyticus 7±0.29 7±0.25 0±0.00 8±0.25 7±0.66 12.00±0.50
V. anguillarum 0±0.00 9±0.62 9±0.15 8±0.40 9±0.92 10.00±0.00
V. fischeri 8±0.58 11±0.42 10±0.60 6±0.92 6±0.66 13.00±0.50
V. vulnificus 6±0.58 10±0.26 7±0.26 6±0.60 10±0.15 12.16±0.28
E. coli 0±0.00 5±0.40 0±0.00 0±0.00 5±0.40 12.00±0.50
B. cereus 8±0.58 8±0.55 0±0.00 0±0.00 0±0.00 10.16±0.28
A. baumannii 8±0.58 8±0.30 12±0.15 9±0.15 10±0.15 10.16±0.28

Table 3: GC-MS analysis of major compounds of Cladophora glomerata Table 4: GC-MS analysis of major compounds of Cladophora glomerata

purified fraction II 

Rt (min) Compound Area (%)

27.32 Pentadecane, 8-hexyl- 7.02

28.41 Tridecane, 8-hexyl- 4.93

29.33 Heptadecane, 9-hexyl- 7.02

29.66 Triacontane 4.34

0.35 Octacosane 4.38

good antibacterial activity to all Gram-negative pathogens
tested except a few. Conflicting reports were observed on
the presence of bioactive compounds in the seaweeds
related to the seasonal variation, as well as the method of
extraction and organic solvents used for extraction of
bioactive compounds and differences in assay methods.

Purification of Antibacterial Compound: The crude
extracts of Cladophora glomerata were purified by thin
layer chromatography using hexane:ethyl acetate as
solvent systems. A total of five different fractions were
obtained. All the TLC purified fractions were assayed for
antibacterial activity against an array of pathogens and
summarized (Table 2). In the present study, the second
fraction of green seaweed C. glomerata showed good
antibacterial activity against fish pathogens Vibrio
fischeri and V. vulnificus. Similarly, the third and fifth
fractions of C. glomerata exhibited good antibacterial
activity against fish pathogens V. fischeri, V. vulnificus
and human pathogen A. baumannii respectively. The
antibacterial activity of marine algae and mangrove plants
were screened against fish pathogens and reported that
fractions of methanol extract of red seaweed Gracilaria
corticata showed good activity against fish pathogens
Pseudomonas aeruginosa and V. alginolyticus [41]. In
contrast, our study showed that fractions of green
seaweed C. glomerata showed good activity against fish
pathogens. Similarly, purified fractions of selected South
African seaweeds showed broad spectrum activity
against Gram-positive as well as Gram-negative pathogens
than crude extracts of the same seaweeds [39]. 

purified fraction III

Rt (min) Compound Area (%)

25.77 Tridecane, 7-hexyl- 3.43
27.77 Heptadecane, 3-methyl- 3.18
28.41 Tridecane, 8-hexyl- 8.76
29.34 Heptadecane, 9-hexyl- 6.48
30.35 Octacosane 4.07
31.53 Heptadecane, 9-octyl- 3.21

Table 5: GC-MS analysis of major compounds of Cladophora glomerata
purified fraction V

Rt (min) Compound Area (%)

27.32 Pentadecane, 8-hexyl 10.01
27.77 Heptadecane, 3-methyl- 3.44
28.41 Tridecane, 8-hexyl- 7.27
29.34 Heptadecane, 9-hexyl- 6.93
30.36 Octacosane 11.66

GC-MS Analysis: The Thin layered chromatography
purified fractions of green seaweed Cladophora
glomerata were dissolved in hexane and subjected to GC-
MS to analyze the chemical constituents. Characteristic
Gas Chromatograph-Mass Spectrometry analysis of
hydrocarbons has been summarized. In the second active
fraction, Pentadecane, 8-hexyl-was found to be a major
compound (7.02%) followed by heptadecane, 9-hexyl-
(7.02%) and tridecane, 8-hxyl-(4.93) (Table 3). Similarly,
pentadecane, 8-hexyl-(8.76%) was also found as major
compound followed by the hydrocarbon compounds
heptadecane, 9-hexyl-(6.48%) and octacosane (4.07%) in
third fraction (Table 4). Octacosane (11.66%) was found
to be major compound followed by pentadecane, 8-hexyl-
(10.01%), Tridecane, 7-hexyl-(7.27%) and heptadecane, 9-
hexyl-(6.93%) in fifth fraction (Table 5). Our results are in
accordance with the reported investigations [42, 43].
Straight chain paraffins (n-alkanes), branched chain
paraffins (alkyl-alkanes) and unsaturated hydrocarbons
(alkenes) were already reported from many marine algae.
[44,  45].  Hydrocarbon   distribution   pattern   mainly  in
C. glomerata is closely similar to prokaryotic Anacystis
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montane and Btryococcus braunii belonging to 3. Van  Alstyne,  K.L.,  G.V.  Wolfe,  T.L.  Freidenburg,
Cyanophycophyta and Chrysophycopgyta respectively.
Similar group of hydrocarbons heptadecane and
hexadecane have been reported as common major volatile
components in many other algae [46]. Distribution of
hydrocarbons among the studied algae showed a very
interesting pattern in respect to geographical variations.
The presence of methyl and hexyl groups could be a
result of alkylation of hydrocarbons with methanol and
hexane which was used in extraction and purification
process in the present study. Use of antibiotics to control
pathogens in shrimp and fish culture is banned. There is
a need for alternative methods or substances for
controlling fish and shrimp diseases. Vibrio fischeri and
V. vulnificus are resistant to antibiotic treatment [47] and
hence the control of these fish pathogens is possible by
using probiotic bacteria or any other bioactive
compounds [48]. The results of this study prove that
methanol fraction of green seaweed C. glomerata can
control V. fischeri and V. vulnificus. Further study is
needed in the fish to confirm these results. 

In conclusion, the present study provides data to
show the appreciable antibacterial activity of seaweed
Cladophora glomerata crude extracts and purified
fractions against Gram-negative human and fish
pathogens. The result presumes that the long chain
hydrocarbons may act as potential bioactive substance
and can be exploited in pharmaceutical preparations. The
cultivable nature of seaweeds is an added advantage for
mass production of potential antibacterial products.
Further study is in progress to find out the mechanism of
inhibition of Gram-negative pathogens by the purified
compounds and to study the antioxidant and anti-
inflammatory properties of C. glomerata. 
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