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1. Introduction

   The marine ornamental fishes have great economic 
potential and the annual trade in live marine ornamentals 
has been estimated between USD 28 million to USD 44 million 
globally[1,2]. The bacterial diseases have been causing 
severe economic losses in the cultured marine ornamental 
fishes[3]. Seaweeds are considered as the important 
medicinal plants. It provides varieties of pharmacologically 
important active compounds. Nowadays, using antibiotics 

for controlling the propagation of pathogenic bacteria in 
aquaculture practice have been common. Emergence of 
antibiotic resistant strain is a worldwide problem in human 
and also in fishes. The research on the line continues 
due to the absence of a more effective and safer use of 
antibiotics. There is now a greater interest in marine 
seaweeds especially in polysaccharides. Utilization of 
seaweed polysaccharides as therapeutic agents and for 
manufacturing antibiotics has attracted the attention of 
scientists in recent years due to less toxic and effective 
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Objective: To evaluate the antimicrobial capacity of fucoidan from the brown seaweed Turbinaria 
ornata against the marine ornamental fish bacterial pathogens.
Methods: Fucoidan was isolated by the ethanol extraction method and the functional groups 
were identified by Fourier Transform Infrared Spectroscopy analysis. Subsequently, structural 
characterization was done by 1H NMR analysis. In vitro antibacterial activity of fucoidan was 
performed by the agar plate diffusion method and Minimum Inhibitory Concentration.
Results: The characteristic C-O-S bending vibration of sulfate substituent the axial C-4 was 
observed at 839 cm-1. Characterisitic signal of the fucoidan was detected in a different ppm of 
1H NMR analysis. The maximum antibacterial activity (16.23依0.11) mm was obtained for Vibrio 
parahaemolyticus and the minimum activity (5.1依0.24) mm was recorded for Yersinia enterocolitica. 
The Minimum Inhibitory Concentration value was recorded between 2.5 to 10 mg/mL to the 
respective pathogens.
Conclusions: The present study proved that fucoidan possessed the significant antibacterial 
activity against the tested fish bacterial pathogens. It could be further used as a natural antibiotic 
in an aquaculture system to control the bacterial diseases. However, the present study suggested 
that the further in vivo study is required to get the better understanding of the mode of action of 
fucoidan.
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biological activities. The immunostimulant effect of 
fucoidan against white spot syndrome virus was in Penaeus 
monodon studied by Immanuel et al[4].
   Fucoidan-polysaccharide contain L-fucose and sulfate 
is the major chemical constituent and minor amount of 
other sugar molecules and it exhibited various biological 
activities[5]. Antibacterial activity of fucoidan was poorly 
studied. From these accomplishments, the present study 
was carried out to evaluate the antibacterial effect of 
fucoidan against selected fish bacterial pathogens from 
brown seaweed Turbinaria ornata (T. ornata). The fourier 
transform infrared spectroscopy (FTIR) and 1H NMR study 
were used for confirmation of fucoidan from this alga.

2. Materials and methods

2.1. Isolation and purification of fucoidan

   The brown seaweed T. ornata was collected from the 
Mandapam coast of Tamilnadu, India. The collected 
seaweed was washed well enough. Then the washed 
seaweeds were shadowed dried under room temperature, 
pulverized in a blender and sieved. The extraction of 
fucoidan was performed by the method of Yang et al[6]. 
Milled seaweed of about 20 g was treated with a liter of 
ethanol and stirred with a mechanical stirrer for about 12 
h at room temperature in order to remove proteins and 
pigments. After washing with acetone, centrifugation was 
done at 5 000 r/min for 10 min. The residue obtained was 
allowed to dry at room temperature. After well drying, 
a biomass 5 g was taken and extracted in 100 mL of 
distilled water at 65 °C with continued stirring for 1 h. The 
extraction was done twice and the extracts were pooled 
and centrifuged at 15 000 r/min for 10 min. The collected 
supernatant was mixed well with 1% CaCl2 and the solution 
was stored overnight at 4 °C to facilitate the precipitation 
of alginic acid. The solution was then centrifuged at 
15 000 r/min for 10 min and the supernatant was collected. 
Ethanol (99%) was added into the supernatant in order to 
arrive upon the final ethanol concentration of 30% and the 
solution was placed at 4 °C for 4 h. The obtained solution 
was centrifuged at 15 000 r/min for 10 min. Ethanol (99%) was 
added to the collected supernatant to arrive upon the final 
ethanol concentration of 70% and the solution was placed 
on 4 °C overnight. The intact fucoidan was then obtained 
through filtration of the solution with a nylon membrane 
(0.45 µm size) and the product was washed in ethanol (99%) 
and acetone. A purified fucoidan was obtained after these 
procedures. Fucoidan yield was estimated based on the 
dried biomass obtained after the treatment of the milled 
sample with 85% ethyl alcohol as a percentage of algal dry 

weight, (% dry weight). Then obtained intact fucoidan was 
further purified by ion exchange chromatography method[7]. 
Briefly, 100 mg of intact fucoidan was dissolved in 10 mL of 
distillled water applied to a coloumn (3.5伊50 cm) of diethyl-
aminoethanol-cellulose. Pre equilibrated with water, flow 
rate at 2 mL/min (pH 7.0 adjusted with 0.1 N NaOH). It was 
continued till the pH at the outlet matches with the pH of 
equilibration of water and stepwise elution with distilled 
water by passing NaCl in increasing concentrations (0.5, 
1.0, 1.5, 2.0 and 2.5 mol/L) solution in turn at a flow rate of 
1 mL/min. Fractions were collected and the optical density 
was measured at 490 nm, until no more carbohydrate was 
detected. Each fraction was assayed for carbohydrates by 
phenol-sulfuric acid method[8]. Carbohydrate-positive 
fractions were pooled together, dialyzed for 24 h in distilled 
water, and lyophilized. 

2.2. Hydrolysis of fucoidan

   In  o rder  t o  conver t  the  po lysacchar ide  in to 
monosaccharide, the purified fucoidan was subjected 
for hydrolysis. For this, 20 mg of purified fucoidan was 
hydrolyzed with 2 mol/L H2SO4 at 100 °C for 30 min. The 
hydrolyzed material was neutralized with 6 mol/L NaOH, 
then it was freeze dried and kept for further analysis[4].

2.3. Chemical analysis

   Fucose was estimated by the phenol-sulphuric acid 
method by Dubois et al.[8] using L-fucose as standard. 
Sulfate content was determined according to Hou et al.[9] 
using sodium sulfate as standard. 

2.4. FTIR analysis

   Infrared analysis was performed using Shimadzu FTIR 
8 300. KBr pellet was prepared by mixing 1 mg of the 
fucoidan with 100 mg of anhydrous potassium bromide. The 
spectra were recorded from 500 to 4  000 cm−1. 

2.5. NMR analysis

   Fucoidan, sulphated-polysaccharides was dissolved 
in 0.5 mL Deuterium oxide and the proton number was 
identified and confirmed by 1H NMR experiments using a 
Bruker Biospin Avance 400 NMR spectrometer (1H frequency 
¼ 400.13 MHz) at 298 K using 5-mm broad band inverse 
probe head equipped with shielded z-gradient and XWIN-
NMR software version 3.5 using TMS as an internal reference. 
One-dimensional 1H spectra were obtained using one pulse 
sequence.
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2.6. Antibacterial assays

2.6.1. Bacterial culture
   Fish bacterial pathogens such as Aeromonas hydrophila, 
Enterobacter sp., Pseudomonas aeruginosa (P. aeruginosa), 
Streptococcus sp., Escherichia coli (E. coli ), Vibrio 
parahaemolyticus (V. parahaemolyticus), Vibrio alginolyticus 
(V. alginolyticus), Vibrio cholerae, Yersinia enterocolitica 
(Y. enterocolitica) and Proteus sp., were obtained from the 
microbiology laboratory of the marine ornamental fish 
hatchery, CAS in Marine biology, Annamalai University. The 
concentration 107 CFU/mL was used in this study. 

2.6.2. Screening of antibacterial activity 
   The antibacterial activity of fucoidan was performed by 
agar plate diffusion assay. Petri plates containing Muller-
Hinton’s agar medium was prepared in sterilized water. Then 
0.1 mL of test organisms were taken from the stock broth and 
swabbed on agar medium by using sterilized buds. Then 
the wells 6 mm made on the agar plates by using sterilized 
well cutter. Fucoidan 20 mg/mL fucoidan was prepared, and 
20 mg/mL of tetracycline was used as a positive control. 
Then it was added to the respective wells by using sterilized 
pipette. Then the plates were incubated at 37 °C for 24 h. 
The antibacterial activity of the test fucoidan was observed 
through zone of inhibition (in mm) on the plates. Each assay 
was performed in triplicate.

2.6.3. Determination of minimum inhibitory concentrations 
(MIC)
   The MIC was tested in the listed strains (Table 1). Equal 
volumes of each bacterial strain culture, were applied 
to Muller-Hinton’s broth with different concentration of 
fucoidan in the test tubes ranging from 10, 5, 2.5, 1.25, 0.625, 
0.312 5, 0.156 2 and 0.078 13 mg/mL, respectively. Whereas, 
control was prepared without fucoidan. These serially diluted 
cultures were then incubated at 37 °C for 24 h. After the 
incubation period, turbidity was observed. MIC was defined 
as the lowest concentration of fucoidan that completely 
inhibited the visible growth of the test microorganisms. 

Table 1
Screening of antibacterial activity of fucoidan aginst marine 
ornamental fish pathogens.
Bacteria Zone of inhibition (mm) MIC

(mg/mL)Fucoidan
(20 mg/mL)

Positive control
(20 mg/mL)

Aeromonas hydrophila   7.04依0.25 28.00依0.20 10.0
Enterobacter sp.   5.70依0.17  27.00依0.13 10.0
P. aeruginosa   7.60依0.12  28.00依0.26   5.0
Streptococcus sp.   6.20依0.27  25.00依0.22 10.0
E. coli   5.83依0.15  28.00依0.27 10.0
V. parahaemolyticus 16.23依0.11   29.00依0.13   2.5
V. alginolyticus 15.60依0.36   30.00依0.21 10.0
Vibrio cholerae 11.30依0.41   29.00依0.24 10.0
Y. enterocolitica  5.10依0.24   27.00依0.15 10.0
Proteus sp.  5.60依0.29   27.00依0.32 10.0

2.7. Statistical analysis

   Unless stated otherwise, all experiments were performed in 
triplicate. The data were expressed as mean依SD. Statistical 
analysis was done by origin 6.1 version software.

3. Results

   The yield of extracted fucoidan was (4.27依0.33)% and it 
contains the (66.86依0.23)% of fucose, (19.47依0.28)% of sulphate 
respectively. The IR band was obtained at 2 927 cm-1. It 
indicated that the presence of CH stretching of pyranoid 
ring and C-6 group of fucose and galactose units. The 
characteristic IR band was observed at 839 cm-1, caused 
mainly due to the C-O-S bending vibration of sulfate 
substituent the axial C-4 position. The strong IR bands were 
observed in the region of 1 120 and 1 045 cm-1, was due to 
the presence of C-C and C-O stretching vibrations in the 
pyramid ring and C-O-C stretches of the glycosidic bonds. 
The IR band at 1 255 cm-1 was attributed to the presence of 
asymmetric O=S=O stretching vibration of sulfate esters with 
some contribution of COH, CC and CO vibrations (Figure 1).
   In the present study, 1H NMR spectrum was given in Figure 2. 
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Figure 1. FTIR analysis of fucoidan from T. ornata.
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The signals at 1.797 ppm at 1[H] indicated the presence of 
alkyl at sulfonyl attached proton and 3.5 to 4.5 ppm assigned 
at methoxy attached proton at H-4 position. The signal at 
4.698 ppm at 1[H] was attributed to the presence 3-linked 
d-galactopyranosyl.
   For the present study, antibacterial effect of fucoidan 
was performed against the fish bacterial pathogens by agar 
well diffusion method. The result was displayed in Table 1. 
The maximum activity (16.23依0.11) mm was obtained for V. 
parahaemolyticus and the minimum activity (5.1依0.24) mm 
was obtained for Y. enterocolitica. The MIC of fucoidan was 
displayed in Table 1. The MIC of was recorded between 2.5 to 
10.0 mg/mL to the respective pathogens.

4. Discussion 

   In recent years the utilization of the fucoidan as a natural 
medicine for treating the pathogens in aquaculture has 
been studied by various authors[4,10,11]. The major functional 
group of the fucoidan was validated by FTIR. In this study, 
the C-O-S bending vibration of sulfate substituent the 
axial C-4 was observed at 839 cm-1. The IR band in 836-840 
cm-1 which is corresponding to the characteristic of C-O-S 
stretching of sulfate group of fucoidan. In this study, 
fucoidan was validated by the 1H NMR and peaks were 
obtained at 1.797, 3.5 to 4.5 and 4.698 ppm respectively. 
It showed that the fucoidan from T. ornata contains the 
sulphate, fucose and D-galacton. In agreement with present 
NMR result, Ale et al.[12] also reported the presence of 
3-linked d-galactopyranosyl unit in fucoidan.
   In this study, fucoidan showed the antimicrobial effect 
against the bacterial pathogens. In agreement with the 
present study, Chotigeat et al.[13] proved that the crude 

fucoidan from Sargassum polycystum showed the activity 
against the bacterial pathogens such as Vibrio harveyi, 
Staphylococcus aureus (S. aureus) and E. coli. Similarly, Lee 
et al.[14] reported that the synergistic effect of fucoidan with 
antibiotics against oral pathogenic bacteria. In addition, 
Pierre et al.[15] also reported the antimicrobial activity of 
sulfated polysaccharides from Chaetomorpha aerea aginst 
the several human bacterial pathogens such as S. aureus, 
Salmonella enteretidis, P. aeruginosa, Enterococcus faecalis, 
Bacillus subtilis, Micrococcus luteus and Candida glabnata. 
Moreover, in the present study, it was showed that the 
fucoidan possessed significant antibacterial effect against 
Vibrios pathogens such as V. parahaemolyticus [(16.23依
0.11) mm] and V. alginolyticus [(15.6依0.36) mm]. It was 
suggested that the fucoidan-polysaccharide would be used 
as a natural antibiotic treatment to vibrios in aquaculture 
practice. In addition, the present study, suggested that the 
(19.47依0.28)% of sulphate content in the sample may be the 
reason for its antibacterial activity. However, further study 
is required to investigate the antibacterial activity of the 
sulfate content of fucoidan from some other seaweeds. In 
conclusion, the results of the present study provide the good 
reason for assessment of fucoidan from brown seaweed, 
T. ornata as an option to antibiotics to control bacterial 
diseases in aquaculture practice. The present results 
suggest that further in vivo challenging study is needed 
against the principal bacterial pathogens in future blooming 
aquaculture. 
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Figure 2. 1H NMR analysis of fucoidan from T. ornata.
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Comments 

Background
   The demand of marine ornamental fishes in the worldwide 
market has been increasing due to their attractive colors. 
Using antibiotics to treat diseases is not advisable because 
of creating resistant bacteria. Therefore this research is good 
trial to overcome this problem in future. 
  
Research frontiers
   The present research work depicts antibacterial potential 
of fucoidan against the marine ornamental fish pathogens. 
For that, the fucoidan-polysaccharide was isolated from 
the seaweed and purified. Further the fucoidan was 
characterized by FTIR and NMR spectroscopy and the 
antibacterial activity of the fucoidan was analyzed.

Related reports
   Chotigeat et al.[13] reported that the fucoidan showed the 
activity against V. harveyi, S. aureus and E. coli. Similarly, 
Lee et al.[14] also reported that the synergistic effect of 
fucoidan with antibiotics against oral pathogens. Recently, 
Pierre et al.[15] reported antimicrobial activity of sulfated 
polysaccharides from Chaetomorpha aerea against the 
several human bacteria.

Innovations and breakthroughs
   Based on the literature survey, this is the first kind study 
demonstrated the antibacterial activity of fucoidan from 
T. ornata against the marine ornamental fish pathogens. 
Fucoidan showed the considerable antibacterial activity 
against the vibriosis.
  
Applications
   The results of the study suggested that the fucoidan from 
brown seaweed, T. ornata as an option to antibiotics to 
control bacterial diseases in aquaculture practice.

Peer review
   The research is certainly innovative, and has the potential 
to be a valuable means of disease control in aquaculture. 
The authors have clearly demonstrated the methodology. The 
author’s effort of confirmation of fucoidan through FTIR and 
NMR analysis is appreciable. However, the authors suggested 
that further in vivo study is required to get the mode of 
action of fucoidan against the bacterial pathogens.
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