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Abstract: The marine brown algae Turbinaria conoides was extracted with different solvents, viz., acetone, ethanol, methanol and 
distilled water. The extracts were screened for the presence of various phytochemicals and examined for antibacterial activity by 
agar well diffusion method. Diabetic foot ulcer (DFU) associated bacteria and their respective standard strains, such as 
Staphylococcus aureus ATCC 5923, Pseudomonas aeruginosa ATCC 27853, Klebsiella pneumoniae ATCC 700603 and Enterococcus 
faecal ATCC 25922 were used as test bacteria. Among the different solvent extracts, the aqueous extract possessed the maximum 
zone of inhibition against both test and standard bacterial strains. The minimal inhibitory concentration (MIC) and minimal 
bactericidal concentration (MBC) of the aqueous extract against test pathogens were 128-4µg. The eluent mixture for separating 
the active fraction was selected by thin layer chromatography (TLC), which was found to be n-hexane: ethylacetate (6:4) with a 
maximum of four spots. In column chromatography, 25th -27th-minute fractions showed maximum antibacterial activity against all 
the DFU bacterial strains. Our study aims to find the use of T. conoides for treating DFU-associated bacterial infections. The 
objectives include exploring different solvent extracts of T. conoides for antibacterial activity and characterization of bioactive 
metabolite. 
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1. INTRODUCTION 
  
Marine organisms serve as a promising source for 
pharmacologically potential bioactive secondary metabolites1. 
Due to their enormous molecular diversity and fascinating 
pharmacological effects, marine natural products constitute a 
unique source of bioactive molecules that have attracted the 
attention of drug developers in recent years 2. Some marine 
compounds have entered the market and are currently being 
utilized as medicines providing a valuable road map for further 
translational initiatives3. The marine algae are broadly classified 
into microalgae that consist of dinoflagellates, blue-green algae, 
bacillariophyte, and diatoms found in coastal, benthic and 
throughout the sea4. Further, macroalgae (Seaweeds) are 
classified into three different types such as red algae 
(Rhodophyta), brown algae (Phaeophyta) and green algae 
(Chlorophyta), which are found in coastal regions5. Macro 
algae are eukaryotic organisms and are the primary source of 
microbial diversity6. They are exposed to harsh environmental 
conditions in the marine ecosystem and produce metabolites 
to challenge their survival7. Marine algae are mainly used for 
industrial manufacturing hydrocolloids like agar-agar, alginate, 
and carrageenan, not for health reasons8. They are reported 
to produce a wide range of bioactive metabolites, including 
alkaloids, anthocyanin, reducing sugars, terpenoids, quinones, 
and flavonoids with antimicrobial, antioxidant, 
antiinflammatory and cytotoxic activity9. Among the marine 
macroalgae, brown algae (Phaeophyceae)are the second most 
abundant group10. The brown algae Turbinaria belong to the 
family Sargassaceae (brown algae). The order of Fucales 
consists of 22 species. The highest diversity of the genus 
Turbinaria was found in southwest Asia akin to India, Srilanka 
with 14 species11 and available throughout different seasons12. 
The chemical constituents of Turbinaria conoides have yet to be 
explored much that may serve as a captivating source of active 
chemicals13. Further, T.conoides found in the south Pacific 
Ocean have been exploited less for bioactive metabolites. 
There have been numerous reports on the antioxidant 
property of T.conoides, but information on antibacterial activity 
is very scarce. Hence, the present study focused on utilizing 
algal extracts for compacting DFU-associated bacterial 
pathogens. Finding novel pharmacological molecules, 
particularly antibacterial and antimicrobial, has recently 
attracted much interest from many experts since antibiotic 
resistance poses a severe problem in the ultra-modern 
therapeutic era 14. The risk of bacterial infections increases 
due to antibiotic resistance, increasing morbidity and death. 
About 19% to 34% of those with diabetes mellitus are 
susceptible to developing DFU15. According to the World 
Health Organization (WHO), the diabetic foot is an infection, 

ulceration, or destruction of deep tissues in the lower leg 
accompanied by neurological and varied degrees of peripheral 
vascular disease16. The most common pathogenic bacteria 
associated with DFU include gram-positive organisms such as 

Staphylococcus aureus and Enterococcus faecalis and gram-
negative organisms like Pseudomonas aeruginosa, Escherichia coli, 
Klebsiella sp, Proteus sp, etc.,17. The bacterial association in DFU 
develops multidrug resistance, increasing morbidity and 
mortality.   Hence, there is increasing demand for novel drugs, 
especially antibacterial agents, to compact antibiotic 
resistance. The present study includes characterizing the 
bioactive metabolite and investigating the antibacterial activity 
of various solvent extracts of T. conoides to treat bacterial 
infections related to DFU. The methods used for investigation 
include (i) collection, authentication and preparation of marine 
seaweed extracts, (ii)   phytochemical analysis, (iii) 
determination of antibacterial activity by agar well diffusion and 
micro broth dilution method, (iv) purification of bioactive 
metabolite. The present work shows that the aqueous extract 
of marine seaweed T. conoides possesses excellent antibacterial 
activity against both common and DFU-associated bacteria 
that might have possible applications in biomedical sectors. 
 

2. MATERIALS AND METHODS 
 

2.1. Collection of marine seaweed Turbinaria conoides 
 
The marine seaweed Turbinaria conoides was collected from 
Krusadai Island in the Gulf of Mannar. Their taxonomic naming 
was confirmed by comparing it with the acknowledged 
collection in the Herbarium of Botany department, Queen 
Mary's College, Chennai18. Further, the collected sample was 
authenticated by Dr E. Palanisamy, Scientist – E, Central 
National Herbarium, Botanical Survey of India, Howrah, with 
voucher reference no. CNH/Tech. II/2022/141/1230. The 
samples were cleaned and rinsed using sterile distilled water 
to remove adhering debris. Samples were dried under a 
sunshade for seven days and ground in an electric mixer. The 
powdered samples were used for further studies. 
 

2.2. Preparation of marine seaweed extracts 
 
The powdered seaweed (25g) was extracted with acetone, 
ethanol, methanol and distilled water using a soxhlet 
apparatus. The resulting organic extracts were concentrated 
to dryness under reduced pressure at 30 - 35°C with a rotary 
evaporator. The residues (crude extracts) were collected and 
stored at –20°C in airtight vials until further use19. The yield 
of 25 g powder was calculated by using the formula.

 

 
 

2.3. Phytochemical analysis of Turbinaria conoides 
 
The phytochemical constituents including alkaloids, 
anthocyanin, combined anthraquinones, cardiac glycosides, 
coumarins, flavonoids, glycosides, phenols, phlorotannins, 
quinones, reducing sugar, saponins, steroids, tannins and 
terpenoids of T. conoides was tested20- 23. 
 

2.4. Determination of antibacterial activity  
 

2.4.1. Bacterial strains 
 

The multidrug-resistant isolates of diabetic foot ulcer (DFU) 
such as Staphylococcus aureus, Klebsiella pneumoniae, 
Pseudomonas aeruginosa, and Enterococcus faecalis with the 
appropriate control strain (Staphylococcus aureus ATCC 
25923, Pseudomonas aeruginosa ATCC 27853, Klebsiella 
pneumoniae ATCC 700603 and Enterococcus faecalis ATCC 
25922) were acquired from Dr A. Suresh, Scientist, Meenakshi 
Medical College Hospital & Research Institute, Enathur, 
Kanchipuram were used. The strains were sustained on 
nutrient agar slants at 4ºC24. 
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2.4.2. Preparation of inoculums 
 
 The bacterial strains were cultured on Muller Hinton broth 
(MHB) and incubated at 37ºC for 24 h. The cultures were 
diluted with fresh MHB to achieve O.D. corresponding to 0.5 
(i.e., 10 5 to 10 6 CFU/ml using Mac Farland's standard). 
 

2.4.3. Agar well diffusion assay 
 
 The antibacterial activity of the brown algae T. conoides was 
evaluated using agar well diffusion. The bacterial test inoculum 
was seeded separately onto the surface of Muller Hinton agar 
(MHA) plates using a sterile cotton swab. About five wells of 
6.0 mm diameter were aseptically made using the wide end of 
the sterile corn borer on the MHA plates seeded with target 
microorganisms. The crude extracts were reconstituted with 
dimethylsulfoxide (DMSO) to a final concentration of 0.5 

mg/ml. The wells were then filled with 100 μl of each section. 
The DMSO was used as a negative control. Amoxicillin (10µg) 
was used as a positive control. The plates were left for two 
hrs for complete diffusion and then incubated overnight at 
37±1ºC. The diameter of inhibition zones, including the 
diameter of the well (6 mm), was measured and compared to 
that of the negative control. Each test was made in triplicate, 
and the average of the three replicates for each extract was 
calculated 25. 
 

2.4.4. Evaluation of minimum inhibitory and bactericidal 
concentration 

 
The MIC and MBC of the algal extract against the standard and 
bacterial test strains were carried out using the micro broth 
dilution method. Algal extracts were serially diluted with 
dimethyl sulfoxide to obtain concentrations of 256, 128, 64, 
32, 16, 8, 4, and 2 µg/100µl. Each well was inoculated 
separately with 5 µl of standardized inoculums (108 CFU/ml) 
of the test bacteria and incubated at 37°C for 18 h. The 
experiment included a growth control well (without an 
antimicrobial agent) and a negative control well (un-
inoculated). The MIC was defined as the lowest concentration 
at which no visible growth was observed. In addition, MBC was 
evaluated based on the development in the lowest dilution of 
the well after streaking on MHA plates. The experiment was 
performed in triplicates 26. 
 

2.5. Purification of the bioactive metabolite from 
aqueous extract of marine seaweed 

 

2.5.1. Analytical Thin layer chromatography 
 

An aliquot of crude aqueous extract of T. conoides was spotted 
onto the silica gel plate and allowed to dry for a few minutes. 
The chromatogram was run using different solvent systems 
such as chloroform: methanol; dichloromethane: methanol; n-
hexane: ethyl acetate and ethyl acetate: acetone in the ratio of 
1:2, 7:3, 6:4, and 2:1, respectively. The developed plate was 
dried under normal air, and the spots were visualized under 
U.V. light. The retention factor values of isolated compounds 
were calculated. 
 

2.5.2. Column chromatography 
 
The active fraction was further extracted from crude extract 
using a silica gel column in stepwise elution mode. The natural 
section of T. conoides was loaded onto an open preparative 
chromatography column (30 cm X 7.5 cm i.d.) and eluted at a 

flow rate of 1 ml/s with a gradient mode of mixture n-hexane: 
ethylacetate (6:4, v/v). The fractions eluted were collected at 
the interval of 10 mins. The particles were collected and tested 
for antibacterial activity using the agar well diffusion method 
against test bacterial strains. 
 

3. STATISTICAL ANALYSIS 
  
Results were presented as mean ± standard error mean (SEM) 
of three replicates. The statistical analysis was performed using 
Graph Pad Prism software (version 8). Data obtained were 
analyzed statistically to determine the degree of significance 
using a one-way analysis of variance (ANOVA) with Tukey's 
multiple comparisons tests. 
 

4. RESULTS AND DISCUSSION 
 

4.1. Collection, Identification and Extraction of 
seaweed 

 
 The algal samples were collected from the Gulf of Mannar and 
were aseptically transferred to the laboratory. Ramesh et al.,27 
fields investigated the Gulf of Mannar and suggested Turbinaria 
sp. must be exploited for bioactive metabolites of industrial 
importance. In the current study, the collected algae showed 
characteristic leaves (blades) of Turbinaria conoides with 
longitudinal, lateral ridges. In addition, the blisters were 
predominant, making the leaf's distal end inflated (Figure 1). 
Rohfritschet al.,28 distinguished the characteristic features of 
two morphologically similar species of Turbinaria, including T. 
conoides and T. ornate and described the inflated appearance of 
blades with no marginal teeth as the main characteristics of T. 
conoides. The shade-dried sample was powdered and extracted 
using acetone, ethanol, methanol and distilled water. The 
extraction yield from T. conoides is illustrated in Table 1 with 
different solvents that yielded different amounts of crude 
extract, with aqueous extract achieving the highest outcome. 
This resulted from seaweeds consisting of many polar 
constituents, including carbohydrates, which can account for 
almost 20% of the dry weight, followed by proteins and lipids 
29. 
 

4.2. Phytochemical analysis of Turbinaria conoides 
 
 Due to their abundance of secondary metabolites of 
potentially bioactive chemicals such as terpenoids, 
phlorotannins, phenolics, flavonoids, fucoidans, sterols, and 
glycolipids, brown seaweeds constitute a significant source of 
renewable resources for the commercial sector30.In our study, 
Phytochemical data of brown seaweed T. conoides (Table 2) 
shows distinct patterns of chemical compositions in 
constituents of the extracts. It was found that phenol and 
coumarins were present in all the sections. The aqueous 
extract contains phytoconstituent phenol endorsed as algal 
cells' maximum significant chemical additive. It may have a 
stimulating or inhibiting influence on microbial growth 
depending on their establishment and concentration31. In 
addition, phenol compounds possess radical scavenging, metal 
chelating, and hydrogen-donating properties32. The terpenoids 
from Dictyotaceae exhibit bioactivities along with inhibition of 
herbivores and antifungal, antibiotic, anti-inflammatory, 
cytotoxic, insecticidal and antiviral activities31. Phlobatannins 
have proven to possess anti-inflammatory, antioxidant and 
wound-healing properties33. The aqueous extract includes 
anthraquinones, coumarins, reducing sugars and saponins of 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4962305/table/T1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4962305/table/T1/
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algae broadly used in the pharmaceutical industry and, thus an 
essential source of bioactive natural substances.  
 
4.3   Determination of antibacterial activity   
 
The inhibitory effects of Ulva lactuca (Chlorophyta), Dilophus 
spiralis (Phaeophyta), and Jania Rubens (Rhodophyta) against 
gram-positive and gram-negative bacteria were examined by 
Saleh and Al-Mariri34. It was hypothesized that Phaeophyta 
extracts were more effective against tested isolates than 
Chlorophyta and Rhodophyta because they contained more 
phenolic compounds. Several authors endorsed that among 
different algal divisions, Phaeophyta possesses maximum 
antibacterial activity35,36,37,38. In our study, the antibacterial 
activity of T.conoides solvent extract was in the order of 
aqueous extract>acetone>methanol>ethanol (Table 3 and 
Figure 2). The aqueous extract was found to possess broad-
spectrum antibacterial activity. It showed a maximum zone of 
inhibition against standard Enterococcus faecalis (25.80±0.28 
mm), Pseudomonas aeruginosa (21.17±0.37 mm) and DFU-
associated Enterococcus faecalis (28.57±0.34 mm), Pseudomonas 
aeruginosa (20.33±0.08 mm). The last zone of clearance with 
aqueous extract was recorded against both standard and DFU-
associated Staphylococcus aureus with the area of inhibition of 
12.17±0.18 and 15.10±0.15 mm, respectively. The 
intermediate zone of inhibition with aqueous extract was 
recorded against both standard and DFU-associated Klebsiella 
pneumoniae with the area of inhibition of 14.77±0.14 and 
18.9±0.3 mm. It was found that acetone extract of T. conoides 
inhibits all test bacteria with the maximum zone of inhibition 
recorded against Pseudomonas aeruginosa ATCC 27853 
(18.73±0.38 mm) and DHU associated Enterococcus faecalis 
(18.65±0.15 mm). The methanol extract was found to inhibit 
with the most miniature zone of inhibition against all the test 

bacteria. However, ethanol extract showed no zone of 
inhibition against standard Staphylococcus aureus and DFU-
associated Staphylococcus aureus and Pseudomonas aeruginosa. 
Bochum et al.39 also reported that T. conoides aqueous extract 
possesses better antibacterial and antifungal activity than 
ethanol extract. Ganapathy et al.,40 also extracted bioactive 
fucoidan using the hot water extraction method. Shibu and 
Dhanam 41 collected T. conoides from the coastal area of 
Mandapam, Gulf of Mannar, Tamil Nadu in India and reported 
antifungal activity of the extracts. The MIC and MBC of 
aqueous extract of T. conoides tested by micro broth dilution 
technique against standard Staphylococcus aureus, Klebsiella 
pneumoniae, Pseudomonas aeruginosa, and Enterococcus faecalis 
were found to be 64/128 µg, 128/128 µg, 32/64µg, 16/16 µg. 
DFU bacterial strains Staphylococcus aureus, Klebsiella 
pneumoniae, Pseudomonas aeruginosa, and Enterococcus faecalis 
showed MIC/MBC of 32/64 µg, 64/64 µg, 16/32 µg, and 8/16µg, 
respectively (Table 4). The antibacterial activity of T. conoides 
may be related to secondary metabolites like phenol and 
terpenoids that inhibit bacterial metabolism and growth42.  
 

4.4 Characterization of the active metabolite 
 
 In TLC maximum of four different spots with Rf value ranging 
from 0.36-0.78 when n-hexane: ethylacetate (6:4) is used as a 
solvent system (Figure 3). This eluent mixture was selected for 
column chromatography since it produced more spots. Zubair 
et al.,43 selected n-hexane: ethyl acetate (7:3) as an eluent 
mixture for seaweed Turbinaria ornate methanol extract. In 
column chromatography, 25-27 minute fractions showed 
maximum antibacterial activity against all the DFU bacterial 
strains. 

 

Table 1: Extraction yields of Turbinaria conoides, extracted using different solvents  

Solvent Average % yield 

Distilled water 35±0.3 

Methanol 22±0.5 

Ethanol 16±0.6 

Acetone 12±0.2 
 

Data (n=3) is presented as the mean ± SEM. 

 
The average percentage yield was found to be high in water, i.e., aqueous extract, due to the presence of more polar constituents 
and the lowest work was obtained in acetone extract. The intermediate yield was achieved in methanol and acetone extract of 
Turbinaria conoides. 
 

Table 2: Phytochemical analysis of different solvent extracts of T. conoides 

S.No Phytochemical compounds Acetone Ethanol  Methanol Aqueous 

1 Alkaloids + + - - 

2 Anthocyanin - - - - 

3 Combined anthraquinones - - + + 

4 Cardiac glycosides - - - - 

5 Coumarins + + + + 

6 Flavonoids - - + - 

7 Glycosides - + + - 

8 Phenols + + + + 

9 Phylobatannins - - - + 

10 Quinones - + + - 

11 Reducing sugar - - - + 

12 Saponins - + + + 

13 Steroids - + - - 
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14 Tannins - - - - 

15 Terpenoids - + + + 
 

+  indicates the presence of phytochemical and – means the absence of phytochemical 

 
The presence of anthraquinones, coumarins, phenols, phlorotannins, reducing sugars, saponins and terpenoids in aqueous extract 
indicates its bioactive potential. 
 

Table 3: Antibacterial activity of T.conoides solvent extracts against the standard and DFU-associated bacteria 

 
Test strains 

Zone of inhibition (mean ± SEM) 

Amoxicillin 
10µg 

Acetone 50 µg Ethanol 50 µg Methanol 50 
µg 

Aqueous50 µg   

Staphylococcus aureus 
ATCC 25923 

31.7±0.33 10.23a5c5d2e4 ±0.14 
 

- 9.3a5b2c5e5±0.15 8.5a5b4c5d5 
±0.18 

Pseudomonas aeruginosa 
ATCC 27853 

- 18.73a5c5d5e4±0.38 14.23a5b5d5e5 
±0.14 

10.33a5b5c5e5 
±0.08 

21.17a5b4c5d5 
±0.37 

Klebsiella pneumoniae 
ATCC 700603 

31.53±0.60 
 

11.83a5c4d4e4 
±0.26 

10.07a5b2d1e5 

± 0.17 
8.92a4b2c4e5±0.29 
 

14.77a5b4c5d5 
±0.14 

Enterococcus faecal 
ATCC 25922 

19.27±0.54 9.133a5c1d1e5±0.23 8.78a5b1d1e5±0.28 8.63a5b1c1e5±0.23 
 

25.80a5b5c5d5 
±0.28 

                           Multidrug-resistant DFU bacterial pathogens 

Staphylococcus  aureus 21.17±0.37 
 

11.20a5c5d4e5±0.23 
 

- 9.36a5b4c5e5±0.08 
 

15.10a5b5c5d5±0.15 

Pseudomonas aeruginosa - 15.33a5b5d5e5±0.26 - 8.16a5b5c5e5±0.08 20.33a5b5c5d5±0.08 

Klebsiella  pneumoniae 8.2±0.2 15.2a5b5d5e5±0.23 8.93a1b5d3e5±0.46 7.03a2b5c3e5±0.14 12.17a5b5c5d5±0.3 

Enterococcus  faecal 12.6±0.17 18.65a5c5d5e5±0.15 15.10a5b5c5d5±0.15 11.87a1b5c5d5±0.2 28.57a5b5c5d5±0.34 
 

- No activity 
 

Values are expressed as Mean ± SEM (n=3); analysis was 
performed with One-Way ANOVA followed by Tukey test 
with Post Hoc multiple comparisons; a compared to the 
positive control, b compared to acetone, c compared to 
ethanol, d compared to methanol, e compared to aqueous; 1 p 
≥ 0.05, 2p< 0.05, 3p<0.01, 4 p<0.001, 5p<0.0001 The 

antibacterial activity of the different solvent extract against 
standard and DFU associated bacteria was tested by agar well 
diffusion method. Amoxicillin (10 µg) was used as the positive 
control, and DMSO was used as a negative control. Among 
the solvent extract, the aqueous extract of T. conoides was 
found to possess broad-spectrum antibacterial activity.

 

Table 4: MIC and MBC of aqueous extract of T. conoides against the standard and DFU-associated bacteria 

Test Strains  Aqueous extract of T. conoides 

MIC (µg) MBC (µg) 

S. aureus ATCC 25923 64 128 

P. aeruginosa ATCC 27853 128 128 

K. pneumoniae ATCC 700603 32 64 

E. faecalis ATCC 25922 16 16 

Multidrug Resistant Diabetic Foot Ulcer Isolates  

S. aureus 32 64 

P. aeruginosa 64 64 

K. pneumoniae 16 32 

E. faecalis 8 16 
 
The MIC and MBC of T. conoides aqueous extract were tested by micro broth dilution. The concentration tested include 256, 128, 
64, 32, 16, 8, 4, and 2 µg/100µl of aqueous extract. The aqueous extract of T. conoides was found to effectively inhibit the growth 
and kill the common and multidrug-resistant diabetic foot ulcer bacterial isolates. The standard and drug-resistant isolates of 
Enterococcus faecalis were found to be sensitive in the minor concentration, whereas Pseudomonas aeruginosa was inhibited at the 
highest concentration. 
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Fig. 1: Turbinaria conoides collected from Krusadai Island in the Gulf of Mannar 
 

 
 

Fig.2. Antibacterial activity of T.conoides against common and DFU-associated bacteria was tested  
by agar well diffusion method. 

 
The bar graph illustrates the zone of inhibition pattern of acetone, ethanol, methanol and aqueous extract of T.conoides against 
test bacteria. The error bar indicates the mean ±SEM. 



 

ijlpr 2023; doi 10.22376/ijlpr.2023.13.2.L202-L210                    Botany 

 

L208 

 

 
 

Fig. 3. TLC chromatogram showing four spots with Rf value ranging from 0.36-0.78 using n-hexane:  
ethylacetate (6:4) as solvent system 

 

5. CONCLUSION 
 
The present study concludes that the aqueous extract of 
marine brown algae T. conoides have promising broad-
spectrum antibacterial activity against DFU-associated 
bacterial pathogens. However, further investigation is 
necessary to understand better the bioactive compound and 
pathway involved in antibacterial activity. 
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