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ABSTRACT 
 

Marine algae are known as source of bioactive secondary metabolites. Twenty macroalgae were 
collected from Mandapam cost, Gulf of Mannar, Rameswaram were tested against two-gram 
negative bacteria’s using agar well diffusion method. The following species were used in the current 
study include seven species in Chlorophyta (Caulerpa peltata, Ulva lactuca, Halimeda gracilis, 
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Chaetomorpha aerea, Cladophora vagabunda, Enteromorpha flexuosa, Halimida macroloba), 
seven in Phaeophyta (Sargassum cinereum, Padina boergesenii, Sargassum cristaefolium, 
Turbinaria decurrens,  Turbinaria conoides, Hydroclathrus clathratus, Lobophora variegate) and six 
in Rhodophyta (Hypnea spicefera, Solieria robusta, Porphyra indica, Ceramium rubrum, Gelidiella 
acerosa  Gracilaria edulis). They were air-dried thoroughly and powdered using a grinder. 
Powdered algae were extracted using solvents such as water, ethanol and methanol. In the present 
study ethanol extract was found to be excellent antibacterial activity from macroalgae. Among the 
selected Twenty different macroalgae the red algae (Rhodophyta) showed the higher antibacterial 
activity followed by brown (Phaeophyta) and green (Chlorophyta) against the tested two selective 
negative bacteria (Pseudomonas aeruginosa and Klebsiella pneumoniae).  This finding supports the 
view that algal extracts are a reliable source of bioactive compounds for upcoming medication 
development. 
 

 
Keywords: Macroalgae; secondary metabolites; Pseudomonas aeruginosa; Klebsiella pneumoniae; 

antibacterial activity. 
 

1. INTRODUCTION 
 
There is more interest in marine species as a 
result of an increase in demand for testing new 
therapeutic medications made from natural 
resources. Seaweeds are also known as marine 
macroalgae, are plant-like organisms that often 
are alive and adhering to rock or other hard 
surfaces in coastal environments [1,2]. They 
belong to three major groups Chlorophyta 
(green), Phaeophyta (Brown) and Rhodophyta 
(Red). In the past 40 years, marine macroalgae 
(seaweeds) generated over 3000 novel chemical 
structures that are physiologically active, the 
majority of which were isolated from the phylum 
Rhodophyta [3,4]. A never-ending supply of raw 
materials for the culinary, pharmaceutical, food 
and cosmetic sectors comes from marine algae 
[5]. Substances like alginate, carrageenan and 
agar were obtained from marine macroalgae are 
used in the field of medicine and pharmacy for 
decades [6,7]. Several seaweeds have bioactive 
components that stop some Gram positive and 
Gram-negative bacterial pathogens from growing 
[8].  
 
Although little research has been done to 
establish the ecological function of these 
chemicals, macroalgae constitute a rich source 
of naturally occurring bioactive molecules [9] and 
the use of marine natural products with the ability 
to prevent bacterial growth offers significant 
pharmacological potential [10]. The antibacterial 
properties of marine algae against                    
various diseases have received particular 
interest [11].  
 
Pseudomonas aeruginosa gram-negative 
bacteria which belong to the family 
Pseudomonadaceae and in clinics, P. 

aeruginosa has emerged as an opportunistic 
pathogen [12]. To build an infection, P. 
aeruginosa takes advantage of gaps in the host's 
defence. P. aeruginosa is the poster child for an 
opportunistic human infection, in fact. The 
bacterium seldom infects healthy tissues, but it 
can enter any tissue that is suffering from 
immunodeficiency [13]. Klebsiella pneumonia is a 
gram-negative bacterium which belongs to 
Enterobacteriaceae and it has the ability of 
colonizing invading and causing infection to the 
human body [14]. The opportunistic bacterial 
pathogen Klebsiella pneumoniae is renowned for 
producing antibiotic resistance genes with a             
high frequency and variety [15] An increasing                  
public health concern for developing countries 
like Bangladesh, where resources are limited, is 
the global spread of multi-drug resistant               
(MDR) strains of Klebsiella pneumoniae [16,17]. 
 
In human population and aquaculture organism 
the bacterial infection causes high morality [18]. 
Due to widespread diseases and the widespread 
indiscriminate use of antibiotics, the usage of 
antibiotics has substantially increased in the 
modern era [19]. It has been demonstrated that 
the extracts and active components of certain 
marine algae have antibacterial action against 
Gram positive and Gram-negative bacteria [20]. 
One of the most potent and effective 
developments in contemporary science & 
technology for the prevention and treatment of 
infectious diseases is the discovery and 
development of antibiotics [21]. In this study we 
aim to screen aqueous, methanol and ethanol of 
Twenty marine macro algae belongs to               
three different seaweed groups to identify and 
assess the antibacterial activity against 
Pseudomonas aeruginosa and Klebsiella 
pneumoniae. 
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2. MATERIALS AND METHODS 
 

2.1 Collection of Macroalgae 
 
The fresh macroalgae where collected in the 
region of Mandapam Coast, Gulf of Mannar, 
Rameswaram, Tamil Nādu, India (Fig. 1). Totally 
there are Twenty species of macroalgae were 
collected that includes seven species in 
Chlorophyta (Green) are Caulerpa peltata, Ulva 
lactuca, Halimeda gracilis , Chaetomorpha 
aerea, Cladophora vagabunda, Enteromorpha 
flexuosa and Halimida macroloba, seven species 
in Phaeophyta (Brown) that includes Sargassum 
cinereum, Padina boergesenii, Sargassum 
cristaefolium, Turbinaria decurrens,  Turbinaria 
conoides, Hydroclathrus clathratus and 
Lobophora variegata and six species in 
Rhodophyta (Red) includes Hypnea spicefera, 
Solieria robusta, Porphyra indica, Ceramium 
rubrum, Gelidiella acerosa and Gracilaria edulis. 
The collected macroalgal species were identified 
by the experts in these fields using standard 
literature and taxonomic keys and online 
database [22,23], WoRMS; AlgaeBase). The 
algae were thoroughly washed with tap water to 
remove any contaminants, then washed thrice 
with distilled water and shade dried at room 
temperature (2 weeks). Then, the shade-dried 
algae were ground well into a fine powder by 

using an electrical blender and used for later 
extractions. 
 

2.2 Preparation of Macroalgal Extract 
 
The Macroalgae were taken to make into a fine 
powder. All the powdered Macroalgal samples 
were stored in air tight glass containers. The 100 
g of each powdered seaweed was taken in the 
separate conical flask and 300 mL of each 
solvent aqueous, methanol and ethanol was 
added into it [24-27]. Then it is kept in shaker for 
7 days in room temperature 280C. After filtration 
through Whatman No. 1 filter paper, the extract 
was collected and all the obtained extracts were 
concentrated under a reduced pressure using a 
rotary evaporator and dried in air (in a petri dish) 
to obtain a paste extract. The obtained dried 
paste extract was then stored at 4 °C for further 
bioassay. 
 

2.3 Collection of Bacterial Strain 
 
The antibacterial activity of seaweed extract was 
tested against two selective negative bacterial 
strains. The bacterial strains of Pseudomonas 
aeruginosa and Klebsiella pneumonia was 
obtained from MTCC, Chandigarh, India. Each 
bacterial strain was subculture overnight at 350C 
in nutrient agar slant. 

 

 
 

Fig. 1. Macroalgae sampling sites along the Palk Bay and Gulf of Mannar 
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2.4 Agar Well Diffusion Method 
 
The agar well diffusion method was used for 
antibacterial assay of different solvent extracts. 
The Muller Hilton agar was used for this assay. 
An aliquot of culture was evenly swabbed by 
using sterile cotton swab on the solidified agar 
and the wells were made in the diameter of 6 mm 
by using sterile cork borer. The crude extract 
obtained from macroalgae was inoculated 
(µg/mL) in the each well and incubated for 24 
hours at 370C. Here, the Azithromycin is used as 
positive control. After the incubation period the 
zone inhibition of each extract was measured by 
zone scale. Triplicate was done to confirm the 
antibacterial activity of each extract against two 
selective negative bacteria. The data from the 
triplicates were transformed into mean (M) and 
standard deviation (SD) values using the MS 
Excel tool (SD) [28]. 
 

3. RESULTS AND DISCUSSION 
 
The results show the antibacterial activity of the 
Macroalgal extract against two selective negative 
bacteria Pseudomonas aeruginosa and 
Klebsiella Pneumonia by using three different 
solvents such as aqueous, methanol and 
ethanol. The antibacterial activity of three 
different solvents were shown in the Table 1. 
Among the three different solvents ethanol and 
Methanol show the highest antibacterial activity 
against two selective negative bacteria (Tables 3 
& 4). Among the 20 species of macroalgae the 
maximum zone of inhibition (14.67 ± 0.58 mm) 
was noted in ethanolic extract of Turbinaria 
conoides and Soleiria robusta against Klebsiella 
pneumonia (Table 4; Fig. 6). Based on the 
results of the all the macroalgae the ethanolic 
extract obtained from Hypenea spicefera (13.67 
± 0.58 mm), Caulerpa peltate (13.33 ± 0.58 mm 
& 13.67 ± 0.58 mm), Gracilaria edulis (12.67 ± 
0.58 mm & 11 ± 1 mm), Halimida macroloba 
(14.67 ± 0.58 mm & 12 ± 1 mm) and Ulva lactuca 
(12.67 ± 0.58 mm & 12.33 ± 0.58 mm) shows 
maximum zone of inhibition against the tested 
two selective negative bacteria Pseudomonas 
aeruginosa and Klebsiella Pneumonia (Fig. 6 & 
9). And also, the results shows that the Methanol 
extract obtained from Caulerpa peltate (12 ± 
1mm), Ulva lactuca (13.67 ± 0.58 mm), 
Sargassum cristaefolium (13.67 ± 0.58 mm) and 
soleiria robusta (12 ± 1 mm) shows the maximum 
of zone of inhibition activity against Klebsiella 
pneumoniae and also the Methanol extract 
obtained from Porphyra indica (13.67 ± 0.58 mm) 
and Solieria robusta (10.33 ± 0.58 mm) shows 

maximum zone of inhibition against 
Pseudomonas aeruginosa (Table 3; Figs. 5 & 8). 
The water extract obtained from Caulerpa 
peltate, Ulva lactuca (13 ± 1 mm), Chetomorpha 
area (12 ± 1 mm), Turbinaria decurrens (13.33 ± 
0.58 mm), Hydroclathrus clathratus (12.67 ± 0.58 
mm) and Solieria robusta (11.33 ± 0.58 mm) 
results the maximum zone of inhibition activity 
against Klebsiella pneumoniae (Table 2; Figs. 
7&10) and also the water extract of Caulerpa 
peltate (13 ± 1 mm) and Turbinaria decurrens 
(12.67 ± 1.53 mm) showed maximum zone of 
inhibition against Pseudomonas aeruginosa. 
There is no zone of inhibition noted in 
Cheatomorpha area, Gelidiella acerosa, and 
Hypnea spicefera. Among the selected 20 
different macroalgae the red algae (Rhodophyta) 
showed the higher antibacterial activity followed 
by brown (Phaeophyta) and green (Chlorophyta) 
against the tested two selective negative 
bacteria. Similarly, Anne Bansemir et al. [29] 
reported the antibacterial activity of 
Dichloromethane, methanol and water extracts of 
26 species of cultivated seaweeds were 
screened for their antibacterial activities against 
five fish pathogenic bacteria strains (Aeromonas 
salmonicida ssp. salmonicida, Aeromonas 
hydrophila ssp. hydrophila, Pseudomonas 
anguilliseptica, Vibrio anguillarum, Yersinia 
ruckeri). The dichloromethane extracts of 
Asparagopsis armata, Ceramium rubrum, 
Drachiella minuta, Falkenbergia rufolanosa, 
Gracilaria cornea and Halopitys incurvus showed 
strong antibacterial activities. V. anguillarum and 
P. anguilliseptica were the two most susceptible 
bacteria strains. 
 

3.1 Antibacterial activity of Red 
Macroalgae (Rhodophyta) 

 
The initial study of antibacterial activity of red 
algae was shown in Fig. 2. The maximum 
antibacterial activity (14.67 ± 1 mm) was 
observed in Solieria robusta and Hypnea 
spicifera (13.67 ± 0.58 mm) against Klebsiella 
pneumonia and in Pseudomonas aeruginosa the 
maximum zone of inhibition was noted in 
Gracilaria edulis (12.67 ± 0.58 mm) and Hypnea 
spicifera (13 ± 1 mm). The minimum zone of 
inhibition (9.67 ± 0.58 mm) was noted in Solieria 
robusta against Pseudomonas aeruginosa.  
There is no zone of inhibition was noted in 
Gelidiella acerosa and Porphyra indica. In 
Methanol extract of red algae the maximum zone 
of inhibition was observed in Porphyra indica 
(13.68 ± 0.58 mm) and Soleiria robusta (10.68 ± 
0.58 mm) against Pseudomonas aeruginosa and 
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Solieria robusta (12 ± 1 mm) and Porphyra indica 
(10.67 ± 0.58 mm) shows maximum zone of 
inhibition against Klebsiella pneumonia. The 
minimum zone of inhibition was observed in 
Gelidiella acerosa and Hypnea spicifera. In water 
extract of red algae, the maximum zone of 
inhibition observed in Solieria robusta (9.33 ± 
0.58 mm) and Hypnea spicefera (9.33 ± 0.58 
mm) against two selective negative bacteria. 
There is no zone was recorded in Gelidiella 
acerosa, Gracilaria edulis, Porphyra indica and 
Ceramium rubrum. Similarly, Güner et al. [30] 
reported the activity of Ceramium rubrum 
methanol extract against E. coli, Enterococcus 

faecalis and S. aureus. Previously, Manilal et al. 
[31] studied the antibacterial activity of Gelidium 
pusillum methanol extract against V. harveyi, V. 
alginolyticus, V. vulnificus, V. parahaemolyticus 
and V. alcaligenes. Similarly, Munoz-ochoa et al. 
[32] noted the two strains S. aureus and S. 
pyogenes were studied against ethanol extract of 
Gelidium robustum. Additionally, Amorim et al. 
[33] tested the aqueous extract of Gracilaria 
ornata against E. coli and also Manilal et al.                
[31] studied the antibacterial activity of                      
Portieria horemanii from methanol extract           
against V. harveyi, V. alginolyticus and V. 
vulnificus. 
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Fig. 2. Diameter averages (mm) of the zones of inhibition of Ethanol, Methanol and Water 
extracts of red macroalgae 
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Fig. 3. Diameter averages (mm) of the zones of inhibition of Ethanol, Methanol and Water 
extracts of brown macroalgae 

 

3.2 Antibacterial Activity of Brown Algae 
(Phaeophyta) 

 

In the ethanol extract of brown algae, the 
maximum zone of inhibition was noted (Fig. 3) in 
the extract of Turbinaria decurrens (14.67 ± 0.58 
mm) and Lobophora varigata (12 ± 1 mm) 
against Klebsiella pneumonia. For Pseudomonas 
aeruginosa the maximum zone was recorded in 
Turbinaria conoides (13.67 ± 0.58 mm) and the 
minimum zone of inhibition was recorded in 
Hydroclathrus clathratus (10 ± 1 mm) against 
Pseudomonas aeruginosa. There is no zone of 
inhibition was observed in Turbinaria decurrens 
and Sargassum cristaefolium. The result of 
brown algae in Methanol extract showed that the 
maximum zone of inhibition was noted in 
Sargassum cristaefolium (12 ± 1 mm) against 
Klebsiella pneumoniae and (11 ± 1 mm) 
inhibition was against Pseudomonas aeruginosa. 
The minimum zone of inhibition was showed in 
Turbinaria decurrens and Turbinaria conoides 
against both the selected negative bacteria. The 
result of brown algae in water extract showed 
that the maximum zone of inhibition (12.67 ± 

1.53 mm) was recorded in Turbinaria decurrens 
(12.67 ± 1.53), Turbinaria conoides (11.67 ± 0.58 
mm) against Pseudomonas aeruginosa and the 
maximum zone of inhibtion (13.33 ± 0.58) in 
Turbinaria decurrens against bacteria 
Pseudomonas Klebsiella pneumonia. The 
minimum zone (10 ± 1 mm) was recoded in 
Hydroclanthrus clathratus against Pseudomonas 
aeruginosa and 9.33 ± 0.58 mm observed in 
Sargassum cinereum against Klebsiella 
pneumonia.  Similarly, Taskin et al. [34] noted 
the zone of inhibition in the Methanolic extract of 
Padiana pavoniva against E. coli. Also, Jaswir et 
al. [35] reported in their study that Methanol, 
acetone and ethyl acetate extracts from 
Sargassum flavellum against B. substils. 
Similarly, Hydroclathrus clathratus, Padina 
concrescens and Padina Mexicana extracts 
obtained from ethanol showed the activity 
against S. aures and S. pyogenes [32]. 
Additionally, Vijayabaskar et al. [36] observed the 
antibacterial activity from the methanol extract            
of Turbinaria ornate and Sargassum wightii 
against S. aureus, B. subtilis, E. coli and P. 
aeruginosa. 
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Table 1. Anti-bacterial activity of Marine macroalgal species 
   

Water Ethanol Methanol 

Group Macroalgae P. aeruginosa K.pneumoniae P. aeruginosa K.pneumoniae P. aeruginosa K.pneumoniae 

Chlorophyta Caulerpa peltate ** ** ** ** * ** 
Ulva lactuca ** ** ** ** ** ** 
Halimeda macroloba * * ** ** ** ** 
Chaetomorpha aerea ** ** - - - - 
Cladophora vagabunda - * ** ** ** ** 
Enteromorpha flexuosa - - ** ** * * 
Halimeda gracilis * * - - ** - 

Phaeophyta Sargassum cinereum * * - - - - 
Padina boergesenii * * - - - - 
Sargassum cristaefolium ** ** - - ** ** 
Turbinaria decurrens ** ** ** - * * 
Turbinaria conoides ** ** - ** * * 
Hydroclathrus clathratus ** * * - * * 
Lobophora variegate - - * ** - - 

Rhodophyta Hypnea spicefera - * ** ** ** ** 
Solieria robusta * ** * ** * * 
Porphyra indica - - - - ** ** 
Ceramium rubrum - - - - * ** 
Gelidiella acerosa - - - - * ** 
Gracilaria edulis - - ** ** - - 

Notes: *1-10 mm and ** 10-20 mm (Zone of inhibition) 
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Table 2. Antibacterial activities of Water extract of Marine macroalgal species 
 

Water Extract 

Group Macroalgae K. pneumoniae P. aeruginosa 

Chlorophyta Caulerpa peltate 13±1 13±1 
Ulva lactuca 11.67±0.58 11.67±0.58 
Halimeda macroloba 10.33±0.58 8.33±0.58 
Chaetomorpha aerea 12±1 11.67±0.58 
Cladophora vagabunda - 10±1 
Enteromorpha flexuosa - - 
Halimeda gracilis 9±1 10.33±0.58 

Phaeophyta Sargassum cinereum 9.33±0.58 9.67±0.58 
Padina boergesenii 10±1 8±1 
Sargassum cristaefolium 12.67±0.58 10.67±0.58 
Turbinaria decurrens 13.33±0.58 12.67±1.53 
Turbinaria conoides 11.33±0.58 11.67±0.58 
Hydroclathrus clathratus 12.67±0.58 10±1 
Lobophora variegate - - 

Rhodophyta Hypnea spicefera - 9.33±0.58 
Solieria robusta 11.33±0.58 9.33±0.58 
Porphyra indica - - 
Ceramium rubrum - - 
Gelidiella acerosa - - 

 
  



 
 
 
 

Selvaraj et al.; Uttar Pradesh J. Zool., vol. 44, no. 24, pp. 343-362, 2023; Article no.UPJOZ.3140 
 
 

 
351 

 

Table 3. Antibacterial activities of methanol extract of Marine macroalgal species 
 

Methanol Extract 

Group Macroalgae K. pneumoniae P. aeruginosa 

Chlorophyta Caulerpa peltate 12±1 8.33±0.58 
Ulva lactuca 13.67±0.58 12±1 
Halimeda macroloba 10.67±0.58 11.33±0.58 
Chaetomorpha aerea - - 
Cladophora vagabunda - - 
Enteromorpha flexuosa 10.33±0.58 10±1 
Halimeda gracilis - 11±1 

Phaeophyta Sargassum cinereum - - 
Padina boergesenii - - 
Sargassum cristaefolium 12±1 11±1 
Turbinaria decurrens 10.33±0.58 9.33±0.58 
Turbinaria conoides 9.67±0.58 9.67±0.58 
Hydroclathrus clathratus 10±1 10±1 
Lobophora variegate - - 

Rhodophyta Hypnea spicefera 10.67±0.58 10.67±0.58 
Solieria robusta 12±1 10.33±0.58 
Porphyra indica 10.67±0.58 13.67±0.58 
Ceramium rubrum 10.67±0.58 8.33±0.58 
Gelidiella acerosa 11±1 10.33±0.58 
Gracilaria edulis - - 
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Table 4. Antibacterial activities of Ethanol extract of the seaweed’s species 
 

Ethanol Extract 

Group Species K. pneumoniae P. aeruginosa 

Chlorophyta Caulerpa peltate 13.67±0.58 13.33±0.58 
Ulva lactuca 12.33±0.58 12.67±0.58 
Halimeda macroloba 12±1 14.67±0.58 
Chaetomorpha aerea - - 
Cladophora vagabunda 14±67 11.33±0.58 
Enteromorpha flexuosa 12±67 10.67±0.58 
Halimeda gracilis - - 

Phaeophyta Sargassum cinereum - - 
Padina boergesenii - - 
Sargassum cristaefolium - - 
Turbinaria decurrens - 13.67±0.58 
Turbinaria conoides 14.67±0.58 - 
Hydroclathrus clathratus - 10±1 
Lobophora variegate 12±1 10.33±0.58 

Rhodophyta Hypnea spicefera 13.67±0.58 13±1 
Solieria robusta 14.67±0.58 9.67±0.58 
Porphyra indica - - 
Ceramium rubrum - - 
Gelidiella acerosa - - 
Gracilaria edulis 11±1 12.67±0.58 
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Fig. 4. Diameter averages (mm) of the zones of inhibition of Ethanol, Methanol and Water 
extracts of green macroalgae 

 

3.3 Antibacterial Activity of Green algae 
(Chlorophyta) 

 

The results of green algae in ethanol expresses 
(Fig. 4) the maximum zone of inhibition (14.67 ± 
67 mm) in the extract obtained from Cladophora 
vagabunda against Klebsiella pneumoniae, 
(12.67 ± 0.58 mm) observed in the extract of 
Enteromorpha flexuosa and 12.33 ± 1 mm in 
Ulva lactuca against Klebsiella pneumonia and 
also 13.33 ± 0.58 mm zone of inhibition was 
observed in the extract of Caulerpa peltate 
against both Pseudomonas aeruginosa and 
Klebsiella pneumonia. The minimum zone 10.67 
± 0.58 mm was noted in the extract of 
Enteromorpha flexuosa against Pseudomonas 
aeruginosa and 12 ± 1 mm zone was noted in 
the extract of Halimeda macroloba against 
Klebsiella pneumoniae. There is no zone of 
inhibition was noted in Cheatomorpha aerea 
against the selected pathogens. The results of 
green algae in Methanol extract expresses the 
maximum zone of inhibition 13.67 ± 0.58 mm and 
12 ± 1mm in the extract obtained from Ulva 
lactuca and Caulerpa peltata against Klebsiella 
pneumoniae. For Pseudomonas aeruginosa the 
maximum zone 12 ± 1 mm shown in the extract 
of Ulva lactuca. The minimum zone of inhibition 
10.33 ± 0.58 mm was recorded in the extract 

obtained in the extract of Enteromopha flexuosa 
against Klebsiella pneumonia. There is no zone 
of inhibition was recorded in the extract obtained 
from Ulva lactuca, Halimeda gracilis, 
Enteromorpha flexuosa and Chetomorpha aerea 
against Pseudomonas aeruginosa. The results of 
green algae in water extract shows that the 
maximum zone of inhibition 13 ± 1 mm was 
observed in the extract obtained from Caulerpa 
peltate, 12 ± 1 mm in the extract obtained from 
Ulva lactuca and 11.67 ± 0.58 mm in the extract 
obtained from Cheatomorpha aerea against 
Pseudomonas aeruginosa and 13 ± 1 mm was 
recorded in the extract of Caulerpa peltate 
against Klebsiella pneumonia. The minimum 
zone of inhibition 10 ± 1 mm was noted in the 
extract obtained from Halimeda gracilis against 
both Pseudomonas aeruginosa and Klebsiella 
pneumonia. Previously Vallinayagam et al. [37] 
was recorded from the extract of U. lactuca 
against P. aeruginosa (12 mm). Similarly, Pierre 
et al. [38] reported the antibacterial activity from 
water extract of Chetomorpha aerea against 
Bacilus subtilis, Micrococcus luteus and S. 
aureus. Caulerpa lentillifera and Caulerpa 
racemosa extract from methanol, ethyl acetate 
and water show the activity against E. coli, 
Staphylococcus aureus, Streptococcus sp., and 
Salmonella sp. [39]. 
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Fig. 5. Antibacterial activity of Methanol extract against Klebsiella pneumoniae 

a: 0 µg/mL; b: 50 µg/mL; c: 100 µg/mL; d: 150 µg/mL; e: 200 µg/mL; f: Azithromycin (30 µg/mL)

M- Methanol , CP- C. peltate, SR-S. robusta, EF- E. flexuosa , GA- G. edulis, HC- H. clathratus, HG-H. gracilis, HS-

H. spicifera, PI-P. indica, SC-S. cinereum, TC-T. conoides, TD- T. decurrens, UL-U.lactuca
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Fig. 6. Antibacterial activity of Ethanol extract against Klebsiella pneumoniae 

a: 0 µg/mL; b: 50 µg/mL; c: 100 µg/mL; d: 150 µg/mL; e: 200 µg/mL; f: Azithromycin (30 µg/mL)

E- Ethanol extract CP- C. peltate, SR-S. robusta, EF- E. flexuosa , GA- G. edulis, HC- H. clathratus, HG-H. 

gracilis, HS- H. spicifera, PI-P. indica, SC-S. cinereum, TC-T. conoides, TD- T. decurrens, UL-U.lactuca, LV-

L. varigeata, HM-H. macroloba
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Fig. 7. Antibacterial activity of Water extract against Klebsiella pneumoniae 

a: 0 µg/mL; b: 50 µg/mL; c: 100 µg/mL; d: 150 µg/mL; e: 200 µg/mL; f: Azithromycin (30 µg/mL) 

W- Water extract, CP- C. peltate, SR-S. robusta, EF- E. flexuosa , GA- G. edulis, HC- H. clathratus, HG-H. 

gracilis, HS- H. spicifera, PI-P. indica, SC-S. cinereum, TC-T. conoides, TD- T. decurrens, UL-U.lactuca, LV-

L. varigeata, HM-H. macroloba
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Fig. 8. Antibacterial activity of Methanol extract against Pseudomonas aeruginosa 

a: 0 µg/mL; b: 50 µg/mL; c: 100 µg/mL; d: 150 µg/mL; e: 200 µg/mL; f: Azithromycin (30 µg/mL)

M- Methanol , CP- C. peltate, SR-S. robusta, EF- E. flexuosa , GA- G. edulis, HC- H. clathratus, HG-H. 

gracilis, HS- H. spicifera, PI-P. indica, SC-S. cinereum, TC-T. conoides, TD- T. decurrens, UL-U.lactuca
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Fig. 9. Antibacterial activity of Ethanol extract against Pseudomonas aeruginosa 

a: 0 µg/mL; b: 50 µg/mL; c: 100 µg/mL; d: 150 µg/mL; e: 200 µg/mL; f: Azithromycin (30 µg/mL) E- Ethanol 

extract W- Water extract, CP- C. peltate, SR-S. robusta, EF- E. flexuosa , GA- G. edulis, HC- H. clathratus, 

HG-H. gracilis, HS- H. spicifera, PI-P. indica, SC-S. cinereum, TC-T. conoides, TD- T. decurrens, UL-

U.lactuca, LV-L. varigeata, HM-H. macroloba
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Fig. 10. Antibacterial activity of water extract against Pseudomonas aeruginosa 

a: 0 µg/mL; b: 50 µg/mL; c: 100 µg/mL; d: 150 µg/mL; e: 200 µg/mL; f: Azithromycin (30 µg/mL)

W- Water extract, CP- C. peltate, SR-S. robusta, EF- E. flexuosa , GA- G. edulis, HC- H. clathratus, HG-H. 

gracilis, HS- H. spicifera, PI-P. indica, SC-S. cinereum, TC-T. conoides, TD- T. decurrens, UL-U.lactuca, LV-

L. varigeata, HM-H. macroloba SC1- S. cristaefolium
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4. CONCLUSION 
 

This work proved that marine macroalgae have 
the potential to be a source of bioactive 
compounds that are resistant to bacteria. This 
study concludes that marine macroalgae have 
potent bioactive compounds for the selected 
negative bacteria. The findings clearly 
demonstrate that seaweeds are a fascinating 
source of biologically active chemicals that might 
be used in addition to or instead of conventional 
antibiotics for the prophylactic and treatment of 
bacterial human diseases. Further, to find the 
most effective new compounds against bacterial 
pathogens, however, more purification and 
chemical characterization research is required. 
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