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Red algae Eucheuma cottonii is one of the potential marine 
biodiversity that provides added value in the pharmaceutical and 
cosmetic fields and is known to have antibacterial compounds. 
Research focusing on the potential of E. cottonii as an 
antibacterial is still limited, particularly when it comes to the 
Aru Islands. This study aimed to measure the antibacterial 
activity of E. cottonii against pathogenic bacteria including E. 
coli and S. aereus at several concentrations and to determine the 
best concentration for inhibiting these two pathogenic bacteria. 
The study was true experimental laboratory research with a 
post-test-only controlled group design. Antibacterial tests using 
the disc diffusion method and phytochemical tests were carried 
out. This study revealed that E. cottonii could be able to inhibit 
S. aureus ranging from 0.27±0.03 – 2.1±0.14 at a 
concentration of 50%-100%, and 0.17±0.05 – 0.45 ± 0.03 
against E. coli at a concentration of 80-100%. Meanwhile, 
saponins and flavonoids were two bioactive compounds found 
through phytochemical testing. The study concluded that the n-
hexane extract of E. cottonii was able to inhibit the growth of 
E. coli and S. aureus, even with a weak inhibition category. This 
study recommends that improvements are needed in the E. 
cottonii extraction process to maximize the antibacterial 
properties of E. cottonii.  
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INTRODUCTION 
Indonesia is a maritime country with 70% of its territory consisting of seas or oceans. The 

ocean is a habitat for various organisms, both plants and aquatic animals (Andriani et al., 2015). 

http://jurnal.stkippersada.ac.id/jurnal/index.php/JBIO/index
http://crossmark.crossref.org/dialog/?doi=10.31932/jpbio.v4i2.536&domain=pdf
mailto:meldayunita22@gmail.com
https://creativecommons.org/licenses/by-sa/4.0/
https://doi.org/10.31932/jpbio.v9i1.3241


JPBIO (Jurnal Pendidikan Biologi) ● Vol. 9, No. 1, April 2024, pp. 66 – 73 67 

 

         10.31932/jpbio.v9i1.3241                  Yunita et al                          jurnaljpbio@gmail.com 

 

Because they are exposed to such a wide range of marine conditions—including variations in 
salinity, temperature, chlorophyll content, and water quality—marine organisms can synthesize 
novel chemicals. Even though marine areas constitute ¾ of the Earth, they are still one of the 
underutilized biological resources. One of the potential biological resources from Indonesian 
marine waters is macroalgae with various types. The distribution of macroalgae is found in almost 
all Indonesian waters (Andriani et al., 2015). 

Macroalgae, known to the community as seaweed, is one of the potential marine biodiversity 
that provides added value in the pharmaceutical and cosmetic fields, including the hepatoprotective 
effect (Wardani et al., 2017) and antioxidant activity so it is widely used as an additional 
ingredient in making facial creams or sunscreens (Nurjanah et al., 2019). Research shows that 
marine algae have many uses in various fields, such as nutraceuticals, pharmaceuticals, especially 
cosmeceuticals (Syad et al., 2013; Andriani et al., 2016; Teo et al., 2020). However, the use of 
macroalgae in the pharmaceutical sector is still limited, while the potential of macroalgae in 
Indonesia, especially Maluku, as an archipelagic country is very large to be developed as a raw 
material for medicine. Several researchers have studied the potential of macroalgae on Maluku 
Island, but it is limited to Seram Island, namely Kotania Bay, West Seram (Arfah & Patti et al., 
2014), and East Seram waters (Rugebregt et al., 2021). However, this research focused more on 
describing biodiversity and conservation efforts.  

Research focusing on the potential of macroalgae as antibacterial is still limited, particularly 
when it comes to the Aru Islands. Indeed, macroalgae, particularly red algae (Eucheuma cottonii), 
show promise for development as antibacterial agents. Research conducted by Julyasih et al., 
(2021) on ethanol extracts of red algae and green algae from Bali waters found that the highest 
antibacterial activity was respectively obtained by E. cottonii (11.1 mm), Caulerpa spp. (10.1 mm), 
Gracilaria spp. (6.0 mm), E. spinosum (4.2 mm). In the other investigation, it was revealed that the 
antibacterial activity of E. cottonii from Sumenep, Madura against Escherichia coli was 0.33 and 
there was no inhibition zone against Staphylococcus aureus (Andriani et al., 2015) Therefore, the 
present study tried to investigate the antibacterial activity in vitro against S. aureus and E. coli using 
E. cottonii extract from the Aru Islands on the growth of E. coli and S. aureus as representatives of 
gram-positive and negative bacteria. Apart from that, there is no specific study regarding any type 
of macroalgae in the waters of the Aru Islands, which is the reason for carrying out this research. 
The study was aimed to measure the antibacterial activity of the red algae E. cottonii against 
pathogenic bacteria including E. coli and S. aereus at several concentrations and to determine the 
best concentration for inhibiting these two pathogenic bacteria.    

 

RESEARCH METHODS 
Research Design 

This study is a true experimental laboratory research with a post-test-only controlled group 
design. Post-test-only controlled group design is a design that uses two groups, where one group is 
used for the experiment (which is given treatment) and the other one is used as a control group 
(which is not given treatment).  The study was conducted in July – September 2023. Sampling was 
carried out in the waters of Jabulenga Village, Aru Islands, Maluku with coordinates 5°46'52.82"S 
- 134°21'8.69"E. Meanwhile, laboratory tests will be carried out at FKIP Biology, Pattimura 
University, Ambon. The study site is presented in Figure 1. Determination of E. cottonii was 
carried out at the Department of Marine Science, Faculty of Fisheries and Marine Sciences.   

 
Population and Samples 

The population used in this study is the whole red algae E. cottonii which can be collected 
from the waters of Jabulenga Village, Aru Islands. Meanwhile, the sample used in this research was 
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n-Hexana E. cottonii extract which was the independent variable. Meanwhile, E. coli and S. aureus 
are the dependent variables. 

 
Figure 1. Sampling site of Eucheuma cottonii 

 
Instruments 

The following equipment was used in this study: sterile gauze, 100 ml measuring cups, 250 
ml and 500 ml Erlenmeyer, bunsen lamps, micropipettes, magnetic stirrers, spatulas, autoclaves, 
oven, analytical balances, vortex, petric dishes, ose needles, paper disks, tweezers, label paper, 
cotton, and thread. Meanwhile, E. cottonii extract, pure cultures of pathogenic bacteria (E. coli and 
S. aureus), n-hexane solvent, Nutrient Agar (NA), disc paper, 70% and 96% alcohol, 5% sodium 
hypochlorite solution, distilled water as the negative control, and ampicillin as the positive control 
were the materials used for this investigation. 

 
Procedures  
  Sample preparation was performed as follows: Red algae (Eucheuma cottonii) obtained 
from the waters of Jabulenga Village, Aru Islands were collected in zip plastic. Wet sorting was 
carried out by cleaning E. cottonii from adhering impurities and then washing thoroughly with 
running water. The E. cottonii sample was then doused with 5% sodium hypochlorite solution for 
surface sterilization. The samples were then stored in a cool box to be taken to the laboratory for 
further tests (Andriani et al., 2015).  
  The extraction process was performed by air drying E. cottonii samples for ± 4 days. The 
dried sample was cut into pieces and then ground using a blender until it became dry simplicia 
powder. A total of 50 g of simplicia powder was weighed and put into an Erlenmeyer. Maceration 
was carried out by soaking simplicia powder in n-hexane solvent in a ratio of 1:3 for 2x24 hours. 
Soaking functions to draw out the organic compounds contained in simplicia. The solution was 
filtered using ordinary filter paper and concentrated with an evaporator until a thick extract was 
formed. This extract was diluted and made into serial concentrations, namely 10%, 30%, 50%, 
80%, and 100% (Teo et al., 2020). 
 Pathogenic bacterial culture preparation was carried out by subculturing Escherichia coli 
and Staphylococcus aureus obtained from the Maluku Province Health and Equipment Calibration 
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Laboratory in new Nutrient Agar media. The isolates were incubated at room temperature for 24 
hours. The bacterial colonies that appeared were then transferred to a slant agar medium to be used 
as test isolates (Yunita et al., 2016; Yunita et al., 2022). 
  The antibacterial test was carried out using the Kirby Bauer disk diffusion method by 
testing the n-hexane extract of E. cottonii with serial concentrations against the growth of E. coli 
and S. aureus. Pathogenic bacteria are streaked or swabbed on Nutrient Agar media. Furthermore, 

6 mm sterile paper disk that had been soaked in 200 μl of E. cottonii extract was placed on top of 
the pathogenic bacterial culture. The Petri dishes were wrapped in plastic wrap and stored in an 
incubator at 370C for 1-3 days. The positive control was tested using the antibiotic Amphicilin 
while the negative control was tested using sterile distilled water. Inhibition of the growth of 
pathogenic bacteria was visible as a clear zone around the paper disc. The size of the clear zone was 
an indication of the sensitivity of pathogenic bacteria to antibacterial compounds. The inhibition 
zone was calculated by subtracting the diameter of the inhibition zone obtained from the diameter 
of the paper disc, which was 6 mm. The diameter of the inhibition zone was measured using a 
caliper and the treatment was repeated 2 times (Kiriwenno et al., 2020). 
  Qualitative standard screening through phytochemical tests was performed to determine 
the presence of secondary metabolites, including tannins, terpenoids, alkaloids, phenolics, 
flavonoids, and saponin, in the crude extract of E. cottonii. The presence/positive reaction (+) and 
absence/negative reaction (-) of phytochemical were used to express the qualitative results (Yunita 
et al., 2023). 
  
Data Analysis 

Data were analyzed descriptively and presented with tabulations and figures. All data are 
expressed as the mean and calculated using Ms. Excel. Standard deviation was calculated between 
extract concentrations. Data processing was performed by measuring the diameter of the inhibitory 
zone of the independent variables (E. cottonii extract) on the growth of E. coli and S. aureus. The 
inhibitory zone results were then divided into four categories based on their size: extremely strong 
(>20 mm), strong (11-20 mm), moderate (6-10 mm), and weak (<5 mm) (Davis & Stout, 1971). 

 
RESULTS 

Pathogenic bacteria (E. coli and S. aureus) from the Maluku Province Health and 
Equipment Calibration Laboratory were subculturing into new NA media to initiate the study 
stage. The pathogenic bacterial isolates utilized in this study are displayed in Figure 1. 

 

 
Figure 1. Isolate S. aureus (left) and E. coli (right) used in this study 
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  The growth of pathogenic bacteria was shown to be inhibited by the n-hexane extract from 
E. cottonii, with varied inhibition zones, according to antibacterial testing. The inhibition zone 
formed against S. aureus ranged from 0.27±0.03 – 2.1 ± 0.14 at a concentration of 50%-100%, 
and 0.17±0.05 – 0.45±0.03 against E. coli at a concentration of 80-100%. Meanwhile, a very 
large zone of inhibition was formed in the control treatment using ampicillin, namely 19±0.41 for 
S. aureus and 21±0.00 for E. coli. The results of measuring the inhibition zone of E. cottonii on 
the growth of the two pathogenic bacteria can be seen in Table 1. 
 
Table 1. Results of measuring the inhibition zone of E. cottonii extract on the growth of S. aureus 

and E. coli  
Extract Concentration of 

Eucheuma cottonii 
Inhibitory response (mm)  

S. aureus Category E. coli Category 
10% 00±00 - 00±00 - 
30% 00±00 - 00±00 - 
50% 0.27±0.03 Weak 00±00 - 
80% 1.25±0.35 Weak 0.17±0.05 - 
100% 2.1±0.14 Weak 0.45±0.03 - 

K+ 19±0.41 Strong 21±00 
mm 

Very 
Strong 

K- - - - - 
 

 When comparing the effect of the extract on the growth of the two pathogenic bacteria, it 
was known that the n-hexane extract could inhibit the growth of S. aureus better than E. coli. The 
E. cottonii extract was able to inhibit the growth of S. aureus at a concentration of 50%. 
Meanwhile, in E. coli, a very small inhibition zone was only formed at a concentration of 80%. A 
comparative visualization of antibacterial activity against the two pathogenic bacteria is presented 
in Figure 3. 
 

 
Figure 3. A comparison of antibacterial activity against pathogenic bacteria  

 
 The results of the phytochemical test were carried out to see the content of bioactive 

compounds contained in the hexane extract of E. cotonii. In the seven bioactive compounds tested, 
it is known that the n-hexane extract of E. cottonii contains flavonoids, phenolics, and saponins. In 
detail, the results of the phytochemical tests are presented in Table 2. 
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Table 2. Phytochemical test results of E. cottonii extract 
No Parameter Indicator Result 
1 Alkaloid Yellow - 
2 Flavonoid Greenish yellow + 
3 Terpene Red ring - 
4 Steroid Yellow ring - 
5 Phenolic Blue - 
6 Saponin Foam + 
7 Tannin Orange - 

 
DISCUSSION 

Plant extraction is a process of separating active plant materials or secondary metabolites 
including alkaloids, flavonoids, terpenes, saponins, steroids, saponin, and glycosides from inert or 
inactive materials using an appropriate solvent and standard extraction procedure (Bhuiya et al., 
2020). In this study, we extracted the red algae E. cottonii using n-hexane as a solvent. N-hexane is 
a solvent utilized in plant extraction because of its characteristics, which include easy recovery, non-
polarity, low latent heat of vaporization (330 kJ/kg), and strong solvent selectivity. N-Hexane is 
quite good for the extraction process because of its low boiling point and high evaporation rate. 
However, the antibacterial activity of E. cottonii extract shown in this research was still in the weak 
category due to the small clear zone visible around the paper disc (Agboke & Attama, 2016). A 
clear zone that forms around the disc paper is an indication that the E. cottonii extract is inhibiting 
the growth of E. coli and S. aureus. Variations in the concentration of bioactive antibacterial 
chemicals within the inhibition zone as well as the rate that which the antibacterial material diffuses 
into the agar medium can account for variations in its size. The sensitivity of antibacterial growth, 
the interaction between the active ingredient and the medium, and the incubation temperature are 
other parameters that are thought to affect the formation of the inhibitory zone (Yusvantika, 
2021). 

In this study, flavonoids and saponins were known to be present in the E. cottonii hexane 
extract, out of the five components examined in the phytochemical test. This is consistent with the 
research findings of Fahrul et al. (2021), which also indicated that the red algae E. cottonii 
obtained from Karimun Regency, Riau province, solely contained flavonoids, saponins, and 
phenolic compounds. The flavonoids found in E. cottonii have antibacterial properties because of 
their ability to block the formation of nucleic acids, energy metabolism, and cytoplasmic membrane 
function. The antibacterial activity can be considered an effective indicator for E. cottonii to 
synthesize bioactive secondary metabolites. Another compound found in this study is saponin. 
Saponin is commonly found in plant extract (Agboke & Attama, 2021). High polarity, instability 
in both chemical and thermal processes, lack of volatility, and low concentrations are typical 
characteristics of saponins. Therefore, even when non-polar solvents such as n-hexane were used in 
plant extraction, saponins produced the highest yields (Majinda, 2012). 

On the other hand, the phytochemical test findings of E. cottonii in this study did not reveal 
the presence of alkaloids or other more complex chemicals. Fahrul (2021) also found no alkaloids 
in the phytochemical test results, confirming the same findings. Teo et al., (2020) state that 
alkaloids are mostly found in higher plants (Angiosperms), especially in dicotyledonous plants. 
Many kinds and quantities of phytochemical substances that are found in plants can be impacted 
by environmental factors. Increased production and accumulation of secondary chemicals inside the 
plant can result from several conditions, including increased sunlight exposure, nutrient-deficient 
soil, pest infestation, and drought-induced stress (Andriani et al., 2015). 
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In summary, our study illustrates that the E. cottonii extract has potential as a natural 
antibacterial source, particularly when it comes to inhibit the growth of E. coli. This study provides 
preliminary findings that point to the need for more antibacterial research to enhance, optimize, 
and identify the bioactive compounds for possible use in complementary and alternative medicine 
to treat a range of diseases, especially those caused by E. coli.  These results will also be helpful to 
others as a guide for the development of medicinal products 
 
CONCLUSION 

The study concludes that the n-hexane extract of the red algae Eucheuma cottonii was able 
to inhibit the growth of Escherichia coli and Staphylococcus aureus with a weak inhibition 
category. While phytochemical test indicates that n-hexane extract of E. cottonii contained 
flavonoids, phenolics, and saponins. This study implies that improvements are needed in the E. 
cottonii extraction process to maximize the antibacterial properties of E. cottonii, such as using 
different solvents that have polar properties. 
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