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Abstract: The abuse of synthetic antibiotics is one of the leading causes of the emergence of antibiotic-resistant
microorganisms that have become the primary health concern. To overcome this resistance and counteract all the side
effects of synthetic drugs, attention was diverted towards natural resources for developing antimicrobial substances.
This study tests the effect of carrageenan isolated from Kappaphycus alvarezii on pathogenic bacteria. Carrageenan is
a natural bioactive compound extracted from red algae. Carrageenan was extracted from K. alvarezii using hot water
extraction. The antimicrobial property of carrageenan was tested using the Minimum Inhibitory Concentration and the
bacterial cell growth rate. Moreover, a commercial antibacterial hand wash and anti-acne toner were used as comparative
agents. Firstly, a series of concentrations were used, from 25 pg/mL to 10 mg/mL. The results showed no antimicrobial
activity of carrageenan extracted from K. alvarezii using ethanol toward the strains used in this study, Escherichia coli,
Klebsiella pneumoniae, Pseudomonas aeruginosa and Staphylococcus aureus. However, the carrageenan extracted
exhibited a growth-boosting effect over the microorganisms used. Thus, further studies can be carried out using different
carrageenan extract methods for K. alvarezii to ensure that anti-microbial compounds from K. alvarezii can be extracted
during the carrageenan extraction.
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1. Introduction

All around the world, infectious diseases are the number one cause of mortality and morbidity. There is a
remarkably continuous increase in the number of multi-drug resistant microorganisms and a rise of strains with lower
susceptibility to antibiotics [1]. This increase has been highly linked to the discriminatory use of broad-spectrum
antibiotics, organ transplantation, intravenous catheters and immunosuppressive agents [2-4]. Therefore, scientists are
urged to discover new antimicrobial substances from various sources, mainly among natural resources. Synthetic drugs
are over-priced and inadequate, often stumble with adulteration and cause undesirable side effects [5-7].

Recently, much attention has been paid to natural resources such as plants and algae for discovering biologically
active compounds which exhibit potential antimicrobial effects [8, 9]. Some bioactive compounds from plants such
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as cloves, garlic and cinnamon have shown antimicrobial effects on food-borne microbes [10, 11]. These bioactive
compounds are produced in natural products as secondary metabolites [12].

Secondary metabolites are produced within the natural sources of plants and algae, besides the primary compounds
produced to ensure their growth and development. Unlike primary metabolites, secondary metabolites do not contribute
to the growth and development of plants or algae. They are synthesised randomly and found to have an essential role
[12-14]. Some protect the plants and algae from free radicals produced during photosynthesis, some serve as cellular
signalling molecules, and others exploit defence mechanisms against herbivores and insects [15]. Because of the
increasing demand for screening for new antimicrobial drugs from natural sources, significant interest has been directed
toward marine organisms. Seaweeds are a type of marine organism belonging to algae, a huge and diverse group of
eukaryotes. These organisms are simple as they do not have distinct roots, leaves or stems. All parts of these organisms
have the same observable structure [15].

Seaweeds are a rich source of biologically active and structurally diverse secondary metabolites. Most of the
secondary metabolites produced by seaweeds contain bacteriostatic properties that defend against pathogens [16-18].
In recent years, it has been found that phytochemicals extracted from marine algae can be used dependably in the food
and pharmaceutical industries as gelling agents. Proteins and polysaccharides in red algae could inhibit the activity of
bacteria [19], and high phenol content in red algae protects the algae from severe conditions and other diseases [20-22].

This research used the red algae Kappaphycus alvarezii to test its antimicrobial effect on pathogenic bacteria.
Seaweeds have been used as fertilisers, food and medicine for centuries. Over the recent years, the demanding use
of marine algae has been exceptionally increasing due to the presence of bioactive compounds such as alginate, agar
and carrageenan that are nominated to replace the use of synthetic substances that may be unhealthy and pose harm to
their users [23]. The main structure of this seaweed polysaccharide is chemically characterised by the repeated units
of D-galactose and 3,6-anhydro-L-lgalactose, supplemented with ester sulphate content [20]. In general, seaweeds are
categorized into three classes, Rhodophyta (red algae), Phaeophyta (brown algae) and Chlorophyta (green algae). K.
alvarezii belongs to the Rhodophyceae class. Much research has been done on various species of red algae to test their
effectiveness in inhibiting the growth of specific disease-causing bacteria, both gram-positive and gram-negative. Some
of the findings were extraordinary as they have shown a remarkable effect in inhibiting the bacterial growth for both
gram-positive and negative strains [24-27].

As reported by Garcla-Bueno et al. [28], antibacterial is seasoning dependent, where the red seaweed harvesting
during winter showed a better antibacterial activity of 16% compared to winter is 5-7%. Himanthalia elongate extracted
with water: ethyl showed 100% inhibition toward Sa/monella bony with 10 mg/mL seaweed extract [29]. Studies also
showed that the inhibition rate of microbe is affected by the type of seaweed, the solvent used in the extraction, and the
extract concentration. The concentration can range from 50 pg/mL to 100 pg/mL [30].

This study aimed to extract carrageenan from K. alvarezii and test its antibacterial effect against common pathogens
that cause skin infections. Furthermore, it will compare its impact with various commercial solutions that are known to
inhibit the growth of selected bacteria. Minimum Inhibitory Concentration (MIC) and cell growth rate methods were
used to test for carrageenan’s inhibitory effect and compare the solutions.

2. Materials and method
2.1 Sample extraction

K. alvarezii was washed to remove all sand and salt residues. Then, the wet weight of fragmented K. alvarezii
was heated in distilled water at a 1:10 (w/v) and incubated at 80 °C for 2 hours [31]. The mixture was filtered, and the
filtrate was collected and left aside to cool for 10 minutes. Cold absolute ethanol was added to the filtrate in a 1:1 ratio (v/
v). Precipitation of carrageenan occurred in the form of fibrous coagulum while stirring. Filtration was repeated, and the
filtrate was collected and dried at 40 °C for several days until achieving constant weight.

The percentage of extract yield (w/w) was calculated by dividing the amount of collected dry extract (g) by the
amount of sample (g) used during the extraction and then multiplied by 100%.
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2.2 Antimicrobial assays

Four strains of bacteria were used to study the antimicrobial assay of K. alvarezii: Escherichia coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa and Staphylococcus aureus. The bacterial culture was prepared using the
spectrophotometer reading of the turbidity of bacterial cell suspension. All the bacteria used in this study qualified
for the suspension culture [32]. A single colony from the nutrient agar culture of each bacterium was inoculated into
four tubes, each containing 10 mL nutrient broths. The tubes were incubated in a shaking incubator at 37 °C till the
absorbance reading of the culture read 0.3-0.4 at 600 nm.

2.3 Minimal Inhibitory Concentration (MIC) determination

MIC was used in this study to determine the lowest concentration of seaweed carrageenan that can prevent the
visible growth of a selected microbe. Each plate consists of a set of controls: growth medium only (sterility control),
bacteria and growth medium (growth control), distilled water (negative control), three positive controls, which include
antibiotics (ampicillin and chloramphenicol), antibacterial hand wash (commercial product), and anti-acne solution
(commercial product).

Carrageenan extracted from K. alvarezii was dissolved in distilled water to prepare a stock solution of 20 mg/mL.
The final carrageenan concentrations used in this study were 25 pg/mL, 50 pg/mL, 100 ng/mL, 150 pg/mL, 200 pg/mL,
300 pg/mL, 600 pg/mL, 800 pg/mL, 1 mg/mL, 1.2 mg/mL, 1.4 mg/mL, 2 mg/mL, 4 mg/mL, 6 mg/mL, 8 mg/mL and
10 mg/mL. E. coli, K. pneumoniae, P. aeruginosa and S. aureus were used as the microbes samples. At the end of the
preparation, 10% of Resazurin was added to the corresponding wells. The plates were wrapped with aluminium foil to
prevent bacteria from dehydrating and were incubated at 37 °C for 24 hours.

2.4 Bacterial cell growth rate

All four strains of bacteria were included in this method, E. coli, K. pneumoniae, S. aureus and P. aeruginosa. Five
agents were used in testing the growth rate of the bacteria, carrageenan extracted from K. alvarezii, antibacterial hand
wash, anti-acne solution, positive controls ampicillin (100 pg/mL) or chloramphenicol (25 pg/mL) and negative control
(distilled water).

As illustrated in Figure 1, each tube contained 5 mL bacterial culture, and the tubes were divided into triplicates.
Each triplicate set included a specific agent; the first triplicate held carrageenan solution reaching a final concentration of
10 mg/mL. The second set added 100 pL of the anti-acne solution, while the third set added 100 pL of the antibacterial
hand wash solution. The fourth set contained antibiotics as a positive control.

Antibacterial Positive Negative
hand wash  control  control
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Figure 1. Representation of the 60 tubes used in measuring the bacterial growth rate

Carrageenan Anti-acne
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The absorbance readings at 600 nm were recorded for all tubes after adding the agents to obtain a zero-hour
reading. All the tubes were placed in a shaking incubator for one hour at 120 rpm and 37 °C. After the first hour, all the
tubes were removed from the incubator to measure the absorbance reading. Thus the first-hour records were obtained.
Then, the tubes were placed in the incubator for another hour; afterwards, the absorbance measurements for all tubes
were retaken.

The previous steps were repeated for the third-hour incubation. At the end of this experiment, four records were
obtained, control (zero time), after the first hour, second hour and third hour. The plain nutrient broth was used as the
blank for this measurement. And a different cuvette was used to measure each triplicate set.

3. Results and discussion

Red seaweed K. alvarezii is selected in this project as K. alvarezii is a common culturing seaweed in Malaysia.
It is famous for its high application in different pharmaceutical, food production and medical [14, 33, 34]. This study
extracted carrageenan from the seaweed sample and yielded 13.14 + 1%. Rupert et al. [14] reviewed that various factors
affected the production yield of carrageenan from seaweed [35, 36], such as K. alvarezii, from environmental factors
to extraction methods. In this experiment, the modified ultrasound-assisted extraction method [37, 38] was applied to
harvest the highest percentage of carrageenan [39].

3.1 Minimum inhibitory concentration

This study chose concentrations based on various studies; some showed antibacterial effects, and others did not.
Sebaaly et al. [40] demonstrated using 325 ug/mL of carrageenan from Corallina that showed antibacterial activity
against S. epidermis. Another study represented 20 mg/mL of carrageenan in preparing carrageenan films [41].
Therefore, a range of low and high concentrations was used in this study to determine the antibacterial activity of
carrageenan from K. alvarezii.

Sterility Carrageenan Sterility
\p BEE . - &
. &r 9.0.85.8 ”.

P - =

TN

Positive ?—‘% .' @, /Anti-acne

Growth s E‘ Q % ..‘ Antibacterial
<

Al 4 e d wash

,g_;_- 4 e E .,@-

it chobe £ )

Sterility Sterility

Figure 2. Minimum Inhibitory Concentration (MIC) test for carrageenan. Colour of resazurin changes, which indicates the growth of bacteria

Figure 2 represents sterility control in the corners of the microtiter plate, and the positive control showed no
bacteria growth, thus indicating no contaminations reached the plate from outside. As for the negative control, the
bacteria grew, and the resazurin colour changed from blue to pink, as expected. Usually, the MIC method is used
to evaluate the effectiveness of specific concentrations of an extract and test which lowest concentrations elicit an
antibacterial effect. This principle is fundamental in antibiotic development studies because it is difficult for the lowest
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concentration that will inhibit bacterial growth, thus preventing the tested bacteria from developing resistance against
the antibacterial agent. Even for potential antibiotic development, this is essential. The main advantage of using MIC
is the reproducibility, convenience, and economy of reagents and space due to the miniaturisation of this procedure
[42]. Moreover, this method can efficiently generate computerised results if an automated plate reader is available.
Nevertheless, the main disadvantage of this method is some inflexibility of the drug selection [42].

Based on the findings, all concentrations of carrageenan extracted from K. alvarezii show no inhibition toward the
bacteria selected in this experiment using the MIC method. These findings were supported by Chua et al. [43], where
a crude extract of K. alvarezii found an insignificant effect against gram-positive and gram-negative bacteria. On the
other hand, Wang et al. [44] reported that Kappa-carrageenan extracted using the enzymatic degradation method shows
significant inhibition activities toward selected microbes such as E. coli and S. aureus in 5 mg/mL. This further proves
that the extracted process can be one of the factors affecting the findings in the antimicrobial assay.

3.2 Bacterial cells growth rate

This method is used as a confirmative test together with the MIC method. The bacterial growth rate was measured
using the absorbance reading of the liquid bacterial culture when mixed and incubated with all five agents, carrageenan,
anti-acne, antibacterial hand wash, positive control (antibiotics) and negative control (nutrient broth). According to the
results in Figures 3, 4, 5 and 6, carrageenan showed no apparent antibacterial activity toward bacterial growth. The only
carrageenan concentration used was 10 mg/mL; as explained previously, this concentration is the highest that could be
prepared in liquid form, mixed and used. For this tested carrageenan concentration, no inhibition of bacterial growth
was observed. Therefore, the characteristic of K. alvarezii in terms of antimicrobial actions still needed to be detected.
This emphasises that the tested bacteria have low sensitivity or total lack of sensitivity against K. alvarezii.

Few explanations may account for the zero-inhibitory effect of the water extract of K. alvarezii. This might
be due to the extraction solvent used in this study. It is essential to extract the bioactive compounds with the most
suitable solvent as the extracted compound is highly attributed to the type of solvent. Polar solvents will extract polar
compounds, while nonpolar solvents isolate nonpolar compounds. Thus the extraction yield and the activity of the
extract are highly dependent on the solvent polarity [45]. Franco et al. [46] have documented that mixtures of water
and ethanol or methanol consistently achieve a higher and more stable yield. However, ethanol and water extraction are
preferable due to their low toxicity and high extraction yield [46]. Another possible reason for the lack of sensitivity
is that the outer membrane of bacteria prevents the penetration of the active compounds of K. alvarezii. Wherefore, K.
alvarezii cannot interact with the bacterial cell wall, thus limiting or preventing any possible growth inhibition.

The antimicrobial activity of seaweeds may vary based on the time of harvest, storage conditions and temperatures
and extraction methods [47, 48]. Moreover, environmental factors, seasonal changes and stages of development
may affect the production and distribution of bioactive constituents in the seaweed. Other factors affecting active
phytochemicals capture include the solvents used, the extraction period and the extraction conditions [49].

3.2.1 Staphylococcus aureus

Figure 3 represents data on S. aureus growth rate using five agents measured over three hours at hourly intervals.
The growth rate of this bacterium represents an obvious pattern. Carrageenan extracted from K. alvarezii does not
show any inhibition pattern. On the contrary, carrageenan caused an increase in bacterial growth over the three hours.
However, comparing the growth rate of S. aureus with carrageenan against the other tested bacteria shows a higher
growth rate. The bacterial cells grew gradually and continuously over three hours. The absorbance readings difference
between the first and last record increased by 0.5127 £ 0.1, the highest among all bacteria.

As for the anti-acne and the antibacterial hand wash solutions, both products produce almost similar growth
patterns. Both solutions decreased the growth of S. aureus. However, their effect is not very remarkable, as the bacterial
growth was slightly reduced with a similar effect as a bacteriostatic effect. As the function and the usage of both
products are different, thus, the findings for both products in this product display no significant differences. As reported
by Mihalache et al. [50], the effect of hand washing in removing the bacteria must couple with rinsing steps. Thus, using
hand wash directly in an antimicrobial assay has its limitations. As for the positive control using Chloramphenicol, the
growth rate shows a drop in the turbidity measure; Thus, this antibiotic had a bactericidal effect on S. aureus. Negative
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control shows a predicted growth pattern, where the turbidity measures increased from 0.359 + 0.1 to 1.3287 + 0.1,
much higher than carrageenan actions. Both positive and negative controls elicit very predictable actions towards the
tested bacterium.

Absorbance (600 nm)

Solution/Time

M Zero hour 0 After first hour [0 After second hour After third hour

Figure 3. S. aureus growth rate using five agents over three hours. Carrageenan with a concentration of 10 mg/mL was tested on S. aureus to check
its antimicrobial properties by measuring the absorbance reading of the liquid bacterial culture. Anti-acne, antibacterial hand-wash and positive and
negative controls were tested on the same bacterium

Absorbance (600 nm)
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Figure 4. E. coli growth rate using five agents over a period of three hours. Carrageenan with a concentration of 10 mg/mL was tested on E. coli to
check its antimicrobial properties by measuring the absorbance reading of the liquid bacterial culture. Anti-acne, antibacterial hand wash, and positive
and negative controls were tested on the same bacterium

3.2.2 Escherichia coli

Figure 4 represents a bar chart of the growth rate of E. coli using five different solutions, carrageenan, anti-acne,
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antibacterial hand wash, and positive and negative controls respective to the represented data. Absorbance was measured
over a period of three hours at hourly intervals. Positive control was via using ampicillin of concentration 100 pg/mL.
The graph shows the E. coli growth rate using the carrageenan sample from K. alvarezii shows a remarkable rising
trend. Using carrageenan, the zero-hour absorbance reading is 0.4313 = 0.1; after three hours, the final reading is 0.7643
+ 0.1. Thus, the difference between these two readings represents the growth rate over three hours, which is 0.333 £ 0.1
and considerably high. This means carrageenan does not have any antibacterial effect on E. coli.

The anti-acne solution and the antibacterial hand wash proved their antimicrobial properties with E. coli, as the
graph shows a decrease in absorbance readings over three hours. However, this decrease is slight and gradual; compared
to carrageenan, it is clear how the effects elicited were reversed. Moreover, when the result of carrageenan is compared
to the positive control, as expected, the positive control (ampicillin) inhibits the growth of E. coli with a bactericidal
effect.

And the graph shows a dramatic decline in absorbance reading from 0.4063 + 0.1 to 0.0687 + 0.1. As for the
negative control using nutrient broth, the bacteria grew dramatically gradually, as shown in the graph below. The
carrageenan extracted from K. alvarezii shows approximately a similar effect on the growth pattern of E. coli as the
negative control.

3.2.3 Klebsiella pneumoniae

Figure 5 illustrates the bar chart of the growth rate of K. pneumoniae using the previously mentioned solutions.
Absorbance readings were recorded over a period of three hours at hourly intervals. Positive control was via using
chloramphenicol of concentration 25 pg/mL. From the graph, the K. pneumoniae growth rate using the carrageenan
sample from K. alvarezii shows a moderate increase.

1.4

Absorbance (600 nm)

Solution/Time

M Zero hour [ After first hour After second hour After third hour

Figure 5. K. pneumoniae growth rate using five agents over three hours. Carrageenan with a concentration of 10 mg/mL was tested on K. pneumoniae
to check its antimicrobial properties by measuring the absorbance reading of the liquid bacterial culture. Anti-acne, antibacterial hand wash and
positive and negative controls were tested on the same bacterium

The first absorbance reading (zero hours) was 0.5173 = 0.1, and after three hours, the final reading was 0.781 = 0.1;
thus, the difference between these two readings is 0.2637 + 0.1, representing the growth rate over three hours, and it is
mildly high. This means carrageenan does not have any antibacterial effect on K. pneumoniae. Carrageenan increased
the growth of K. pneumoniae. However, the increase was not dramatic compared to E. coli and S. aureus. As Pérez et al.
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[51] summarise, seaweed produces metabolites with potent antimicrobial activity. The compounds extracted from the
seaweed depend on the type of seaweed, the number of compounds isolated, the solvent used in the extraction and the
variety of microbes involved in the experiments. In addition, the methods used in the assessment are factors that should
be investigated in determining the antimicrobial effect of seaweed.

Moreover, the effect of the anti-acne solution on the growth of K. pneumoniae was notable in decreasing the growth
of the bacterial cells. Nevertheless, the antibacterial hand wash showed a more dramatic result in reducing the growth
of K. pneumoniae over three hours. Regarding the positive control, Chloramphenicol caused a slight effect in killing
the bacteria. The results show a slight decrease; thus, it could be bactericidal but requires higher concentrations to have
a higher impact. The negative control results illustrate the high growth of K. pneumoniae. When comparing the effect
of carrageenan and the negative control, it is notable that carrageenan activity is less efficient than the negative control.
However, both have a considerable increase in bacterial cells.

3.2.4 Pseudomonas aeruginosa

Figure 6 represents a bar chart of the growth rate of P. aeruginosa using carrageenan solution, anti-acne,
antibacterial hand wash, and positive and negative controls. The data were collected at hourly intervals for a total of
three hours. Positive control was done using a chloramphenicol concentration of 25 pg/mL. From the chart below, P,
aeruginosa growth using a carrageenan sample from K. alvarezii shows a mild increase. The first absorbance reading at
zero hours was 0.294 + 0.1, and after three hours, the final reading was 0.513 £ 0.1; thus, the difference between these
two readings is 0.219 £ 0.1, representing the growth rate over three hours, and it is considered high.
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Figure 6. P. aeruginosa growth rate using five agents over three hours. Carrageenan with a concentration of 10 mg/mL was tested on P. aeruginosa to
check its antimicrobial properties by measuring the absorbance reading of the liquid bacterial culture. Anti-acne, antibacterial hand wash and positive
and negative controls were tested on the same bacterium

Carrageenan extracted in this experiment has no antibacterial effect on P. aeruginosa. Carrageenan increased the
growth of P. aeruginosa. However, the increase was not remarkable compared to E. coli and S. aureus.

Furthermore, P. aeruginosa showed a moderate decrease in growth using the anti-acne solution. The antimicrobial
effect of the anti-acne solution depends on its formulation and treatment time [52]. In this experiment, the maximum
treatment duration is only 3 hours compared to experiments conducted by Blaskovich et al. [52], with a minimum
of 24 to 72 hours. This demonstrates that to activate the compound in the extracted seaweed, the incubation time for
the mixture to take action is a factor that can be investigated. In contrast, the antibacterial hand wash did not affect
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its growth as the bacterial growth increased. Thus, this antibacterial hand wash is not effective in eliminating this
bacterium. As for the positive and negative controls, the first was done using chloramphenicol. The results show a
slight decrease over the first hour. However, an increase in bacterial growth was notable over the second hour of
incubation, and a trivial decrease dominated the culture over the last incubation hour. Hence, this antibiotic may not
have a substantial impact on P. aeruginosa. The negative control illustrates the expected results, as the bacterial growth
rate increases gradually over three hours. When comparing the effect of carrageenan extracted from K. alvarezii on P,
aeruginosa and the development of using only nutrient broth, the results are similar and show a very close growth rate.

3.3 Positive and negative controls

This study used ampicillin only on E. coli as a positive control to inhibit growth. The results showed inhibition in
E. coli growth with positive control. As for the negative control with standard nutrient broth, E. coli growth increased
dramatically. Therefore, the results obtained regarding E. coli in the present study can be determined reliably as a proper
procedure. The good conditions of chemicals and apparatuses used have been performed. The positive control results
using chloramphenicol on K. pneumoniae, S. aureus and P. aeruginosa inhibited bacterial growth. This inhibition is
clearly illustrated in Figure 3 and Figure 5 for S. aureus and K. pneumoniae, respectively.

As for P. aeruginosa, the action of chloramphenicol in inhibiting growth was somewhat unstable, although the
absorbance readings witnessed a reduction, and the MIC testing chloramphenicol showed inhibition of P. aeruginosa.
As for the negative control using nutrient broth, the bacterial growth increased significantly. The results obtained for all
three bacteria can be considered reliable as both positive and negative results were predicted.

The antimicrobial activity of carrageenan extracted from K. alvarezii did not cause any inhibition or reduction in
bacterial growth compared to the positive controls. The absorbance reading for carrageenan witnessed a continuous
increase over the testing period, while the positive control absorbance readings decreased over the same period.

The increasing prevalence of resistance and multi-resistant bacterial strains is alarming and a dreadful threat to
the public health system. Although millions of drugs are being synthesised to suppress the activity of bacteria, bacteria
have continued to evolve and develop multi-resistance mechanisms against various antimicrobial agents. Therefore, the
discovery of new drugs should be considered a priority together with reducing the number of untreatable infections by
knowing the reliable means of transmission of diseases. Since bioactive compounds such as lipids, tannins or phenolic
compounds have huge potential in pharmacology and other biological actions, they could be a promising antibacterial
agent in future studies.

Despite several studies proving the antibacterial effect of carrageenan extracted from various red algae species [51],
carrageenan extracted from K. alvarezii, and based on this study, is believed to have no antibacterial actions against E.
coli, K. pneumoniae, S. aureus and P. aeruginosa. However, more research can be done using different solvents and
microorganisms. Due to the high gelling property of carrageenan, it is challenging to prepare higher concentrations of
carrageenan solution. Therefore, different forms of carrageenan can be used to assess antibacterial properties, such as
gel, paste or cream [53]. A different form, such as hydrogel, a natural structure, is a gel form with the disc diffusion
assay that can effectively study the antibacterial activities of sticky-type products. Adding different concentrations of
carrageenan extract in antibacterial activity will not influence the outcome of the study [32]. These forms will require a
completely different methodology to be applied. Thus more studying should be done.

4. Conclusion

In conclusion, the main objectives of this study were to extract carrageenan from K. alvarezii, test its antimicrobial
activity on a range of bacteria and compare that activity with commercially used antibacterial and anti-acne solutions
successfully achieved. Carrageenan extracted from K. alvarezii was found to have no antimicrobial effect over E. coli,
K. pneumoniae, S. aureus and P. aeruginosa. Thus, different extraction methods using other solvents and assessment
assays, such as dish diffusion assay, should be applied. In addition, a more green and sustainable extraction method
should be developed to effectively extract the compound in seaweed that can be used in the antimicrobial assay.
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