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Abstract 
      Microalgae is an alternative material that can be used for various application in dentistry. Type 
of microalgae that is easy to obtain is Chlorella Vulgaris which is known have a high protein 
contents that are useful in forming the new tissues. The present study aimed to analyze the content 
of polyphenols, antioxidants, and the physical stability of Chlorella Vulgaris gel. Microalgae was 
collected from sea water, followed by sterilization and screening process to obtain Chlorella 
Vulgaris seeds. Seeds culturing and extraction was carried out to obtain powder, and then tested 
for polyphenol content and examined antioxidant activity. Physical stability tests included the 
dispersion, pH, and viscosity tests of the Chlorella Vulgaris extract gel. one-way and two-way 
ANOVA were utilized to analyse the data.  
     The results of the phenol content test showed that the antioxidant activity was 0.087% in the 
chlorella Vulgaris extract. The results of the physical stability test showed a spreadability of 3.9 cm 
with a pH of 9, and a semisolid, pseudoplastic gel viscosity. Chlorella Vulgaris contains high 
antioxidant concentration and activity, thus appropriate physical stability to be used to accelerate 
tissue regeneration. 
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 Introduction 
 

 The development of biomaterials using 
microalgae is an option that needs to be 
considered in the medical world, due to its ability 
to provide a biological response with maximum 
effect on the body1 Microalgae are natural 
materials consisting of unicellular eukaryotic cells 
which are rich in primary and secondary active 
components2,3. The molecular content of 
microalgae has anti-inflammatory, antibacterial, 
antifungal, and antioxidant effects needed in 
health biotechnology4. 

Chlorella Vulgaris is a microalga that is 
easily found in seawater and can be cultivated on 
a large scale5. Its ability to grow rapidly under 
autotropic, mixotrophic, and heterotropic 
conditions makes it capable of being cultivated 
easily6,7. A single Chlorella Vulgaris can form 
colonies of up to 64 cells and has high 

photosynthetic ability, and has antibacterial 
properties due to the presence of unsaturated 
lactones, cyanogenic glycosides, sulfur 
components, phenols, phenolic glycosides, 
saponins, and phytoalexins3,5,6.  

Chlorella Vulgaris is expected to be able to 
help fibroblasts to produce extracellular matrix 
protein structures, such as laminin and 
fibronectin, as well as glycosaminoglycan basic 
substances such as hyaluronan and glycoprotein. 
Production of other extracellular matrices such as 
adhesive proteins and basic components of 
glycosaminoglycan and proteoglycan filling. 
Biologically, fibroblasts play a role in helping 
wound healing, inflammation, and angiogenesis. 
The presence of high protein content in chlorella 
Vulgaris can help increase the production of 
extracellular matrix protein structures. The 
secretion of cytokines in the inflammatory 
process will guide the activation and migration of 
immune cells, which then the basic ingredients of 
the extracellular matrix play a role in the 
extravasation of immune cells into connective 
tissue. A study reported that the use of chlorella 
Vulgaris accelerated wound healing with minimal 
scarring, due to the presence of beta carotene 
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and various vitamins that help form collagen 
fibers and intracellular matrix8,9. 

The content of polyphenols in microalgae 
affects antioxidant activity in wound healing, this 
is due to the presence of phenol, ethanol, and 
flavonoids which can neutralize free radicals by 
donating electrons or hydrogen atoms8,9. Several 
studies have reported that phenolic content and 
antioxidant capacity have a linear relationship 
and that flavonoids are known for their 
antioxidant properties, thereby providing a free 
radical scavenging effect and increasing wound 
healing9,10. One that influences the magnitude of 
the antioxidant activity of polyphenols is the 
number and arrangement of the hydroxy groups, 
the type of treatment applied, and the culture 
conditions11,12. 

The process of wound healing a process 
that depends on many factors, one of which is by 
increasing the content of protein and collagen 
which helps fibroblast cell migration and 
extracellular matrix synthesis due to antioxidant 
activity8. Several other studies have reported the 
strong antioxidant activity of various plants 
shown through inhibition of lipid peroxidation and 
increased catalase activity13. The presence of 
antioxidant enzymes such as superoxide 
dismutase and catalase contributes to 
counteracting free radicals that inhibit tissue 
regeneration8.  

One way to increase the effectiveness of 
using chlorella Vulgaris is to formulate chlorella 
Vulgaris extract in gel form. In previous studies 
using chlorella Vulgaris extract cream, it was 
stated that a 5% cream content gave good 
results for wound healing, so it was necessary to 
test it in gel dosage form14. Gels are semi-solid 
systems consisting of suspensions made up of 
small inorganic particles or large organic 
molecules, interpenetrated by a liquid15.  Testing 
for phenolic compounds in chlorella Vulgaris is 
needed to determine the total phenol levels that 
can affect the antioxidant activity and to make 
extract preparations in gel form. Therefore, this 
study reports the phenolic content, antioxidant 
activity, and physical stability of the chlorella 
vulgaris extract gel. 
 

Materials and methods 
 
 Cultivation of chlorella vulgaris 
 The chlorella Vulgaris microalgae were taken 
from the sea on Galesong beach using a 

planktonic to obtain as much as 75 gr. Seawater 
was brought to the laboratory of the Galesong 
Brackish Water Cultivation Center, to analyse the 
types of phytoplankton found. The chlorella 
phytoplankton was then placed in agar media 
with added fertilizer. Mose needles that have 
been sterilized by the heating method, the agar 
media was streaked into an Erlenmeyer tube that 
has been filled with 10 ml of sterile seawater. 
Seawater must go through the chlorine test 
stage. If seawater was found to be neutral, the 
seawater was then filtered with cotton and then 
sterilized with an autoclave.  
 
 Preparation of chlorella vulgaris extract
 Chlorella vulgaris seeds were cultured by 
mixing 10 ml of chlorella seeds into 200-300 ml 
of sea water. Inside the Erlenmeyer tube and 
given O2 and light from the lamp so that chlorella 
vulgaris can continue to carry out the 
photosynthesis process, the room temperature 
was set to remain constant at 28° while seawater 
remained constant at 27°C-28°C. After 7 days of 
culturing in 200-300 ml Erlenmeyer tubes, the 
culture was transferred to a container containing 
½ liter of sterile seawater which was also given 
O2, and continued in 1 and 10 liter containers 
respectively for 7 days with the same treatment. 
After 7 days of intermediate culture, water and 
phytoplankton were separated after 15 minutes 
precipitation were formed, indicating the 
phytoplankton and water have been separated. 
The precipitate was filtered and dried in direct 
sunlight for 3 days to form a hard gel. The gel 
was then blended until smooth and then filtered 
again to obtain a fine chlorella vulgaris powder. 
 Preparation of chlorella Vulgaris extract 
gel preparations 

After the distilled water is heated, place it 
under the homogenizer and disperse it with a 
gelling agent in the form of 3 gr NaCMC, and stir 
until homogeneous. Add 10 g of propylene glycol, 
10 g of glycerol, and 0.12 g of methylparaben, 
stir until homogeneous and form a gel base. 
Addition of 5 gr of chlorella Vulgaris extract to the 
gel base. Stir until the gel base and chlorella 
Vulgaris extract become homogeneous and form 
gel preparations with concentrations of 5%, 10%, 
and 15%. 

Poliphenol screening 
The sample was dissolved in a 10 mL 

volumetric flask using methanol as a solvent. 
Sample stock was put into a 5 mL volumetric 
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flask, and 3 replications were carried out. The 
sample was diluted in a 5 mL volumetric flask, 
reacted with 2.5 mL of 7.5% Folin ciocalteu, 
allowed to stand for 8 minutes and then 2 mL of 
1% NaOH was added, and blue color was 
formed. The sample solution was allowed to 
stand for 60 minutes and then measured at the 
maximum wavelength using a Uv-Vis 
spectrophotometer. Standard curve of the 
amount of polyphenol content was obtained  from 
the spectral measurements. 
 Antioxidant assay 
 Four mg of DPPH (diphenyl picrylhydrazyl) 
was dissolved in a 25 mL volumetric flask with 
methanol, the sample was dissolved in a 10 mL 
volumetric flask using methanol solvent. A stock 
solution of 10.000 ppm was diluted to obtain 5 
different concentrations for IC50 calculation.  
400, 800, 1200, 1600, 2000 ppm was placed into 
a 5 mL volumetric flask, and 1 mL DPPH was 
added to each volumetric flask. The sample was 
allowed to stand for 1 hour and then its 
absorbance was measured using a UV-Vis 
spectrophotometer at the maximum wavelength 
of the DPPH. 
 Physical stability test of chlorella 
Vulgaris gel extract preparation  
 Spreadability test: Chlorella Vulgaris 
extract gel with a concentration of 5%, 10%, and 
15% of 1 gram was placed on a clear glass with 
a thickness of 2 mm, the bottom of which was 
attached with millimeter paper with a diameter of 
20 cm. The clear glass was covered with cloth 
glass which has the same area. The glass was 
given a load of 100 grams in which a constant 
diameter of distribution was obtained. 
pH test: The pH of 5%, 10%, and 15%, Chlorella 
extract gel were measured with a standardized 
pH meter. 
 Viscosity assay: A viscosity test was 
carried out by placing 100 mL of 10% chlorella 
extract gel in a cylindrical container and then 
installing a spindle. The spindle must be 
immersed in the test preparation. The viscometer 
was turned on at a speed of 50 rpm. The 
viscometer was obseverd by pointing to the 
number on the viscosity scale. Viscosity test 
observations were carried out three times to 
determine whether there was a change in the 
viscosity of the gel preparation.  
 
  
 

 Results 
  
 The total polyphenol content in chlorella 
Vulgaris extract is 0.087% or equivalent to 0.87 
mg of gallic acid (total polyphenols) in 1 gram of 
chlorella Vulgaris extract. 
 

 
Table 1. Polyphenol content of chlorella vulgaris 
extract. 
 

 
Figure 1. Antioxidant activity of chlorella vulgaris 
in different concentration.  
  
 Figure 1 showed the results of a high 
antioxidant activity test on chlorella Vulgaris 
extract using the DPPH method, with an IC50 
value of 2 mg/mL. The data was processed using 
ANOVA test. 
 

 
Table 2. Spreadability of chlorella vulgaris extract 
gel.  
 

From the test results, it can be seen that 
the gel with a concentration of 5% has the 
highest spreading power, with a spreading power 
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of 154.86 mm2 or 3.9 cm. The average test 
results at 50 rpm speed, the viscosity of the 5% 
gel are 12.400 cp, 10% is 17.466 cp and 15% is 
23.066 cp. The 15% preparation has the lowest 
base level, namely 9.17, so it has the most 
satisfactory results compared to other 
concentrations. 
 
 Discussion 

 
Microalgae products have been used in the 

health sector because these natural ingredients 
provide promising effects and have active 
ingredients needed in the wound healing 
process. In chlorella Vulgaris, the content of 
terpene derivatives and lectin compounds work 
as antioxidants. Antioxidant activity is also 
affected due to the high chlorophyll content of 
chlorella Vulgaris which is capable of 
suppressing the increase of reactive oxygen 
species (ROS). Unavoidable oxidative stress will 
activate inflammatory mediators thereby 
interfering with tissue regenerations16. In 
addition, other protein compounds work together 
in the process of forming granulation tissue, 
migration of keratinocytes, and stimulation of 
fibroblasts which will increase collagen 
production17,18. 

The antioxidant molecule content in 
chlorella Vulgaris is ascorbic acid, glutathione, 
vitamin E, phenolic components, and 
carotenoids. Microalgae extracts that contain 
phenol have the potential to inhibit ROS and can 
stimulate collagen. The high oxidative stress 
activity caused by ROS harms the vitality and 
expression of collagen in tissues. A study 
reported that the antioxidant effect was able to 
extend the lifetime of fibroblasts due to the 
content of vitamin E. Phenol content is also able 
to increase antioxidant defenses and enzyme 
activity, to support the function of fibroblast cells. 
The results of other studies reported strong 
antioxidant activity based on three types of 
solvents used to see antioxidant activity, namely 
non-polar, semi-polar and polar4,19–22. Other 
studies also state that there is a correlation 
between total phenols and antioxidant activity, in 
which the phenol content in plant extracts 
contributes to more than 50% of antioxidant 
activity16. This is in line with the phenol content 
found in chlorella vulgaris, so that it is able to 
delay or inhibit ROS and prevent tissue 
inflammation23. 

The spreadability test aims to determine 
how much the gel spreads on the skin. Another 
study reported that high spreading ability will 
determine the effectiveness of a material's 
biological ability when used on inflamed areas. 
The test results in this study showed that the 
spreadability of the chlorella Vulgaris gel was 3.9 
cm, which indicated that the extract in the gel 
formulation could spread well with the 
characteristics of a thin layer covering the 
surface of the skin17,24. 

Measurement of the pH of the chlorella 
Vulgaris extract gel can show the level of acidity 
of the gel when used. A good acidity or pH level 
is close to neutral for the mouth area, namely 6-
7, so as not to disturb the tissues in the area 
such as teeth and gums. The results of the pH 
test that had been carried out found that the 
chlorella Vulgaris preparation had alkaline 
properties. This is caused by the type of active 
ingredient chlorella Vulgaris which has a high 
base level, namely Ph 9, this is due to the 
presence of phenol in the extract 
preparation17,19,25. 

The viscosity test aims to determine the 
thickness of the gel preparation with a 
viscometer. Viscosity is a statement of the 
"resistance to flow" of a system under pressure. 
The thicker a liquid, the greater the force needed 
to make it flow at a certain speed. From the test 
results, it is known that the preparation that has a 
good viscosity is a gel with a concentration of 
5%. This study shows the characteristics of the 
gel formulation is semisolid with the 
pseudoplastic flow, which can disperse the 
extract molecules to the applied area17,26. 
 
 Conclussions 

 
Chlorella Vulgaris extract contains phenolic 

compounds which show antioxidant activity and 
the gel preparations from chlorella Vulgaris 
extract also have the basic characteristics 
needed in the formation of new tissues, including 
good physical stability, biological activity, and 
other biological functions. 
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