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Abstract

This research was done to overcome the bacterial resistance towards antibiotics by produced new
antibiotics. Some microorganisms can be used as a source of antibiotics, including microalgae. This
study was conducted by using microalgae Scenedesmus dimorphus to produced a new antibiotic.
The study began by looking for a suitable growth medium to obtain maximum biomass to produces
antibiotics. The results showed that the suitable growth medium was Bolt Basalt Medium (BBM)
with dry biomass of 0.602 g/L, whereas from grow more G32% medium was obtained 0.302 g/L and
commercial fertilizer P5 was obtained 0.479 g/L. The antibacterial activity of Scenedesmus dimorphus
extract was tested using the disc diffusion method (Kirby & Bauer test). The extraction process using
methanol, ethyl acetate and hexane solvents was carried out by the maceration method with the
help of the sonication process. Antibacterial activity testing showed the inhibition zone on methanol
extract using Bacillus subtilis ATCC 6633, Salmonella thypimurium ATCC 14028, Eschericia coli ATCC
25922, Methicilin Resistent-Staphylococus aureus ATCC 25175 respectively 13 mm, 10 mm, 10 mm,
20 mm while on ethyl acetate extracts the inhibition zone size were 9 mm, 8 mm, 11 mm, 12 mm and
n-hexane extracts were 8 mm, 7 mm, 8 mm and 8 mm.
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INTRODUCTION

Infectious disease is one of the serious
diseases because it can lead to the death of an
individual. Prevention of infectious diseases is
usually done by using antibiotics, but irregular
uses of antibiotics can make the bacteria became
resistant. Antibiotic resistance problems generally
occur in groups of Gram-positive bacteria such
as Methicilin Resistance Staphylococcus aureus
(MRSA), Bacillus subtilis, and Gram-negative group
bacteria such as Escherichia coli and Salmonella
thyposa which are some serious threat to public
health®23,

Bacteria multi-resistance towards
antibiotics caused a serious problem in the
treatment of infectious diseases, making it difficult
to find antibiotics that able to inhibits the growth
of these bacteria. Therefore, the search for more
active compounds with antibacterial properties
needs to be explored. One of the sources of
antibiotics that can be utilized is microalgae.

Microalgae is able to live in all territorial
waters such as; fresh water, salt water and
brackish water. Microalgae contain several
primary metabolites that can be utilized such
as carbohydrates as ingredients for bioethanol,
lipids for biodiesel, proteins for making single-
cell proteins as supplements*>®’, In addition,
microalgae also produce secondary metabolites
such as B-carotene, minerals and vitamins such
as thiamine (B1), riboflavin (B2), pyridoxine (B6),
cyanocobalamin (B12), biotin, ascorbic acid,
nicotinic acid carotene, pantothenic acid, choline,
inositol and tocopherol®.

One of the problems encountered in
the study of microalgae was the lack of biomass
obtained from the culture, therefore this research
was carried out by optimizing microalgae growth
medium to obtain maximum biomass and the
search for active compounds that could inhibit the
bacterial activity.

MATERIALS AND METHOD
Equipments

The equipment used in this study were
cultivation equipment (aquarium pump, aquarium
hose, 500 mL glass bottle, rubber, plastic), 500
mL Erlenmeyer (Pyrex®), 100 mL measuring
cup (Pyrex®), measuring flask (Pyrex®), stirring
rods, test tubes (Pyrex®), dropper pipettes, vials,

Petri dishes (Normax®), 1000 mL volumetric
flasks (Pyrex®), trophy cups (Pyrex®), incubator,
autoclave, forceps, aluminum foil, plastic wrap,
ose needle, hot plate, spatula, micropipette,
microtips, UV-Vis spectrophotometer (Thermo
Scientific GENESYS 10S Series UV-Visible
Spectrophotometers USA), analytic scale (Kern
ABJ 320-4NM) and low temperature refrigerator,
Laminar Air Flow (LAF).
Materials

The materials used in this study were
samples of microalgae Scenedesmus dimorphus
isolated from Lake Biru Sawahlunto West Sumatra,
the test bacteria used were from Biota Sumatra
Laboratory which were Bacillus subtilis bacteria
ATCC 6633, Salmonella thypimurium ATCC 14028,
Escherichia coli ATCC 25922, Methicilin Resistance
Staphylococcus Aureus (MRSA) ATCC 25175,
Nutrient Agar medium, Mueller-Hilton Agar
medium (MHA), Bolt Basalt Medium, growmore
medium, commercial fertilizer medium (Urea,
ZA, TSP), methanol (Brataco®), ethyl acetate,
n-hexane, positive control amoxicillin and negative
control DMSO.
Research procedure
Isolation of Microalgae

Isolation of microalgae was carried out
referred to Parvin (2007) using the micropipette
washing technique method. Single microalgae
obtained was observed under the microscope
with 1000x magnification. Microalgae species
were identified according to the Algae Resource
Database.
BBM Medium

A total of 17 mL of microlalgae were
inoculated into BBM medium as much as 153
mL and given aeration at room temperature.
Microalgae growth was determined by measuring
the optical density of the culture every day using a
UV-Vis spectrophotometer at a wavelength of 410
nm?°,
Grow more Medium

Growmore medium was made with
4 concentration which was growmore 6-30-
30, growmore 10-55-10, growmore 20-20-20,
growmore 32-10-10. In each concentration, as
much as 17 mL microalgae were added. The ratio
of medium: microalgae was 1 : 9 mL. The daily
growth curve with a UV-Vis spectrophotometer
was calculated daily at a wavelength of 410 nm.
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Commercial Fertilizer Medium

Selection of fertilizer dosage referred to
Afriza (2014) which had been modified by varying
the concentration of Urea, ZA and TSP fertilizers
(Table 1). Growth was observed by measuring
the value of Optical Density (OD) using a UV-Vis
spectrophotometer at a wavelength of 410 nm.
Biomass Harvesting of Microalgae Scenedesmus
dimorphus

Harvesting of microalgae liquid cultures
was carried out at the stationary phase by using
the flocculation method. The precipitate was
transferred into petridish and dried using the wind
drying method. The dry biomass obtained was put
into a vial bottle®?.
Extraction of Microalgae Scenedesmus dimorphus

The extraction method used was based
on the modified Goh, Su-Hua (2010) method.
The solvents used in the extraction process were
methanol, ethyl acetate and hexane. As much as
1 gram of dry biomass was extracted each using
methanol, ethyl acetate and hexane solvents.
The extraction process was carried out by the
sonication method using a sonicator at 480 Hz for
1 hour and continued to maceration for 24 hours.
The extraction process was done repeatedly until
the solution was colorless. Extracts were collected
and separated between the solution and the
sediment with centrifuges then dried to obtained
the crude extract of the microalgae.
Phytochemical Profile Test

Phytochemical tests were carried
out on each extract (methanol, ethyl acetate,
hexane) of microalgae Scenedesmus dimorphus.
Phytochemical tests included the tests of
flavonoids, phenolics, alkaloids, triterpenoids
and steroids™.
Production of Nutrient Agar Medium

Nutrient Agar (NA) Medium as much
as 14 grams was dissolved in 500 mL of aquades
and then heated while stirring the solution until
it boiled. NA medium as much as 10 ml was
poured into a test tube covered with gauze and
cotton, then sterilized at a pressure of 1 atm and
temperature of 121°C for 15 minutes. Sterile NA
media was tilted and waited until it solidifies.
Bacterial Inoculation

The test bacteria were inoculated into the
tilted medium using an ose needle and inoculated
by scratching the ose needle on the tilted NA

medium. Then the medium was incubated for 24
hours at 37°C until bacterial growth occurs®.
Production of Mueller-Hinton Medium

Mueller-Hinton Agar Medium (MHA) as
much as 19 grams was dissolved in 500 ml aquades
then heated while stirring the solution until it
boiled. The MHA medium was sterilized using
autoclave at a pressure of 1 atm and temperature
of 121°C for 15 minutes. The MHA medium was
cooled and then putin a petri dishes of 20 ml each
and allowed to solidify at room temperature.
Antibacterial Activity Test

MHA medium was suspended by test
bacteria as much as 2007L and flattened with L
stem, then allowed to dry for 15 minutes at room
temperature. Sterile disc paper was dropped
on each extract with a volume of 20ul and
concentration of 10ug / mL, 100ug / mLand 500ug
/ mL, then incubated at room temperature for 24
hours.

The positive control used was 10ug
amoxycillin and negative control used was 0.1%
DMSO. The clear zone around the disc showed the
presence of a bacterial barrier area. The diameter
of the inhibitory zone was measured horizontally
and vertically using the calipers?®.

RESULTS AND DISCUSSION
Identification of Microalgae Isolates Based on
Morphology
Asingleisolate of microalgae was obtained
using a micropipette washing technique. MA1
microalgae isolates were identified morphologically
and compared for their morphological similarities
to microalgae found in Algae Base Resource.

(b)

()

Fig. 1. Microalgae morphology (a) MA1 Isolate, (b)
Scenedesmus dimorphus photo from algabase.org
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The following photo showed the morphology of
MA1 microalgae isolates obtained from Lake Biru
Sawahlunto, West Sumatra and microalgae found
on algaebase.org, shown in the following Fig. 1.

Fig. 1 provided species morphology
information about the phenotypic character of
a species, including the shape, color, size and
weight of the cells. MA1 microalgae species had
long and pointed form and live in groups. Based
on these characters, MA1 microalgae isolates has
long, pointed cells and have a green color like the
general character of other eukaryotic microalgae.
This characteristic showed that MA1 microalgae
isolates from Lake Biru Sawahlunto West Sumatra
have similarities morphologically with the
microalgae Scenedesmus dimorphus found on the
website algabase.org. This MA1 microalgae was
classified into the division of green microalgae
(Chlorophyta). Characteristics of Chlorophyta
in general are contains chlorophyll, has green
coloration, cell nucleus is eukaryotic, autotrophic,
and has fresh water as its largest habitat.
Selection of Growth Medium
Commercial Fertilizer Medium

Selection of microalgae medium was seen
from the growth rate of microalgae by measuring
absorptive value (Optical Density) using a UV-VIS
spectrophotometer at a wavelength of 410 nm.
The higher the absorptive value, the more the
number of cells in the growth medium, and vice
versa the lower absorptive value indicates the
small number of cells in the growth medium?’.

Fig. 2 showed the highest cell abundance
of growth of MA1 microalgae using commercial
fertilizers in treatment P5 and the lowest cell
abundance at P1. This is because P5 has a large
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Fig. 2. The graphic of the MA1 microalgae growth curve
using commercial fertilizers with concentrations of P1,
P2, P3, P4 and P5.

source of nitrogen compared to P1, P2, P3 and
P4. In addition, the smallest ZA levels were also
present in P5 treatment where small ZA levels
could balancing the nutrient conditions and pH in
microalgae culture media.

The N element in Urea and ZA fertilizers
comes from ammonium which acts as a major
contributor in culture media. Urea fertilizer has
N content of 46% while ZA fertilizer has a total N
of 20.8%. Nitrogen in urea and ZA can be found in
the form of ammonium ions. Urea can act as the
largest ammonium ion contributor in the growth
medium compared to ZA fertilizer.

According to Oh-hama and Miyachi
(1998) the form of nitrogen compounds favored
by microalgae is ammonium (NH,*), because the
transport and assimilation of ammonium ions
by microalgae cells into various types of organic
macromolecules such as proteins and nucleic
acids required less energy than transportation and
assimilation of nitrate ions (NO,).

P1 treatment has the lowest cell
abundance that causes increasingly short growth
because of the nitrogen source only comes from
ZA fertilizer. This fertilizer can reduce the pH of
culture medium to acid while microalgae growth
is better in the alkaline pH range than neutral or
acidic. Comparation between P2, P3, P4, and P5
which both use urea and ZA as sources of nitrogen
showed that P5 has the highest cell abundance.
This is because at P5 the nitrogen content was
quite large from urea fertilizer and small ZA
fertilizer so that it can balance nutrient and pH
conditions in microalgae culture media.

TSP fertilizer acted as a contributor to
P elements in the growth of microalgae, which
functioned as a constituent of carbohydrates in
culture media and important in the process of
photosynthesis. If the concentration of P is high
then the energy needed will tend to use nitrate
for growth compared to ammonium. The usage
of nitrates by microalgae can actually produce CO,
fixation in photosynthesis because nitrates and CO,
are competing to bind hydrogen.

Growmore Medium

Growmore fertilizer is a complete leaf
fertilizer in the form of blue crystals, which is
very easy to dissolve in water. In agriculture, this
fertilizer is used because it is easily absorbed
by plants and contains complete nutrients with
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different concentrations according to the needs.
Growmore fertilizer has 4 variants made based
on the number of elements N, P and K. These
following images showed the growth of MA1
microalgae using 4 growmore fertilizer variants:
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Fig. 3. Graphic of the MA1 microalgae growth curve
by using Growmore fertilizer with concentration of
G6% (6-30-30), G10% (10-55-10), G20% (20-20-20) dan
G32% (32-10-10)

Fig. 3 showed that the best growth was
found in growmore G32% (32-10-10) fertilizer
medium. This can be seen from the high absorptive
value and longer life time in the culture in growmore
G32% (32-10-10) medium. The concentration of
the four growmore mediums was distinguished
by variations in the content of N, P, and K and
the highest N content was growmore G32%.
The most commonly used N sources are NaNO,,
(NH,),HPO, and urea. N source is very influential on
the process of microalgae growth where different
nitrogen sources will have different effects on
growth to produce different metabolites in each
microalgae.
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Fig. 4. Graphic of the MA1 microalgae growth curve by
using Growmore fertilizer G32% (32-10-10), commercial
fertilizer P5 (40 mg/L Urea; 10 mg/L ZA; 40 mg/L TSP)
and BBM (Bold’s Basal Medium)

Excess and lack of N elements can
cause cell division to be disrupted, resulting in
reduced biomass production. This can be seen in
microalgae cultures found in growmore fertilizer
medium 6-30-30, growmore 10-55-10, and
growmore 20-20-20 which have different nitrogen
levels which affect growth.

In addition to the N element, P and K
elements also affects the growth of microalgae,
where the concentration of P and K elements
that are appropriate will accelerate microalgae
growth as seen in Fig. 3. Growmore (32-10-10) has
a content of P and K as much as 10% which the
highest compared to Growmore 6-30-30, 10-55-10
and 20-20-20. The different concentrations of N,
P, K source will greatly affect growth, metabolism,
and products by these microalgae.

Comparation of Commercial Fertilizer, Growmore
Fertilizer and BBM

On Fig. 4 it can be seen the growth
curve of MA1 microalgae on BBM medium
has the highest cell abundance compared to
growmore fertilizer (32-10-10) and commercial
fertilizer P5. This is because the BBM medium
contains macronutrient elements (NaNO,, CaCl,.
H,0, MgS0,.7H,0, K,HPO,, KH,PO,, NaCl) and
micronutrients (trace metals (ZnSO,, MnCl,, CuSO,,
CO(NO,),.6H,0), EDTA solution ( EDTA-KOH), Fe
Solution (FeSO,.7H,0, H,SO,) dan H,BO,). Whereas
growmore medium (32-10-10) and commercial
fertilizer P5 only contains macronutrient elements.

In addition to the rapid growth, the BBM
medium also has higher biomass than growmore
fertilizer (32-10-10) and commercial fertilizer P5.
The abundance of biomass in the three mediums
in the microalgae MA1 can be seen in Table 2.

Table 1. Variations in commercial fertilizers used in
research

Treatment Urea ZA TSP
[CO(NHZ)Z] [(NH4)2504] [45% ons]
(mg/L) (mg/L) (mg/L)
P1 0 50 40
P2 10 40 40
P3 20 30 40
P4 30 20 40
P5 40 10 40
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Table 2. Dry Biomass of MA1 Microalgae in 3 types
of Medium

No. Medium Dry Biomass

1. BBM 0,602 g/L

2. Growmore G32% 0,302 g/L

3. Commercial 0,479 g/L
fertilizer P5

Phytochemical Test

Phytochemical test of microalgae MA1
extracts (methanol, ethyl acetate and hexane) can
be seen in Table 3.

Methanol is a universal solvent that able
to dissolve both polar and nonpolar analytes.
With its ability to dissolve polar and nonpolar
compounds, methanol can attract more quantities
of secondary metabolites from MA1 microalgae
extracts, which are polar (phenolic) compounds.

Ethyl acetate is a semi-polar solvent and
can dissolve semi-polar compounds on the cell

Table 3. Phytochemical test results from crude extracts
of MA1 microalgae

Phytochemical Extract

Test Methanol Ethyl Hexane
Acetate

Phenolic + - -

Flavonoid - - -

Alkaloid - - -

Triterpenoid - - -

Steroid - + +

Annotation: (-) = Absent; (+) = Present

wall*4. The extraction of MA1 microalgae by using
ethyl acetate solvents produced a positive test for
the steroid compound class.

N-hexane is a type of nonpolar solvent that
can dissolve nonpolar compounds. Table 3 showed
that MA1 microalgae extracted by n-hexane
solvent was positive on steroid compounds. This
group of compounds is nonpolar so it can dissolve
in n-hexane solvents.

Antibacterial Activity Test on MA1 Microalgae
Extract

The results of the antibacterial activity
test were seen by observing the zone of inhibition
formed around the disc paper. The clear zone
formed was measured using calipers and the results
were presented in Table 4. The measurement of
the clear zone formed was done by measuring
the diameter of the zone formed by entering the
size of the disc. Observations were made after 24
hours incubation.

The best antibacterial activity test results
from MA1 microalgae were showed on methanol
extract (500ug / mL) against the Methicilin
Resistance Staphylococcus aureus (MRSA) ATCC
25175 test bacteria with a zone of inhibition of 20
mm. The difference in the increase and decrease
in the inhibition zone of each extract was caused
by the components of substances contained in
medicinal plants can weaken, strengthen, correct
or change each other completely. In addition, the
quality and quantity of substances in medicinal
plants were determined by environmental
factors such as climate, soil, sunlight and growth
conditions until harvest. Factors that influenced
antibacterial activity includes environmental pH,

Table 4. Results of Measurement of Inhibition Zone Against 4 Test Bacteria

Extract Test Bacteria
Bacillus Salmonella Escherichia MRSA
subtilis thypimurium coli ATCC
ATCC 6633 ATCC 14028 ATCC 25922 25175
Methanol 13 mm 10 mm 10 mm 20 mm
(500pg/mL)
Ethyl Acetate 9mm 8 mm 11 mm 12 mm
(500pg/mL)
n-Hexane 8 mm 7 mm 8 mm 8 mm
(500pg/mL)
Positive control 8 mm 8 mm 9 mm 10 mm
Journal of Pure and Applied Microbiology 1694 www.microbiologyjournal.org
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seeding component, active substance stability,
size of the inoculum, a period of incubation and
bacterial metabolic activity®.

Table 4 showed that MA1 microalgae
extract can provide antibacterial activity. This is
caused by the presence of secondary metabolites
(phenolics and steroids) produced by the extract.
Phenolic compounds have hydroxyl groups
which acted as poisons for microorganisms. The
attachment of side and the number of hydroxyl
groups in phenolic compounds were related to
their toxicity to microorganisms. The addition
of hydroxyl groups will increase the toxicity.
Besides that, stronger oxidized phenols will be
more inhibiting. The mechanism of the reaction
was responsible for the toxicity of phenolic
compounds in microbes through reactions with
sulfhydryl groups or more nonspecific interactions
with proteins. Steroids were also reported to
have antibacterial activity because steroids bind
specifically to lipid membranes, causing leaks from
liposomes.

The positive control used was 10ug
amoxicillin. Amoxycillin was chosen as a positive
control because it had broad-spectrum as an
antibiotic so it can inhibit the growth of Gram-
positive and Gram-negative bacteria. The negative
control used was DMSO (0.1%). Dimethyl sulfoxide
(DMSO0) is an organic sulfur compound with the
formula (CH,),SO. This colorless liquid is an aprotic
solvent that able to dissolves both polar and non-
polar compounds. The DMSO concentration of
1% was able to kill 2-10% of bacteria, therefore it
is recommended that the use of concentrations
of DMSO should be in low concentrations when
dissolving the antibacterial test extract so it would
not have any inhibitory effect on the test bacteria.
The recommended concentration was 0.01% -
0.5% DMSO%.

CONCLUSION

Based on the research which had been
done, it can be concluded that the microalgae
that were isolated from Lake Biru Sawahlunto
West Sumatra were Scenedesmus dimorphus.
Suitable growth medium to produce maximum
biomass from microalgae Scenedesmus dimorphus
was BBM medium (Bolt Bassal Medium) with dry
biomass obtained 0.602 g/L. Methanol, ethyl
acetate and n-hexane extract of microalgae

Scenedesmus dimorphus contain secondary
phenolic and steroid metabolites which have
potential as antibacterial.
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