BIODIVERSITAS
Volume 23, Number 10, October 2022
Pages: 5258-5266

ISSN: 1412-033X
E-ISSN: 2085-4722
DOI: 10.13057/biodiv/d231035

The influence of fermentation using marine yeast Hortaea werneckii
SUCCYO001 on antibacterial and antioxidant activity of
Gracilaria verrucosa

FATMAWATI FATMAWATI*2, MADA TRIANDALA SIBERO'?*, AGUS TRIANTO?,

DIAH PERMATA WIJAYANTI!, AGUS SABDONO!?, DELIANIS PRINGGENIES!, OCKY KARNA RADJASA?
1Department of Marine Science, Faculty of Fisheries and Marine Science, Universitas Diponegoro. JI. Prof. Sudarto, Tembalang, Tembalang,Semarang
50275, Central Java, Indonesia. Tel./fax. +62-247-465-403, Yemail: madatriandala@hotmail.com
2Natural Product Laboratory, Integrated Laboratory for Research and Services, Universitas Diponegoro. JI. Prof. Sudarto No0.13, Tembalang, Tembalang,
Semarang 50275, Central Java, Indonesia

Manuscript received: 9 September 2022. Revision accepted: 11 October 2022.

Abstract. Fatmawati F, Sibero T, Trianto A, Wiyanti DP, Sabdono A, Pronggenies D, Radjasa OK. 2022. The influence of fermentation
using marine yeast Hortaea werneckii SUCCYO001 on antibacterial and antioxidant activity of Gracilaria verrucosa. Biodiversitas 23:
5258-5266. Gracilaria verrrucosa is producer of agar, a polysaccharide, that widely used in pharmaceutical and food industries.
However, several studies have shown that the secondary metabolite of this seaweed is not potential as an antimicrobial and antioxidant
agents. This study aimed to determine the antibacterial and antioxidant properties of methanolic extract of G. verrucosa after
fermentation using marine yeast Hortaea werneckii SUCCY001. The samples were fermented based on different optimization times,
specially in three, six and nine days. Samples were extracted using methanol by maceration method. Then the extracts were tested for
antimicrobial potential against the several human clinical pathogens namely Bacillus cereus, Bacillus subtilis, Escherichia coli,
Micrococcus luteus and Pseudomonas aeruginosa. The antioxidant potential was analyzed using the 1,1-diphenyl-2-picrylhydracyl
(DPPH) and 2,2-Azinobis 3-ethyl benzothiazoline 6- sulfonic acid (ABTS) method while total phenolic content (TPC) was measured
using Folin-Ciocalteu. Secondary metabolites were characterized using thin layer chromatography (TLC) and GC-MS. TLC plate
visualization using UV light, DPPH, FeCls and vanillin-sulfuric acid reagents. The results showed that the extract fermented for nine
days was able to inhibit the growth of P. aeruginosa and M. luteus at a concentration of 2 mg/mL. The highest antioxidant activity was
found in the nine days fermented extract with an RSA value of 21.9% + 0,0001 for DPPH and 12.53 % + 0.002 for ABTS. Furthermore,
the highest total phenolic content was found in the nine days fermented extract of 7.57 GAE/mg. The results of characterization using
TLC showed the presence of phenolic compounds, terpenoids and antioxidants in fresh seaweed extracts, autoclaved fresh seaweed,
three days of fermentation, six days and nine days. Based on this research, it can be seen that the addition of marine yeast starter H.
werneckii SUCCY001 was able to increase the antibacterial and antioxidant activity of G. verrucosa.
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INTRODUCTION

Nowadays, bacterial infection have become a major
challenge in the worldwide since the occurrence of multi-
drug resistant organisms (Prestinaci et al. 2015). Hence, it
is necessary to explore a new antibacterial agents from
natural sources (Wijaya et al. 2022). Besides, synthetic
antioxidants including butylated hydroxyl toluene (BHT),
and butylated hydroxyl anisole (BHA) have been
extensively used to stabilize oils and fats in food products
(Asif et al. 2021; Viana da Silva et al. 2021). Regrettably,
the overuse of these substances triggers side effects and the
emergence of various diseases. Therefore, a safer natural
antioxidant and antibiotic agents are urgently required. For
instance, natural antioxidants and antibiotic agents are
easily found in marine organisms, such as seaweed
(Gunathilake et al. 2022).

Seaweeds are marine macroalgae that lives floating or
attached to shallow water, which plays an important
ecological role. They are divided into three large group
based on their pigments, namely Rhodophyta (red

seaweed), Phaeophyta (brown seaweed) and Chlorophyta
(green seaweed). Seaweeds have been one of the major
commaodities in marine and fisheries sector which produce
essential primary metabolites such as agar, carrageenan and
alginate that are widely used in various industries, such as
foods, cosmetics and pharmaceuticals (Naufal et al. 2022;
Yao et al. 2022). In addition, seaweeds also contain
secondary metabolites that have diverse functions for
themselves and can serve as anticancer, anti-aging,
antifouling and anti-inflammatory agents for human needs
(Widodo et al. 2019; Lomartire et al. 2021).

Gracilaria verrucosa is one type of red seaweeds that is
widely cultivated in Indonesia. In the last few decades,
coastal communities have extensively consumed them as a
source of medicine and food to treat certain diseases
(Torres et al. 2014). G. verrucosa contains bioactive
compounds such as flavonoids, terpenoids, alkaloids and
phenols that can be utilized as antibacterial and antioxidant
(Maftuch et al. 2016; Rusli et al. 2016; Atta et al. 2017).
Many studies have been carried out on the antibacterial and
antioxidant activity of G. verrucosa. Widodo et al. (2019)
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and Setiabudi et al. (2020) showed G. verrucosa did not
exhibit antibacterial activity and had a weak antioxidant
potential. Therefore, a new methodology is needed to
optimize the antibacterial and antioxidant activity of G.
verrucosa by fermentation.

Fermentation is a process of converting a complex
organic substances into a smaller and simpler substances by
utilizing certain microorganism to increase the added value
of the product (Feng et al. 2018). Fermentation is usually
carried out by using microorganisms such as bacteria and
fungi as fermenting agents (Xiang et al. 2019). Yeast, such
as Saccharomyces cereviciae, is the most common fungi
that is applied in fermentation (Maicas, 2020). However,
the application of other yeast species for fermentation is
rarely be conducted. On other studies have shown that H.
werneckii can be a potential source of bioactive
compounds. Rani et al. (2013) and Saleh et al. (2018)
reported yeast H. werneckii contained melanin pigment,
which was known to protect the skin from ultraviolet
radiation. Furthermore, Hodhod et al. (2020) also informed
about the antibacterial activity of crude extract of H.
werneckii against Methicillin-resistant  Staphylococcus
aureus (MRSA), Campylobacter jejuni and Salmonella
typhimurium. Interestingly, a marine H. werneckii
SUCCYO001 was isolated as a seaweed-associated marine
yeast (Sibero et al. 2022). This study also discovered the
ability of H. werneckii SUCCYO001 to degrade several
marine polysaccharides. Therefore, this isolate is expected
to be a potential fermenting agent for seaweed
fermentation.

In order to increase the antibacterial and antioxidant
activities of G. verrucosa, a fermentation with the addition
of marine H. werneckii SUCCY001 was conducted. This
research aimed to were to understand the influence of

seaweed fermentation wusing marine H. werneckii
SUCCY001 to G. verrucosa’s antibacterial and
antioxidants activities, total phenolic content, and

metabolite profile.

MATERIALS AND METHODS

Microbial culture

H. werneckii SUCCY001 is a collection from
laboratory of Natural Product, Integrated Laboratory for
Research and Service, Universitas Diponegoro. The isolate
H. werneckii SUCCYO001 was cultured in YPG medium
(Yeast extract Peptone Glucose) (Rogalski et al. 2021).
Then YPG medium containing H. werneckii SUCCY001
was agitated for 3x24 hours at room temperature using a
shaker at 150 r.p.m (Obata et al. 2016).

Seaweed preparation

Fresh seaweed was purchased from Center for Brackish
Water Aquaculture (BBPBAP), Jepara to the laboratory
then washed with fresh water (Muthukrishnan and Raja,
2021). Afterwards, the seaweed was resized using blender
machine and weighed 50 grams then put into erlenmeyer
containing 100 mL YPG medium. As a control, fresh
seaweed and autoclaved seaweed (121°C, 1 atm, 15 mins)
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without YPG medium were prepared for metabolite
extraction.

Fermentation

Fermentation was carried out based on Obata et al.
(2016) with slight modification. Seaweed was fermented by
adding H. werneckii SUCCY001 which has been cultured
for 3x24 hours as the seed starter. G. verrucosa first
sterilized with autoclave at 121°C for 20 minutes.
Furthermore, H. werneckii SUCCY001 was transferred
aseptically into Erlenmeyer flask containing G. verrucosa.
Then the sample was fermented at room temperature using
a shaker at 150 r.p.m with three different periods for three,
six and nine days. In addition, total plate count (TPC) and
pH value were measured for each period of fermentation to
determine the growth curve and pH value during the
fermentation process.

Metabolite extraction

Sample extraction was determined using maceration
method (Sibero et al. 2019; Gori et al. 2021). In this step,
fresh and autoclaved seaweed without fermentation were
extracted as a control. The fermented seaweeds were
separated using filter paper to obtain the biomass.
Afterwards, the biomass was extracted using methanol to a
ratio 1:2 (seaweed residue volume:solvent volume) for 30
minutes. Then the macerates were evaporated using a
rotary evaporator in 40°C. The crude extracts were weighed
and stored at -4°C before used (Pina-Perez et al. 2017).

Metabolite characterization
Thin Layer Chromatography (TLC)

Thin Layer Chromatography was carried out based on
Sibero et al. (2020) with some modifications. The analysis
was used TLC plates (TLC silica gel 60 Fzsi) as the
stationary phase and ethyl acetate:chloroform (1:9) as the
mobile phase. The extracts were dissolved in methanol and
deposited as spots onto the TLC plat using a capillary tube.
Then, the TLC plate was put in a TLC chamber and
allowed to stand until the solvent reached the upper limit of
the plate. The spots on the TLC plates were visualized
using UV lamp (366 nm) and addition of several reagents
such us DPPH (1,1-diphenyl-2-picrylhydrazyl), FeCl; and
vanillin-sulfuric acid to detect the presence of several
bioactive compounds.

The Rt values for each spot was determined according
to Kumar et al. (2021), with the following formula:

Distance covered by sample

"~ Distance covered by solvent

GC-MS analysis

The crude extracts were sent to Integrated Laboraty,
Universitas  Islam  Indonesia for GC-MS (Gas
Chromatography-Mass Spectrophotometry) analysis. The
GC-MS analysis was carried out refer to our previous work
with modification (Sibero et al. 2020). The analysis was
used column in dimensions of 0.25 mm x 30 m x 0.25 um.
One pL of each extract was injected to the column at a
temperature of 250°C with splitless injection mode. Helium
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(He) was the carrier gas with a flow of 0.91 mL/min and
linear velocity at 34.4 cm/sec. The spectrum obtained was
compared with the database spectrum in GC-MS library
and the metabolite profiling was identified by comparing
the result with database in the computer laboratory and
https://pubchem.ncbi.nlm.nih.gov.

Bioassay
Determination of total phenolic content

Total phenolic content was calculated using gallic acid
as the standard based on Sami et al. (2020) with few
modifications. In total 1 mL of the sample was put into a
measuring flask then 1 mL of Folin-Ciocalteu reagent and
1 mL of 1% Na,COs were added. Then the mixture was
measured with aquabidest to reach a total volume of 5 mL.
Afterwards, the samples were homogenized and incubated
for 30 minutes. The absorbance of the sample was
measured using UV-Vis spectrophotometer (Shimadzu
1800, Japan) at 680 nm.

Total phenolic content was calculated with the formula:

(a.v)/1000 .

Total Phenolic Content = G

Where:

a : concentration of gallic acid in the test sample
(ppm)

v : total volume of test solution (mL)

G : weight of extract used (gram)

Fp : dilution factor

1000 : Total volume conversion factor for the solution

Antibacterial activity

Antibacterial activity was conducted according to
Balouiri et al. (2016) using agar well diffusion method with
little modification. Dimethyl sulfoxide (DMSO) was used
to dissolve the extract to reach a concentration of 2 mg/mL.
Five strains of bacteria were used to discover the
antibacterial activity, namely Bacillus subtilis, Bacillus
cereus, Micrococcus luteus as the representative of gram
positive, while Eschericia coli and Pseudomonas
aeruginosa as the representative of gram negative. All
bacterial strains were incubated on Mueller Hinton Agar
(MHA) for 24 hours at 37°C. Each bacterium was
suspended in Mueller Hilton Broth (MHB, HiMedia) to
reach 0.5 McFarland standard. Furthermore, it was
inoculated onto MHA using a sterile cotton swab. Each
agar well was made using a cork borer (diameter 6 mm)
then 50 pL of the extract, positive control and negative
control were added to the well. DMSO was used as
negative control, while Amoxicillin was used as positive
control. Afterwards, all plates were incubated for 24 hours
at 37°C then the inhibition zone was observed (Kristiana et
al. 2019). The clear zone indicated the positive result of
antibacterial activity (Sibero et al. 2019).

Antioxidant activity
DPPH

The DPPH method was conducted based on de Torre et
al. (2019) with several modifications. Seaweed extracts
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were weighed for 10 mg and dissolved with 1 mL of
methanol as a sample with a concentration of 10.000 ppm.
Subsequently, the dilutions were made with concentrations
of 1000 ppm in three replications. Each replication of
sample was added with DPPH solution in a ratio of 1:1
then incubated in the dark at 27 °C for 30 minutes. The
absorbance of the sample was measured by UV-Vis
spectrophotometer (Shimadzu 1800, Japan) at 517 nm
(Sibero et al. 2021).

ABTS

The ABTS™* method was done according to Sridhar and
Charles (2019) with slight modifications. ABTS™ stock
solution consists of ABTS solution and potassium
persulfate solution. Stock solutions were prepared by
dissolving 7.4 mM ABTS reagent and 2.6 mM potassium
persulfate using deionized water. Then, the two solutions
were mixed in a ratio of 1:1 and incubated in the dark for
16-24 hours. Subsequently, 1 mL of the stock solution was
diluted into 50 mL of deionized water to obtain an
absorbance of 1.1 £ 0.002 at 734 nm. Sample (150 pL) was
mixed with 2850 pL of ABTS™ solution and incubated for
10 minutes in the dark. The absorbance of the sample was
read using UV-Vis spectrophotometer (Shimadzu 1800,
Japan) at 734 nm. Blank was made with the same manner
by using deionized water instead of the sample.

Radical scavenging activity was calculated with the
following formula (Nazaruddin et al. 2021):

Ao _Al

Ao

%RSA = X 100%

Where:
Ao : Absorbance of control
A : Absorbance of sample

RESULTS AND DISCUSSION

TPC and pH of fermentation

Total plate count and pH of fermentation was carried
out to determine the growth curve of H. werneckii
SUCCYO001 during the fermentation. The results showed
that the growth curve of H. werneckii SUCCY001 on 0D
was 9.6x10% CFU/mL and increase in 3D to 17.5x10°
CFU/mL. Furthermore, the number of cells of H. werneckii
SUCCYO001 increased in 6D and 9D to 87.85x10% CFU/mL
and 111x10% CFU/mL, respectively. The slow growth of
yeast from OD to 3D indicated that H. werneckii
SUCCYO001 was in the lag phase, which is the phase of a
microbe adapting to a new environment (Vermeersch et al.
2019). In 6D and 9D, yeast growth was increased quite fast
indicating that H. werneckii SUCCY001 was in the log
phase, where the yeast in the growth phase (Achinas et al.
2019).
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Figure 1. TPC and pH value of fermentation. Note: 0D (0 day
fermentation, (3D) three days fermentation, (6D) six days
fermentation, (9D) nine days fermentation

Figure 1 showed that the pH value of 0D was 6.2 and
decreased in 3D, 6D and 9D to 5.77, 5.24, 4.65,
respectively. A decrease in pH, which becomes more acidic
during fermentation, can result in an increase in the number
of phenolic compounds (Kwaw et al. 2018). This is due to
the substrate degradation process by H. werneckii
SUCCYO001 enzymes, which are capable of breaking down
conjugated phenolic compounds into free phenolic
compounds. According to Zhao et al. (2021), carbohydrate-
degrading enzymes produced by yeast during the
fermentation process can increase the content of phenolic
compounds, increasing their ability as antioxidants.

Thin Layer Chromatography (TLC)

Thin layer chromatography (TLC) is the initial analysis
to identify bioactive compounds of G. verrucosa fermented
marine yeast H. werneckii SUCCY001 with separation
technique. In this study, TLC analysis was done using ethyl
acetate and chloroform (1:9) as mobile phase. The selection
of this eluent was based on the results of the best
compound separation from the extract obtained through
visualization of UV light 366 nm which can be seen in
figure 2. Bioactive compounds were detected using DPPH,
FeCls and vanillin-sulfuric acid reagents to discover the
presence of antioxidant property, phenolic and terpenoids,
respectively, followed by the calculation of R value for
each extract.

The Rt value of G. verrucosa extracts which visualized
under UV light 366 nm is presented in Table 1. The data
showed that fermented G. verrucosa using marine yeast H.
werneckii UCCY001 produced different metabolites with
fresh and autoclaved seaweed which was characterized by
the appearance of spots with different R¢ values. Spot with
R¢0.18 and 0.28 was discovered in 3D, 6D and 9D extracts.
Besides, spot with Rs 0.4 was found in 6D and 9D extracts.
Moreover, spot with Rs 0.66 was present in F, 6D and 9D
extracts. The present spot in fermentation extracts (3D, 6D
and 9D) expected that this spot was a converted compound
which caused by heating process. Gasecka et al. (2020)
stated that temperature strongly affected the content of
bioactive compound.

The result in Figure 3 convey that the presence of
yellowish to colorless on the TLC plate after spraying by
DPPH reagent was suspected as an antioxidant agent. This
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is in line with previous study by Gogoi et al. (2016) that
potential antioxidant was detected by the existence of
yellow or colorless spot on TLC plate.

The ability of antioxidant activity was known by the
spot abundance of each extract (Wang et al. 2012). Spot
with R¢ 0.12 only presence in extracts 6D and 9D. In
addition, the colorless spot at Rr 0.83 in extract 6D and 9D
were more intensive rather in other extracts. While spot
with Rr 0.95 was observed in all extracts of G. verrucosa
(F, A, 3D, 6D and 9D). It can be seen that extracts of 6D
and 9D have the higher antioxidant activity than other
extracts which directly confirmed with the result of DPPH
and ABTS"" assays in Figure 6.

Figure 3 showed the presence of blue-dark on TLC
plate after spraying with FeClsreagent followed by heating.
This result indicated as phenolic compound which
consistent with Simamora et al. (2020) that the appearance
of blue-dark spot on TLC plate supposed to be phenolic.
The existence spot with Rs 0.75 and 0.83 was only found in
extracts 6D and 9D of G. verrucosa, while in extracts F, A
and 3D was not found. Furthermore, spot with R¢ 0.33, 0.6
and 0.95 was found in all extracts of G. verrucosa (F, A,
3D, 6D and 9D).

TLC analysis using vanillin-sulfuric acid reagent
performed the positive result of terpenoids for all extracts
of G. verrucosa (F, A, 3D, 6D and 9D) which indicated by
the presence of purple spot on TLC plate. Akpalo et al.
(2020) express that purple spot detected on TLC plate was
expected as terpenoids.

Figure 2. TLC visualized under UV light 366 nm. Note: F: fresh
seaweed extract, A: extract with autoclave, 3D: extract three days
fermentation, 6D: extract six days fermentation, 9D: extract nine
days fermentation

Table 1. Rr value under UV light 366 nm

Retention (R¢) value

Extract

0.18 0.28 0.4 0.66 0.76 0.83 0.96
F X X X v v v v
A X X X X v v v
3D v v x X v v v
6D v v v v v v v
9D v v v v v v v

Note: F: fresh seaweed extract, A: extract with autoclave, 3D:
extract three days fermentation, 6D: extract six days fermentation,
9D: extract nine days fermentation, v': present, x: absent
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Figure 3. TLC visualized: A. using DPPH reagent, B. using FeClz reagent, C. using vanillin reagent. Note: F: fresh seaweed extract, A:
extract with autoclave, 3D: extract three days fermentation, 6D: extract six days fermentation, 9D: extract nine days fermentation, v

present, x: absent

Table 2. Rr value with DPPH reagent

Table 4. Rr value with vanillin-sulfuric acid reagent

Retention (Ry) value

Retention (Ry) Value

Extract 012 0.83 0.95 Extract 0.55 0.75 0.96
F X X v [S v v v
A X X v A v v v
3D x X v 3D v v v
6D v v v 6D v v v
9D v v v 9D v v v

Note: F: fresh seaweed extract, A: extract with autoclave, 3D:
extract three days fermentation, 6D: extract six days fermentation,
9D: extract nine days fermentation, v: present, x: absent

Table 3. Rr value with FeCls reagent

Retention (Ry) Value

Note: F: fresh seaweed extract, A: extract with autoclave, 3D:
extract three days fermentation, 6D: extract six days fermentation,
9D: extract nine days fermentation, v': present, x: absent

Table 5. Total phenolic content of Gracilaria verrucosa
fermented marine yeast H. werneckii SUCCY001

Bxtract —533 08 075 083 0.95 Extract Total Phenolic Content
F v v x x v (mg GAE/g sample) = SD
A v v x x v F 2.78 £0.0041

3D v v x x v A 1.09 + 0.0007

6D v v v v v 3D 3.43+0.005

9D v v v v v 6D 3.49 £ 0.0052

Note: F: fresh seaweed extract, A: extract with autoclave, 3D: 9D 7.57 £0.0017

extract three days fermentation, 6D: extract six days fermentation,
9D: extract nine days fermentation, v: present, x: absent

Total phenolic content

Total phenolic content was analyzed using Folin-
Ciocalteu reagent and calculated based on the gallic acid
standard calibration curve. Total phenolic content of G.
verrucosa fermented marine yeast H. werneckii
SUCCYO00L1 in this study can be seen in Table 5.

The highest total phenolic content was found in extract
9D (7.57 +£0.0017 mg GAE/g sample) followed by extract
6D (3.49 + 0.0052 mg GAE/g sample). The result showed
that phenolic compound of G. verrucosa fermented marine
yeast H. werneckii SUCCYO001l increased during
fermentation process. The increased of phenolic compound
expected caused by the enzymatic reaction from metabolic
process of H. werneckii SUCCY001 which produced
phenolic, thereby this caused the total amount of phenolic
content of the extracts increased. Suhardini and Zubaidah

Note: F: fresh seaweed extract, A: extract with autoclave, 3D:
extract three days fermentation, 6D: extract six days fermentation,
9D: extract nine days fermentation, SD: standard deviation

(2016) revealed that microorganism such as yeast and
bacteria can affect total phenolic content through
enzymatic reaction during fermentation.

GC-MS analysis

GC-MS analysis was conducted to observe the
metabolite alteration due to fermentation. The result of GC-
MS analysis in this study presented in Table 6. There are
five compounds were identified, namely methyl palmitate,
methyl linoleate, methyl oleate, methyl arachidate and
methyl behanate. It can be seen that there is no significant
difference of metabolite profiling for all extracts (Figure 4).

Table 6 indicated metabolite profiling in G. verrucosa
extracts are fatty acid derivatives. This is expected that GC-
MS can only detect volatile and heat-resistant compounds.
Hence, other compounds which are actually different from
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these five extracts was not detected. This is confirmed by
Beale et al. (2018) that GC-MS have limitation in its
application which only able to separate volatile and
recognize low molecular weight compounds.

Antibacterial activity

Antibacterial activity of G. verrucosa fermented marine
yeast H. werneckii SUCCY001 was conducted with agar
well diffusion using extract at a concentration of 2 mg/mL.
The results of antibacterial activity assay was presented in
Table 7 and Figure 5.

Figure 5 showed that extracts of 6D and 9D have
antibacterial activity against M. luteus and P. aeruginosa
which characterized by the formation zone of inhibition.
Extract of 6D has weak antibacterial activity (diameter 4
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mm zone of inhibition) and extract 9D has moderate
antibacterial activity (diameter 9 mm zone of inhibition).
Amatulloh et al. (2021) state the strength of antibacterial
activity was divided into four categories based on the
formation of inhibition zone: weak (diameter <5 mm),
moderate (diameter 5-10 mm), strong (10-20 mm) and very
strong (>20 mm). Widodo et al. (2019) have evaluated
antibacterial activity of methanolic extract G. verrucosa
from BBPBAP, Jepara and the studied showed that extract
of G. verrucosa has no antibacterial activity against P.
aeruginosa. Therefore, fermentation of G. verrucosa using
yeast H. werneckii was able to increase antibacterial
activity.
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Figure 4. GC-MS Chromatogram of G. verrucosa extracts
Table 6. Identified metabolite profiling in G. verrucosa extracts using GC-MS
Peak no. Mass Compounds % area
1 371 Methyl palmitate 17.12
2 286 Methyl linoleate 14.84
3 346 Methyl oleate 41.65
4 312 Methyl arachidate 11.04
5 319 Methyl behenate 6.02

s / C YW A ® L]
/ F N ¥
B. cereus B. subtilis

E.coli

M. luteus P. aeruginosa

Figure 5. Antibacterial activity of G. verrucosa fermented marine yeast H. werneckii SUCCY001. Note: F: fresh seaweed extract, A:
extract with autoclave, 3D: extract three days fermentation, 6D: extract six days fermentation, 9D: extract nine days fermentation, -:

negatif control, +: positive control

Table 7. Antibacterial activity of G. verrucosa fermented marine yeast H. werneckii SUCCY001

Antibacterial activity (mm)

Control (mm)

Pathogens

F A 3D 6D 9D Positive Negative
B. cereus - - - - - 15 -
B. subtilis - - - - - 24 -
E. coli - - - - - 19 -
M. luteus - - - 4 9 26 -
P. aeruginosa - - - 4 9 26 -

Note: F: Fresh extract, A: Extract with autoclave, 3D: Extract three days, 6D: Extract six days, 9D: Extract nine days
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The antibacterial activity expected positively correlates
with the presence of fatty acid derivatives of the extract
according to the result of GC-MS analysis. Toshkova-Y otova
et al. (2022) mentioned that fatty acid was associated with
antibacterial activity which are responsible to inhibit the
growth of gram-positive and gram-negative bacteria. Besides,
the presence of terpenoids and phenolic compounds are known
as antibacterial activity (Daud et al. 2021). Furthermore, the
antibacterial activity also related to total phenolic content,
where the highest phenolic content was found in 9D extract
and followed by 6D extract. Phenolic compounds destroy
the growth of bacteria by denaturation of cell protein. The
hydrogen bonds formed between protein and phenolic
caused the damage of protein structure and affected the
permeability of cell wall and cytoplasmic membrane
(Mailoa et al. 2014). Permeability of cell wall and
cytoplasmic membrane caused an imbalance of macromolecules
and ions in the cell, thus led to bacterial death. Therefore,
other extracts did not have antibacterial activity expected
due to the phenolic compounds in this extract were still low
and insufficient to denature protein cells of bacteria.

Antioxidant activity

Antioxidants are compounds that are useful to prevent
and inhibit cell damage in the body (Borges et al 2019).
Antioxidant activity in this study was determined by DPPH
and ABTS™ methods to obtain the total antioxidant
contained in a sample. DPPH and ABTS'* have a different
mechanism in free radical scavenging. DPPH radical is
reduced by single electron transfer of antioxidant and the
reaction was characterized by a reduction of DPPH radical
from purple to yellow or colorless (Shahidi and Zhong
2015). In ABTS™, the blue-green ABTS radical is reduced
by hydrogen-donating antioxidant which characterized by
discoloration from blue-green to colorless (llyasov et al.
2020). The data of these assays are shown in Figure 6.

The result of antioxidant activity showed that both
DPPH and ABTS™" have the same trend of the data. Extract
9D was the highest percentage of the scavenging activity
either DPPH or ABTS™" (21.9 % + 0.0001 and 12.5 % +
0.002), while extract A was the lowest radical percentage
of scavenging activity (4.6 % + 0.0004 and 6.5 £ 0.003).
This is allegedly influenced by high temperature during
sterilization thus some bioactive compounds, especially
from phenolic group, are damaged. This is due to
thermolabile phenolic compounds which may be denatured
by heating (Cascais et al. 2021). The previous study by
Chakraborty et al. (2015) found that total phenolic content,
DPPH and ABTS™ scavenging activity have positive
correlation in red seaweed extracts.

The percentage of scavenging activity both DPPH and
ABTS™" was in line with the total phenolic content of the
extracts and the number of yeast during fermentation. This
is due to phenolic are the major group of compounds that
play an important role as natural antioxidants of plant
including seaweed (Gomes et al. 2022). In addition, during
fermentation process phenolic compounds of seaweed
degraded by enzyme activity of microbes which releasing
the C chain and phenolic acid, namely phlorenic acid and
phenylacetic acid chain therefore the total phenolic content
increases (Huynh et al. 2014).
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Figure 6. Antioxidant activity of G. verrucosa. Note: F: fresh
seaweed extract, A: extract with autoclave, 3D: extract three days
fermentation, 6D: extract six days fermentation, 9D: extract nine
days fermentation

In conclusion, extract of fermented seaweed G.
verrucosa from Center for Brackish Water Aquaculture
(BBPBAP), Jepara present antibacterial activity on M.
luteus and P. aeruginosa in 6D and 9D. Moreover, the
highest antioxidant activity and total phenolic content was
found in extract of 9D. Secondary metabolites of fermented
seaweed G. verrucosa were detected as antioxidant agent,
phenolic and terpenoids.
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