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Abstract

Microbial fuel cells (MFCs) represent a promising biotechnological approach for sustainable electricity generation
from waste substrates without combustion or secondary pollutant formation. In this study, a kombucha starter
culture was employed to convert organic compounds in coconut processing waste into electricity within a carbon-
capture MFC integrated with the green microalga Chlorella sp. BF03. The electrochemical performance of the
MFC was evaluated according to Ohm’s law. By-products, carbon fixation rates, and degraded metabolites of the
waste were also analyzed. The maximum current density and power density of the system were 6.40 + 0.01 A/m?
and 0.77 £ 0.02 W/m? respectively, with Komagataeibacter saccharivorans and Acetobacter tropicalis as the main
bacterial cultures. No harmful compounds were detected among the degraded metabolites. The system achieved
a maximum carbon fixation rate of 0.13 = 0.00 g/L/day and a bacterial nanocellulose production rate of 0.54 +
0.04 g/L/day accompanied by total chlorophyll a and b contents of 0.31 + 0.01 pg/L and 0.32 + 0.02 ng/L,
respectively. Biomass extracts contained various nutraceuticals, including limonene, n-hexadecanoic acid,
octadecanoic acid and vitamin E. These results demonstrate the potential of kombucha-based carbon-capture
MFCs for integrated energy generation, waste valorization, and production of high-value bioproducts.
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Introduction

Mature coconut water is a by-product released during
coconut milk or coconut oil production. Due to its poor
sensory properties, it is often discharged as waste
leading to environmental pollution (Aba et al., 2024;
Yodrach et al., 2025). In Thailand, coconut cultivation
is predominantly concentrated in the Southern region.
In 2020, the total plantation area was reported at
137,510.24 hectares (Sivakorn et al., 2023) with an
average yield of approximately 6,250 coconuts per
hectare and national production was estimated at about
859.44 million coconuts (Junmee et al., 2021).
Considering that each mature coconut contains
between 50 and 250 mL of mature coconut water, the
annual volume of mature coconut water generated as a
by-product is estimated to range from 42.97 to 214.86
million cubic meter (Yodrach et al., 2025). Therefore,
discharging mature coconut water without an efficient
treatment system can cause serious environmental
problems.

Microbial fuel cell (MFC) is a promising technology
that can convert organic matter into electrical energy
through microbial metabolism without combustion
(Ojha and Pradhan, 2025). Various types of
agricultural waste have been used for electricity
generation, including grape waste (Korojdeh et al.,
2024), jackfruit waste (Chandra et al., 2025), chestnut
waste (Chandra et al., 2024), food waste (Yadav et al.,
2024), oil waste (Yin et al., 2024), dairy waste (Singh
et al., 2025), potato waste (Din et al., 2024) and
vegetable waste (Idris et al., 2025).

Kombucha starter culture is a symbiotic consortium of
microorganisms, primarily comprising acetic acid
bacteria  such as  Acetobacter  sp.  and
Komagataeibacter sp. along with various yeast strains
(Lima et al., 2025). Previous studies have reported that
Acetobacter aceti is capable of generating electricity
in MFC (Karthikeyan et al., 2016). The symbiotic
culture of bacteria and yeast (SCOBY) in kombucha is
a by-product nanocellulose biofilm embedded with
microorganisms derived from kombucha fermentation
(Venegas et al., 2023; Chausse et al., 2024). Bacterial
nanocellulose (BNC) is a biopolymer composed of
glucose molecules linked by B-1,4-glycosidic bonds. It
is produced through the fermentation of a bacterial
consortium, mainly from the genus Acetobacter (Claro
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et al., 2024). BNC has been utilized for various
applications, such as wound dressings (Amorim et al.,
2022), food packaging films (Jang et al., 2023),
leather-like materials (Ayyappan et al., 2022),
supercapacitors (Li et al., 2023) and tissue engineering
(Phatchayawat et al., 2022). Therefore, SCOBY
represents an alternative by-product generated from
the kombucha starter that could be widely utilized in
future studies.

Microalgae are promising microorganisms for
renewable energy production and the generation of
nutrient-rich biomass (Sato et al., 2025). They have
been widely applied in wastewater treatment and for
enhancing electricity generation in photosynthetic
MFC. Moreover, microalgae-assisted MFC can
generate value-added products from microalgal
biomass through carbon capture processes (Ahirwar et
al., 2025; Yolanda et al., 2025). No previous study has
reported the use of carbon-capture MFCs for mature
coconut water treatment, electricity generation, and
carbon capture.

This study aims to utilize a kombucha starter to
convert the organic matter in coconut processing waste
into a source of electricity generation in a carbon-
capture MFC. The electrochemical properties,
degraded metabolites, microalgae-carbon capture rate
and by-products were analyzed.

Material and Methods

Coconut processing waste

The coconut processing waste was collected from a
local market in southern Thailand. It was stored in an
icebox and promptly transported to the laboratory at
the Faculty of Science and Digital Innovation, Thaksin
University, Phatthalung Campus, Thailand.

The sample was filtered through sterile medical gauze
(Ambulance, Thailand) to remove fruit sediment, and
then filtered again using sterile Whatman nylon filter
discs with a 0.45 pum pore size (Whatman, United
Kingdom) to eliminate microbial contaminants. The
clarified coconut water was preserved at -25°C in a
freezer (Hitachi, Japan) until it was used in subsequent
experiments. The components of coconut processing
waste are shown in Table 1.
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Table-1. The components of coconut processing waste used in this study.

Components Value
(g/100g coconut water)

Water 94.40+0.10

Protein 0.50+0.02

Total lipid 0.14+0.01

Total carbohydrate 4.30+0.10

Total sugar 3.354£0.02

Fiber 0.00+0.00

Ash 0.37+0.10

Kombucha starter

The kombucha pellicles (RY 01) used in this
experiment were obtained from a local kombucha
producer in southern Thailand. The pellicles were
fermented three times prior to use in order to stabilize
the microbial consortium. They were then stored in a
solution containing 70 g/l sucrose (Mitr Phol,
Thailand) and 10 g/L black tea (ChaTraMue,
Thailand) (Villarreal-Soto et al., 2020). The liquid was
fermented for 15 days at room temperature for use as
a stock culture.

Microbial community analysis

The microbial cell was collected from the stock
culture and transferred into 1.5 mL sterile
microcentrifuge tubes (SPL, South Korea). The
samples were centrifuged at 12,000 rpm for 10 mins
using a Micro-12 high-speed mini centrifuge (Biosan,
United States). The supernatant was discarded, and the
cell pellet was washed 2-3 times with sterile reverse
osmosis water.

The genomic DNA of the kombucha microbial
community was extracted using a gDNA Isolation Kit
(Qiagen, Netherlands). The extracted DNA was used
to identify the bacterial and fungal communities
present in the coconut kombucha.

The bacterial microbiome was sent for identification
to Macrogen (South Korea). Identification was
performed by targeting the V3—V4 region of the 16S
rRNA gene using universal primers 341F
(CCTACGGGNGGCWGCAGQG) and 805R
(GACTACHVGGGTATCTAATCC) (Wasimuddin et
al., 2020).

The fungal microbiome was sent for analysis to
Macrogen (South Korea). Identification was
performed by targeting the ITS region using universal
primers ITS1F
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(CTTGGTCATTTAGAGGAAGTAA) and ITS2R
(GCTGCGTTCTTCATCGATGC) (Zhang et al.,
2021).

Microalgae

The microalgae Chlorella sp. BFO3 was obtained from
the Biotechnology Program, Department of Science
and Digital Innovation, Thaksin University
(Kongthong et al., 2025). The growth performance of
Chlorella sp. BF03 under autotrophic conditions was
evaluated to ensure its ability to grow via carbon
dioxide fixation (Bonett et al., 2020). A 10% (w/v)
inoculum of microalgal cells was introduced into
BG11 medium (Himedia, India) and incubated at room
temperature for 7 days under a light intensity of 4,400
lux. Growth performance was assessed using a
microplate reader (Thermo Fisher Scientific, United
States) by measuring absorbance at a wavelength of
680 nm. The dry cell weight (DCW) of the microalgae
was calculated based on a previous study, where an
optical density (OD) at 680 nm of 1.0 is equivalent to
0.19 g/LL DCW (Cheah et al., 2018).

MFC construction

The dual-chamber MFC was constructed using an
acrylic cube with a working volume of 10 mL (Figure
1). Parafilm (Bemis, United States) was used as a low-
cost proton exchange membrane (PEM) (Selaman et
al., 2025). A plain carbon cloth electrode (Fuel cell
store, United States) with a thickness of 15 mm and
effective surface area of 2cm? was used as the
electrode. A 4 mm diameter PVC oxygen tube (U
Smiles, Thailand) was used to transfer carbon dioxide
from the anodic chamber to the cathodic chamber.



In the cathodic chamber, 9 mL of BG11 medium was
mixed with 1 mL of 7-day-old microalgae culture
(ODg¢so = 1.0). In the anodic chamber, 9 mL of coconut
processing waste was mixed with 1 mL of kombucha
starter culture (ODesoo = 1.0). The MFC system was
operated under static conditions at room temperature
for 7 days. The sterile coconut processing waste was
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used as a negative control for electricity generation.
The open circuit voltage (OCV) was measured every
6 hr. The closed circuit voltage (CCV) was measured
under static conditions using an external resistance at
300-5,000 Q. The polarization curve was constructed
based on the CCV, power density and current density.

G
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-

2.Bacterial nanocellulose
(BNC) production

4.Nutraceutical production
« Chlorophyll
- Edible fatty acid

Figure-1. Schematic diagram of carbon capture — microbial fuel cell (MFC) used in this experiment.

MFC performance
The electrochemical properties were calculated based
on Ohm’s law.

I = V/R (1)
P = IxV )
CD = I/A 3)
PD = P/A (4)

Where I is the current (A), V is the CCV (V), R is the
external resistance (Q), P is the power (W), A is the
electrode area (m?) or working volume (m?®), CD is the
current density (A/m? or A/m?), and PD is the power
density (W/m? or W/m?).

The microalgae cell yield was calculated according to
Equation (5) (Yang et al., 2024).

Pm = (Cot—Cino) / ¢ (5)
Where Py, is the microalgae cell yield (g/L/day), Cu is
the initial microbial cell biomass (g/L), Cmo is the
biomass yield at day 7 (g/L).
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The carbon fixation rate (g/L/day) was calculated
using Equation (6) (Lim et al., 2021).

Carbon fixation rate = Wary X C X (mco2 / m¢)  (6)

Where Wgyy, is the dried biomass concentration
(g/L/day), C is the carbon content (0.5), mco> is the
molecular mass of CO, (g/mol), and mc is the
molecular mass of C (g/mol).

The energy production by the MFC was described
using normalized energy recovery (NER) based on the
conversion of organic compounds into energy
(Equations 7-8).

NER,
NERcop

(Px8)/V (7)
(Px#)/VxACOD (8)

Where NER, is the normalized energy recovery per
working volume (KWh/m®), NERcop is the
normalized energy recovery per chemical oxygen
demand (KWh/KgCOD), P is the power (W), ¢ is the
operating time (h), V is the working volume (m?) and



ACOD is the change in the chemical oxygen demand
(KgCOD).

Degraded metabolites

The degraded metabolites of coconut processing waste
were analyzed using gas chromatography—mass
spectrometry (GC-MS) (Yao et al., 2023).

BNC production

The BNC was harvested from the anodic chamber and
purified using 1 M NaOH at 80 °C for 60 min in a
water bath (Memmert, Germany) to remove cellular
and medium components. It was then washed with
distilled water 2—3 times until the pH reached 7. The
BNC was dried at 60 °C in a hot air oven (Memmert,
Germany) until a constant weight was achieved using
a 4-digit analytical balance (Shimadzu, Japan)
(Akintunde et al.,, 2022). The BNC yield was
calculated according to Equation (9).

BNC yield (g/L) = Dried weight / Vyorking 9

Where Vyoring 1S the working volume of culture
medium (mL).

Microalgae biomass analysis

The microalgae cells in BG11 medium were collected
from the cathodic chamber and centrifuged at
5,000 rpm for 10 min using a Microspin 12 high-speed
mini centrifuge (Biosan Laboratories Inc., United
States). The pellet was washed 2—3 times with distilled
water (Gerin and Remacle, 2024). Then, 1 mL of n-
hexane was added to 1g of wet cells, followed by
vortexing and incubation at room temperature for 30
min (Amin et al., 2018).

Pigment concentration was determined using UV-Vis
spectrophotometer (Shimadzu, Japan) at 663, 645 and
630 nm. The concentrations of chlorophyll a and
chlorophyll b were subsequently calculated follows
Equation (10) -(11) (Oo et al., 2017).

Chlo-A = (1 1.64A663 — 2.16A¢45 + 0.10A630) xXv/ (1 X
V) (10)
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Chlo-B = (—3.94A663 +20.97Agss + 3.66A63o) xvy/ (1 X
V) (11)

Where Chlo-A is the chlorophyll a concentration
(pg/mL), Chlo-B is the chlorophyll b concentration
(ug/mL), v is the ethanol volume (mL), I is the
spectrophotometric length (cm), and V is the sample
volume (mL).

The fatty acid profile was analyzed using GC-MS
(Kongthong et al., 2025).

Statistical analysis

All experiments were performed in triplicate. Data are
presented as mean = SD from three independent
experiments (n = 3). Statistical significance was
evaluated using a t-test in SPSS software (SPSS Inc.,
United States).

Results

Microbial community

Figure 2 shows the Krona chart of bacterial taxonomy
in kombucha starter. At the phylum level, the bacterial
microbiome is composed of 99.96% Pseudomonadota
and 0.04% Bacillota.

At the class level, the bacterial microbiome is
composed of 99.87% Alphaproteobacteria, 0.09%
Gammaproteobacteria, and 0.04% Bacilli.

At the order level, the bacterial microbiome is
composed of 99.87% of Rhodospirillales, 0.09% of
Moraxellales, 0.03% of Lactobacillales and 0.01% of
Bacillales.

At the family level, the bacterial microbiome is
composed of 99.87% of Acetobacteraceae, 0.09% of
Moraxellaceae, 0.02% of Lactobacillaceae, 0.01% of
Carnobacteriaceae and 0.01% of Staphylococcaceae.
At the genus level, the bacterial microbiome is
composed of 93.45% of Komagataeibacter, 6.42% of
Acetobacter, 0.08% of Acinetobacter, 0.02% of
Leuconostoc, 0.01% of Dolosigranulum and 0.01% of
Staphylococcus.
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Figure-2. Taxonomic Krona chart of the bacterial microbiome in kombucha starter.

Figure 3 presents the bacterial taxonomic composition
of kombucha starter in the species level. At the species
level, the bacterial microbiome is composed of
92.77% of Komagataeibacter saccharivorans, 6.42%
of Acetobacter tropicalis, 0.38% of Komagataeibacter
sucrofermentans, 0.30% of Komagataeibacter

rhaeticus, 0.07% of Acinetobacter septicus, 0.02% of
Leuconostoc mesenteroides, 0.01% of
Dolosigranulum pigrum and 0.01% of Staphylococcus
capitis. A heatmap plot of the bacterial microbiome in
kombucha starter is shown in Figure 4. The diversity
analysis of bacterial microbiome is shown in Table 2.

Table-2. The diversity index (Alpha diversity) of bacterial microbiome in kombucha starter.

ASVs Shannon

Gini-Simpson

PD_whole tree

16 0.477

0.144 1.234
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Figure-3. The bacterial taxonomic composition in the species level in kombucha starter.
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Figure-4. The heatmap plot of the bacterial microbiome in kombucha starter.
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Figure 5 shows the Krona chart of fungal taxonomy in
kombucha starter. The taxonomic analysis indicated
that the only fungal species present belonged to the
phylum Ascomycota, class Saccharomycetes, order
genus

3
w
c

2
o
x
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o

Saccharomycetales, family  Pichiaceae,
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Dekkera and species Dekkera bruxellensis (Figure 6).
A heatmap plot of the fungal microbiome in kombucha
starter is shown in Figure 7. The diversity analysis of
fungal microbiome is shown in Table 3.

Figure-5. Taxonomic Krona chart of the fungal microbiome in kombucha starter.

100

Relative abundance (%)

0

RY_01_2

Figure-6. The fungal taxonomic composition in the species level in kombucha starter.
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Figure-7. The heatmap plot of the fungal microbiome in kombucha starter.

Table-3. The diversity index (Alpha diversity) of fungal microbiome in kombucha starter.

ASVs Shannon

Gini-Simpson

PD whole tree

8 2.191

0.758 0.099

On the other hand, the kombucha starter consisted of
the bacterial genus Komagataeibacter and the fungal
genera  Zygosaccharomyces,  Lachancea  and
Starmerella (Harrison and Curtin, 2021). In Wang et
al. (2023), the cellulosic pellicles consisted of
Komagataeibacter rhaeticus. The yeast isolates
belonged to  Debaryomyces  prosopidis  and
Zygosaccharomyces  lentus.  Moreover, DNA
metabarcoding analysis of the probiotic microbial
consortium showed that the kombucha starter was
composed of acetic acid bacteria from 2 genera
Komagataeibacter and Gluconobacter, as well as
several yeast genera including Brettanomyces,
Dekkera and Pichia (Reva et al., 2015).

In Qin et al. (2024), the bacterium Komagataeibacter
nataicola was used for organic-matter fermentation in
a coconut-water substrate. This bacterium can be used
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to convert organic matter into BNC. This synthesis
process is mediated by glycolysis, which can improve
the performance of the microbial fuel cell with respect
to electricity generation (Rezazadeh et al., 2020;
Christwardana et al., 2025)

Microalgae growth performance

The growth performance of microalgae Chlorella sp.
BFO03 wunder autotrophic conditions using carbon
dioxide as the sole carbon source, was evaluated using
UV-Vis spectrophotometry. The results showed that
microalgal growth was slow from day 1 to day 3,
followed by a rapid increase on day 4. A maximum dry
cell weight of 0.37+0.00 g/L or 370.64+3.36 mg/L was
obtained (Figure 8).
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Figure-8. The growth performance of microalgae Chlorella sp. BF03 under autotrophy condition.

On the other hand, the microalga Chlorella vulgaris
grew under autotrophic conditions. The maximum
microalgal biomass concentration of 1.494 g/L. was
observed (Dasan et al., 2022). In Bonett et al. (2020),
the green microalga Chlorella sorokiniana L1A was
grown in BG11 medium under autotrophic conditions.
The results showed that the maximum microalgal
biomass concentration achieved was 0.09 g/L.
Moreover, the mixed fresh microalgal culture was
grown under autotrophic conditions in a 4 L stirred-
tank reactor for 10 days. A biomass concentration of
0.26 g/L. was obtained (Tsai et al., 2023).

Electrochemical properties

The electrochemical properties of the carbon capture-
microbial fuel cell were studied using Ohm’s law. The
open-circuit voltage (OCV) was monitored every 6 hr
for 7 days. At the stationary phase, the closed-circuit
voltage (CCV) was determined using various external

https.//doi.org/10.35495/ajab.2025.258

resistances. A maximum OCV of 697.50 + 6.22 mV
was obtained from the carbon capture-microbial fuel
cell integrated with the kombucha starter, whereas the
control produced only 45.83 = 4.71 mV (Figure 9).
The maximum current density (CD) and power density
(PD) were calculated from the polarization curve,
yielding values of 6.40 = 0.01 A/m? and 0.77 + 0.02
W/m?, respectively (Figure 10). The electrochemical
properties of carbon capture-microbial fuel cell
integrated with kombucha starter using coconut
processing waste as a substrate was shown in Table 4.
Despite these promising results several limitations
remain. The system was tested in a relatively small
reactor volume, which may restrict scalability and
does not fully represent performance under practical
operating conditions. The study also lacked a long-
term stability or durability assessment, leaving
uncertainties about sustained performance, biofilm
robustness, and electrode degradation.

10
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Figure-9. The open-circuit voltage of a carbon-capture microbial fuel cell using coconut processing waste as a
substrate.
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Figure-10. The polarization curve of a carbon-capture microbial fuel cell using coconut processing waste as a
substrate.
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Table-4. Electrochemical properties of carbon capture-microbial fuel cell (p-value = 0.012).

Electrochemical Value
properties

oCcv 697.50+6.22
I (mA) 1.28+0.02

P (mW) 0.15+0.01
CD* (A/m?) 6.40+0.01
CD** (A/m%) 128.10£0.05
PD* (W/m?) 0.77+0.02
PD** (W/m?) 0.78+0.05
NER, (KWh/m?) 0.75+0.15
NERcop (KWh/KgCOD) 37.63+3.00

* Based on electrode surface area
** Based on working volume

On the other hand, bacterium Acetobacter aceti has
been used as a biocatalyst in microbial fuel cells. The
winery waste was used as the substrate. A maximum
power density of 18.8 W/m?® was achieved when a
phosphate buffer was used in the anodic chamber.
Potassium ferricyanide was used as the catholyte
(Karthikeyan et al., 2016). In Pham et al. (2022), it was
reported that the bacterium Leuconostoc sp. could
utilize glucose to produce electrical energy. Moreover,
the bacterium Leuconostoc sp. was also found in the
microbial consortium, which could convert azo dye
into electrical energy using a microbial fuel cell
(Tizazu et al., 2023). In Ahirwar et al. (2025),
microalgae were used to enhance electricity
generation in a microbial fuel cell by supplying
electron acceptors at the surface of the cathodic
electrode.

Degraded metabolites

The degraded metabolite from the carbon capture-
microbial fuel cell integrated with kombucha starter
using the coconut processing waste is shown in the
chromatogram (Figure 11). The results showed that
the metabolites comprised 2.4,5-
trihydroxypyrimidine; cyclotrisiloxane, hexamethyl;
cyclopentasiloxane, decamethyl; cyclotetrasiloxane,
octamethyl; cyclohexasiloxane, dodecamethyl and n-
hexadecanoic acid.

https.//doi.org/10.35495/ajab.2025.258

The identification of 2,4,5-trihydroxypyrimidine that
is a pyrimidine derivative. It is notable due to the
limited literature on its bioactivity in food or
fermentation contexts. Pyrimidine-based molecules
are known to possess antioxidant and antitumor
potential and derivatives have been studied for their
antimicrobial and enzyme-inhibitory properties (Fekri
et al., 2022). Moreover, cyclotrisiloxane, hexamethyl
has been reported to be found in coconut waste. It has
potential as a medicinal compound with antioxidant,
antitumor, antiseptic and antimicrobial properties
(Ismail et al., 2024). Whereas the volatile organic
compound cyclotetrasiloxane, octamethyl has been
found to be produced by fungal cells and can be used
as a plant growth-promoting agent (Joo and Hussein,
2022). In Supriya and Haritha (2022), dodecamethyl
cyclohexasiloxane was found in sea lettuce extract and
exhibited antifungal activity. Moreover, n-
hexadecanoic acid has been found to have high anti-
inflammatory potential (Purushothaman et al., 2025).
Moreover, n-hexadecenoic acid has been detected in
coconut-processing waste, including the tender and
mature coconut water by-products of coconut milk
production (Jiang et al., 2025).

The 2,4,5-Trihydroxypyrimidine (5-hydroxyuracil)
can arise from oxidative degradation of pyrimidine
bases. Its presence would suggest nucleic-acid
oxidation of microbial DNA damage (Lirussi and
Nilsen, 2023).
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Figure-11. The chromatogram of degraded metabolites of carbon capture-microbial fuel cell.
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Figure-11. The chromatogram of degraded metabolites of carbon capture-microbial fuel cell (Continue).

By-product yield

The by-products from the carbon capture-microbial
fuel cell integrated with a kombucha starter and
utilizing coconut processing waste were analyzed. As
shown in Figure 12, the microalgae cell yield reached
its maximum on day 4 with a value of 0.07 £ 0.00
g/L/day. The carbon capture rate of the microalgae in
the cathodic chamber of the carbon capture-microbial
fuel cell using carbon dioxide as the sole carbon source

https.//doi.org/10.35495/ajab.2025.258

for biomass production, is presented in Figure 13. A
maximum carbon fixation rate of 0.13 = 0.00 g/L/day
was achieved. The other by-products of the microalgae
biomass are shown in Table 5. On the other hand, a
carbon fixation rate of 0.03 g/L/day was achieved
when the microalgae were cultured in synthetic
medium at pH 8 (Yolanda et al., 2025). In Yao et al.
(2026), microalgae were synergistically co-cultured
with bacteria. The results showed that the maximum
carbon fixation rate of 0.6 g/L./day was achieved.

14



Asian Journal of Agriculture and Biology

0.08 +

0.07 + —I

= =

= =3

o =
I 1

Microalgae cell yield (g/L/day)
e S ol
S g8 B

(=}
=1
I

1 1 1 |
T T T 1

0.00 t t | t
1 2 3 4 5 6 7

Time (Day)

Figure-12. The microalgae cell yield produced of carbon capture-microbial fuel cell.
0.14 1

0.12 +

o
—
(=]

=
=
=21

Carbon fixation rate (g/L/day)
=
=

0.02 4 ’_,_‘
0.00 4 + ¢ } 1 } !

1 2 3 4 5 6 7
Time (Day)

Figure-13. The carbon fixation rate of carbon capture-microbial fuel cell (p-value = 0.02).

Table-5. The other by-products of the microalgae biomass.

By-product Value

BNC (g/L) 3.80+0.26
Chlorophyll A (ug/mL) 0.31+0.01
Chlorophyll B (ug/mL) 0.32+0.02

https.//doi.org/10.35495/ajab.2025.258
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After the electricity generation, the BNC was collected
from the anodic chamber (Table 4). The BNC
productivity rate was evaluated in relation to the
incubation time. The maximum BNC productivity rate
was 0.54 + 0.04 g/L/day. On the other hand, the BNC
polymer was synthesized from molasses waste
utilizing Komagataeibacter saccharivorans MD1 as
the producing strain and cultured for 7 days. A
maximum BNC yield of 3.90 g/L was achieved.
However, the corresponding electricity generation
performance was not reported (Abol-Fotouh et al.,
2020). In Jafari et al. (2024), the BNC polymer was
produced from a molasses and cheese whey medium
using Gluconacetobacter hansenii with ethanol and

w10 2 | TIC Scan BF-03-4.d

Asian Journal of Agriculture and Biology

acetic acid added as supplements. A maximum
productivity rate of 0.53 g/L/day was achieved.
Moreover, the biomass extracted from the microalgae
cells was analyzed using GC-MS. The chromatogram
of the microalgae extract is shown in Figure 14. The
results showed that the microalgae extract comprised
limonene; Undecane,4,8-dimethyl; n-hexadecanoic
acid; octadecanoic acid;
tricyclo[(8.6.0.0(2,9)]hexadeca-3,15-diene, trans-2,9-
anti-9, 10-trans-1,10; squalene; cholest-5-en-3-
o0l(3.beta),-carbonochloridate; glycerol tricaprylate;
cholesterol; vitamin E; 2-(decanoyloxy)propane-1,3-
diyl dioctanoate and alpha-tocopherol acetate.
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Figure-14. The chromatogram of biomass extracted from the microalgae cells.
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Figure-14. The chromatogram of biomass extracted from the microalgae cells (Continue).
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Figure-14. The chromatogram of biomass extracted from the microalgae cells (Continue).

On the other hand, limonene was produced by
cyanobacteria Synechocystis sp. PCC 6803 through the
conversion of carbon dioxide (Kiyota et al., 2014). In
Songserm et al. (2022), the n-hexadecanoic acid was
produced from the microalgae Scenedesmus falcatus

https.//doi.org/10.35495/ajab.2025.258

(KU.B1) and Chlorella sorokiniana (KU.B2).
Moreover, lipids from the microalga Chlorella sp.
were extracted and analyzed using GC-MS.
Octadecanoic acid was identified as one of the major
components (Kaeoboon et al., 2025). In Potijun et al.
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(2021), squalene was produced by the green microalga
Chlamydomonas sp. under outdoor conditions.
Furthermore, the vitamin E or tocopherol was
identified in the extracted product from the microalgae
Porphyridium sp. and Chlorella sp. (Fithriani and
Melanie, 2022).

Conclusions

This study demonstrates that a kombucha microbial
consortium can generate electricity in a carbon-
capture microbial fuel cell using coconut processing
waste as a substrate. The system supported microalgal
metabolic activity that contributed to carbon uptake,
and it produced measurable amounts of bacterial
nanocellulose and selected bioactive metabolites.
These results indicate that the carbon-capture
microbial fuel cell can integrate energy generation
with biomass and metabolite production under the
tested laboratory conditions, providing a foundation
for further investigation into its performance and
scalability.
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