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ABSTRACT

This research critically explores the application of biogas slurry (bioslurry) as a culture medium for Fuglena sp. to
assess its viability in microalgae cultivation. A series of bioslurry dilutions (0%, 10%, 20%, and 30%) were evalu-
ated for their influence on growth rate, biomass production, and lipid content of Euglena sp. The experiment was
conducted in a 5 L laboratory scale photobioreactor with 3 controlled repetitions for 16 days. The 10% bioslurry
dilution exhibited favorable nutrient ratios, with C/N and P/N values of 2.73 + 0.17 and 0.58 + 0.03, respectively,
while the 20% dilution showed increased C/N and reduced P/N ratios of 5.30 + 0.51 and 0.37 £ 0.07. Among the
tested conditions, the 10% dilution achieved the highest growth performance, with a peak cell density of 26 x 10*+
6.75 cells/mL, though it remained lower than the control (0% bioslurry) at 169 x 10* £ 5.14 cells/mL. Conversely,
the 20% and 30% dilutions significantly hindered growth, with peak densities of 20 x 10* £ 2.08 cells/mL and 24
x 10* £ 7.02 cells/mL, respectively (p>0.05). The highest lipid content was observed in the control medium (0%
bioslurry) at 22.67 + 2.52 mg/L, followed by 10%, 20%, and 30% dilutions with lipid concentrations of 8.00 +
1.00 mg/L, 7.33 + 1.53 mg/L, and 7.67 + 1.15 mg/L, respectively. These results underscore the potential of a 10%
bioslurry dilution as a practical strategy for enhancing Fuglena sp. cultivation, offering a sustainable pathway to
valorize biogas production residues within a circular agricultural economy framework.
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INTRODUCTION

Dairy farming is a vital agricultural activ-
ity that produces high-economic-value milk
products. However, alongside its benefits, dairy
farming also generates substantial waste, in-
cluding liquid, solid, and gaseous forms. Liquid
dairy waste primarily comprises 99.9% liquid
(a mixture of urine, water, and feces) and 0.1%
solid suspension, which contains both organic
and inorganic materials (Hidayatullah et al.,
2005). This liquid waste is often used solely
for cleaning and sanitation purposes (Lumina,
2018), leaving its potential for further utiliza-
tion untapped.

The use of liquid livestock waste, particularly
from dairy cows, to produce biogas has emerged
as an environmentally friendly alternative energy

solution. Beyond biogas generation, the by-
product, known as bioslurry, has demonstrated
significant potential as a culture medium for mi-
croalgae cultivation. Utilizing bioslurry for mi-
croalgae culture provides dual benefits by recy-
cling biogas waste while reducing eutrophication
in aquatic ecosystems. The nutrients in bioslurry
provide a food source for biological agents in-
volved in the treatment of liquid waste without
relying on chemical agents. Simultaneously, mi-
croalgae cultivation contributes to greenhouse
gas mitigation as microalgae utilize CO: dur-
ing photosynthesis. This integration presents an
efficient method for nutrient recovery and CO2
fixation within a single process. Additionally,
microalgae provide renewable resources for bio-
fuel production after extraction and conversion
stages (Judd et al., 2017).
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Several studies have highlighted the capabili-
ties of Euglena sp. to reduce organic compounds
in liquid waste while enhancing biomass produc-
tion (Tossavainen et al., 2018). For instance, Fu-
glena sp. has been shown to reduce nitrogen con-
centrations by 98% and phospor by 85% (Kuroda
et al., 2018; Mahapatra et al., 2013). Research
by Asiandu et al. (2022) further emphasizes that
nutrient-rich liquid waste, such as tofu wastewa-
ter containing essential elements like C, N, and P,
can significantly boost Euglena sp. metabolism.
Such methods present cost-effective, efficient,
and sustainable cultivation strategies (Rubiyatno
etal., 2021).

The potential for large-scale cultivation of
Euglena sp. is immense, given its ability to pro-
duce high-value natural products applicable in
various industries (Kottuparambil et al., 2019).
Its high lipid accumulation capacity during bio-
mass production can be integrated with pollut-
ant removal from liquid waste, thus supporting
environmental sustainability (Mahapatra et al.,
2013). Applications of microalgae include food,
feed, chemicals, cosmetics, and pharmaceuti-
cals. While macroalgae cultivation is prominent
in Asian countries like China, Indonesia, and
Japan, large-scale systems are also being de-
veloped in Western nations, such as the United
States, Canada, and parts of Europe, for open-
sea farming (Chynoweth, 2002). Among these,
Euglena sp. stands out as a highly promising
and widely used microalgae. this study aims to
evaluate the potential of diluted bioslurry as a
culture medium for cultivating Euglena sp., a
microalga with diverse applications across vari-
ous industries. The research seeks to address the
challenge of managing biogas bioslurry liquid
waste while exploring the viability of Euglena
sp. cultivation for utilization in health, feed,
food, and pharmaceutical sectors.

MATERIALS AND METHODS

Bioslurry preparation

The bioslurry dilution method is a crucial
step in preparing an optimal growth medium
for microalgae. Dilution processes of 10%,
20%, and 30% as many as 3 repititions were
carried out to reduce the concentration of dis-
solved solids and decrease turbidity, thereby
improving light penetration and the availability
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of essential nutrients for microalgae. The bio-
slurry was then sterilized to eliminate biologi-
cal contaminants. The control medium used
was Cramer Myers (CM) as 0% Bioslurry. The
nutrient content of the Cramer Myers medium
(CM) is shown in Table 1.

Bioslurry characterization

Bioslurry characterization was conducted to
determine the nutrient content at various dilu-
tion levels used in the study. Parameters analyzed
included total nitrogen (TN), total phosphorus
(TP), and C/N and P/N ratios, using procedures
based on Standard Methods. TN analysis was
performed using the Kjeldahl Method (SNI:
2803, 2010), which involves sample decomposi-
tion with H.SO4 to produce ammonium sulfate
(NH4)2SOs4, followed by distillation with NaOH
and titration to determine TN concentration. TP
analysis used ammonium molybdate and ammo-
nium vanadate reagents mixed in specific ratios,
with phosphorus concentration measured using
a UV-VIS spectrophotometer at a wavelength of
882 nm, according to the ISRIC method (2002).
The C/N and P/N ratios were calculated based on
the comparison of carbon and phosphorus content
to TN levels in the samples.

Euglena sp. growth rate

The growth rate was determined by daily
cell count measurements using the Neubauer Im-
proved Haemocytometer (Zhang et al., 2020). A
total of 900 pL of microalgae sample was mixed
with 100 pL of 70% alcohol in a 1 mL microtube
for preservation. The sample was then loaded into
a haemocytometer (1 mm size) and observed un-
der a microscope.

Table 1. Cramer Myers (CM) composition used for
Euglena sp. cultivation

Component Unit Volume
(NH,),S0O, mg/L 1000
KH,PO, mg/L 1000
MgSO,.7H,0 mg/L 200
CaCl,.2H,0 mg/L 20
Jejak logam 10.000x uL/L 100
Na,MoO,.2H,0 10.000x pL/L 100
Vitamin B1 50.000x uL/L 20
Vitamin B12 40.000x pL/L 25
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Biomass measurement of Euglena sp.

The dry weight of biomass was measured ev-
ery three days over a 16-day period using the cen-
trifugation method. For each replicate, 10 mL of
the sample was transferred into a 15 mL conical
tube and centrifuged at 4000 rpm for 10 minutes.
The supernatant was separated using filter paper,
and the residual biomass was dried in an oven at
30 °C until a constant weight was achieved. The
dry biomass was then weighed using an analytical
balance. (Wu et al., 2021).

Lipid content analysis

Lipid content was determined using the Bligh
and Dryer method (1959). A 10 mL culture sam-
ple was centrifuged at 4000 rpm for 15 minutes,
and the resulting pellet was collected. The pellet
was mixed with 2 mL methanol and 1 mL chlo-
roform, homogenized using a vortex mixer, and
centrifuged again under the same conditions. The
separated lower phase, containing lipids, was
collected and transferred into a petri dish. The
chloroform was evaporated in an oven at 40 °C,
leaving the total lipid, which was calculated by
the weight difference of the empty and lipid-con-
taining petri dishes.

RESULT AND DISCUSSION

Characteristic of diluted bioslurry

The characterization of the bioslurry used in
this study is presented in Table 2, while Figure
1 illustrates the nutrient reduction across differ-
ent bioslurry dilutions. The bioslurry demonstrat-
ed the presence of essential nutrients, including
C/N and P/N ratios, that are critical for fulfilling
the physiological requirements for microalgae

growth. Optimal C/N ratios are crucial for micro-
algae cultivation, as imbalances can adversely af-
fect growth. Excessively high or low C/N ratios
result in nutrient limitations, with excessive C/N
causing restricted growth due to surplus carbon
supply, while low C/N ratios can lead to ammonia
inhibition (Malolan et al., 2020).

In this study, the 30% diluted bioslurry ex-
hibited higher concentrations of nitrogen, organic
carbon, phosphorus, potassium, and C/N ratios
compared to the 20% and 10% dilutions. These
variations in nutrient content among the bioslur-
ry media are attributable to differences in dilu-
tion concentrations during the preparation of the
culture media. The results confirm that nutrient
availability in the bioslurry medium plays a piv-
otal role in influencing the growth and metabo-
lism of Euglena sp. The findings emphasize the
importance of selecting an appropriate bioslurry
dilution to optimize nutrient balance for effective
microalgae cultivation. This finding aligns with
Heifetz et al. (2000), which indicates that the pro-
vision of high concentrations of organic carbon
can inhibit microalgal growth. The increase in
organic carbon concentration raises ATP demand
for carbon assimilation, which in turn limits car-
bon fixation through photosynthesis, resulting in
inhibited microalgae growth. Additionally, bio-
slurry at a 30% concentration exhibited higher
levels of nitrogen, organic carbon, phosphorus,
potassium, and a higher C/N ratio compared to
bioslurry at 10% and 20% concentrations. These
differences in nutrient content can be attributed to
the varying degrees of bioslurry dilution applied
in this experiment.

The study examines the nutrient removal ef-
ficiency of bioslurry used as a growth medium
for microalgae under various dilution levels. The
percentage of nutrient removal was evaluated to
determine the optimal dilution for microalgal

Table 2. Nutrient composition of bioslurry at different dilution levels

Diluted bioslurry

Parameter 10%

20% 30%

(mg/L)

Before After Before After Before After

Nitrogen 55.34 + 0.06° 42.77 £ 0.04° 85.8 £ 0.06° 69.03 + 0.06° 127.85+0.10° | 85.15+0.10°

C organic 149.43 + 0.47° 116.60 + 0.22° 379.2 £0.29° 365.93 +0.30* | 560.81+0.837 | 367.51+0.75°

Fosfor 28.75 £ 0.082 25.00 £ 0.03° 30.26 + 0.06° 25.83 £ 0.02% 32.81+£0.20° | 25416 £0.17°
CIN 2.70+0.122 2.73 £0.14° 4.42 +0.062 4.57 + 0.04° 4.39+£0.182 4.32 + 0.24%
P/N 0.52 £0.13° 0.58 + 0.08° 0.35+£0.13° 0.37 £0.05° 0.26 + 0.08° 0.30+0.013¢

Note: ~><¢ different superscripts on the same row indicate significant differences.
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growth and nutrient uptake. Among the tested
dilutions, the 10% bioslurry demonstrated the
highest overall nutrient removal efficiency. This
indicates that microalgae were able to thrive and
perform effective nutrient uptake at this concen-
tration. The findings highlight the potential of
10% bioslurry dilution as a promising option for
maximizing nutrient removal in microalgal cul-
tivation systems.

The use of Euglena sp. in wastewater treat-
ment is associated with its high metabolic flex-
ibility and ability to absorb both inorganic and
organic substances, thereby reducing their con-
centrations in water (Kotoula et al., 2020). The
absorption of inorganic and organic compounds
in bioslurry concentrations provides the nutrients
required for microalgae metabolism. A 10% bio-
slurry concentration demonstrated more optimal
growth of Euglena sp. compared to 20% and 30%
bioslurry concentrations due to its higher C/N ra-
tio. However, excessively high C/N ratios lead to
the death phase in Euglena sp. As the C/N ratio
increases, the turbidity of the wastewater used
also increases. Turbidity can serve as an indicator
of pollution, as higher turbidity is more likely to
indicate the presence of contaminants in the water
(Ramadhani et al., 2016).

This research examines the dilution of bio-
slurry, a waste product with potential as a nutrient
source for microalgae cultivation. Metal contami-
nation in cow dung is generally low because it is
not a chemical waste, particularly after dilution
has already occurred. This underscores the signif-
icance of dilution in preparing biogas bioslurry as
a culture medium for microalgae, as it effectively
reduces the concentration of pollutants. Diluting

45,00%
40,00%
35,00%
30,00%
25,00%
20,00%
15,00%
10,00%

5,00%

0,00% U

Perrcentage (%)

Nitrogen

110% Bioslurry

20% Bioslurry

bioslurry with water decreases the levels of each
contaminant in the wastewater. The primary ob-
jective of initial dilution treatment is to minimize
or eliminate toxic substances from the wastewater
(Vidyawati and Fitrihidajati, 2019).

Growth performance of Euglena sp.
in diluted bioslurry

The study demonstrated that Euglena sp.
could survive in all diluted bioslurry samples.
This indicates the organism’s adaptability to
varying concentrations of nutrients present in the
bioslurry. The growth rates of Euglena sp. varied
significantly across different bioslurry treatments
over the 16-day cultivation period, reflecting the
influence of nutrient availability on microalgal
growth and cell development. The highest growth
rate was observed in the synthetic CM medium,
achieving a maximum cell density of 169 x 10*
+ 5.14cells/mL, showcasing the effectiveness of
CM as an optimized growth medium for Euglena
sp. However, notable growth was also achieved
in the 10% bioslurry dilution, with a maximum
cell density of 48 x 10*+ 5.02 cells/mL. This sug-
gests that diluted bioslurry at 10% concentration
provides sufficient nutrients to support substantial
growth, making it a viable alternative to synthet-
ic media for cultivating Euglena sp. In contrast,
growth rates in 20% and 30% bioslurry dilutions
were lower, with maximum cell densities of 20 x
104+ 2.08 cells/mL and 24 x 10*+ 7.02 cells/mL,
respectively. The reduced growth at higher bio-
slurry concentrations could be attributed to nutri-
ent imbalances or the potential presence of inhibi-
tory substances at these higher concentrations,

&

C Organik Fosfor

30% Bioslurry

Figure 1. Nutrient removal efficiency of different dilution levels bioslurry through microalgae
Euglena sp. cultivation
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such as ammonia or heavy metals, which may im-
pede cell division and overall growth (Figure 2).

The growth rate productivity of microalgae
is influenced by light intensity and nutrient dilu-
tion levels, both of which play crucial roles in the
photosynthesis process that supports biomass for-
mation (Virama, 2015). Additionally, the decline
in growth rate with increased bioslurry addition
corresponds to its turbidity. Biogas by-products
contain suspended solids or insoluble solids in
water, which may be in floating, suspended, or
settled forms. These compounds exist in both or-
ganic and inorganic forms. The dissolved solids
contribute to water turbidity (Chotimah, 2010).
Increased turbidity can limit the diversity of mi-
croalgae, as their growth declines with higher
nutrient levels in the water. This suggests that
turbidity and nutrient availability are significant
factors affecting microalgal growth (Effendi et
al., 2016). High turbidity can obstruct sunlight
penetration into the water body, thereby inhibit-
ing the photosynthesis process in microalgae (Wi-
sha et al., 2016).

Euglena sp. can absorb organic compounds
from heterotrophic environments through the
process of phagocytosis. The surface of Euglena
sp. cells forms vesicles to capture food particles.
This microalga effectively absorbs nitrogen (N)
and phosphorus (P) contained in wastewater.
However, when the amount of wastewater ab-
sorbed exceeds the capacity for N and P uptake,
the absorption process becomes less effective.
Excessively high wastewater concentrations can
inhibit microalgal growth. As noted by Elystia et
al. (2020), the addition of tofu wastewater above
40% reduced the growth rate of Scenedesmus sp.
due to the high wastewater concentration causing
stress on the cells.

The most promising results were observed
with the 10% bioslurry treatment, although the
primary focus of this study was on the economic
and environmental implications. This research
highlights the potential of how Euglena sp. for
bioremediation of biogas bioslurry, offering a
cost-effective alternative to expensive synthetic
media. Using waste media provides two key ad-
vantages: (1) generating microalgae biomass that
can serve as a food source, and (2) reducing the
need for synthetic nutrients by harnessing the nu-
trients already present in waste (Budiyono et al.,
2014). In the 10% bioslurry treatment, the highest
growth rate was achieved at 26 x 10* £ 6.75 cells/
mL over an optimal period of 8 days. These find-
ings establish a reference point for determining
the optimal phase for Fuglena sp. cultivation us-
ing biogas bioslurry, indicating when maximum
biomass production can be achieved and main-
tained sustainably.

Biomass production of Euglena sp.
in diluted bioslurry

The biomass production of Euglena sp. var-
ied significantly across the different bioslurry
treatments during the 16-day cultivation period,
highlighting the influence of nutrient compo-
sition on cell growth and biomass accumula-
tion. The highest biomass was recorded in the
synthetic CM medium as a control, achieving
a maximum biomass concentration of 22.67 +
6.81 mg/L. This result underscores the optimized
nutrient balance in CM medium, which supports
optimal cell proliferation and biomass yield.
In the 10% bioslurry treatment, Euglena sp.
demonstrated a considerable biomass produc-
tion, reaching a maximum concentration of 8 =+

0% Bioslurry =—#—10% Bioslurry =&—20% Bioslurry ==¢=30% Bioslurry

[ [ [
n (=3 7
= = =

Cell Number
[
[—3
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-50
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Figure 2. Growth rate of Euglena sp. at different bioslurry dilution levels
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1.73mg/L. This indicates that the 10% bioslurry
dilution provides sufficient nutrients to support
moderate biomass accumulation. The relatively
high biomass yield in this treatment suggests
that E0% bioslurry dilution is a viable alterna-
tive medium for sustainable microalgae cultiva-
tion. Conversely, biomass production in the 20%
and 30% bioslurry treatments was lower, with
maximum concentrations of 6.33 £ 1.53mg/L
and 6.67 £ 1.53 mg/L, respectively. The reduced
biomass in these treatments could be attributed
to nutrient imbalances or the presence of inhibi-
tory substances at higher bioslurry concentra-
tions, such as excess ammonia or heavy metals,
which may negatively affect cell metabolism
and biomass accumulation (Figure 3).

The percentage of bioslurry is known to influ-
ence biomass production in microalgae cultures.
In addition to generating biomass, microalgae
cultivation also contributes to CO: reduction.
Microalgae biomass is rich in lipids and does
not overlap with the demand for food produc-
tion. Microalgae exhibit relatively fast growth
rates, short life cycles, and high productivity per
hectare. Furthermore, cultivation processes can
be practically implemented using wastewater in
community applications. The utilization of mi-
croalgal biomass in the production of bioactive
metabolites has been applied in various indus-
tries, including pharmaceuticals, nutrition, and
medicine (Bajhaiya et al., 2017). According to
previous studies (Geremia et al., 2021), algae
biomass accumulated in wastewater can serve as
raw material for producing industrially valuable
metabolites. The potential of bioslurry in vari-
ous fields such as agriculture, energy, environ-
ment, and human health remains largely unex-
plored (Gupta, 2016).

=0—0% Bioslurry == 10% Bioslurry =—#—20% Bioslurry

25
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Biomass (mg/L)

Lipid content of Euglena sp. in diluted
bioslurry

The maximum lipid content of Fuglena sp.
was observed in the control treatment (0% bio-
slurry), which was higher compared to other bio-
slurry treatments. This indicates that while bio-
slurry can support Euglena sp. growth, the CM
remains the most favorable environment for lipid
accumulation. The highest lipid content was re-
corded in the CM treatment, reaching a maximum
of 22.67 + 2.52 mg/L. Despite this, Fuglena sp.
cultivated in bioslurry dilutions of 10%, 20%, and
30% also exhibited lipid accumulation, with max-
imum lipid contents of 8.00 = 1.00 mg/L, 7.33
+ 1.53 mg/L, and 7.67 £ 1.15 mg/L, respectively
(Figure 4).

The increased lipid content in bioslurry treat-
ments suggests that specific nutrient composi-
tions in bioslurry, such as nitrogen and carbon
sources, can stimulate lipid biosynthesis in Eu-
glena sp. However, excessive nutrient concentra-
tions, as seen in higher bioslurry dilutions, may
lead to nutrient imbalances that can limit lipid ac-
cumulation. These findings align with prior stud-
ies indicating that controlled nutrient availabil-
ity is critical for optimizing lipid production in
microalgae. The data also highlight the potential
of diluted bioslurry as an alternative growth me-
dium for Euglena sp., especially for sustainable
lipid production in biotechnological applications,
though it remains less effective than synthetic
media. Further optimization of bioslurry con-
centrations could enhance its efficacy for large-
scale applications in the production of biofuels,
nutraceuticals, and other lipid-based products.
Nutrients such as carbon (C) are key components
of microalgae. Carbon (C) functions as a build-
ing block for the structure and metabolism of

30% Bioslurry

HS H 12
Days of Cultivation

H 16

Figure 3. Biomass of Euglena sp. at different bioslurry dilution levels
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Figure 4. Lipid content of Euglena sp. at different bioslurry dilution levels

proteins, carbohydrates, lipids, and nucleic ac-
ids, making its availability crucial for microalgal
growth. Meanwhile, nitrogen (N) plays a role in
controlling protein biosynthesis within cells (Lari
et al., 2016). The C/N ratio has been reported as
a major factor in microalgal metabolism, with an
increase in the C:N ratio shown to enhance the
lipid content of microalgae (Lari et al., 2016).

Microalgae approach to various applications

Microalgal biomass can be converted into a
variety of valuable bioproducts, including food,
feed, pharmaceuticals, biopolymers, bioplastics,
and bulk chemicals. Euglena exhibits highly
complex metabolic potential as a unicellular or-
ganism, offering significant opportunities for the
production of value-added biomolecules (O’ Neil,
2015). The commercial potential of Euglena was
recognized after the discovery of the high pro-
tein content and amino acid profile of E. gracilis
(Kott, 1964). Additionally, Euglena cells contain
nutritionally important fatty acids, such as doco-
sahexaenoic acid (DHA), eicosapentaenoic acid
(EPA), and vitamins, underscoring their indus-
trial potential as a valuable resource (Hayashi,
1993) (Figure 5).

Euglena sp. microalgae have been studied for
their potential in sustainable biofuel production,
with lipids, proteins, and carbohydrates serving
as precursors for biofuels in microalgae. Lipids
in Euglena exhibit a dominance of C16 methyl
esters (42%) and C18 methyl esters (50%), em-
phasizing their biofuel properties, which are
similar to vegetable oils (O’Neil, 2015). Lipids
are biomolecules that serve as energy and carbon
reserves within microalgal cells (Vitova, 2015).
They ensure the survival of microalgal cells,

particularly during nighttime, and provide energy
for essential biological processes during cell divi-
sion, including DNA replication, nuclear division,
and cytokinesis. Several studies have reported
significant lipid content in Euglena, comprising
up to 13 different types of fatty acids, of which
approximately 50% are unsaturated fatty acids
(Mahapatra, 2013). Enhanced lipid biosynthesis
efficiency under photosynthetic, heterotrophic,
and anaerobic conditions has further advanced
Euglena’s biotechnological potential as a source
for biofuel production.

This study highlights the potential of bio-
slurry as a sustainable medium for cultivating
Euglena sp., demonstrating its dual role in reduc-
ing waste and supporting microalgal growth. The
findings indicate that a 10% bioslurry dilution
offers an optimal nutrient balance, promoting ef-
fective growth and moderate lipid accumulation
in Euglena sp. while mitigating issues associated
with higher concentrations, such as turbidity and
nutrient imbalances. These results underscore the
feasibility of integrating bioslurry into circular
agricultural practices, contributing to nutrient
recycling and CO: reduction. Future research
should focus on optimizing bioslurry preparation
methods and exploring its large-scale application
for industrially valuable bioproducts, such as bio-
fuels and nutraceuticals.

The cultivation of Euglena sp. utilizing a bio-
gas bioslurry medium can be adapted for biogas
purification. In its metabolism, microalgae inher-
ently require carbon dioxide (CO,) to perform
photosynthesis. Increased fixation directly cor-
relates with enhanced microalgal growth, con-
sequently leading to an increase in microalgal
biomass (Hadiyanto and Widayat, 2014). During
the photosynthetic process, (CO,) is assimilated
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Figure 5. Microalgae applications across various industries and sectors

by the microalgae as a primary nutrient source.
This (CO,) fixation process effectively reduces
the (CO,) content within the biogas stream while
simultaneously supporting the proliferation of the
microalgae (Anwar, 2023).

CONCLUSIONS

This study demonstrates that biogas-derived
bioslurry has a significant impact on the growth
performance of Euglena sp., primarily due to its
content of essential nutrients such as carbon (C),
nitrogen (N), and phosphor (P), which are critical
for cellular metabolism and growth. While an in-
crease in bioslurry concentration was associated
with a decline in specific growth rate and biomass
accumulation, the levels of primary metabolites
remained relatively comparable to those observed
in the control group (Cramer-Myers medium).
This research critically explores the application of
biogas slurry (bioslurry) as a culture medium for
Euglena sp. to assess its viability in microalgae
cultivation. The 10% bioslurry dilution exhibited
favorable nutrient ratios, with C/N and P/N val-
ues of 2.73 + 0.17 and 0.58 + 0.03, respectively,
while the 20% dilution showed increased C/N
and reduced P/N ratios of 5.30 + 0.51 and 0.37
+ 0.07. Among the tested conditions, the 10% di-
lution achieved the highest growth performance,
with a peak cell density of 26 x 10* £ 6.75 cells/
mL, though it remained lower than the control
(0% bioslurry) at 169 x 10* £ 5.14 cells/mL. Con-
versely, the 20% and 30% dilutions significantly
hindered growth, with peak densities of 20 x 10*
+ 2.08 cells/mL and 24 x 10* = 7.02 cells/mL,
respectively (p>0.05). The highest lipid content
was observed in the control medium (0% bio-
slurry) at 22.67 + 2.52 mg/L, followed by 10%,
20%, and 30% dilutions with lipid concentrations
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of 8.00 + 1.00 mg/L, 7.33 £ 1.53 mg/L, and 7.67
+ 1.15 mg/L, respectively. These results under-
score the potential of a 10% bioslurry dilution
as a practical strategy for enhancing Euglena
sp. cultivation, offering a sustainable pathway
to valorize biogas production residues within a
circular agricultural economy framework. These
findings suggest that, despite certain limitations
at higher concentrations, bioslurry holds consid-
erable potential as an alternative nutrient source
for microalgal cultivation, offering a sustainable
and cost-effective approach for biomass produc-
tion in biotechnological applications.
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