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INTRODUCTION

Sustainable waste management needs to be 
done to maintain the overall balance of the eco-
system and reduce the environmental burden. The 
depletion of available natural resources has led to 
an increased interest in developing the concept of 
circular economy sustainable production, a pro-
cess in which valuable by-product resources are 
kept in use for as long as possible in the produc-
tion cycle through recovery and reuse (Markou 
et al., 2019). To address the challenges of waste 
management, it is essential to integrate the sus-
tainable practices that not only minimize waste 
generation but also maximize the value extracted 

from resources throughout their lifecycle (Per-
dana et al., 2023). The implementation of circular 
economy principles (Krishnan et al., 2020) allows 
for the reduction of waste, promotes resource ef-
ficiency, and fosters the creation of new economic 
opportunities by encouraging the reuse, recycling, 
and upcycling of materials (Sarkar et al., 2022). 
Therefore, this approach contributes to environ-
mental preservation and economic resilience, cre-
ating a pathway toward a more sustainable future.

Biogas production serves as an efficient 
agro-industrial waste management strategy, sig-
nificantly reducing organic waste volume while 
generating renewable energy (Khan et al., 2023). 
However, despite its energy production benefits, 
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the byproduct of this process, anaerobic digested 
manure wastewater (ADMW), still poses envi-
ronmental challenges. These challenges include 
high transportation requirements, the release 
of greenhouse gases when stored, and nutrient 
loss or leaching when applied to land (Baral et 
al., 2018). To address such challenges, micro-
algae have been widely integrated with various 
waste streams, including flue gas, municipal, 
and agro-industrial wastewater, to utilize their 
nutrient content for biomass production (Chong 
et al., 2022). Among the promising microalgal 
species, Euglena sp. has gained attention for its 
ability to generate biofuels, such as bioethanol 
and biodiesel, due to its high lipid accumulation 
(Gissibl et al., 2019). Beyond biofuel production, 
Euglena sp. is also valuable as a raw material for 
functional foods, feed additives, cosmetics, and 
pharmaceuticals, enhancing its economic poten-
tial (Nurafifah et al., 2023). Importantly, Euglena 
sp. cultivation offers a sustainable approach for 
ADMW effluent treatment. By utilizing ADMW 
as a nutrient source, Euglena sp. can contribute 
to wastewater bioremediation while simultane-
ously reducing the need for external inputs such 
as fertilizers and freshwater. This dual-purpose 
application not only mitigates the environmental 
impact of ADMW, but also enhances the econom-
ic feasibility of microalgae-based bioprocesses 
(Chong et al., 2022).

The integration of microalgae cultivation 
with ADMW management has been extensively 
explored in various studies. As photosynthetic 
organisms, microalgae utilize nutrients from 
ADMW, carbon dioxide (CO₂), and solar energy 
to produce biomass through photosynthesis (Chen 
et al., 2022). Previous research has investigated 
the use of ADMW for microalgae cultivation with 
dilution levels of 10%, 20%, 30%, 40%, and 50% 
in media prepared using centrifuged digestate 
(CLD) and distilled digestate (DLD). The high-
est biomass production of Chlorella vulgaris and 
Arthrospira platensis was observed at 50% DLD 
and 10% CLD, respectively. These findings high-
light the importance of optimizing dilution levels, 
which are generally recommended between 30% 
and 50% for liquid digestate-based microalgae 
cultivation (Kisielewska et al., 2022).

However, while dilution strategies for cer-
tain microalgae species have been studied, there 
is limited research on the optimal dilution levels 
for Euglena sp. cultivated in ADMW. Given the 
potential of Euglena sp. for biofuel production 

and wastewater treatment, it is essential to deter-
mine the appropriate dilution that maximizes its 
growth. Therefore, this study aimed to identify 
the most suitable ADMW dilution for Euglena sp. 
IDN 22 cultivation, bridging this knowledge gap 
and contributing to the advancement of sustain-
able microalgae-based bioremediation.

METHODS

Culture conditions

The microalgae Euglena sp. IDN 22 used in 
these experiments were obtained from the Bio-
technology Laboratory, Faculty of Biology, Gad-
jah Mada University, Indonesia. The ADMW used 
as the microalgae growth medium was sourced 
from the biogas plant at the Faculty of Animal 
Science, Gadjah Mada University. This biogas 
plant operates under anaerobic conditions, using 
feeding substrates primarily composed of crop 
residues and animal manure, with a substrate-to-
water ratio of 1:2. These substrates were chosen 
due to their abundance in agroindustry and com-
plementary characteristics. Crop residues are rich 
in carbon (Fu et al., 2021), while manure provides 
nitrogen (Dalias and Christou, 2020), resulting in 
a balanced C/N ratio ideal for anaerobic diges-
tion. Compared to ADMW from single substrates, 
this mixture produces effluent with moderate nu-
trient levels and lower ammonia toxicity, which 
is more suitable for microalgae cultivation. The 
1:2 ratio has been proven to optimize biogas pro-
duction (Kouakou et al., 2025). It also maximizes 
organic matter utilization and produces bioslurry 
with more stable conditions. The biogas retention 
time for the ADMW experiment was 40 days. 
Cultures of Euglena sp. IDN 22 were grown in 
a closed, 1-liter transparent glass photobioreactor 
under continuous light, with the pH maintained at 
7.00. The culture temperature was kept at 24.0°C, 
and aeration was provided using an air pump sys-
tem to ensure proper mixing of the culture medi-
um, maintain homogeneity throughout the reactor 
volume, and supply CO₂ to the culture. Sterility 
was maintained by spraying 70% alcohol every 
24 hours in the Euglena sp. IDN 22 cultivation 
area and photobioreactor to prevent microbial 
contamination during the cultivation period, as 
routine daily disinfection helps minimize the risk 
of airborne or surface-borne contaminants. 
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ADMW pretreatment

ADMW produced during the biogas produc-
tion process must be stored for several days be-
fore use. In this study, ADMW was stored for 7 
days in an open tank to allow residual microbial 
activity and gas release to stabilize. This period 
ensures that active methanogenesis subsides, re-
ducing the risk of continued anaerobic activity 
that may interfere with subsequent microalgal 
cultivation (Duan et al., 2020). Prior to inocula-
tion, the digested manure was diluted. Dilution 
is a method to reduce the turbidity of the bio-
gas slurry and provide a suitable medium for 
growing microalgae (Kisielewska et al., 2022). 
The composition of the culture medium was ad-
justed to include 0% ADMW (synthetic medium 
Cramer Myers) as a control, 25% ADMW, 50% 
ADMW and 75% ADMW. Table 1 displays the 
Cramer Myers (CM) nutrient content. Deion-
ized water was used to dilute ADMW. The di-
luted ADMW sample was filtered twice: first, to 
remove large particles from the raw ADMW and 
second to eliminate smaller particles after the ini-
tial filtration. Filtration was performed using a 10 
μm pore size filter, followed by sterilization in 
an autoclave to remove both large particles and 
indigenous bacteria. No additional nutrients were 
added for the scale-up of the cultivation. ​The ex-
perimental flow of Euglena sp. IDN 22 cultiva-
tions in ADMW is illustrated in Figure 1.

Nutrient content analysis

The ADMW samples were analyzed to de-
termine the nutrient content at each dilution. 
The concentrations of total nitrogen (T-N), total 
phosphorus (T-P), and organic carbon (C) were 
measured following standard protocols. Total 

nitrogen (T-N) was determined using the Kjel-
dahl Method according to SNI 2803:2010. Total 
phosphorus (T-P) was measured by spectrophoto-
metric analysis using a UV-VIS spectrophotom-
eter at 882 nm (ISRIC, 2002). Organic carbon 
content was measured using a UV-VIS spectro-
photometric method at 561nm (Sari et al., 2023). 
The C/N and P/N ratios were calculated by com-
paring the concentrations of organic carbon and 
total phosphorus to total nitrogen, respectively. 
Each analysis was performed in triplicate to en-
sure data accuracy.

Euglena sp. IDN 22 cell density

Cell number is an indicator of the growth 
rate of microalgae cells. The number of micro-
algae cell was counted daily using a Neubauer 
Improved Haemocytometer (Zhang et al., 2020). 
A 900 μL (microliter) sample of microalgae in 
ADMW was transferred to a 1 mL microtube, fol-
lowed by the addition of 100 μL of 70 percent 
alcohol to the microtube. The sample was then 
inserted into a 1 mm (millimeter) Neubauer Im-
proved Hemocytometer for observation under a 
microscope. Thus, this microalgae cell number 
measurement was taken every day for the entire 
15-day observation period.

RESULTS AND DISCUSSION

Nutrient removal of ADMW

The characterization results of the ADMW cul-
ture medium utilized in the experimental variants 
are presented in Table 2, while Figure 2 illustrates 
the nutrient removal efficiency across multiple 
dilutions of ADMW. In microalgae cultivation, 
the composition of the medium is crucial, with a 
particular focus on maintaining a well-balanced 
nutrient profile (Chakraborty et al., 2023). The 
carbon-to-nitrogen (C/N) ratio and phosphorus-to-
nitrogen (P/N) ratio must be optimized to support 
the physiological demands of microalgae, ensuring 
efficient growth and biomass production (Razzak 
et al., 2024). An optimal C/N ratio is crucial, as de-
viations from this balance can impede the microal-
gal growth. Specifically, a high C/N ratio may lead 
to an excess of carbon, resulting in nutrient limita-
tion that restricts the development of microalgae. 
Conversely, a low C/N ratio can cause nitrogen 

Table 1.	Cramer Myers (CM) composition used for 
Euglena sp. IDN 22 cultivation

Component Unit Volume

(NH4)2SO4 mg/L 1000

KH2PO4 mg/L 1000

MgSO4.7H2O mg/L 200

CaCl2.2H2O mg/L 20

Trace metal 10.000x µL/L 100

Na2MoO4.2H2O 10.000x µL/L 100

Vitamin B1 50.000x µL/L 20

Vitamin B12 40.000x µL/L 25
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imbalance, leading to ammonia toxicity, which can 
inhibit growth (Malolan et al., 2020).

In this study, the 75% diluted ADMW exhib-
ited higher concentrations of nitrogen, organic 
carbon, phosphorus, potassium, and a more fa-
vourable C/N ratio compared to the 50% and 
25% dilutions. The variations in nutrient con-
centrations observed are directly attributed to the 
dilution levels of ADMW, which modulate the 
nutrient availability in the culture medium. This 
finding underscores the importance of optimiz-
ing dilution factors to achieve a balanced nutri-
ent supply that promotes microalgal growth and 
enhances the efficiency of nutrient removal. The 
results suggest that higher ADMW concentrations 
may offer a more conducive environment for mi-
croalgae, though further investigation is neces-
sary to identify the specific dilution thresholds 
that maximize both nutrient removal and biomass 
production. Such insights are critical for scaling 
up microalgae cultivation systems, as they pro-
vide a foundation for fine-tuning nutrient profiles 
to improve the overall system performance.

The retention of essential nutrients in ADMW 
following anaerobic digestion of biogas makes 
it a promising supplement for microalgae cul-
tivation (Jiminez et al., 2020). However, while 
all diluted ADMW concentrations provided the 
nutrients necessary for microalgae growth, the 

nutrient content in the 25% ADMW dilution was 
found to be the most suitable for promoting op-
timal development of microalgae. This dilution 
demonstrated the highest nutrient absorption effi-
ciency. In contrast, the 50% and 75% ADMW di-
lutions exhibited elevated C/N ratios, which can 
be detrimental to microalgae growth. The optimal 
C/N ratio for microalgae is generally within the 
range of 4 to 8 (Kisielewska et al., 2022), and de-
viations from this range can result in unfavorable 
growth conditions. An excessive carbon supply, 
which often accompanies a high C/N ratio, may 
inhibit the production of photosynthetic pigments 
in microalgae, thereby reducing photosynthetic 
efficiency and biomass accumulation.

Critical limitation of ADMW as a microalgae 
growth medium is its low phosphorus-to-nitrogen 
(P/N) ratio, which fails to meet the stoichiometric 
phosphorus requirements for optimal microalgal 
growth (Cheng et al., 2021). Both the 50% and 
75% ADMW dilutions exhibited similarly low P/N 
ratios, which suggest a deficiency in phosphorus 
relative to nitrogen. While the ideal P/N ratio var-
ies by microalgae species, a range of 7–16 has been 
proposed as optimal for ensuring balanced nutrient 
availability (Chowdury et al., 2020). A P/N ratio 
outside this range with excess nitrogen often in-
dicates nutrient imbalance. The surplus nitrogen 
is usually in the form of ammonia, which can be 

Figure 1. Experimental flow of Euglena sp. IDN 22 cultivations in ADMW

Table 2.	 Nutrient characteristics of ADMW at different dilution levels

Parameters
(mg/L)

ADMW concentration

ADMW 25% ADMW 50% ADMW 75%

Before After Before After Before After

TN 1.59 ± 0.06 0.43 ± 0.004 2.23 ± 0.06 1.39 ± 0.06 3.82 ± 0.10 3.04 ± 0.10

TOC 11.77 ± 0.47 2.77 ± 0.22 33.41 ± 0.29 22.40 ± 0.30 69.21 ± 0.83 64.58 ± 0.75

TP 2.02 ± 0.08 0.22 ± 0.03 3.84 ± 0.06 0.89 ± 0.02 7.70 ± 0.20 7.10 ± 0.17

C/N 7.40 ± 0.17 6.50 ± 0.29 14.99 ± 0.51 16.16 ± 0.45 18.11 ± 0.62 21.23 ± 0.43

P/N 1.27 ± 0.03 0.51 ± 0.04 1.72 ± 0.07 1.74 ± 0.05 2.01 ± 0.10 2.33 ± 0.02
Note: ADMW (anaerobic digested manure waste water); TN (total nitrogen); TOC (total organic carbon); TP (total 
phosphorus).
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toxic to microalgae under certain conditions (Sal-
bitani and Carfagna, 2021).

The nutrient composition of ADMW, includ-
ing the C/N and P/N ratios, is largely influenced 
by the source of the biogas feedstock and the op-
erational conditions during anaerobic digestion. 
These findings highlight the necessity of modify-
ing the biogas feedstock to achieve a more bal-
anced nutrient profile. Combining ADMW with 
feedstocks that have lower or higher C/N ratios 
such as animal manure or sewage (low C/N) or or-
ganic solid waste (high C/N) could help optimize 
the C/N ratio and rectify the nutrient deficiencies 
observed, thereby enhancing microalgal growth 
and improving the overall efficiency of the culti-
vation process (Zheng et al., 2017).

In conclusion, while ADMW demonstrates po-
tential as a nutrient source for microalgae, its effec-
tiveness is contingent upon careful management of 
its nutrient composition, particularly in relation to 
the C/N and P/N ratios. Further optimization of 
the feedstock and operational parameters in biogas 
production could enhance the utility of ADMW in 
large-scale microalgal cultivation systems.

Euglena sp. IDN 22 growth rates

Euglena sp. IDN 22 was able to survive in 
all diluted ADMW samples, as shown in Figure 3. 

Euglena sp. IDN 22 showed differences in growth 
rate among ADMW treatments during 15 days of 
cultivation, indicating that different nutrient con-
tent can affect the cell growth and development 
of microalgae (Yaakob et al., 2021). The data 
analysis results based on Table 3 showed sig-
nificant differences (p < 0.05) among all ADMW 
concentration treatments, indicating that each di-
lution level had a distinct effect. The best growth 
rate was recorded in CM as a synthetic medium, 
reaching a maximum growth rate of 79.92 × 104 
± 1.50 cells/ml. However, Euglena sp. IDN 22 
can also grow well and survive in 25% ADMW 
with the same death phase as a synthetic medi-
um with a maximum growth rate of 62.92 × 104 
± 1.01 cells/ml. Euglena sp. IDN 22 at both 0% 
and 25% ADMW showed the same death phase 
after day 13 of cultivation due to nutrient deple-
tion. In contrast, the 50% and 75% ADMW ex-
periments showed slower growth rate, entering 
the death phase after day 5 of Euglena sp. IDN 22 
cultivations with maximum growth rates of only 
10.67 × 104 ± 1.42 and 4.45 × 104 ± 0.44 cells/
ml, respectively. The growth performance of the 
synthetic medium served as an experimental con-
trol in Euglena sp. IDN 22 cultivations, yielding 
similar results to those observed in 25% ADMW 
when compared to 50% and 75% ADMW. The 
death phases of 50% and 75% ADMW occurred 
faster than other treatments due to the incompat-
ibility of nutrient content for Euglena sp. IDN 22.

The morphology of Euglena sp. IDN 22 
cultivated in ADMW is illustrated in Figure 4. 
This unicellular flagellate possesses a promi-
nent flagellum, facilitating locomotion through 
aquatic environments. Additionally, it features 
a red-pigmented eyespot, or stigma, function-
ing as a photoreceptive organelle that enables 
the organism to detect light direction and inten-
sity, thereby guiding phototactic movement to-
ward optimal light conditions for photosynthesis 

Figure 2. Nutrient removal analysis of ADMW following the cultivation of Euglena sp. IDN 22

Table 3.	Maximum cell density of Euglena sp. IDN 22 
at each ADMW concentration

ADMW concentration Growth rate
(n × 104 cells/ml)

0% 79.92 ± 1.50a

25% 62.92 ± 1.01b

50% 10.67 ± 1.42c

75% 4.55 ± 0.44d

Note: ADMW (anaerobic digested manure waste 
water); abcd (different subsets indicate significant 
differences at a significance level of p < 0.01)
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(Duchene and Drouard, 2021). The performance 
of Euglena sp. IDN 22 in ADMW is significantly 
influenced by the availability of a balanced nu-
trient profile. 

The nutrient composition of ADMW, includ-
ing total nitrogen, total phosphorus, and organic 
carbon, plays a critical role in the metabolism 
and growth of microalgae cultures (Chong et al., 
2022). Nitrogen is essential for the synthesis of 
proteins, nucleic acids, and other cellular com-
ponents, typically absorbed from nitrate, nitrite, 
or ammonium. Phosphorus, a key element in 
ATP, nucleic acids, and phospholipids, plays a 
central role in energy transfer and cell membrane 
structure (Shah et al., 2024). An imbalance in 
these nutrients, whether an excess or deficiency, 
can severely affect the microalgal metabolism, 
leading to reduced growth, impaired photosyn-
thetic activity, and diminished biomass produc-
tion (Al-Mallahi and Ishii, 2022). Therefore, 
maintaining an optimal C/N/P ratio is crucial 
for maximizing the productivity of microalgae, 
as it ensures the availability of these essential 

nutrients in the correct proportions for efficient 
metabolic function.

Optimal ADMW dilution is essential for 
achieving the ideal conditions necessary for mi-
croalgal cultivation (Gao et al., 2021). Nutrients 
in ADMW can support microalgal growth but its 
composition may also be toxic depending on the 
waste source. This is especially true if the micro-
algae strain has not adapted to such conditions 
(Praveen et al., 2018). Additionally, the slower 
growth observed in microalgae cultures grown 
in 50% and 75% ADMW can be correlated with 
increased turbidity. Turbidity is an important 
factor in assessing the suitability of wastewa-
ter for microalgae cultivation, as it is caused by 
suspended particles that reduce light transmis-
sion through the medium (Franco et al., 2018). 
Since light is a key driver of photosynthesis, the 
scattering and absorption of light by suspended 
solids – such as clay, sludge, finely divided in-
organic and organic materials, and other micro-
scopic organisms negatively impact photosyn-
thetic efficiency (Chuka-ogwude, 2020). 

Figure 3. Growth curves of Euglena sp. IDN 22 in ADMW at different dilution levels

Figure 4. Microalgae Euglena sp. IDN 22 observed under a microscope at 40x magnification
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Integrated ADMW-microalgae 		
as a valorization approach

Combining anaerobic digestion with micro-
algae cultivation can offer many environmental 
benefits, particularly through the production of 
abundant algal biomass to serve as biofuel feed-
stock, fertilizer, or animal feed, and thus provide 
a valuable solution for managing manure wastes 
(Razzak et al., 2017). As shown in Figure 5, a fu-
turistic industrialization and scaling of the process 
proposed in Figure 1 can facilitate waste valoriza-
tion to maximize microalgal biomass production, 
thereby potentially reducing negative effects on 
the surrounding environment and increasing over-
all economic benefits (Chandrasekhar et al., 2021). 
The use of anaerobic digestate as a substrate for 
microalgae cultivation media is gaining significant 
attention as a bioremediation technology for live-
stock wastewater, while simultaneously producing 
sustainable microalgae biomass feedstock (Yang et 
al., 2022). Microalgae, including Euglena sp. IDN 
22, can efficiently utilize nutrients from the anaer-
obic digestate fraction to reduce both inorganic and 
organic carbon content while producing microal-
gal biomass that can be utilized for bioenergy ap-
plications (Fabris et al., 2020).

The integration of microalgae cultivation 
technology with ADMW treatment represents a 
strategic approach for achieving a cyclic utiliza-
tion of ADMW. This system not only facilitates 
microalgal growth but also contributes to the re-
moval of excess nutrients in ADMW, thus miti-
gating the risk of nutrient runoff and preventing 
the eutrophication of water bodies, a critical envi-
ronmental issue (Yang et al., 2022). Furthermore, 
microalgal biomass can be converted into a wide 
range of valuable bioproducts, such as food, feed, 

pharmaceuticals, biopolymers, bioplastics, and 
bulk chemicals. For instance, high-protein micro-
algae offer an alternative feed source for livestock 
and aquaculture industries, reducing the reliance 
on traditional animal feed sources and contribut-
ing to more sustainable food production systems 
(Khanra et al., 2018). The integrated system with 
microalgae cultivation technology exemplifies a 
circular economy approach, effectively addressing 
the challenges of organic waste management by 
transforming agricultural and organic waste into 
valuable resources. This process plays a crucial 
role in minimizing the environmental impacts as-
sociated with agriculture, particularly in terms of 
nutrient pollution, greenhouse gas emissions, and 
the land-use changes required for conventional 
animal feed production (Markou et al., 2019). By 
closing the loop of organic waste through the pro-
duction of microalgae, the system supports sus-
tainable agricultural practices while contributing 
to the reduction of environmental degradation.

The relevance of this approach to the sustain-
able development goals (SDGs) is substantial. 
First, it directly addresses SDGs 2 (Zero Hunger) 
by providing a sustainable alternative for food 
and feed production. The use of microalgae as a 
protein-rich source for both livestock and aqua-
culture can help increase food security and reduce 
reliance on conventional feed crops. Additionally, 
this system supports SDGs 6 (Clean Water and 
Sanitation) by mitigating nutrient pollution and 
preventing eutrophication, which is a significant 
threat to water quality. SDGs 7 (Affordable and 
Clean Energy) is also impacted through the po-
tential for microalgae biomass to be converted 
into biofuels and other renewable energy sources. 
Moreover, the system contributes to SDGs 8 (De-
cent Work and Economic Growth) by promoting 

Figure 5. Schematic representation of ADMW-microalgae integration with various sustainable development 
goals (SDGs)
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the growth of green technologies as well as in-
dustries related to bioproducts and sustainable 
agriculture. It is closely aligned with SDGs 9 (In-
dustry, Innovation, and Infrastructure), fostering 
innovation in waste management and resource re-
covery. Furthermore, SDGs 13 (Climate Action) 
is addressed through the reduction of greenhouse 
gas emissions and the promotion of low-carbon 
technologies. Finally, this system supports SDGs 
14 (Life Below Water) and SDGs 15 (Life on 
Land) by reducing the environmental impacts of 
agricultural runoff, contributing to the protection 
of aquatic ecosystems and biodiversity.

Limiting factors of integrated 
ADMW-microalgae

ADMW is the residual organic matter from 
biogas production process and highly dependent 
on the characteristics of the feedstock (Chong et 
al., 2022) also the operating conditions of the di-
gester (Baral et al., 2018). ADMW is rich in sever-
al macronutrients (N, P, K, S, Mg, Ca, Fe, and Na) 
and may also contain trace elements (Co, Fe, Se, 
Mo, and Ni) that are derived from the feedstock 
used (Jiminez et al., 2020). Overall, nutrients in 
anaerobic digestion, such as nitrogen, phospho-
rus, and potassium are conserved and converted 
into more organic forms during anaerobic diges-
tion (Yang et al., 2022). As photosynthetic or-
ganisms, microalgae utilize phosphorus (P) and 
nitrogen (N) in ADMW for their growth (Chong 
et al., 2022). Therefore, the C/N ratio of ADMW 
can serve as an indicator of nutrient availabil-
ity, which can affect both microalgal growth and 
product quality. The C/N ratio has been known 
to affect biomass production in microalgae cul-
ture. A higher C/N ratio results in higher biomass. 
Research indicates that the C/N ratio of ADMW 
is unsuitable for microalgae growth. At the same 
time, a C/N ratio of 4 to 8 (Chong et al., 2022) is 
optimal for microalgae growth, whereas the P/N 
ratio of 7–16 (Chowdury et al., 2020) has been 
recommended to provide adequate balanced nu-
trients for microalgae.

To scale up microalgae cultivation from labo-
ratory to commercial levels, several treatments 
must be implemented to address the inherent chal-
lenges associated with using anaerobic digestate 
as a growth medium (Razzak et al., 2024). One of 
the primary obstacles is the high turbidity of the 
digestate, which can impede light penetration es-
sential for photosynthetic activity. This turbidity, 

often caused by suspended solids, can reduce the 
efficiency of light transmission, thus limiting the 
growth potential of microalgae (Kisielewska et 
al., 2022). Another significant issue is the exces-
sive and unbalanced nutrient concentrations in the 
digestate. While nutrients are vital for microalgae 
growth, an overabundance or imbalance – par-
ticularly in the C/N/P ratios – can lead to nutrient 
toxicity, restricting microalgal metabolism and 
growth rates (Zheng et al., 2017). Additionally, 
the presence of competing microorganisms in an-
aerobic digestate can further complicate the cul-
tivation process. These microorganisms may out-
compete microalgae for available nutrients, thus 
reducing the overall productivity of the system 
(Chong et al., 2022). Furthermore, the potential 
toxicity of certain organic compounds and high 
ammonia concentrations in the digestate presents 
a major hurdle. Ammonia, in particular, is known 
to inhibit microalgal growth at elevated concen-
trations, further limiting the efficiency of cultiva-
tion (Al-Mallahi and Ishii, 2022).

CONCLUSIONS

ADMW is gaining significant attention as a 
sustainable microalgae biomass feedstock and a 
bioremediation technique for livestock effluent. 
Microalgae, such as Euglena sp. IDN 22, can ef-
ficiently use nutrients from the anaerobic diges-
tate fraction, thereby lowering the amount of both 
inorganic and organic carbon in optimal nutri-
ent composition. This study experimented with 
growing Euglena sp. IDN 22 in 0% ADMW, 25% 
ADMW, 50% ADMW and 75% ADMW. The re-
sults showed that 25% ADMW provided the most 
optimal nutrient content for the growth of Euglena 
sp. IDN 22, despite 50% and 75% ADMW having 
higher nutrient levels. The C/N and P/N ratios in 
25% ADMW were 7.40 ± 0.17 and 1.27 ± 0.03, 
respectively, whereas 50% ADMW exhibited ra-
tios of 14.99 ± 0.51 and 1.72 ± 0.07, and 75% 
ADMW showed ratios of 18.11 ± 0.62 and 2.01 ± 
0.10. These results were evident in the cultivation 
of Euglena sp. IDN 22 in 0% ADMW (control), 
25% ADMW, 50% ADMW, and 75% ADMW in 
the study, which had maximum growth rates of 
79.92 × 104 ± 1.5 cells/ml, 62.92 × 104 ± 1.01 
cells/ml, 10.67 × 104 ± 1.42 cells/ml, and 4.45 
× 104 ± 0.44 cells/ml, respectively. The integra-
tion of anaerobic digestate management with mi-
croalgae cultivation presents a win-win strategy 
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for both sustainable waste management and sus-
tainable microalgae production. This strategy 
can positively impact the environment, provide 
an effective solution for agricultural waste, and 
produce a large amount of microalgae biomass, 
which can be used as a raw material for a variety 
of medicines, fertilizers, or animal feed. Future 
research should address several challenges, such 
as high turbidity, inappropriate nutrient content, 
competing biological contaminants, and metal 
toxicity in ADMW medium.
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