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Abstract. Energy diversification using microalgae biomass offers a solution to the fossil fuel crisis, 
which has become a global issue. Chlorella sp. is a microalga that can produce lipids and reduce 
chemical oxygen demand (COD) in liquid waste. In this research, we used Chlorella sp. to produce 
lipids and reduce COD in tofu liquid waste. This research aimed to identify the interaction between 
a complex microorganism, as a decomposer agent, with the addition of the photosynthetic 
microalgae Chlorella sp. as an oxygen producer to reduce COD in tofu liquid waste. Moreover, we 
aimed to determine the interaction between Chlorella sp. and a bacterial consortium for 
microalgae growth and lipid production. This study was conducted in batches with the addition of 
bacteria at five different concentrations (% v/v): 0 (no addition), up to 0.25, 0.50, 0.75, and 1. 
Cultivation was conducted for 13 days with solar irradiation in a photobioreactor. As a result, the 
highest density and the highest growth rate were obtained from the treatment with 1% bacteria, 
achieving as many as 5.65106 cell/mL and 0.21/day. The 1% treatment was able to produce 
lipids and COD removal efficiencies of 20.93% and 96.30% at the best-removing detention times, 
which both occurred on the 13th day of cultivation. 
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1. Introduction 

The energy crisis and fossil fuels present environmental problems that have become a 
global issue. The availability of fossil fuels, which are increasingly depleting, accompanies 
ever-increasing consumption levels. Indonesia’s reserves and production of petroleum 
(fossil) fuels have decreased by 10% each year, and the country’s average oil consumption 
level has increased by 6% per year. In addition to this limited availability, the fossil-fuel 
burning process also produces greenhouse gas emissions, such as carbon dioxide (CO2), 
which certainly harm the environment (Kuncahyo et al., 2013). 

Energy diversification through the creation of renewable energy sources, such as 
biodiesel, offers a solution to the fossil fuel crisis. Microalgae are believed to be a good 
renewable energy source because of their rapid growth rate and ability to be cultivated in 
wastewater. Alga lipids could serve as an ideal feedstock for high-energy-density 
transportation fuels, such as biodiesel (Jegathese and Farid, 2014). Microalgae can 
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produce high enough lipids (±65% in dry weight) to be converted into biodiesel (Skill, 
2007). 

During the microalgae cultivation process, growth rates can be increased by adding 
bacteria to growth media. Bacteria, as a promoting agent, can increase microalgae biomass  
during cultivation. Increased biomass in algal cultivation increases lipid levels from these 
microalgae. In bacteria-algae symbiosis systems, bacteria can release CO2, which benefits 
algal growth. Meanwhile, microalgae can provide O2 via photosynthesis and produce 
nutrients for bacterial growth (Sayre, 2010). Ferro et al. (2019) reported that some 
bacteria can achieve high efficiency in removing pollutants from wastewater and promote 
algal biomass production through metabolic complementarity. 

The microalgae cultivation system requires a medium with sufficient nutrients for 
growth. One growing medium that can be used to cultivate microalgae is tofu liquid waste 
(Jayanudin and Syaichurrozi, 2016). Elystia et al. (2020) reported that the cultivation of 
microalgae in tofu liquid waste under sterile conditions can produce algae cells of 8105 
cells/mL with a lipid content of 27.12%, reducing the COD levels with 73.91% efficiency. 
Nugroho et al. (2016) reported that the cultivation of Chlorella Vulgaris with the addition of 
Azospirillum in tofu liquid waste can produce algae cells of 5.56106 cells/mL, while 
cultivation without the addition of these bacteria can only produce algae cells of 3.07106 
cells/mL. Restuhadi et al. (2017) also reported that the use of a symbiosis of Chlorella sp. 
and a bacterial consortium reduced COD in palm oil mill effluent (POME) with an 82.7% 
removal efficiency. These studies have shown that the addition of bacteria into microalgae 
growing media can support algal growth and reduce pollutants in wastewater media. The 
current research observed a reduction of pollutants and algal growth in tofu liquid waste, 
as well as the effects of adding a bacterial consortium containing Lactobacillus sp., 
Actinomycetes, and nitrifying bacteria on lipid levels produced by microalgae grown in tofu 
liquid waste. As growth-promoting agents and decomposers, bacteria help grow 
microalgae and reduce pollutants. In the processes of lipid production and pollutant 
reduction, microalgae and bacteria conduct symbiosis that allows bacteria to use the O2 
produced by microalgae, in turn producing CO2 and growth-promoting substances as a by-
product of their respiratory metabolism that microalgae can use to grow (Siregar, 2012). 
 
2. Methods 

2.1.  Microalgae and Bacteria 
The Chlorella sp. microalgae used in this research came from the Alga Research Centre 

Laboratory at Riau University’s Faculty of Fisheries and Marine Sciences. Meanwhile, the 
bacteria used were commercial bacteria that contained a consortium of Lactobacillus sp., 
Actinomycetes, and nitrifying bacteria. 

2.2. Cultivation Medium 
The medium used during this study’s main cultivation process was tofu liquid waste, 

with the addition of a bacterial consortium that reduced pollutant levels and supplied 
nutrients to the microalgae. 

2.3.  Seeding and Acclimatization 
Microalgae were cultivated by adding 100 mL of the microalgae Chlorella sp. and 400 

mL of Dahril Solution medium into 3.5 L of distilled water. Cultivation was conducted for 
ten days with sunlight as its light source. Microalgae from cultivation then underwent an 
acclimation stage, which aimed to familiarize the microalgae with a growing medium in 
the form of tofu liquid waste. Physiologically, acclimated algal cells are more active and 
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able to utilize more nutrients in liquid waste for their growth and metabolism (Irhamni 
and Munir, 2015). 

Acclimatization was conducted for two weeks by gradually mixing the produced algae 
with tofu liquid waste. Acclimatization was then conducted in two stages: the first stage 
with a ratio of 50:50 microalgae versus tofu wastewater, and the second stage with a ratio 
of 75:25 microalgae versus tofu wastewater. During the seeding and acclimatization 
processes, the microalgae cells’ abundance was calculated every 24 hours, using 
a hemocytometer, a microscope, and a hand counter to count the number of cells in each 
box area. Seeding and acclimatization were continued until a minimum cell density of 
106 cells/mL was achieved. The microalgae cell count was calculated using the following 
formula (Schenk et al., 2008): 

 

410 ×n=N

 

(1) 

where N is the Chorella sp. cell count (cell/mL) and n is the total number of cells 
calculated for each sample (cells). 

2.4. Cultivation Conditions 
During the study’s main cultivation phase, the microalgae Chlorella sp. were grown in 

a medium of liquid tofu waste, in a photobioreactor with dimensions 301020 cm, with a 
working volume of 3 L. The algae suspension was inserted using a photobioreactor at 25% 
of the working volume of 750 mL. The tofu liquid waste, algal suspension, and bacterial 
consortium were added to the photobioreactor according to a variety of treatments: 
varying concentrations of the bacterial consortium in the photobioreactor by 0%, 0.25%, 
0.50%, 0.75%, and 1% v/v (bacterial volume: work volume). The main cultivation was 
conducted for 13 days with sunlight as its light source. The tools’ design during this 
cultivation process is shown in Figure 1. 

 
Figure 1 Cultivation conditions 

2.5.  Data Analysis and Processing 
 We analyzed the following parameters: number of microalgae cells, temperature, pH, 
MLSS (mixed liquor suspended solid), COD, and microalgae lipid levels. Our analysis was 
performed by taking Chlorella sp. from each photobioreactor for analysis of their lipid 
levels and cell growth, as well as the growing media to measure COD values. The number 
of algal cells was calculated using a hemocytometer, while pH was measured using a pH-
meter, based on SNI 06-6989.11-2004. MLSS was measured using the gravimetric method. 
Lipids were extracted using the Bligh Dyer method, and the COD value was measured 
using titrimetric analysis (SNI 6989.73-2009). Data on the number of microalgae cells, pH, 
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MLSS, temperature, lipid levels, and COD values were plotted graphically with logarithmic 
contact-time relations. 
 
3. Results and Discussion  

3.1.  Number of Microalgae Chlorella sp. Cells 
We calculated the number of Chlorella sp. microalgae cells using a hemocytometer 

and microscope every 24 hours during the cultivation process. The initial density 
of Chlorella sp. added to each photobioreactor was 1.66106 cells/mL. The total cell 
microalgae Chlorella sp. in this study continued to improve until the end of 
cultivation; however, as Figure 2 shows, on the 12th to 13th days, the growth of the 
microalgae cells was less significant than it had been on the previous days. This finding 
shows that the microalgae Chlorella sp. were at the end of their exponential phase and 
beginning to enter their reduction log phase on the 13th day. In a cultivation process with 
a detention time of more than 13 days, Chlorella sp. were presumed to enter their death 
phase, based on the decrease in algal growth at the end of the cultivation process, which 
indicated that the nutrients contained in the medium were decreasing. During the death 
phase, algal cells underwent lysis and no new cells grew. As Figure 2 shows, from the 
beginning to the end of cultivation, the treatment that added 1% decomposing bacteria 
into the culture medium resulted in the highest cell count, at 5.65106 cells/mL. This 
result was due to the addition of bacteria at higher concentrations compared to the other 
treatments in this study. Microalgae and bacteria conduct symbiosis, through which 
bacteria can use the oxygen produced by microalgae and then produce CO2, which the 
microalgae can use (Siregar, 2012). 

 

 

Figure 2 The relationship between bacteria-addition concentrations and numbers of Chlorella sp. 

microalgae cells 

 
According to Dianursanti et al. (2016), CO2 acts as a carbon source for photosynthesis. 

The obtained carbon dioxide resulted from an excess of decomposing bacteria and 
dissolved O2 produced by algae using aerobic bacteria for the decomposition process (see 
in Figure 3). 

 

Figure 3 Algal-bacterial symbiotic schema 
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Another important role for bacteria in algal growth is supplying vitamin B12, which is 
a micronutrient needed in algal growth. According to Kazamia et al. (2012), bacteria—as 
prokaryotic organisms—can synthesize vitamin B12 for microalgae. Decomposing 
bacteria through metabolism can also convert complex organic compounds into simple 
organic compounds, which microalgae can directly use as a nutrition source. Nitrifying 
bacteria are among the bacteria contained in a consortium, and they can form nitrate 
compounds through an overhaul of ammonia compounds. Nitrogen, as a nutrient, is 
absorbed by aquatic plants, generally in the form of nitrates. So, nitrate plays an 
important role in algal growth events in water (Kirchman, 2000). Microalgae cells’ 
increased density aligns with the number of substrates needed for the metabolism 
process. The amount of substrate needed can be supplied by the nitrogen content in tofu 
liquid waste. Microalgae require nitrogen in the form of nitrates as organic material to 
photosynthesize and produce new cells. The following reaction shows the use of CO2 and 
nutrients for algal cell formation (Prapta et al., 2012): 

28.067.62

Light

223 O 7.62 +  NHC        OH 2.53 + CO 7.62 + NH ⎯⎯→⎯  

3.2.  The Specific Growth Rate of the Microalgae Chlorella sp. 
The different growth rates for each treatment in our study are shown in Figure 4. 

These differences resulted from cells’ ability to absorb nutrients in the culture media. 
Specific growth rate values can serve as benchmarks to determine media’s carrying 
capacity on cell growth. A high growth rate means that a population increases faster 
because the rate of unity cells increases faster, so the harvest period is also faster. The 
cultivation medium is influenced by the nutritional factors of a given culture (Afriza et al., 
2015). The bacterial consortium’s role in the current research was to supply CO2 and 
organic materials in a simple form as a nutrient for the microalgae Chlorella sp. Nitrates, 
formed through nitrification by nitrifying bacteria contained in a consortium, can be 
directly used by microalgae as a nutrition source. Kirchman (2000) reported that 
nitrogen, as a nutrient, is absorbed by aquatic plants, generally in the form of nitrates, so 
nitrates play an important role in algal growth events. 

 

 

Figure 4 Chlorella sp. microalgae growth rate and variations in bacteria-concentration additions 

3.3.  pH Medium Cultivation of the Microalgae Chlorella sp. 
The pH medium cultivation parameter indicates the acidity of a medium, and it can 

affect the decomposition of organic compounds by bacteria (Pujiastuti and Suwartha, 
2017). The medium’s pH value during cultivation ranged from 6.51 to 8.78 in our study. 
The increase in pH resulted from the evaporation of ammonia and the activity of the 
microorganisms in a consortium of bacteria, which act as decomposers (Restuhadi et al., 
2017). Ammonia (NH3), which dissolves in water, releases ammonium ions (NH4+). 
Ammonium was produced by the dissociation process of ammonium hydroxide dissolved 
in water. The increase in pH was also caused by photosynthesis activity by the microalgae 
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Chlorella sp. Carbon dioxide is a major component in the photosynthesis process. The 
decrease in CO2 levels in water causes pH levels to increase from an acidic state to a 
neutral or alkaline state. Microorganisms decompose organic matter in wastewater using 
oxygen and photosynthetic activity, which takes dissolved CO2 in the form of H2CO3-, 
increases pH levels. The increase in pH that we noted until the end of cultivation aligned 
with the increasing number of Chlorella sp. Restuhadi et al. (2017) also suggested that an 
increase in pH aligned with microalgae’s increasing density and nutrient utilization rate. 

3.4.  The Medium Cultivation Temperature for the Microalgae Chlorella sp. 
The medium temperature during the microalgae cultivation process is an important 

factor to consider. At temperatures below 16o C, microalgae can still grow slowly. 
However, at very high temperatures, some microalgae can die or undergo lysis (break). A 
temperature range of 25–35°C is optimal for the growth of Chlorella sp., increasing the 
organisms’ biological activity by two to four times. The temperature during the current 
study yielded results that had met the criteria for Chlorella sp. medium growth until the 
end of the cultivation process, and no temperature fluctuations were too high. The study’s 
temperature fluctuations were influenced by the weather during the cultivation process. 
As Figure 5 shows, the temperature of the tofu liquid waste medium during cultivation 
ranged from 29 to 35oC. This temperature range was within the growth limits for Chlorella 
sp., which can live and grow optimally in a temperature range of 5–35oC. 

3.5.  MLSS (Mixed Liquor Suspended Solid) Values during Cultivation 
MLSS concentrations in this study ranged from 2,000 to 3,6000 mg/L (see Figure 5). 

The increases in MLSS values were influenced by the amount of oxidized organic matter. 
Organic matter is oxidized by microorganisms in order to grow. Furthermore, the more 
organic matter is oxidized, the more MLSS concentrations in a reactor increase. In our 
reactors with high bacterial and microalgae concentrations, MLSS values were high. 
According to Septiani (2014), the MLSS values depend on the concentrations of algae, 
bacteria, and non-volatile components. Therefore, MLSS values depended on the 
concentrations of algae and bacteria in our reactors. The control reactor showed a lower 
MLSS value than the other reactors. In this study, MLSS values represent the 
concentration of algal biomass and bacteria in the studied waste. Meanwhile, the number 
of microalgae was represented directly by the number of microalgae cells. 

 

 

Figure 5 MLSS values during cultivation 

3.6.  COD Removal Efficiency 
This research used tofu liquid waste as a growth medium for the microalgae Chlorella 

sp. Apart from being a source of nutrition for the microalgae’s growth, the liquid tofu 
waste medium also decreased the COD levels in the liquid waste itself. As Figure 6 shows, 
each time a bacterial consortium yielded significantly different COD removals at the end of 
the processing process, the COD removal efficiency was higher, and the variation in the 
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bacterial-consortium addition increased. On the seventh day of cultivation, significant 
changes in COD values were observed and attributed to bacterial contributions. Also, on 
the seventh and 13th days, significant decreases in COD value were confirmed by 
agreement without using bacteria (control). The level of the decreases in COD values at 
the time of administration with this bacterium resulted from the influence of the bacterial 
consortium, which acted as a decomposer. Meanwhile, the slower decline in COD values in 
the control photobioreactors was due to the removal of organic material carried out by 
the microalgae Chlorella sp. 

 

  

Figure 6 COD removal efficiency 

The decreasing COD values with the addition of commercial bacteria, such as EM4, 
BDECO3, and Starbact, tends to occur faster than without the addition of bacteria 
(control) (Restuhadi et al., 2017; Munawaroh et al., 2013;). This tendency shows the 
activity of lactic acid bacteria (Lactobacillus sp.) contained in the consortium, which 
accelerates the overhaul of organic matter. A decrease in COD values indicates the 
decomposition of organic material into simpler substances (Sarono et al., 2016). In the 
current research, the highest COD removal efficiency was found in the photobioreactors 
with a bacterial-consortium concentration of 1% v/v. In this trial, the liquid waste was 
obtained with a final COD concentration of 160 mg/L and removal efficiency of 96.30%. 
Due to the high number of bacteria contained in the photobioreactors that could produce 
CO2 for microalgae growth, when the algae cells and bacteria contained in 
photobioreactors were under optimal conditions, their removal was also optimal. This 
bacterial consortium contained decomposing bacteria in the form of Lactobacillus sp., 
Actinomycetes sp., and nitrifying bacteria, which play an active role in degrading complex 
organic compounds into simple compounds that can be used by microalgae as a nutrient 
source. According to Munawaroh et al. (2013), Lactobacillus sp. acts as a hydraulic 
bacterium in the treatment of liquid waste and can break down complex organic 
molecules into simple molecules. Actinomycetes sp. plays a role in decreasing pollutant 
parameters and increasing nutrients, as well as nitrification bacteria, which can 
decompose carbohydrates, proteins, and fats in organic liquid waste and eliminate odors 
from liquid waste. The ability to decrease COD values was due to interactions between the 
decomposing bacteria found in the consortium and the microalgae Chlorella sp. 
Microalgae use CO2 as their main carbon source for the synthesis of new cells, and they 
release O2 through the mechanism of photosynthesis. The carbon dioxide obtained 
resulted from an overhaul of the organic matter found in tofu liquid waste by aerobic 
bacteria through the decomposition process. 

Aeration is another factor that accelerates the reduction of tofu liquid waste 
pollutants, providing the same function as stirring. Due to the use of aeration, an O2 supply 
and sunlight can affect more liquid waste and contact between algae and nutrients in the 
waste. Oxygen is needed to help the decomposition process of organic matter in liquid 
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waste by decomposing bacteria, while sunlight is needed to assist the photosynthesis of 
the microalgae Chlorella sp. (Restuhadi et al., 2017). 

3.7.  Chlorella sp. Lipid Levels 
The lipid content of the microalgae during cultivation was directly proportional to the 

amount of microalgae biomass produced. The lipids produced by microalgae decrease 
when little biomass is produced. The increase in microalgae lipids was influenced by 
several factors, such as nutrition and harvesting time. According to Richmond (2013), 
nitrogen in the form of nitrate has an important function in the process of cell metabolism, 
including photosynthesis. High chlorophyll content causes efficient photosynthesis. 
Nitrogen is a macronutrient that can affect the growth of microalgae in the activities of cell 
metabolism, such as transportation, catabolism, and assimilation. The role of a bacterial 
consortium in supplying macronutrients as nitrates to microalgae constitutes one form of 
symbiosis that benefits microalgae’s cell formation and lipid productivity. 

At detention times on Day 0 and Day 3 of our cultivation, microalgae were in the 
adaptation phase. In its initial adaptation phase, the lipid content of the Chlorella sp. was 
quite low (see Figure 7). This finding presumably resulted from the early adaptation 
phase, during which microalgae synthesize more proteins for growth and the 
multiplication of cell numbers. During this phase, microalgae undergo more protein 
synthesis, which is used for DNA synthesis. DNA synthesis is then used as a material in the 
process of cell division. The results of photosynthesis are stored as a form of cell 
adaptation to sustain life in extreme environments (Ehrenfeld and Cousin, 2000). The 
addition of a bacterial consortium of 1% v/v resulted in our study’s highest lipid content, 
at 20.93%, at the end of the cultivation’s exponential phase on Day 13. 

 

 

Figure 7 Lipid content of microalgae Chlorella sp. 
 

The highest lipid content occurred in the highest bacterial consortium concentration. 
This result was due to the increasing number of bacteria contained in this study’s 
photobioreactors causing more CO2 to be used by the microalgae for growth. The higher 
the biomass of microalgae, the more lipids are produced. The process of microalgae’s 
cellular photosynthesis can convert CO2 into glucose and lipid. The concentration of CO2 
contained in photobioreactors had a relatively positive effect on increasing lipid levels 
(Dianursanti et al., 2016). As Figure 8 shows, during their lag phase, microalgae do not 
produce lipids. 
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Figure 8 Relationship between microalgae growth and lipid content at optimal variables 
 The lipid content produced by microalgae at the end of their exponential phase 
exceeds the amount produced during the exponential phase itself. Widianingsih et al. 
(2011) suggested that, when nutrients in a culture medium have started to outrun 
microalgae, more photosynthesis would result in more lipids. Bellou and Aggelis (2013) 
also suggested that, when nitrogen is still available in a medium, microalgae synthesize 
proteins for cell division. But when the nitrogen in a culture medium begins to decrease, 
more microalgae photosynthesize, resulting in lipids. 
 
4. Conclusions 

This study has demonstrated that bacteria and algae interact with each other 
to significantly reduce COD in tofu liquid waste, which can promote algal growth. 
Meanwhile, COD removal and algal growth with a lower bacteria addition (control) 
performed no better than treatments adding bacteria. The higher microalgae’s higher 
biomass, the more lipids are produced. The produced lipids could serve as a biodiesel 
feedstock to overcome the fossil fuel crisis. The optimal conditions for COD-value 
reduction, growth, and lipid levels of the microalgae Chlorella sp. were attained with a 
treatment that added a 1% bacterial consortium. The study’s COD-value removal 
efficiency and lipid content of microalgae under optimal conditions stood at 96.30% 
and 20.93%, respectively. 
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