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ABSTRACT
Cultivation of microalgae using wastewater exhibits several advantages such as nutrient removal and the production of high valuable products 
such as lipid and pigments.  With this study, two types of wastewater from instant noodle factory; mixed liquor suspended solids (MLSS) 
and effluents after sedimentation tank were investigated for green microalga Scenedesmus sp. cultivation under laboratory condition. Optimal 
wastewater dilution percentage was evaluated in 24 wells microplate. MLSS and effluent without dilution showed the highest specific growth 
rate (μ) of 1.63±0.11 day－1 and 1.57±0.16 day－1, respectively, in which they were significantly (p < 0.05) higher than Scenedesmus sp. grown 
in BG11 medium (1.08±0.14 day－1). Ten days experiment was also conducted using 2000 ml Duran bottle as culture vessel under continuous 
light at approximately 5000 lux intensity and continuous aeration. It was found that maximum biomass density of microalgae cultivated in 
MLSS and effluent were 344.16 ± 105.60 mg/L and 512.89 ± 86.93  mg/L respectively and there was no significant (p < 0.05) difference on 
growth to control (BG11 medium). Moreover, cultivation microalgae in wastewater could reduce COD in wastewater by 39.89%-73.37%. Therefore, 
cultivation of Scenedesmus sp. in wastewater from instant noodle factory can yield microalgae biomass production and wastewater reclamation 
using photobioreactor simultaneously. 
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1. Introduction

Using microalgae for wastewater treatment has several benefits 
such as reducing nutrient loading, CO2 fixation, removal of heavy 
metal, production of high-value chemicals (algal metabolites) [1, 2]. 
Moreover, algal cultivation in wastewater had smaller carbon foot-
print in comparison with the cultivation in clean water, no secon-
dary pollution, etc. [3]. With this study, wastewater from instant 
noodle factory which contains high residual nutrients was chosen 
as a new potential media for microalgae cultivation.  

Recent studies on microalgae cultivation illustrated that sev-
eral microalgae species can growth in wastewater using open 
systems or closed systems. Scenedesmus sp. is the green micro-
alga widely used for nutrient removal and biomass production. 
Nitrogen and phosphorus removal efficiency by Scenedesmus 
sp. in artificial wastewater was 30%–100% [1]. However, most 
of the study on microalgal culture for wastewater treatment uti-

lized wastewater after aeration and sedimentation process. 
Hence, wastewater treatment using microalgae are usually de-
scribed as a secondary or tertiary treatment process. Unlike pre-
vious research, this study aim to evaluate the possibility of using 
primary wastewater from aeration tank containing high sus-
pended solids (MLSS) from instant noodle factory as the whole 
nutrients source for microalgal growth. This would lead to an 
alternative way of the future wastewater treatment using micro-
algal cultivation in photobioreactor.

2. Materials and Method

2.1. Microalgal Strains

Scenedesmus sp. was obtained from the culture collection of Center 
of Excellence for Marine Biotechnology, Chulalongkorn University. 
Stock culture of Scenedesmus sp. was kept in BG-11 medium 
containing (g/L): K2HPO4·3H2O, 0.04; MgSO4·7H2O, 0.075; CaCl2·
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2H2O, 0.036; citric acid, 0.006; ferric ammonium citrate, 0.006; 
EDTA, 0.001; NaNO3, 1.5; Na2CO3, 0.02; trace metal mix A5, 1.0 
mL which consisted of (g/L) H3BO3, 2.86; MnCl2·4H2O, 1.81; ZnSO4·
7H2O, 0.222; NaMoO4·2H2O, 0.39; CuSO4·5H2O, 0.079; and CoCl2·
6H2O, 0.05 [4]. Microalgal was incubated under continuous light 
(5,000 lux) at 25±1˚C with continuous aeration. 

2.2. Wastewater Collection

Wastewater was taken from the wastewater treatment plant of 
instant noodle factory in Bangkok. The main organic waste fraction 
was from wheat starch, cooking oil and seasoning residue. MLSS 
collected form aeration tank and effluent collected from final sed-
imentation tank were chosen for this study (Fig. 1). Wastewater 
was transported to the laboratory and kept frozen at －20˚C prior 
to use. To prepare the culture media, frozen wastewater was de-
frosted to room temperature and used without sterilization. 
Parameters of wastewater including pH, total nitrogen (TN), ammo-
nia (NH3-N), nitrate (NO3

－), nitrite (NO2
－), total phosphorus (TP), 

phosphate (PO4
3－), total suspended solids (TSS) and chemical 

oxygen demand (COD) were analyzed according to standard meth-
ods [5, 6].  

2.3. Screening of Optimal Wastewater Dilution for Microalgal 
Growth

Each MLSS and effluent sample was filtered with GF/C filter to 
remove suspended solids and diluted with deionized water into 
four concentrations i.e. 100%, 75%, 50%, and 25% for investigating 
effect of various nutrients concentration that able to support micro-
algal growth. BG11 medium was assigned as control. The screening 
was performed using 24 wells microplate (tissue culture plate) filled 
with 1800 microliters of wastewater and then inoculated with 200 
microliters (10% inoculation) of Scenedesmus sp. stock culture. The 
microplate was incubated under high humidity condition to minimize 
evaporation. The experiment was conducted with four replicates 
(four wells) for each concentration. Growth of the microalgae was 
determined by measuring OD680 nm daily using microplate spec-
trophotometer (Power Wave XS2) within 10 days in order to estimate 
microalgae growth. 

Fig. 1.  Wastewater sampling point from activated sludge wastewater treat-
ment process of Wan Thai Foods Industry Co., Ltd.

2.4. Cultivation of Scenedesmus sp. using Wastewater from 
Instant Noodle Factory

Ten days-batch experiments were conducted using 2,000 mL Duran 
bottle as the culture vessel. Culture condition was 33.2±0.7˚C 
under continuous light at approximately 5,000 lux. Aeration was 
provided continuously at 48 mL/s using atmospheric air from an 
aquarium air pump through air sparger. All batch cultivations 
were carried out in triplicate. Duran bottles were filled with 1,800 
mL of wastewater and 200 mL of Scenedesmus sp. stock culture. 
MLSS and effluent without dilution were used as the culture me-
dium, and the BG11 medium was assigned as a control. 

2.5. Microalgal Growth Measurement

The microalgal cell density was counted daily under microscope 
observation using a haemocytometer. Biomass (dry weight) was 
calculated using linier relationship between dry weight biomass 
and cell density counted with haemacytometer according to the 
equation:

  Dry weight (mg/L) 

     = (Cell density (104cell/ mL) + 65.575) / 1.0816       (1)

A growth curve was plotted between biomass or cell concen-
tration and time. Specific growth rate (μ) was calculated with 
the following equation:


ln ln

(2)

Where N1 and N2 are cell densities at times T1 and T2 
respectively.

3. Results and Discussion 

3.1. Growth of Scenedesmus sp. in Wastewater

Characteristics of wastewater from instant noodle factory and 
BG11 medium for Scenedesmus sp. cultivation were showed in 
Table 1. Nutrients concentration in MLSS was higher than effluent 
water due to the treatment processes. Growth curves of 
Scenedesmus sp. in various percentage of wastewater were shown 
in Fig. 2. The results indicated that both wastewaters without 
dilution provided the highest growth rate of Scenedesmus sp. 
Specific growth rate during the second day of algal cultivation 
with 100% MLSS and 100% effluent were 1.63±0.11 day－1 and 
1.57±0.16 day－1, respectively. Both specific growth rates were sig-
nificantly (p < 0.05) higher than BG11 medium (1.08±0.14 day－1). 
However, Scenedesmus sp. in treatments entered stationary phase 
after day 4 while algal cultured in BG11 was end up with higher 
cell density. Min et al. also demonstrated that high concentration 
of nutrients in wastewater can support the highest growth perform-
ance of the microalga Chlorella sp. [7]. Therefore wastewater from 
instant noodle factory without dilution was selected for further 
study.



Wastewater from Instant Noodle Factory for Scenedesmus Culture

285

Table 1. Physical and Chemical Characteristics of Wastewater from Instant Noodle Factory and BG11 Medium

Parameter (Unit)
Medium

MLSS Effluent BG11

pH   7.17±0.06   7.43±0.27  7.68±0.13
Total nitrogen (mg N/L)  189.87±14.80   68.74±11.90 268.62±12.88

Soluble total nitrogen (mg N/L)  32.09±7.43  45.07±2.66 228.04±22.92

Ammonia nitrogen (mg N/L)   1.32±0.15   1.24±0.10  0.44±0.11
Nitrite (mg N/L)   0.04±0.00 n.d.   0.06±0.00

Nitrate (mg N/L)  44.81±3.63  46.28±0.32 260.36±6.94

Total phosphorus (mg P/L)   5.93±0.37   3.13±0.13   3.86±0.17
Soluble total phosphorus (mg P/L)   0.40±0.07   1.33±0.07   1.50±0.05

Phosphate  (mg P/L)   1.82±0.38   1.10±0.04   1.94±0.62

Total suspended solids (mg/L)  5500.00±244.34 126.67±5.77  106.67±28.87
Chemical oxygen demand (mg/L)  3366.00±200.92 198.00±6.51 168.67±4.62

Soluble chemical oxygen demand (mg/L) 367.16±8.08 148.88±10.81  59.41±4.60
Remark: n.d. = not detected (concentration below detection limit).

a

b

Fig. 2. Growth curve of scenedesmus sp. using various percentage of 
wastewater from instant noodle factory as a medium in 24 wells microplate 
(a) MLSS (b) effluent.

3.2. Scenedesmus sp. Cultivation using Undiluted Wastewater 

Fig. 3 illustrated that MLSS and effluent without dilution could 
be successfully used as the culture medium for Scenedesmus sp.. 
At the 4th day of the experiment, microalgae in all media reach 
the maximum biomass of 344.16±105.60 mg/L and 512.89±86.93 mg/L 
for MLSS and effluent, respectively. The data obtained in this 

Fig. 3. growth curve of Scenedesmus sp. using wastewater from instant 
noodle factory as a medium in 2,000 mL duran bottle at 33.2±0.7˚c 
under continuous light and aeration. 

experiment was slightly higher than previous report which was 
356±15.4 mg/L of Scenedesmus sp. AMDD cultivated in municipal 
wastewater [8]. Growth performance was described in Table 2. Since 
there was no significant (p > 0.05) difference on growth and biomass 
of all treatments and control, it could be stated that both wastewater 
types had a potential to be used as whole nutrients supplement 
for microalgal cultivation.

Concentrations of inorganic nutrients during algal cultivation 
were shown in Fig. 4. Total ammonia nitrogen was high in MLSS 
cultivation because of organic nitrogen breakdown (ammonification) 
which released ammonia into the medium. Park et al. reported 
that ammonium up to 100 ppm NH4–N did not inhibit growth 
of Scenedesmus sp. [9] so ammonia concentration in this experi-
ment was within the safety range for the alga. Accumulation of 
nitrite in control culture was due to the lack of nitrite oxidizing 
bacteria and denitrification process could not occur in high oxygen 
condition in algal cultures. According to low level of phosphate 
in both wastewaters, at day 4 phosphates in MLSS and effluent 
was almost depleted (Fig. 4(d)). Moreover, cultivation of Scenedesmus 
sp. had capable to reduce total COD by 71.85 % and 39.89% for 
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Table 2. Growth Performance of Scenedesmus sp. Using Wastewater as a Medium 

Medium
Initial biomass

(mg/L)
Maximum biomass

(mg/L)
Duration to maximum biomass

(day)
Specific growth rate

(day-1)
Control (BG11) 76.82±0.18NS 463.25±185.58NS 6 1.08±0.16NS

MLSS 76.97±0.26NS 344.16±105.60NS 4 1.08±0.11NS

Effluent 77.08±0.41NS 512.89±86.93NS 4 1.09±0.08NS

Remark: Superscript letters in each column indicate statistical analysis (ANOVA).  NS = non significant (P > 0.05).

a b

c d

Fig. 4. Inorganic nitrogen and inorganic phosphorus profile during Scenedesmus sp. cultivation in 2,000 mL duran bottle (a) total ammonia nitrogen
(b) nitrite (c) nitrate and (d) phosphate.

     

Fig. 5. Chemical oxygen demand (COD) change during the initial and final of microalgae cultivation in wastewater from instant noodle factory
(a) total COD (b) soluble COD.

MLSS and effluent respectively. On the other hand, reduction 
of soluble COD was 67.49% and 73.37% for MLSS and effluent 
respectively (Fig. 5). In general, reduction of COD in typical wastewater 

treatment is generally the results from bacterial decomposition. 
COD removal by natural bacteria in this experiment was expected 
because the wastewater was used without sterilization. However, 
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as Scenedesmus sp. can be grown in mixotrophic mode using 
organic carbon, COD removal found in this study was probably 
due to both algal and bacterial activities.

4. Conclusions

Results from this study illustrated that wastewater from instant 
noodle factory can be used as a whole source of nutrients for 
the cultivation of microalga Scenedesmus sp. for biomass pro-
duction and wastewater treatment. MLSS Wastewater without dilu-
tion containing 5,500 mg SS/L and 189 mg total-N/L can promote 
high growth rate of Scenedesmus sp. due to the high residual 
nutrients. Both MLSS and effluent exhibited similar capability 
to be used as culture media for microalgae. However, according 
to cost of wastewater treatment MLSS will be chosen for further 
investigation. This will lead to the future development of waste-
water treatment using photobioreactor. 
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