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Abstract 
 
 Microalgae growth with effluent from the frozen seafood wastewater treatment plant can 
provide some benefits such as produce high biomass and lipid for biodiesel production. Chlorella 
vulgaris was considered as the best feedstock of energy to produce biodiesel. The objective of this 
study was to increase lipid content under salinity stress. There were three reactors including R1, R2 and 
R3 for cultivating microalgae. The R1 used the effluent of seafood processing wastewater treatment 
plant without adding the NaCl. The R2 and R3 were added with the NaCl for increasing the salinity.  
The various NaCl concentrations of R1, R2 and R3 were 1.34 g/L (0.023 M of NaCl), 2.9 g/L (0.050 M of 
NaCl) and 4.4 g/L (0.075 M of NaCl), respectively. In this study, the Chlorella vulgaris growth in R1 and 
R2 was reached the maximum of dry cell weight (DCW) about 1.02 g/L and 1.16 g/L on Day-3, 
respectively. While the Chlorella vulgaris growth in R3 was reached the maximum of DCW about  
1.47 g/L on Day-4. The total lipid content of Chlorella vulgaris was increased in different concentration 
of salinity. The total lipid content in R2 was lower than in R3, of which R2 and R3 contained 1.84% and 
3.09% of lipid content, respectively. However, both reactors were lower than the lipid content of R1 
which was 4.60% of lipid content. It could be concluded that the lipid content in Chlorella vulgaris 
strain was enhanced slightly between various concentrations of salinity. Therefore, the effluent from 
frozen seafood industry was suitable for growth Chlorella vulgaris without adding NaCl. The salinity 
content in the effluent from frozen seafood industry (0.023 M of NaCl) was enough for microalgae 
growth and the nutrient contained in the effluent, was also removed from microalgae cultivation.  
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Introduction  
 
 The high requirement of energy in the 
world is the crucial crisis faced nowadays, and 
fossil fuel is gradually decreased. Biomass is the 
sustainable energy source which can be utilized 
and substituted the carbon from fossil fuel 
source to produce the production of carbon-
base. The production of carbon-base includes 
chemicals, raw materials and liquid fuels [1].  
The consumption of fossil fuel causes many 
problems such as energy requirement, economic 
issue, rising of fuel utilization and fuel price, and 
the releasing of pollution gases [2]. 
 Moreover, the fossil fuel burning induces 
to rise the greenhouse gas releasing and the 
environmental issue to the earth [3]. Therefore, 
the effect of fossil fuel burning has been 
seriously concerned nowadays [4]. Thus, the 
bioenergy has been interested for energy 
production. Microalgae are considered as the 
best feedstock for converting to biodiesel 
production [5]. There are many advantages of 
microalgae bioenergy which produce high lipid 
content, high growth rate, the precious of 
chemical production, great ability to absorb 
carbon dioxide and being able to combine with 
wastewater treatment for energy production [6]. 
Moreover, the microalgae cultivation does not 
need large land to grow compared to vegetable 
cultivation, which is also the renewable source 
for biodiesel production but requires large  
area [5, 7]. The microalgae can produce lipid 
content and biomass productivity which are the 
most important parameters. They require several 
limited conditions to increase lipid accumulation 
such as light, temperature, pH and nutrient [8]. 
Some researchers reported the lipid increment 
of microalgae cultivating in different conditions, 
such as the stress condition induced high lipid 
content in microalgae cell [2, 9]. Salinity is the 

one essential stress component for microalgae.  
It leads to change the metabolic in nutrient 
absorption, increase toxic ions, create osmose 
stress, and make oxidative stress [10]. The salinity 
stress induces to increase lipid productivity is 
suggested by previous researchers [11, 12].  
High salinity helps to balance export and absorb 
ion pass through the cell membrane. The stress 
proteins can induct high total lipid content in the 
cell of microalgae [13]. The seafood processing 
wastewater contains high organic content which 
comes from blood, fish heads, intestine and 
meat residuals [14]. In addition, the microalgae 
are known that can use organic and inorganic 
nutrient in wastewater and produce biomass for 
biofuel production. Meanwhile, the microalgae 
have ability to uptake nutrient which are 
phosphorus and nitrogen contained in wastewater. 
Furthermore, there are few researches that have 
evaluated the potential of effluent reuse [15].    
 In this study, the effluent of frozen 
seafood industry due to high organic contained 
in effluent and microalgae as Chlorella vulgaris 
strain were utilized for cultivation. Thus, the 
objective was to study the effect of salinity stress 
on Chlorella vulgaris for increasing lipid content. 
 
Methodology  
  
Microalgae strain and pre-cultivation   
 The microalgae strain used in this study 
was Chlorella vulgaris. It was obtained from  
the Coastal Aquaculture Research Institute in 
Songkhla province, Thailand. In the first stage of 
cultivation, the Chlorella vulgaris strain was 
cultivated in urea fertilizer which contain urea 
(0.2 g/L), diammonium phosphate (0.003 g/L), 
CaO (0.2 g/L) and Glutamic mother liquid  
(0.8 mL/L). The sample was incubated in 5 L of 
bottle at the ambient temperature with light 
intensity at 6,000 Lux. The period of Chlorella 
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vulgaris culture was reached to the stationary 
phase in batch culture condition and then cell 
numbers were observed. 
 
Microalgae growth determination   
 Cell density was determined by measuring 
optical density (OD) using spectrophotometer at 
680 nm. The microalgae were harvested by 
centrifugation at 5,000 rpm for 10 min. After that, 
the microalgae were rinsed with distilled water 
two times to take medium off. Then the purified 
microalgae were dried in the oven at 105ºC until 
obtaining constant weight and cooled in the 
desiccator. The linear relationship between OD680 
and dry cell weight (DCW, g dry weight/L) is 
followed as equation (1):   
  
    (            / ) =  .                    
                          R2 = 0.9996               (1) 
 
Where: DCW1 and DCW2 are dry cell weight (g/L) 
at time t1 and t2, respectively. The biomass 
productivity (Pbiomass, g/L/d) is determined by 
equation (2):  

 

         = 
     -     

   -   
                  (2)          

       
 The specific growth rate is defined as the 
rate of increase of microalgae of a cell 
population per unit of microalgae concentration. 
The specific growth rate per day (µ, d-1) is 
determined by equation (3): 
 

µ = 
(        -        )

   -   
                         ( )  

    
Experimental design  
 The effluent of frozen seafood processing 
factory was used for microalgae cultivation. 
Furthermore, the batch experiment was used  

in the photobioreactor (length 60 cm, diameter 
20 cm) and filled with 10 L of effluent into each 
reactor. There were three reactors such as R1,  
R2 and R3 for cultivating microalgae. Sodium 
chloride (NaCl) is shown to increase the  
lipid content then the NaCl was used to enhance 
the lipid content. The R1 was used the effluent 
of seafood processing wastewater treatment 
plant without adding NaCl. The R2 and R3 were 
added NaCl for increasing salinity. The various 
NaCl concentrations of R1, R2 and R3 were  
1.34 g/L (0.023 M of NaCl), 2.9 g/L (0.050 M of 
NaCl) and 4.4 g/L (0.075 M of NaCl), respectively.  
All reactors were performed in batch culture  
and conditions of cultivation were as follows: 
temperature was the ambient temperature;  
light intensity was 6,000 Lux in a whole day.  
The microalgae were cultivated until reach the 
stationary phase. The photobioreactor is used for 
microalgae cultivation as shown in Figure 1. 
 
Lipid extraction 
 The lipid of microalgae was extracted from 
microalgae following the Folch method [16].  
The biomass dry weight was homogenized with 
Chloroform: Methanol (2:1 by volume) in the 
fume hood. The mixture was put in ultrasonic 
cleaner for 30 min. The solvent mixture was 
separated into two phases by centrifugation at 
5,000 rpm for 15 min. The upper phase 
contained all the non-lipid compounds and 
these compounds were evaporated in the fume 
hood. The lower phase contained the solid 
which was contained lipid and taken it by 
prolonged standing. Thereafter, the lipid was 
measured gravimetrically. The lipid content was 
calculated using equation (4).  
 

              (%) = 
                      ( )

                   ( )
     %   ( ) 
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Figure 1  Photobioreactor Used for Microalgae Cultivation 

 
Results and Discussions 

 
Effluent properties before cultivation 

In this study, the properties of frozen 
seafood effluent are shown as nutrients for 
microalgae growth such as TKN, TP and COD were 
measured. The turbidity, salinity, TDS and pH  
were also measured before growing microalgae  
(Table 1). These parameters were analyzed to 
recognize the ability of Chlorella vulgaris growth 
of using nutrient in effluent and to compare 
between the initial and final concentrations of 
effluent after microalgae cultivation. 
 
Monitoring parameters  

The salinity and pH were observed for the 
changing of their quantity during cultivation time.  

In this study, the content of salinity in R1 and R2 
was decreased steadily until Day-3 and increased  
on Day-4. However, the R3 was decreased  
until Day-2 and increased from Day-3 to Day-4.  
The contents of salinity of all reactors were 
decreased again at last day of cultivation  
(Figure 2A). The decreasing of salinity indicated that 
the microalgae consumed the salinity for their 
growth. The salinity was the major parameter that 
provided the development of plant surviving  
and made the blocking on metabolic activity of 
photosynthesis [17]. The previous study reported 
that the salinity could be increased because of the 
evaporation [18]. The salinity could block the 
photosynthesis but Chlorella vulgaris was able to 
grow normally because it was cultivated in the 
suitable concentration of salinity [10]. 

 
Table 1  Initial concentration of effluent from frozen seafood factory  
 

 TKN   
(mg/L)  

TP  
(mg/L)  

COD   
(mg/L)  

Turbidity  
(NTU)  

Salinity 
(ppt) 

TDS   
(mg/L)  

pH  

152.3  8.1  128  8.4  1.6  1,061  7.7  
 

 

 

 

Diameter 20 cm   

  

Air pump   
Air   plate   

Pipe   
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Figure 2  Results of Salinity (A) and pH (B)  
(R1=0.023 M of NaCl, R2=0.050 M of NaCl, R3=0.075 M of NaCl) 

 
 

 Moreover, the pH was also changed as its 
natural in the cultivation reactor. In this study, 
the pH in all reactors was increased from the first 
day until Day-3. For three days, the pH of R1, R2, 
and R3 was increased from 7.95 to 8.74, 8.11 to 
8.89 and 8.15 to 9.07, respectively. The previous 
study reported that pH increased gradually  
when the microalgae synthesized and consumed  
CO2 at daytime [19]. Additionally, the other  
research described the cell of microalgae 
excreted hydroxyl ion to the cultivation medium 
during it used HCO3 as CO2. The reducing of HCO3 
led to increase the pH [20]. However, it was 
demonstrated that the respiration process at 
night time induces pH decreasing [19]. 
 
Microalgae growth  
 1. Dry cell weight of Chlorella vulgaris strain 
  The Chlorella vulgaris strain was 
cultivated for 5 days in this study. The dry cell 
weight (DCW) was an important parameter for 
microalgae growth. The microalgae growth in  
R1 and R2 was reached the maximum DCW 
about 1.02 and 1.16 g/L on Day-3, respectively.  
While the microalgae growth in R3 was reached  
the maximum DCW about 1.47 g/L on Day-4  

(Figure 3). The previous researches reported that 
Chlorella vulgaris growth was decreased in 
various high concentrations of salinity which the 
salinity concentrations were 0, 0.26, 0.51 and 
0.77 M [21]. However, this study observed that 
Chlorella vulgaris could increase their growth in 
increasing of salinity at 0.050 and 0.075 M of 
NaCl. The previous study demonstrated that 
microalgae were able adapt in the range of 
salinity at 0.05, 0.15 and 0.20 M [22]. According 
to the previous study, the range of salinity in  
this study was grown in the suitable condition  
of salinity. 
 
 2. Biomass productivity of Chlorella vulgaris 

strain  
 The results showed that the highest 
biomass productivity of Chlorella vulgaris for  
R1 and R2 was reached on Day-2, whereas R3 
was reached on Day-3. The highest biomass 
productivity of R1, R2 and R3 was 0.395,  
0.424 and 0.322 g/L/d, respectively (Figure 4). 
The R2 (0.050 M of NaCl) provided the highest 
biomass productivity. The high concentration of 
NaCl was caused to reduce the microalgae 
productivity [21]. 
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Figure 3  Chlorella Vulgaris Growth as Dry Cell Weight 

(R1=0.023 M of NaCl, R2=0.050 M of NaCl, R3=0.075 M of NaCl) 
 

 

 
 

Figure 4  Chlorella Vulgaris Growth as Biomass Productivity 
(R1=0.023 M of NaCl, R2=0.050 M of NaCl, R3=0.075 M of NaCl) 

 
 3. Specific growth rate of Chlorella vulgaris  
 The results showed that the specific 
growth rate was determined by calculating with 
dry cell weight curve. Figure 5 shows the specific 
growth rate in the different salinity during the 
cultivation time. The maximum specific growth 
rate was observed on Day-2 for R1, R2 and  
R3 which was 0.525, 0.595 and 0.405 d-1, 
respectively. These microalgae growth rates were 
decreased gradually until last day of cultivation. 

Effect of salinity on lipid content  
 The survival ability of Chlorella vulgaris in 
the diverse and extreme conditions is reflected 
in the changes of lipid content of these cells. 
Total lipid content of Chlorella vulgaris was 
increased in different concentrations of salinity. 
In this study, the total lipid content in R2 (0.050 M 
of NaCl) was lower than that in R3 (0.075 M of 
NaCl), of which the R2 and R3 contained 1.84% 
and 3.09% of lipid content, respectively.   However,   
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Figure 5  Chlorella Vulgaris Growth as Specific Growth Rate 
(R1=0.023 M of NaCl, R2=0.050 M of NaCl, R3=0.075 M of NaCl) 

 
the lipid content of both reactors was lower 
than that the lipid content of R1 (0.023 M of 
NaCl) which was 4.60% of lipid content (Figure 6). 
Similarly, the previous study showed that the 
lipid content was increased depending on NaCl 
concentration, but it was lower than effluent 
without adding NaCl (R1 – 0.023 M of NaCl) [23]. 
In addition, the other studies reported that the 
total lipid content was increased slightly in high 
content of salinity. The Chlorella vulgaris 
cultivation is almost stopped when the NaCl 
concentration is 34.0 g/L [7]. Hu et al. [24] 
discovered that under various kinds of stresses, 
the photosynthetic membrane of the microalgae 
was rapidly degraded and TAG-enriched lipids 
were accumulated in cytosol because of 
microalgae mechanism to store energy. 
Moreover, some microalgae can modify their 
lipid metabolism pathway effectively according 
to the change in environmental conditions [25]. 
However, the previous study showed that  
the increasing salinity concentration was able  
to accumulate lipid content for Chorella sp. 
which was increased from 1.92 ± 0.012% to  
3.49 ± 0.016% [26]. 

The efficiency of nutrient removal from 
effluent  
 The previous studies showed that some 
types of wastewater were suitable for microalgae 
to growth. The different microalgae can adapt 
with different type of wastewater. It is also 
depended on the characteristic of wastewater 
conditions. The chlorophyte of microalgae can 
utilize the various kinds of wastewater and have 
the capacity to remove nutrient waste from 
wastewater as well [3]. In this study, Chlorella 
vulgaris was a species of Chlorophyte which was 
used for growing in the frozen seafood effluent. 
As mentioned above, the microalgae used 
nutrient from frozen seafood effluent as their 
food such as TKN, TP, and COD. These 
parameters were analyzed after cultivating to 
know how many percent that microalgae could 
uptake. The final concentration of each reactor 
are shown in Table 2, presenting that the 
microalgae could remove the TKN, TP, and COD 
in R1 was 51.7%, 24.5% and 25.0%, respectively. 
While the removal efficiency of TKN, TP, and 
COD in R2 was 61.5%, 26.0% and 43.8%, 
respectively.  Whereas the removal efficiency of 
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TKN, TP, and COD in R3 was 48.9%, 23.6% and 
31.8%. The removal efficiency of nutrient in each 
reactor is shown in Table 3. The removal 
efficiency of nutrient was lower than the 
previous research which the TKN and TP could 
be removed in the range of 72% to 85% and 
57% to 77%, respectively [27]. The previous 
research reported that TN and TP could be 

removed from 11.9% to 74.3% and 22.5% to 
94.8%, respectively [28]. Thus, it could be 
assumed that Chlorella vulgaris had highly 
efficient to remove the nutrient from the 
effluent of frozen seafood industry. The 
phytoremediation was the common wastewater 
treatment by microalgae for pollutant removal 
such as organic and inorganic [29, 30]. 

 

 
  

Figure 6  Effect of Salinity on Lipid Content of Chlorella Vulgaris Growth 
  
Table 2  Characteristics of effluent after growing microalgae  
  

Reactor  TKN  
(mg/L)  

TP  
(mg/L)  

COD 
(mg/L)  

Turbidity 
(NTU)  

Salinity 
(ppt)  

TDS 
(mg/L)  

pH  

R1  
(0.023M of NaCl) 

73.6  6.1  96.0  3.7  1.2  970  8.97  

R2  
(0.050M of NaCl) 

58.7  6.0  72.0  3.4  2.8  2,079  8.46  

R3  
(0.075M of NaCl) 

78.1  6.2  87.2  4.2  4.4  3,803  8.94  

  
 

Table 3  Nutrient removal efficiency of effluent after growing microalgae  
 

Nutrient removal efficiency 
(%) 

Reactor 
R1 

(0.023M of NaCl) 
R2 

(0.050M of NaCl) 
R3 

(0.075M of NaCl) 
TKN 51.7 61.5 48.9 
TP 24.5 26.0 23.6 

COD 25.0 43.8 31.8 
 
 

0 

1 

2 

3 

4 

5 

R1 (0.023M) R2 (0.050M) R3 (0.075M) 

Reactor   



Thai Environmental Engineering Journal Vol. 34 No. 2 (2020) 19                                                                      

 
 

 

Conclusion  
 
 Salinity condition had the effect on lipid 
content of microalgae cultivation. The effect of 
salinity concentration on lipid content of Chlorella 
vulgaris was observed that the salinity 
concentration of 0.023, 0.05 and 0.075 M of NaCl 
induced to increase lipid content about 4.60%, 
1.84% and 3.09%, respectively. The effluent from 
frozen seafood industry contained 0.023 M of NaCl, 
the growth of Chlorella vulgaris with this effluent 
provided 4.60% of lipid content increasing that 
provided the best condition of Salinity for Chlorella 
vulgaris cultivation. Then, the effluent from frozen 
seafood industry was suitable for microalgae 
growth especially the Chlorella vulgaris due to this 
effluent contained enough salinity. It could be 
concluded that the increased salinity led to 
enhance lipid content in Chlorella vulgaris strain. 
But it was slightly enhanced among various 
concentrations of salinity.  
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