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Abstract

The cultivation of microalgae as an alternative energy source has increasingly become popular in 
various  parts of  the  world. However,  the high cost of the media used in cultivation has directly affected the  
manufacturing  cost.  In  this  study,  we have  aimed  to  culture  Scenedesmus acutus UD01  in  the effluent 
acquired from the  biogas  system  of  a piggery  farm (BGF),  the wastewater of a sugar  factory (SF),  and  
modified  JM(MJM).  After  7  days  of  cultivation  under  white  fluorescence  at  room temperature,  the  
highest  growth  rate  was  found  in  BGF  and  the  second highest  was recorded in  MJM.  In the  study on 
the  lipid contents,  the  results  revealed  that  20.09±0.18% of lipid  was  obtained  from  S. acutus UD01 
cultured  in  SF, while 17.72±1.05% of lipid was recorded in BGF. In considering the lipid composition and 
the process of culturing conducted in the low-cost media, there is a desire to find an achievable  economic 
procedure  for  algal  biofuel  production. 
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1. Introduction 
 Presently, petroleum is recognized as a 
finite resource that is running out, while global 
energy consumption is increasing. Therefore, 
alternative sources of energy need to be identified 
and developed as substitutes for fossil-based 
energy sources [1]. Bio-energy is being considered 
worldwide as a future energy source of great 
significance. Microalgae have emerged as a highly 
productive organism and are recognized as a novel 
energy resource. The high efficiency of the 
photosynthetic conversion and the high lipid 
contents of microalgae have been widely 
acknowledged in studies [2-3]. Moreover, biofuels, 
especially biodiesel generated from microalgae 
have been noted as having an ability to compete 
with petro fuels [4]. Microalgae have displayed the 
ability to grow under various weather conditions 
and in a variety of problem soil areas that are 
unable to sustain any agricultural activity. In 
addition, microalgae have emerged as having a 
lower cost and high potential to reduce greenhouse 
gas emissions [5]. Some microalgae (such as 
Scenedesmus and Chlorella) have displayed a very 
short duplicating time while producing a high yield 
of lipid per hectare. Therefore, the environmental 
and economical sustainability of microalgae as a 
potential new biofuel source has been suggested 
[6].  
 Microalgae are considered a novel 
substitute as an energy resource. However, 
microalgae require a huge amount of water for 

cultivation, as in 11-13 million liters per hectare. 
In addition, the cost of macro-nutrients are 
significant factors in determining the overall cost 
of algal production (N and P) [7-8].   The cost of N 
and P fertilizer has increased continuously and this 
has directly affected the cost of the biomass and 
bio-lipid production. Therefore, It is essential to 
explore any potential alternate nutrient sources for 
large-scale algal cultivation. Wastewater has been 
suggested as a nutrient source due to the richness 
of the organic and inorganic nutrients that it 
contains. As a result,   it has been suggested that 
wastewater could used in the place of freshwater 
that has been supplemented with fertilizer [8-9].  
 Many species of microalgae are known 
to have the ability to rapidly grow in wastewater, 
as they are able to consume the abundant organic 
and inorganic nutrients present in the effluent. 
Consequently, the idea of growing algae at 
wastewater treatment plants has long been 
promoted [10]. Several studies have investigated 
the use of wastewater as a source of algal nutrients. 
Caprio et al. [11] published a study on the 
cultivation of Scenedesmus sp. in olive mill 
wastewater. This study was conducted by mixing 
wastewater with BG11 and Basal Medium. 
Bhatnagar et al. [12] found that poultry litter could 
effectively support Scenedesmus bijuga in growth 
when compared to BG11 and wastewater. The 
wastewater from a piggery farm to produce lipids 
has revealed that this wastewater effectively 
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provided the necessary nutrients for potentially 
profitable products such as biomass and lipids 
[13]. 
 Scenedesmus are usually found as the 
dominat geneus in the oxidation ponds of 
treatment systems [14].The lipid content up to 58% 
(dry cell weight) was reported from the Genus 
Scenedesmus [14-20]. The present study was 
determined the optimum concentration of 
wastewater from a piggery farm and sugar factory. 
Scenedeusmus acutus UD01 was selected and 
isolated from a local water resource. 

2. Materials and Experiment  
Algal preparation 

 Scenedeusmus acutus UD01 was isolated 
from the artificial water resource in UdonThani 
Province. The alga was grown in Jaworski’s 
medium (JM) [21] using a white fluorescent lamp 
at room temperature for 7 days as the stock culture.  

Growth condition 
 In terms of sorting out the best 
conditions for cultivation, 10 media were designed. 
JM was modified into 3 conditions using 16-16-16 
fertilizer, modified-JM1 (MJM1); JM supplemented 
with a gram of fertilizer/500 ml, modified-JM2 
(MJM2); JM supplemented with 2.5 g of 
fertilizer/500 ml and modified-JM3 (MJM3); JM 
supplemented with 5 g of fertilizer/500 ml. The 
media from the effluent of the biogas system of a 
piggery farm (BGF) and the effluent of a sugar 
factory (SF) were prepared in 5%,10% and 15% 
solutions respectively. All conditions were carried 
out under white fluorescent lamp at room 

temperature for 7 days. The algal growth was 
evaluated in every day by measuring the 
absorbance at 665 nm using Hach: DR2700 and 
cell-counting using a haemacytometer (colony/ml). 
The cell dry-weight was estimated at the 1st and on 
7th day of cultivation. The dried weight was used to 
determine the best growth promoting conditions of 
MJM, BGF and SF. The selected conditions were 
re-cultured in order to study the lipid contents. 

Cell harvesting and dewatering 
 The biomass of the culture was harvested 
by centrifugation at 3500 rpm for 15 minutes. The 
medium was discarded and the remaining cells 
were collected. The de-ionized water was used to 
rinse the substance and for re-centrifugation. The 
algae cells was dried at 60°C for 16 h.     

Lipid content examination  
 Dried algal powder was extracted the 
total lipids using modified procedures from Bligh 
and Dyer’s method [22]. A gram of algal powder 
was mixed with 30 ml of the mixture solution 
[chloroform: methanol (2:1, v/v)]. Then, cells were 
breaked using a probe sonicator (Vibra-cell; Sonics 
VCX-750). The mixtures were left at room 
temperature for 24 h, centrifuged at 6000 rpm for 
15 minutes and the supernatant was transferred 
into a separatory funnel. After that, 5 ml of normal 
saline was added and the solution was shaken for 5 
minutes. The lipid fraction was separated and this 
fraction was collected into a pre-weighed flask. 
Heating to achieve dryness was done in the oven 
(60°C) before measuring the lipid content.  
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Statistical analysis 
 The growth rate and the lipid content 
were compared using the one-way ANOVA with 
Tukey-b test. The level of significant difference 
was at  P < 0.05. 

3. Result and Discussion 
 According to the absorbance at 665 nm, 
the results of MJM were not differentiated when 
compared to JM, which is considered the 
conventional media (Fig. 1). This was in contrast 
to the results from BGF, which revealed that 10% 
of BGF showed the highest absorbance 
(OD665=1.137) at day 5th and this value was higher 
than that of JM (Fig. 2). Whereas, the absorbance 
of the alga cultured in SF, it was revealed that all 
conditions of this media were clearly lower than 
JM (Fig. 3). However, the study of the growth of 
SF using the cell-counting method revealed a 
higher anumber of colonies per milliliter (Fig. 6). 
The MJM media also revealed the same growth 
pattern as the JM  (Fig. 4). However, all conditions 
of BGF still showed higher values than the other 
conditions. The highest value of cell number was 
found in 10% BGF at 7 days (1040 colony/ml) 
(Fig. 5). 
 After seven days, the dried weight cell of 
Scenedesmus acutus UD01 in 10% of BGF showed 
the highest value (Table 1). The second highest 
value was found with MJM1, which was 1.79±0.20 
g/100ml. In comparison with the conventional 
media(JM), MJM1, MJM2, BGF5%, BGF10%, 

and SF10% revealed significant supporting the 
growth rate of the microalgae. 
 Under MJM conditions, the addition of 
fertilizer could promote the growth rates as 
presented in MJM1 and MJM2, but the addition of 
fertilizer by up to 5 grams could negatively affect 
the growth rate (Table 1 and Fig. 7), it might be 
affected by the osmotic pressure. Similarly, result 
of BGF medium, the concentration of bio-gas 

 
Fig. 1 Absorbance of S. acutus UD01 in MJM 
media            

 
Fig. 2 Absorbance of S. acutus UD01 in BGF 
media 
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Fig. 3 Absorbance of S. acutus UD01 in SF media 
 

 
Fig. 4 The colony numbers of S. acutus UD01 in 
MJM media  

Fig. 5 The colony numbers of S. acutus UD01 in 
BGF media  

 
Fig. 6 The colony numbers of S. acutus UD01 in 
SF media  

Table 1: Dried weight of S. acutus UD01 in 
wastewater and modified media 

Media 
Dried weight cell of S. acutus 

UD01 (g/100ml) 
JM 1.71±0.17bc 
MJM1 2.11±0.09b 
MJM2 1.89±0.16bc 
MJM3 1.48±0.30c 
BGF 5% 1.78±0.53bc 
BGF 10% 2.71±0.53a 
BGF 15% 0.81±0.07d 
SF 5% 1.58±0.08bc 
SF 10% 1.79±0.20bc 
SF 15% 1.36±0.24c 
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Fig. 7 Dried weight of S. acutus UD01 in wastewater and modified media 

effluent was recorded at 5% while a 10% value 
produced a higher growth rate than 15%. In 
contrast with the SF, 5% and 15% of the sugar 
factory wastewater revealed lower values. The best 
concentration of SF was found in 10% (Table 1 
and Fig. 7).   
 The best conditions for biomass production 
were found in 10% of BGF and 10% of SF (Table 
1 and Fig. 7). These findings seem to involve 
higher concentrations of wastewater that were used 
in algal cultivation for lipid and biomass 
production when compared to previous studies 
which had used 0.5-2% of wastewater [18-20]. 
Additionally, Ji et al. [18] and Caprio et al. [11] 
reported only a few higher values of biomass 
production in this report, but Bold's Basal Medium 
(BBM) and BG11 were used as the culture media. 
In contrast to this study, only wastewater diluted 
with distilled water was used. Although the 
biomass production did not necessarily seem to 
yield high values, the required minerals were not 
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was found in the cells from 10% of SF, which 
produced up to 20%(w/w) (Table 2). However, 
regarding the percentage of lipid content and dried 
weight, 10% of BGF showed the best values 
(p<0.05), followed by 10% of SF, while MJM1 
and JM produced similar amounts (Table 2). 
Further, the highest lipid content in the present 
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urine [9; 23]. Additionally, S. bijuga grown in 
anaerobically digested poultry litter exhibited the 
equal lipid content with this study [12]. 
 The lipid productivity levels of the 
present study were not found to be superior to the 
previous studies. Ji et al. [18] reported that the 
lipid content obtained from S. obiquus grown in 
food wastewater diluted with BBM was 13.3 mg/l. 
In Ashokkumar's study, 63 mg/l·d of lipid was 
obtained from S. bijugatus grown in the custom-
made vertical tubular photo-reactor [24]. Ji et al. 
[19] reported 10-11 mg/l·d of lipids produced from 
S. obiquus that was grown in food wastewater with 
flue gas CO2, which could have enhanced both the 
levels of growth and lipid productivity. It should 
be noted that all of the above detailed conditions 
involved variable levels of nutrient contents and a 
range of conditions in order to sort out the best 
possible procedure for lipid production from the 
wastewater which had been mixed with the 
complete media, such as BM and BG11. These 
factors could clearly increase the cost of lipid 
production. In addition, many reports have 
described certain procedures in providing the algal 
stresses to increase the lipid contents such as 
growing under nutrient depletion conditions 
(nitrogen and phosphorus) [25-26], culturing in 
mixotrophic under light limitation conditions [27-
29]. All of these conditions can be used to provide 
a high yield of lipid production, but the 
complexities of the procedure were also increased. 
 

Table 2: Lipid contents of Scenedesmus acutus 
UD01 cultured in wastewater and modified media 

Treatments 
Lipid 

Lipid content(%) (mg/L) 

JM 
MJM1 
SF 10% 
BGF 10% 

13.40±1.24c 
13.28±0.67c 
20.09±0.18a 
17.72±1.05b 

29.48c 
29.22c 
44.20b 
56.70a 

Table 3: Nutrient compositions of BGF and SF 

Nutrients BGF SF 

Ammonium nitrogen (mg/l) 157 9.1 
Soluble reactive phosphorus 
(mg/l) 162 20.8 

Nitrate nitrogen (mg/l) 1.8 8 

 Nutrients of cultured media directly 
affect the biomass production and the lipid 
composition. Phosphorus and Nitrogen available in 
BGF were higher than JM (Table 3). This related 
to the greatest values of growth rate and biomass 
production of BGF. On the other hand, nitrogen 
insufficient of SF affected to the highest level of 
lipid content (Table 2). Nitrogen-deficiency has 
been widely shown to affect markedly the lipid 
composition [1].  
 In the present study, we revealed the 
values of the biomass and lipid contents, which 
were produced by the simplified method, cultured 
under autotrophic conditions at room temperature 
and used only wastewater that had been diluted 
with distilled water. Although the biomass and 
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lipid contents did not seem to be of particularly 
high values, the reduced level of complexities 
involved with establishing the open algal pond as a 
small business enterprise would be beneficial for 
successful and affordable biomass and lipid 
production. 

4. Conclusions 

 This study investigated the growth rates 
and lipid contents of Scenedesmus actus UD01 
which cultivated in  the effluent acquired from the  
biogas  system  of  a piggery  farm (BGF), the 
wastewater of a sugar  factory (SF) and modified 
JM. The best conditions in terms of the growth 
rates considering by dried weight was 10% of 
BGF. The highest lipid content was found in the 
cells from 10% of SF, which produced up to 
20%(w/w). However, regarding the percentage of 
lipid content and dried weight, 10% of BGF  gave 
the best values (p<0.05). These results indicated 
that growing S. acutus in UD01 BGF and  SF 
provided the profitable products from wastewater. 
In addition, these could reveal the economic 
information in producing biomass and lipid from 
microalgae. However, the scale up of cultivation to 
industrial production is needed.  

5. Acknowledgement 
 The authors would like to thank National 
Research Council of Thailand (NRCT) in financial 
support. We would like to thank Mr. Wasin 
Srimeungbun for the laboratorial assistance. 

6. References 

[1]  L.F. Wu, P.C. Chen, C.M. Lee. The effects 
of nitrogen sources and temperature on cell                  
growth and lipid accumulation of 
microalgae. Int Biodeterior Biodegrad. 85 
(2013): 506-510. 

[2]  Y. Chisti. Biodiesel from microalgae 5 
beats bioethanol. Trends Biotechnol. 
26(3)(2008): 126–131. 

[3]  M.E. Huntley, D.G. Redalje. CO2 
mitigation and renewable oil from 
photosynthetic microbes: a new 
appraisal. Mitigat Adapt Strat Global 
Change. 12(4)(2007): 573–608. 

[4]  F.G. Avién, J.M. Fernández, J.J. Magán, E. 
Molina. Production cost of a real 
microalgae production plant and strategies 
to reduce it. Biotechnol Adv. 30(2012): 
1344–1353. 

[5]  J.K. Pittman, A.P. Dean, O. Osundeko. The 
potential of sustainable algal biofuel 
production  using wastewater resources. 
Bioresour Technol. 102(2011): 17-25. 

[6]  Y. Chisti. Biodiesel from microalgae. 
Biotechnol Adv. 25(3)(2007): 294–306. 

 [7]  B.G. Subhadra. Water management 
policies for the algal biofuel sector in the 
Southwestern United States. Appl Energy. 
88(10)(2011): 3492–3498. 

[8]  S. Chinnasamy, A. Bhatnagar, R.W. Hunt, 
K.C. Das. Microalgae cultivation in a 
wastewater dominated by carpet mill 



56   Sci. & Tech. RMUTT J. Vol.6 No.1 (2016) 

effluents for biofuel  applications. 
Bioresour Technol. 101(2010): 3097–3105. 

[9]  L. Jiang, J. Wang, S. Liang, X. Wang, P. 
Cen,  Z. Xu. Butyric acid 
fermentation in a fibrous bed bioreactor 
with immobilized Clostridium tyrobutyricum 
from cane molasses. Bioresour Technol. 
100(2009): 3403–3409. 

[10]  W.J. Oswald, H.B. Gotaas, C.G. Golueke, 
E.R. Kellen. Algae in waste treatment. 
Sewage Ind Waste. 29(1957): 349-350. 

[11]  F.D. Caprio, P. Altimari, F. Pagnanelli. 
Integrated biomass production and 
biodegradation of olive mill wastewater by 
cultivation of Scenedesmus sp. Algal 
Research. 9(2015): 306–311. 

[12]  A. Bhatnagar, S. Chinnasamy, M. Singh, 
K.C. Das. Renewable biomass production 
by mixotrophic algae in the presence of 
various carbon sources and wastewaters. 
Appl Energ. 88(2011): 3425–3431. 

[13]  H. Wang, H. Xiong, Z. Hui, X. Zeng. 
Mixotrophic cultivation of Chlorella 
pyenoidosa with dilutedprimary piggery 
wastewater to producelipids. Bioresour 
Technol. 104(2012): 215-220. 

[14]  S. Canovas, B. Picot, C. Casellas, H. 
Zulkifi, A. Dubois, J. Bontoux. Seasonal 
development of phytoplankton and 
zooplankton in a high-rate algal pond. 
Water Sci Technol. 33(1996): 199-206. 

[15]  O. Pulz, W. Gross. Valuable products from 
biotechnology of microalgae. Appl 

Microbiol Biotechnol. 65(6)(2004): 635–
648. 

[16]  J.I. Park, H.C. Woo, J.W. Lee. Production 
of bio-energy from microalgae: status and 
perspectives. Kor J Chem Eng. 
46(5)(2008): 833–844. 

[17]  T. Matsunaga, M. Matsumoto, Y. Maeda, 
H. Sugiyama, R. Sato, and T. Tanaka. 
Characterization of marine microalga, 
Scenedesmus sp. strain JPCC GA0024 
toward biofuel production. Biotechnol Lett.             
31( 9)(2009): 1367–1372. 

[18]  M.K. Ji, H.S. Yun, S. Park, H. Lee, Y.T. 
Park, S. Bae, J. Ham, J. Choi. Effect of 
food wastewater on biomass production by 
a green microalga Scenedesmus obliquus 
for bioenergy generation. Bioresour 
Technol. 179(2015): 624-628. 

[19]  M.K. Ji, H.S. Yun, S. Park, H. Lee, Y.T. 
Park, S. Bae, J. Ham, J. Choi. Mixotrophic 
cultivation of a microalga Scenedesmus 
obliquus in municipal wastewater 
supplemented with food wastewater and 
flue gas CO2 for biomass production. J 
Environ Manag. 159(2015): 115-120. 

[20]  D.Y. Shin, H.U. Cho, J.C. Utomo, Y.N. 
Choi, X. Xu, J.M. Park. Biodiesel 
production from Scenedesmus bijuga 
grown in anaerobically digested food 
wastewater effluent. Bioresour Technol. 
184(2015): 215-221. 

[21]  A.S. Thompson, J.C. Rhodes, I. Pettman. 
Natural research council culture collection 



Sci. & Tech. RMUTT J. Vol.6 No.1 (2016) 57 

 
 

of algae and protozoa-catalogue of strains. 
Toxicon. 41(1988): 979-988. 

[22]  E.G. Bligh, W.E. Dyer. A rapid method of 
total lipid extraction and pureification. Can 
J Biochem Physiol. 37(8)(1959): 911-917. 

[23]  M.K. Kim, J.W. Park, C.S. Park, S.J. Kim, 

K.H. Jeun, M.U. Chang, J. Acreman. 

Enhanced production of Scenedesmus spp. 

(green microalgae) using a new medium 

containing fermented swine wastewater. 

Bioresour Technol. 98(2007): 2220-2228. 

[24]  V. Ashokkumar, Z. Salam, O.N. Tiwari, S. 

Chinnasamy, S. Mohammed, F. Nasir. An 

integrated approach for biodiesel and 

bioethanol production from Scenedesmus 

bijugatus cultivated  in a vertical tubular 

photobioreactor. Energ Convers Manag. 

101(2015): 778-786. 

[25]  S.H. Ho, S.W. Huang, C.Y. Chen, T. 
Hasunuma, A. Kondo, J.S. Chang. 
Bioethanol production using carbohydrate-
rich microalgae biomass as feedstock. 
Bioresour Technol. 135(2013): 191–198. 

[26]  J. Anand, M. Arumugam. Enhanced lipid 
accumulation and biomass yield of 
Scenedesmus quadricauda under nitrogen 
starved condition. Bioresour Technol. 
188(2015): 190-194. 

[27]  M.C. Ceron Garcia, F.G. Camacho, A.S. 
Miron, J.M.F. Sevilla, Y. Chisti, E.M. 
Grima. Mixotrophic production of marine 
microalga Phaeodactylum tricornutum on 
various carbon sources. J Microbiol 
Biotechnol. 16 (5)(2006): 689-694. 

[28]  M.C.C . Garci, J.M.F. Sevilla, F.G.A. 
Fernandez, E.M. Grima, F.G. Camacho. 
Mixotrophic growth of Phaeodactylum 
tricornutum on glycerol: growth rate and 
fatty acid profile. J Appl Phycol. 12(3-
5)(2000): 239-248. 

[29]  S. Sanchez, M.E. Martinez, M.T. Espejo, 

R. Pacheco, F. Espinola, G. Hodaifa. 

Mixotrophic culture of Chlorella 

pyrenoidosa with olive-mill wastewater as 

the nutrient medium. J Appl Phycol. 

13(5)(2001): 443-449. 

 
 
 


