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Abstract : The current study investigates the potential of a 

robust microalga strain, Ascochloris sp. ADW007 for raw 

dairy effluent (RDE) treatment and studying its growth, 

volumetric and aerial biomass and lipid productivities. 

Microalgae strain was adapted for dairy effluent by 

cultivating it in increasing ratios of dairy effluent and 

commercial synthetic media. Once the species was adapted 

for growth in 100 % RDE, the cultivation was propagated in 

column photobioreactor of capacity 60 L. Both biomass and 

areal productivity were found to be higher in RDE 

(Volumetric - 0. 296 g/L/d; Areal – 17.01 g/m
2
/d) as 

compared to synthetic TAP media (Volumetric- 0.249 g/L/d; 

Areal – 14.27 g/m
2
/d). Moreover, RDE recorded the 

maximum lipid content (28.0%) as compared to TAP 

(20.0%). Microalgae were harvested using centrifuge. Lipid 

from microalgal biomass was extracted through soxhlet 

method using different solvents viz. hexane, isopropyl 

alcohol and diethyl ether. Maximum lipid was obtained 

through hexane. In order to reduce the operational time, 

microalgae were pretreated using microwave and autoclave 

followed by soxhlet extraction. Microwave followed by 

soxhlet extraction improved lipid extraction by more than 2-

fold while reducing the process time by >50 %. Post 

harvesting water was further subjected to activated carbon 

filtration and resulted in >90 %, >75 % and >95% reduction 

in COD, nitrate and phosphate respectively.  

Keywords: raw dairy effluent, photobioreactor, 

bioremediation, lipid, clean water. 

 

1. Introduction 

With more than 50% expected increase in need for resources 

for food, feed and energy by 2030, globally efforts are being 

made to have a sustainable and biorenewable economy in 

order to make underutilized and untapped biomass as a source 

of feedstock for biorefinery [1]. To suffice this need, 

microalgae have emerged as a promising bioresource in the 

last few years [2].  

Existing microalgae cultivation and harvesting methods have 

major challenges which hinder the microalgae 

commercialization into a sustainable biorefinery platform. In 

order to make third generation microalgae based biorefinery a 

possibility, economical and robust cultivation methods need to 

be developed. Another major challenge is the use of expensive 

nutrient media for algal growth [3]. Microalga has the 

capability to carry out remediation of effluent toxins which 

makes it attractive to replace the commercial nutrient media 

with nutrient rich industrial effluents. Moreover, with 

depleting fresh water bodies and ground water resources, 

microalgae based effluent treatment can be of great use in not 

only avoiding the fresh water usage but also recycling the 

water. Industrial effluents from several industries are rich in 

nutrients suitable for microalgal growth and hence suitable for 

simultaneous bioremediation and microalgal biomass 

generation. Among these, dairy industries are one of the 

largest producers of effluent owing to CIP (cleaning in place) 

and large volumes of water based milk products. Dairy 

effluent requires extensive treatment before safe disposal.  

A major advantage from microalgae cultivation perspective is 

the high concentration of nitrogen and phosphorus in dairy 

effluent which is the major source of nutrient for microalgae 

growth. Therefore, microalgae appear to provide a sustainable 

solution to third generation biorefinery by generating biomass 

from effluent along with recycled water. The microalgal 

biomass generated is a potential third generation energy 

feedstock with several environmental benefits. A noticeable 

blend of microalgae with industrial effluents for sustainable 

biorefinery has noteworthy outcomes viz. reduction in fresh 

water use, recovery of clean water from effluent, algal 

biomass as a feedstock for fuel, feed and food industry, other 

value added by products generation etc.  

In the recent times, several industrial effluents have been 

tested for microalgal effluent treatment [4, 5, 6], but no study 

provides a glimpse into the third generation microalgae based 

biorefinery. The currently study, in this line, evaluates a 
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process that could be scaled up into a sustainable biorefinery 

by producing algal biomass and simultaneously carrying out 

the bioremediation of industrial dairy effluent. Here, in this 

line, we have comprehensively evaluated a bioremediation 

process for generation of microalgae biomass and clean water 

from 100 % raw dairy effluent (RDE) using Ascochloris sp. in 

a column photobioreactor. A comparative analysis of lipid 

extraction method using pretreatment strategies and physico 

chemical properties of the recycled water was also 

investigated. 

2. Materials and Methods 

2.1 Materials 

Dairy effluent was collected from the common effluent tank 

(where waste water generated from different processing units 

was collected for further treatment) of Amul Dairy situated in 

Anand, Gujarat, India. Synthetic media TAP and BG11 were 

used for preliminary lab –scale cultivation of microalgae [7, 

8]. Analytical grade chemicals were used for microalgal 

growth in synthetic media, lipid extraction studies and other 

biochemical experiments. Physico-chemical characterization 

of raw dairy effluent and recovered water includes chemical 

oxygen demand (COD), chloride, pH, total dissolved solids 

(TDS) phosphates, nitrates, ammonia, and sulphates [9]. 

2.2 Microalgae cultivation conditions  

2.2.1 Indoor 

In this study, Aschochloris sp. was used for cultivation and 

bioremediation of dairy effluent. The isolation and 

maintenance of culture are reported in our recent reports [10]. 

Microalga was adapted for growth in dairy effluent by diluting 

the dairy effluent with Tris-Acetate-Phosphate (TAP) media 

in different ratios in 500 mL flasks. Besides, indoor lab-scale 

cultivation was carried out in 1-5 L flasks. Microalgal cells 

were transferred into fresh culture medium every fortnight. 

All indoor cultivation experiments were performed in a 

temperature, humidity, and light regulated growth room 

maintained at 25 ± 1ᴼC in the presence of light (approx. 3300 

– 4000 W/m
2
) by providing light/dark cycle of 8:16 h. The 

flasks were manually shaken at regular intervals.  

2.2.2 Outdoor 

Outdoor cultivation of microalgae was performed in column 

photobioreactor. Column photobioreactor is a cylindrical 

vertical column fabricated using polyacrylic material. The 

dimensions of the column photobioreactor are 1220 mm 

length and 300 mm diameter with a working volume of 60 L. 

Inlet and outlet ports for supply of medium and sample 

collection were provided on the top and bottom of the reactor 

respectively. A PVC tube of 1 mm pore size and 0.75 cm 

inner diameter was positioned in centre of the reactor attached 

to an acrylic disc at the bottom end and connected to six 

stainless steel outlet tubes of 5 mm diameter each. The top of 

the reactor was covered with a lid having an opening in the 

centre to insert the hollow tube. Terminal end of the tube was 

connected to air compressor of 0.35 hp capacity which 

pumped air into the culture at 0.75 L/min rate for 30 min : 1 h 

on/off cycle for 8h/d to prevent oxygen accumulation 

(responsible for bacterial contamination). All the outdoor 

culture studies were performed in 100 % raw dairy effluent 

without any alterations. Volumetrically 10 % inoculum was 

added to the unsterilized dairy effluent after filtering the 

effluent through a 100 GSM nonwoven geotextile membrane 

to eliminate sand and other aggregated particles. Temperature 

and light intensity were measured at regular intervals during 

the cultivation period. Samples were collected periodically 

and evaluated for growth, biomass and lipid productivity and 

physico chemical analysis of dairy effluent as well as post 

microalgae treated water. Biomass, areal and lipid 

productivities were calculated using equations described in 

our recent report [2]. 

2.2.3 Optical measurement, specific growth rate and 

biomass and lipid productivity 

Microalgae cultivated in dairy effluent were sampled every 24 

hours and centrifuged at 10000 rpm for 15 min. The pellet 

was dried at 60ᴼC and weighed to determine dry weight of 

microalgal biomass (g/L) [11]. Also, the optical density of the 

microalgal culture was observed at 600 and 680 nm by UV-

Vis spectrophotometer (Schimadzu, USA). Lipid contents 

were also quantified using conventional soxhlet method as 

described in later sections.  

2.3 Post harvesting process 

Before harvesting, cultures grown in dairy effluent were 

passed through 5mm SS filters to remove large aggregated 

particles. Microalgal culture was then harvested through 

centrifugation at 10000 rpm for 10 minutes at room 

temperature using universal refrigerated centrifuge (Kubota, 

Japan, Model 5922) (Fig.2a). The concentrated wet pellet 

obtained was dried at 60 ᴼC in hot air oven (Sedko laboratory 

equipment’s, Ahmedabad) until the moisture content reached 

till ≤5 %. Moisture was analyzed using moisture analyser 

(Sartorius moisture analyzer series, Model MA100). Post 

drying, the biomass was powdered and stored in sealed bags 

until lipid extraction. The algae free treated water was passed 

through an activated carbon filter column for colour removal. 

Physicochemical properties of the recovered treated water 

were studied after every post processing step.  

2.4 Lipid extraction  

Lipid extraction was carried out by soxhlet method using 

different extracting solvents. 10 gm dried microalgae was 

added into extraction thimble kept in the extraction chamber. 

Microalgae to solvent ratio was fixed at 1: 30. The solvent in 

the bottom flask was heated near to the boiling point to reflux. 

The extraction was performed for duration of 4 hours (Fig.3). 

Lipid and solvent mixture was separated using solvent 

evaporator under vacuum and lipid yield was calculated 

gravimetrically as described in eq. (1) (Fig.4). Different 
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solvents tested for maximum lipid extraction were hexane, 

isopropyl alcohol (IPA) and diethyl ether. In order to enhance 

the total lipid extract, dried microalgae biomass was subjected 

to pretreatment for cell disruption by a. microwave treatment 

at 100ᴼC and 2450 Hz for 5 minutes and b. autoclaving at 

121ᴼC for 15 mins at 1 bar pressure followed by soxhlet 

extraction with hexane as solvent.  

              (     )  
     ( )

                      ( )
 

   …………..(1) 

 

2.5 Analytical methods 

During microalgae growth, parameters viz. temperature, pH, 

conductivity and TDS were observed and recorded regularly 

using electrode probe based equipment (Eutech instruments 

Cyberscan series 600 portable meter). Chemical oxygen 

demand (COD) was measured colorimetrically by by adding 

COD solutions to water sample and digesting it in COD 

digester (Merck Spectroquant TR420) at 148ᴼC for 120 min 

and then absorbance recorded in spectrophotometer (Merck 

spectroquant picco) [9]. Ammonium concentration in the 

water samples (effluent and treated) was determined using 

nesslerization method using ammonium chloride as standard 

and absorbance recorded at 410 nm. Nitrate concentration was 

estimated photometrically using potassium nitrate as standard 

and absorbance observed at 220 nm. Phosphate content was 

also determined photometrically at 690nm using potassium 

phosphate as standard. Sulfate content was estimated by 

turbidimetric method using sodium sulfate as standrad at 420 

nm. Chloride concentration in water was determined using 

argentometric method [12]. The physicochemical 

characterization of raw dairy wastewater and microalgal 

treated water as shown in Table. 2  

3. Results and discussion  

We comprehensively evaluated the outdoor cultivation of 

Ascochloris sp. in 100% raw dairy effluent in column 

photobioreactor followed by lipid extraction studies for 

maximizing the lipid production. Post harvesting water was 

further subjected to activated carbon filtration and resulted in 

>90 %, >75 % and >95% reduction in COD, nitrate and 

phosphate respectively. The result clearly indicates that the 

integrated concept of microalgal based bioremediation of 

dairy wastewater to cultivate microalgae for pollutants 

removal along with enriched lipid content for bioenergy 

applications is a feasible option. 

3.1 Microalgae cultivation 

Growth of Ascochloris sp. in indoor cultivation was highest in 

raw dairy effluent followed by TAP and BG 11 culture media 

(Fig.5, Table1). Biomass yield (g/L) in indoor cultivation for 

dairy effluent, TAP and BG 11 are 1.935, 1.625 and 1.255 

respectively on 7
th

 day.  

  

                 (a)                    (b)                                (c) 

Fig. 1. Indoor cultivation of Aschochloris sp. (a) 100% RDE 

(b) TAP media (c) BG11 media 

All outdoor cultivation experiments were performed in 

column photobioreactor under ambient light and temperature. 

The growth of microalga Aschochloris in raw dairy effluent is 

shown in Fig 2. Observations were recorded in outdoor 

cultivation in column photobioreactor with biomass yield 

(g/L) of 1.89, 1.59 and 1.19 in dairy effluent, TAP and BG11, 

respectively (Fig.3, Table 1). After 7 days, no major increase 

in biomass and lipid yields was observed as evident from. 

Similar trend was observed in lipid yield with highest yield 

obtained in raw dairy effluent (indoor- 29.83 %; outdoor- 28 

%) followed by TAP (indoor- 22.4 %; outdoor- 21 %) and 

BG11 (indoor- 11.1 %; outdoor- 10 %).  

 

Fig 1. Outdoor cultivation of Aschochloris sp. in dairy 

wastewater after 7 days 

 

The lipid productivity in column photobioreactor (0.075 g/L/d 

%) concurred with the reported data [13].  The volumetric 

productivity (0.27 g/L/d) and photosynthetic efficiency (2.5%) 
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of column photobioreactor was in line with the reported 

values [14-16].  

 

Fig. 3. Specific growth rate of microalga in different growth 

medium. 

After the microalgae achieved maximum growth, it was 

subjected to centrifuge for the separation of microalgal cells 

and water. The microalgal pellet obtained was dried till 

moisture content reached to ≤5 %. 

 

 

(a) 

 

(b) 

Fig. 4. Microalgal biomass after centrifugation.  (a) Wet 

biomass, and (b) powdered biomass 

 

3.2 Lipid extraction 

3.2.1 Optimization of lipid yield 

Various solvents have been reported to be applied for lipid 

extraction in recent times [17,18]. We used three different 

solvents for lipid extraction via soxhlet method i.e. hexane, 

isopropyl alcohol and diethyl ether. Soxhlet extraction using 

selected solvents was carried out for 3 hours at biomass: 

solvent ratio of 1: 30 (Fig 5). Hexane was found to be the 

most suitable solvent for microalgal lipid extraction followed 

by isopropyl alcohol and diethyl ether with 28%, 16.6% and 

13.6 % respectively. These results were in line with our 

previous studies [10] and other reported data [17,19]. 

Various pretreatment methods are being applied on 

microalgae before lipid extraction which disrupts the 

microalgae [20,21]. In the current study, autoclaving and 

microwave pretreatment methods were employed in order to 

enhance the lipid extraction    

           

                                                    

Fig. 5. Soxhlet apparatus for lipid extraction                                       

Fig. 6. Lipid extracted from Aschochloris sp. 

 

a 
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3.2.2 Pre-treatment methods for microalgal lipid 

extraction 

In this experiment, the effects of autoclaving (125°C with 1.5 

MPa for 5 min) and microwave (100°C and 2450 MHz for 5 

min) were investigated for lipid extraction. The performance 

of each method was evaluated by means of lipid recovery 

based on soxhlet extraction. Lipid yield was found maximum 

in microwave treated microalgae as compared to autoclave 

pretreated microalgae. Microwave treated algae yielded 28 % 

of lipid as compared to autoclave treatment which yielded a 

much lesser lipid yield of 4.15 %. Autoclaving of microalgae 

didn’t show any major effect on lipid yield as there was not 

much difference observed in the untreated microalgal lipid 

yield (3.5%) as compared to autoclaved microalgae lipid yield 

(4.15%). The suitability of microwave treatment for 

maximizing the lipid yield was accounted by other researchers 

also [22]. 

 

3.2.3 Microalgal based bioremediation of dairy 

effluent 

Microalgae free water obtained as supernatant after 

centrifugation and activated charcoal treatment was analyzed 

for various parameters and compared with raw dairy effluent 

in order to determine its suitability for various applications. 

More than 90 % COD was reduced from raw dairy effluent 

after 7 days of microalgal treatment. Initial ammonia and 

nitrate concentration in the raw dairy effluent were 50.55 ± 

20.63 mg/L and 142.21 ± 13.68 mg/L which were reduced to 

10.11± 0.68 mg/L and 32.70 ± 0.20 mg/L respectively after 

microalgal bioremediation. These results were similar to that 

reported by [23] but were with mixed algal and diatom 

cultures. Also, sulphate and chloride content were 

considerably reduced from 598 ± 29.86 mg/L to 23.92± 0.58 

mg/L, and 220 ± 9.63 mg/L to 44± 3.5 mg/L, respectively. 

Physico chemical characteristics of the treated water were 

within the limits of standards set by Central Pollution Control 

Board (CPCB) under Type E class of water best use for 

irrigation purposes (Table 2). This study signifies the 

suitability of Ascochloris sp. for effectively reducing the 

pollutants’ content in raw dairy effluents.  

Table 2. Physico-chemical characterization of raw dairy waste 

water and microalgal treated water 

ND: Not defined 

4. Conclusion 

The current study presents an integrated process for 

bioremediation of dairy effluent with generation of microalgal 

biomass and recovery of > 80 % water suitable for irrigation 

and cleaning purposes.  This study finds Ascochloris sp. 

suitable for dairy effluent remediation and microalgae 

biomass generated with high lipid yield has various 

applications in aquafeed and bioenergy applications. Another 

highlight of the study is remediation of 100 % raw dairy 

effluent without any modifications and additional supplements 

leading to regeneration of clean and odorless water. This 

reduces the dependency of the dairy industries on ground 

water upto a large extent. This process provides a win–win 

solution to the increasing challenges of industrial effluent 

handling, decreasing ground water levels and energy security 

issues.  
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Table 1. Biomass and lipid productivities of Ascochloris sp. in different culture media 

Cultivation Biomass 

(g/L) 

Biomass productivity 

(g/L/d) 

Areal biomass 

Productivity (g/m2/d) 

Lipid (%) Lipid 

productivity 

Indoor 

Dairy effluent 1.93 0.276 ND 29.83 0.019 

BG11 media 1.25 0.179 ND 11.1 0.082 

TAP media 1.62 0.232 ND 22.4 0.052 

Outdoor 

Dairy effluent 2.09 0.296 17.011 28 0.075 

BG11 media 1.19 0.170 10.119 10 0.017 

TAP media 1.73 0.249 14.270 20 0.049 

TAP: Tris-Acetate-Phosphate; BG-11: Blue green -11; ND-Not determined 

 


