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Abstract 

The combination of microalgae-based wastewater treatment with biomass production is 
currently considered as a viable option for wastewater remediation and biofuel production. 
The objective of this study was to evaluate the potential of Scenedesmus sp. for the 
treatment of anaerobically digested brewery effluent and carbohydrate accumulation for 
bioethanol production. The Scenedesmus sp. was cultivated on unsterilized and sterilized 
brewery effluents under maximum light intensity of 5500 lux and a photoperiod of 12:12 
light-dark cycle at room temperature to evaluate its growth, biomass production and 
nutrient removal. The microalgal biomass obtained from brewery wastewater was used for 
bioethanol production after pretreatment and optimization of carbohydrate and reducing 
sugar extraction. The concentrations of COD, NH4

+-N, TN, PO4
3--P, and TP in brewery 

effluent were found above the permissible discharge limit of brewery effluent set by 
Ethiopian Environmental Protection Authority. The Scenedesmus sp. achieved a maximum 
biomass production of 1.05 g/L and biomass productivity of 64.33 mg/L/d  on unsterilized 
effluent. The maximum removal efficiencies obtained were 99.89% NH4

+-N, 96.14% TN, 
and 67.77% PO4

3--P on sterilized effluent, and 69.32% TP and 77.78% COD on 
unsterilized effluent. The final effluent quality of COD and nitrogen nutrients were below 
the permissible discharge limit for Ethiopia brewery effluent standard, but phosphorus 
nutrient is above the permissible limit. Results showed that microwave pretreatment with 
HCl produced a higher total carbohydrate of 207.7 and 222.6 mg/g and reducing sugar of 
146.8 and 159.2 mg/g compared to autoclave and oven pretreatments from the whole and 
lipid extracted microalgal biomasses, respectively. Optimizations of four independent 
variables (HCl concentration, microwave power, temperature, and extraction time) were 
performed by response surface methodology (RSM) for the whole microalgae biomass and 
single-factor approach for lipid extracted biomass. The models derived from RSM for both 
responses were significant (P<0.05) and fitted (R2 > 0.9) to the experimental value. The 
predicted values obtained at optimum conditions were 260.54 mg/g for carbohydrates and 
175.49 mg/g for reducing sugar. The experimental values under the optimum conditions 
were 259.9 mg/g for carbohydrate and 172.5 mg/g for reducing sugar, showing a good 
agreement with the predicted values. The highest carbohydrate and reducing sugar 
contents achieved from lipid extracted biomass were 277.24 ± 0.98 and 192.54 ± 1.37 
mg/g, respectively, under optimum conditions. The maximum bioethanol yield was 
obtained at 24 h fermentation time from both biomasses. However, the bioethanol yield 
obtained from lipid extracted microalgal biomass was 0.1 g/g microalgae, which was 20% 
higher than that found from the whole microalgal biomass. From this study, it can be 
concluded that the use of indigenous microalgae for wastewater treatment couple with 
biomass production offer a promising results for wastewater remediation and bioethanol 
production. 
 
Key words: Bioethanol; Brewery effluent; Carbohydrate; Microalgal biomass; Lipid 
extracted microalgal biomass; Response surface methodology; Scenedesmus sp. 
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1. Introduction 

1.1. Background 

The management and remediation of wastewater originating from different industrial 

sources with various organic and nutrient (nitrogen and phosphorus) levels pose a 

challenge to many countries (Ganeshkumar et al., 2018). Agro-processing industries 

produce a huge amount of wastewater with high strength organic matter, which is 

commonly treated using anaerobic digestion (Posadas et al., 2014). However, effluent from 

anaerobically digester contains a relatively high amount of nitrogen and phosphorus 

nutrients (Yang et al., 2011; Praveen et al., 2018) that should be removed before 

discharging into the environment, which otherwise can lead to eutrophication in water 

bodies (Pittman et al., 2011; Arbib et al., 2014). Several types of conventional post-

treatment have been used to remove these nutrients from anaerobically digested (AD) 

effluent, such as activated sludge. However, these are costly and produce a huge amount 

of sludge. Therefore, microalgae have been proposed as a post-treatment of AD effluent  

(Mallick, 2002; Koutra et al., 2017). 

 

The removal of nutrients from wastewater using microalgae has been studied since the 

1950s. However, it has received much attention in recent decades (Rawat et al., 2011). 

Microalgae use energy from the sun, consuming inorganic nutrients, and CO2 for their 

growth. Wastewater contains essential nutrients such as nitrogen and phosphorus, and other 

trace elements, which play a vital role in microalgae growth (Tan et al., 2018). Microalgae 

growth on wastewater as a treatment method has the advantages of low operational cost, 

simultaneously remove nitrogen and phosphorus, do not require chemicals addition, 
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discharge oxygenated effluent, capture CO2, and produce biomass (Arbib & Garrido-pe, 

2013; Mennaa et al., 2015).  

On the other hand, microalgae have also been proposed as a promising alternative energy 

feedstock for biofuel production compared to conventional feedstocks due to their unique 

characteristics such as rapid growth rate, high carbon dioxide fixation capacity, and the 

ability to grow on non-arable land, including wastewater (Islam et al., 2013). They are 

more efficient in converting solar energy into macro-metabolic products such as lipid, 

carbohydrate, and protein (Gupta et al., 2017). The carbohydrate contents in microalgae 

reached up to 40% under normal cultivation conditions (Silva & Bertucco, 2016). The 

microalgae such as Chlorella, Chlamydomonas, Scenedesmus, and Spirulina accumulate 

high carbohydrates content in their biomass (Zhao et al., 2013; Ho et al., 2013).  

The microalgae like Chlorella and Scenedesmus sp. has been cultivated to couple nutrient 

removal with biomass production on wastewater. For example, Jia et al. (2015) cultivated 

Scenedesmus sp. on AD piggery effluent for nutrients removal and lipid production and 

reported a maximum of 91.28% of total nitrogen (TN) and 88.72% of total phosphorus 

(TP) removal efficiencies and biomass production of 1.18 g/L with 31.60% of lipid content. 

Jebali et al. (2015) also cultivated Scenedesmus sp. in urban untreated wastewater under 

different dilution and found the removal efficiencies of chemical oxygen demand (COD), 

NH4
+-N, and TP were 92–94%, 61–99% and 93–99%, respectively, with lipid contents of 

13–19%, carbohydrate contents of  39.3–56.3%, and protein of 11.1–19.1%. Therefore, the 

coupling of microalgal-based wastewater treatment with biomass production is likely one 

of the most viable approach for wastewater remediation and to produce microalgal-based 

biofuels like bioethanol and biodiesel. 
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Bioethanol has been widely produced biofuel from first-generation feedstock such as 

sugar-based biomass (sugar cane) and starch-based biomass (corn, wheat, etc.). However, 

crop-based feedstock causes problems associated with food security (Lee et al., 2013). The 

second-generation feedstock for bioethanol is lignocellulosic materials (bagasse, 

switchgrass, and so on), which are expected to resolve food versus fuel debates. However, 

the resistance of this feedstock to saccharification (hydrolysis) due to the high content of 

lignin hampers its feasibility (Guo et al., 2013). Microalgae are proposed as the third-

generation feedstock, which overcomes the issues associated with the first and second-

generation feedstock. Moreover, the bioethanol yield from microalgae has been estimated 

in the range of 46,760 - 140,290 L/ha, which is too much greater than that obtained from 

corn (5,010 – 6,680 L/ha), wheat (2,590 L/ha), sweet sorghum (3,050 L/ha, sugar beet 

(5,010 – 6,680 L/ha) (Mussatto et al., 2010; Behera & Varma, 2016).   

Microalgae-based carbohydrates are found mainly as cellulose and starch without lignin, 

which are make them much easier to convert into fermentable sugars compared 

lignocellulosic materials (El-dalatony et al., 2016). However, pretreatment is needed for 

microalgal biomass to produce bioethanol. It is required to enhance saccharification and 

make the surface area more accessible for microbial fermentation and maximize bioethanol 

production (Hernández et al., 2015). The pretreatments such as microwave (Hernández et 

al. 2015), bead beating, autoclave, homogenization, and chemical lysis using acid or alkali 

(Miranda et al., 2012b) have been used for carbohydrate extraction from microalgal 

biomass. The efficiencies of each pretreatment depend on the characteristics of microalgae, 

such as cell wall composition and biomolecule production potential (Costa et al., 2020). 
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This showed that the selection of effective pretreatment is a primary focus on the 

production of bioethanol from microalgal biomass  

Besides pretreatment, optimization of the pretreatment methods should be necessary to 

maximize the carbohydrate content obtained from microalgal biomass with less chemical 

usage and time. Optimization often employs using one variable at a time approach, which 

needs to test all combinations (Kassim & Bhattacharya, 2016). Nevertheless, response 

surface methodology (RSM) is used as an alternative strategy to optimize the extraction 

process variables. The primary purpose of RSM is to determine and understand the 

interaction among parameters, which could assist in experimental parameters optimization 

and give a statistical model (Behera et al., 2018). RSM reduces the number of experiments 

and then it saves time, space, and raw materials (Ye & Jiang, 2011). 

In this study, locally isolated Scenedesmus sp. was used for the treatment of AD brewery 

effluent and bioethanol production from its biomass after pretreatment and optimization of 

carbohydrate and reducing sugar extraction.  

1.2. Statement of the Problem 

The brewery industry consumes more water and produces a huge amount of wastewater, 

which has been widely treated using anaerobic digestion due to its high content of COD 

(Baloch et al., 2007; Alvarado-Lassman et al., 2008). However, the effluent that generated 

from anaerobic digestion needs further treatment for nitrogen and phosphorus nutrient 

removal. Mechanical aeration for nitrogen removal and chemical precipitation for 

phosphorus removal have been used in Ethiopia brewery industries like St. George and 

Heineken Brewery factories (Awash Basin Authority, 2018). However, mechanical 
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aeration consumes about 45% –75% of the energy of the treatment plant with greenhouse 

gas emission and chemical precipitation causes secondary pollution (Shen et al., 2017; 

Ferreira et al., 2017). Therefore, these approaches are not cost-effective and 

environmentally friendly. 

On the other hand, the current energy sources are mainly from fossil fuels such as coal, 

natural gas, and petroleum; however, issues associated with fossil fuels’ depletion and 

global warming due to the emission of greenhouse gas are the main concern. Moreover, 

the increase in population and industrialization aggravate the demand for energy in the 

world (Yu et al., 2020). As a result, several efforts have been conducted to develop 

alternative energy sources that are renewable, sustainable, economically competitive, and 

environmentally friendly to meet the world’s energy demands (Chen et al., 2013).  

Microalgae like Scenedesmus sp. have the potential to provide simultaneous solutions for 

nutrient removal from wastewater and biofuels production. Scenedesmus sp. can remove 

nutrient from various wastewater streams (municipal, domestic and AD effluent) with the 

removal efficiencies of more than 90% of TN and TP (Tripathi et al., 2019; Mohamed et 

al., 2018; Kim et al., 2015). This microalga has also able to accumulate relatively high 

amount of carbohydrates, which are suitable sources for bioethanol production 

(Sivaramakrishnan & Incharoensakdi, 2018). Hence, it is possible to couple the nutrient 

removal from a brewery effluent with biomass production that used as an alternative 

biofuel feedstock for bioethanol production (Khan et al., 2018).  

Several previous studies have been conducted to couple wastewater treatment with lipid 

production as biodiesel feedstocks (Ansari et al., 2017; Tripathi et al., 2019;  Marchão et 
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al., 2018). However, very few studies have been used to integrate wastewater treatment 

using microalgae and bioethanol production (Onay, 2018). Most studies on bioethanol 

production from microalgae grown in a medium like BBM (Miranda et al., 2012a; Guo et 

al., 2013). In Ethiopia, Scenedesmus sp. grown on BBM was evaluated for biodiesel 

production potential (Tadios & Yedilfana, 2020). However, there is limited information on 

wastewater-grown microalgae as bioethanol feedstock in general. Particularly, there is a 

lack of concrete and reliable data on Scenedesmus sp. utilization for wastewater treatment 

with bioethanol production in Ethiopia. Therefore, this study was conducted to couple 

wastewater treatment using locally isolated microalgae with biomass production for use as 

bioethanol feedstocks.   

1.3. Objectives  

1.3.1. General Objective 

The general objective of this study was to investigate the potential of locally isolated 

Scenedesmus sp. for nutrient removal and carbohydrate accumulation for bioethanol 

production on anaerobically digested brewery effluent. 

1.3.2. Specific Objectives 

The specific objectives of this study were to: 

 Evaluate the potential of locally isolated Scenedesmus sp. for nutrient removal, 

biomass and lipid production on anaerobically digested brewery effluent. 

 Asses the removal rate, rate constant, and yield coefficient of nutrients (N & P) and 

COD by Scenedesmus sp. on anaerobically digested brewery effluent.   
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 Evaluate pretreatment methods for total carbohydrate and reducing sugar extraction 

from the whole and lipid extracted biomass of Scenedesmus sp. 

 Optimize total carbohydrate and reducing sugar extraction form microalgal 

biomass using response surface methodology (RSM) and one-factor approaches 

 Examine the bioethanol production potential of the whole and lipid-extracted 

biomass of Scenedesmus sp. 
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2. Review of Literature 

2.1. Introduction  

Wastewater contains organic carbon, nitrogen and phosphorus nutrients, and other 

pollutants, which are conventionally removed using methods such as physical, chemical, 

and biological processes. However, conventional wastewater treatment processes require 

intensive aeration, which accounts for over 50% of the total energy costs of a wastewater 

treatment plant to remove nitrogen nutrients through the nitrification process and to drive 

bacterial oxidation of organic carbon. Both carbon oxidation and aeration result in CO2 

emission. Moreover, the oxidation of nitrogen nutrients releases N2O, which is a potent 

greenhouse gas. As a result, drawbacks such as the requirement of large land, intensive 

energy input, greenhouse gas emission, recyclable resource wastage, excessive solid 

landfilling, and high maintenance and operational costs (Shahid et al., 2020; Al-jabri et al., 

2021). 

Microalgae are considered an alternative and sustainable biological treatment that are able 

to remove nutrients and other pollutants from wastewater. They are photosynthetic 

microorganisms that are mostly found in aquatic systems and utilized sunlight, water, and 

carbon dioxide for their growth  (Ruiz-martinez et al., 2012). Microalgae-based wastewater 

treatment has the following advantages over conventional biological treatment. It can 

simultaneously remove nitrogen and phosphorus nutrients, reduce energy and operating 

costs, reduce sludge formation, capture CO2, discharge oxygenated effluent and generate 

useful biomass (Arbib & Garrido-pe, 2013; Mennaa et al., 2015). 
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Microalgal-based wastewater treatment performs on the basis of nitrogen and phosphorus 

nutrient assimilation by microalgae for their growth and then they reduce the amount of 

nutrients in the treated wastewater (Rani et al., 2021). Consequently, many researchers 

have proposed that wastewater could be used as a commercial medium for the growth of 

microalgae without any chemical additives (Abou-Shanab et al., 2013; Wang et al., 2012; 

Wang et al., 2010). Moreover, microalgal biomass produced in wastewater can also be used 

as raw material for biofuel production such as biodiesel, bioethanol, and other valuable 

products (Rani et al., 2021). As a result, the combination of microalgae-based wastewater 

treatment with biomass production as biofuel feedstocks has attracted much attention in 

the recent decade (Craggs et al., 2013). This is because microalgae have potentially been 

preferable feedstock for biofuels compared to other agriculture plants (Brennan & Owende, 

2010) because they have the advantages, including fast growth, high photosynthetic 

efficiency, high biomass production, growth on non-agricultural land, able to improve 

strain, and produce coproducts (Kightlinger et al., 2014; Mubarak et al., 2015; Li et al., 

2011). They can synthesize valuable compounds such as carbohydrates, lipids, proteins, 

and pigments (Chng et al., 2017).  

2.2. Agro-Processing Industries and their Environmental Performance 

Agro-processing industries refer to those activities that transform agricultural commodities 

into different forms that add value to the product. They are the link between agriculture 

and industry. “Agro-processing industries are one of the major contributors in the world 

economy especially for developing countries which often rely on subsistence farming and 

income generation from formal and/or informal agro-industries” (Teh et al., 2014). The 

agro-processing industry consists of: i) food and beverages, ii) tobacco products, iii) paper 
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and wood products, iv) textiles, footwear, and apparel, v) leather products; and vi) rubber 

products (Wilkinson & Rocha, 2008). 

The environmental performance of agro-processing industries is examined by considering 

the water uses, energy utilization and greenhouse gas emission, secondary product, waste 

and wastewater production, and Packaging types (Donoghue et al., 2012). Agro-processing 

industries are well known in the use of huge amounts of water and producing an enormous 

amount of wastewater. The composition and quantity of agro-industrial waste depend on 

the source of raw materials, the nature of the products, operations, and processing steps; 

however, it generally contains a large amount of organic materials with high values of COD 

and total suspended solids (TSS) which can be caused severe pollution problems. If the 

untreated waste is released into the environment, it is assumed to cause significant 

environmental problems due to its accumulation in soil and water environments (Teh et al., 

2014). For environmental sustainability, agro-processing waste should be treated and 

safely disposed of in the environment. 

Brewery industry is one of agro-processing industries which is highly dependent on the 

environment for raw materials such as water. Water is very important ingredient of beer, 

composing of 90 to 95 percent of beer by mass. Every process in brewery industry needs 

water. The sources of water are obtained from well/borehole, city or surface. These water 

is first converted into acceptable brewing liquor by the removal of unwanted ions and 

addition of required levels of desirable ions. Breweries consume from 0.4 to 1 m3 water 

per one hectoliter of beer produced. On other word, an efficient brewery consume between 

4 and 7 L of water to produce 1 L of beer.  Moreover, breweries use water for different 

purpose such as heating and cooling, cleaning packaging vessels, production machinery 
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and process areas, cleaning vehicles, and sanitary water (Olajire, 2020). As a result 

breweries produce large quantity of wastewater and hence they are considered to be the 

major sources of environmental and water pollution, particularly in developing countries. 

Wastewater is one of the major issues for brewery industries for their environmental 

performance. Around 3 to 10 L of wastewater is produced per liter of beer. This wastewater 

containing substantial organic matters (such as sugar, protein, alcohol, amino acid, 

cellulose) and essential metal nutrients such as such as N, P, K, and Ca but not contain 

appreciable amount of heavy metals (Song et al., 2020). Therefore, brewery wastewater is 

not toxic and is easily biodegradable. The brewery wastewater consists of industrial process 

wastewater and sanitary wastewater (from toilets and kitchens). COD and BOD are the 

major constitutes of brewery wastewater. Nitrogen and phosphorus levels are highly 

depend on the raw material and the yeast present in wastewater. Nitrogen comes from malt 

and adjuncts as well as from nitric acid (used for cleaning) and its concentration depends 

on the water ratio, amount of yeast discharged, and the cleaning agents.  

Table 1 shows the amount of COD, BOD and nutrients in raw brewery wastewater. For 

example, Ahn et al. (2001) reported the raw brewery wastewater contains COD, BOD, TN, 

NH4
+-N, TP, and suspended solid (SS) in the range of 920 – 1910 mg/L, 730 – 1470 mg/L, 

43 – 200 mg/L, 3 – 11.5 mg/L, 5.3 – 12.5 mg/L and 61 – 300 mg/L, respectively. Alvarado-

Lassman et al. (2008) found the average concentration of COD of 2083 mg/L, BOD of 

1726 mg/L, TKN of 13.3, NH4
+-N of 116 mg/L, TP of 4.8 mg/L and SS of 750 mg/L in 

raw brewery effluent. Therefore, brewers should be taken as an appropriate measure in 

order to minimize the environmental impact of wastewater. They should be treated their 

wastewater using a suitable treatment method before discharging into the environment.  
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Table 1: Some physicochemical characteristics of raw brewery effluent. The units are in 

mg/L except pH.   

 

Parameters 

(Ahn et al., 

2001) 

(Rao et al., 

2007) 

(Xu et al., 2013) (Alvarado-Lassman 

et al., 2008) 

pH 6.3 – 7.0 3 – 12 6 – 10 10 

COD 920 – 1910 2000 – 6000 2144 – 2504 2083 

BOD 730 – 1470 1200 – 3600 1005 – 1235 1726 

TN (TKN) 43 – 200 25 – 80* 24 – 28* 13.3 

NH4
+-N 3 – 11.5 - 18 – 22 116 

TP 5.3 – 12.5 - 8 – 10 4.8 

SS 61 – 300 2020 – 5940 - 750 

 

2.2.1. Brewery Wastewater Treatment  

The brewery wastewater treatments are employed by physical, chemical, or biological 

means or combinations of two or more of these methods (Simate et al., 2011). The physical 

treatment method has been used to reduce suspended solids from wastewater through 

sedimentation by gravitational force. It is also used to separate materials such as coarse 

solids, grease, and oil from the wastewater, but does not degrade pollutants (Amenorfenyo 

et al., 2019). The sequences of physical treatments such as flow equalization, screening, 

grit removal, and gravity sedimentation are used for brewery wastewater treatment (Olajire, 

2012). Chemical methods are used to adjust the pH of the wastewater and for the removal 

of colloidal material from wastewater through coagulation and flocculation. Inorganic 

compounds such as aluminum sulfate (Al2(SO4)3) and ferric chloride (FeCl3) have been 

widely applied as a coagulate in brewery wastewater treatment (Okolo et al., 2017). After 

physical and chemical treatments, the brewery wastewater can then undergo biological 

treatment. Biological treatment of brewery wastewater can be either anaerobic or aerobic. 



13 | P a g e  
 

Due to brewery wastewater contains a high amount of COD, anaerobic digestion has been 

widely employed for the treatment of this wastewater with biogas production. During 

anaerobic digestion, organic pollutants are degraded by a consortium of microbial 

populations through multiple degradation steps such as hydrolysis/fermentation, 

acetogenesis, and methanogenesis. Anaerobic reactors, such as up-flow anaerobic blanket 

reactor (UASB) (Parawira et al., 2005), anaerobic granular bed baffled reactor (GRABBR) 

(Baloch et al., 2007), anaerobic fluidized bed (AFB) (Ochieng et al., 2002), and Anaerobic 

sequencing batch reactor (ASBR) (Xiangwen et al., 2008) have been reported to treat 

brewery wastewater. However, an up-flow anaerobic sludge blanket (UASB) reactor is one 

of the most common methods which is widely used for brewery wastewater treatment (Xu 

et al., 2013).  

The performance of UASB has been studied at a laboratory, pilot, and full-scale, which 

mainly emphasized on the reduction of COD. Öktem & Tüfekçi (2006) evaluated the 

performance of a pilot-scale UASB reactor at the pilot-scale for the treatment of brewery 

effluent and reported a removal of 95% COD. Ahn et al. (2001) conducted a study to 

evaluate the performance of full-scale UASB reactor on brewery wastewater and obtained 

an average of 85% of COD. However, the effluent that comes from the UASB reactor 

contains relatively high amounts of nitrogen and phosphorus nutrients, which need post-

treatment before discharging into the environment. For instance, Rodrigues et al. (2001) 

reported a concentration of soluble COD of 470 mg/L, ammonium nitrogen of 23 – 80 

mg/L, nitrite-nitrogen of 0 –1.2 mg/L, nitrate nitrogen of 0 –3 mg/L and soluble phosphorus 

of 8 – 20 mg/L in a brewery effluent come from UASB reactor. 
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Several post treatment configurations based on several combinations with UASB reactor 

were reported in the literature. Among these, activated sludge process, constructed wetland, 

sequence batch reactor, aeration system, polish ponds (Khan et al., 2011). Rodrigues et al., 

(2001) used sequence batch reactor for post-treatment of UASB brewery effluent and 

reported NH4
+-N removal efficiency of 97%. 

2.2.2. Brewery Wastewater Management in Ethiopia 

In Ethiopia, there are more than ten brewery industries. Among these, the majors are BGI 

Ethiopia (Addis Ababa, Kombolcha and Hawassa Plants), Diageo Meta Abo, Heineken 

(Addis Ababa, Bedele, and Harar Plants), Dashen (Debre Birhan and Gonder Plants) and 

Habesha. Water consumption by these brewery industries ranges from 9 to 22 m3 water/m3 

beer (Abebe et al., 2018). This is too much higher than the accepted international best 

practice benchmark of 6.5 m3 water/m3 beer (Oyebode & Adewumi, 2014). 70% of the 

water used in brewery effluent becomes wastewater. Therefore, breweries produce a 

substantial wastewater stream which rich in organic matter and nutrients, originating from 

the brewery process (Simate, 2015).  

The wastewater constitutes of Ethiopian’s brewery industries have been reported in 

previous studies. Table 2 shows the concentration of nutrient and organic contents of raw 

wastewater in Ethiopian brewery industries. For instance, Abebe et al. (2018) reported the 

concentration of BOD5, COD, TKN, NH4
+-N, NO3

--N, and PO4
3--P are in a range of 667–

1505 mg/L, 950–4149 mg/L,  25–38 mg/L, 15–34 mg/L, 6.83–19 mg/L, 14–30 mg/L, 

respectively, in raw brewery wastewater. Different studies have been conducted in order 

to treat the raw brewery wastewater. For example, Abebe (2018) used hydroponic 

treatment methods to treat raw brewery wastewater and reported a maximum removal of  
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73% BOD, 58% COD, 46% TKN, 46% NH4
+-N, 58% NO3

--N and 63% PO4
3-- P. 

Temesgen et al. (2018) achieved a maximum removal of 94.85% BOD5, 93.25% COD, 

77.21% TN, and 78.18% TP from raw brewery wastewater using isolated bacteria for 12 

days.  

Table 2: Nutrient and organic matter contents of raw wastewater of Ethiopians’ 

breweries. The units are in mg/L. 

 

Parameters 

Kebena, 

(2014) 

Abebe et al. 

(2018) 

Temesgen et 

al. (2018) 

Awash Basin 

Authority (2018) 

Ermias and 

Seyoum (2021) 

COD 2676.0 667 – 1505 3243 3,000 1210 – 2966 

BOD5 1505.0 950 – 4149 1380 1,800 
 

TKN (TN) 39.0 25 – 38 79 50 50.3 – 122 

NH4
+-N 16.5 15 – 34 - - - 

NO3
--N 7.8 6.83 –19 - - - 

PO4
3--P - 14 – 30 - - 21.9 – 54.4 

TP 57.3 - 55 30 28.4 – 60.1 

The brewery industries such as BGI Ethiopia, Haniken and Habesha breweries have used 

the wastewater treatment plant as indicate in Figure 1 (Kebena, 2014; Awash Basin 

Authority, 2018; Elias & Abraham, 2019) (no data available for other Breweries). These 

brewery industries used anaerobic digestion using UASB reactor, as one part of treatment 

in their wastewater treatment plants. Kebena (2014)  reported that the UASB effluent has 

a concentration of 228 mg/L COD, 98 mg/L BOD5, 16.6 mg/L NH4
+-N, 36.7 mg/L TN, 

and 54.3 mg/L TP. Ermias and Seyoum (2021) also characterized the effluent of UASB 

reactor for the period of one year and reported that a concentration of COD, TN, PO4
3--P, 

and TP are in the range of 207.3 – 614 mg/L, 25 – 101.4 mg/L, 10.2 – 32.9 mg/L, and 20.3 

– 42.5 mg/L, respectively. As a result, the brewery industries have used the aerobic reactor 



16 | P a g e  
 

to remove nitrogen nutrients and chemical precipitation for phosphorus reduction after 

UASB reactor. However, these approaches are not cost effective and environmental 

friendly. Ermias and Seyoum (2021) conducted a study for the post treatment of UASB 

reactor using a pilot scale horizontal subsurface flow constructed wetland system and found 

a removal efficiency of 92% COD 83.6% TN, 92.9% NH4
+-N, and 74.4% TP. This is the 

natural way of wastewater treatment that shows a promising result. 

 

Figure 1: Schematic diagram of Ethiopian’s Brewery Wastewater treatment Plant.  

2.3. Microalgae-Based Wastewater Treatment  

2.3.1 Nutrient Profile of Wastewater as Microalgae Growth Media 

Wastewater is classified as municipal, agricultural, and industrial based on its source. Most 

wastewater is suitable for the cultivation of microalgae in terms of its organic carbon, 

nutrients (nitrogen and phosphorus), and other compounds (Pacheco et al., 2015). Nitrogen 

is present in wastewater as ammonia (NH4
+-N), Nitrate (NO3

--N), nitrite (NO2
--N), and 

organically bound nitrogen. Phosphorus exists in wastewater primarily in the form of 

Phosphates (PO4
3--P). Table 3 shows an overview of nutrient levels in different 

wastewaters, including brewery wastewater that is utilized for microalgae growth. 

Municipal wastewater can contain multiple inorganic substances from domestic and 
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industrial origin comprising several heavy-metal pollutants. Agricultural wastewater 

derived from animal manure that can contain N and P concentrations of >1000 mg/L. 

Industrial wastewater may contain high levels of heavy metal pollutants and organic 

chemical toxins (hydrocarbons, biocides, and surfactants). Nevertheless, its composition is 

extremely variable depending on the industrial sector (Lage et al., 2018). 

The nutrient profiles of municipal wastewater vary significantly among different sources, 

leading that high differences in the growth of microalgae (Li et al., 2019). Wang et al. 

(2010) used a municipal wastewater with the concentration of 231, 33.4, 40.6, and 5.7 mg/L 

before primary settling and 224, 32.2, 38.9, and 6.9 mg/L after primary settling of  COD, 

NH4
+-N, TN and TP, respectively, for microalgae cultivation. Ji et al. (2013) evaluated 

tertiary treated municipal wastewater that had a concentration of 8.7 mg/L TN, 0.4 mg/L 

NH4
+-N, 8.5 mg/L NO3

--N, and 1.69 mg/L PO4
3--P for microalgae growth. Tripathi et al. 

(2019) cultivated microalgae in raw municipal wastewater that has a concentration of 456.5 

mg/L COD, 15.3 mg/L NO3
--N, and 9.8 mg/L TP.  

The direct application of agricultural wastewater for microalgae cultivation is not suitable 

due to the turbidity and the high nutrient concentration, which might inhibit microalgae 

growth (Chen et al., 2015; Li et al., 2019). As a result, this wastewater should be either 

dilute or anaerobically digested before use as microalgae cultivation. For example, Ayre et 

al. (2017) cultivated microalgae on undiluted anaerobically digested piggery effluent, 

which had a concentration of 240 – 690 mg/L NH4
+-N and 33 – 43 mg/L TP. However,  Jia 

et al. (2015) used different dilution levels of anaerobically digested piggery effluent for 

microalgae cultivation. They reported 15% diluted anaerobically digested piggery effluent 
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had a concentration of 168.72 mg/L TN and 19.50 mg/L TP, which are more suitable for 

microalgae. 

The use of agro-industries wastewater such as olive mill, wineries, brewery, and vegetable 

processing for the microalgae cultivation as raw or after secondary treatment (anaerobic 

digestion) have been reported in previous studies. For instance,  Raposo et al. (2010) used 

raw brewery wastewater that had a concentration of 545–7837 mg/L COD, 3 – 106 mg/L 

NH4
+-N, 1.8–11  mg/L NO3

--N, and 57–326 mg/L TP for microalgae growth. Moreover, 

Farooq et al. (2013), Darpito et al. (2014), Choi (2016), and Ferreira et al. (2017) employed 

anaerobically digested brewery effluent that had a concentration of TN, TP and COD 

ranged from 7.2 to 75 mg/L, 4.8 to 54.4 mg/L, and 100 to 856 mg/L, respectively, for the 

cultivation of microalgae.  

In general, different wastewater types are suitable for microalgae growth, but biomass 

production is mainly dependent on the availability of nutrients in the 

wastewater. Compared to other wastewater, municipal wastewater is more suitable to 

cultivate microalgae due to it has less toxic substances. Furthermore, the wastewater from 

agro-industries like a diary, brewery, and a vegetable do not contain a significant amount 

of heavy metals and has the potential to support the growth of microalgae. 
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Table 3: Nutrient profiles of brewery effluent and other wastewaters used for the cultivation of microalgae in previous studies. 

 
Wastewater  

Microalgae 
species 

Nutrient and organic content (mg/L) Reference 
COD NH4

+-N TN TP PO4
3- -P 

 

Raw brewery WW  Chlorella  545 – 7837  3.0 – 106   - 57 – 326  - Raposo et al. (2010) 

Raw brewery WW  

AD brewery effluent 

Chlorella v. 2000 – 3000  

100 - 150 

- 

- 

30 – 45  

50 – 75  

12 – 16  

12 – 20  

- 

- 

Farooq et al. (2013) 

          “ 

AD brewery effluent Chlorella pro. 275.4 - 72.60 54.40 - Darpito et al. (2014) 

AD brewery effluent Chlorella v. 698 – 856  - 19 – 38  4.80 – 13  - Choi (2016) 

AD brewery effluent  Scenedesmus ob. 628 24.50 120* 41.3** 13.50 Ferreira et al. (2017) 

Domestic WW 

Primary  effluent 

Secondary  effluent 

 

Scenedesmus sp. 

 

235 

41 

 

32.70 

0.14 

 

41 

11 

 

8.40 

1.90 

 

- 

- 

 

Zhang et al. (2014) 

           “ 

Domestic effluent Scenedesmus sp. 360 - 22.4 3.26 - Mohamed et al. (2018) 

Raw municipal WW Scenedesmus sp. 456.3 - - 9.80 - Tripathi et al. (2019) 

Raw campus Sewage S. quadricauda 240.2 27.20 - 2.40 - Han et al. (2015) 

AD piggery WW Scenedesmus ob. 224+ 4.50 56 13.50 11.40 Abou-Shanab et al. (2013) 

AD dairy effluent Botryococcus sp. 342 - 65.1 17.50 - Gani et al. (2015) 

ADPE Scenedesmus sp. 1118 - 1124 130 - Jia et al. (2015) 

ADPE Scenedesmus sp. - 1300 1400 35 - Raeisossadati et al. (2019) 

+ =total carbon, * TKN, **PO4
3- 
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2.3.2. Microalgae Growth and Biomass Production in Wastewaters   

Many microalgae species can effectively grow on different wastewater types due to their 

potential to utilize abundant organic carbon and inorganic N and P nutrients in the 

wastewater (Pittman et al., 2011). Microalgae can be cultivated in batch or continuous 

mode in a growth medium and their growths are measured by several methods. The most 

common used are (1) direct counting of cells, (2) dry weight measurement, (3) optical 

density measurement, and (4) chlorophyll content measurement (Lee and Shen, 2004). 

Optical density (OD) is indirect measurement and known as absorbance or turbidity within 

the wavelength range 560–750 nm. It is a rapid and non-descriptive method to measure 

biomass in the culture of algae and other unicellular microorganisms (Lee et al. 2013). The 

amount of light absorbed by algal cell suspensions can be related to cell biomass (Griffiths 

et al., 2011). The optical density (OD) is measured at 680 nm or 750 nm for most of the 

algal species (Lee et al., 2013). The determination of dry weight requires cell separation, 

washing steps (mostly for marine algae), and drying to constant weight (Lee and Shen, 

2004).  

The microalgae growth characteristics like biomass production and productivity, specific 

growth, and doubling time in wastewater were reported in several previous studies. Table 

4 shows the growth characteristics, particularly for Scenedesmus sp. and other microalgae 

types on wastewater. Brewery wastewater has been used for the cultivation of the 

microalgae like Chlorella vulgaris (Farooq et al., 2013; Raposo et al., 2010), Chlorella 

prototheocide,  (Darpito et al., 2014), Scenedesmus obliquus (Ferreira et al., 2017; Marchão 

et al., 2018) and Spirulina sp. (Lu et al., 2017). Farooq et al. (2013) found a maximum 

biomass yield of 3.2 g/L from Chlorella vulgaris that cultivated in 250 mL flask under 
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photoautotrophic for seven days and then for five days under mixotrophic conditions using 

light intensity of 100 µmol/s m2 at 25 °C, 150 rpm shaking, and a maintained airflow rate 

of 100.0 cc/min. Marchão et al. (2018) cultivated Scenedesmus obliquus in a brewery 

effluent and achieved a maximum biomass production of 0.93 g/L with biomass 

productivity of 226.6 mg/L/d in batch cultivation model under continuously illumination 

with an average light intensity 43.20 μmol photons/m2.s. They also reported the highest 

specific growth (1.5 d-1) of Scenedesmus obliquus in a brewery effluent. 

Scenedesmus sp. has been cultivated in different wastewater types for biomass production 

with nutrient removal in previous studies. For example, wastewaters like domestic, dairy, 

municipal, and industrial were used for microalgae cultivation, as shown in Table 3. A 

relatively higher biomass production (8.55 g/L) with the biomass productivity (370 

mg/L/d) of Scenedesmus sp. reported by the study of Kim et al. (2015) in 250 mL baffled 

culture flask containing 200 mL of the autoclaved AD effluent, and cultivated for 23 days, 

with operational conditions of constant shaking at 150 rpm, constant temperature at 27 °C, 

continuous light with 140 µmol photons/m/s, and 2% of CO2 air supplementation with 0.2 

vvm. However,  the lower biomass yield (0.11 g/L) was reported by Xin et al. (2010), who 

cultured using 500 mL flask in domestic wastewater under the condition of  light intensity 

55– 60 mmol photon/m2/s, light/dark periods of 14 hours/10 hours, relative humidity 75%, 

and temperature 258 ℃ for 15 days. 

Nayak et al. (2016) studied the growth of Scenedesmus sp. in domestic wastewater using a 

photobioreactor with 500 mL of working volume under the condition of 3500 lux, 

photoperiod of 14:10 light-dark cycle, and temperature of 25 ℃ for 7 days with the supply 

of different amounts (0.03%, 2.5%, 5% and 10%) of flue gases. A maximum biomass yield 
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of 1.37 g/L, biomass productivity of 196 mg/L/d, and the specific growth rate of 0.51 d-1 

with a doubling time of 1.36 d-1 under the supply of 2.5% CO2 flue gas. Ansari et al. (2017) 

cultivated Scenedesmus sp. in institutional wastewater using reagent bottle containing 1 L 

of wastewater and the culture was illuminated under natural sunlight with photoperiod of 

14:10 light-dark cycle at ambient temperature of 24 ℃ by suppling CO2 for 12 days. They 

found the maximum biomass production of 0.45 g/L, biomass productivity of 58.7, specific 

growth rate of 0.33 d-1 and doubling time 2.10 d. 
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                          Table 4: Growth characteristics of microalgae in brewery wastewater and other wastewater types. 

        Wastewater Microalgae 

Species  

Time   

(d) 

Xm 

(g/L) 

Bp 

(mg/L/d) 

µ 

(d-1) 

TD 

(d) 

Reference  

Domestic secondary 

effluent  

Scenedesmus sp. 15 0.11 - - - Xin et al. (2010) 

MWW effluent Scenedesmus sp. 10 - 132.42 1.39 
 

Mcginn et al. (2012) 

AD brewer effluent Chlorella vulgaris 8 3.44 226.60 - - Farooq et al. (2013) 

AD brewery effluent Chlorella pro. 6 1.88 290.00 - - Darpito et al. (2014) 

Industrial effluent  Scenedesmus sp 10 0.51 - 1.09  Whangchenchom et al. (2014) 

Raw Industrial effluent  Scenedesmus sp. 10 0.17 - 0.79 - Whangchenchom et al. (2015) 

AD Urban effluent  Scenedesmus sp. 23 8.55 370.00 - -  Kim et al. (2015) 

AD dairy effluent  Scenedesmus sp. 14 1.34 - - - Jia et al. (2015) 

Raw Domestic WW Scenedesmus sp. 7 0.89 127.00 0.44 1.56 Nayak et al. (2016) 

AD brewery effluent Scenedesmus ob. 17 0.94 217.00 - - Ferreira et al. (2017) 

Raw Institutional WW Scenedesmus sp. 12 0.45 58.70 0.33 2.10  Ansari et al. (2017) 

Raw Molasses WW Scenedesmus sp.  7 3.40 - - - Ma et al. (2017) 

AD urban effluent  Scenedesmus sp. 18 3.22 160.00 0.26 - Kim et al. (2017) 

AD Brewery effluent Scenedesmus ob. 12 0.93 156.80 1.50  Marchão et al. (2018) 

Raw Municipal WW Scenedesmus sp. 14 1.81 - - - Tripathi et al. (2019) 
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2.3.3. Nutrient Removal Potential of Microalgae from Brewery Wastewater  

Microalgae-based wastewater treatment systems are not only removal nitrogen and 

phosphorus but also offer environmental benefits such as increased dissolved oxygen, 

reduced bacteria, and removal of heavy metals, all of which improve the feasibility of 

treated secondary effluent for water reuse (Wang et al., 2017). Several microalgae have 

been used for nutrient removal from wastewater. The most widely studied microalgae 

species for nutrient removal from wastewater is Chlorella and Scenedesmus. Particularly, 

the microalgae species Chlorella (Darpito et al., 2014), Scenedesmus (Marchão et al., 

2018), and Spirulina  (Lu et al., 2017) have been used for the removal of nutrients form 

brewery effluents.  

As depicted in Table 5, different microalgae species showed a high potential for removal 

from brewery wastewater. Darpito et al. (2014) reported the removal efficiency of 96% TN 

and 90% TP using Chlorella protothecoide within 8 days of cultivation on AD brewery 

effluent. The removal efficiencies ranged from 50 – 62% COD, 71–73% NH4
+-N, 73 – 

89% TKN and 4 – 40.2% PO4
3- -P were obtained using Scenedesmus obliquus under 

continuous cultivation for 17 days (Ferreira et al., 2017). The  study conducted by Marchão 

et al. (2018) on AD brewery effluent achieved the removal efficiencies of 70% COD, 99% 

NH4
+-N, 75% TN, and 43% PO4

3--P using Scenedesmus obliquus in batch culture for 18 
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days. This shows that there is a variation in nutrient removal from a brewery effluent within 

different microalgae.  

Scenedesmus sp. has been shown different removal potential in various wastewater types. 

Complete removal of TN and PO4
3--P was recorded in municipal wastewater (Tripathi et 

al., 2019). The removal efficiency of over 95% TN using Scenedesmus sp. achieved in 

domestic effluent (Xin et al., 2010), institutional wastewater (Ansari et al., 2017), AD 

urban effluent (Kim et al., 2015), and AD urban effluent (Kim et al., 2017) and over 95% 

TP recorded in domestic primary and secondary effluents (Zhang et al., 2014), AD urban 

effluent (Kim et al., 2015), AD urban effluent (Kim et al., 2017), and domestic secondary 

effluent (Mohamed et al., 2018). The COD removal efficiency of over 90% was attained 

in institutional wastewater (Ansari et al., 2017) and anaerobic digested effluent of cattle 

(Luo et al., 2019). 
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   Table 5: Removal of nutrients and COD in wastewater by microalgae. 

Microalgae sp. Wastewater Time 

(d) 

Nutrients (mg/L) Reference 

COD NH4
+-N TN PO4

3- -P TP 
 

Chlorella vu.  Raw Brewery WW 19 - - 85 - 90 - 54 - 66 Raposo et al. (2010) 

Scenedesmus sp.  AD Domestic effluent  15 - - 98.50 - 98.00 Xin et al. (2010) 

Chlorella pro. AD Brewery effluent 6 74.18 - 96.00 - 90.00 Darpito et al. (2014) 

Scenedesmus sp 15% AD dairy WW 14 - - 91.28 - 88.70 Jia et al. (2015) 

Scenedesmus sp. AD urban effluent  23 - - 99.19 - 98.01 Kim et al. (2015) 

Chlorella sp.  AD Brewery effluent 8 - - 100.00 - 100.00 Subramaniyam et al. 

(2016) 

Scenedesmus sp. Raw Institutional WW 7 95.00 - 99.70 80.50 - Ansari et al. (2017) 

Scenedesmus sp.  Raw molasses WW  87.20 - 90.50 - 88.60 Ma et al. (2017) 

Scenedesmus sp. AD urban effluent  18 - - >97.70 - 98.20  Kim et al. (2017) 

Spirulina sp. AD Brewery effluent 5 75.20 - 78.30 - 97.40 Lu et al. (2017) 

Scenedesmus ob. AD Brewery effluent 17 50 - 62 71 - 93 73 - 89  6 - 40.80 Ferreira et al. (2017) 

Scenedesmus sp. Raw Domestic effluent 8 69.90 - 91.86 - 98.15 Mohammed et al. 

(2018) 

Scenedesmus ob. AD Brewery effluent 18 70.00 99.00 75.00 43.00 - Marchão et al. (2018) 

Scenedesmus sp. Raw Municipal WW  14 88.20 - 100 100 - Tripathi et al. (2019) 

Scenedesmus sp. ADEC 7 >90 - >90 79-88 - Luo et al. (2019) 



 
 

2.3.4. Nutrient Removal Mechanisms of Microalgae from Wastewater  

A major requirement of wastewater treatment is the need to remove or reduce the amount 

of nitrogen and phosphorus nutrients to meet, or at least close to, the acceptable limits 

before discharging or reuse the effluent in many countries (Liu et al., 2017). Different 

studies showed that microalgae are efficiently removed nitrogen and phosphorus nutrients 

from a diary wastewater (Gani et al., 2015), municipal wastewater (Tripathi et al., 2019), 

domestic wastewater (Mohammed et al., 2018), piggery wastewater (Raeisossadati et al., 

2019) and brewery wastewater (Raposo et al., 2010). Therefore, they have the potential to 

play an important role in wastewater remediation (Pittman et al., 2011).  

Microalgal wastewater treatment can be employed at any point in the treatment process. It 

might be after the primary setting, or as secondary steps, or as a tertiary step (Wang et al., 

2010; Pittman et al., 2011). In conventional treatment, N and P remove in two separate 

processes from wastewater. The first is usually the conversion of N to N2 gas through 

nitrification-denitrification and the second is the precipitation of P with a metal salt. 

However, microalgae are removing nutrients through assimilation and remove N and P 

from wastewater in a single process and produce useful biomass (Beuckels et al., 2015). 

Therefore the utilization of microalgal wastewater treatment is very crucial in developing 

countries like Ethiopia to manage their wastewater with biomass production for biofuel 

feedstocks. 

2.3.3.1. Carbon Removal  

Carbon constitutes of microalgal cells varied from 40% to 50%, depending on the supply 

of carbon and light (Liu et al., 2017). It is the most essential macronutrient present in all 
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the major cellular components such as polysaccharides, amino acids, nucleic acids, and 

lipids (Markou et al., 2014). Microalgae can fix atmospheric carbon via photosynthesis in 

photoautotrophic mode. This requires an effective light supply strategy and a gaseous or 

soluble CO2 supply. Treatment of wastewaters by microalgae in photoautotrophic mode is 

hugely carbon limited, as most of the organic carbon present in certain wastewaters is not 

available for microalgal metabolism. This is the probable cause for the relatively low COD 

removal efficiencies attained in microalgae-based wastewater treatment systems 

(Nagarajan et al., 2020). The supply of atmospheric CO2 (which is about 0.04%) does not 

support optimal growth. Hence, a supply of inexpensive gaseous carbon sources is essential 

(Uggetti et al., 2018).  

The assimilation of organic carbon by microalgae can also be occurred through the growth 

mode of mixotrophic or heterotrophic. Wastewaters are rich in organic carbon compounds 

such as acetate, propionate, ethanol, methanol, butyrate, lactate, and other volatile organic 

acids which could be assimilated by microalgae (Lowrey et al., 2014). The growth and 

nutrient removal efficiencies of microalgae are inhibited by high organic loading. 

Therefore, dilution of high organic loading wastewater is one of the mechanisms to reduce 

the COD loading which could decrease the inhibitory effects. Marjakangas et al. (2015) 

reported dilution of anaerobically digested sterile piggery wastewater improved growth of 

Chlorella vulgaris CY5 and resulted in an enhanced lipid accumulation of 54.7% by dry 

weight. Thus, microalgal growth could be carbon limited in certain wastewaters, and the 

mixotrophic/heterotrophic mode of cultivation is much suited for organic carbon removal 

due to the alleviation of light supply issues in highly turbid wastewaters (Lowrey et al., 

2014). 
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2.3.3.2. Nitrogen Removal 

The removal of nutrients using microalgae-based wastewater is accomplished through one 

of the two pathways: direct or indirect removal. Figure 2 shows the mechanism of nitrogen 

nutrient removal in microalgae-based wastewater treatment. Direct nutrient removal is 

achieved by the uptake or assimilation of nutrients into the biomass for storage. In 

wastewater, nitrogen nutrients are found in the form of NH4
+,  NO3

-, NO2
-, and organic-N, 

which are translocated across the microalgal cell membrane during assimilation (Cai et al., 

2013a) in the preference of NH4
+  >NO3

-  > NO2
- > org-N (Whitton et al., 2015). NH4

+ is 

the more preferable to assimilate into amino acids for the formation of a protein with the 

utilization of minimum energy, whereas the other nitrogen species should be converted into 

NH4
+ before being incorporated into amino acids (Cai et al., 2013a). Microalgae can 

remove nearly 100% NH4
+-N in wastewaters compare to TN or NO3

--N/NO2
--N (Luo et 

al., 2016) (Zheng et al., 2019).  

Organic nitrogen sources such as urea can be efficiently utilized by a number of 

microalgae. For example, the microalgae Spirulina platensis exhibited better growth 

performance when the source of nitrogen was urea in fed-batch cultures compared to 

ammonium sulfate (Soletto et al., 2005). NH4
+-N in wastewater may also be removed 

through N2 loss due to a bacterial nitrification-denitrification process (Wang et al., 2017). 

The indirect removal of NH4
+-N occurs at high pH (pH > 7) and temperature, where the 

equilibrium between NH4
+ and NH3 shift toward NH3 gas, which is subsequently 

volatilized and stripped from wastewater. The mechanism of indirect NH4+-N removal has 

to contribute about 53% – 87% removal efficiency of NH4
+-N for Scenedesmus obliquus 

(Martinez et al., 2000; Whitton et al., 2015). 
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Figure 2:  Mechanism of nitrogen removal in microalgae-based wastewater treatment 

(adapted from Wang et al., 2017). 

2.3.3.3. Phosphorus Removal 

Phosphorus (P) is the most significant nutrient next to nitrogen for microalgal growth; 

microalgae contain about 1%–3% P in the dry weight of biomass (Delrue et al., 2016). 

Figure 3 shows the mechanism of phosphorus nutrients removal in microalgal based 

wastewater treatment. Phosphorus is transported across the cell membrane by an energy 

active process (Cai et al., 2013a; Whitton et al., 2015) and it is incorporated into nucleotides 

following phosphorylation for the synthesis of ribosomal RNA (Beuckels et al., 2015; 

Whitton et al., 2015). Moreover, microalgae can uptake high levels of phosphate and 

accumulate as polyphosphate granules in insoluble from in a process called luxury uptake. 

Luxury up take could account for about 53 ± 8% of the total cellular phosphate reserves. 

High light intensity (150 μE/m2.s) promoted acid soluble phosphate accumulation in 

synthetic wastewater containing 0.41–3.16% phosphates, treated by a Scenedesmus sp. 
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dominated microalgal consortium. Phosphorus is also removed via precipitation with metal 

ions (Ca, Mg and Fe) within the wastewater effluent at elevated pH and high dissolved 

oxygen concentration (Powell et al., 2009).  

The uptake and removal of phosphorus could depend on the nitrogen concentrations in 

wastewater. Higher phosphorus removal was shown by both Chlorella sp. and 

Scenedesmus sp. when the N levels in wastewater were higher. The removal of P was 

reached around 6 mg/L when the concentration of N was 40 mg/L; but the phosphorus 

removal was decreased to 2 mg/L when the nitrogen concentration was decreased to 20 

mg/L for both Chlorella and Scenedesmus (Beuckels et al., 2015). Thus, an optimal N/P 

ratio in wastewater is crucial for the maximal removal of phosphorus. On the other hand, 

phosphorus removal can occur through precipitation at pH > 8.5 due to the presence of 

cations such as magnesium and calcium. Precipitation of calcium and magnesium 

phosphates could reach up to 50% of total Phosphorus removal in microalgae-based 

systems treating wastewaters (Wang et al., 2017). 
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Figure 3: Mechanism of phosphorus removal in microalgae based wastewater treatment 

(adapted from Wang et al., 2017). 

2.3.5. Factor Affecting Nutrient Removal using Microalgae from Wastewater  

The removal of nutrients from wastewater is affected by several factors, including 

microalgae species type, wastewater characteristic, light intensity and light-dark cycle, N/C 

and N/P ratio, CO2 supply, cultivation mode, mixing, and so on. The characteristics of 

microalgae that are used in advanced wastewater treatment must have fast growth rates and 

high nutrient removal efficiency  

The microalgae species, which uses in wastewater treatment must have the properties of 

fast growth rates and high nutrient remove uptake (Guzzon et al., 2008; Shilton et al., 2012)  

utilize a low amount of nutrients, and reduce them to even lower levels (Xin et al., 2010; 

Yin et al., 2015). The other basic properties are the microalgae species should be easy 

separate or harvest after treatment (Attasat et al., 2013), tolerant of environment 
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fluctuations (Mallick, 2002; Suh & Lee, 2003) and resistant to bacteria or fungal 

contamination and zooplankton predation (Boonchai & Seo, 2015; Wu et al., 2014). 

2.3.5.1. Wastewater Characteristics 

Wastewater is generated from different sources, thereby each wastewater is unique in its 

physical and chemical properties. Therefore, the treatability of wastewater is highly 

influenced by the intrinsic characteristics of the wastewater to be treated and the microalgal 

species used.  The wastewater characteristics like nutrient levels, pH, temperature and toxic 

substances (such as heavy metals, aldehyde, and phenols) could largely influence the 

removal of nutrients as well as the growth of microalgae (Cai et al., 2013a). Influent 

wastewater characteristics such as COD, BOD, TN, TP, other heavy metals and trace 

elements, pH, solids content, turbidity, micro-pollutants content differ for each wastewater 

and are highly inconsistent. Municipal wastewater, animal wastewater, and food 

processing wastewater such as dairy, brewery, beverage, and vegetable oil industries were 

widely investigated (Li et al., 2019). Most of these wastewaters are not directly used for 

the growth of microalgae. But it needs some types of pretreatments like filtration, UV-

radiation (Cho et al., 2011), and autoclaving (Chan et al., 2014) to improve the cultivation 

of microalgae and to remove suspended solids, zooplankton and bacteria. 

2.3.5.2. C/N and N/P Ratio 

The removal of nutrients using microalgae is influenced by the ratio of C/N and N/P in 

wastewater. These ratios in wastewater is significantly varied with wastewater types, and 

most microalgae species have their own optimal values of ratios. Microalgae could use 

organic carbon during mixotrophic and heterotrophic growth in wastewater. However, they 

could use CO2 supply through aeration, as the C/N ratio is not sufficient for their growth. 
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(Ma et al., 2017) conducted a study to examine the variation of a C/N ratio on the efficiency 

of wastewater treatment and biomass productivity. They found a low C/N ratio was more 

preferable for the removal of COD than those with higher C/N ratios, which might have an 

effect on growth of microalgae and their nutrient removal performance. Zheng et al. (2019) 

conducted a study by mixing piggery wastewater with brewery wastewater to obtain a 

balanced C/N ratio 7.6, which was considered as an optimized condition. At this C/N ratio, 

they found a biomass productivity of 2.85 g/L with the removal efficiency of 100% NH4
+-

N, 96% TN, 90% TP, and 93% COD. 

The N/P ratio differs considerably with the specific types and sources of wastewater, while 

microalgae could adjust the ratio of N/P in their biomass based on the concentration of 

nutrients in wastewater (Li et al., 2019). The study done by (Beuckels et al., 2015; Whitton 

et al., 2015) showed that the biomass productivity would reduce when the external N/P 

ratio increases. The ratio of N/P in microalgal biomass could range from 4/1 to nearly 40/, 

and the optimal value for freshwater microalgae and high nutrient removal efficiency 

would be approximately in the range of 6.8 – 10 (Wang et al., 2010). It is reported that the 

N/P ratio higher than the optimal value indicates phosphorus limitation whereas lower than 

that value would lead to nitrogen limitation (Wang et al., 2010). Beuckels et al. (2015) 

found that the variation of nitrogen and phosphorus nutrients in wastewater has little impact 

on biomass productivity, but it could highly influence the concentration of nitrogen and 

phosphorus in biomass. Further, they reported that low nitrogen content in wastewater 

would limit the removal of phosphorus in wastewater. Therefore, the supply of sufficient 

nitrogen is one of the possible ways to increase the removal efficiency of phosphorus by 

microalgae. Choi & Lee, (2014) found that the N/P ratio of 10 would give a maximum 
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biomass production, but biomass production was decreased as the N/P ratio was greater 

than 10. They also reported that the removal rate of Phosphorus was consistent with the 

variation trend of biomass production. Lu et al. (2015)  cultivated microalgae in mixed 

different types of slaughter wastewater and found better nutrient removal efficiency. The 

ratios of C/N and N/P of four mixed slaughter wastewater types ranged from 3.5 to 5.7 and 

7.1 to 15.3, respectively. The highest removal efficiencies of TN and NH4
+-N were 

obtained with N/P and C/N ratios of 7.1 and 3.7, respectively, whereas the best for removal 

of TN were 8.7 and 5.7, respectively.     

2.3.5.3. Light Intensity and Photoperiod  

Biomass production and nutrient removal efficiency of microalgae in wastewater are highly 

rely on the light intensity and photoperiod. Microalgae utilize solar energy and incorporate 

it in their biomass during their growth and it is observed that there is a positive correlation 

between light intensity and biomass productivity of microalgae (Mehrabadi et al., 2015; 

Yecong Li et al., 2012). The increase of biomass production and the removal of 

ammonium-nitrogen and phosphorus with light intensity was observed by da Fontoura et 

al. (2017) using Scenedesmus sp. in tannery wastewater. The study conducted by  Li et al. 

(2011) showed that higher light intensity and lighting period with higher exogenous CO2 

amounts enhance biomass production, COD and nitrogen removal efficiency, while, lower 

exogenous CO2 amounts improve the removal of phosphorus. 

Sukacov et al. (2015) found that a higher removal rate of total phosphorus by microalgae 

cultivation under 24 h illumination of artificial continuous light than that under a 12 h light 

and 12 h dark cycle by solar radiation. However, Powell et al. (2008) reported that the 

enhancement of light intensity would cause an adverse impact on the removal of 
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phosphorus by microalgae. They also reported that only acid-soluble polyphosphate is 

affected by light intensity, meaning that strong light intensity would enhance the 

assimilation of acid-soluble polyphosphate. However, Powell et al. (2008) and Hessen et 

al. (2002) found that the intensity of light has a negative effect on the absorption of 

phosphorus by microalgae. 

Hessen et al. (2002) also found the biomass productivity of microalgae is decreased with 

an increase in the P/C ratio in microalgal biomass under the light limitation with an 

abundant amount of phosphorus, whereas the opposite result was obtained with high light 

limitation with a plentiful amount of phosphorus. Lee et al. (2014) investigated the effect 

of photoperiod on nutrient removal, biomass production and algal-bacterial population 

dynamics in wastewater. They studied three different photoperiod conditions, including 12 

h: 12 h, 36 h: 12 h, and 60 h: 12 h dark-light cycle for 12 days. The results revealed that 

the removal of carbon was positively related to the dark cycle length, while the removal of 

nitrogen and phosphorus nutrients presented the opposite trends. This showed that the light-

dark cycle is a key parameter for the treatment of wastewater using microalgae.  

2.3.5.4. pH, Temperature, and CO2  

The pH value of the wastewater influences the removal of nitrogen and phosphorus from 

wastewater. Ammonia nitrogen is found in a wastewater in two forms: NH4
+ and dissolved 

NH3. The volatilization of NH3 is the function of the pH and temperature of the wastewater. 

Nitrogen removes as NH3 through volatilization when the pH reaches more than 8.5. 

According to the equilibrium between NH4
+-N and NH3, nearly 40% of NH3 can be lost 

through volatilization.  Phosphorus can also be removed through precipitation with cations 

as the culture turns to an alkaline environment due to the pH greater than 8.5 (He & Xue, 
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2010; Boelee et al., 2012; Wang et al., 2017). However, wastewater with too much higher 

pH values may inhibit microalgal growth and diminish the amount of both nitrogen and 

phosphorus removal through growth-related assimilation, which may have an effect on the 

overall wastewater treatment performance (Wang et al., 2017). 

A temperature has a role in the overall growth of the microalgae. The growth of microalgae 

and nutrient removal in wastewater are significantly influenced by too much higher and 

lower temperatures. Extremely high and low temperatures have reduced the removal of 

nutrients and the growth of microalgae. For example, at a temperature below 5 ℃, it was 

observed with almost no nutrient removal at all (Chevalier et al., 2000). 

The supply of inorganic carbon either in the form of bicarbonate or concentrated CO2 can 

improve nutrient removal through enhanced microalgal growth. Besides, a CO2 supplement 

could help to control the wastewater pH during photosynthesis, as result reduce the amount 

of nitrogen and phosphorus removal, which take place through NH3 volatilization and 

alkaline precipitation, respectively (Park & Craggs, 2010). Previous studies showed that 

the CO2 addition could have an impact on the removal of COD, nitrogen, and phosphorus. 

The supply of a higher amount of CO2 promotes the removal of COD and nitrogen while 

lower amounts enhance phosphorus removal from wastewater (Li et al, 2011). 

Furthermore, CO2 addition in wastewater could increase the ratio of C/N which then 

increases productivity and consequently enhanced the removal of nutrients (Park et al., 

2013). Hongyang et al. (2011) reported that high organic carbon in wastewater could also 

improve the removal of nitrogen and phosphorus nutrients for Chlorella species. 
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2.3.5.5. Operational Factors 

The initial microalgae biomass inoculum, hydrolytic retention time, and stirring or mixing 

system are considered as operational factors. These factors influence the removal of 

nutrients in advanced wastewater treatment. Microalgae cultures with higher initial 

biomass inoculation show a short lag phase and a higher rate of nutrient removal which 

leads to higher nutrient removal performance within a shorter time (Lau et al., 1995). 

Microalgae-based treatment is highly dependent on the operation of a proper mixing and 

stirring, which offers a better mass transfer in the treatment system via preventing cell 

settling and eliminating thermal stratification, leading to improve the performance of 

nutrient removal (Abdullah et al., 2016; Santiago et al., 2013).  

Mixing/stirring mostly contributes to the removal of NH3 via volatilization, which is known 

as an air-stripping effect. However, its effect on nitrogen removal was too small compared 

to those of temperature and pH effects. Furthermore, mixing/stirring has not been effective 

for the enhancement of phosphorus removal efficiency in microalgal-based wastewater 

treatment. However, it can improve the removal rates (mg/L/day) by 25% (Martinez et al., 

2000). It was reported that shear stress occurred due to excessive mixing/stirring may 

hinder the growth of microalgae, and subsequently it would deteriorate the performances 

of nutrient removal and it would be considered as a limiting step for biomass productivity 

(Carvalho et al., 2006). 

2.4. Microalgae Grown on Wastewater as Biofuel Sources  

Microalgal biomass can be used as alternative energy feedstocks to generate different types 

of biofuels to meet the present and future fuel demand (John et al., 2011). The two common 

liquid biofuels are biodiesel and bioethanol, which may offer a promising alternative to 
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petroleum-based transportation fuels (Demirbas, 2011). These biofuels are sustainable, 

eco-friendly, and carbon-neutral (Bhatt et al., 2014) so that they are an alternative to the 

current energy sources, fossil fuels, which have adverse impacts on the environment due 

to greenhouse gas emission (Pragya et al., 2013) and also become irreversibly depleted 

(Amaro et al., 2011).  

Biofuels are classified into four generations based on feedstocks. These are, first, second, 

third, and fourth-generation biofuels (Abdullah et al., 2019). Of these, the first generation 

biofuel (biodiesel and bioethanol) and second-generation biofuel (only biodiesel) are 

commercially produced. The first-generation biofuels are obtained from food and oil crops 

such as palm, corn, soybeans, sugarcane, rapeseed, sugar beet, maize, and animal fat using 

conventional technology (Noraini et al., 2014). The production of first-generation biofuels 

is associated with problems related to food prices, land usage, and water scarcity. The 

second-generation biofuels are made from non-food crops such as Jatropha, switch glass, 

and wastes, which are effectively resolved the problems associated with first-generation 

biofuel feedstocks. However, the production of second-generation biofuel could be 

unstainable due to its cost-effectiveness, technological barriers, and feedstock collection 

network. The third and the fourth biofuels are derived from algae and genetically modified 

algae. 

The biofuels which are derived from algae have attracted enormous attention due to their 

rapid growth rate, no competition with food crops for land, high CO2 fixation efficiency, 

and possess short growth cycle, and growth in a wide variety of water sources such as fresh, 

saline, and wastewater (Yang et al., 2015). Therefore, algal biofuel feedstocks could 

resolve the problems associated with the first and the second-generation biofuels.   
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 Microalgae biomass conversion technologies are categorized into different types namely 

biochemical conversion, chemical reaction, direct combustion and thermochemical 

conversion (Alam et al., 2015).  Figure 4 shows the biofuels options obtain from microalgae 

through different conversion processes.  

 
 
Figure 4: Energy conversion processes from microalgae (Adapted from Wang et al., 

2008). 

2.4.1. Pretreatments for Biofuel Production 

The production of biofuels like biodiesel and bioethanol from microalgal biomass is first 

needed a pretreatment process to extract lipid and carbohydrates. The pretreatments disrupt 

the microalgal cell and release starch/carbohydrate for bioethanol production (Brennan & 
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Owende, 2010). The pretreatment of microalgal cells makes to release carbohydrates 

efficiently, enhancing saccharification, and sugars bioavailability to maximize bioethanol 

production (Hernández et al., 2015). The cell disruption or pretreatment of microalgae can 

be either mechanical or non-mechanical. The mechanical methods are high-speed 

homogenization, high-pressure homogenization, pressing, ultra-sonication, bead milling, 

autoclaving, pulsed electric field, and microwaving, whereas non-mechanical methods 

involve treating the cells with acids, alkalis, or enzymes, (Chisti and Moo-Young, 1986; 

Mubarak et al., 2015; Günerken et al. 2015; Menegazzo and Fonseca, 2019). The 

mechanical methods have the advantage of being fast and scale-up at the industrial level, 

but their energy consumption is high. Conversely, the non-mechanical methods take longer 

treatment time and also affecting product quality, however, they consuming less energy 

and disrupting cell membranes uniformly (Alessandro and  Filho, 2016). The mechanical 

methods like microwaving, autoclaving, and oven heating, and the non-mechanical 

methods such as chemical pretreatment are selected and performed in this study, thereby 

these methods are discussed in the following sections. Table 6 shows different pretreatment 

for the extraction of carbohydrates from microalgal biomass. 

2.4.1.1 Microwave  

A microwave is an electromagnetic wave of frequency from 300 MHz to 300 GHz, which 

is lower than the infrared and higher than the radio wave (Kim et al., 2013; Chen et al., 

2018). The pretreatment of microalgae cells with microwave is performed by the wave that 

breaks the cell wall by induction of heat. The method is applied for molecules with 

dielectric or polar molecules such as water in the biomass, which generates local heating 

as a result of fractional forces from inter-and intra-molecular movement and then breaks 
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the cell wall by supplying the heat uniformly for the whole sample (Mubarak et al., 2015; 

Günerken et al. 2015; Menegazzo and Fonseca 2019). The higher cell disruption efficiency, 

short processing time, and relatively less energy consumption are the main advantage of 

microwave treatment (Cheng et al., 2013). 

Microwave pretreatment has been carried out in several previous studies for carbohydrate 

extraction (Hernández et al., 2015; Kassim et al., 2019; Kumar et al., 2016). Microwave 

pretreatment has to be carried out with or without chemicals. The combination of 

microwave pretreatment with chemicals like acids, alkaline, and oxidative can be used as 

catalysts for accelerating the reactions and increasing cellulose digestibility. Sulfuric acid, 

hydrochloric acid, and sodium hydroxide are the most commonly used inorganic chemical, 

as powerful hydrolytic agents for cellulose hydrolysis. Microwave-assisted carbohydrate 

extractions from lignocellulosic materials have been reported in several previous studies 

(Inan et al., 2015); Boonmanumsin et al., 2012; Chen et al., 2012)   

2.4.1.2. Autoclaving 

Autoclaving is the form of thermal pretreatment, which usually operates at a temperature 

of 121 ℃ and pressure of 15 lbs. The disruption of the cell walls is due to high thermal 

stress generates inside the autoclave, which makes the release of the intercellular lipid and 

carbohydrates. The extraction of carbohydrates using autoclaving has also been reported 

in several previous studies (Hernández et al., 2015; Miranda et al., 2012; Shokrkar et al., 

2017). Miranda et al. (2012) employed autoclaving with sonication, bead-beating, and 

homogenization for carbohydrate/sugar extraction from Scenedesmus obliquus biomass 

and they reported that maximum sugar contents were obtained with autoclave pretreatment. 

Hernández et al. (2015) used microwave and autoclave pretreatments for 
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carbohydrate/sugar extraction from three microalgae namely Chlorella sorokiniana, 

Nannochloropsis gaditana, and Scenedesmus almeriensis. They obtained the maximum 

carbohydrate/sugar contents using microwave pretreatment for each microalgae species. 

2.4.1.3. Chemical  

Chemical pretreatments are applied for the extraction of carbohydrates. They are carried 

out with the usage of acids or alkalis. These pretreatment methods are easy to operate and 

have good conversion yields in a short period (Sarkar et al., 2012). It can be performed 

with concentrated or dilute acid, but the use of concentrated acid causes the formation of 

inhibiting compounds. Dilute acid pretreatment is considered as one of the promising pre-

treatment methods because it prohibits secondary reaction during pretreatment (Hendriks 

& Zeeman, 2009).  

Acid and alkali are the classic chemicals used for bioethanol production. Pretreatments 

with acid and alkali are fast and relatively inexpensive, providing higher sugar yields (up 

to 100%) using acid (Harun & Danquah, 2011b). The use of concentrated acid for 

pretreatment could be considered more efficient, but they have some drawbacks such as 

the generation of degradation compounds, equipment corrosion, and high operational and 

preservation costs (Martin-Juarez et al., 2017).  

Different acids (HCl, H2SO4, HNO3, H3PO4, etc.) and alkaline (NaOH, KOH, CaO, etc.) 

have been used for the pretreatment of microalgae biomass, but H2SO4 form acid and 

NaOH from alkaline are the most studied hydrolytic agents. Chemical pretreatments are 

most employed together with autoclave, oven, and microwave pretreatments. For example, 

Miranda et al. (2012), Saïdane-Bchir et al. (2016), and Shokrkar et al. (2017) used acid and 
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alkaline pretreatments in an autoclave, Harun et al. (2011) employed alkaline pretreatment 

in the oven, and Kassim et al. (2019) employed alkali pretreatment in a microwave. 



 
 

  

Table 6: Summary of previous studies comparing cell disruption methods for carbohydrate production from different microalgal    

biomass. 

 
 
 

 

Microalgae 

Pretreatment 

 methods 

 

Conditions   

 

Content (%) 

 

Reference  

Scenedesmus sp. Sonicated  NaOH, 1 N, 4 ℃, 20 min 27 Mercado et al. (2020) 

Scenedesmus sp. Ultrasound NaOH, 0.3 N, 80 ℃, 20 min 22.2 Sivaramakrishnan & 

Incharoensakdi  (2018) 

Chlorella vu. Autoclave Two-steps hydrolysis 10.97 Park et al. (2016) 

Chlorella vu. Microwave  HCl, 1 M, 100 ℃, 10min 20 Kumar et al. (2016) 

Chlorella so. Microwave H2O, 150 ℃, 40 s 18 Hernández (2015) 

Chlorella vu.  Autoclave H2SO4, 1% (v/v),  121 ℃, 120 min 50.4 Ho et al. (2013) 

Scenedesmus ob. Autoclave  Two-steps hydrolysis 31.8 Miranda et al. (2012b) 

Chlorococcum infu. Oven  NaOH 0.75% (w/v),  120 ℃, 30 min  32.52 Harun et al. (2011) 

Scenedesmus bij. Oven  H2SO4, 2.0%, 130 ℃, 45 min 26 Ashokkumar et al., (2015) 

Scenedesmus ob.   Shaker  H2O2, 7.5% (w/w),  50 ℃, 1h 15.7 Juárez et al. (2016) 

Chlamydomonas rein. Autoclave H2SO4 3%, 100 ℃ 60 min 59 Thu et al. (2009) 

Chlorella vu. Autoclave Two-steps hydrolysis 22.4 Kim et al. (2014) 



 
 

2.4.2. Lipid from Microalgae Grown on Wastewater  

The content of lipid in microalgae can reach up to 75% of their dry biomass, depending on the 

conditions of cultivation and the microalgae strain/species chosen. The microalgal lipid can be 

utilized as biofuel feedstocks or biomaterial production (Menegazzo & Fonseca, 2019). 

Microalgae species with high lipid content do not adapt well to grow in wastewater (Bhatt et al., 

2014). However, many researchers had screened the microalgae that are able to grow on 

wastewater showing high lipid content. Microalgae such as Chlorella and Scenedesmus sp. are 

promising candidates for lipid production using different wastewater streams. The lipid content in 

microalgae of different strains and species of Scenedesmus is provided in Table 7. For example, 

Álvarez-díaz et al. (2015) found a maximum lipid content of 35.8% from Scenedesmus obliquus 

which is grown on urban wastewater, containing 70 mg/L COD, 20.09 mg/L TN, 15.79 mg/L 

NH4
+-N, and 1.55 mg/L TP. 

2.4.3. Carbohydrate from Microalgae Grown on Wastewater 

The culturing of microalgae in a pure medium to produce carbohydrates and subsequently convert 

them into bioethanol is less competitive compared to traditional fossil energy and competed for 

freshwater. However, there are limited researches that have been conducted with carbohydrate 

production from microalgae grown on wastewater (Tan et al., 2016). Microalgae like Scenedesmus 

and Chlorella have been cultured on different wastewater, achieving carbohydrate content greater 

than 50% (Wang et al., 2015; Jebali et al., 2015), which have been proved the feasibility of 

microalgae-based carbohydrate production on wastewater.  

Table 8 shows the carbohydrate production from microalgae grown on different wastewater 

containing various nutrient conditions. Jebali et al. (2015) produced carbohydrates from 
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Scenedesmus sp. which was grown on industrial wastewater for six days under the batch condition 

and after which the cultivation was operated in semi-continuous mode at 0.3 d-1. They found a 

maximum carbohydrate content of 56.3% but this decreased with the increase of dilution rate. On 

the other hand, Ferreira et al. (2017) reported a carbohydrate contents of 20–26% from 

Scenedesmus obliquus, which was grown on brewery wastewater for 17 days in batch mode, and 

then the cultivation was operated under semi-continuous mode with the supply of 10% CO2 

enriched air. In general, these studies showed that the cultivation of microalgae on wastewater 

under different conditions has a promising result for the production of carbohydrates. 



 
 

 

      Table 7:  Lipid content (%) of Scenedesmus sp. and its strain grown on wastewater  

Microalgae 

Species 

 

Wastewater  

 

Nutrient Available (mg/L) 

Time 

(d) 

Lipid 

content (%) 

 

Reference  

S. obliquus Raw MW  COD = 95.8,  BOD = 71.5,  

TN = 21.96,  TP = 1.28 

14 22.7 Eida et al. (2018) 

Scenedesmus sp. Raw Institutional WW COD =185,  NO3
--N= 9.1, PO4

3--P 

= 18 

12 13 Ansari et al. (2017) 

S. obliquus Raw Aquaculture WW COD = 80 –150 ,  NO3
3--N = 25 – 

100,  PO4
3--P = 4 – 25  

14 30.85 Ansari et al. (2017b) 

Scenedesmus sp. Raw Molasses WW  COD = 8000, TN = 458, TP = 67 7 28.9 Ma et al. (2017) 

Scenedesmus sp. AD Urban effluent TN = 118, TP = 35 18 12.2  Kim et al., (2017) 

 Scenedesmus sp. Raw Domestic WW 

(2.5% flue gas) 

COD = 142,  NH4
+-N = 38.6, 

NO3
--N  = 17.1, PO4

3--P = 9.24 

7 35.6 Nayak et al., (2016a) 

S. obliquus Raw Urban WW COD =70, TN = 20.09, NH4
+-N  = 

15.79, TP = 1.55 

- 35.8 Álvarez-díaz et al. 

(2015) 

S. quadricuada Raw Campus Sewage  COD = 240.2,  NO3
--N = 69.6, 

 NH4
+-N = 27.2,  TP = 2.4 

16 27.36 Han et al. (2015) 

 Scenedesmus sp. Mixed raw municipal 

& industrial  

COD = 167,  TN = 22.65,  

NH4
+-N = 14.75,  TP = 1.74                               

- 28.1 Gentili (2014) 

 

Scenedesmus sp. Domestic secondary 

effluent  

COD = 24, TN = 15.5,  

TP = 0.5, NH4
+-N = 2.5 

35 31-33 Xin et al. (2010) 
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   Table 8: Comparison of carbohydrate production from microalgae grown on wastewater  

Microalgae type Wastewater Nutrient Available  (mg/L) Time 

(d) 

Carbohydrate 

(%) 

Reference  

Scenedesmus bij. AD poultry effluent TOC = 87.5,  TN = 247.3 12 27.6 Singh et al. (2011) 

Scenedesmus ob. Raw food WW COD = 1120 – 1180  TN = 61.7 – 63.5 , TP 

= 6.5 – 21.9 

10 24.5   Ji et al. (2015) 

Chlorella vu. Raw municipal WW COD=602, NH4
+-N = 143, TP=13.1 20 45  He et al. (2013) 

Scenedesmus sp. Raw industrial WW* TOC = 14,898, TN = 1385,  

TP = 108.07 

- 56.3  Jebali et al. (2015) 

Chlorella vu. Raw swine WW COD = 3665, NH4
+-N = 264, PO4

3--P = 174 14 58.3 Wang et al. (2015) 

Microalgae 

consortium 

AD urban WW COD = 259.3, NH4
+-N = 80.4, PO4

3--P = 14.5 - 52.2 González-Fernández 

et al. (2016) 

Chlorella vu. Biogas slurry COD = 120.8, TN = 146.6, TP = 2.18 6 61.5  Tan et al. (2016) 

Scenedesmus ob. Domestic WW  - - 15 Juárez et al. (2016) 

Scenedesmus ob. AD brewery effluent COD=226,  TKN =72.8, PO4
3--P = 12.25 - 20 – 26    Ferreira et al. (2017) 

Scenedesmus ob. Aquaculture WW COD=80 – 150,  NO3
--N = 25 – 100 , PO4

3--

P= 4 – 25  

14 35.1 Ansari et al. (2017) 

Scenedesmus sp. AD dairy WW COD = 3500, TN = 20.80**, PO4
--P = 1.67** 11 27 Mercado et al. (2020) 

    * diluted with BBM, ** given in mM 



 
 

2.4.4. Bioethanol Production 

Bioethanol is derived from the three-generation feedstocks: (1) first-generation feedstock 

from starches (wheat, barley, corn, potato and etc.), and sugars (sugarcane, sugar beet and 

etc.), (2) second-generation feedstocks from lignocellulosic materials (straw, wood, grass 

and an organic portion of municipal solid waste), and (3) the third-generation feedstocks 

from microalgae and macroalgae (Dragone et al., 2010). Currently, bioethanol is mainly 

produced from sugary and starchy feedstocks (first-generation feedstock) due to their 

conversion processes are relatively simpler and easier (Lam & Lee, 2011).  

The conversion of the three-generation feedstocks into bioethanol follows a different path, 

particularly with regard to the obtainment of sugar solutions. Sugar-based feedstocks need 

only an extraction process to get fermentable sugars while starch crops need to undergoing 

hydrolysis to convert starch into glucose and fructose. However, lignocellulosic and algae 

biomasses have to be pretreated before undergoing hydrolysis (Zabed et al., 2017).  
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Figure 5: Generations of bioethanol production (adapted and modified from Zabed et al., 

2017). 

Microalgae are found to be better feedstocks to produce bioethanol in comparison to first 

and second-generation bioethanol feedstocks. First-generation bioethanol is derived from 

food feedstocks, so that, the overexploitation of this feedstock arises the issue of “food 

versus fuel” and leads to several environmental problems including deforestation and 

ineffective land utilization (Lam & Lee, 2012). Second-generation bioethanol is produced 

from lignocellulosic biomass which must be subjected to pretreatment to break down the 

complex structure of lignin and to decrease the fraction of crystalline cellulose (Cardona 

& Sanchez, 2007; Lam & Lee, 2012), but most of the pretreatment methods are energy-

intensive and bring negative impact on the environment (Lam & Lee, 2012).   
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The microalgae species like Chlorella and Scenedesmus have the characteristics to 

accumulate a high amount of carbohydrates instead of lipids as reserve polymer so that 

these species are ideal candidates for bioethanol production. The yield of bioethanol 

production from microalgae has approximately been estimated in the range 46,760 - 

140,290 L/ha, which is several orders of magnitude larger than yields obtained for other 

feedstocks (Mussatto et al., 2010; Behera & Varma, 2016). The ethanol yield from 

microalgae and other feedstocks (first and second-generation) are illustrated in Table 9.  

Table 9: Comparison of bioethanol yield from microalgae with other feedstocks. (Based 

the reviewed paper of Mussatto et al. (2010)).  

Feedstock Ethanol Yield (L/ha) 

Corn stove 1,050-1,400 

Wheat 2,590 

Cassava 3,310 

Sweet sorghum 3,050-4,070 

Corn 3,460-4,202 

Sugar beet 5,010-6,680 

Switch grass 10,760 

Microalgae 46,760 -140,290 

 

The production of bioethanol from microalgal carbohydrates involves the following 

process steps, biomass pretreatment, hydrolysis (saccharification), fermentation, and 

product recovery (Harun & Danquah, 2011a).     

In general, microalgae are superior feedstock for bioethanol production in comparison to 

the lignocellulosic materials which contain lignin in addition to carbohydrates 

(hemicelluloses and cellulose). Lignin is a compact recalcitrant molecule consisting of aryl 
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groups and is surrounding the carbohydrate parts of the lignocellulosic material (Talebnia 

et al., 2010; Markou et al., 2012). This makes it more difficult and costly during 

pretreatment to access the carbohydrate, while microalgae do not contain lignin and 

therefore their cells are not recalcitrant and need less pretreatment to produce bioethanol 

(Alvira et al., 2010). The production of bioethanol from microalgae involves the 

fermentation of sugar from biomass into bioethanol. Bioethanol is produced from biomass 

using two processes. These are the biochemical process (fermentation) and thermochemical 

process (gasification). Microalgae store carbohydrates and proteins in their cells that can 

be used as carbon sources for fermentation. The microorganisms such as bacteria, yeast, or 

fungi are used to produce bioethanol under anaerobic conditions (fermentation process). 

Carbon dioxide and water are also produced in addition to bioethanol in the fermentation 

process. According to the theoretical view, the maximum yield of bioethanol and CO2 is 

0.51 kg and 0.49 kg CO2 per kg of carbon sugar, glucose (Harun et al., 2010). 

2.4.4.1. Hydrolysis (Saccharification)  

Saccharification is one of the major processes for converting cellulosic feedstocks into 

bioethanol. It is carried out to break down the polysaccharides (cellulose, starch, and 

hemicelluloses) to free sugar molecules (glucose, mannose, galactose, xylose, and 

arabinose) which are then fermented to produce bioethanol (Xiros et al., 2013). The 

cleavage of ß-1, 4-glycosidic linkages in cellulose molecules and α-1, 4-glucosidic linkages 

in starch requires an efficient method to produce their monomers. This can be done through 

two types of saccharification methods: enzymatic saccharification and chemical 

saccharification (Chen et al., 2013).  
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Enzymatic hydrolysis is performed using the enzymes cellulases (mixture of groups of 

enzymes such as endoglucanase, exoglucanase, and ß-glucosidases) for the splitting of the 

crystalline structure of cellulose (Gnansounou & Dauriat, 2005) and amylases for starch 

hydrolysis. This hydrolysis requires less energy than the chemical process, but the cost of 

using enzymes is high (Simas-Rodrigues et al., 2017). The cellulase and hemicellulase 

enzymes are used as catalysts for the conversation of cellulose and hemicellulose. The 

enzymes are highly specific and usually carried out at mild conditions (pH 4.8 and 

temperature 45–50 ℃). Three major cellulase enzymes are involved in the hydrolysis 

process, namely endoglucanase, exoglucanase or cellobiohydrolase, and b-glucosidase 

(Vohra et al., 2014) 

Chemical hydrolysis involves the exposure of polysaccharides to chemicals for a certain 

time at a specific temperature. This method is rapid and the chemical used (mostly 

inorganic acids) are cheaper than enzymes. The acids such as H2SO4 and HCl are the most 

commonly utilized acids but H3PO4, HNO3, and CF3COOH are also used for hydrolysis 

(Simas-Rodrigues et al., 2017). Among these acids, H2SO4 is getting the most attractive 

due to the release anion, SO4
2-, serves as a nutrient for fermenting yeasts (Miranda et al., 

2012; Simas-Rodrigues et al., 2017).  

The acids used as pretreatment are either concentrated or diluted. Concentrated acid 

hydrolysis provides higher sugar yield and consequently higher ethanol yield than diluted 

acid and operates at a low temperature. Dilute-acid hydrolysis is the most commonly 

applied method, but the formation of undesirable by the products which inhibit the 

formation of the ethanol during fermentation is a major drawback of this hydrolysis. Two 
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or more stages of dilute-acid hydrolysis should be used to avoid degradation of 

monosaccharides at high temperatures and the formation of the inhibitors (Taherzadeh & 

Karimi, 2007).  

2.4.4.2. Fermentation 

Fermentation is a biochemical process that converts monomeric sugar into bioethanol. The 

most common microorganisms for bioethanol production from hexoses (6 carbon sugars) 

are the yeast Saccharomyces cerevisiae and the bacterium Zymomonas mobilis (Talebnia 

et al., 2010; Li et al., 2014). Saccharomyces cerevisiae is a very efficient microorganism 

(yeast) to ferment glucose (Markou et al., 2012) and is the most tolerable microorganism 

towards the inhibitors formed during pretreatment and fermentation. However, it can only 

utilize the cellulosic hexose sugars (such as glucose and mannose) and not hemicellulosic 

pentose (particularly xylose and arabinose) (Mussatto et al., 2010).            

Fermentation can commonly be employed using two different configurations. The first is 

known as separate hydrolysis and fermentation (SHF) and the other is done via 

simultaneous hydrolysis and fermentation (SSF) in the same vessel (Simas-Rodrigues et 

al., 2017). Separate hydrolysis and fermentation is the most widely employed method 

where it operates hydrolysis steps before the fermentation process. The advantage of this 

configuration is the possibility of making optimization for the hydrolysis step and 

fermentation process because the two steps are carried out in separate vessels. However, in 

this configuration, the fermentation process is usually upset by a high concentration of 

glucose content and subsequently reduces the efficiency of yeast ethanolic production 

(Chng et al., 2016). In SSF, the hydrolysis with enzymes and fermentation process is 
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carried out in the same reactor; therefore, the release of glucose due to enzymatic activity 

is converted to bioethanol by fermentative microorganisms (El-dalatony et al., 2017). 

2.4.4.3. Bioethanol Production via Different Pretreatment Methods 

Bioethanol has been produced from the raw and lipid extracted microalgal biomass. The 

microalgae like Chlorella, Scenedesmus, Chlorococum and Chlamydomonas have been 

studied for the production of bioethanol. The reported bioethanol yields from these studies, 

as given in Table 10, demonstrating various results across the different processes. For 

example, Harun et al. (2010) produced bioethanol from the whole and lipid-extracted 

Chlorococcum sp. biomass in the absence of hydrolytic pretreatment, reported ethanol 

yields of up to 0.383 (g/g) dry weight biomass. Ho et al. (2013) produced bioethanol from 

carbohydrate-rich microalgae (C. vulgaris FSP-E) using various hydrolysis strategies and 

fermentation processes. They used two types of hydrolysis: acid and enzymatic as 

pretreatment of the biomass of microalgae. The bioethanol production processes were also 

undertaken through two procedures: separate hydrolysis and fermentation (SHF) and 

simultaneous saccharification and fermentation (SSF). The result of this study indicated 

that the maximum bioethanol yield obtained was 0.233 g ethanol/g microalgae biomass 

under acidic hydrolysis through separately hydrolysis and fermentation (SHF) processes. 

The simultaneous hydrolysis and fermentation processes were given higher bioethanol 

yield than enzymatic hydrolysis by the operation of separate hydrolysis and fermentation.  

 Kumar et al. (2016) evaluated the potential of Chlorella vulgaris for bioethanol production 

under two types of hydrolysis methods: Microwave with irradiation time (5-30 min), 

temperature (80, 100 and 120 ℃), and acid-catalyst (0.25 – 5 M), and hydrothermal with 

temperature (80, 100 and 120 ℃). They found the maximum glucose yield was 20% under 
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the optimal hydrolysis conditions using microwave radiation (100 ℃, 1M HCl, and 10 

min.) and 23% under optimal hydrothermal reaction conditions (120 ℃, 1 M HCl, and 60 

min).  The result showed that the highest bioethanol yield obtained from hydrothermal-

based hydrolysis of glucose was 13.2% (0.46 g/g glucose) using fermentation process with 

Saccharomyces cerevisiae at 30 ℃ for 28 h. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Table 10: Comparison of bioethanol yield under different pretreatment and fermentation condition used in the previous studies 

* (g biothanol/g glucose), the others in g bioethanol/g microalgal biomass 
 
 

Microalgae 

species 

 

Pretreatment method 

Fermentation 

conditions 

Yeast/ 

bacteria 

Ethanol 

yield (g/g) 

 

Reference  

S. acuminatu Autoclave, 2N H2SO4 200 rpm, 30 ℃ , 80 h S. cerevisiae 0.12 Chandra et al. (2020) 

Chlorella sp. Oven, 5% H2SO4 32 ℃, 150 rpm, 84 h S. cerevisiae 0.28 Phwan et al. (2019) 

Scenedesmus sp. Heating 1000C, 3% 

H2SO4 

At room temp.  5 d S. cerevisiae 0.01 Agustini et al. (2019) 

Scenedesmus sp. Ultrasound, H2SO4 180 rpm, 30 ℃, 72 h S. cerevisiae 0.08 Sivaramakrishnan & 

Incharoensakdi (2018) 

Mixed microalgae Autoclave, 0.5 M H2SO4 

& 2.5% MgSO4 

150 rpm,  30 ℃, 

pH=6.5 

S. cerevisiae 0.38* Shokrkar et al. (2017) 

Chlorella sp.  Autoclave,  HCl 200 rpm, 30 ℃, 6 h, 

pH=5.5 

B. custersii  0.37* Park et al. (2016) 

Chlorella vu. Microwave, 1 M HCl 30℃,  28 h  pH = 6 S. cerevisiae  0.46* Kumar et al. (2016) 

A. platensis Autoclave, 0.5N HNO3 30 ℃, 24 h,  pH = 4.5 S. cerevisiae 0.16 Markou et al. (2013) 

S. abundans Autoclave, 3% H2SO4 30 °C, 200 rpm,  48 h S. cerevisiae 0.10 Guo et al (2013) 

Scenedesmus ob. Autoclave,2.5% H2SO4 30 ℃ Z. mobilis 0.21 Ho et al (2013) 

Scenedesmus ob. Autoclave, 2 N H2SO4 30 ℃, 150 rpm K. marxianus 0.023 Miranda et al. (2012a) 

Chlorococcum 

infu. 

Oven, 0.75% (w/v) 

NaOH 

30 ℃, 200 rpm, 72 h S. cerevisiae 0.260 Harun et al. (2011) 
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3. Materials and Methods 

3.1. Isolation and Identification of Microalgae 

Water samples for microalgae isolation were collected from Lake Ziway, Ethiopia. Figure 

6 shows the water sampling point in Lake Ziway. The water samples were taken from the 

using Plankton net with a mesh size of 30 µm and filtered through 20 µm. A 50 mL of 

filtered water samples was transferred into clean and sterile 1 L sampling bottles and 

enriched with 150 mL of a sterile BBM solution with cotton plugged. The samples were 

then preserved in an ice bucket and transported to laboratory of Center for Environmental 

Science of Addis Ababa University.  

The isolation and identification of microalgae from the water samples were conducted 

using a medium, Basal Bold Medium (BBM) (Nichols & Bold, 1965). The composition of 

the BBM is given in Appendix-A. The enriched samples were transferred into 250 mL 

conical flasks and cultured with a maximum light intensity of 5500 lux (Li et al., 2014) and 

photoperiod of 12:12 h light/dark cycle at room temperature (18 – 24 ℃). After the 

enrichment of microalgae in the growth culture, the sample was subjected to isolation by 

the combination of pipetting and agar plating with serial dilutions using a BBM following 

procedures described in Andersen & Kawachi (2005). The enriched samples were undergo 

a multiple serial dilution using BBM from 10-1 to 10-6 with microscopic examination to 

isolate the microalgae. After multiple serial dilution, the samples were spread using micro-

pipetting on the petri plate containing solidified BBM (autoclaved 1.5% agar in BBM) and 

the plates were cultured as enriched samples. Repeated pipetting and spreading on agar 

plating were carried until distinct unialgal colonies were observed. The distinct algal 

colonies were then picked up and re-cultivated on fresh BBM using 1 L conical flask and 
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incubated at the aforementioned conditions. Isolated microalga was then identified as 

Scenedesmus sp. under light microscope based on morphology/cellular taxonomic key by 

Bellinger and Sigee (2010), Shubert & Gärtner (2015) and Janse et al. (2006). Finally, the 

inoculum of the isolated microalga for wastewater treatment was prepared using BBM.  

3.2. Collection and Characterization of Wastewater Effluent  

The anaerobically digested brewery effluent was obtained at the outlet of up-flow 

anaerobic sludge blanket (UASB) reactor from St. George Brewery Industry, Addis 

Ababa,. The effluent samples were collected in four separate months, the first in December 

2018; and the second, third, and the fourth in March, June, and October 2019, which are 

represented for the season Winter, Spring, Summer and Autumn, respectively. The 

wastewater samples were brought to the laboratory of the Center for Environmental 

Science of Addis Ababa University using a UV light sterilized sampling bottle. In 

laboratory, the brewery effluent was filtered using Whatman No. one filter paper and 

divided into two portion: unsterilized and sterilized. For sterilized effluent, brewery 

effluent samples were autoclaved at 121 ℃ for 15 min, which used to evaluate growth and 

N and P removal without bacterial contamination. The characterizations of the brewery 

effluent were undertaken before and after microalgae cultivation as presented in section 

3.8.2.  

3.3. Experimental Set-up and Operating Parameters 

The experiments were carried out using a 2 L conical flask as photobioreactors following 

the set-up described in Oliveira et al. (2017) under a batch mode. Figures 6 and 7 show the 

lab-scale and schematic diagram of cultivation of Scenedesmus sp. in unsterilized and 

sterilized brewery effluent. A 10% of inoculum (Ansari et al., 2017) of Scenedesmus sp. 
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suspension was added in each flask with a total working volume of 1.6 L. The flasks were 

illuminated from the top using six fluorescent lamps (18 W each, PHILIPS) fitted with a 

maximum light intensity of  5500 lux (Li et al., 2014) and photoperiod 12:12 light/dark 

cycle at room temperature (18 – 24 ℃). The photoperiod was kept using a time switcher 

(SUL 180 h). The flasks were aerated using an aquarium air pump (SB-648, China) to 

provide atmospheric CO2 and for mixing the culture. BBM was also used for the cultivation 

of Scenedesmus sp. as control. The cultivation was done until it reached a stationary phase, 

which was lasted for 18 days in this study. At the end of the cultivation, the biomass was 

harvested using centrifugation after sedimentation of the culture and washed with distilled 

water. The collected biomass was finally dried in an oven at 60 ℃. The dried microalgae 

biomass pulverized and stored at 4 ℃ until lipid, carbohydrate, reducing sugar, and protein 

content analysis, and determination of bioethanol production.  

 

 

Figure 6: Lab-scale cultivation of indigenous Scenedesmus sp. in brewery effluent. 
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Figure 7: Schematic diagram of lab-scale microalgal wastewater treatment integrated 

with UASB reactor. 

3.4. Lipid Extraction 

The extraction of lipid in this study was done from dry biomass of microalgae by using the 

modified Bligh and Dyer’s method (Bligh & Dyer, 1959). The microalgal lipid was 

extracted with chloroform and methanol (1:2 v/v) from 500 mg of dried algal biomass. The 

mixture was then homogenized using a shaker at 150 rpm for 20 min and kept at room 

temperature overnight. The next day the mixture solution was separated from the biomass 

using a Whatman one filter paper. Then the mixture was separated into two layers by the 

addition of chloroform and water to give a final solvent ratio of 2:2:1 of chloroform: 

methanol: water. Then, 1% of NaCl added to wash the chloroform layer containing lipid 

and separated from the methanol aqueous layer using a separatory funnel. The chloroform 

layer was separated in pre-weight beaker and dried at 60 ℃ in an oven until constant weight 

obtained.The biomass left over after lipid extraction (here after lipid extracted microalgal 
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biomass, LEMB) was dried using the oven at 60℃ and used for total carbohydrate, 

reducing sugar and protein content analysis, and subsequently for bioethanol production. 

3.5. Pretreatment of Microalgal Biomass 

The hydrolysis of the whole microalgal biomass (WMB) and LEMB was conducted in a 

microwave (Milestone SK-10 and SK-12, Italy), autoclave (Model, DIXONS and ST3028), 

and oven (Model, GX65B) using the hydrolytic agents such as H2O, HCl, H2SO4, KOH, 

and NaOH. These pretreatments were used to select the best hydrolytic agent and 

pretreatment method for total carbohydrate and reducing sugar extraction from the WB and 

LEB of Scenedesmus sp. A dried and pulverized microalgal biomass of 5% (w/v) was 

suspended separately in each hydrolytic agent in Teflon vessel with Teflon cap for 

microwave pretreatment and in closed test tubes for autoclave, and in 125 mL beaker for 

oven heating. Microwave-assisted hydrolysis was performed at 1000 W and 120 ℃ for 15 

min as modified from Boonmanumsin et al. (2012). Autoclave and oven heating 

pretreatments for hydrolysis were performed at 120 ℃ for 30 min as modified from 

Miranda et al. (2012) and Harun et al. (2011), respectively. The concentration of acids and 

alkalis used for the pretreatment were 3 N, which was chosen according to Miranda et al. 

(2012). After each pretreatment, the samples were cooled to room temperature and 

neutralized and centrifuged to separate the supernatant. Then, the supernatant was analyzed 

to determine the total carbohydrate and reducing sugar contents. After the selection of the 

best hydrolytic agent and pretreatment, the optimization of the extraction of total 

carbohydrate and reducing sugar was employed from the WMB and LEMB.  
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3.6. Optimization of Total Carbohydrate and Reducing Sugar Extraction 

Following the selection of an acid HCl and the microwave pretreatment method as the best 

for the extraction of total carbohydrate and reducing sugar from the WMB and LEMB, the 

variables such as acid concentration, microwave power, temperature and extraction time 

were optimized. Optimization using response surface methodology (RSM) was performed 

for the WMB, while single parameter at a time optimization approach was employed for 

LEMB  

3.6.1 Experimental Design for Optimization  

Response surface methodology (RSM) with central composite design (CCD) was used to 

optimize microwave-assisted total carbohydrate and reducing sugar extraction from the 

WMB using MINITAB software (version 18). This software was used for the design of the 

experiment. A central composite design (CCD) with an alpha (α) value equal to one was 

employed in this study, which is known as face-centered central composite design. The 

face-centered CCD has three levels (−1, 0, 1) and has been developed for estimating a 

quadratic model (Chellamboli & Perumalsamy, 2014). The four independent variables of 

the HCl concentration (N), microwave power (W) temperature (℃), and extraction time 

(min) at the three levels (−1, 0, 1) investigated for the optimization processes. The HCl 

concentration, microwave power, temperature and extraction time were symbolized by 

letter A, B, C, and D, respectively, to used them as short representation.   The range and 

the levels of the independent variables are shown in Table 11. The experimental design 

consists of 31 runs, which were obtained from the formula: 2n + 2n + nc, where n is the 

number of independent variables (n = 4), 2n is the number of factorial points, 2n is the 

number of axial points  and nc is the replicate number of central points (Maran et al., 2013). 
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Therefore, FC-CCD in this study consisted of 6 factorial points, 8 axial points and 7 central 

points with one block. 

Table 11: Independent variables and their levels in RSM  

 

Variables 

 

Unit 

 

Symbol 

Levels with actual values 

Low (-1) Center (0) High (1) 

Concentration  N A 0.10 2.55 5.00 

Microwave power  W B 800 1000 1200 

Temperature  ℃ C 80 120 180 

Extraction Time  min D 5.00 17.50 30.00 

  
The optimum conditions obtained for total carbohydrate and reducing sugar extraction 

were employed to validate the mathematical model in RSM. The validation of the 

regression model was checked by performing triplicate experiments at optimum 

conditions. The values of total carbohydrates and reducing sugar were obtained at optimum 

conditions compared to the predicted value achieved under RSM. This comparison used to 

confirm the validity of the mathematic models, which were described the optimization 

process of carbohydrate and reducing extraction. 

3.6.2. Single-factor Optimization  

A single-factor optimization was employed in this study for the biomass obtained after 

lipid extraction to evaluate the production of total carbohydrate and reducing sugar. The 

microwave-assisted acid hydrolysis was optimized for different acid concentration (0.10, 

0.50, 1.0, 2.0, 3.0, 4.0, 5.0 and 6.0 N), microwave power (600, 800, 1000, 1200, and 1400 

W), temperature (80, 100, 120, 140, and 160 ℃) and extraction time (5, 10, 15, 20, 25, and 

30 min) to investigate their effects on total carbohydrate and lipid extraction. 
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3.7. Bioethanol Production 

Bioethanol was produced after the determination of the optimum conditions for total 

carbohydrate and reducing sugar extraction. The microalgal hydrolysates were produced at 

optimum condition from the WMB and LEMB for bioethanol production. 

3.7.1 Yeast Preparation for Fermentation Process 

A commercial baker yeast, Saccharomyces cerevisiae was employed for the fermentation 

process. The activation and preparation of yeast were carried out according to Harun et al. 

(2010). The yeast was first activated by adding 5 g of dry yeast powered into 50 mL of 

warm distilled water in a 100 mL conical flask and incubated at 30 ℃ for 20 min in an 

incubator shaker (ZHWY-103B, China). Then, the growth of the yeast was done in Luria 

Broth (LB) medium, which has a composition as follows: 10 g/L tryptone, 5 g/L yeast 

extracted, and 5 g/L NaCl. The pH of the LB medium was adjusted to 4.8 and autoclaved 

at 120 ℃ for 20 min. After that the activated yeast was pre-cultured in a LB at 30 ℃ and 

150 rpm for 24 h in incubator shaker. 

3.7.2. Batch Fermentation  

Fermentation was carried out using a 125 ml conical flasks with working volume of 50 

mL, which obtained from the extraction of 50 g/L microalgal biomass suspension at 

optimum conditions. Each flask containing microalgal hydrolysate was mixed with 0.5 g 

yeast extracted, 0.2 g potassium dihydrogen phosphate (KH2PO4) and 0.1 g ammonium 

chloride (NH4Cl) as fermentation nutrients (Yu et al., 2020). The solutions were adjusted 

to pH of 5 (Mahzabin et al., 2019) and autoclaved at 121 ℃ for 20 min. The sterilized 

solutions were inoculated with 10% of pre-cultured Saccharomyces cerevisiae yeast under 
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aseptic condition (Thu et al., 2009). The flasks were sealed with a rubber stopper and 

incubated on a shaker incubator (ZHWY-103B, China) at 30 ℃ and 150 rpm (Mahzabin et 

al., 2019). The samples were collected at an interval of 24 h and used for bioethanol 

determination after distillation.  

3.8. Analytical Methods and Calculations  

3.8.1. Determination of Microalgae Growth  

The indigenous Scenedesmus sp. growth was indirectly determined by measuring the 

optical density at a wavelength of 680 nm (denoted as OD680) (Lee et al., 2013)  using a 

JENWAY spectrophotometer (model 6705). The optical density was measured by taking 

10 mL of algal suspension every day from culture. The growth medium was used as black 

control. When the absorbance was exceeded one an appropriate dilution was made to 

measure the correct optical density. 

The biomass production as the dry weight was determined according to the standard 

method for the total suspended solids (APHA, 1999). The dry weight was measured by 

vacuum filtration of 5 mL microalgae suspension through a pre-heated and weighted glass 

microfiber filter (Whatman G/FC, 47 mm). Then, the filters containing microalgae biomass 

were dried overnight at 105 ℃ in an oven and cooled in a desiccator, and the dry weight 

was measured.  The calibration curve was established between dry cell weight and optical 

density by preparing and measuring five serial dilutions from algal suspension as stock. 

Equation (1) with R2 = 0.990 was obtained from the calibration curve between dry weight 

and optical density at 680 nm. The dry weight (DW) concentration that was estimated using 

optical density was used for data analysis in this study.  



62 | P a g e  
 

                                           DW= 0.95*OD680   - 0.037                                              (1)   

The specific growth rate (µ) of microalgae is a measure of the increase in biomass that 

occurs per unit of time. It is calculated based on dry weight by the following equation (2) 

(Ansari et al., 2017). 

              Specific growth rate (µ, d-1) = 
𝐥𝐧( 𝐗𝟐 𝐗𝐨)

(𝐭𝟐  𝒕𝒐)
                                     (2) 

     where, X2 and X1 are biomass concentration at time t2 and t1, respectively. 

The doubling time (donated Td) is calculated based on the specific growth rate of the 

microalgae. It is defined as the time required to achieve a doubling of the number of viable 

cells. The doubling time calculated using the following equation (3) (Yang et al., 2016).    

                            Td =  
𝐥𝐧 𝟐

µ
   = 

𝟎.𝟔𝟗𝟑𝟏

µ
                                                      (3)  

Biomass productivity, PB (mg/ L/d) was estimated according to the equation (4) (Ansari et 

al., 2017).                                      

                                     PB  =  
𝑿𝒕 𝑿𝒐

𝒕𝒕 𝒕𝒐
                       (4) 

       where X2 and X0 are biomass concentration at time t2 and t0, respectively. 

3.8.2. Nutrient Removal Efficiencies and Rates  

The nutrient removal efficiency of the microalgae Scenedesmus sp. was determined by 

measuring the nutrients (COD, NH4
+-N, NO3

--N, NO2
--N TN, PO4

3- -P, and TP) before and 

after the end of cultivation period of Scenedesmus sp. on brewery effluent. COD, TN, and 

NO2
--N were analyzed according to the instruction in a HACH (2002). COD was measured 

by the Reactor Digestion method. TN analysis was performed by a persulfate digestion 
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method. NO2
--N was analyzed using Nitriver-3 powder pillow. NH4

+-N and PO4
3- were 

analyzed using phenate and ascorbic methods (APHA, 1999). Nitrate was determined using 

the modified sodium salicylate method (Scheixer, 1974). The TP was determined using the 

procedure described under orthophosphate analysis, but here the samples, the standards, 

and the blank were undergone digestion processes to oxidized organic matter to release 

phosphorus as orthophosphate. NH4
+-N, NO3

--N, PO4
3--P, and TP were measured using 

JENWAY spectrophotometer (model 6705).  

Percent removal of nutrients was calculated by the following equation (5) (Renuka et al., 

2013): 

                                𝐑𝐟 =
𝐂𝐨  𝐂

𝐂𝐨
 𝐱 𝟏𝟎𝟎%                                                         (5) 

where Co and C is the concentration of raw effluent and concentration after microalgae 

cultivation.  

The nutrient removal rate (Rr) was calculated for COD, NH4
+-N, TN, PO4

3--P, and TP using 

equation (6) (Ermis & Altinbas, 2018)   

                           Rr =
𝐒𝐨  𝐒𝐭

𝐭𝐭 𝐭𝐨
                               (6) 

where Rr is the removal rate of nutrients (N or P or COD), So (mg L-1) represents the initial 

concentration of nutrients at time to (day) and St (mg L-1) is the nutrient concentration at 

time tt (day).  
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A pseudo-first-order kinetic model was assumed to describe the removal of TN, TP and 

COD in the cultures (Silva et al., 2015). The reaction of N, P, and COD removal can be 

expressed by equation (7) 

       ln(Ct)= ln(Co) – kt                                                                (7)     

           

where Ct and Co  are the concentration COD, NH4
+-N, TN, PO4

3--P, and TP (mg L-1) at 

time t and at initial, respectively. k is removal rate constant (d-1) and t is time (day). A plot 

of ln (Ct) as a function of t will yield a straight line with slope -k. 

Yield coefficient, Y, based on COD, NH4
+-N, TN, PO4

3--P, and TP consumptions (Y, mg-

biomass/mg-substrate) can be calculated using equations (8), (9) and (10) (Pandey & Shi, 

2017)                             

                                                         Xf  – Xi   = YN (So – Sf)     (8) 

                                            Xf – Xi = YP (So – Sf)            (9) 

                                            Xf – Xi = YCOD (So – Sf)     (10) 

      where Xi and Xf  is the initial and final biomass concentrations (mg/L), respectively. 

The Si and Sf are the initial and final concentrations of COD, NH4
+-N, TN, PO4

3--P, and TP 

(mg L-1), respectively. Slope of plot between [Xf – Xi] and [Si - Sf] resulted yield coefficient 

for N (mg X/ mg N) or P (mg X/ mg P or mg X/mg COD.  
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3.8.3. Determination of Total Lipid content  

After solvent extraction, the organic layer from separatory funnel was transferred in to pre-

weighed glass beaker and evaporated the solvent in an oven at 60℃. Then, the lipid content 

of dry biomass was determined gravimetrically. The amount of total lipid content (%) and 

lipid productivity (mg/L/d) were calculated based on the equation (11) and (12), 

respectively, (Pandey et al., 2019).   

                Lipid content = 
𝐰𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐥𝐢𝐩𝐢𝐝 𝐞𝐱𝐭𝐫𝐚𝐜𝐭𝐞𝐝

𝐰𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐦𝐢𝐜𝐫𝐨𝐚𝐥𝐠𝐚𝐞 𝐛𝐢𝐨𝐦𝐚𝐬𝐬
  x 100%   (11) 

    Lipid productivity = lipid content (%) × biomass productivity (mg/L/d)   (12) 

3.8.4. Determination of Total Protein content 

The content of total protein was determined based on the total nitrogen present on the 

microalgal biomass of microalgae. The total nitrogen was estimated using a micro-Kjeldahl 

method following the AOAC procedure (AOAC, 1990). The crude protein content in the 

WMB and LEMB was calculated by multiplying total nitrogen by the conventional 

conversion factor of 6.25. 

3.8.5. Determination of Total carbohydrate  

The total carbohydrate contents in pretreated microalgal biomass was also determined 

using a phenol-sulfuric acid method (Dubois et al., 1956). In this method, 2 mL of the 

diluted supernatant was mixed with 1.0 mL of 5% phenol solution and 5 mL concentrated 

sulfuric acid. The mixture was kept in 30 ℃ water bath for 30min and then it turned to an 

orange color resulting of the interaction between the carbohydrate and the phenol. D-

Glucose was used as standard to construct the calibration curve (Appendix-A). The 

absorbance of the sample mixture was read at 490 nm using UV-spectrophotometer.  
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3.8.6. Determination of Reducing Sugar  

The reducing sugar was estimated using minor modification n of the procedure of DNS 

method (Miller, 1959). 1 mL of hydrolyzed microalgae biomass was mixed with 1 mL of 

DNS reagent in the test tubes. Then, the test tubes were capped and heated in boiling water 

(95 ℃). The test tubes were cooled to room temperature using running tap water, and 8 mL 

of distilled water was added. The calibration curve was prepared by using D-glucose as 

standard. The absorbance of the samples and the standards were measured at 540 nm and 

the reducing sugar was determined based on the calibration curve. 

3.8.7. Fourier Transform Infrared Spectroscopy (FTIR) Analysis 

The structure of microalgal biomass before and after carbohydrate extraction were 

identified with FTIR spectrometer to detect the change in functional groups. The FTIR 

spectrum of raw and treated Scenedesmus sp. biomass was recorded in the spectral range 

of 4000 – 400 cm-1 which scanned at the resolution of 4 cm-1 using Perkin Elmer spectrum 

GX FTIR spectrometer to understand structural changes occurred during various biomass 

pretreatments.  

3.8.8. Determination of Bioethanol 

The concentration of bioethanol was estimated spectrophotometrically using the potassium 

dichromate method suggested by Crowell & Ough (1979). 2 mL of distilled bioethanol 

sample was added to 10 mL of acidic potassium dichromate reagent in a test tube. The 

blank was also prepared from 2 mL of distilled water with 10 mL of acidic potassium 

dichromate. The test tubes were capped and mixed well, and then kept in water bath at 60 

℃ for 20 min. After the 20 min heating, the tubes were cooled to room temperature and the 

absorbance of the samples was measured at 600 nm by spectrophotometer. The reagent of 
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acidic potassium dichromate was prepared by dissolving 34 g of potassium dichromate 

(K2Cr2O7) in 400 mL distilled water with 325 mL of sulfuric acid and by making up the 

volume to 1 L. Standard curve was prepared from absolute ethanol using a series of 

standard absolute ethanol solution as described in Williams & Darwin Reese (1950).  

The experimental bioethanol yield in percentage and fermentation efficiency were 

calculated using equation (13) and (14) (Yu et al., 2020): 

Bioethanol yield in percentage (%) =
 𝐠 𝐁𝐢𝐨𝐞𝐭𝐡𝐚𝐧𝐨𝐥

𝐠 𝐦𝐢𝐜𝐫𝐨𝐚𝐥𝐠𝐚𝐥 𝐛𝐢𝐨𝐦𝐚𝐬𝐬
 x 100%    (13) 

Fermentation efficiency =
𝐛𝐢𝐨𝐞𝐭𝐡𝐚𝐧𝐨𝐥 𝐨𝐛𝐭𝐚𝐢𝐧𝐞𝐝 𝐢𝐧 𝐟𝐞𝐫𝐦𝐞𝐧𝐭𝐚𝐭𝐢𝐨𝐧

𝟎.𝟓𝟏 × 𝐫𝐞𝐝𝐮𝐜𝐢𝐧𝐠 𝐬𝐮𝐠𝐚𝐫 𝐢𝐧 𝐡𝐲𝐝𝐫𝐨𝐥𝐲𝐬𝐚𝐭𝐞
   x 100%      (14) 

 where 0.51 derived from the maximum theoretical ethanol yield per 1 g of glucose 

consumption. 

 

3.9. Statistical Analysis 

The results were presented as the mean ± standard deviation in the Table or in Figure. The 

Figures were made using Excel 2013. Student paired t-test (using Excel 2013) used to 

compare the means of growth characteristics, total lipid, carbohydrate and protein contents, 

nutrient and COD removal in unsterilized and sterilized brewery effluents. One-way 

ANOVA (using R-software) with Tukey post-doc test was employed to compare reducing 

sugar productions with different hydrolytic agents, acid concentration, and hydrolysis time. 

P < 0.05 was considered as the difference was significant.  
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In RSM, the experimental results analyzed using Minitab software version 18 to develop a 

mathematical model. The mathematical model was established for the estimation of the 

effect of each independent variable on a response (carbohydrate). The general forms of the 

fitted quadratic response model is given by equation (15) (Betiku & Taiwo, 

2015)                                                            

𝐘 =  𝐛𝐨 +  𝐛𝐢𝐗𝐢 

𝐤

𝐢 𝟏

+ 𝐛𝐢𝐢𝐗𝐢
𝟐 

𝐤

𝐢 𝟏

+ 𝐛𝐢𝐣𝐗𝐢𝐗𝐣  + ⋯

𝐤

𝐢 𝐣

+ 𝐞                           (𝟏𝟓) 

where, Y is response variable. b0, bi, bij and bii are the intercept, linear coefficient, the 

interaction effect and the quadratic coefficients, respectively and e represents the random 

error. 

The RSM was also used to obtain the statistical analysis of variance and regression 

coefficients and to a plot of a contour and a surface response. The statistical significance 

of the developed quadratic models and the model terms was evaluated by the analysis of 

variance (ANOVA). The quality of the quadratic model was determined by the coefficients 

of determination (R2). The significant of the model terms determined according to the P-

value with a 95% of confidence level. 
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4. Results and Discussion 

4.1. Isolation and Identification of Microalgae 

The enriched samples contained different microalgae, but the most dominant species are 

green microalga, Scenedesmus sp., which was chosen and isolated in this study. Figure 8 

shows the isolated Scenedesmus sp. compared with the identification key given by 

Bellinger & Sigee (2010) and Shubert & Gärtner (2015). The microscopic observation 

showed that the isolated Scenedesmus sp. is unicellular, form colonies have an ovoid shape, 

and has lateral quartet coenobia morphology. It was characterized by elongated cylindrical 

cells, which joined side by side to form flat, rectangular, plate-like colonies of 2, 4, and 8 

(rarely 16) cells as described in Trainor et al. (1976).  

Scenedesmus species are common types of freshwater microalgae that have an important 

role as a primary producer and contribute to the recovery of eutrophic water. Several 

researchers like Ansari et al. (2017), Mohamed et al. (2018) and Tripathi et al. (2019) 

conducted a study with Scenedesmus sp. in wastewater treatment, and they reported that 

Scenedesmus sp. showed a high nutrient removal efficiency, growth rates and tolerance to 

changes in wastewater. Therefore, Scenedesmus sp. used in this study was selected on the 

basis of its proven capability of growth in treated and untreated different wastewater. 
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Figure 8: Microscopic image of Scenedesmus sp. (a and b) of this study, and identification 

Key of  Scenedesmus sp. (c) Bellinger and Sigee (2010), (d) Shubert & Gärtner (2015) and 

Janse et al. (2006).   

4.2. Characterization of Brewery Effluent 

The average nutrient concentration of brewery effluent obtained from the four months are 

provided in Table 12 (the concentrations of nutrients in each month provide in Appendix 

C). Results showed that the concentrations of all nutrients, including COD, were above the 

permissible discharge limit of a brewery effluent standard of Ethiopia (EEPA, 2003). It 

was clear that the brewery effluent generated from the UASB reactor needs further 

treatment before discharging into the receiving water bodies. Otherwise, the discharging 

of this effluent without any treatment deteriorates the environment in a particular surface 

water body due to eutrophication (Pittman et al., 2011). Farooq et al. (2013) and Darpito 

et al. (2014) found that anaerobically digested brewery effluent had concentrations of 100 

– 275 mg/L COD, 50 – 75 mg/L TN, and 10 – 55 mg/L TP, which were comparable in TN 

and TP but not in COD with this study. They used this brewery effluent for microalgae 

growth and subsequently studied their biomass production and nutrient removal.  McGinn 

et al. (2011) reported that 40 mg/L of ammonia nitrogen and 1 – 10 mg/L phosphates were 
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adequate to support most of the freshwater algae strains. Moreover, Nutrient removal and 

growth of microalgae depend on the nitrogen to phosphorus (N/P) ratio of the medium 

/wastewater/ (Cai et al., 2013b). The N/P ratio in brewery effluent of this study were 1.07, 

which suggested that the brewery effluent was with nitrogen deficiency. However, the 

nutrients presented in brewery effluent were enough to support the growth of microalgae. 

Therefore, the use of microalgae as an alternative post-treatment of UASB effluent is a 

suitable approach to reduce nutrients and organic matter, and simultaneously to produce a 

useful biomass for biofuel feedstocks. Moreover, microalgae-based wastewater treatment 

can achieve nutrient removals in a cost-effective approach and an ecologically safe way 

with the benefit of resource recovery and recycling (Oswald, 2003; Christenson & Sims, 

2011).   

Table 12:  Characterization of UASB effluent with standards’ limit of Ethiopia. The value 

indicates means ±SD (n = 4) and the units are in mg/L except pH. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Parameters Average 

Concentration 

EEPA Discharge limit 

 (EEPA, 2003) 

pH 7.47 ± 0.18 - 

TDS 1.42 ± 0.12 - 

EC 1.73 ± 0.17 - 

Salinity 1.55 ± 0.15 - 

COD 399.58 ± 29.14 250 

NH4
+-N 41.89 ± 2.04 20 

NO3
- -N 0.17 ± 0.19 - 

NO2
- -N 0.16 ± 0.09 - 

TN 53.42 ±6.19 40 

PO4
3- -P 36.10 ± 3.15 - 

TP 50.00 ± 2.64 5 
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4.3. Growth of Indigenous Scenedesmus sp. on brewery effluent 

4.3.1. Growth and Biomass Production 

The use of nutrients by microalgae enhanced their growth and reduced the nutrient contents 

in the wastewater, and as a result, they support the purpose of advanced wastewater 

treatment and biomass production (Yang et al., 2016). The cultivation of indigenous 

Scenedesmus sp. on brewery effluent described in this study was conducted in four separate 

months, the first in December 2018; and the second, third, and fourth in March, June, and 

October 2019 and the results of each month are given in Appendix C. The growth curve 

made from the average biomass production of the four months in BBM, unsterilized and 

sterilized brewery effluent is shown in Figure 9.  

The growth trend of Scenedesmus sp. on BBM had shown rapid growth without 

experiencing any lag phase. However, the growth in unsterilized and sterilized brewery 

effluents showed a lag phase with the range of 1–2 days. The growth in unsterilized effluent 

was better than the sterilized effluent for the first four days of cultivation, while growth 

became higher in sterilized effluent from the 4th to the 6th day of cultivation. Eventually, 

Scenedesmus sp. showed higher growth in unsterilized effluent from the 7th to the 18th day 

of cultivation. The lower growth on sterilized effluent at the beginning of cultivation may 

be due to the autoclaving which could be increased the turbidity of the effluent and then 

reduce the light penetration for photosynthesis.  

The maximum biomass production was found to be 1.26 ± 0.05, 1.05 ± 0.1, and 0.992 ± 

0.06 g/L in BBM, unsterilized and sterilized brewery effluents, respectively. The average 

biomass concentration obtained in BBM was significantly different (P < 0.05) compared 

to those in unsterilized and sterilized brewery effluents. Nevertheless, the average biomass 
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production obtained in unsterilized effluent was not significantly different (P > 0.05) from 

those obtained in sterilized effluent. The higher biomass concentration in BBM was due to 

the availability of enough nutrients for microalgae growth. The similar biomass production 

between unsterilized and sterilized brewery effluent might be the same nutrient 

concentration in both effluents and due to the low level of competitive bacteria presented 

in the unsterilized effluent. 

The cultivations of microalgae in a brewery effluent for biomass production and nutrient 

removal have been reported in different previous studies. The comparisons of growth 

characteristics obtained in this study with other studies are given in Table 13. The results 

in this study were comparable with those reported by Ferreira et al. (2017) and Marchão et 

al. (2018), who found a maximum of 0.94 g/L and 0.93 g/L using Scenedesmus obliquus 

in a brewery effluent, respectively. However, Darpito et al. (2014) and Farooq et al. (2013) 

reported higher biomass productivity of 1.18 g/L using Chlorella prototheocide and 3.44 

g/L using Chlorella vulgaris on a brewery effluent, respectively. Regarding Scenedesmus 

sp. on other wastewater types, biomass production in this study was higher than that 

reported by Nayak et al. (2016b) and Ansari et al. (2017), but lower than that was obtained 

by Kim et al. (2017) and Tripathi et al. (2019). 

 



74 | P a g e  
 

 

Figure 9: Growth of Scenedesmus sp. in BBM, unsterilized and sterilized brewery 

effluents.  

Table 13: Comparison of growth parameters of this study with previous studies. 

Types of  

WW 

Microalgae 

species 

Time 

(d) 

X  

(g/L) 

PB  

(mg/L/d) 

µ  

(d-1) 

TD  

(d) 

Reference 

ADBE Chlorella vu. 15 3.44 226.6 - - Farooq et al. (2013) 

ADBE Chlorella pro. 6 1.18 290 - - Darpito et al. (2014) 

Raw DWW  Scenedesmus sp. 7 0.89 127 0.44 1.56 Nayak et al., (2016b) 

ADBE Scenedesmus ob. 17 0.94 217 - - Ferreira et al. (2017) 

Raw IWW  Scenedesmus sp. 14 0.44 58.7 0.33 2.1 Ansari et al. (2017) 

UADE  Scenedesmus  sp. 18 3.22 160 0.26 -  Kim et al. (2017) 

Raw MWW  Scenedesmus sp. 14 1.81 - - - Tripathi et al. (2019) 

ADBE 

unsterilized 

 Sterilized  

 

Scenedesmus sp. 

 

18 

 

1.05 

 

64.33 

 

0.31 

 

2.43 

 

This study 

Scenedesmus sp. 18 0.99 63.27 0.28 2.63 This study 
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4.3.2. Specific Growth Rate and Doubling Time 

The average specific growth rates of Scenedesmus sp. over cultivation period in BBM, 

unsterilized, and sterilized brewery effluents are illustrated in Figure 10. It was clear that 

the specific growth rates in a BBM steadily decreased with increasing cultivation time. 

This is due to the Scenedesmus sp. was already adapted with BBM during the isolation 

process. Regarding brewery effluent, the specific growth rate increased up to day 3 and 5 

in unsterilized and sterilized brewery effluent, respectively; then, the specific growth rate 

decreased until the end of the cultivation. The lower specific growth rates for the first two 

days in unsterilized and four days in sterilized are due to the Scenedesmus sp. needs some 

days to adapt the brewery effluent. The difference in adaptation day between unsterilized 

and sterilized are due to that sterilization may be decreased the transparency of the brewery 

effluent. The maximum specific growth rate was found to be 0.65 ± 0.07 d-1 on the 1st day 

in BBM, 0.50 ± 0.03 d-1 on the 3rd day in unsterilized, and 0.39 ± 0.01 d-1 on the 5th day in 

sterilized effluent. The continuous decreasing of specific growth after maximum value is 

due to the reduction of nutrient availability in BBM, unsterilized and sterilized brewery 

effluents.     

The average specific growth rates obtained were 0.34 ± 0.02 d-1, 0.31 ± 0.02 d-1, and 0.28 

± 0.02 d-1 in BBM, unsterilized, and sterilized brewery effluents. The average specific 

growth obtained in unsterilized effluent was not significantly different (P > 0.05) compared 

with those obtained in BBM and unsterilized brewery effluent. However, the specific 

growth rate obtained in BBM was significantly different (P < 0.05) compared with those 

in a sterilized brewery effluent. The specific growth rates after day 7 were similar in BBM, 

unsterilized and sterilized effluents. The specific growth rate obtained in this study was 
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lower than that in the studies conducted by Ansari et al. (2017) (0.33 d-1) and Nayak et al. 

(2016b) (0.44 d-1), but higher than that in the study by Kim et al. (2017) (0.26 d-1).  

Figure 11 shows the average doubling time of indigenous Scenedesmus sp. grown in BBM, 

unsterilized, and sterilized effluents during the course of cultivation. As shown in Figure 

11, the doubling time in BBM increased with time. The shorter doubling time was recorded 

in BBM on the first day, while longer doubling time was attained at the end of the 

cultivation. However, the trend of doubling time in a brewery effluent was not the same as 

the BBM. In the brewery effluent, the decreasing of doubling time was observed within the 

first three days of cultivation in unsterilized effluent, and within the first five days of 

cultivation in a sterilized effluent. After these days, the doubling time increased in both 

effluent until the end of the experiments. The shorter and longer doubling times were 1.07 

± 0.11 and 4.05 ± 0.05 d in BBM, 1.39 ± 0.16 and 3.71 ± 0.10 d in unsterilized, and 1.75 ± 

0.05 and 3.79 ± 0.70 d in sterilized effluents. 
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Figure 10: The specific growth rate of indigenous Scenedesmus sp. in BBM, unsterilized 

and sterilized brewery effluent. 

The average doubling time of Scenedesmus sp. grown in BBM, unsterilized and sterilized 

effluent was 2.46 ± 0.97 d, 2.43 ± 0.0.70 d, and 2.63 ± 0.69 d, respectively. Results indicate 

that the shortest average doubling time was recorded in unsterilized, whereas, the average 

longest time was obtained in sterilized brewery effluent. The doubling time of Scenedesmus 

sp. on brewery effluent of this study was longer than that was reported by Nayak et al. 

(2016b) (1.56 d) and Ansari et al. (2017) (2.1 d) in domestic and institutional wastewaters, 

respectively.  

 

Figure 11: Doubling time of indigenous Scenedesmus sp. grown in BBM, unsterilized and 

sterilized brewery effluent. 

4.3.3. Biomass Productivity  

Figure 12 shows the average biomass productivity of Scenedesmus sp. grown on BBM, 

unsterilized and sterilized brewery effluents with cultivation period. It was observed that 
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biomass productivity was increased with cultivation time and reached a maximum on day 

6 in BBM and on day 13 in a sterilized effluent. Nevertheless, the biomass productivity in 

unsterilized effluent first increased within the first three days of cultivation, and in the next 

two days, it became decrease. After day 5, the biomass productivity was raised and reached 

a peak value on day 13. The highest biomass productivity was recorded in BBM, following 

in unsterilized and sterilized brewery effluents. After the peak values, biomass productivity 

slowly decreased until the end of cultivation in each culture. The decrease in biomass 

productivity after the maximum value might be related to the reduction of nutrients in the 

cultures.  

The maximum biomass productivity obtained was 93.32 ± 9.23, 64.32 ± 6.26, and 63.27 ± 

3.13 mg/L/d in BBM, unsterilized and sterilized brewery effluent, respectively. The higher 

biomass productivity in BBM may be due to the availability of enough nutrients that 

support the growth of indigenous microalgae. The average biomass productivity obtained 

in this study was 79.44 ± 10.89, 52.47 ± 13.49, and 50.10 ± 17.68 mg /L/d in BBM, 

unsterilized and sterilized brewery effluents. The average biomass productivity obtained in 

BBM was significantly different (P < 0.05) compared to those in unsterilized and sterilized 

brewery effluents. However, the average biomass productivity obtained in unsterilized 

effluent was not significantly different (P > 0.05) compared to those obtained in sterilized 

brewery effluent.  

The biomass productivity obtained in this study was lower than those reported by Farooq 

et al. (2013), Darpito et al. (2014) and Ferreira et al. (2017), who found a maximum 

biomass productivity of 226.6, 290, 217 and mg/L/d using Chlorella vulgaris, Chlorella 

prothecoides, and Scenedesmus obliquus on a brewery effluent, respectively. Moreover, 
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the biomass productivities obtained in this study were lower than those reported by Kim et 

al. (2017) (160 mg/L/d) on AD effluent and Nayak et al. (2016a) (127 mg/L/d) on domestic 

effluent using Scenedesmus sp., while the biomass productivity of Scenedesmus sp. 

obtained  in institutional wastewater by Ansari et al. (2017) (58.7 mg/L/d) was comparable 

to this study.  

Generally, the variation observed in specific growth rate, biomass production, and 

productivity among different studies might be due to differences in microalgae type, 

wastewater type, cultivation period, and cultivation conditions (including the initial algal 

inoculum concentration, working volume, light/dark cycle, temperature, pH, and CO2 

concentration (Yang et al., 2016). The results obtained in this study showed that the growth 

of indigenous Scenedesmus sp. was not affected by brewery effluent whether it is sterilized 

or unsterilized. Therefore, it is possible to conclude that brewery effluent obtained from 

the UASB reactor can be used for indigenous microalgae cultivation without 

sterilization. The Similarities in the growth characteristics of Scenedesmus sp. in 

unsterilized and sterilized brewery effluents in this study might be due to most bacteria, 

viruses, or algae predictor in unsterilized brewery effluent have already been inactivated 

during anaerobic processes (Tan et al., 2018; Tan et al., 2020) 
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Figure 12: Biomass productivity of indigenous Scenedesmus sp. grown in BBM, 

unsterilized and sterilized brewery effluents 

4.5. Nutrient and COD Removal by indigenous Scenedesmus sp. 

4.5.1. Nitrogen Removal 

Nitrogen is essential for the growth of microalgae as it contributes to the formation of 

proteins that are composed of amino acid chains linked by peptide bonds. Microalgae 

contain 5–10% nitrogen in their cells (Lee and Lee, 2001; Mata et al. 2012). Microalgae 

are able to assimilate nitrogen in the form of NH4
+-N, NO3

--N, NO2
--N and urea (Perez-

garcia et al., 2010). However, NH4
+-N is the most preferable nitrogen source for many 

types of microalgae since it does not require energy to reduce it before amino acid synthesis 

(Cai et al., 2013a). Ruiz-marin et al. (2010) reported the Scenedesmus sp. showed 

preferences for NH4
+-N to any other form of nitrogen present in wastewater. The results of 

this study showed that NH4
+-N was the dominant species of nitrogen nutrient in brewery 

effluent, while NO3
--N and NO2

--N were too small in anaerobically digested brewery 

effluent. 
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The changes in the NO3
--N concentrations over cultivation time in unsterilized and 

sterilized brewery effluents are illustrated in Figure 13. The average concentration of NO3
-

-N before the cultivation of indigenous Scenedesmus sp. was too small (below 1 mg/L), 

but the amount of NO3
--N was increased with increasing of cultivation period and reached 

a peak value of 4.26 ± 1.73 mg/L and 2.85 ± 1.18 mg/L on day 6 in unsterilized and 

sterilized brewery effluent, respectively. After these days, the NO3
--N concentrations were 

started to decrease and finally it was not detected in both effluents. The increase of NO3
--

N in both effluents is probably due to the conversion of NH4
+-N into NO3

--N through the 

process of nitrification. However, the decrease of NO3
--N concentration after day 6 is due 

to its assimilation by Scenedesmus sp. Therefore, this study shows that NO3
--N was formed 

and consumed during the cultivation period of microalgae; furthermore, it might not have 

any effect on the growth of Scenedesmus sp. due to its low concentration.    

 

Figure 13: Variation of NO3
--N concentrations over the cultivation period in unsterilized 

and sterilized brewery effluents. 
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The changes in the concentrations of NO2
--N over the cultivation period in unsterilized and 

sterilized brewery effluents are shown in Figure 14. The initial concentration of NO2
--N 

was also below 1 mg/L. As shown in Figure 14, the concentration of NO2
--N was increased 

over the cultivation period and reached a maximum of 0.43 ± 0.09 mg /L in unsterilized 

and 0.21 ± 0.06 mg/L in sterilized effluent on day 8. The increase of NO2
-
 -N concentration 

may be the result of the conversion of NH4
+-N into NO2

--N.  After day 8, the NO2
--N 

concentration was started to decrease and finally was not detected in both effluents on the 

18th day of cultivation. The decreasing of NO2
--N after day 8 is probably either its 

assimilation by Scenedesmus sp. or its conversion to NO3
--N through nitrification process. 

Therefore, NO2
--N concentration was also formed and consumed during the cultivation 

period. However, the contribution of NO2
--N for the growth of indigenous Scenedesmus 

sp. was almost negligible as its concentration is very low.  

 

Figure 14: Variation of NO2
-
 -N concentration over the cultivation period in unsterilized 

and sterilized brewery effluents. 
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The variations of NH4
+-N concentrations with its removal efficiencies in unsterilized and 

sterilized brewery effluents during the 18th day cultivation period are displayed in Figure 

15. The NH4
+- N concentrations showed a remarkable decrease in the first ten days of 

treatment in both effluents; later on, the reductions were slowed down and stable until the 

end of the experiments. The final concentrations of NH4
+-N reached below 0.1 mg/L. 

Alternatively, the NH4
+-N removal efficiency of indigenous Scenedesmus sp. was 

increased and reached more than 90% from day ten until the end of the experiments.   

The summary of nitrogen nutrient removal efficiencies is provided in Table 14. As shown 

in Table 14, the removal efficiencies of NH4
+-N by Scenedesmus sp. were finally found to 

be greater than 99% in unsterilized and sterilized brewery effluents. However, more than 

50% of NH4
+-N removals in both effluents were achieved within the first six days of 

cultivation, which met the permissible discharge limit recommended by EEPA (2003). This 

removal indicated that it is enough to treat the brewery effluent to remove NH4
+-N using 

indigenous Scenedesmus sp. for six days to meet the permissible discharge limit of 

Ethiopia.  

Comparisons of nutrient removal from wastewater using different microalgae are provided 

in Table 15. The NH4
+-N removal efficiency obtained by Scenedesmus sp. in this study 

was similar to those obtained by Marchão et al. (2018), who reported 99% removal using 

Scenedesmus obliquus in brewery effluent. Nayak et al. (2016) also reported maximum 

removal efficiency of 98.3% using Scenedesmus sp. in domestic wastewater under the 

supply of 2.5% CO2. However, Ferreira et al. (2017) reported slightly lower removal 

efficiency (93%) using Scenedesmus obliquus on brewery effluent with 10% (v/v) CO2 

supplement under continuous cultivation mode within the hydraulic retention time of 3.5 
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days. The differences in NH4
+-N removal might be due to microalgae assimilation was not 

the sole mechanism, but NH4
+-N striping at high pH (Li et al., 2011) may contribute to the 

removal of NH4
+-N. The pH reached over 9 in this study during indigenous microalgae 

cultivation. Therefore, this pH might have contributed to the higher removal efficiency of 

NH4
+-N. 

 

Figure 15:  NH4
+

 -N concentrations and removal efficiencies variation over cultivation 

period in unsterilized and sterilized brewery effluent.  

The TN reductions with its removal efficiencies by Scenedesmus sp. in unsterilized and 

sterilized brewery effluents over the cultivation period are displayed in Figure 16. TN 

concentrations gradually decreased until the end of the cultivation period in both effluents. 

Finally, TN concentrations reached to 2.93 ± 0.44 mg/L in unsterilized and 1.87 ± 0.94 

mg/L in sterilized brewery effluent. The removal efficiency of TN by Scenedesmus sp. was 

steadily increased and reached a maximum of 94.36 ± 1.48% in unsterilized and 96.08 ± 

1.79% in sterilized brewery effluent.  
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There was no significant difference (P > 0.05) in TN removal efficiency by Scenedesmus 

sp. between unsterilized and sterilized brewery effluents. However, the removal 

efficiencies obtained within eight days of treatment were more than 60% with 

concentrations below 20 mg/L in both effluents, which were enough to meet the 

permissible discharge limit of a brewery effluent standard of Ethiopia. This demonstrates 

the Scenedesmus sp. is effective for the removal of nitrogen nutrients from brewery effluent 

so that the utilization of this microalga for brewery effluent may be contributed to protect 

the deterioration of surface water bodies and to reduce the cost and energy demands for 

brewery wastewater treatment in Ethiopia. The summary of initial and final nitrogen 

nutrients and its removal in brewery effluent is presented in Table 14.   

 

Figure 16: Variation of TN concentrations with its removal efficiencies during the 

cultivation period in unsterilized and sterilized brewery effluents.  
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Table 14: Summary of initial and final nitrogen nutrient concentration and its removal 

efficiency in brewery effluent. The value indicates means ± SD (n=4). 

Brewery 

Effluent  

Parameter 

 

Concentration (mg/L) Removal 

efficiency (%)  Initial Final 

Unsterilized NO3
-
 -N 0.10 ± 0.05 ND - 

NO2
- -N 0.03 ± 0.01 ND - 

NH4
+ -N 41.52 ± 4.73 0.07 ± 0.02 99.84 ± 0.05 

TN 53.42 ± 6.19 2.93 ± 0.44 94.36 ± 1.48 

Sterilized NO3
- -N 0.08 ± 0.05 ND - 

NO2
- -N 0.03 ± 0.01 ND - 

NH4
+ -N 36.87 ± 4.19 0.04 ± 0.03 99.89 ± 0.08 

TN 47.5 ± 5.07 1.87 ± 0.94 96.08 ± 1.79 

 

TN removals in this study were comparable to various studies on brewery effluents as well 

as using Scenedesmus sp. on other wastewater types (Table 15).  For instance, Darpito et 

al. (2014) found the maximum removal of 96% TN by Chlorella protothecoide in 

anaerobically treated brewery effluent containing a similar initial concentration of TN and 

TP with this study. However, TN removal in this study was slightly higher than that 

obtained by Farooq et al. (2013), who reported 87% TN removal from brewery effluent 

using Chlorella vulgaris during the first two stages photoautotrophic-photoheterotrophic 

cultivation system. Lu et al. (2017) reported a remarkably lower TN removal than this study 

from brewery effluent using Spirulina sp. Regarding Scenedesmus sp. on other wastewater 

types, TN removal of this study is consistent with previous studies by Mohamed et al. 

(2018), Kim et al. (2015), and Ma et al. (2017), who reported more than 90% TN from 

secondary domestic effluent, urban AD effluent, and molasses wastewater, respectively. 
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Table 15: Comparison nitrogen nutrient removal efficiencies of different microalgae 

species from wastewater. 

4.5.2. Phosphorus Removal 

Phosphorus is another essential macronutrient having greater influence on algae growth 

and is about 0.5 – 3.3% in algal biomass (Subramaniyam et al., 2016). It is assimilated by 

microalgae as inorganic orthophosphate through an active process that requires energy 

(Rasoul-amini et al., 2014; Chaudhary et al., 2017). The changes of PO4
3--P concentrations 

and removal efficiencies over the cultivation period in unsterilized and sterilized brewery 

effluents are illustrated in Figure 17. It was observed that the PO4
3--P concentrations were 

gradually decreased starting from the first day until the end of a cultivation period in both 

effluents.  

 

Microalgae 

species 

 

Wastewater types 

 

  

Time 

(d)     

Nutrient removal 

efficiency (%) 

 

Reference 

NH4
+-N TN  

Chlorella v. Raw brewery WW 7 - 85 - 90 Raposo eal. (2010) 

Chlorella v. AD brewery effluent 10 - 87 Faroog et al. (2013) 

Chlorella Pro. AD brewery effluent 6 - 96 Darpito et al. (2014) 

Scenedesmus ob. AD brewery effluent 17 93 88.5 Ferreira et al. (2017) 

Spirulina sp.  AD Brewery effluent 5 - 78.3 Lu et al. (2017) 

Scenedesmus ob. AD brewery effluent 18 99 75 Marchão et al., (2018) 

Scenedesmus sp. Raw Domestic WW 7 95.3 - Nayak et al. (2016) 

Scenedesmus sp. Raw Molasses WW 7 - 90.5 Ma et al. (2017) 

Scenedesmus sp. Secondary Domestic 

effluent 

8 - 91.9 Mohammed et al. 

(2018) 

Scenedesmus sp. AD Urban effluent 18 - 99.2 Kim et al. (2015) 

 Scenedesmus sp. AD brewery effluent 18 99.84 94.36 This study (unsterilized) 

Scenedesmus sp. AD Brewery effluent 18 99.89 96.08 This study (sterilized) 
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The concentrations of PO4
3--P reached to 12.58 ± 1.03 mg/L and 14.58 ± 0.99 mg/L with 

the removal efficiency of 66.63 ± 2.71% and 62.78 ± 2.52% in unsterilized and sterilized 

brewery effluents at the end of cultivation, respectively. The summary of initial and final 

concentration of phosphorus nutrients with their removal efficiency is given in Table 16. 

The significant test shows that there was a significant difference in PO4
3--P removal 

efficiency by indigenous Scenedesmus sp. between unsterilized and sterilized effluent. The 

PO4
3--P removal efficiency from unsterilized effluent by indigenous Scenedesmus sp. was 

higher than those of sterilized effluent.  

 

Figure 17: Changes of PO4
3--P concentration and removal efficiency over the cultivation 

period in unsterilized and sterilized brewery effluent. 

The variations of TP concentrations and removal efficiencies in brewery effluent over the 

cultivation period are presented in Figure 18. The TP concentrations, like PO4
3--P 

concentrations, were gradually decreased in both effluents starting from the first day to the 

final day of cultivation. The TP concentration was finally reduced to 15.29 ± 1.25 mg/L 

from 50.00 ± 2.64 mg/L in unsterilized and to 17.32 ± 1.12 mg/L from 53.87 ± 2.44 mg/L 
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in sterilized effluent. The removal efficiencies of TP in unsterilized and sterilized brewery 

effluent were steadily increased until the end of cultivation and eventually reached 69.32% 

and 67.77%, respectively. The TP concentrations obtained in final effluents were found to 

be above the permissible discharge limit for brewery effluent standard recommended by 

EEPA (2003). This showed that the treatment of brewery effluent using indigenous 

Scenedesmus sp. was unsatisfactory for the removal of phosphorus nutrients.   

The comparison of phosphorus nutrients by microalgae in different wastewater with this 

study is provided in Table 17. As shown in Table 17, Phosphorus (PO4
3--P and TP) removal 

efficiencies of this study were lower than those obtained in most of previous studies done 

on brewery effluent with different microalgae and other wastewater types using 

Scenedesmus sp. For example,  Ansari et al. (2017) and  Luo et al. (2019), who reported a 

removal efficiency of 85% and 88% PO4
3--P using Scenedesmus sp. from institutional and 

cattle AD effluent combined with municipal wastewater, respectively. Moreover, Farooq 

et al. (2013), Darpito et al. (2014), Subramaniyam et al., (2016), and Lu et al. (2017) 

achieved the removal of  80%, 90%, 100%, and 97% TP from brewery wastewater using 

Chlorella vulgaris, Chlorella Prototheocides, Chlorella sp., and Spirulina sp., 

respectively. However, the removal efficiencies of PO4
3--P and TP obtained in this study 

were higher than those reported by Ferreira et al. (2017) and Marchão et al. (2018), who 

found a maximum of 40% PO4
3--P and 43% TP using Scenedesmus obliquus in brewery 

effluent, respectively. Additionally, Choi (2016) achieved a lower TP (54.69%) removal 

using Chlorella vulgaris in brewery effluent. A comparable removal of TP with this study 

was achieved by Raposo et al. (2010), who attained a maximum of 66% TP removal from 

brewery effluent using Chlorella vulgaris.  
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Figure 18: Variations of TP concentrations and removal efficiencies over the cultivation 

period in unsterilized and sterilized brewery effluents. 

In this study, a notable difference in TN and TP removal was observed by indigenous 

Scenedesmus sp. from brewery effluent. A possible reason could be that phosphorus uptake 

by microalgae is affected by algal physiology, phosphate concentration, and chemical form 

of available phosphate, light intensity, pH, and temperature (Gupta et al., 2016). Choi & 

Lee (2014) also shown that the TP removal depends strongly on the N/P ratio, which greatly 

affects microalgae growth and N and P nutrient removal in wastewater.  Xin et al. (2010) 

reported that the optimal N/P ratio for the growth of Scenedesmus sp. was in the range 5 - 

12. In this study, the N/P ratio varied from 1.07 in unsterilized and 0.89 in sterilized, which 

indicated the brewery effluent as a nitrogen limitation. Therefore, since the removal of 

phosphorus associated with N removal, the limitation of nitrogen in a brewery effluent has 

contributed to low uptake of phosphorus into biomass irrespective of the P concentration 

in the effluent (Whitton et al., 2016). 
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4.5.3. Chemical Oxygen Demand (COD) Removal  

Carbon is an essential element found in microalgal biomass, and it is more than 50% of 

typical algal biomass. Microalgae cannot metabolize all organic carbons, but simple 

organic carbon sources such as acetate and glucose are usually preferred by microalgae 

(Lee & Lee, 2001). The reduction of COD concentrations and its removal efficiencies over 

the cultivation period in sterilized and unsterilized brewery effluents depicts in Figure 19. 

The reduction of COD concentrations with increase of its removal efficiencies was 

remarkably observed until day 6 in both effluents. After the sixth day, the concentration of 

COD showed a fluctuation, i.e., sometimes it became increase and then dropped in both 

brewery effluents. Eventually, the average COD concentrations in unsterilized and 

sterilized effluents were reached 89 ± 9.13 mg/L and 102.00 ± 11.38 mg/L from initial 

concentrations of 399.58 ± 29.14 mg/L and 408.17 ± 33.79 mg/L, respectively. This 

situation shows that COD was consumed and released during the cultivation of indigenous 

microalgae in both brewery effluents.  
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Figure 19: COD concentration reduction and removal efficiency over cultivation period 

in unsterilized and sterilized brewery effluent.  

The summary nutrient initial and final, and removal efficiency of COD is given in Table 

16. As shown in the Table 14, the COD removal efficiency reached 77.58 ± 3.10% in 

unsterilized and 74.76 ± 4.44% in sterilized effluent at the end of cultivation period. The 

removal efficiency COD from unsterilized effluent was not significantly different (P > 

0.05) compared to those in sterilized brewery effluent. Nevertheless, the Scenedesmus sp. 

could reduce the concentration of COD below the permissible discharge limit of Ethiopian 

brewery effluent standard within the first four days of treatment. Therefore, it is possible 

to suggest that the treatment of anaerobically digested brewery effluent using indigenous 

microalgae is enough with four days of treatment to meet the brewery effluent standard.  

Similar results with this study concerning the increasing of COD concentrations were 

reported by Wang et al. (2010) and Yuan et al. (2012), who grown Chlorella vulgaris in 

municipal wastewater and centrate, respectively. The increase in COD concentration might 

be due to the release of organic carbon during microalgae cultivation. Nevertheless, the 

decreasing of COD concentration was due to the utilization of organic carbon by 

Scenedesmus sp. as an energy source and a substrate in addition to CO2 (Wang et al., 2012; 

Ding et al., 2015). Therefore, the indigenous Scenedesmus sp. can use alternatively organic 

and inorganic (CO2) carbon as an energy source and substrate.  
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Table 16:  Summary of initial and final phosphorus nutrient and COD concentrations 

with their removal efficiencies in brewery effluent. The value indicates means ± SD (n = 

4). 

Brewery 

effluent 

 

Parameter 

Concentration (mg/L) Removal 

efficiency (%) Initial Final 

Unsterilized PO4
3- -P 37.79 ± 2.65 12.58 ± 1.03 66.62 ± 2.71 

TP 50.01 ± 2.64 15.29 ± 1.25 69.32 ± 3.10 

COD 399.58 ± 29.14 89.00 ± 9.13 77.58 ± 3.10 

Sterilized PO4
3- -P 39.28 ± 3.00 14.58 ± 0.99 62.77 ± 2.50 

TP 53.88 ± 2.88 17.32 ± 1.12 67.77 ± 2.61 

COD 408.17 ± 33.79 102.00 ± 11. 38 74.76 ± 4.4 

 
Even though COD removal efficiencies of Scenedesmus sp. in this study met the discharge 

limit of the country, its removal efficiencies were lower when compared to previous 

studies. The comparison of COD removal efficiencies of microalgae in wastewater with 

this study is provided in Table 17. For example, Ansari et al. (2017), Ma et al. (2017), 

Tripathi et al. (2019), and Luo et al. (2019) achieved the COD removal efficiency of 95%, 

87.2%, 88.2%, and more than 90% using Scenedesmus sp. in institutional wastewater, 

molasses wastewater, municipal wastewater, and anaerobically digested effluent, 

respectively. However, the COD removal efficiencies of this study were higher than those 

reported by Ferreira et al. (2017) (62%) and  Raposo et al. (2010) (15%) in brewery 

wastewater using Scenedesmus obliquus and Chlorella vulgaris, respectively. A 

comparable COD removal efficiency with this study was reported by Mohamed et al. 

(2018) (69.9%) in domestic effluent using Scenedesmus sp., Lu et al. (2017) (75.2%) in 

brewery wastewater using Spirulina sp. and Nayak et al. (2016) (69.1%) in domestic 

wastewater using Scenedesmus sp. 
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Table 17: Comparison of phosphorus nutrient and COD removal efficiency of microalgae 

in other studies with this study. 

 
 
4.6. Relationship between Biomass Production and Nutrient Removal 

The linear relationship of the biomass production and the removal of nutrients (and a COD) 

in unsterilized and sterilized effluents is illustrated in Figures 20 and 21, respectively. The 

linear relationship of variables in a regression analysis determined by the coefficient of the 

determination (R2). The determination coefficients (R2) of the correlation between the 

biomass production and the removal of NH4
+-N, TN, TP, and PO4

3--P were relatively high 

and greater than 0.93 in unsterilized and sterilized brewery effluent. This suggested a linear 

 

Microalgae 

species 

 

Wastewater types 

 

 

Time 

(d) 

Nutrient removal 

efficiency (%) 

 

Reference 

COD TP PO4
3--P  

Chlorella v. Raw brewery WW 7 15 54 – 66  - Raposo eal. (2010) 

Chlorella v. AD brewery effluent 10 - 80 - Faroog et al. (2013) 

Chlorella Pro. AD brewery effluent 6 74.2 90 - Darpito et al. (2014) 

Scenedesmus ob. AD brewery effluent 17 62 - 40.8 Ferreira et al. (2017) 

Spirulina sp.  AD Brewery effluent 5 75.2 97.4 - Lu et al. (2017) 

Scenedesmus ob. AD brewery effluent 18 70 43 - Marchão et al., (2018) 

Scenedesmus sp. Raw Domestic WW 7 69.1 - 81.9 Nayak et al. (2016) 

Scenedesmus sp. Raw Molasses WW 7 87.2 88 - Ma et al. (2017) 

Scenedesmus sp. Raw Institutional 

WW 

8 95.0 - 80.5 Ansari et al. (2017) 

Scenedesmus sp. Raw Municipal WW 14 88.8 - 100 Tripathi et al. (2019) 

Scenedesmus sp. Secondary Domestic 

effluent 

8 69.9 98.2 - Mohammed et al. 

(2018) 

Scenedesmus sp. AD Urban effluent 18 - 98.0 - Kim et al. (2015) 

 Scenedesmus sp. AD brewery effluent 18 77.58 69.32 66.62 This study 

(unsterilized) 

Scenedesmus sp. AD Brewery effluent 18 74.76 67.77 62.77 This study (sterilized) 
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correlation between the nutrient removal and the biomass production, i.e., as the removal 

of NH4
+-N, TN, TP, and PO4

3--P from a brewery effluent increased with increasing biomass 

production. On the other hand, the assimilation of nutrients by Scenedesmus sp. is the major 

mechanism to remove nutrients from a brewery effluent. 

 

Figure 20: Relationship between biomass production (dry weight) and nutrient (and 

COD) removal in unsterilized effluent. 

 

Figure 21: Relationship between biomass production (dry weight) and nutrient (and 

COD) removal in sterilized effluent. 
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The determination coefficient (R2) of COD was relatively low in both effluents, suggesting 

that the COD removal had a weak linear relationship with the biomass production. This 

suggested that besides microalgae assimilation, other factors may be contributing to the 

removal of a COD. The lack of a linearity between the COD and the biomass production 

may be resulted due to the formation and consumption of COD during cultivation. 

 
4.7. Nutrient Removal Kinetics of Scenedesmus sp. 

4.7.1. Removal Rate of Nutrients (COD) from Brewery Effluent 

The removal rates of COD and nutrients obtained in this study are given in Table 18. It was 

found that the removal rate of TN and NH4
+-N was found to 2.80 ± 0.36 and 2.30 ±0.26 

mg N /L/d on unsterilized, while was found to 2.53 ± 0.27 and 2.05 ± 0.23 mg N /L/d on 

sterilized brewery effluent, respectively. Results showed that the removal rate of TN was 

almost similar in unsterilized and sterilized effluents, but there was a slight difference in 

the removal rate of NH4
+-N on the two effluents. Furthermore, the removal of TN per day 

was higher than those of NH4
+-N. The removal rate of PO4

3--P and TP by Scenedesmus sp. 

was 1.4 ± 0.13 and 1.9 ±0.17 mg P /L/d on unsterilized effluent, while was 1.37 ± 0.15 and 

2.03 ±0.16 mg P /L/d on sterilized brewery effluent, respectively. These results showed 

that TP had a higher removal rate compared to those of PO4
3--P in both effluents. The 

removal rates of COD obtained were 17.25 ± 1.88 mg/L/d on unsterilized and 17.00 ± 2.38 

mg C/L/d on sterilized brewery effluent. These results showed that COD had a similar 

removal rate on unsterilized and sterilized brewery effluents. Results shows the removal 

rate of TP was lower than that of TN. However, the removal rate of COD in both effluents 

was higher than those of TN, and TN had a higher removal rate than TP. This indicates that 

the Scenedesmus sp. seemed to consume more COD per day than nitrogen and phosphorus 
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nutrients. However, the determination coefficients (R2) of the removal of COD (0.62 and 

0.48) showed that Scenedesmus sp. was not a sole mechanism to remove COD from a 

brewery effluent. Therefore it is difficult to decide the removal rate of COD was only due 

to the assimilation by microalgae. The Scenedesmus sp. in this study consumed more 

nitrogen than phosphorus nutrients from a brewery effluent. The removal rates obtained in 

this study were lower than those reported by Mennaa  (2015), who found a maximum of 

4.65 mg N /L/d  and 11.98 mg P/L/d  by Chlorella vulgaris, and Jiménez-pérez (2004), 

who achieved remarkably higher removal rates of 83.3 mg N/L/d and 20.8 mg P/L/d by 

Scenedesmus intermedius. The variation in the removal rate among different studies may 

be due to the wastewater/medium composition, initial nutrient concentrations, and the 

microalgae species (Aslan & Kapdan, 2006). 

Table 18: Removal rate of COD and nutrients in unsterilized and sterilized brewery 
effluents. 

 
Nutrient Removal        

   Measurement 

 
Parameter  

Brewery effluent 

Unsterilized Sterilized 

 
 
 
Removal Rate (mg/L/d) 

COD 17.25 ± 1.88 17.00 ± 2.38 

NH4
+ -N 2.30  ± 0.26 2.05 ± 0.23 

TN 2.80  ± 0.36 2.53 ± 0.27 

PO4
3--P 1.40  ±  0.13 1.37 ± 0.15 

TP 1.90  ± 0.17 2.03 ± 0.16 

 
4.7.2. Biomass Yield Coefficient of Scenedesmus sp. in Brewery Effluent 

The biomass yield (Y) based on nutrient concentration in this study could be obtained by 

plotting a graph of [(biomass)]t – (biomass)0] against [(nutrient concentration)o – (nutrient 

concentration)t], a linear graph with slope gives the yield coefficient. Table 19 illustrates 

the yield coefficient based on TN, NH4
+-N, TP, PO4

3- -P, and COD in unsterilized and 



98 | P a g e  
 

sterilized brewery effluent. The biomass yield based on TN and NH4
+-N was 0.026 and 

0.035 gbiomass/mg N in unsterilized effluent and 0.027 and 0.039 gbiomass /mg N in sterilized 

brewery effluent, respectively. This result shows that the biomass yield based on nitrogen 

nutrient (YN) was slightly higher in sterilized effluent than in unsterilized effluents. 

Moreover, NH4
+-N gave a higher yield of coefficient than that of total nitrogen, which may 

be showed that it contributes more for biomass formation.  

The biomass yield based on TP and PO4
3--P was 0.035 and 0.046 gbiomass /mg P in 

unsterilized and 0.030 and 0.044 gbiomass /mg P in sterilized brewery effluent, respectively. 

In both effluents, the biomass yield based on PO4
3--P was higher than that of TP. 

Furthermore, the yield coefficient of P obtained in unsterilized effluent was higher than 

that in sterilized brewery effluent. The yield coefficient based on COD was 0.006 gbiomass 

/mg COD in unsterilized and 0.005 mgbiomass /mg COD in sterilized. The biomass yield 

based on COD on unsterilized effluent was slightly higher than that on sterilized effluent. 

However, the yield coefficient obtained on both effluent was very low compare to those of 

nitrogen and phosphorus.  

Yield coefficient results in this study were showed that for the same amount of biomass, 

nitrogen as TN is used 1.32 and 1.12 times less than phosphorus as TP in unsterilized and 

sterilized brewery effluent, respectively. Or, this showed that nitrogen nutrients were 1.32 

and 1.12 times more preferable than that of phosphorus in unsterilized and sterilized 

brewery effluent, respectively. The R-values for the determination coefficient of TN, 

NH4
+-N, TP, and PO4

3--P were above 0.93; this indicates that the yield coefficient obtained 

from these nutrients are more appropriate and seemed to reliable. This suggested that the 

assimilation of these nutrients by microalgae is highly contributed to biomass production. 
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However, the determination of coefficient (R-value) of COD was less than 6.5 in both 

nutrients, suggesting that the COD has a little contribution to biomass formation in a 

brewery effluent. 

 Liu (2017) evaluated yield coefficient for N and P removal in wastewater using Chlorella 

vulgaris under the injection of air, 1%, 5%, 10%, and 20% CO2. The yield coefficient for 

nitrogen obtained in this study was comparable with that reported by Liu (2017), who 

reported a maximum yield coefficient of 0.027 gbiomass/mg under the supply of 10% CO2. 

However, they reported a higher yield coefficient for phosphorus under the supply of air, 

1%, 5%, 10%, and 20% CO2 than this study. 

Table 19: Yield coefficient for nutrient removal by indigenous Scenedesmus sp. in 

unsterilized and sterilized brewery effluents. 

 

4.7.3. Nutrient Removal Rate Constant 

The removal rate constants of TN, NH4
+-N, TP, PO4

3--P and COD obtained based on the 

pseudo-first-order kinetic model in unsterilized and sterilized brewery effluent are also 

provided in Table 20. Results showed that the removal rate constants for TN and TP were 

identical whereas for PO4
3--P and COD were similar in unsterilized and sterilized brewery 

Nutrient Removal 

Measurement 

 

Parameter 

Brewery effluent 

Unsterilized R2 Sterilized R2 

 

Yield coefficient  

(gbiomass/mg nutrient) 

COD 0.01 0.64 0.01 0.54 

NH4
+-N 0.04 0.93 0.04 0.96 

TN 0.03 0.96 0.03 0.98 

PO4
3--P 0.05 0.98 0.04 0.98 

TP 0.04 0.97 0.03 0.99 
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effluents. The higher removal kinetic constant was found for NH4
+-N, whereas lower 

removal kinetic constant was found for COD and phosphorus. The removal rate of NH4
+-

N was 2 and 6.61 times faster than TN and TP, respectively. The determination of 

coefficients (R-values) found for TN, NH4
+-N, TP, and PO4

3--P found to be above 9.3, 

indicating that the removals of these nutrients are well explained using a pseudo first-order 

kinetic model. However, the R-values of COD were 0.76 in unsterilized and 0.69 in 

sterilized effluent. This suggested that the pseudo-first-order kinetic model is not well to 

explain the removal of COD in both effluents. Liu (2017) evaluated the kinetic constants 

for N and P removal in wastewater using Chlorella vulgaris under the injection of 0.03%, 

1%, 5%, 10%, and 20% CO2. They reported a higher removal of kinetic constants for N 

and P than those in this study except in the conditions of supplying air for nitrogen. 

Table 20: Removal rate constant for nutrient removal by Scenedesmus sp. in unsterilized 

and sterilized brewery effluents.  

 
4.8. Lipid Content of Scenedesmus sp. 

The lipid content and productivity of the indigenous Scenedesmus sp. in sterilized and 

unsterilized brewery effluent was analyzed in this study. The lipid contents of 13.67 ± 

0.31% and 14.79 ± 1.02% per dry weight and lipid productivities of 8.72 mg/L/d and 9.58 

Nutrient Removal 

Measurement 

 

Parameter 

Brewery effluent 

Unsterilized R2 Sterilized R2 

 

Removal rate constant (d) 

COD 0.06 0.76 0.05 0.69 

NH4
+-N 0.37 0.94 0.38 0.94 

TN 0.16 0.99 0.16 0.96 

PO4
3--P 0.06 0.98 0.05 0.99 

TP 0.06 0.99 0.06 0.99 
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± 0.66 mg/L/d were obtained in unsterilized and sterilized brewery effluent, respectively. 

The results showed that there was no significant difference (P > 0.05) in lipid content and 

lipid productivity between unsterilized and sterilized effluents. The lipid contents obtained 

from Scenedesmus sp.in this study were classified under the range of moderate lipid content 

of microalgae, which is about 10% to18% (Ho et al., 2010). It is possible to conclude that 

lipid can be produced from indigenous Scenedesmus sp. either in unsterilized or sterilized 

brewery effluent.  

The comparison of lipid content and productivity obtained in the previous study with this 

study is summarized in Table 21. It was observed that the lipid contents found in this study 

were comparable to those in Ansari et al. (2017) (13%) and Kim et al. (2017) (12.5%). 

However, the lipid content in this study was higher than those obtained by Duangjan et al. 

(2016) (8.4%), but lower than those reported by Ma et al. (2017) (28.9%) and Tripathi et 

al. (2019) (25.0%). The lipid productivity found in this study was also lower than those 

obtained by Ma et al. (2017) (94.4 mg/L/d) and Kim et al. (2017) (20 mg/L/d). Zhang et 

al. (2014) reported the increasing of lipid content from 32.2% to 90% by extending the 

cultivation period of Scenedesmus sp. from 21 days to 45 days. This showed that there is a 

possibility to increase the lipid content of microalgae in wastewater using extended 

cultivation period. The lipid content obtained in this study is not satisfactory, therefore it 

is necessary to develop the mechanisms to improve lipid content and productivity of 

Scenedesmus sp. on brewery effluent.  

Due to there was insignificant difference in lipid and biomass production in both effluent. 

The whole microalgal biomass and lipid extracted biomass obtained from unsterilized 
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effluents was utilized for the production of protein, carbohydrate, reducing sugar and 

bioethanol to reduce the energy spend on sterilization of the effluents. 

Table 21: Comparison of lipid content and productivity in Scenedesmus sp. grown in 

different wastewater types. 

 

Wastewater Type 

Time  

(d) 

Lipid content 

(%) 

Lipid productivity 

(mg/ L/d) 

 

Reference 

Primary domestic 

effluent 

21 32 - Zhang et al. (2014) 

Raw Domestic WW 7 23.10 14.20 Nayak et al. (2016) 

Chicken manure 

effluent  

8 8.43 - Duangjan et al. 

(2016) 

Raw Institution WW 14 13.00 - Ansari et al. (2017) 

Raw Molasses WW 7 28.90 94.40 Ma et al. (2017) 

AD Urban effluent 18 12.20 20.00 Kim et al. (2017) 

Raw Municipal WW 14 25.00 - Tripathi et al. 

(2019) 

Unsterilized brewery 

effluent 

18 13.67 8.72 This study 

Sterilized brewery 

effluent 

18 14.79 9.58 This study 

 

4.9. Total Protein Content  

The total protein and carbohydrate were extracted from the biomass of Scenedesmus sp. 

obtained from unsterilized brewery wastewater. Therefore, total protein contents of 

Scenedesmus sp. were determined in the whole microalgal biomass and in LEMB. The total 

protein content obtained was 49.44 ± 0.26 % in the whole microalgal biomass and 53.98 ± 

0.08 in LEMB. Result showed that the total protein obtained in LEMB was 8.41% higher 
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than that obtained in the whole microalgal biomass. Furthermore, there was a significant 

difference (P < 0.05) in total protein content between the whole microalgal biomass and 

LEMB. This shows that the use of lipid extracted microalgal biomass for protein extraction 

are sustainable approach to extract different biomolecules from microalgal biomass.  

The comparison of crude protein content reported in the other studies with this study is 

given in Table 22. As showed in the Table 19, the protein contents of most studies are less 

than that found in this study. Nevertheless, Mercado et al. (2020) was reported a 

comparable result (51%) with this study. Therefore, this indicates that brewery effluent is 

more suitable for protein accumulation in Scenedesmus sp. than the other medium or 

wastewater (municipal and domestic). 

Table 22: Comparison of total protein content profile of Scenedesmus sp. in previous 

studies with the present study. 

Growth medium Protein (%)  Reference 

Municipal wastewater 26.40 Diniz et al. (2017) 

Sea water 25.00 Vardon et al. (2012) 

BG11 19.00 Sivaramakrishnan & Incharoensakdi (2018) 

Domestic wastewater 30.40  Gupta et al. (2018) 

Dairy wastewater 51.00  Mercado et al. (2020) 

Unsterilized brewery effluent 

 WMB 

 LEMB 

 

49.44 

 

This study 

51.03 This study 
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4.10. Carbohydrate Production from Scenedesmus sp. 

4.10.1. Selection of Hydrolytic agent and Pretreatment Method 

The appropriate pretreatment method with the best hydrolytic agent was selected and 

chosen for the optimization of total carbohydrate and reducing sugar extraction from the 

WMB and LEMB in this study. The total carbohydrate produced from the WMB and 

LEMB of Scenedesmus sp. after the three pretreatments are displayed in Figure 22 and 23, 

respectively. It was observed that the maximum total carbohydrate contents were obtained 

using microwave pretreatment with all hydrolytic agents when compared with autoclave 

and oven pretreatment methods. The maximum carbohydrate contents obtained from 

LEMB in microwave by H2O, NaOH, KOH, H2SO4, and HCl were 81.89 ± 2.21, 131.57 ± 

1.07, 125.90 ± 1.37, 197.30 ± 0.85, and 222.5 ± 0.89 mg/g, which are 24.26%, 22.20%, 

33.03%, 20.90%, and 6.68% greater than those obtained from the WMB, respectively. 

Furthermore, there was a significant differences (P < 0.05) in carbohydrate production in 

microwave using different hydrolytic agents (H2O, NaOH, KOH, H2SO4, and HCl).  

 

Figure 22: Effect of different pretreatments on carbohydrate production from the WMB. 

(P < 0.05 for different letters). 
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Figure 23: Effect of pretreatment on carbohydrate production form LEMB. (P < 0.05 for 

different letters).   

Figure 24 and 25 show the effect of three pretreatment methods with hydrolytic agents 

(H2O, NaOH, KOH, H2SO4, and HCl) on total reducing sugars production from the WMB 

and LEMB, respectively. It was noted that the hydrolytic agents like H2O and HCl 

produced a maximum total reducing sugar in microwave, while H2SO4, NaOH, and KOH 

produced maximum total reducing sugar in autoclave from the WMB. Moreover, H2SO4 

was produced a maximum total reducing sugar from LEMB in autoclave, whereas the other 

hydrolytic agents in microwave. The maximum total reducing sugar content obtained from 

LEMB was 67.41 ± 0.91, 148.12 ± 2.75, 150.52 ± 1.61, 107.30 ± 1.52, and 103.48 ± 1.40 

mg/g using H2O, H2SO4, HCl, NaOH, and KOH, respectively. These results were 83.27%, 

17.29%, 2.49%, 73.28%, and 65.07% higher than those obtained from the WMB using 

H2O, H2SO4, HCl, NaOH, and KOH, respectively.  

The finding of this study showed microwave-assisted hydrolysis of microalgal biomass has 

a higher efficiency of total carbohydrate and reducing sugar extractions. This might be the 
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fact that microwave assisted hydrolysis uses a non-contact heat that can penetrate into 

biomass, interact with polar molecule like water in biomass and heat the whole sample 

uniformly (Mubarak et al., 2015). The production of total carbohydrate and reducing sugar 

using different acids and alkali pretreatment on microalgae biomass does not provide 

reproducible results (Miranda et al., 2012b). For example, Shokrkar et al. (2017) found that 

HCl was the most effective acid for the hydrolysis of mixed algae culture compared with 

H2SO4, H3PO4, and NaOH. Moreover, Park et al. (2016) also reported that HCl was better 

than H2SO4 and HNO3 to obtained a higher reducing sugar from microalgal biomass. Both 

the above two studies were in accordance with this study. In contrast,  Miranda et al. 

(2012b) compared HCl, H2SO4, and NaOH for pretreating Scenedesmus obliquus to 

produce sugar and the result indicated that the use of H2SO4 provided a higher sugar content 

compared with HCl and NaOH. Furthermore, Hernández et al. (2015) and Shokrkar et al. 

(2017) were employed alkaline hydrolysis using NaOH for the hydrolysis of microalgal 

biomass, and both studies reported that alkaline-assisted hydrolysis released less sugar than 

acid-assisted hydrolysis using HCl and H2SO4, which agreed with this study. Therefore, it 

can be concluded that the selection of a hydrolytic agent depends on microalgae biomass 

nature. 
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Figure 24: Effect pretreatments on reducing sugar production from the WMB. (P < 0.05 

for different letters). 

 

Figure 25: Effect of pretreatments on reducing sugar production from LEMB (P < 0.05 

for different letters). 

4.10.2 Carbohydrate Extraction Optimization using RSM   

The microwave pretreatment method with the acid HCl in this study was produced the 

highest total carbohydrate and reducing sugar during the preliminary investigation 
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compared to the other pretreatment methods and hydrolytic agents. Therefore, HCl with 

microwave pretreatment was chosen and used for the optimization of total carbohydrate 

and reducing sugar extraction form the WMB using RSM in this study. The complete 

experimental design with actual and predicted values of the RMS experiments is provided 

in Table 23. Maximum total carbohydrate and reducing sugar amount of 257.36 and 167.12 

mg/g was achieved, respectively, under the experimental conditions of HCl concentration 

of 2.55 N, microwave power of 1000 W, the temperature of 130 ℃, and extraction time of 

17.5 min. By applying multiple regression analysis on the experimental data, a regression 

model was developed for the predicted response. The quadratic models (Eq. (16 and 17)) 

were generated to predict the carbohydrate yield and reducing sugar obtained from 

microalgal biomass, respectively. 
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Table 23: Experimental design, actual and predicted values of carbohydrate and reducing 

sugar yield. 

Std 

Orde

r 

Run Coded value Actual Value Carbohydrate 

(mg/g)     

Reducing Sugar 

(mg/g) 

A B C D A B C D Actual Predicted Actual Predicted 

29 1 0 0 0 0 2.55 1000 130 17.5 253.29 251.06 158.62 157.23 

23 2 0 0 0 -1 2.55 1000 130 5.0 235.83 234.61 152.85 152.43 

4 3 1 1 -1 -1 500 1200 80 5.0 117.00 105.82 65.920 63.06 

22 4 0 0 1 0 2.55 1000 180 17.5 243.92 238.65 125.67 127.56 

31 5 0 0 0 0 2.55 1000 130 17.5 253.29 251.06 167.12 157.22 

2 6 1 -1 -1 -1 5.00 800 80 5.0 101.78 99.01 78.64 87.81 

24 7 0 0 0 1 2.55 1000 130 30.0 245.41 245.79 145.22 150.83 

10 8 1 -1 -1 1 5.00 800 80 30.0 102.31 108.10 76.49 75.00 

12 9 1 1 -1 1 5.00 1200 80 30.0 103.27 107.32 60.28 53.23 

27 10 0 0 0 0 2.55 1000 130 17.5 252.22 251.06 157.24 157.22 

1 11 -1 -1 -1 -1 0.10 800 80 5.0 64.51 67.72 59.25 51.56 

3 12 -1 1 -1 -1 0.10 1200 80 5.0 90.07 98.99 85.02 86.25 

14 13 1 -1 1 1 5.00 800 180 30.0 153.95 145.73 112.39 110.14 

6 14 1 -1 1 -1 5.00 800 180 5.0 116.36 115.43 111.26 106.33 

18 15 1 0 0 0 5.00 1000 130 17.5 197.92 201.27 144.81 148.48 

20 16 0 1 0 0 2.55 1200 130 17.5 250.95 241.62 162.18 169.52 

5 17 -1 -1 1 -1 0.10 800 180 5.0 78.67 75.322 55.023 61.060 

19 18 0 -1 0 0 2.55 800 130 17.5 197.18 205.67 146.57 144.42 

30 19 0 0 0 0 2.55 1000 130 17.5 257.36 251.06 167.12 157.22 

17 20 -1 0 0 0 0.10 1000 130 17.5 177.27 173.09 137.32 138.85 

8 21 1 1 1 -1 5.00 1200 180 5.0 150.01 163.62 120.60 118.89 

11 22 -1 1 -1 1 0.10 1200 80 30.0 90.60 91.04 74.59 79.24 

15 23 -1 1 1 1 0.10 1200 180 30.0 157.78 161.25 152.83 142.64 

13 24 -1 -1 1 1 0.10 800 180 30.0 85.49 96.18 65.11 67.69 

26 25 0 0 0 0 2.55 1000 130 17.5 236.25 251.06 150.23 157.22 

21 26 0 0 -1 0 2.55 1000 80 17.5 190.90 195.33 83.31 86.60 

16 27 1 1 1 1 5.00 1200 180 30.0 190.04 186.34 118.24 125.65 

7 28 -1 1 1 -1 0.10 1200 180 5.0 154.26 147.98 131.89 133.06 

9 29 -1 -1 -1 1 0.10 800 80 30.0 80.27 67.36 40.90 41.59 

28 30 0 0 0 0 2.55 1000 130 17.5 252.23 251.06 157.13 157.22 

25 31 0 0 0 0 2.55 1000 130 17.5 250.31 251.06 158.62 157.22 
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YTotal Carbohydrate = -806 + 68.83 A + 1.371 B + 2.747 C + 2.34 D - 10.643 A2 - 0.000685 B2 

- 0.01363 C2 - 0.0695 D2 - 0.01248 A*B  + 0.0180 A*C + 0.0771 A*D 

+ 0.001035 B*C - 0.000759 B*D  + 0.00849 C*D                                    (16)           

YReducing Sugar = -264 + 41.82 A + 0.026 B + 4.528 C + 0.09 D - 2.258 A2  - 0.000006 B2 

- 0.02005 C2 - 0.0357 D2 - 0.03033 A*B  + 0.0184 A*C - 0.0230 A*D 

+ 0.000933 B*C  + 0.000295 B*D + 0.00664 C*D                                   (17)      

  

where Y is the predicted responses and A, B, C and D are coded values of test variable 

concentration, microwave power, temperature and extraction time, respectively. AB, AC, 

AC, BC, BD, and CD are the interaction terms, and A2, B2, C2, and D2 are the quadratic 

terms.  

4.10.2.1. Interpretation of Regression Equation 

In a regression model, all terms are not equally important, the significance of each 

coefficient was determined by Student’s t-test and P-values. The coefficient with larger the 

magnitude of T-value and the smaller P-value are more significant. The regression 

coefficients of the model along with their T and P values for total carbohydrate and 

reducing sugar prediction are presented in Tables 24 and 25, respectively. For carbohydrate 

extraction, all linear terms (A, B, C, and D), three quadratic terms (A2, B2, and C2) and 

three interaction terms (AB, BC, and CD) had a significant effect (P < 0.05) on total 

carbohydrate extraction. Nevertheless, the other terms of the model had no significant 

effect (P > 0.05) on total carbohydrate production. For total reducing sugar, three linear 

terms (A, B, and C), two quadratic terms (A2 and C2), and three interaction terms (AC, BC, 

and CD) had a significant effect (P < 0.05) on the reducing sugar production. However, the 

other terms of the model had no significant effect (P > 0.05) on reducing sugar production. 
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A positive or a negative sign before a coefficient represents either a synergistic effect or an 

antagonistic effect (Dash et al., 2016). All quadratic effects (A2, B2, C2, and D2) of the 

models had negative coefficients, which imply that they had antagonistic effects on total 

carbohydrate and reducing sugar extraction. 

Except interaction term (BC) for total carbohydrate extraction and (AD) for reducing sugar 

extraction, the other interaction effects of the models had a synergistic effect on total 

carbohydrate and reducing sugar extractions. The parameters with synergic effect mean the 

increasing of these parameters increase the production of reducing sugar while parameters 

with antagonistic effect mean the increasing of these parameters decrease the production 

of reducing sugar. Among the studied linear parameters, temperature was the most 

effective parameter while extraction time was the less effective parameter on microwave-

assisted reducing sugar extraction.  
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Table 24: Regression coefficients and the corresponding T and P values of the predicted 

quadratic polynomial model for total carbohydrate. 

Term Coef SE Coef T-Value P-Value VIF 

Constant 251.06 2.77 90.70 0.000    

A 14.10 2.20 6.41 0.000 1.00 

B 17.97 2.20 8.17 0.000 1.00 

C 21.66 2.20 9.85 0.000 1.00 

D 5.59 2.20 2.54 0.022 1.00 

A2 -63.88 5.79 -11.03 0.000 2.91 

B2 -27.42 5.79 -4.73 0.000 2.91 

C2 -34.07 5.79 -5.88 0.000 2.91 

D2 -10.86 5.79 -1.88 0.079 2.91 

A*B -6.12 2.33 -2.62 0.019 1.00 

A*C 2.20 2.33 0.94 0.359 1.00 

A*D 2.36 2.33 1.01 0.326 1.00 

B*C 10.35 2.33 4.44 0.000 1.00 

B*D -1.90 2.33 -0.81 0.428 1.00 

C*D 5.30 2.33 2.27 0.037 1.00 

 

4.10.2.2. Statistical Analysis of the Models 

The significance of the generated model was tested using ANOVA, lack of fit, 

determination coefficient, and analyses of residual. The ANOVA for the quadratic 

polynomial models of total carbohydrate and reducing sugar extraction is depicted in Table 

26 and 27, respectively. The model would be more significant if the F-value becomes 

higher and the p-value turns smaller (Li et al., 2012). As shown in Table 23 and 24, the 

models, F-value of 112.05 with P-value of 0.000 for total carbohydrate extraction and F-

value of 78.36 and P-value of 0.000 for reducing sugar extraction indicate that the models 

were significant and could be used to predict the response functions accurately. Moreover, 
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the significance of the model was determined by the lack of-fit test. The model’s lack of 

fit was found to insignificant (P > 0.05) for both models at a 95% confidence level, 

suggesting that the suitability of the models to predict the variations (Maran et al., 2013). 

The coefficient of variation (CV) is expressed as a percentage of the ratio of the standard 

error of estimate to the mean value of observed, measuring the reproducibility of the 

models (Y. Song et al., 2011). In this study, the CV of total carbohydrate and reducing 

sugar was found to be 3.5% and 2.37%, respectively, which are relatively low, indicating 

that better reliability of the experimental values. 

Table 25: Regression coefficients and the corresponding T and P values of the predicted 

quadratic polynomial model for reducing sugar.  

Term Coef SE Coef T-Value P-Value VIF 

Constant 157.22 2.14 73.49 0.000    

A 4.82 1.70 2.83 0.012 1.00 

B 12.55 1.70 7.38 0.000 1.00 

C 20.48 1.70 12.05 0.000 1.00 

D -0.80 1.70 -0.47 0.644 1.00 

A2 -13.55 4.48 -3.03 0.008 2.91 

B2 -0.24 4.48 -0.05 0.958 2.91 

C2 -50.13 4.48 -11.20 0.000 2.91 

D2 -5.58 4.48 -1.25 0.230 2.91 

A*B -14.86 1.80 -8.24 0.000 1.00 

A*C 2.25 1.80 1.25 0.229 1.00 

A*D -0.70 1.80 -0.39 0.701 1.00 

B*C 9.33 1.80 5.17 0.000 1.00 

B*D 0.74 1.80 0.41 0.688 1.00 

C*D 4.15 1.80 2.30 0.035 1.00 
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Table 26: ANOVA for the fitted quadratic regression model for optimization of total 

carbohydrate. 

Source DF Adj SS Adj MS F-Value P-Value 

Model 14 136582 9755.9 112.05 0.000 

  Linear 4 18393 4598.3 52.81 0.000 

    A 1 3577 3576.5 41.08 0.000 

    B 1 5813 5812.8 66.76 0.000 

    C 1 8441 8441.3 96.95 0.000 

    D 1 562 562.4 6.46 0.022 

  Square 4 115203 28800.7 330.80 0.000 

    A2 1 10592 10591.5 121.65 0.000 

    B2 1 1951 1950.9 22.41 0.000 

    C2 1 3013 3012.8 34.60 0.000 

    D2 1 306 306.1 3.52 0.079 

  2-Way Interaction 6 2986 497.7 5.72 0.002 

    A*B 1 598 598.4 6.87 0.019 

    A*C 1 78 77.6 0.89 0.359 

    A*D 1 89 89.3 1.03 0.326 

    B*C 1 1713 1713.3 19.68 0.000 

    B*D 1 58 57.6 0.66 0.428 

    C*D 1 450 450.1 5.17 0.037 

Error 16 1393 87.1       

  Lack-of-Fit 10 1122 112.2 2.48 0.139 

  Pure Error 6 271 45.2       

Total 30 137975          

 R2= 98.99%,  R2 (adjusted) = 98.11%, R2 (predicted) = 93.63%, CV=3.5% 
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Table 27: ANOVA for the fitted quadratic regression model for optimization of reducing 

sugar. 

Source DF Adj SS Adj MS F-Value P-Value 

Model 14 48381.1 3455.80 66.46 0.000 

  Linear 4 10814.1 2703.53 51.99 0.000 

    A 1 417.5 417.47 8.03 0.012 

    B 1 2835.0 2835.02 54.52 0.000 

    C 1 7550.1 7550.08 145.19 0.000 

    D 1 11.6 11.56 0.22 0.644 

  Square 4 32267.9 8066.97 155.14 0.000 

    A*A 1 476.8 476.82 9.17 0.008 

    B*B 1 0.2 0.15 0.00 0.958 

    C*C 1 6522.7 6522.72 125.44 0.000 

    D*D 1 80.9 80.91 1.56 0.230 

  2-Way Interaction 6 5299.1 883.19 16.98 0.000 

    A*B 1 3534.0 3533.96 67.96 0.000 

    A*C 1 81.2 81.23 1.56 0.229 

    A*D 1 7.9 7.94 0.15 0.701 

    B*C 1 1392.0 1392.01 26.77 0.000 

    B*D 1 8.7 8.72 0.17 0.688 

    C*D 1 275.3 275.29 5.29 0.035 

Error 16 832.0 52.00       

  Lack-of-Fit 10 617.7 61.77 1.73 0.260 

  Pure Error 6 214.3 35.72       

Total 30 49213.1          

R2= 0.983,   R2 (Adjust) = 0.968,  R2 (Predicted)= 0.904,  CV = 2.37% 

 

The goodness of fit of the quadratic model is checked by investigating the determination 

of coefficient (R2-values) (Pandey et al., 2020). The closeness of the determination 

coefficient (R2) to 1 indicating the fitness of the model to actual data (Xu et al., 2016). The 
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values of R2, adjusted R2, and predicted R2 obtained were 0.9899, 0.9811, and 0.9363 for 

total carbohydrate extraction and 0.983, 0.968, and 0.904 for total reducing sugar 

extraction, respectively.  

The value of R2 describes up to what extent perfectly model can estimate the experimental 

data points; the adjusted R2 measured the  amount of variation about a mean explained by 

the model (Behera et al., 2018). The R2 values of total carbohydrate and reducing sugar in 

this study were 0.9899 and 0.983, respectively, which are close to 1, indicating that the 

models generated in this study could explain 98.99% and 98.31% of the variability in the 

response of total carbohydrate and reducing sugar, respectively. Nevertheless, only 1.01% 

and 1.69% of the total variations cannot be explained by the models of total carbohydrate 

and reducing sugar, respectively. The adjusted R2 values of the models were 0.9811(for 

total carbohydrate) and 0.968 (for reducing sugar) which did not differ notably from the 

R2-values, indicating a high degree of correlation between actual and predicted values 

(Chen et al., 2012). Furthermore, the closeness of the predicted R2 values of 0.9363 (for 

total carbohydrate) and 0.904 (for reducing sugar) was found to be in reasonable agreement 

with the adjusted R2 values, which indicate a good fit of the generated models.  

The adequacy of the developed model also evaluates through diagnostic plots such as 

predicted versus actual and normal probability plots (Alexander et al., 2020). Figure 26 (a 

& b) shows the plot of predicted value versus the actual value of total carbohydrate and 

reducing sugar yield from microalgal biomass. It was observed that values lie reasonably 

close to the straight line; it indicates that the significance and reliability of the developed 

model. The plot of normal probability versus residual for total carbohydrate and reducing 

sugar yield shows in Figure 27 (a & b), which demonstrated all the points found 
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approximately along a straight line. This indicates that the residuals for total carbohydrate 

and reducing sugar yield fitted normal distribution, and the developed model was proven 

in good agreement with experimental data (Zhu et al., 2010). 

 

Figure 26: Correlation between experimental and predicted values of (a) total 

carbohydrate and (b) reducing sugar extraction from WMB.  

 

 

Figure 27: Normal distribution plot of (a) total carbohydrate and (b) reducing sugar 

extraction from WMB. 
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4.10.2.3. Effect of Variables on Total Carbohydrate and Reducing Sugar Production  

The interactions between independent variables and their effect on carbohydrate extraction 

were visualized using contour and response surface plots. The contour and response 

surfaces were plotted on the basis of the quadratic model equation to investigate the 

interaction among the process variables on carbohydrate extraction  (Ibrahim et al., 2019). 

The plots show the interaction of two variables with the other two variables kept at zero 

levels (at fixed value). The results of the interactions between four independent variables 

(holding two factors at zero levels) and the dependent variables (responses) in this study 

show in Figures 28 - 33.  

Figure 28a shows the interactive effects of acid concentration and microwave power on 

carbohydrate production at zero levels of temperature and extraction time. The results 

indicated that the carbohydrate yield first increased as acid concentration changed from 0.1 

to 2.82 N or microwave power changed from 800 to 1062.7 W, then decreased as the two 

variables kept increased. Therefore, the optimal acid concentration and microwave power 

obtained for carbohydrate extractions were 2.82 N and 1062.7 W. 
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Figure 28: Response contour plot (left) and the corresponding surface plot (right) showing 

the effect of acid concentration and microwave power on (a) total carbohydrate and (b) 

reducing sugar extraction. 

Figure 28b shows the effect of acid concentration and microwave power on reducing sugar 

extraction at zero levels of temperature and extraction time. The plots show that at lower 

microwave power (around 800), an increase of acid concentration led to an increase in 

reducing sugar concentration. However, at higher microwave power (around 1200), the 

reducing sugar yield increased at first as the acid concentration increased from 0.1 N to 

1.64 N and then decreased as the acid concentration was kept increase. On the other hand, 

at acid concentrations (< 4.6 N), the yield of reducing sugar was increased as the 

microwave power increased. The maximum reducing sugar of 171.37 mg/g was obtained 

at a microwave power of 1200 W and an acid concentration of 1.64 N. Therefore, these 
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values of microwave and acid concentration were taken as the optimum for reducing sugar 

production. 

Figure 29a shows the interactive effect of acid concentration and temperature on 

carbohydrate production at zero levels of microwave power and extraction time. It found 

that the carbohydrate yield was increased with the increase of acid concentration and 

temperature up to the acid concentration was reached 2.8 N, and temperature of 146 ℃. 

After this acid concertation and temperature, the carbohydrate concentration became 

decrease as both variables increased. Therefore, acid concentration of 2.8 and temperature 

of 146 ℃ were optimal for carbohydrate extractions.  

Figure 29b shows the plot of reducing sugar production as the function of acid 

concentration and temperature on reducing sugar. It can been seen that at a given acid 

concentration the increase in temperature from 80 to 140 ℃ substantially improved the 

reducing sugar yield; however it decrease as the temperature kept increase. At a 

temperature around 140 ℃, the yield of reducing sugar was changed from 140 mg/g to 151 

mg/g as the acid concentration changed from 0.1 to 5 N. The maximum reducing sugar 

yield obtained was 159.82 mg/g at acid concentration of around 3.02 N and temperature of 

140 ℃, which were the optimum acid concentration and temperature, respectively.  
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Figure 29: Response contour plot (left) and the corresponding surface plot (right) showing 

the effect of acid concentration and temperature on (a) total carbohydrate and (b) reducing 

sugar extraction. 

Figure 4.30a shows the interaction of acid concentration and extraction time on 

carbohydrate production at zero levels of microwave power and temperature. It showed 

that at a fixed extraction time increase in acid concentration form 0.1 N and 2.83 N 

increased carbohydrate yield but as the acid concentration kept increased carbohydrate 

yield became decrease. This might be the degradation of carbohydrate at higher acid 

concentration. At a given acid concentration, increase in extraction time from 5 min to 30 

min first slightly increased carbohydrate yield and then decreased as extraction time 

increased. This shows extraction time was a little effect on the extraction of carbohydrate. 

Moreover, the effect of acid concentration on carbohydrate extraction was more than 
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extraction time. The maximum carbohydrate content obtained was 253 mg/g at the 

optimum value of acid concentration of 2.83 N and extraction time of 20.89 min. 

 

Figure 30: Response contour plot (left) and the corresponding surface plot (right) showing 

the effect of acid concentration and extraction time on (a) carbohydrate and (b) reducing 

sugar extraction. 

A synergic effect of acid concentration and extraction time on reducing sugar extraction is 

depicted in Figure 30b. It was observed that at a given extraction time the increase in acid 

concentration form 0.1 N to 3.0 N increased the reducing sugar yield form 139 mg/g to 157 

mg/g, but it started decline slightly as the acid concentration kept increase. The increasing 

of extraction time did not show a significant effect on the reducing sugar yield. At an acid 

concentration of 3.0 N, the reducing sugar yield was only changed from 151 to 157 mg/g 

when the extraction time changed from 5 min to 16 min. Furthermore, the increase in 



123 | P a g e  
 

extraction time from 16 to 30 min the yield of reducing sugar changed only 157 to 153 

mg/g. Therefore, acid concentration affected the reducing sugar yield more than extraction 

time. The acid concentration of 3 N and extraction time of 16 min were considered as the 

optimum value for the extraction of reducing sugar.  

Figure 31a shows the contour and the correspondent surface plots for the interaction 

between microwave and temperature on carbohydrate yields when acid concentration and 

extraction time were held at zero levels. It could be seen the carbohydrate yield first 

increased as the microwave power increased from 800 to 1079.77 W and temperature 

increased from 80 ℃ to 148.97 ℃, then decreased when these two variables kept increased. 

Therefore, the optimum microwave power and the temperature obtained for carbohydrate 

extraction were 1079.77 W and 148.97 ℃, respectively. 

The interaction between temperature and microwave power on the extraction of reducing 

sugar is depicted in Figure 31b. The results showed that the reducing sugar yield was first 

increased and then decreased with the increasing of temperature at fixed microwave power. 

Similarly, the increasing of microwave power led to a notable change in reducing sugar 

yield when the temperature was greater than 104 ℃. However, the increase of reducing 

sugar yield was not remarkably increase with increase of microwave power when the 

temperature was below 103 ℃. The maximum reducing sugar was obtained at a microwave 

power of near to 1200 W and temperature around 145 ℃. This shows that the higher 

microwave power was more favor for reducing sugar production from microalgae biomass.     
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Figure 31: Response contour plot (left) and the corresponding surface plot (right) showing 

the effect of microwave power and temperature on (a) total carbohydrate and (b) reducing 

sugar extraction. 

Figure 32a shows the relationship between microwave power and extraction time on 

carbohydrate production when acid concentration and temperature were held at zero levels. 

The carbohydrate concentration increased to its maximum as both microwave power and 

extraction time initially increased, then it decreased as microwave power and extraction 

time kept to increase. The optimum microwave power and extraction time provided a 

maximum carbohydrate concentration were found around 1064.4 W and 20 min, 

respectively, which were considered as the optimal values.  

Figure 32b shows the interaction between microwave power and extraction time on 

reducing sugar extraction when acid concentration and temperature kept as zero level. As 
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show in the figure 4.25b, the reducing sugar yield was increased as the microwave power 

was increased and reach a maximum of 169.47 mg/g around 1199 W. This shows that 

microwave power displayed a significant linear effect on the reducing sugar extraction. 

However, at a given microwave power, increase in extraction time from 5 to 30 min did 

not showed a significant change in reducing sugar yield. The reducing sugar yield obtained 

at 5 min and 30 min was almost similar round 1199 W. The highest reducing sugar yield 

was obtained around the middle level of extraction time.    

 

Figure 32: Response contour plot (left) and the corresponding surface plot (right) showing 

the effect of microwave power and extraction time on (a) total carbohydrate and (b) 

reducing sugar extraction. 

Figure 33a depicts the interactive effects of temperature and extraction time on 

carbohydrate extraction at zero levels of acid concentration and temperature. The 
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carbohydrate yield was first increased and then decreased as both temperature and 

extraction time kept increase. The optimum values were around 147.3 ℃ of temperature 

and 21.8 min of extraction time.  

 

Figure 33: Response contour plot (left) and the corresponding surface plot (right) showing 

the effect temperature and extraction time on (a) total carbohydrate and (b) reducing sugar 

extraction. 

The effect of the interaction between temperature and extraction time on reducing sugar 

production is shown in figure 33b. It was observed that the reducing sugar yield was 

increased as the temperature and extraction time were increased up to a certain level; 

however, beyond these levels the reducing sugar yield became decrease. The maximum 

yield of reducing sugar were found to be around 140 ℃ and 17 min, respectively. These 
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temperature and extraction time were considered as the optimum values for reducing sugar 

production. 

4.10.2.4. Optimization and Validation Experiment  

The optimized total carbohydrate and reducing sugar extraction conditions predicted using 

the quadratic models of RSM were validated by the optimal conditions with a small 

modification. Figure 34 and 35 show the predicted total carbohydrate and reducing sugar 

content at optimum conditions. The predicted carbohydrate yield obtained was 260.54 

mg/g under optimum conditions of acid concentration of 2.82 N, microwave power of 

1074.74 W, a temperature of 150.70 ℃, and extraction time of 21.67 min. The predicted 

carbohydrate yield was validated by carried out experiments in triplicate at optimal 

conditions. The optimal acid concentration, microwave power, temperature and extraction 

time were modified into 2.8 N, 1075 W, 151 ℃ and 22 min to perform three replicate 

experiments and to get the actual value. The actual result obtained at optimum conditions 

was 259.88 ± 0.24 mg/g, which was in good agreement with the predicted value. Thus, the 

model was appropriate and adequate to describe the microwave-assisted extraction of 

carbohydrate form the indigenous microalgal biomass in this study.  

An acid concentration of 1.68 N, microwave power of 1200 W, temperature of 144.65 ℃ 

and extraction time of 18.89 min were found to be optimal for reducing sugar extraction 

from microalgae biomass. Under these optimum conditions of independent variables, the 

theoretical reducing sugar yield was estimated to be 175.49 mg/g. The capability of the 

model equations for predicting the optimum responses was validated by the above optimum 

conditions with small modification (Acid concentration = 1.6 N, microwave power = 1200, 

temperature = 144.65 ℃ and extraction time = 19 min). Three replicate experiments were 
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performed using the modified optimum conditions and the average reducing sugar yield 

obtained was 172.46 ± 0.60 mg/g, which was close to the predicted value. Thus, the models 

were appropriate and adequate to describe the microwave-assisted extraction of total 

carbohydrate and reducing sugar form the indigenous microalgal biomass in this study.  

The maximum reducing sugar producing from indigenous Scenedesmus sp. was 167.12 

mg/g under the experimental conditions of acid concentration of 2.55 N, microwave power 

of 1000 W, temperature of 130 ℃ and extraction time of 17.5 min. This result was higher 

compared to the reducing sugar produced other microalgal biomass reported by other 

studies. For instances, Kassim & Bhattacharya (2016) reported 88 mg/g of reducing sugar 

was produced from alkaline pretreatment of Chlorella sp. performed using 2.00 (%, w/v), 

120 ℃ and 30 min in autoclave. Hernández et al. (2015) also found a maximum of 21 and 

136 mg/g reducing sugar was produced from microwave pretreatment using H2O at 150 W 

for 10 min and autoclave pretreatment using H2SO4 with 4% (v/v) at 120 ℃ for 90 min of 

Chlorella sorokiniana. However, the reducing sugar of this study was lower compared to 

those obtained by Harun et al. (2011), who reported about 350 mg/g of sugar was produced 

from alkaline pretreatment of Chlorococcum infusionum performed using 0.75% (w/v) 

NaOH, at 120 ℃ for 30 min, and by Miranda et al. (2012b), who reported around 286 mg/g 

of sugar under the condition of 2 N H2SO4 at 120 °C for 30 min in autoclave from 

Scenedesmus obliquus. Most of these studies were used synthetic growth media for 

microalgae growth. However, wastewater was used in this study as growth media for 

indigenous microalgae. Therefore, the combination of wastewater treatment with biomass 

production for reducing sugar production may be attributed a promising result.  
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Figure 34: Process optimization curve for total carbohydrate extraction 

 

 

 Figure 35: Process optimization curve for reducing sugar extraction 

 
The optimization of total carbohydrate and reducing sugar extraction was increased by 

20.07% and 12.74 % from non-optimization, respectively. In general, total carbohydrate 

produced from indigenous Scenedesmus sp. in this study was slightly higher compared to 

the carbohydrate produced from other Scenedesmus sp. biomass in other studies. For 

example,  Sivaramakrishnan & Incharoensakdi (2018) obtained around 220 mg/g of 

carbohydrate from Scenedesmus sp. grown in BG11 medium using acid hydrolysis in 
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autoclave. A comparable carbohydrate content with this study was reported by Ji et al. 

(2015) and Ansari et al. (2019) from Scenedesmus obliquus grown in wastewater. Ji et al. 

(2015) cultivated Scenedesmus obliquus in municipal wastewater supplemented with food 

wastewater and flue gas of 5%, 10% and 15% CO2, and found a carbohydrate content 

ranged from 20.50% to 28.80%. Ansari et al. (2019) found a carbohydrate content of 

27.50% from the whole microalgal biomass obtained after municipal wastewater treatment. 

Therefore, the utilization of brewery effluent for indigenous microalgae growth and 

biomass production showed a promising result for wastewater management and 

carbohydrate accumulation for bioethanol production in this study. 

The reducing sugar content obtained in this study was higher than those reported in some 

previous studies. For instances, Kassim & Bhattacharya, (2016) reported 88 mg/g of 

reducing sugar was produced from alkaline pretreatment of Chlorella sp. performed using 

2.00%  (w/v) at 120 ℃ for 30 min in autoclave. Hernández et al. (2015) also found a 

maximum of 21 and 136 mg/g reducing sugar was produced from microwave pretreatment 

using H2O at 150 watt for10 min and autoclave pretreatment using H2SO4 with 4% (v/v) at 

120 ℃ for 90 min of Chlorella sorokiniana. However, the reducing sugar of this study was 

lower compared to those obtained by  Harun et al. (2011) , who reported about 350 mg g-1 

of sugar was produced from alkaline pretreatment of Chlorococcum infusionum performed 

using 0.75% (w/v) NaOH, at 120℃ for 30 min, and by (Miranda et al., 2012b), who 

reported around 286 mg/g of sugar under the condition of 2 N H2SO4 at 120 °C for 30 min 

in autoclave from Scenedesmus obliquus. Most of these studies were used synthetic growth 

media for microalgae growth. But in this study, wastewater was used as growth media for 
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indigenous microalgae. Therefore, the combination of wastewater treatment with biomass 

production for reducing sugar production may be attributed a promising result.  

 

4.10.3 Carbohydrate Extraction Optimization using single-factor  

The extraction of total carbohydrate and reducing sugar from LEMB was employed using 

single factor optimization method. In this method, each independent variable was 

separately optimized to determine the maximum total carbohydrate and reducing sugar.  

4.10.3.1 Effect of Acid Concentration  

In this study, four operational parameters were investigated to optimize microwave-based 

carbohydrate extraction from LEMB. The parameters were acid concentration, microwave 

power, temperature and extraction time. Figure 36 depicts the effect acid concentration 

(0.5, 1, 2, 3, 4, 5, and 6 N) on total carbohydrate and reducing sugar production from lipid 

extracted microalgal biomass under the conditions of 5% (w/v) biomass, 1000 W and 120 

℃ for 15 min. The results revealed that the optimum acid concentrations were 2 N and 1 

N, giving the highest total carbohydrate and reducing sugar concentration of 247.86 ± 1.30 

mg/g and 165.075 ± 2.19 mg/g, respectively. The total carbohydrate obtained at a 

concentration of 2 N was significantly difference (P < 0.05) with those obtained using the 

other acid concentrations. The total reducing sugar obtained at 1 N was not significantly 

difference (P > 0.05 with those obtained using 2 N, but significantly difference (P < 0.05) 

with those obtained using the other acid concentrations. Hence, the optimal acid 

concentration for total carbohydrate and reducing sugar was 2 N and 1 N, respectively. The 

decreasing of sugar content with increase of acid concentration may be attributed to the 
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degradation of monosaccharide into sugar degradation products like furfural 

(Boonmanumsin et al., 2012; Khan et al., 2017). 

 

Figure 36: Effect of acid concentration on total carbohydrate and reducing sugar 

extraction from LEB of Scenedesmus sp.  

4.10.3.2. Effect of Microwave Power  

The effects of different microwave power on total carbohydrate and reducing sugar 

production from LEMB of indigenous Scenedesmus sp. were investigated in this study. 

The results are shown in Figure 37. The microwave power ranged from 600 W to 1400 W 

were studied and the other extraction conditions such as biomass, acid concentration, 

temperature, and extraction time were fixed at 5% (w/v), 2 N, 120 ℃ and 15 min for 

carbohydrate and 5% (w/v), 1 N, 120 ℃ and 15 min for reducing sugar , respectively. The 

results indicated that carbohydrate extraction was increased with the increase of microwave 

power and reached a maximum value of 247.96 ± 1.54 mg/g when the microwave power 
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of 1200 W, then started to decrease with the microwave power continue to increase. There 

was significantly difference (P < 0.05) in total carbohydrate concentration obtained at 1200 

W with the other microwave powers. Similarly, reducing sugar yield was also increased as 

the microwave power increase and reached peak value of 167.92 ± 2.79 at microwave 

power of 1200 W. The reducing sugar concentration obtained at 1200 W was not 

significantly difference (P > 0.05) with that obtained at 1400 W, but it was significantly 

difference with those obtained using the other microwave power.  Therefore, the 

microwave power of 1200 W was taken as optimal value for total carbohydrate and 

reducing sugar production. The decrease of sugar concentration after 1200 W may be due 

to the degradation of sugar at high microwave power. 

 

Figure 37: Effect of microwave power on total carbohydrate and reducing sugar 

extraction from LEB of Scenedesmus sp. 



134 | P a g e  
 

4.10.3.3. Effect of Temperature  

Temperature is one of the most important function for total carbohydrate and reducing 

sugar extraction using different pretreatment types. The yield of extraction increase with 

the increasing of extraction time due to increase of carbohydrate solubility. In this study, 

the microwave temperatures of 80 ℃, 100 ℃, 120 ℃, 140 ℃, and 160 ℃ were investigated 

to obtain the optimal temperature for total carbohydrate and reducing extraction. Figure 38 

shows the effect of different microwave temperature on extraction of total carbohydrate 

and reducing sugar from lipid extracted microalgal biomass. Extraction was performed at 

different microwave temperature conditions, while other extraction variables were fixed as 

follow: microalgal biomass of 5% (w/v), acid concentration of 2 N for total carbohydrate/ 

1 N for reducing sugar, microwave power of 1200 W, and extraction time of 20 min. It was 

observed that the total carbohydrate and reducing sugar contents were increased with 

increase temperature and reached a maximum of 276.96 ± 2.13 and 181.27 ± 2.49 mg/g at 

a temperature of 140 ℃, respectively. The total carbohydrate and reducing sugar 

concentrations obtained at 140 ℃ was significantly differ (P < 0.05) with those obtained 

with the other microwave temperatures. Therefore, 140 ℃ was considered to be optimal 

for the extraction of total carbohydrate and reducing sugar.  
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Figure 38: Effect of microwave temperature on total carbohydrate and reducing sugar 

extraction from LEB of Scenedesmus sp. 

4.10.3.4. Effect of Extraction Time 

Extraction time is also one of the factors that affects the extraction of carbohydrate and 

reducing sugar from microalgal biomass. Therefore, it is necessary to choose a proper 

extraction time to assure the maximum total carbohydrate and reducing sugar extraction 

from LEMB. Figure 39 shows the effect of extraction time (5, 10, 15, 20, 25, and 30 min) 

on carbohydrate and reducing sugar production from LEMB at 5% biomass, 2 N (for 

carbohydrate)/ 1 N (for reducing sugar) , 1200 W, and 140℃. As shown in figure 39, both 

total carbohydrate and reducing sugar contents obtained were increased with the increase 

of extraction time and reached maximum at 20 min, but decreased after 20 min. The total 

carbohydrate and reducing sugar content obtained at 20 min was 277.24 ± 0.98 and 192.54 

± 1.37 mg/g, respectively, which were significantly differ with those obtained in the other 
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extraction times. Therefore, 20 min was taken as the optimal extraction time for total 

carbohydrate and reducing sugar extractions.   

 

 

Figure 39: Effect of extraction time on total carbohydrate and reducing sugar extraction 

from LEB of Scenedesmus sp. 

The optimum conditions obtained for acid concentration, microwave power, temperature, 

and extraction time were 2 N, 1200 W, 140 ℃, and 20 min for total carbohydrate and 1 N, 

1200 W, 140 ℃ and 20 min for total reducing sugar extraction from LEMB. The total 

carbohydrate and reducing sugar contents obtained at optimum conditions were 277.24 ± 

0.98 and 192.54 ± 1.37 mg/g, respectively. It was reported that the Scenedesmus sp. 

contains 21–52% carbohydrates (Demirbas, 2010). The total carbohydrate content obtained 

in this study was slightly higher than that reported by (Ashokkumar et al., 2015), who found 

a maximum of 260 mg/g from lipid extracted biomass of Scenedesmus bijugatus using acid 

pretreatment in oven. The result in this study showed that microwave-assisted acid 
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hydrolysis has a potential to improve releasing of sugar from lipid extracted microalgal 

biomass prior to fermentation process. 

 
4.11. FTIR Analysis 
Fourier transform infrared (FTIR) spectroscopy was an instrumental method that 

frequently used to investigate the structure of constituents and structural changes that 

occurred during the pretreatment of in algae and other lignocellulosic biomass (Pancha et 

al., 2016). It measures the absorption of light at each wavelength and make to identify 

molecular structures from the information obtained and the way of assigning certain 

absorption bands to their functional groups (Inan et al., 2015). It has been used to 

simultaneously estimate protein, lipid, and carbohydrate content in microalgal biomass. 

The FTIR spectra of raw microalgal biomass and biomass after microwave-assisted acid 

pretreatment were recorded to examine the structural changes occurring in microalgal 

biomass and the results are shown in Figure 40a and b. Figure 40a shows the FTIR 

spectrum of raw microalgal biomass. It distinct absorption bands that identified various 

functional groups, helping for the detection of macromolecules such as protein, lipids and 

carbohydrates. The spectra shows peaks near 3400 – 3200 cm-1, 1705 – 1460 cm−1, 2920 – 

2860 cm-1, and 1200 – 900 cm−1. The peaks between 3200 and 3400 cm-1 could link to 

symmetric O–H of water and N–H stretching of protein (Ansari et al., 2019). The 

noticeable bands observed between 2920 and 2926 cm-1, and 2850 and 2860 cm-1 could be 

link to asymmetric CH2
 of methylene groups and symmetric CH2 of methyl groups, 

respectively, which were also the major characteristic for lipids. The prominent bands 

between 1705 and 1575 cm-1, and 1575 and 1460 cm-1 could be link to C=O of amide I and 

N-H bending vibration of amide II, respectively, which were mainly for protein (Kiran et 
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al., 2016). The spectra peaks between 1200 and 900 cm-1 were dominated by functional 

groups associated with carbohydrate (C–O, C–C, C–O–C, P=O stretching vibration) 

(Zhang et al., 2018). The spectra bands in 1500 – 1300 cm-1 regions provide information 

on the deformation vibrations of C–H bonds in lipids and proteins, and also to C– O 

symmetric stretching vibration of carboxylic groups (Silva et al., 2020).  

Analysis of the FTIR of pretreated microalgal biomass showed an obvious effect on the 

bands. A significant reduction in intensity was observed in all region after pretreatment. 

The major bands between 3200 and 3400 cm-1 as shown in Figure 40b are reduced in 

pretreated biomass, which might be attributed rupturing in hydrogen bonding of cellulose. 

The bands between 1500 and 1300 cm-1 are also reduced in pretreated biomass that might 

be due to the destruction of the cell walls that contain carbohydrates. From the spectrum 

of pretreated biomass, it was possible to conclude that the most main macromolecules were 

removed during pretreatment. 

 

Figure 40: FTIR spectra of (a) untreated and (b) pretreated Scenedesmus sp. biomass 

under optimum conditions.  
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4.12. Bioethanol Production  

Carbohydrates like starch in chloroplasts and cellulose in cell wall are not readily 

fermentable for bioethanol production. Therefore, hydrolysis process is needed to break 

down the complex polysaccharide structure (Patnaik & Mallick, 2015). In this study, the 

WB and LEB of Scenedesmus sp. were used for bioethanol production. Bioethanol was 

produced from the hydrolysates obtained from both biomass under the optimum conditions 

using commercial Saccharomyces cerevisiae as a yeast. Figure 41 shows the changes of 

bioethanol and reducing sugar concentration during fermentation period. The results 

showed that the maximum bioethanol production was obtained at 24 h fermentation time 

in both hydrolysates. However, bioethanol yield after 24 h did not show any remarkable 

increment in yield.  

On the other hand, the decrease in total reducing sugar was observed within the 24 h 

fermentation time, indicating the hydrolysates of  the whole and lipid extracted microalgal 

biomass of Scenedesmus sp. were used as substrate by Saccharomyces cerevisiae yeast. 

The maximum bioethanol concentration obtained was 0.10 g ethanol/g LEMB and 0.08 g 

ethanol/ g WMB at 24 h. The fermentation efficiency attained regarding reducing sugar 

was 94.84% for LEMB and 88.15% for WMB, respectively. The bioethanol yield obtained 

from LEMB was 20% greater than that obtained from WMB. Therefore, it was possible to 

produce lipid and bioethanol simultaneously from locally isolated microalgal biomass. 
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Figure 41: Changes in bioethanol and reducing sugar concentration during fermentation 
period. 

The comparison of bioethanol production from different microalgae reported in the 

literature with respect to the microalgae used in this study is presented in Table 28. The 

bioethanol yield obtained in this study was lower than those reported by Ho et al. (2013) 

and Phwan et al. (2019), who reported a maximum of 0.213 and 0.28 g bioethanol/g 

microalgae, respectively. However, it was comparable with those obtained by Guo et al. 

(2013), Patnaik & Mallick (2015), and  Chandra et al. (2020) whereas was very higher than 

those obtained by Agustini et al. (2019) and Yu et al. (2020). Ashokkumar et al. (2015) 

found a higher bioethanol yield from lipid extracted microalgal biomass compared to this 

study. Most these studied used a synthetic medium for the growth microalgae, which is 

added an extra cost toward bioethanol production. However, the utilization of wastewater 

for microalgal biomass production with nutrient removal provides a double advantages: the 

first is wastewater remediation and the other is the production of biofuel. Therefore, the 
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bioethanol obtained from this study was more attractive when compare to the bioethanol 

obtained in previous studies. 

Table 28: Comparison of bioethanol yield obtained in this study with the previous 
studies. 

Microalgae species  Pretreatment 

   Method  

Ethanol yield  

(g/g biomass) 

Reference  

Scenedesmus obliquus Acid-Enzymatic  0.103 Guo et al. (2013) 

Arthrospira platensis Acid 0.213  Ho et al., 2013) 

Scenedesmus obliquus Acid 0.10 Patnaik & Mallick (2015) 

Scenedesmus bijugatus Acid 0.158* Ashokkumar et al. (2015) 

Scenedesmus sp. acid 0.076 Sivaramakrishnan & 

Incharoensakdi (2018) 

Scenedesmus sp. Acid 0.01 Agustini et al. (2019) 

Chlorella sp. Acid 0.28 Phwan et al. (2019) 

Chlorella vulgaris acid 0.076 Yu et al. (2020) 

Scenedesmus acuminatus Acid  0.12 Chandra et al. (2020) 

Scenedesmus sp. Acid 0.10* The present study 

 *Lipid-extracted microalgal biomass 
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5. Conclusion and Recommendations 

5.1. Conclusion  

This study demonstrated the possibility of using locally isolated microalgae for wastewater 

treatment and bioethanol production. The microalga, Scenedesmus sp. showed a potential 

of nutrient removal with biomass production on unsterilized and sterilized brewery 

effluents. The maximum average biomass production obtained was 1.05 g/L on unsterilized 

brewery effluent and removal efficiency of more than 74%, 94%, and 60% COD, nitrogen 

and phosphorus nutrients in both effluents, respectively. The resulting treated effluent was 

met the discharge limit of EEPA regarding nitrogen nutrient and COD, but not in 

phosphorus nutrients. The higher lipid content of 14.79% was obtained on sterilized 

brewery effluent. 

The highest carbohydrate and reducing sugar contents were obtained using a microwave 

pretreatment with HCl. RSM optimization results showed that the developed models are 

significant and their predictions are in line with the experimental results. The statistical 

analysis also showed all single parameters were significantly influenced the efficiency of 

carbohydrate extraction, while three parameters (except extraction time) were significantly 

affected the efficiency of reducing sugar extraction. The optimum conditions for the 

maximum carbohydrates and reducing sugar production were 2.8 N, 1074 W, 151 ℃, and 

22 min, and 1.68 N, 1200 W, 145 ℃, and 19 min, respectively. The experimental results of 

total carbohydrate and reducing sugar obtained at optimum conditions was 259.88  and 

172.5 mg/g, respectively, which was well close to the predicted value, verifying the 

appropriateness of the model.  
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The maximum total carbohydrate and reducing sugar obtained from LEMB was 277.24 

mg/g and 199.53 mg/g, respectively, under the optimum conditions of 2 N (1 N for reducing 

sugar), 1200 W, 140 ℃ and 20 min. The maximum bioethanol yield produced from LEMB 

was 0.10 g ethanol/g microalgal biomass at 24 h fermentation time with fermentation 

efficiency of 94.84%. This yield was 20% greater than that obtained in the whole 

microalgal biomass. Based on the findings of this study, it can be suggested that the 

utilization of brewery wastewater as a growth medium for locally isolated Scenedesmus sp. 

provides a promising approach for brewery effluent remediation and bioethanol 

production.  

5.2. Recommendations  

Based on the investigation of this study the following recommendations are forwarded: 

 Molecular identification should be performed to determine the gene of isolated 

Scenedesmus sp. 

 Optimization of microalgal cultivation regarding light intensity, photoperiod, and 

temperature should be employed to get a maximum biomass production and 

nutrient removal as well as lipid and carbohydrate production.  

 N/P ratio of brewery effluent should be adjusted by mixing with nitrogen reach 

wastewater to enhance the removal of phosphorus. 

 Pilot-scale study should be undertaken to confirm the potential of indigenous 

Scenedesmus sp. for biomass production and nutrient removal from anaerobically 

digested brewery study 

 Lipid content of the indigenous Scenedesmus sp. should be enhanced by using 

different pretreatment methods. 
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 Optimization of fermentation process should be employed to get the optimal 

biomass loading, temperature, yeast amount, and fermentation time for the 

production of bioethanol. 

 Inhibitors of fermentation process should be identified if there are available to 

reduce their effect on the production of bioethanol. 

 An economic feasibility analysis of the conversion of microalgal biomass to 

bioethanol should be necessary for scale-up purpose.  

 Algae culture center should be established at a country or university level in order 

to preserve and store the isolated microalgae and subsequently use them for 

different purposes.  
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Appendix 
Appendix-A: The composition of BBM    
 
No. Compound   per-liter 

1 KH2PO4  1.75 mg 

2 CaCl2.2H2O 25 mg 

3 MgSO4.7H2O  75 mg 

4 K2HPO4 75 mg 

5 NaCl 25 mg 

6 H2BO3  11.42 mg 

7 Stock solution  1 mL 

8 Solution-1 1 mL 

9 Solution-2 1 mL 

 
 
Stock solution  

Compound   per-liter 

1 ZnSO4.7H2O 1.75 mg 

2 MnCl2.4H2O 25 mg 

3 MoO3 75 mg 

4 CuSO4.5H2O 75 mg 

5 CuSO4.5H2O 25 mg 

 
Solution-1  

Compound   per-liter 

1 Na2EDTA 50 g 

2 KOH 3.1 g 

 
Solution-2  

Compound   per-liter 

1 FeSO4 50 g 

2 H2SO4 1 mL 

 
The solution pH is adjusted to 6.8 and autoclaved at 1210C for 20 min. 
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Appendix-B: Standard Curves 
B-1: Standard Curve of Biomass Concentration versus OD680 nm  
 

Optical density Dry weight (g/L 

T-1 T-2 T-3 Average T-1 T-2 T-3 Average 

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

0.188 0.191 0.186 0.188 0.110 0.109 0.112 0.110 

0.359 0.364 0.362 0.362 0.283 0.278 0.279 0.280 

0.512 0.511 0.510 0.511 0.472 0.470 0.468 0.470 

0.664 0.66 0.665 0.663 0.581 0.582 0.577 0.580 

0.863 0.861 0.867 0.864 0.788 0.791 0.791 0.790 
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B-2: Standard Curve of NH4
+-N  

 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Concentration 

(mg/L) 

Absorbance   

Average  Trial-1 Trial-2 Trial-3 

0.00 0.000 0.000 0.000 0.000 

0.10 0.130 0.099 0.134 0.121 

0.20 0.221 0.212 0.231 0.221 

0.40 0.382 0.369 0.348 0.366 

0.60 0.587 0.592 0.583 0.587 

0.80 0.762 0.751 0.757 0.757 
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B-3: Standard Curve of NO3
--N 

  
Gram of NO3

- -N 

(µg) 

Absorbance  

Average Trial-1 Trial-2 Trial-3 

0.00 0.000 0.000 0.000 0.000 

6.00 0.196 0.192 0.188 0.192 

12.0 0.358 0.362 0.363 0.361 

18.0 0.564 0.563 0.559 0.562 

24.0 0.726 0.730 0.728 0.728 

32.0 0.978 0.973 0.971 0.974 
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B-4: Standard Curve of PO4
3- -P 

 
Concentration of 

PO4
3- -P 

Absorbance  

Average Trial-1 Trial-2 Trail-3 

0.00 0.000 0.000 0.000 0.000 

0.20 0.093 0.089 0.091 0.091 

0.40 0.174 0.170 0.168 0.171 

0.80 0.320 0.326 0.323 0.323 

1.00 0.379 0.384 0.383 0.382 

1.20 0.476 0.473 0.471 0.473 

1.40 0.558 0.551 0.552 0.554 
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A-5: Standard Curve of TP  
 

Concentration of 

PO4
3--P 

Absorbance  

Average Trial-1 Trail-2 Trial-3 

0.00 0.000 0.000 0.000 0.000 

0.20 0.110 0.105 0.102 0.106 

0.40 0.187 0.186 0.193 0.189 

0.80 0.300 0.310 0.350 0.320 

1.00 0.408 0.403 0.405 0.405 

1.20 0.473 0.476 0.475 0.475 

1.40 0.565 0.568 0.572 0.568 
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A-6: Standard Curve of Total Carbohydrate  
 

Concentration of D-

glucose (mg/mL) 

                    Absorbance  

Average Trial-1 Trial-2 Trial-3 

0.00 0.000 0.000 0.000 0.000 

0.01 0.121 0.118 0.115 0.118 

0.02 0.254 0.252 0.254 0.253 

0.04 0.462 0.460 0.455 0.459 

0.06 0.710 0.702 0.706 0.706 

0.08 0.946 0.948 0.945 0.946 
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A-5. Standard Curve of Reducing Sugar  
 

Concentration of 

glucose (mg/mL)  

Absorbance  

Trial-1 Trial-2 Trial-3 Average 

0.00 0.000 0.000 0.000 0.000 

0.10 0.264 0.259 0.262 0.262 

0.15 0.401 0.405 0.402 0.403 

0.20 0.594 0.598 0.597 0.596 

0.25 0.767 0.763 0.765 0.765 

0.30 0.890 0.885 0.886 0.887 
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A-6: Standard Curve of absolute ethanol  
 

Concentration 

absolute ethanol  

       (g/L) 

Absorbance  

Average  Trial-1 Trial-2 Trial-3 

0.0 0.000 0.000 0.000 0.000 

1.0 0.077 0.079 0.083 0.079 

1.5 0.111 0.109 0.110 0.110 

2.0 0.149 0.146 0.145 0.147 

2.5 0.189 0.190 0.192 0.190 

3.0 0.239 0.237 0.236 0.237 
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Appendix C: Biomass Production Obtained in BBM and Brewery Effluent  
C-1: Biomass Production in BBM  

 

Day  

December March June October 

Trial-1 Trail-2 Trial-3 Trial-1 Trail-2 Trial-3 Trial-1 Trail-2 Trial-3 Trial-1 Trail-2 Trial-3 

0 0.058 0.058 0.058 0.058 0.058 0.058 0.058 0.058 0.058 0.058 0.058 0.058 

1 0.117 0.111 0.109 0.126 0.122 0.119 0.108 0.102 0.104 0.109 0.105 0.107 

2 0.202 0.201 0.205 0.213 0.211 0.216 0.206 0.203 0.201 0.167 0.171 0.164 

3 0.313 0.319 0.316 0.322 0.319 0.327 0.301 0.300 0.297 0.270 0.276 0.274 

4 0.427 0.426 0.422 0.437 0.435 0.431 0.412 0.410 0.407 0.362 0.364 0.363 

5 0.539 0.533 0.531 0.569 0.562 0.561 0.533 0.529 0.537 0.443 0.451 0.447 

6 0.633 0.633 0.636 0.658 0.665 0.669 0.639 0.638 0.637 0.534 0.541 0.538 

7 0.701 0.703 0.701 0.782 0.781 0.786 0.723 0.727 0.725 0.610 0.616 0.612 

8 0.763 0.771 0.768 0.847 0.846 0.842 0.810 0.819 0.814 0.701 0.704 0.703 

9 0.807 0.819 0.812 0.923 0.922 0.926 0.877 0.885 0.882 0.774 0.783 0.778 

10 0.892 0.884 0.887 0.994 1.002 0.998 0.918 0.925 0.913 0.826 0.834 0.830 

11 0.944 0.936 0.939 1.058 1.064 1.061 0.975 0.982 0.979 0.908 0.912 0.910 

12 0.989 0.982 0.984 1.106 1.114 1.112 1.017 1.024 1.020 0.963 0.970 0.966 

13 1.019 1.015 1.017 1.166 1.173 1.169 1.076 1.084 1.079 1.013 1.019 1.016 

14 1.061 1.056 1.057 1.206 1.211 1.209 1.106 1.114 1.111 1.047 1.054 1.051 

15 1.114 1.114 1.114 1.257 1.268 1.263 1.153 1.161 1.157 1.106 1.107 1.107 

16 1.144 1.134 1.127 1.286 1.289 1.283 1.197 1.197 1.197 1.137 1.144 1.141 

17 1.187 1.191 1.188 1.319 1.319 1.319 1.218 1.226 1.222 1.192 1.201 1.196 

18 1.235 1.237 1.236 1.328 1.338 1.333 1.242 1.245 1.239 1.222 1.231 1.226 
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 C-2: Biomass Production in Unsterilized 

 

Day  

December  March June October 

Trial-1 Trial-2 Trial-3 Trial-1 Trial-2 Trial-3 Trial-1 Trial-2 Trial-3  Ttrial-1 Ttrial-2 Trial-3 

0 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036      0.036 0.036 0.036 

1 0.051 0.054 0.056 0.060 0.062 0.063 0.047 0.045 0.047 0.056 0.056 0.059 

2 0.081 0.077 0.083 0.097 0.095 0.093 0.072 0.076 0.078 0.085 0.088 0.091 

3 0.137 0.143 0.141 0.184 0.190 0.200 0.146 0.141 0.139 0.188 0.191 0.186 

4 0.210 0.213 0.212 0.252 0.249 0.239 0.175 0.177 0.177 0.237 0.229 0.229 

5 0.255 0.251 0.251 0.273 0.279 0.273 0.221 0.215 0.210 0.263 0.268 0.263 

6 0.305 0.308 0.306 0.350 0.351 0.334 0.276 0.277 0.260 0.351 0.351 0.345 

7 0.414 0.413 0.414 0.425 0.428 0.433 0.370 0.376 0.378 0.391 0.385 0.389 

8 0.492 0.486 0.485 0.515 0.510 0.484 0.468 0.462 0.484 0.477 0.482 0.484 

9 0.591 0.598 0.594 0.657 0.625 0.644 0.519 0.515 0.514 0.572 0.568 0.573 

10 0.661 0.656 0.655 0.761 0.765 0.761 0.566 0.556 0.470 0.657 0.662 0.662 

11 0.758 0.752 0.756 0.881 0.876 0.873 0.600 0.594 0.606 0.707 0.700 0.701 

12 0.804 0.807 0.809 0.911 0.936 0.908 0.698 0.701 0.700 0.773 0.776 0.775 

13 0.881 0.879 0.881 0.980 0.988 0.972 0.785 0.789 0.789 0.842 0.8427 0.8398 

14 0.907 0.906 0.907 1.03 1.028 1.041 0.874 0.8446 0.853 0.8949 0.8930 0.8873 

15 0.959 0.958 0.953 1.071 1.072 1.079 0.896 0.8892 0.887 0.9168 0.9272 0.9196 

16 1.009 1.013 1.014 1.125 1.127 1.123 0.938 0.9282 0.925 0.9377 0.9491 0.9462 

17 1.059 1.064 1.062 1.208 1.207 1.203 0.9605 0.9485 0.964 0.9785 0.9814 0.9738 

18 1.093 1.086 1.089 1.182 1.179 1.1676 0.989 0.9915 0.989 0.951 0.9548 0.969 

 
 



189 | P a g e  
 

C-3: Biomass Production in Sterilized Brewery Effluent 
 

 

Day  

December March June October 

Trial-1 Trial-2 Trial-3 Trial-1 Trial-2 Trial-3 Trial-1 Trial-2 Trial-3  Ttrial-1 Ttrial-2 Trial-3 

0 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.0361 0.036 

1 0.041 0.042 0.043 0.052 0.050 0.051 0.044 0.045 0.047 0.040 0.041 0.042 

2 0.061 0.061 0.063 0.080 0.082 0.083 0.070 0.072 0.072 0.059 0.057 0.062 

3 0.101 0.103 0.098 0.110 0.108 0.107 0.091 0.094 0.086 0.082 0.085 0.081 

4 0.168 0.172 0.171 0.171 0.175 0.170 0.159 0.161 0.163 0.161 0.156 0.159 

5 0.278 0.284 0.280 0.272 0.264 0.269 0.256 0.250 0.250 0.245 0.246 0.251 

6 0.395 0.387 0.391 0.406 0.403 0.407 0.375 0.378 0.376 0.345 0.344 0.346 

7 0.466 0.458 0.460 0.495 0.497 0.494 0.459 0.460 0.464 0.424 0.427 0.428 

8 0.511 0.517 0.514 0.561 0.567 0.672 0.530 0.539 0.538 0.482 0.481 0.482 

9 0.577 0.581 0.579 0.642 0.645 0.648 0.600 0.612 0.606 0.589 0.587 0.588 

10 0.637 0.616 0.626 0.694 0.695 0.699 0.672 0.675 0.676 0.632 0.638 0.635 

11 0.696 0.692 0.696 0.771 0.766 0.767 0.724 0.724 0.725 0.690 0.687 0.683 

12 0.727 0.715 0.720 0.818 0.822 0.923 0.791 0.793 0.794 0.727 0.728 0.729 

13 0.803 0.814 0.807 0.886 0.882 0.884 0.847 0.847 0.847 0.794 0.792 0.801 

14 0.866 0.866 0.866 0.926 0.930 0.930 0.904 0.906 0.907 0.846 0.845 0.847 

15 0.906 0.914 0.910 0.982 0.982 0.979 0.941 0.938 0.934 0.891 0.889 0.887 

16 0.929 0.935 0.938 1.000 0.999 0.998 0.971 0.972 0.963 0.904 0.906 0.908 

17 0.967 0.967 0.962 1.024 1.024 1.024 0.992 0.991 0.989 0.940 0.940 0.935 

18 0.982 0.935 0.979 1.055 1.055 1.055 1.015 1.015 1.018 0.916 0.919 0.916 
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Appendix-D. Nutrient Levels of Anaerobically Digested Brewery Effluent  
 
Parameter December March June October 

Trial-1 Trial-2 Trial-3 Trial-1 Trial-2 Trial-3 Trial-1 Trial-2 Trial-3  Ttrial-1 Ttrial-2 Trial-3 

PH 7.72 7.72 7.65 7.45 7.48 7.42 7.26 7.25 7.24 7.46 7.51 7.54 

TDS 1.587 1.587 1.58 1.297 1.302 1.299 1.446 1.456 1.467 1.497 1.487 1.483 

EC 1.822 1.817 1.812 1.486 1.484 1.492 1.852 1.900 1.865 1.622 1.817 1.812 

Salinity 1.650 1.648 1.642 1.341 1.338 1.337 1.616 1.675 1.637 1.450 1.648 1.642 

COD 376 369 366 446 438 434 393 388 386 406 398 395 

NH3+ -N 41.00 42.20 42.70 42.95 42.95 43.28 41.00 38.00 38.00 42.90 43.50 44.20 

NO3- -N 0.500 0.430 0.430 0.100 0.150 0.130 0.030 0.040 0.060 0.050 0.080 0.060 

NO2- -N 0.230 0.230 0.210 0.150 0.220 0.190 0.020 0.018 0.019 0.230 0.210 0.240 

TN 54 55 54 58 58 57 44 45 44 56 58 57 

PO4- -P 34.82 36.10 34.40 36.65 39.99 40.60 37.69 38.46 38.20 32.56 28.89 34.89 

TP 53.82 55.10 54.25 55.30 51.60 53.85 49.23 49.87 48.97 47.58 45.39 48.61 
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Appendix-E: Yield Coefficient of nutrients for their removal by indigenous 
Scenedesmus sp. in unsterilized and sterilized brewery effluent 
 
E-1: Yield Coefficient (YN) for TN and NH4

+-N removal in (a) Unsterilized and (b) Sterilized 
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E-2: Yield Coefficient (YP) for TP and PO4

3- -P removal in (a) Unsterilized and (b) Sterilized 
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E-3: Yield Coefficient (YC) for COD Removal in (a) Unsterilized and (b) Sterilized 
 

 

 
 
 
 
 
 
 


