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ABSTRACT 

 
Microalgae, Chlorella ellipsoidea is an excellent energy source for food and biofuel production. Nevertheless, the 

production cost of C. ellipsoidea using Bold's Basal Medium (BBM) is expensive, which led to the exploration of 

alternative low-cost medium for large-scale production. Low-cost fermented wheat bran extract medium 

(FWBEM), which has good nutritional properties, might be an alternative feedstock for mass production of C. 

ellipsoidea. The present study was conducted to evaluate the growth and production of C. ellipsoidea using 

different concentrations of FWBEM. Wheat bran was fermented at the concentration of 8.33, 6.66, and 5.00 g/L 

water labelled as T2, T3, and T4, respectively. The BBM was used as the control medium (T1). The growth and 

production of C. ellipsoidea were monitored for three days in terms of cell dry weight, specific growth rate, optical 

cell density, chlorophyll a content, and cell numbers. Those growth data revealed that C. ellipsoidea cultured at 

6.66 g/L (T3) did not vary significantly with the standard inorganic BBM. However, T2 and T4 showed substantially 

lower cell growth and chlorophyll a content than control and T3. Compared to the BBM, a significant reduction in 

production cost was obtained in the FWBEM. Based on the cell biomass growth, pigmentation, and production 

cost,  FWBEM at a 6.66 g/L could be used as an alternative medium. Therefore, FWBEM has excellent potential 

to be used for the low-cost production of C. ellipsoidea.  
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INTRODUCTION 

 
Microalgae are considered the essential primary 

producer of the food chain, particularly in the 

aquatic ecosystem (De-Silva et al., 2018). They 

are used to purify heavy metals and nutrient load 

from various types of wastewater, especially 

aquaculture wastewater (Munoz & Guieysse, 

2006; Posadas et al., 2017; Khatoon et al., 2018; 

Cardoso et al., 2021; Pavithra et al., 2020). They 

are also used to produce biofuel, several valuable 

chemicals, and pharmaceutical products (Illman 

et al., 2000; Spolaore et al., 2006; Chew et al., 

2017). In addition, microalgae are important 

food sources for the human, animal, and aquatic 

organisms for their higher digestibility and 

nutrition status (Görs et al., 2010; Hemaiswarya 

et al., 2011). Therefore, microalgae are used as a 

vital feed ingredient and also as live food in the 

aquaculture industry for larvae of fish, 

molluscans, and crustaceans (Roy & Pal, 2015; 

Jusoh et al., 2020). 

 

     Among several microalgae species, Chlorella 

ellipsoidea is regarded as one of the most 

excellent food sources for human and 

aquacultural species, especially for fish larvae 

and bivalves (Bai et al., 2001; Kim et al., 2002). 

Chlorella ellipsoidea is a ubiquitous single-

celled green freshwater microalga belonging to 

the division of Chlorophyta. It contains all the 

nutrients necessary to sustain life especially 

protein, lipid, and minerals (Rahman et al., 2005; 

Toyub et al., 2007). In addition, it is also a rich 

source of polyunsaturated fatty acids and 

essential amino acids (Mondal et al., 2005). 

Chlorella ellipsoidea is also well known for its 

antitumor, anticarcinogenic, antiviral, 

anticataract, antiulcer, and antioxidative 

properties (Shibata et al., 2003). However, for 

https://en.wikipedia.org/wiki/Chlorophyta
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the large-scale cultivation of microalgae, the 

availability and cost of nutrients in the culture 

medium is the prime issue of recent research 

(Rizal et al., 2017; Akter et al., 2019). 

 

     Bold's Basal Medium (BBM) is an inorganic 

and frequently used culture medium for 

planktonic freshwater microalgae like Chlorella 

(Connon, 2007). However, the formulation of 

BBM contains laboratory-grade inorganic 

chemicals that are expensive and are not always 

readily available. In this perspective, it is an 

emerging demand to find a practical, low-cost, 

and readily available alternative medium for the 

large-scale production of C. ellipsoidea.  

 

     Locally available agricultural by-products 

can be used for the large-scale production of C. 

ellipsoidea. Wheat bran (Triticum aestivum) has 

great potential because it represents the major 

milling agro-industrial by-product in many 

countries (Apprich et al., 2014). Moreover, it has 

valuable nutritional properties, i.e., high value of 

protein, lipids (omega-3 fatty acid), crude fiber, 

and a rich source of vitamins, minerals (iron, 

zinc, manganese, magnesium, phosphorus), and 

bioactive compounds (low-molecular-weight 

phenolic acid compounds: p-coumaric and 

ferulic acid) (Abdel-Aal & Hucl, 2002; Singh et 

al., 2007; Pruska-Kedzior et al., 2008; Anson et 

al., 2012; De Brier et al., 2015). In addition, the 

fermentation process improves the nutritional 

and functional properties of wheat bran (Katina 

et al., 2012). Therefore, the fermented wheat 

bran extract media (FWBEM) could be a 

promising nutritional source for the production 

of C. ellipsoidea. This study focused on the 

effect of different concentrations of FWBEM on 

the growth and production of C. ellipsoidea, 

along with the impact on production cost.  

 

MATERIALS AND METHODS 

 

Microalgal Strain and Culture Media 

Preparation 

 

A pure strain of C. ellipsoidea was obtained from 

Bangladesh Agricultural University, 

Mymensingh, Bangladesh. The stock culture 

was maintained in Bold's Basal Medium (BBM). 

BBM medium was prepared according to the 

standard composition of chemicals and then 

sterilised at 121 oC for 15 min with moist heat in 

an autoclave and cooled for 24 hr. The purity of 

microalgae was observed under a light 

microscope (Primo Star; Carl Zeiss). Different 

concentrations of FWBEM were prepared 

according to Rahman et al. (2005) by fermenting 

8.33 g (T2), 6.66 g (T3), and 5.00 g (T4) wheat 

bran into 1 L of water, while standard BBM 

medium was used as control (T1) presented  

in Table 1. 

 
Table 1. Composition of Bold's Basal Medium (BBM) and fermented wheat bran extract medium (FWBEM) for 

C. ellipsoidea culture 

 
Treatments Chemicals/Compounds Stock solution g/L (H2O) Amount in culture medium (ml/L) 

T1 (Control) NaNO3 25.00 10.0 

MgSO4. 7H2O 7.50 10.0 

NaCl 2.50 10.0 

K2HPO4 7.50 10.0 

KH2PO4 17.50 10.0 

CaCl2.2H2O 2.50 10.0 

Trace elements  1.0 

i) ZnSO4.7H2O 8.82 - 

ii) MnCl2.4H2O 1.44 - 

iii) MoO3 0.71 - 

iv) CuSO4.5H2O 1.57 - 

v) Co(NO3) 2.6H2O 0.94 - 

H3BO3 11.40 1.0 

EDTA-KOH solution  1.0 

i) EDT Na2 50.00 - 

ii) KOH 31.00 - 

i) FeSO4. 7H2O 4.98 1.0 

ii) Conc. H2SO4 1.00 ml/L 

T2 Wheat bran  8.33   

T3  Wheat bran 6.66   

T4 Wheat bran 5.00   
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     In the first step, wheat bran was kept in 30 L 

water with the concentration of the respective 

treatments. After one week, 15 g of urea was 

added to each medium. Partially fermented 

wheat bran extract was filtered through a thin 

fine cloth (markin cloth), and the clear 

supernatant was siphoned after four weeks. 

Following, lime (CaO) was mixed at 2 g/L to 

make the extract transparent. pH was adjusted to 

7.5 with H2SO4 and fermented for another two 

weeks. After the fermentation, the clear 

supernatant of the respective FWBEM treatment 

was collected by siphoning.  

 

     The biochemical parameters of the culture 

medium such as total solids, total dissolved 

solids, nitrate-nitrogen (NO3-N) (mg/L), 

ammonia-nitrogen (NH3-N), nitrite-nitrogen 

(NO2-N), and phosphate-phosphorus (PO4-P) 

were assessed according to Clesceri et al. (1989). 

The free CO2 from the culture media was 

determined by titrimetric and the total alkalinity 

by methyl orange indicator method (APHA, 

1981). 

 

Culture of Chlorella ellipsoidea 

 

Chlorella ellipsoidea was cultivated in 1 L 

Erlenmeyer flask under four treatments with 

three replications at Live Food Culture 

Laboratory, Department of Aquaculture, 

Bangabandhu Sheikh Mujibur Rahman 

Agricultural University, Bangladesh. At first, all 

the glassware were washed with distilled water 

and then sterilised in a hot air oven at 160 oC for 

60 min.    

 

     Chlorella ellipsoidea was inoculated into a 

flask with 10% suspension rate (Optical Density, 

620 = 0.20) from the pure stock culture, 

according to Habib (1998). The culture was 

incubated under natural light at approximately 

12/12 hr light: dark cycles, with a constant 

aeration supply by an air pump (Sobo, Aquarium 

pump SB 348A) for 18 days.  

 

     Temperature (ºC), dissolved oxygen (mg/L), 

pH, and light intensity (lux/m2/s) of the culture 

media were measured on every sampling day 

using a thermometer, dissolved oxygen meter 

(HQ40d multi), electric pH meter (sensIONTM+ 

PH3) and lux-meter (LX-9621), respectively.  

 

 

 

Estimation of Cell Growth (Dry Basis)  

 

Cell dry weight and chlorophyll a content were 

estimated following Clesceri et al. (1989). 

Briefly, 50 ml culture suspension was filtered 

through a Whatman GF/C filter paper (0.45 µm 

mesh size and 47 mm diameter) and weighed. 

The suspension was washed with 20 ml acidified 

water (pH 4) to remove insoluble salts during 

filtration. All samples were oven-dried at 40 °C 

for 24 hr. The dry weight of C. ellipsoidea was 

calculated using formula, Eq. (1). 

 

W = 
𝐹𝐹𝑊−𝐼𝐹𝑊 

𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑡𝑎𝑘𝑒𝑛 𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑚𝑙)
× 100 

 

Eq. (1) 

 

Where, W = Cell dry weight in g/L; FFW = Final 

filter weight in g and IFW = Initial filter weight 

in g. 

 

Estimation of Specific Growth Rate (SGR) 

 

The following equation, Eq. (2) calculated the 

specific growth rate (SGR, μ/day) of C. 

ellipsoidea (Clesceri et al., 1989).  

 

SGR (μ/day) = ln (X2- X1)/ T2 - T1             Eq. (2) 

 

Where, X1 = Initial biomass concentration; X2 = 

Biomass concentration at the end of the 

experiment, and T2 -T1 = Elapsed time. 

 

Estimation of Cell Number and Optical 

Density of C. ellipsoidea 

 

The cell density of C. ellipsoidea was estimated 

using an improved Neubauer ruling 

hemocytometer method, which was slightly 

modified from Rahman (2005). One drop of C. 

ellipsoidea culture was put on each of the two 

chambers of a hemocytometer and covered with 

cover glass. The plankton cells were counted 

(cells/ml) under a microscope by following Eq. 

(3).  

 

N = A x 10,000                                          Eq. (3) 

 

Where, N = Number of C. ellipsoidea cells per 

ml of culture medium, and A = Average number 

of C. ellipsoidea cells in mm3. 
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     The samples of C. ellipsoidea grown in 

different treatments were placed in the UV 

spectrophotometer (DR 5000) at 620 nm; the 

optical density (OD) of cells was recorded 

according to Toyub et al. (2007).  

 

Measurement of Chlorophyll a Content 

 

For chlorophyll a measurement, 10 ml sample of 

C. ellipsoidea was filtered and then ground with 

a glass rod and mixed with 10 ml of 100% 

redistilled acetone. Then the sample mixers were 

homogenised and centrifuged at 4000 rpm for 10 

min. The chlorophyll a content was calculated 

by recording OD at 664, 647, and 630 nm using 

a UV spectrophotometer (DR 5000) with Eq. (4). 

 

Chlorophyll a (mg/L) = 11.85 (OD664) - 1.54 

(OD647) - 0.08 (OD630)                               Eq. (4) 

 

Statistical Analysis 
 

All the data were analysed statistically by one-

way analysis of variance (ANOVA), while 

Tukey's post hoc test at 5% significance level 

test was applied in the case of significant 

differences using the Statistix 10 statistical 

package. 

 

RESULTS  

 

The biochemical composition of BBM and 

different concentrations of FWBEM are 

summarised in Table 2. All the biochemical 

compositions, particularly the nutrient 

requirement for C. ellipsoidea growth, were 

found adequate in FWBEM (T2-T4) viz. NO3-N 

(51.3 to 60.4 mg/L); NO2-N (15.65 to 18.65  

mg/L); PO4-P (79.36 to 110.45  mg/L). The 

mean values of physicochemical parameters in 

BBM and FWBEM in this study are summarised 

in Table 3. The treatments were found to 

significantly vary physicochemical parameters 

(p > 0.05).  

 

     The cell biomass growth rate of C. ellipsoidea 

in BBM (T1) and the FWBEM (T2-T4) is shown 

in Figure 1, which is expressed as cell dry weight 

(mg/L). The growth curve showed an initial lag 

phase for all the treatments, whereas the peak 

was found on the 15th day of culture when 

exponential growth occurred in the present 

study. At the end of the exponential growth 

phase, maximum cell growth (58.93 ± 3.26 

mg/L) was found in the   treatment  T1, where  a  

standard BBM medium was used and then 

followed by T3 (58.28 ± 1.34 mg/L), T2 (55.93 ± 

45 mg/L), and T4 (51.83 ± 15 mg/L), 

respectively. Cell dry weight in T3 and T2 was 

statistically at par with the control but lower in 

T4, where wheat bran was mixed at the lowest 

(5.00 g/L) concentration. After the 15th day of 

culture, the microalgae biomass production 

decreased in all the treatments.  

 

 
Figure 1. Cell dry weight (mg/L) of C. ellipsoidea 

under different treatments during the experimental 

period. Values are mean ± standard deviation (SD), n 

= 3. The letters at the end of the trend line represent 

significant (p<0.05) differences among the treatments 

 

     The specific growth rate (SGR, μ/day) of C. 

ellipsoidea in all the treatments ranged from 

0.198 to 0.211 μ/day (Figure 2). Significant 

(p<0.05) difference was observed in terms of 

SGR (μ/day) among the treatments. The highest 

and lowest SGR (μ/day) were seen in T1 and T4, 

respectively. However, in treatment T3, where 

6.66 g/L  wheat bran was used, the SGR did not 

vary significantly from the control (T1 ). 

 

 
 
Figure 2. Specific growth rate (μ/day) in different 

treatments based on biomass content of C. 

ellipsoidea. Values are mean ± standard deviation 

(SD), n = 3. The letters at the end of the trend line 

represent significant (p<0.05) differences among the 

treatments. 
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     The highest optical density (OD) of the C. 

ellipsoidea culture was recorded in T1 (1.34 g/L), 
which was not significantly varied with T3 (1.18 
g/L) on the 15th day of culture (exponential 

phase). On the other hand, T2 and T4 showed 

significantly lower OD than the other treatments 

(Figure 3). 

 

 
 
Figure 3. Mean optical density (g/L) of C. ellipsoidea 

under different treatments at 15th days of culture. 

Values are mean ± standard deviation (SD), n = 3. 

The letters at the end of the trend line represent 

significant (p<0.05) differences among the treatments 

 

     Cell density (× 105 cells/ml) of C. ellipsoidea 

cultured in BBM and FWBEM is represented in 

Figure 4. The result revealed that the maximum 

cell density (86.30×105 cells/ml) of C. 

ellipsoidea was in T1, where BBM was used and 

followed by T3, T2 and T4, respectively. 

Conversely, the number of C. ellipsoidea cells 

was significantly lower in T2, T3, and T4 

compared to T1.   

 

 
 

Figure 4. Mean cell densities (× 105 cells/ml) of C. 

ellipsoidea in different treatments. Values are mean ± 

standard deviation (SD), n = 3. The letters at the end 

of the trend line represent significant (p<0.05) 

differences among the treatments 

      

     

     Regarding algal chlorophyll a content, the 

present study showed that the mean values of 

chlorophyll a content of C. ellipsoidea in BBM 

and FWBEM ranged between 1.47 mg/L and 

5.65 mg/L (Table 4). Chlorophyll a content 

increased gradually with the increase in the day 

of the exponential culture period. Significantly 

(p<0.05) highest chlorophyll a content was 

found in T1 (5.65 mg/l), while the lowest 

pigmentation was recorded in T4 (4.33 mg/L) at 

the end of the 15th day of the exponential growth 

phase. After the exponential growth phase the 

chlorophyll a content in all the treatments 

continue to decrease up to the end of the culture 

period. 

 

     Table 5 provides a straightforward cost 

analysis of FWBEM and BBM media utilised in 

various treatments. When compared to inorganic 

BBM, the production costs of FWBEM were 

significantly reduced (p<0.05). It costs 1.92 

(USD) to produce 1 L of BBM medium in T1, as 

opposed to 0.0024 to 0.0014 (USD) (T2 to T4). 

 

DISCUSSION 

 

The variation of physicochemical parameters, 

i.e., temperature, DO, pH, and light intensity, 

could influence the growth of microalgae. The 

optimum range of temperature, DO, pH, and 

light intensity for C. ellipsoidea production are 

25 – 33ºC (Mayo, 1997), 3.5 – 5.5 mg/L (James 

et al., 1988), 7.5 – 8.5 (Khan et al., 1996) and 

2000 – 2280 Lux/m2/sec, respectively. The range 

of temperature, DO, pH, and light intensity in 

different treatments in this study was at the 

optimum level for C. ellipsoidea. These results 

are comparable with the finding of various 

researchers (Rahman et al., 2005; Mohshina et 

al., 2017). Therefore, the result indicates that 

different concentrations of FWBEM did not 

affect the culture environment of C. ellipsoidea 

in this study.  

 

The growth and quality of the microalgae are 

greatly influenced by the availability of organic 

or inorganic carbon sources, nitrogen, 

phosphorus, iron, and other minerals (Mg, Zn, 

K) in the culture medium (Grobbelaar, 2004; 

Khan et al., 2018). 
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Table 2. Biochemical composition (Mean ± SD) of BBM and FWBEM used for the culture of C. ellipsoidea  

 

Biochemical parameters 

Culture Medium 

Bold's Basal Medium 

(BBM) (T1) 

FWBEM  

(T2 )  

FWBEM  

(T3 ) 

FWBEM (T4) 

pH 7.50 ± 0.03 8.51 ± 0.04 8.13 ± 0.02 7.80 ± 0.03 

Free CO2 (mg/L) N/A 132 ± 0.02 121 ± 0.07 102 ± 0.01 

Total alkalinity (mg/L) 200.5 ± 24  421.1 ± 0.04 410.5 ± 0.04 407.2 ± 0.04 

Nitrate nitrogen (NO3-N) (mg/L) 41.28 60.4 ± 0.02 57.0 ± 0.03 51.3 ± 0.01 

Nitrite nitrogen (NO2-N) (mg/L) N/A 17.65 ± 0.05 18.65 ± 0.01 15.65 ± 0.03 

Ammonia nitrogen (NH3-N) (mg/L) N/A 10.3 ± 0.20 7.8 ± 0.29 8.1 ± 0.12 

Phosphate phosphorus (PO4-P) (mg/L) 163.02 110.45 ± 0.05 95.38 ± 0.02 79.36 ± 0.01 

Total suspended solids (TSS) (mg/L) 57.5 ± 5.2 43.6 ± 0.21 39.2 ± 0.18 40.1 ± 0.25 

Total dissolved solids (TDS) (mg/L) 6370 ±2.88 525.0 ± 1.04  472.0 ± 2.186 379.0 ± 1.81  

Total solids (TS) (mg/L) 7152 ± 5.03 8152 ± 5.03 7152 ± 5.03 7152 ± 5.03 

 

 
Table 3. Average range of physicochemical parameters of different culture media during the culture period of C. 

ellipsoidea 

Treatments Temperature (oC) Dissolved oxygen 

(mg/L) 

pH Light Intensity 

(Lux/m2/sec) 

T1 26.44±0.10  4.19±0.15  7.50 ±0.04 2220 ± 0.41 

T2 26.48±0.09  4.53±0.15  7.62±0.13  2222 ± 0.82 

T3 26.56±0.14  4.56±0.06  7.6 ±0.14  2221 ± 0.47 

T4 26.57±0.11  4.13±0.12  7.61±0.02  2225 ± 0.24 

Values are expressed as mean ± SD, n = 3 

 

 
Table 4. Chlorophyll a content (mg/L) of C. ellipsoidea in different treatments during the experimental period 

Treatments 

Culture period (Days) 

3rd 6th 9th 12th 15th 18th 

T1 1.75±0.06a 2.93±0.04a 3.95±0.10a 4.67±0.04a 5.65±0.03a 5.51±0.02a 

T2 1.76±0.05a 2.75±0.00a 3.91±0.02a 4.25±0.03b 5.36±0.05a 4.29±0.05b 

T3 1.65±0.03a 2.87±0.07a 3.81±0.19a 4.33±0.04b 5.10±0.02a 4.34±0.02b 

T4 1.47±0.06b 2.64±0.03b 3.15±0.00b 4.08±0.03c 4.33±0.08b 4.30±0.08b 

Values are expressed as mean ± SD, n = 3. Values with different superscript letters in each column indicate 

significant differences. 

 

Table 5. Average cost analysis of C. ellipsoidea culture media for different treatments 

Treatments Cost of C. ellipsoidea production (USD/L) Total Cost for mass 

production USD/1000L 

 
 BBM FWBEM TotalCost (USD/L) 

T1 1.92 0.00 1.92.00a 1920 

T2 0.0024 0.25 0.0024b 2.4 

T3 0.0019 0.20 0.0019b 1.9 

T4 0.0014 0.15 0.0014b 1.4 
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The maximum  cell dry weight of C. 

ellipsoidea   was   recorded   in   BBM  medium  

 (58.93 ± 3.26 mg/L) (T1) and T2 and T4 vary 

significantly from T1. Whereas, cell dry weight 

of C. ellipsoidea in T3 (58.28 ± 1.34 mg/L) 

treatment did not vary significantly from the 

control (T1). This may be due to the rich sources 

of nutrients and minerals (iron, zinc, manganese, 

magnesium, and phosphorus) of wheat bran that 

could provide suitable nutrients for C. 

ellipsoidea in the T3 treatment compared to the 

other treatments. However, the higher and lower 

concentration of wheat bran in T2 and T4 

treatment could cause lower nutrient availability 

and thus may cause a lower growth rate of C. 

ellipsoidea. The growth rate was about similar to 

the study of Feng et al. (2011) for the C. 

zofingiensis (58.4 mg/L) culture in outdoor flat 

plate photobioreactors. Scragg et al. (2002) 

obtained a growth rate of 40 mg/L and 41 mg/L 

for C. vulgaris, and C. emersonii cultured in 230 

L pumped tubular indoors photobioreactor, 

which is lower than the present study. Kumaran 

et al. (2016) found the cell biomass of C. 

vulgaris in peat moss compost was 0.67 g/L, 

which was higher than the current study.  

 

     The significantly highest and lowest SGR 

(μ/day) resulted in T1 and T4, respectively. 

However, treatment T3, where wheat bran was 

used at 6.66 g/L, did not vary significantly from 

the control T1.  

 

     Machado et al. (2020) have cultured 

Chlorella vulgaris in four commercial organic 

substrates (OS) media, Nutrimais, Nutriverde, 

and EcoMix4 medium, they found the SGR 

values of 0.111, 0.075, 0.036, and  0.122 μ/day, 

respectively, which were lower compared to the 

present study. The difference may be due to the 

minerals, vitamin B , and bioactive compounds 

content in wheat bran besides organic carbon 

(Prueckler et al., 2014). On the other hand, 

Kumar et al. (2010) found the highest SGR value 

of C. vulgaris (0.345 μ/day) in the culture 

medium of digested piggery effluent.  

 

     The OD of C. ellipsoidea in the present 

experiment was comparable to Ashrafuzzaman 

(2006), who observed a maximum OD (1.33 g/L) 

of Chlorella sp. in urban waste effluents, while 

Fatemeh and Mohsen (2016) observed the 

highest OD 1.68 g/L in the outdoor culture of C. 

vulgaris. The variation in cell growth rate and 

OD from the previous study might be found due 

to variation in algal species, nutrient components 

in culture media, and culture techniques. 

      

     The OD of C. ellipsoidea culture in T3 was 

not significantly varied with T1, but the cell 

density of C. ellipsoidea in the control treatment 

with the standard BBM media had substantially 

higher compared to T2, T3, and T4. It has been 

reported that, higher cell growth is related to 

higher OD. As T1 and T3 showed similar cell 

growth, cell dry weight OD also followed the 

same trend. Cells grown in T3 may have a bigger 

size than those produced in the control treatment, 

leading to a higher cell biomass rate in T3 

treatment. The cell densities found in the present 

experiment are similar to Ashrafuzzaman (2006) 

and Rahman et al. (2005) when cultured in an 

urban waste effluent medium and whole pulse 

medium.  

 

      Ashrafuzzaman (2006) recorded chlorophyll 

a content of C. ellipsoidea ranging from 0.12 to 

8.75 mg/L in different urban waste media 

concentrations which is comparable to the 

present study. The chlorophyll a content of C. 

ellipsoidea was significantly lower in the wheat 

bran treatments than in the cell grown in BBM 

medium. However, only the chlorophyll a 

content was measured in this study; total 

chlorophyll content may need to be measured in 

future research. The presence of iron (Fe) in the 

culture medium increases the chlorophyll 

content of cells due to the direct involvement of 

Iron (Fe) in the enzymatic reactions of 

photosystem I (PSI) and II (PSII) (Sun et al.,  

2014). However, FWBEM may contain less iron 

than the standard BBM. In this case, 

supplementation of Fe in the FWBEM may be 

investigated in further study.  

 

     Production costs for control BBM were 

significantly higher (p<0.05) than for all other 

treatments (Table 5). However, the formulation 

of FWBEM required only 0.0024 to 0.0014 

USD/L (T2 to T4), which was 1.92 USD/L for 

BBM medium. Therefore, using FWBEM at a 

concentration of 6.66 g/L (T3) during the large-

scale (1000 L) production of C. ellipsoidea will 

result in a reduction in the cost of culture 

medium from 1920 USD to 1.9 USD without 

affecting the growth and pigment contents. 

Moreover, wheat bran is a readily available agro 

by-product, which ensures its easy supply for the 

large-scale production of C. ellipsoidea 

compared to commercial BBM. So, FWBEM 
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could considerably ensure the availability of 

culture medium and lower the production cost 

for  C. ellipsoidea. 

 

CONCLUSION 

 

The study showed that FWBEM at 6.66 g /L rate 

could be an effective alternative medium for 

culturing C. ellipsoidea, as it resulted better 

growth performance viz. cell dry weight, 

specific growth rate SGR, optical density (OD), 

cell densities (× 105 cells/ml) and chlorophyll a 

content. Moreover, its significantly lower cost is 

favourable for culturing C. ellipsoidea. 

Consequently, FWBEM is beneficial in the 

production of C. ellipsoidea hence reducing the 

dependency on expensive standard BBM. This 

study reported that fermentation using 6.66 g 

wheat bran/L resulted better growth performance 

of C. ellipsoidea.  However, the higher and lower 

amount of wheat bran significantly affected the 

production performances of C. ellipsoidea. 

Therefore, this study suggests that wheat bran 

(6.66 g/L) could be used as an alternative low-

cost culture medium for C. ellipsoidea.  
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