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Abstract 
Numerous nations have experienced a shortage of water in recent years. Microalgae and duckweed have been used to 

clean wastewater in recent years. An in-depth knowledge of the applications of duckweed and microalgae for the removal of 

nutrients from aquaculture wastewater is provided by this research. The duckweed plant was taken from agricultural drainage 

in the Sharqia governorate of Egypt, while Chlorella sorokiniana was isolated from a fish culture pond. They were grown 

with varying amounts of aquaculture wastewater (AWW)—25%, 50%, 75%, and 100%. The most effective method for 

eliminating NO3
-
, NH4

+
, and TP was the 100% AWW treatment, according to the study's findings. Removal efficiencies of 

92.1%, 73.2%, and 54.7% were attained using Chlorella sorokiniana, respectively. Although the removal efficiencies of 

duckweed were 83.2%, 39.3%, and 77.5%. Moreover, C. sorokiniana, which was cultivated in 100% aquaculture effluent, 

had a protein level of 24%, a carbohydrate content of 36.8%, and a lipid content of 22.8%. Duckweed grown in aquaculture 

effluent only had a protein level of 26.1%, a carbohydrate content of 17.6%, and a lipid content of 19.3%. To describe the 

fatty acid profile, the gas chromatography-mass spectrometry (GC-MS) approach was used. Fatty acid percentages for C. 

sorokiniana growing in 100% aquaculture effluent were 15.6% PUFS, 23.8 MUFAs, and 60.6% SFAs. Cis-10-pentadecylic 

acid and arachidic acid make up the majority of fatty acids. C. Sorokiniana methanolic extracts Compared to ethyl acetate 

extract, has more potent antibacterial activity against Aeromonas hydrophila and Pseudomonas sp. 
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1. Introduction 

Egypt is ranked first in Africa and sixth 

internationally for fish farming, with a self-sufficiency 

rate of nearly 85%. It also ranks third for tilapia 

production. In 2023, fish output reached over 2 million 

tons. Fish aquaculture is a prominent industrial activity in 

Egypt that contributed almost 80% of the total fish 

production in 2017 [1], with a gross output that has been 

steadily rising in recent years. Fish is regarded as a crucial 

component of most meals meant for human consumption. 

It has every necessary amino acid needed for strong 

development and a more balanced diet. Furthermore, 

eating fish can stop the onset of many illnesses, including 

depression, heart attacks, and strokes [2]. Seafood 

consumption rose quickly as a result of population and 

economic expansion [3]. Aquaculture is the food 

production industry with the quickest rate of growth 

because of the understandable global pattern of 

communities and continents experiencing a constant rise 

in fish demand [4]. The aquaculture sector generated as 

much as 50% of the world's food in 2020 [5]. With an 

estimated value of $250 billion, the aquaculture sector 

outperforms the conventional fisheries approach in terms 

of output by 18.32 million tons [6]. With worldwide 

output expected to reach 87.5 million tons of aquatic 

animals in 2020, aquaculture production is at a record 

high and plays a crucial role in the provision of food and 

nutrition [7]. 

The Middle East and North Africa (MENA) areas 

have well-documented water scarcity issues. This region's 

majority of nations are semi-arid or arid. They generally 

have a seasonal and unpredictable distribution with 

limited rainfall. With up to 5% of the world's population, 

the MENA area has less than 1% of the world's yearly 

renewable freshwater resources. The world's lowest 

annual per capita availability in 1995 was around 1250 

cubic meters, down from over 3300 cubic meters in 1960. 

By 2025, it is expected to have dropped another 50% to 

approximately 650 cubic meters [8]. The waste nutrients 

found in aquaculture wastewater are often high, primarily 

in nitrogen and phosphorus [9]. Solid waste should not 

accumulate within the culture system since it decomposes, 

may poison ecosystems receiving effluent, and can induce 

oxygen deprivation and ammonia toxicity [10]. 

Microalgae-based phytoremediation of aquaculture 

effluent has immense promise because of its cheap cost 

and excellent nutrient removal effectiveness. Algae fix 

carbon dioxide, release oxygen via photosynthesis, and 

raise the biological oxygen demand in polluted water in 

microalgae-based bioremediation [11]. Duckweed was 

shown to be able to lower phosphate and nitrogen 

concentrations by up to 96% and 98%, respectively [12]. 

Because microalgae and duckweeds are very adaptable 

and sensitive to changing growing environments, they 

have been utilized in the past to monitor and remediate 

wastewater [13]. It is important to note that byproducts 

from duckweed and microalgal treatment systems may be 
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used to produce biofuel and animal feed, among other 

things [14]. Finding microalgae and duckweed with 

unique growth characteristics for aquaculture wastewater 

was the goal of the current study. The isolates were then 

thoroughly evaluated for growth ability, organic 

tolerance, potential for nutrient removal, and production 

of lipids, carbohydrates, and proteins. As a result, 

duckweed and the optimized algal strain were cultivated 

in the aquaculture effluent to assess its suitability as a 

feedstock for biofuel and to demonstrate its practicality. It 

was anticipated that the study's findings would provide 

useful knowledge on the development of microalgae and 

duckweed to treat aquaculture effluent and produce 

biofuel as well as antibacterial applications. 

 

2. Materials and Procedures 

2.1. Chlorella sp. Isolation and Growth Conditions 

At the Central Laboratory for Aquaculture Research 

(CLAR) Farm in the Sharqia Governorate of Egypt, water 

samples were taken from fishponds. The water samples 

were collected using sterilized plastic bottles and then 

transported to the laboratory. The dilution culture 

approach was followed in the separation and purification 

of the algae [15 & 16]. By studying the many phases of its 

life cycle and keeping an eye on its distinctive morpho-

taxonomic traits, the algal strain (Chlorella sp.) was 

identified. [19]. 

2.2. Strain identification 

Using a light microscope, the isolated species was 

first recognized, and 18S rDNA was used to validate its 

phylogenetically. Using Gene JET DNA kits (Thermo 

Fisher Scientific, USA), the genomic DNA was extracted 

from the cells. Subsequently, 18S rDNA was amplified by 

PCR using primers 18SF (5′GTC AGA GGTGAA ATT 

CTT GGA TTT A-3′) and 18SR (5′-AGG GCA 

GGGACG TAA TCA ACG-3′), as per the manufacturer's 

instructions [18]. 

 

2.3. Algal growth 

To serve as the inoculum for the next research trials, 

the tested microalga (Chlorella sp.) was cultivated in a 

conical flask with 500 mL of BBM and incubated under 

the aforementioned growth conditions. Four different 

concentrations of aquaculture effluent (25%, 50%, 75%, 

and 100%, v/v in distilled water) were used, along with 

the growth medium (BBM) as a control. Samples were 

tested five days apart, and each treatment was done in 

triplicate. The flasks were continuously illuminated at 

30ºC with 3000 lux of light coming from daylight 

fluorescent bulbs. 

2.4. Duckweed growth 

Also referred to as aquatic plants, these plants may 

be rooted in sediment or can float freely on the water's 

surface. They can develop partially or entirely in water 

[19]. Random samples of duckweed were gathered from 

several locations within the Abassa agricultural drainage 

system.  Duckweed samples were immersed in distilled 

water for half an hour after being cleaned with it. One 

gram of fresh duckweed was then grown in one liter of 

various aquaculture effluent concentrations (25, 50, 75, 

and 100% v/v in distilled water). Samples were tested six 

days apart, with each treatment being performed in 

triplicate. The samples were continuously illuminated at 

30ºC using daylight fluorescent tubes, producing 3000 lux 

of light. The fresh weight of the duckweed was measured 

at regular intervals to assess the biomass production by 

sample collection. 

2.5. Tracking Chlorella sp. Growth Rates 

To assess the growth rates of Chlorella sp., this 

research assessed the optical density at 680 nm (OD680) 

over 48 days. Furthermore, a hemocytometer was used to 

count the cells, and the amount of chlorophyll (a) was 

calculated following [20]. 

2.6. Duckweed and Chlorella sp. biochemical analysis 

Utilizing the Kjeldahl technique [21 & 22], the 

protein content was evaluated. The soxhlet extraction 

method was used to estimate the crude lipid [23 & 24]. 

The amount of moisture was determined by [25]. Using 

the incineration process, the ash content was estimated 

[23]. By [26], crude fiber was estimated. Samples were 

assessed after 7 days, and the percentage of carbohydrates 

was determined as follows: % of carbohydrates = 100 - 

(moisture + ash + protein + fat + fiber) [27]. 

2.7. Removal of Nutrients 

The nutritional medium, microalgal & duckweed 

biomass, were separated from each other by 

centrifugation and filtration. The microalga Chlorella sp. 

and duckweed were seen to consume ammonia (NH4
+
), 

nitrate (NO3
-
), total phosphate (TP), and orthophosphate 

(PO4) during a 5-day growth period for Chlorella sp. and 

a 6-day growth period for duckweed (the conclusion of 

the late exponential growth phase). (NH4
+
) The ammonia 

apparatus (model HI96715) was used to measure 

ammonia, whereas the sodium salicylate technique was 

employed to quantify (NO3
−
) [28&29]. Furthermore, the 

Ascorbic acid technique was used to quantify dissolved 

phosphate (PO4) [30&31]. The technique of simultaneous 

digestion with persulfate was used to determine total 

phosphorus (TP) [32]. 

2.8. Fatty Acid Characterization 

The dry lipid extracts were transesterified to fatty 

acid methyl esters (FAMEs) before gas chromatography 

analysis [33]. After collecting one milliliter of the crude 

lipid layer, 0.3 milliliters of H2SO4 and one milliliter of 

methanol were added. One milliliter of distilled water was 

also added, and the mixture was centrifuged for ten 

minutes at 4000 rpm after being vortexed for three to five 

minutes and incubated at 100 °C for ten minutes. Gas 

chromatography was used to assess FAMEs using a mass 

spectrometer (Thermo Scientific, Austin, TX, USA) 

equipped with a TG-MS direct capillary column (30 m × 

0.25 mm × 0.25 µm film thickness). The bioactive 



Reham Abd-Elhay, Hamed Eladel, Mohamed Battah, Yasser T. A. Moustafa and Amira Abed-Elmonem           229 

 Benha Journal Of Applied Sciences, Vol. (9) Issue (3) (2024( 

components of Chlorella sp. were found by comparing 

the mass spectra of the compounds to those in the 

NIST/EPA/NIH mass spectral databases. 

2.9. Algal extracts' in vitro antibacterial activity  

Methanol and ethyl acetate algal extracts were evaluated 

for their antibacterial properties against Aeromonas 

hydrophila and Pseudomonas sp. 

 

2.10 Examining Data Through Statistics 

To find differences in group means at a significance level 

of 0.05, repeated measure analysis of variance (ANOVA) 

and Duncan's multiple range test were used in the 

statistical study. Additionally, the treatment means' 

standard deviation was calculated. The Statistical 

Analysis Systems (SAS) application was used to perform 

all statistics [34]. 

3. Results and Discussion 

3.1. Isolation and identification 

Chlorella sorokiniana was a unicellular, non-motile 

coccoid cell with an average size of 2–12 μm, and had a 

parietal cup-shaped chloroplast.  

 

Fig. (1). (A) Light micrographs of Chlorella 

sorokiniana displaying the vegetative cells and 

chloroplast in detail (1000x). 

 
Fig. (2) Duckweed aquatic plant 

 
Fig. (3) Amino acid identities and divergence of theVP1 

gene sequenced using Lasergene DNA Star's MegAlign 

module. With strains uploaded from public gene bank 

data, the tested sequence-isolated green alga Chlorella 

demonstrates an identification range of 100% Chlorella 

sorokiniana. 

 

3.2. Growth Conditions 

Using secondary processed aquaculture effluent 

(25%, 50%, 75%, and 100%), Chlorella sorokiniana and 

Duckweed plan were cultured. Following a 48-hour 

incubation period, growth parameter results (optical 

density, cell count, and chlorophyll a) were obtained for 8 

days growth period. As seen in Figure (4&5), the 100% 

AWW treatment showed the greatest growth metrics 

when compared to the other three treatments. Duckweed 

and microalgae have been shown in related research to 

thrive quickly in aquaculture effluent. In the meantime, it 

may store fat or protein, which can be utilized to make 

biofuel and aquaculture feed [35- 37]. Numerous 

researches, many of which aim at biomass valorization, 

have concentrated on the utilization of certain microalgae 

strains and duckweed for the treatment of aquaculture 

effluents in batch assays. [38- 43]

 

A 
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Fig. (4) Chlorella sorokiniana cultivated in varying concentrations of aquaculture waste water(AWW)  for eight days. 

Optical density (OD), cell count (×10
7 
cell ml

-1
) and chlorophyll a. 

 
Fig. (5) The six-day development of Duckweed in varying concentrations of aquaculture wastewater (AWW) wastewater. 
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3.3. Biochemical Composition 

Table (1) displays the measured protein, 

carbohydrate, and lipid contents of C. sorokiniana grown 

in 100% aquaculture wastewater and BBM. The protein 

content was found to be (23.96% & 18.8%), carbohydrate 

content to be (36.96% & 45.74%), and lipid content to be 

(22.78% & 20.06%). Our findings concurred with the 

findings of related research. About the biomass 

composition, lipids (15.82 ± 0.15%), carbohydrates 

(48.64 ± 0.83%), and protein content (17.93 ± 1.21%), 

[44] found that Chlorella vulgaris was. 

Table 2 displays the measured protein, carbohydrate, 

and lipid contents of Duckweed grown in agricultural 

drainage canals and 100% aquaculture wastewater. The 

protein contents were 26.1% and 18.96, the carbohydrate 

content was 17.6% and 24.8, and the lipid content was 

19.3% and 19.87.  Our findings almost exactly matched 

the findings of related research. In a similar vein, [45] 

investigated the possibilities of integrated multitrophic 

aquaculture based on duckweed in real-world settings. 

Duckweed yields substantial biomass with a protein value 

of 21.84 ± 2.45%. The leftover biomass may be used as a 

source of carbohydrates for the synthesis of further 

biofuels once the lipids have been extracted.  

 

Table (1) Chlorella sorokiniana incubated for 8 days; the 

impact of aquaculture wastewater and control (BBM) on 

the biochemical makeup of the organism. 

parameters 

Aquaculture 

Wastewater 

Yield % 

Control 

(BBM) 

Yield % 

Lipid 22.78 20.06 

Protein 23.96 18.8 

Carbohydrate 36.96 45.7 

Ash 7.5 6.6 

Moisture 6.8 6.7 

fibre 2 2.1 

 

Table (2) The impact of agricultural drainage canals and 

aquaculture wastewater on the biochemical makeup of 

duckweed after a 6-day incubation period. 

parameters 

Aquaculture 

Wastewater 

Yield (%) 

agricultural 

drainage canal 

Yield (%) 

Lipid 19.3 19.87 

Protein 26.1 18.96 

Carbohydrate 17.6 24.8 

Ash 16.8 15.7 

Moisture 7.8 7.9 

fiber 12.4 12.8 

 

3.4. Removal of Nutrients 

As shown in Figure (6) and Table (3), After five 

days, Chlorella sorokiniana was able to remove 92.07% 

of the nitrate-N from aquaculture effluent, according to 

the study's findings. These findings are consistent with 

earlier research that showed that aquaculture effluent was 

treated by Nannochloropsis oceanica, Cyclotella atomus, 

and Conticribra weissflogii to remove 90% of nitrate-N in 

five days and 99% of it in seven [46]. 

According to our findings, Chlorella sorokiniana 

was able to remove 73.2% of the total ammonium from 

aquaculture effluent after five days. This finding is 

consistent with other studies that have used algae to 

decrease ammonium nitrogen from wastewater by around 

67%–81%, and some algal species have been shown to 

substantially remove nutrients from wastewater [48, 49, 

50, 51& 52]. 

After five days of incubation, our findings show that 

the orthophosphate and total phosphorus removal 

efficiency after Chlorella sorokiniana was added to 

aquaculture effluent were 54.1% and 54.7%, respectively. 

It has been previously documented that adsorption on the 

cell surface plays a substantial role in the removal of 

phosphorus from wastewater, which might account for the 

decrease in phosphate content [53]. These findings are 

consistent with those of earlier research, such as Su [54], 

which showed that batch cultures of filamentous blue-

green algae could remove phosphate with efficiencies 

ranging from 56% to 73% after eight days of incubation. 

Using cultures of Chlorella vulgaris in synthetic 

wastewater (10 days of treatment) results in a phosphorus 

removal effectiveness of 78% [55]. When it came to 

extracting phosphate from combinations of municipal and 

refinery wastes, Chlorella and Scenedesmus were the 

most successful algal strains [56]. 

This research aimed to determine if Duckweed 

could be utilized to remove phosphate and nitrogen from 

aquaculture effluent, as shown in Table (4) and Figure 

(7). Duckweed grows well in aquaculture effluent, and 

plants easily absorb NO3-N and NH4-N. Specifically, 

NO3-N concentrations dropped quite quickly. The NO3-N 

and NH4-N removal efficiencies that were determined to 

be the greatest were 83.2% and 39.5 percent, respectively. 

This study found that Duckweed absorbed nitrate more 

than total ammonium. This finding is consistent with 

previous research that suggested Lemna minor might be 

utilized to extract nitrogen from aquaculture effluent. 

Lemna minor grew well in aquaculture effluent, and 

plants easily absorbed NO3-N and NH4
+
-N. According to 

calculations, the greatest removal rates per square meter 

of water surface for NH4
+
-N and NO3-N were 206 and 

158 mg·m-2·day-1, respectively [57]. 

The current study demonstrated that Duckweed 

could grow well in aquaculture effluent and that plants 

could easily absorb TP and PO4. The maximum removal 

efficiency of TP and PO4
-
 from aquaculture effluent was 

77.5% and 48.7%, respectively. In a similar vein, several 

studies found that duckweed systems are capable of 

eliminating 63–99% of the total phosphorus present in 

home wastewater covered with duckweed [57-59]. 
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Table (3) Chlorella sorokiniana cultured for 5 days in synthetic (BBM) and varied concentrations of aquaculture waste; 

nutrient removal rate (RR, mg L
-1

 day
-1

).  

 T. Ammonia NO3 PO4 TP 

Control 0.1c ± 0.01 0.18c± 0.01 0.05a± 0.001 0.13b ± 0.001 

100%AWW 0.31a ± 0.002 0.49a± 0.01 0.03b± 0.002 0.18a ± 0.02 

75%AWW 0.24b ± 0.01 0.32b± 0.02 0.02c± 0.003 0.12b ± 0.01 

50%AWW 0.13c ± 0.003 0.2c± 0.003 0.01d ± 0.001 0.07c ± 0.002 

25%AWW 0.06d ± 0.004 0.09d± 0.02 0.008e ± 0.0004 0.03d ± 0.003 

Table (4) shows the nutrient removal rate (RR, mg L
-1

 day
-1

) of duckweed cultivated for six days in various aquaculture 

effluent concentrations. 

 T. Ammonia NO3 PO4 TP 

100%AWW 0.07 ± 0.006 0.412± 0.008 0.01± 0.0002 0.12 ± 0.008 

75%AWW 0.035±0.003 0.23± 0.01 0.006± 0.001 0.081± 0.005 

50%AWW 0.03 ± 0.003 0.14± 0.01 0.0035± 0.001 0.05 ± 0.001 

25%AWW 0.013 ± 0.001 0.05± 0.0003 0.002± 0.0003 0.0135 ± 0.003 

 

  

  
Fig. (6) Chlorella sorokiniana cultured for 5 days in varying amounts of synthetic (BBM) and aquaculture wastewater 

(AWW) nutrient removal efficiency (RE, %). 
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Fig. (7) Duckweed growing for six days in varying concentrations of aquaculture wastewater (AWW) and its nutrient 

removal efficiency (RE, %). 

 

3.5. Antibacterial activity of isolated microalgal 

extracts 

 

Table 5 displays our findings, which indicate that 

Chlorella sorokiniana ethyl acetate extract has more 

potent antibacterial activity against Aeromonas 

hydrophila and Pseudomonas sp. than methanolic 

extracts. 

Various investigations have shown that a multitude of 

chlorophytes, including Chlorella variabilis, have 

demonstrated potential for antibacterial and antioxidant 

properties [60]. Three microalgae, Isochrysis galbana, 

Scenedesmus sp., and Chlorella sp., were shown to have 

dominating chemicals by Alsenani [61]. These 

compounds included oleic acid, DHA, EPA, and linoleic 

acid, and the extracts of these fatty acids were shown to 

be able to suppress the development of gram-positive 

bacteria. 

 

Table (5) Aeromonas hydrophila and Pseudomonas sp. are the targets of Chlorella sorokiniana's antimicrobial activity (ethyl 

acetate & methanolic extracts) (inhibition zone estimated as mm). 

 

 

 

Bacterial species 

 

Algal methanolic extract (30µl & 35 µl) 
Control 

(Methanol solvent only) 

Chlorella sorokiniana 30µl Chlorella sorokiniana 35µl 

 

 

30µl 

 

 

35µl 

1-Aeromonas hydrophila 10 ± 1.4 12a ± 1.4 10NS ± 1.4 10ab ± 1.4 

2- Pseudomonas sp. 0 ± 0 0 ± 0 0NS ± 0 0NS ± 0 
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Table (5) 

 

 

 

Bacterial species 

 

Algal Ethyl acetate extract (30µl & 35 µl) 
Control 

(Ethyl acetate solvent only) 

Chlorella sorokiniana 30µl Chlorella sorokiniana 35µl 

 

 

30µl 

 

 

35µl 

1-Aeromonas hydrophila 15a ± 1 20a ± 1 0b ± 1 10b ± 1 

2- Pseudomonas sp. 10a ± 1.2 15a ± 1.2 0b ± 1.2 10b ± 1.2 

 

 
     

Fig. (8) Picture of a Petri plate demonstrating how Aeromonas hydrophila grows in response to Chlorella sorokiniana's 

ethyl acetate extract 

 3.6. Fatty Acid Composition 

In According to our findings, the overall percentages of 

SFAs, MUFAs, and PUFAs in C. sorokiniana cultivated 

in aquaculture wastewater (AWW) were 54.01, 34.69, and 

11.29%, respectively. The proportion of total fatty acids 

in Control (BBM) was 60.64% for SFAs, 23.81 for 

MUFAs, and 15.55% for PUFS. Arachidic acid C20:0 

SFA was (36.88 and 47.44%) for BBM and 100%AWW, 

respectively, and is prominent in microalgae lipids. as 

shown in figure (9), and Cis-10-Pentadecylic acid 

C15:1MUFA was 12.03 and 23.14%) for BBM and 

100%AWW, respectively.  

 

 
Fig. (9) Fatty acid groups of Chlorella sorokiniana cultured in (BBM) and 100% aquaculture wastewater (AWW), saturated 

(SFAs), monounsaturated (MUFAs), and polyunsaturated fatty acids (PUFAs). 
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