
  

Int. J. Aquat. Biol. (2026) 14(2): 60-76 

ISSN: 2322-5270; P-ISSN: 2383-0956

Journal homepage: www.ij-aquaticbiology.com 

© 2026 Iranian Society of Ichthyology 

Original Article 
Phytoremediation of some freshwater aquatic ornamental plants to treat wastewater from 

Indonesian shortfin eel, Anguilla bicolor 
 

Hany Handajani*1, Widanarni2, Tatag Budiardi2, Mia Setiawati2, Soni Andriawan1,3 

 
1Department of Aquaculture, Faculty of Agriculture and Animal Science, University of Muhammadiyah Malang, Malang, East Java, 65144, Indonesia. 

2Aquaculture Science Department, Faculty of Fisheries and Marine Sciences, IPB University, Bogor, West Java, Indonesia. 
3Biotechnology Development Center, University of Muhammadiyah Malang, Malang, East Java, 65144, Indonesia.

 

 

 

 

s 

Article history: 

Received 15 April 2025 

Accepted 1 January 2026 

Available online 25 April 2026 

Keywords:  

Nutrient removal efficiency 

Phytoremediation 

Anguilla bicolor 

Recirculation 

Abstract: This study evaluated the ability of freshwater ornamental aquatic plants to treat 

wastewater from Anguilla bicolor culture and the effects on growth performance. Over 60 days, 

plants including Cryptocoryne beckettii, Bacopa serpyllifolia, Echinodorus amazonicus, 

Echinodorus palaefolius, and a control group were tested. The average weight of A. bicolor was 

7.01±0.18 g, with a stocking density of 4 g L⁻¹. The A. bicolor were maintained in 48 L aquariums 

with a recirculating system, using aquatic plants as phytoremediators, in a semi-outdoor laboratory 

to ensure adequate light. The feed protein content was 45.30%, and feeding occurred three times 

daily. The results showed that the aquatic plants efficiently removed nutrients from the water. 

Echinodorus palaefolius was the most effective, removing 23.33% of total ammonia nitrogen (TAN), 

33.25% nitrite, 47.40% nitrate, and 43.92% phosphate. This species also promoted the highest 

specific growth rate (1.14±0.10%), biomass (22.67±1.65 g), and physiological response in A. bicolor, 

with the lowest feed conversion ratio (1.97±0.17). In conclusion, Echinodorus palaefolius effectively 

improved water quality and growth performance in A. bicolor, demonstrating its potential as a 

phytoremediator for sustainable aquaculture. 

  

Introduction 

Indonesian shortfin eel, Anguilla bicolor, is a valuable 

export commodity in Indonesia (Nafsiyah et al., 

2018). They are found in diverse regions of Indonesia, 

including the south coast of Java, the west coast of 

Sumatra, the east coast of Borneo, the coast of 

Sulawesi, and the shores of the Moluccas and New 

Guinea. The intensification of A. bicolor culture 

entails increased feed utilization and greater 

wastewater generation (Nawir et al., 2015). The 

accumulation of waste in an aquaculture system 

degrades water quality parameters, thereby directly 

affecting the physiological processes, behavior, 

growth, and mortality of reared fish (Bureau and Hua, 

2010; Davidson et al., 2016). According to Brune et 

al. (2003), approximately 25% of the total nitrogen in 

feed is utilized for growth, 60% is excreted in NH3 

form, and 15% is excreted in feces. In the feed, 37%-

72% of nitrogen is converted to ammonia via 
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excretion or bacterial mineralization (Dauda et al., 

2018). Crab et al. (2007) explained that 33% of feed 

nitrogen could be excreted and recycled. On average, 

60-90% of nitrogen and 25-85% of phosphorus are 

excreted in metabolic waste (Van Rijn, 2013). 

Maintaining water quality within an acceptable 

range reduces waste accumulation. According to 

Ahmad et al. (2021), aquaculture requires water as a 

rearing medium, thereby increasing the risk of 

environmental degradation. Phytoremediation and 

recirculation are approaches for maintaining water 

quality within the tolerable range (Ghaly et al., 2005; 

Qu et al., 2017). The principle of the recirculation 

system is water recycling (Twarowska et al., 1997; 

Deviller et al., 2004; Metaxa et al., 2006; Han et al., 

2021), and its advantages are minimizing water usage, 

buffering pH level, and reducing inorganic materials, 

such as ammonia and nitrite (Suzuki et al., 2003; 

Tseng and Wu, 2004; Romano and Sinha, 2020). 
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Phytoremediation uses plants to remediate 

environmental pollutants, including elevated nitrogen 

and organic contaminants in soils, water, and 

sediments (Newman and Reynolds, 2004; Dickinson 

et al., 2009). The advantages of using the 

phytoremediation system are low-cost production 

(Jasrotia et al., 2017), natural process, plant synergy, 

and simple technology (Russell, 2005; Nootong et al., 

2013; Paz-Alberto and Sigua, 2013). Several 

phytoremediation studies have been conducted using 

water hyacinth, Eichhornia crassipe (Liao and Chang, 

2004; Madikizela, 2021; Singh et al., 2022), Pistia 

stratiotes (Madhurina et al., 2014), Hydrilla 

verticilata (Rahman and Hasegawa, 2011), and Lemna 

perpusilla (Mkandawire and Dudel, 2007; Zhou et al., 

2023).  

Combining the recirculation system with 

phytoremediation resulted in efficient water use and 

acceptable water quality. However, most studies on 

phytoremediation have used vegetables such as 

Ipomoea aquatica, Amaranthus spp., and Solanum 

lycopersicum (Borguini et al., 2013). Accordingly, 

further research on the use of ornamental aquatic 

plants for phytoremediation is warranted (Nakbanpote 

et al., 2016). The ornamental aquatic plant has greater 

economic value and nutrient-absorption capacity than 

the common vegetable (Sharma et al., 2016). Hence, 

potential ornamental aquatic plant species for 

reducing nitrogen and phosphorus waste must be 

evaluated. Therefore, this study aimed to assess the 

role of several ornamental aquatic plant species in the 

phytoremediation of wastewater from an A. bicolor 

recirculating system and their effects on its growth 

performance. 

 

Materials and Methods 

This study was conducted at the University of 

Muhammadiyah Malang Fishery Laboratory for three 

months. Water quality was measured in the Water 

Quality Laboratory, blood profile analysis was 

conducted in the Biology Laboratory, and proximate 

analysis was performed in the Nutrition Laboratory. 

Fish and plant screening: The experimental 

aquarium was 40×30×30 cm and was equipped with a 

recirculation system. The foundation of the aquarium 

was constructed with a double bottom, a PVC pipe as 

a buffer, soft gauze, and a gutter for the Dacron, and 

sand as the media for the aquatic plant (Fig. 1). There 

was no water discharge; thus, water was added to 

maintain the water height caused by evaporation. 

Fish was obtained from fish farms in Tulungagung, 

East Java, Indonesia. The average weight of A. bicolor 

was 7.01±0.18 g. The 342 elvers were adapted for 30 

days in a 100×100×100 cm tank. Subsequently, the 15 

elvers were treated for 60 days at a stocking density of 

4 g L–1 in an aquarium (40×30×30 cm) (Harianto et 

al., 2014). During the study, the elvers were fed a 

commercial paste feed with a protein content of 

45.3%. The feeding method was satiation, and the 

feeding frequency was three times daily at 7.00, 13.00, 

and 19.00. 

Some studies suggest that various aquatic plants are 

effective phytoremediators, each contributing 

uniquely to nutrient uptake and water-quality 

improvement in sustainable aquaculture systems. For 

instance, Vallisneria spiralis (Eelweed), Lilaeopsis sp. 

Figure 1. Recirculation design on Anguilla bicolor culture with phytoremediation application. 
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(Grassworts), and Hygrophila difformis (Water 

wisteria) demonstrate high rates of ammonia, nitrate, 

and phosphate uptake, enhancing water quality 

through robust growth (Zhang et al., 2009; de Winton 

et al., 2013;  Zhou et al., 2018; Tang et al., 2021). 

Microsorum pteropu (Java fern), Cryptocoryne 

backetti (Water trumpet), Echinodorus amazonicus 

(Amazon sword plant), and E. palaefolius (Mexican 

sword plant) are particularly effective in reducing total 

ammonia nitrogen (TAN) and phosphate, with 

E. palaefolius achieving notable clarity and nutrient 

balance (Handajani et al., 2018; Rosen, 2000; 

Handajani et al., 2021; Zakia et al., 2023). Bacopa 

serpyllifolia (Bacopa "Japan") can act as a natural 

adsorbent, demonstrating high efficacy in removing 

pollutants such as phenols and oils from wastewater 

(Mokif and Abdulhusain, 2022). Smaller species, such 

as Eleocharis parvula (Small Spikerush) and 

Hemianthus callitrichoide (Dwarf baby tears), have 

been identified as hyperaccumulators of heavy metals, 

including arsenic (As), copper (Cu), and zinc (Zn) 

(Othman et al., 2015; Nurfitri et al., 2017). Together, 

these plants support sustainable aquaculture by 

reducing nutrient loads and enhancing habitat 

structure.  

This study employed ornamental aquatic plants as 

phytoremediators commonly featured in aquascapes. 

Preliminary research involved rearing the above-

mentioned plants for two weeks using wastewater 

from Nile tilapia aquaculture. After this period, four 

species demonstrated satisfactory growth: C. beckettii 

(T1), B. serpyllifolia (T2), E. amazonicus (T3), and E. 

palaefolius (T4), which were considered treatments, 

with a control group without any plant. The aquatic 

plants were sourced from Batu, Malang, East Java, 

Indonesia. Before the experiment began, the plants 

were acclimated to a recirculating water system for 14 

days to ensure optimal growth conditions. 

Subsequently, each species was established at a 

stocking density of approximately 80 g wet weight per 

aquarium (40×30×30 cm). These tanks were exposed 

to natural sunlight throughout the study, providing 

consistent natural light for photosynthesis.  

Data collection and experimental parameters 

Nutrient removal efficiency (NRE): Subsequently, 

weekly water-quality analyses were conducted on the 

influent and effluent of each treatment system. Water 

samples were analyzed for concentrations of total 

ammonia-nitrogen (TAN), nitrite-nitrogen (NO2‑N), 

nitrate-nitrogen (NO3-N), and orthophosphate (PO4-

P) using the Nessler Reagent method, the diazotization 

method, the cadmium reduction method, and the 

ascorbic acid method, respectively (Enduta et al., 

2011). Before analysis, all samples were filtered 

through a fiberglass filter (Whatman paper) with a 

pore size of 0.45 μm. The resulting solutions were 

analyzed using a spectrophotometer. The removal 

efficiency for the parameters was calculated using the 

equation: Removal efficiency (%) = (Influent – 

Effluent) / Influent × 100. 

Production performance of aquatic ornamental 

plants: All aquatic plants were weighed every two 

weeks during the study to estimate the mean wet 

weight and relative growth rate for 60 days of rearing. 

At the beginning and end of the study, total N and P in 

plant tissues were analyzed to determine nitrogen and 

phosphorus retention. Analyzing nitrogen retention in 

plants begins with collecting consistent tissue 

samples, such as leaves and stems. The plant samples 

were dried at 60-70°C to remove moisture and ground 

into a fine powder to ensure consistent nitrogen and 

phosphate analysis. Nitrogen content was determined 

using the Kjeldahl method (Kainama et al., 2021). 

This method involved digesting a 5 g sample with 20 

mL of concentrated sulfuric acid (98%) and a catalyst, 

thereby converting organic nitrogen to ammonium. 

Moreover, phosphate concentration was determined 

using the molybdenum blue method (method 995.11) 

with a UV spectrophotometer (UV-2450, Shimadzu, 

Kyoto, Japan) (Trung Quang et al., 2024). Nitrogen 

and phosphate retention were calculated by comparing 

final and initial levels, thereby providing a measure of 

nitrogen uptake and utilization over time. Using the 

formulas of Nitrogen Retention (g) = 

Final nitrogen (g) – Initial nitrogen (g), and 

Phosphate Retention (g) = Final phosphate (g) − 

Initial phosphate (g). 

Water quality analysis: Water quality measurements 
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 were conducted over 60 days. Temperature, pH, and 

dissolved oxygen (DO) were measured daily. In 

contrast, alkalinity, total ammonia nitrogen (TAN), 

nitrite (NO2-N), nitrate (NO3-N), orthophosphate 

(PO4-P), and total suspended solids (TSS) were 

measured every two weeks, as described by Goddek 

and Vermeulen (2018) and Flickinger et al. (2019). 

Measurements of TAN, NO2-N, NO3-N, and PO4-P 

were performed using a spectrophotometer, in 

accordance with APHA (2006).  

Growth performance of Indonesian shortfin eel: The 

data on production performance included survival rate 

(SR), weight gain (WG), daily weight gain (DWG), 

specific growth rate (SGR), and feed conversion rate 

(FCR) (Nhan et al., 2019). Daily records were done on 

A. bicolor feed intake and survival rates. Satiation 

feeding was implemented on the first day of each 

sampling period to calibrate the daily feeding rate 

relative to fish body weight. Five fish in each tank 

were randomly selected and weighed every two 

weeks to estimate the mean body weight, assess fish 

production, and adjust feeding levels as necessary. 

The survival rate was recorded at 7-day intervals. 

Growth performance parameters were calculated 

using the formula (Enduta et al., 2011) 

WG (g) = Final weight (g) – Initial weight (g) 

DGW (g d–1) = (Final weight (g) – Initial weight 

(g))/culture period (d)  

SGR (% d–1) = (ln mean final weight - ln mean initial 

weight)/culture period (d) 

FCR = culture period (d) / Total wet weight gain (g) 

SR (%) = Final number of eel / Initial number of eel × 

100 

Meanwhile, protein retention (PR) and lipid 

retention (LR) were analyzed using proximate 

analysis (Horwitz et al., 1970). The crude protein 

content of the fish samples was analyzed by the 

Kjeldahl method, and crude lipid content was 

measured by extraction, a widely recognized and 

reliable method for isolating lipids from tissue 

samples (Kim and Lee, 2005; Pratama et al., 2020) 

using the formulas of PR (%) = (Initial fish protein (g) 

- Final fish protein (g)) / Protein consumption (g) × 

100, and LR (%) = (Initial fish fat (g) - Final fish fat 

(g)) / Fat consumption (g) × 100, respectively.  

Physiological responses of Indonesian shortfin eels 

to the treatments: Physiological responses to the 

treatments (blood glucose, blood profile, and serum 

protein) were also evaluated (Braun et al., 2010; Lee 

et al., 2013). Briefly, blood samples were collected 

from the caudal vein using heparin as the 

anticoagulant. Erythrocytes and leukocytes were 

counted using a hemocytometer under the microscope 

at 400× (Braun et al., 2010), and formulas of N = n x 

104, where n =  Erythrocyte total in the 80 areas of a 

hemocytometer, and N =  Erythrocyte total in 1 ml of 

blood; WBCs in 1 mm of blood = (Numbers of cells 

counted)/(Numbers of 1 sq. mm.  counted)  × Dilution. 

A hematocrit tube containing ¾ of the blood sample 

was centrifuged at 5000 rpm for 5 min to determine 

hematocrit (Ht), as described by Hudson et al. (2008), 

using the formula of Hematocrit (%) = length of RBC 

column (100) / total length of the blood column. The 

concentration of haemoglobin (Hb) was determined 

following the cyanmethemoglobin method. In this 

method, 20 mL of blood was diluted with 1.0 mL of 

Drabkin solution before the photometric reading at 

540 nm. The total plasma protein calculation followed 

the method of Lawrence and Amadeo (2010), using 

the Biuret reagent as the standard. Blood plasma (up 

to 100 mL) was diluted to 500 mL with Biuret reagent 

in a test tube to prepare the sample solution, and the 

Biuret reagent without a sample was used as the blank. 

The mixture was incubated for 30 min, and the 

absorbance was measured at 540 nm using 

a spectrophotometer (Cecil 2000, UK). Glucose was 

measured using the Wedemeyer and Yasutake (1977) 

method. A blood sample was collected in the 

Eppendorf tube and centrifuged at 2,500 rpm for 20 

min to separate blood plasma. Furthermore, 0.05 μL 

of blood plasma was added to 3.50 mL of ortho-

toluidine colour reagent in glacial acetic acid. The 

mixture was boiled in water for 15 minutes and then 

cooled to room temperature. The glucose 

concentration was measured using a spectro-

photometer at 635 nm. The absorbance value was 

converted to mg 100 mL–1 plasma glucose levels.  

Protein (g 100 mL) / Glucose (g 100 mL) = Au × Cs / 
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As, where Au = Absorbance of unknown, As = 

Absorbance of standard, and Cs = Concentration of 

standard. 

Data analysis: Data are presented as mean ± standard 

error and analyzed using one-way analysis of variance 

(ANOVA), followed by Duncan post hoc 

comparisons. Assumptions of normality and 

homogeneity of variance were checked using the 

Kolmogorov-Smirnov test. In all cases, results were 

considered significant at the 0.05 level. Data 

processing and analysis were managed using 

Microsoft Excel 2013 and SPSS 21. 

 

Results 

Nutrient removal efficiency (NRE): The analysis of 

total ammonia nitrogen (TAN), nitrate, nitrite, and 

phosphate removal efficiencies across four examined 

plant species, namely C. beckettii (T1), B. serpyllifolia 

(T2), E. amazonicus (T3), and E. palaefolius (T4) and 

a control group (T0) provides insight into the 

comparative effectiveness of each species over 56 

days (Fig. 2). Based on the results, T4 demonstrated 

the highest and most stable TAN removal efficiency, 

beginning at 22.79% on day 14 and maintaining high 

values through day 56 (23.97%). This TAN removal 

efficiency (P<0.05) suggests that T4 is the most 

effective for sustained nitrogen retention, while T1 

and T3 showed a marked decline in TAN removal 

efficiency over time (P>0.05). The control group, 

without plants, exhibited low TAN removal 

efficiency, ranging from 1.09 to 3.00%, underscoring 

the positive effect of plant presence on nitrogen 

retention. In addition, T4 excelled in nitrate removal, 

achieving 58.67% on day 14 and maintaining high 

efficiency through day 56 (48.51%) (Fig. 2b). This 

consistency indicates that T4 is the most reliable 

species for nitrate removal over time (P<0.05). In 

contrast, T1 and T3 showed a steep decline in nitrate 

removal efficiency from day 28 onward, dropping 

below 10% by day 42, whereas T2 exhibited variable 

but moderate-to-high efficiency, reaching 28.15% on 

day 56. The control group consistently showed 

minimal nitrate removal, with values mainly below 

8%, highlighting the role of plants in enhancing nitrate 

removal efficiency. 

The data on nitrite removal efficiency (Fig. 2c) 

Figure 2. Nutrient removal efficiency, percentage of TAN (a), Nitrite (b), Nitrate (c), and phosphate (d) in each treatment (%). 
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further illustrates the superior performance of T4, 

which achieved the highest efficiency, peaking at 

41.49% on day 42 and remaining above 22% 

throughout the study. T1 and T2 demonstrated 

moderate nitrite removal efficiencies, peaking at 

approximately 29%, whereas T3 showed lower, more 

variable performance, reaching 27.67% on day 42. 

The control group exhibited minimal nitrite removal, 

reinforcing the positive impact of the plants, 

particularly E. palaefolius, in removing nitrites from 

the environment. 

Lastly, Figure 2d illustrates phosphate removal 

efficiency across species. T4 again displayed the 

highest and most consistent performance, beginning at 

59.64% on day 14 and ending at 33.33% on day 56, 

indicating strong phosphate-removal capabilities. T3 

also performed relatively well, with efficiency ranging 

from 43.66% on day 14 to 29.94% on day 56 

(P<0.05). T1 and T2 exhibited moderate removal 

efficiency, peaking at approximately 32% (P>0.05). 

The control group without plants showed negligible 

phosphate removal, underscoring the efficacy of these 

species, particularly T4, in reducing phosphate levels. 

The data suggest that E. palaefolius consistently 

outperforms other species in TAN, nitrate, nitrite, and 

phosphate retention and removal efficiencies, making 

it the most effective choice for sustained nutrient 

management.  

Production performance of aquatic ornamental 

plants: Table 1 provides an overview of the 

performance of four aquatic ornamental plant species, 

namely C. backetti (T1), B. serpyllifolia (T2), 

E. amazonicus (T3), and E. palaefolius (T4) in terms 

of growth and nutrient retention over 60 days. The 

initial plant weights were statistically similar across 

all treatments, averaging approximately 80 g. 

However, E. palaefolius (T4) exhibited significantly 

higher final weight (102.67±1.04 g), weight gain 

(22.67±1.65 g), and relative growth rate (0.38±0.00 

g/day) than the other species, suggesting superior 

growth potential (P<0.05). Additionally, 

E. palaefolius retained the highest nitrogen 

(21.47±2.97 g) and phosphorus (6.36±1.08 g), 

indicating enhanced nutrient absorption. These results 

suggest that E. palaefolius is the most effective species 

among those tested for promoting growth and nutrient 

retention in aquatic environments. 

Water quality analysis: The water quality parameters 

for a 60-day eel rearing experiment revealed 

significant effects of four different aquatic ornamental 

plants, namely C. backetti (T1), B. serpyllifolia (T2), 

E. amazonicus (T3), and E. palaefolius (T4), 

compared to a control group without plants (T0). The 

results show that plants generally improved water 

quality, although the magnitude of the effect varied 

among species (Table 2).  

The temperature remained relatively stable across 

all treatments, with a narrow range from 

28.67±0.33°C in the control group to 29.33±0.33°C in 

the tank with E. amazonicus (T3). This similarity 

suggests that the plants did not significantly influence 

water temperature and that external environmental 

conditions were the primary regulator of temperature 

(P>0.05). Dissolved oxygen (DO) levels varied 

significantly, with T1 showing the lowest 

concentration at 4.23±0.23 mg L⁻¹. In contrast, the 

other planted treatments, especially T4 at 5.50±0.21 

mg L⁻¹, maintained significantly higher DO levels, 

Parameter C. backetti (T1) B. serpyllifolia (T2) E. amazonicus (T3) E. palaefolius (T4) 

Initial weight (g) 80.00±0.44a 80.00±0.04a 80.01±0.85a 80.00±1.41a 

Final weight (g) 84.33±1.20a 86.00±1.15ab 89.34±1.22b 102.67±1.04c 

Weight gain (g) 4.33±1.23a 6.00±1.15a 9.33±1.45a 22.67±1.65b 

Relative growth rate (g.day-1) 0.07±0.02a 0.10±0.00a 0.16±0.00ab 0.38±0.00b 

Nitrogen retention (g) 2.59±1.22a 9.60±0.61b 11.12±1.34c 21.47±2.97d 

Phosphorus retention (g) 1.42±0.13a 0.62±0.05a 3.97±0.84b 6.36±1.08c 

Different superscripts in the same row indicate a significant difference in 5% of a significant level (Duncan multiple range tests). If 

the superscript is `b`, it is no different from `ab`.  

 

Table 1. Aquatic ornamental plant's performances toward four treatments for 60 days. 
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like the control group (5.40±0.15 mg L⁻¹) (P>0.05). 

The elevated DO levels in treatments with T2, T3, and 

T4 suggest these plants may have improved aeration 

or oxygen retention in the water, creating a more 

favorable environment for eel rearing. 

In addition, the pH levels remained relatively 

consistent, showing minor variation across treatments. 

This suggests that the presence of plants had a minimal 

impact on pH, keeping it within an optimal range for 

eel growth. Alkalinity exhibited noticeable variation 

across treatments. The T2 recorded the highest 

alkalinity at 106.00±38.15 mg L⁻¹, while T1 had the 

lowest at 54.67±9.33 mg L⁻¹. The T0 also maintained 

relatively high alkalinity at 94.00±8.08 mg L⁻¹. These 

differences indicate that certain plant species may 

enhance the water's buffering capacity, potentially 

helping to stabilize pH by neutralizing acidic or basic 

compounds. Although Total suspended solids (TSS) 

were suitable for eel culture, TSS were highest in T2 

(5.83±1.25 mg L⁻¹), while other treatments, including 

T3, T4, and T1, had lower TSS levels, averaging 

around 2.4 to 2.6 mg L⁻¹ (P>0.05). The control group 

(T0) had a moderate TSS level (3.53±0.28 mg L⁻¹). 

The elevated TSS in the B. serpyllifolia group 

suggests that this plant may shed more particulate 

matter into the water, potentially increasing organic 

loading in the tank environment.  

Total ammonia nitrogen (TAN) concentrations 

remained fairly stable (no significant) across all 

treatments, ranging from 0.22±0.01 to 0.25±0.01 mg 

L⁻¹. This indicates that ammonia removal was not a 

major differentiating factor among the plant species 

tested, and all plants-maintained TAN within a safe 

range for eel health (P>0.05). Nitrite levels slightly 

varied across treatments, with T1 exhibiting the 

highest nitrite concentration at 0.07±0.01 mg L⁻¹. In 

contrast, T3 and T4 had significantly lower nitrite 

levels (0.05±0.01 and 0.04±0.00 mg L⁻¹, 

respectively), suggesting that these species may 

contribute to improved nitrogen cycling by reducing 

the accumulation of potentially toxic nitrite in the 

water. Nitrate concentrations were highest in the 

control group (52.88±0.14 mg L⁻¹), indicating limited 

nitrate removal in the absence of plants. All the 

planted treatments performed better than T0 and T1, 

which was an outlier, reducing the lowest nitrate 

removal among the planted groups (27.23±0.22 mg 

L⁻¹), highlighting C. backetti as particularly effective 

in reducing nitrate levels and potentially enhancing 

nitrogen balance in the rearing system. 

Phosphate concentrations varied, with T1 and T2 

demonstrating lower phosphate levels (6.98±0.42 and 

6.65±1.03 mg L⁻¹, respectively), while T3 and T4 

showed slightly higher phosphate values, ranging 

from 7.25±1.08 to 8.99±0.34 mg L⁻¹. The control 

group had the highest phosphate concentration 

(9.45±0.37 mg L⁻¹). These results indicate that C. 

backetti and B. serpyllifolia may effectively reduce 

phosphate, likely through uptake and incorporation 

Table 2. The result of water quality analysis for 60 days of eel rearing. 

Parameter 
C. backetti 

(T1) 

B. serpyllifolia 

(T2) 

E. amazonicus 

(T3) 

E. palaefolius 

(T4) 

No plant 

(T0) 
Optimum (reference) 

Temperature (0C) 29.17±0.17a 29.33±0.17a 29.33±0.33a 29.00±0.29a 28.67±0.33a 28-33 (Luo et al., 2013) 

Dissolved oxygen (mg L-1) 4.23±0.23a 4.93±0.23b 5.40±0.25b 5.50±0.21b 5.40±0.15b > 4 (Saputra et al., 2016) 

pH 7.50±0.00a 7.50±0.06a 7.30±0.00a 7.27±0.12a 7.33±0.12a 6-8 (Tseng and Wu, 2004) 

Alkalinity (mg L-1) 54.67±9.33a 106.00±38.15c 87.33±14.25b 71.33±17.68b 94.00±8.08c 58-123 mg L-1 (Luo et al., 2013) 

Total suspended solid (mg 

L-1) 
2.60±0.62a 5.83±1.25b 2.49±0.38a 2.41±0.52a 3.53±0.28a < 10 mg L-1 (Suzuki et al., 2003) 

Total ammonia nitrogen (mg 
L-1) 

0.25±0.01a 0.22±0.01a 0.25±0.01a 0.25±0.01a 0.25±0.01a 
<0.25 mg L-1 (Tseng and Wu, 
2004) 

Nitrite (mg L-1) 0.07±0.01b 0.05±0.00ab 0.05±0.01a 0.04±0.00a 0.06±0.00ab 
<0.1 mg L-1 (Tseng and Wu, 

2004) 

Nitrate (mg L-1) 27.23±0.22a 37.99±0.51b 42.86±0.37c 49.95±0.97d 52.88±0.14e < 50 mg L-1 (Ghaly et al., 2005) 

Phosphate (mg L-1) 6.98±0.42a 6.65±1.03a 7.25±1.08ab 8.99±0.34ab 9.45±0.37b <15 mg L-1 (Suzuki et al., 2003) 

Different superscripts in the same row indicate a significant difference in 5% of a significant level (Duncan multiple range tests). If the superscript 

is `b`, it is no different from `ab`. 
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into plant biomass, thereby helping to limit excess 

nutrient accumulation in the system. 

Overall, the findings suggest that including plant 

species can improve various aspects of water quality 

in aquaculture systems. Echinodorus palaefolius 

performed exceptionally well in nitrate and nitrite 

reduction and in maintaining higher dissolved oxygen 

levels, making it a strong candidate for enhancing 

environmental conditions in eel rearing. Bacopa 

serpyllifolia showed potential in alkalinity 

enhancement and phosphate reduction, while 

E. amazonicus demonstrated balanced performance 

across multiple water quality parameters.  

Production performance of A. bicolor 

Growth performance and nutrient utilization: The 

survival rate, biomass, daily growth, specific growth 

rate, feed consumption, feed percentage, feed 

conversion, protein retention, lipid retention, and 

coefficient of variance are presented in Table 3. 

During the earning period, each treatment 

outperformed the control group. This was explained 

by higher average biomass, daily growth, specific 

growth rate, feed efficiency, and protein retention, and 

by a lower coefficient of variation (P<0.05). The T4 

showed the best growth performance, feed conversion 

ratio, feed efficiency, and total biomass (1.14%, 1.57, 

65.54%, and 101.73 g, respectively). On the other 

hand, it increased efficiency by 20.18 to 47.92%. The 

specific growth rate of A. bicolor ranged from 19.75% 

to 42.89% across all aquatic plant treatments, 

compared with 0.65% in the control group. 

The total consumed feed during the study was 154-

159 g, with 7.24% of N content. The A. bicolor feed 

consumption in each treatment was 175.67 g (T1), 

170.67 g (T2), 184 g (T3), 205.67 g (T4), and 185.33 

g (T0). The nitrogen content in the dish biomass was 

11.63% (T1), 11.69% (T2), 11.88% (T3), 12.01% 

(T4), and 11.26% (T0). The T4 treatment maintained 

the highest N, thereby promoting A. bicolor biomass 

production up to 205.67 g. On the contrary, the most 

increased deposit or sediment of nitrogen could be 

found in the case of no aquatic plant treatment. 

The physiological response of A. bicolor: The 

physiological responses of A. bicolor to various plant 

treatments, including C. backetti (T1), B. serpyllifolia 

(T2), E. amazonicus (T3), and E. palaefolius (T4), 

were evaluated in comparison to a control group 

without any plant intervention (T0). The data 

underscore the effects of each plant species on critical 

hematological and biochemical parameters. 

Hematocrit values differed significantly across 

treatments (P<0.05), with T4 exhibiting the highest 

level (27.12±0.14%), indicating enhanced oxygen-

carrying capacity and a favorable physiological status. 

Moreover, T2 also showed elevated levels 

(26.70±0.17%), slightly above the control 

(26.21±0.81%). In contrast, T1 (25.87±0.39%) and T3 

(25.97±0.21%) displayed lower values, suggesting 

less efficient oxygen transport. These results suggest 

E. palaefolius may notably improve oxygen transport 

and physiological performance in A. bicolor. 

Erythrocyte counts, an indicator of red blood cell 

Parameter C. backetti (T1) B. serpyllifolia (T2) E. amazonicus (T3) E. palaefolius (T4) No plant (T0) 

Survival rate (%) 100.00±0.00a 100.00±0.00a 100.00±0.00a 100.00±0.00a 100.00±0.00a 

Weight gain (g) 68.27±13.89ab 66.70±11.66ab 79.77±12.31ab 101.73±10.63b 52.47±17.87a 

Daily weight gain (g.day-1) 0.19±0.02ab 0.19±0.02ab 0.20±0.02ab 0.23±0.02b 0.18±0.04a 

Specific growth rate (%) 0.81±0.14ab 0.82±0.11ab 0.94±0.12ab 1.14±0.10b 0.65±0.17a 

Feed consumption (g) 159.00±1.73a 156.00±0.00a 157.00±1.00a 156.00±3.46a 154.00±1.00a 

Feed conversion ratio 2.58±0.62ab 2.50±0.46ab 2.09±0.39ab 1.57±0.17a 3.57±0.95b 

Protein retention (%) 30.72±2.93ab 33.41±1.31ab 35.80±1.16bc 41.29±2.02c 26.93±3.30a 

Lipid retention (%) 32.21±4.23a 42.24±1.99b 44.24±2.72b 53.97±1.18c 31.22±2.40a 

Coefficient of variance (%) 11.18±1.12a 10.64±1.46a 10.68±0.22a 10.90±0.46a 9.67±1.22a 

Different superscripts in the same row indicate a significant difference in 5% of a significant level (Duncan multiple range tests). If 

the superscript is `b`, it is no different from `ab`.  

 

Table 3. Growth performance of Indonesian shortfin eel for 60 days of rearing. 
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abundance, also showed significant variation across 

treatments (P<0.05). T4 had the highest erythrocyte 

count (8.03±0.41 × 10⁶ cells mL⁻¹), indicating a 

potential benefit in promoting erythropoiesis or 

sustaining red blood cell levels. In contrast, T2 

exhibited the lowest erythrocyte count (7.53±0.14 × 

10⁶ cells mL⁻¹), followed closely by T3 (7.63±0.31 × 

10⁶ cells mL⁻¹). The control group (7.69±0.44 × 10⁶ 

cells mL⁻¹) and T1 (7.70±0.41 × 10⁶ cells mL⁻¹) 

displayed intermediate erythrocyte levels, 

highlighting the comparatively superior efficacy of 

E. palaefolius in supporting red blood cell health in 

A. bicolor. Leucocyte counts, an indicator of 

immune response, exhibited notable variation. The 

control group (T0) exhibited the highest leucocyte 

count (6.89±0.67 × 10⁴ cells mL⁻¹), possibly 

indicative of an immune response to environmental 

stressors in the absence of plant intervention. T3 and 

T4 experienced similar leucocyte levels (6.43±0.77 

and 6.35±0.51 × 10⁴ cells mL⁻¹, respectively), 

suggesting a stable immune status. Interestingly, T2 

exhibited the lowest leucocyte count (5.84±2.57 × 

10⁴ cells mL⁻¹), which may reflect reduced immune 

activation, potentially due to the plant's stress-

relieving effects. 

Hemoglobin concentration, a crucial marker for 

oxygen transport efficiency, also varied significantly 

among the groups. T4 demonstrated the highest 

hemoglobin level (7.20±0.10 g/%), signifying 

improved oxygen-carrying capacity. In contrast, T3 

had the lowest hemoglobin concentration (6.33±0.06 

g/%), suggesting reduced oxygen transport 

efficiency in this treatment. The hemoglobin levels 

of the control group and T1 (6.77±0.16 and 

6.63±0.15 g/%, respectively) were comparable, 

while T2 showed a moderately high hemoglobin 

concentration (6.80±0.10 g/%). Glucose 

concentrations, a key indicator of stress, revealed 

substantial differences among treatments. The 

control group showed the highest glucose level 

(52.50±1.21 mg dL⁻¹), suggesting heightened stress 

in the absence of plants. T4 had a lower glucose level 

(38.07±2.93 mg dL⁻¹), yet it remained higher than 

that observed in T2 and T3, which had significantly 

lower glucose levels (22.50±1.58 and 22.90±0.70 

mg dL⁻¹, respectively). These results suggest that 

B. serpyllifolia and E. amazonicus may help mitigate 

stress-induced hyperglycemia, possibly through 

their calming effects on fish physiology. 

Total protein levels were highest in the control 

group (32.20±1.78 mg L⁻¹), followed by T1 

(31.70±1.61 mg L⁻¹), potentially reflecting a stress 

response in the absence of plant-derived mitigation 

effects. T3 also exhibited a relatively high protein 

concentration (29.83±1.23 mg L⁻¹). Conversely, T2 

and T4 demonstrated lower total protein levels 

(23.20±1.28 and 25.00±1.66 mg L⁻¹, respectively), 

possibly indicating reduced metabolic demands due 

to decreased stress in the presence of these plant 

species. As a result, this study demonstrates that 

incorporating aquatic plants such as E. palaefolius, 

B. serpyllifolia, and E. amazonicus into A. bicolor 

rearing environments can enhance health and reduce 

stress. Echinodorus palaefolius notably improved 

hematological parameters, while the others 

effectively lowered stress markers. Using these 

plants in aquaculture supports better physiological 

resilience and growth in A. bicolor. 

Parameter C. backetti (T1) B. serpyllifolia (T2) E. amazonicus (T3) E. palaefolius (T4) No plant (T0) 

Hematocrit (%) 25.87±0.39a 26.70±0.17bc 25.97±0.21ab 27.12±0.14c 26.21±0.81b 

Erythrocyte (106 cells mL-1) 7.70±0.41c 7.53±0.14a 7.63±0.31b 8.03±0.41d 7.69±0.44bc 

Hemoglobin (g/%) 6.63±0.15b 6.80±0.10b 6.33±0.06a 7.20±0.10c 6.77±0.16b 

Leucocyte (104 cell mL-1) 6.30±0.37b 5.84±2.57a 6.43±0.77b 6.35±0.51b 6.89±0.67c 

Glucose (mg dL-1) 33.50±1.57b 22.50±1.58a 22.90±0.70a 38.07±2.93c 52.50±1.21d 

Total protein (mg L-1) 31.70±1.61b 23.20±1.28a 29.83±1.23b 25.00±1.66a 32.20±1.78b 

Different superscripts in the same row indicate a significant difference in 5% of a significant level (Duncan multiple range tests). If the 

superscript is `b`, it is no different from `ab`.  

 

Table 4. Physiological observation of Anguilla bicolor toward four various treatments. 
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 Discussions 

Wastewater is a mixture of water with many chemicals 

(organic and inorganic matter) and heavy metals, 

which are contributed by domestic, commercial, and 

industrial activities (Dixit et al., 2011; Haris et al., 

2021). Phytoremediation technology can address both 

organic and inorganic pollutants, although plant 

uptake varies with each pollutant (Poschenrieder and i 

Coll, 2003; Anerao et al., 2022). Roots and foliar 

absorption are the uptake pathways for inorganic 

contaminants, primarily radionuclides, heavy metals, 

and nutrients, in aquatic plants (Dhir, 2013). 

Nutrient removal efficiency (NRE): The current 

study's water quality in aquaculture, based on a 

phytoremediation system, was within the tolerable 

range due to the use of aquaculture waste as a nutrient 

source (Enduta et al., 2011; Akinbile and Yusoff, 

2012). In the case of nitrates, E. palaefolius is the best 

recommended for reducing nitrate concentration 

compared with other plants. Our study revealed that E. 

palaefolius experienced a reduction in phosphate 

concentration during A. bicolor cultivation. It assumed 

the explanation of the E. palaefolius's higher ability to 

utilize P compared to other aquatic plant treatments. It 

suggested that E. palaefolius could be applied to 

reduce P concentration in aquaculture. The NRE 

value, TAN, nitrite, nitrate, and orthophosphate for all 

aquatic plant treatments in the 2nd week were higher 

than in the following two weeks. It was caused by a 

higher nutrient requirement in the early stage of the 

study than in the following weeks. 

According to Perdana et al. (2018), E. palaefolius 

can take up nitrate to stimulate its growth (as indicated 

by fresh buds and larger leaves) and serve as a 

substrate for denitrification, namely carbon and 

energy (from decaying basal stalks), thereby 

diminishing nitrate. Eichhornia palaefolius's ability to 

utilize N and P was higher than that of other aquatic 

plant treatments due to its abundant, longer root 

system. It provided a larger surface area for microbes 

to absorb pollutants and greater assimilation of 

pollutants into plant tissues (Dhir, 2013). Microbes in 

the rhizosphere accelerate biodegradation and 

simultaneously absorb contaminants and nutrients 

(Enduta et al., 2011). Based on this, we suggested that 

ornamental aquatic plants, particularly E. palaefolius, 

are suitable for phytoremediation to reduce nitrate 

levels in wastewater culture. 

Generally, phosphorus is more likely required to 

support the generative development of the plant 

(Młodzińska and Zboińska, 2016). In a similar study, 

E. palaefolius reduced the phosphate concentration of 

greywater by 69.07% (Rakhmatika et al., 2017). In 

addition, E. palaefolius also reduced phosphate 

content in liquid laundry waste (Siswandari, 2016). 

The NRE value in this study was considered higher 

than the maximum N absorption by Lemna spp., which 

has been reported to reach up to 50 % (Mkandawire 

and Dudel, 2007). The study by Enduta et al. (2011) 

showed that spinach's NO3 and PO4 utilization 

efficiencies were 79.17 and 75.36%, respectively, 

whereas Brassica chinensis's NO3 and PO4 utilization 

efficiencies were 56.67 and 66.67%, respectively. 

Water spinach (Ipomoea aquatica) was evaluated for 

its effectiveness in reducing nitrate levels in Nile 

tilapia rearing (50.15%; Djokosetiyanto and Sunarma, 

2006). 

Production performance of aquatic ornamental 

plants: Aquatic plants grow by absorbing nutrients 

from the culture waste in the recirculation system 

(Gosselin et al., 2018). The excellence of the 

recirculation and phytoremediation was directly 

related to the aquatic plant's ability to utilize 

aquaculture waste. Generally, retention time is used in 

lake ecology to assess how eutrophication operates 

(O’Hare et al., 2018). According to Qu et al. (2017), 

E. palaefolius has developed the capacity to retain 

root, nitrogen, and phosphorus in water and other 

organic matter, which are removed directly by the 

rhizosphere adsorption mechanism. 

Rhizoremediation, a remediation technology, can 

eliminate or reduce pollutants and contaminants in the 

rhizosphere of aquatic plants through microbial 

activity (Liu et al., 2014; Ngoc et al., 2016; Zhang et 

al., 2016). Water hyacinths contain approximately 

1.78% of nitrogen in overflow areas with a nitrogen 

content of 2.40 mg L–1 (Su et al., 2018). The nutrient 

content in stems and roots is usually smaller than in 
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the leaf (Abdelhamid and Gabr, 1991). 

The variation in N retention was certainly linked to 

variation in plant biomass, which increases both plant 

biomass and N retention (Johnson et al., 2016). In 

addition, nitrogen retention in freshwater ecosystems 

substantially affects ecosystem processes, and 

nitrogen's inhibitory role in aquatic systems is 

increasingly recognized (Saunders and Kalff, 2001). 

This study's results were also considered relatively 

improved compared with the previous study (El-

Shafai et al., 2007), which reported 14%-20% nitrogen 

retention using L. gibba in a recirculation system. 

Based on this, our study recommends E. palaefolius 

for use in aquaculture. 

Phosphorus plays a crucial role in biological 

processes, including the synthesis of biomolecules, the 

maintenance of membrane structures, and the 

production of high-energy molecules (Malhotra et al., 

2018). It also supports cell division, enzyme activation 

or inactivation, and carbohydrate metabolism (Razaq 

et al., 2017). In our study, E. palaefolius absorbed the 

highest phosphorus concentration (6.36 g) among the 

groups. The present study assumed that the highest 

phosphorus retention is represented by better plant 

growth. According to Hinsinger (2001) and Zapata 

and Zaharah (2002), phosphorus is an essential 

nutrient for plant growth and is required for optimal 

plant production and quality. Based on this, we 

suggested that E. palaefolius is recommended to 

reduce N and P in the wastewater from A. bicolor 

culture. 

Water quality analysis: Over the past two decades, 

water quality control using aquatic plants has been 

established in Europe (Thiebaut, 2008). The results for 

water quality parameters across treatments indicated 

an optimal range that supports eel growth, except for 

the T0 treatment. The present study found that 

temperature, pH, Alkalinity, TSS, NO2, NO3, and PO4 

across all treatments were comparably tolerable to the 

control group, except for DO and TAN.  

El-Shafai et al. (2007) reported that the nitrate 

concentration in eel rearing using the recirculation 

system was <0.5 mg L–1. Suzuki et al. (2003) reported 

that the nitrate concentration in the recirculation 

system used for eel rearing was approximately 40.8 

mg L–1. Ghaly et al. (2005) recommended maintaining 

NO3 concentrations below 50 mg L–1 because higher 

concentrations can cause algal blooms, which require 

longer periods and also cause a decline in pH (Ebeling 

et al., 2006). In addition, the rise in nitrate, followed 

by a loss of ammonium, as water passes through the 

growing medium, may indicate nitrification 

(Berndtsson et al., 2009). Phosphorus is an essential 

nutrient required by plants (Vaillant et al., 2004). 

Orthophosphate (PO4-P) is an inorganic water-

dissolved compound that the plant can directly utilize 

(Alori et al., 2017). Orthophosphate is not poisonous 

to aquatic organisms (Simplício et al., 2017). 

However, a high orthophosphate concentration can 

induce massive algal growth and oxygen depletion, 

potentially causing fish mortality (Ebeling et al., 

2006). As a result, Suzuki et al. (2003) suggested an 

orthophosphate concentration <15 mg L–1. Based on 

this, the study recommended ornamental aquatic 

plants for phytoremediation to maintain water quality 

tolerable for A. bicolor. 

Production performance of A. bicolor:  

Growth performance and nutrient utilization: Based 

on the production performance of A. bicolor, the use 

of various aquatic plant species for phytoremediation 

decreased the feed conversion ratio from 3.57 (control 

group) to 1.57-2.58. Another phytoremediation study 

by Omitoyin et al. (2017) showed that duckweed 

reduced the feed conversion rate of Oreochromis 

niloticus by 1.59. According to Gettys et al. (2008), 

aquatic plants have numerous benefits, including 

providing excellent habitat for many fish and 

increasing fish diversity, as well as supporting 

feeding, growth, health, and reproduction. Assuming 

100% nitrogen content, the nitrogen mass equilibrium 

in this study is illustrated in Figure 2. According to 

Nootong et al. (2013) and Nootong et al. (2011), in a 

balanced nitrogen condition in an aquaculture system, 

nitrogen assimilation in fish biomass varied between 

25 to 35% of total nitrogen input without considering 

the species of the fish.  

The physiological response of A. bicolor: Blood 

parameters, including hematocrit, erythrocyte count, 
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 hemoglobin, leucocyte count, glucose, and total 

protein, were measured to assess the physiological 

response of A. bicolor following phytoremediation. 

Haematological parameters are precise tools for 

evaluating fish health (Bhaskar and Rao, 1984; Schütt 

et al., 1997; Norousta and Mousavi-Sabet, 2013) and 

physiological responses to environmental stress 

(Jawad et al., 2004). Normal blood glucose of a fish 

ranges from 29 mg dL–1 to 43 mg dL–1 (Tavares-Dias 

et al., 2007). This study indicated that the eels' 

physiological condition was significantly better than 

that of the control treatment. The blood glucose level 

at T0 (control) was not acceptable, indicating a stress 

condition. The blood profile parameters across all 

treatments were within the acceptable range. The 

hematocrit ranged from 25.87 to 27.12%, and the 

leucocyte count ranged from 5.84×104 to 6.89×104 

cells mL–1. Commonly, the hematocrit level ranged 

from 24-36%, and the leucocyte level ranged from 

3.60×104 to 7.58×104 cells mL–1 (Ren et al., 2005). In 

the current study, E. palaefolius exhibits the highest 

levels of waste and nutrient absorption, supporting its 

growth. Moreover, the environment itself did not 

negatively affect the physiological condition of 

A. bicolor. It explained the high level of efficiency and 

growth performance. 

 

Conclusion 

The ornamental aquatic plant could reduce the waste 

from intensive culture of A. bicolor. The Mexican 

sword plant, E. palaefolius, achieved the highest waste 

utilization. The growth performance of the A. bicolor 

in the recirculation system using phytoremediation 

was greater than the control treatment, and the greatest 

production was retrieved in the E. palaefolius 

treatment as a phytoremediator. Moreover, this 

knowledge could be applied to the culture of 

A. bicolor and potentially to other species.  

E. palaefolius needs to be considered as a 

recommended plant to eliminate ammonia nitrogen 

(TAN), nitrite (NO2-N), nitrate (NO3-N), and 

orthophosphate (PO4-P) in the water. 
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