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Abstract 

Aquaculture remains a central approach to meeting the 

growing global demand for fish, yet heavy reliance on 

fishmeal increases production costs and contributes to 

pressure on marine resources. This study assessed the 

nutritional and ecological potential of Wolffia globosa 

powder (WGP) as a sustainable alternative protein 

source in African catfish (Clarias gariepinus) juveniles. 

A completely randomized design was adopted, with four 

isonitrogenous diets (≈39% crude protein) formulated 

by replacing fishmeal with WGP at 0%, 25%, 50%, and 

75%. A total of 160 juveniles were distributed into 16 

tanks and reared for 56 days under standardized 

conditions. Growth indices, protein utilization, and 

water quality were evaluated, while proximate 

composition of WGP was confirmed through laboratory 

analysis. 

The results indicated significant (p < 0.05) 

improvements in final body weight, Specific Growth 

Rate (SGR), and Protein Efficiency Ratio (PER) with 

higher WGP inclusion, with optimal performance 

recorded at 75% replacement. Condition factor values 

were stable, suggesting no adverse effects on fish health. 

Water quality parameters remained within aquaculture-

recommended ranges, confirming environmental 

compatibility. Comparative literature positioned W. 

globosa as superior to duckweed, Azolla, soybean, and 

cassava leaves, which often present anti-nutritional 

challenges. 

The study concludes that W. globosa is a cost-effective, 

nutritionally balanced, and ecologically sustainable feed 

ingredient capable of reducing dependence on fishmeal 

while maintaining aquaculture productivity. 

Key Takeaways:  W. globosa can replace up to 75% of 

fishmeal without negative effects. Its inclusion improves 

growth, protein efficiency, and reduces ecological 

pressure on marine resources. 

Keywords: Wolffia globosa, fishmeal replacement, 

aquafeed sustainability, African catfish, protein 

efficiency 

 

INTRODUCTION 

Aquaculture has emerged as one of the fastest-

expanding food production sectors globally, providing a 

critical pathway for food and nutrition security, 

employment generation, and poverty alleviation, 

particularly in developing nations (Hussain et al., 2024). 

In Nigeria, the aquaculture industry plays a central role 

in bridging the persistent gap between fish demand and 

supply, with African catfish (Clarias gariepinus) and 

Nile tilapia (Oreochromis niloticus) dominating 

production owing to their resilience, rapid growth, and 

high commercial value (Onura, 2024). Despite this 

progress, the rising cost of feed remains the foremost 

constraint to sustainable aquaculture expansion, with 

fishmeal constituting approximately 40–60% of 

production costs, thereby rendering aquaculture 

increasingly unaffordable for small- and medium-scale 

farmers (Fagbenro and Adebayo, 2019; Yusuf, Ajani, 

and  Balogun, 2023: Ovie et al, 2025). Beyond 

economic concerns, the dependence on fishmeal 

intensifies pressure on marine ecosystems, heightening 

the urgency for innovative and ecologically viable plant-

based alternatives (Hussain et al., 2024). 

Among candidate resources, Wolffia globosa 

(watermeal) has been identified as a promising 

alternative protein source due to its exceptional 

nutritional properties, fast growth, and ecological 

adaptability (Boonarsa et al., 2024). Unlike 

conventional terrestrial crops, W. globosa is highly 

digestible, contains minimal anti-nutritional 

compounds, and demonstrates crude protein values 

ranging from 30–45%, comparable to fishmeal (Seephua 

et al., 2025). Additionally, the plant provides essential 

amino acids, omega-3 fatty acids, and beneficial 

phytochemicals that support both animal growth and 

health (Siriwat et al., 2023 Awhefeada et al 2024). Its 

cultivation also contributes to environmental 

sustainability through bioremediation and nutrient 

recovery, aligning with circular aquaculture systems and 

sustainable intensification goals (Said et al., 2022; Nath 

et al., 2021). 

Evaluating the efficacy of novel feed ingredients in 

aquaculture necessitates reliance on standard growth 

and nutrient utilization parameters. Indicators such as 
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Specific Growth Rate (SGR), Protein Efficiency Ratio 

(PER), and Fulton’s condition factor (K) provide robust 

insights into feed quality, nutrient digestibility, and 

overall fish health (Cipriani, Ha, de Oliveira, and 

Fabregat, 2021).These indices are particularly relevant 

when assessing plant-based replacements for fishmeal, 

as they reveal whether such ingredients meet the 

metabolic and physiological requirements of cultured 

species (Achoki, 2024; Onura, 2024). Consequently, the 

inclusion of W. globosa in aquafeeds requires empirical 

validation to determine its capacity to sustain growth 

performance, feed efficiency, and water quality without 

compromising welfare outcomes (Nath et al., 2021; 

Roshan, Meharoof, and Sajina, 2023: Awhefeada et al, 

2025). 

This study therefore investigates the nutritional potential 

of W. globosa powder as a partial replacement for 

fishmeal in diets formulated for Clarias gariepinus 

juveniles. The experimental design employed graded 

levels of inclusion (0%, 25%, 50%, and 75%) to 

evaluate growth responses, feed utilization indices, and 

water quality parameters under controlled conditions 

(Fieldwork, 2024). By combining proximate 

composition analysis with performance trials, the 

research provides empirical evidence on the suitability 

of W. globosa as a cost-effective and ecologically 

sustainable protein source for aquafeeds (Said et al., 

2022; Romano and Aronne, 2021). 

 

Furthermore, the study contributes to the broader 

discourse on reducing aquaculture’s reliance on 

conventional fishmeal while supporting farmer 

profitability and ecological resilience. Similar to 

research on duckweed (Lemna minor) and Azolla 

pinnata, this work underscores the strategic importance 

of integrating alternative proteins into feed systems to 

promote both economic viability and environmental 

sustainability (Adesina and Ajayi, 2020; Tadesse et al., 

2024). By advancing knowledge on W. globosa, the 

study strengthens ongoing global efforts to enhance 

sustainable aquaculture practices within the framework 

of food security and ecosystem restoration (Chrismadha 

et al, 2025). 

2.0 MATERIALS AND METHODS 

2.1 Study Location 

The experiment was conducted at the Research Farm of 

the Department of Fisheries and Aquaculture, Delta 

State University, Abraka, Nigeria (Latitude 5.7040° N; 

Longitude 6.145° E). This location falls within the 

humid tropical belt of West Africa, providing a 

consistent freshwater environment suitable for 

aquaculture experimentation (Fieldwork, 2024). 

2.2 Experimental Fish and Ethical Considerations 

A total of 160 Clarias gariepinus juveniles were 

obtained from a reputable hatchery within the university 

campus. Fish were size-graded for uniformity (mean 

weight: 18.0 ± 2.0 g; mean length: 8.5 ± 0.3 cm). Only 

vigorous, lesion-free, and morphologically normal 

individuals were selected for the experiment (Refaey et 

al., 2023). Exclusion criteria included external 

deformities, abnormal swimming, and feeding failure 

during acclimation. Ethical approval was granted by the 

University’s Committee on Aquaculture Research 

Ethics, and fish handling followed internationally 

accepted welfare guidelines emphasizing the 3Rs 

principle (Replacement, Reduction, Refinement) 

(Yanong and Lewbart, 2024). 

2.3 Sample Size Justification 

The experimental unit was the tank (n = 4 per treatment). 

With four dietary treatments and four replicates each (16 

tanks), the resource-equation method was applied (E = 

N − G = 16 − 4 = 12). This falls within the recommended 

10–20 range for animal nutrition experiments, ensuring 

adequate power while minimizing excessive use of fish 

(Achoki, 2024). 

2.4 Acclimatization and Randomization 

Fish were acclimated for 14 days in holding tanks and 

fed a commercial diet (Aqua Boom) at 3% body weight 

daily to stabilize metabolism (Onura, 2024). Mortality 

during acclimation was <5%. Surviving individuals 

were randomized into treatment groups to ensure equal 

representation. 

2.5 Experimental Design (PRISMA-Style 

Transparency) 

A Completely Randomized Design (CRD) was adopted 

with four diets containing graded levels of Wolffia 

globosa powder (WGP): 

➢ Diet 1 (Control): 0% WGP (100% fishmeal 

protein). 

➢ Diet 2: 25% WGP inclusion. 

➢ Diet 3: 50% WGP inclusion. 

➢ Diet 4: 75% WGP inclusion. 

Each diet was replicated in four tanks, yielding 16 

experimental units. Tanks (1.5 × 1.0 × 1.0 m) were 

stocked with 40 juveniles each. The feeding trial lasted 

56 days. 

PRISMA-style flow: 

➢ Screening: 160 juveniles assessed. 

➢ Exclusion: 10 excluded due to deformities or 

lesions. 

➢ Randomization: 150 eligible juveniles allocated. 

➢ Allocation: 40 fish/tank × 4 tanks/treatment = 16 

tanks. 

➢ Follow-up: Weekly growth monitoring; water 

quality and feed utilization tracked. 

➢ Analysis: All 16 tanks included in the dataset. 

2.6 Cultivation and Processing of Wolffia globosa 

Colonies of W. globosa were cultured in semi-controlled 

earthen ponds under optimal conditions of pH 6.5–7.5 

and temperature 25–30 °C (Said et al., 2022). The plants 

were harvested with fine-mesh nets, rinsed, sun-dried on 
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raised racks, milled into powder, and stored in airtight 

containers (Boonarsa et al., 2024). 

2.7 Diet Formulation and Quality Control 

Four isonitrogenous diets (~39% crude protein) were 

formulated. Fishmeal protein (65%) was progressively 

replaced with WGP protein (~45%), adjusted to ensure 

balanced crude protein levels across treatments. 

Quality control measures: 

➢ Accurate weighing and homogenization of 

ingredients. 

➢ Pellet extrusion with a 2-mm die; oven drying at 60 

°C for 48 h to reduce moisture (<10%). 

➢ Batch coding for traceability. 

➢ Durability tests for pellet integrity. 

➢ Nutrient verification through proximate analysis, 

following validated procedures for Wolffia-based 

diets (Boonarsa et al., 2024; Seephua et al., 2025). 

➢ Regular checks for mold or microbial 

contamination during storage. 

 

 

 

Table 1. Proportion of different ingredients in the formulated diets containing Wolffia globosa powder (WGP). Diets 

were designed to be isonitrogenous at approximately 39% crude protein (CP). D1 = control diet (0% WGP inclusion); 

D2 = 25% WGP inclusion; D3 = 50% WGP inclusion; D4 = 75% WGP inclusion. Source: Fieldwork (2024). 

Ingredients   D1(0%WGP inclusion) D2(25%WGP inclusion) 

 

D3(50%WGP 

inclusion) 

D4(75%WGP 

inclusion) 

Fishmeal   25 18.75 12.5 6.25 

Maize 20 20 20 20 

Wheat offal 10 10 10 10 

Soybean meal 22 22 22 22 

GNC 20 20 20 20 

WGP 0 9 18 27 

Binder 0.4 0.4 0.4 0.4 

Bone meal 1.0 1.0 1.0 1.0 

Salt 1.5 1.5 1.5 1.5 

Palm oil 0 1.0 1.0 1.0 

Vitaminpremix 0.5 0.5 0.5 0.5 

Total  100 100 100 100 

 

Table 1 presents the ingredient composition of the 

experimental diets formulated with graded levels of 

Wolffia globosa powder (WGP) as a substitute for 

fishmeal. Four isonitrogenous diets (≈39% crude 

protein) were designed: the control diet (D1) contained 

25% fishmeal and no Wolffia, while diets D2, D3, and 

D4 progressively replaced fishmeal with 25%, 50%, and 

75% WGP, respectively. Other ingredients such as 

maize (20%), soybean meal (22%), groundnut cake 

(20%), and wheat offal (10%) were maintained at 

constant levels across diets to ensure balanced energy 

and protein input. 

The inclusion of WGP increased from 0% in D1 to 27% 

in D4, offset by a proportional reduction in fishmeal 

from 25% to 6.25%. This substitution strategy reflects 

the trial’s objective to evaluate Wolffia as a sustainable 

alternative protein source while keeping overall dietary 

protein levels consistent. Palm oil was added to enhance 

palatability and energy content, while vitamin premix, 

salt, bone meal, and binder ensured nutritional 

completeness and pellet stability. 

 

2.8 Feeding and Fish Health Monitoring 

Fish were fed to apparent satiation twice daily (08:00 

and 18:00 h). Uneaten feed was siphoned after 30 
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minutes to prevent water deterioration. Daily health 

checks monitored opercular activity, swimming 

patterns, and body coloration. Mortality was recorded 

and corrected in feed efficiency calculations (Yanong 

and Lewbart, 2024). 

2.9 Water Quality Monitoring 

Water quality was monitored weekly between 08:00–

09:00 h. Parameters included: 

➢ pH (6.9–7.1). 

➢ Temperature (~25.7 °C). 

➢ Dissolved Oxygen (DO > 5.8 mg/L). 

➢ Ammonia (<0.05 mg/L). 

Measurements were taken using calibrated portable 

meters and colorimetric kits. These ranges correspond to 

recommended standards for catfish aquaculture 

(Yuvasree and Bharathipriya, 2021; Yang et al., 2024). 

Aeration and routine siphoning maintained 

environmental stability. 

2.10 Comparative Literature Review 

To support comparative analyses in Tables 6 and 7, a 

targeted literature search was conducted via Google 

Scholar and Scopus, covering January 2000 – June 

2025. Keywords included: “Wolffia globosa OR 

watermeal,” “duckweed OR Lemna minor,” “Azolla 

pinnata,” “soybean meal,” “fishmeal replacement,” 

“aquafeed protein,” “Clarias gariepinus,” “specific 

growth rate,” “protein efficiency ratio,” “amino acid 

profile,” and “detoxification.” 

Inclusion criteria: Peer-reviewed studies reporting 

nutritional composition, growth performance, protein 

efficiency, or environmental impacts of plant-based 

proteins in aquaculture. 

Exclusion criteria: Studies not related to aquaculture, 

lacking primary data, or reporting incomplete 

growth/nutritional outcomes. 

This ensured that comparative benchmarks against 

duckweed, Azolla, soybean, and other alternatives were 

robust and relevant to the objectives of this study 

(Tadesse et al., 2024; Adesina and Ajayi, 2020; Refaey 

et al., 2023; Nath et al., 2021). 

2.11 Growth and Nutrient Utilization Indices 

Performance indices were calculated as: 

➢ Specific Growth Rate (SGR) = (lnW₂ – lnW₁) ÷ t 

× 100. 

➢ Protein Efficiency Ratio (PER) = weight gain ÷ 

protein intake. 

➢ Condition Factor (K) = (W ÷ L³) × 100. 

2.12 Statistical Analysis 

Data were analyzed using one-way ANOVA (SPSS 

v.25). Post-hoc mean separation used Duncan’s 

Multiple Range Test at p < 0.05. Tanks (n = 4 per diet) 

were the unit of replication (Achoki, 2024). 

3.0 RESULTS AND DISCUSSION 

3.1 Weight Gain 

Final body weight of Clarias gariepinus juveniles 

increased significantly with dietary inclusion of Wolffia 

globosa powder (WGP). The control group (0% WGP) 

attained a mean final weight of 70.82 ± 4.42 g, while the 

75% WGP diet group reached 102.35 ± 6.20 g (Table 2). 

This represents a ~45% improvement in growth relative 

to the control (Fieldwork, 2024). The results 

demonstrate that WGP provided a digestible, balanced 

protein source comparable to fishmeal. 

These findings are consistent with reports that Wolffia 

contains 30–45% crude protein and essential amino 

acids that support rapid growth in aquaculture species 

(Seephua et al., 2025). 

Juvenile tilapia fed duckweed (Lemna minor) also 

exhibited improved weight gain at partial fishmeal 

replacement levels, although performance plateaued at 

moderate inclusion rates (Tadesse et al., 2024). In 

contrast, WGP sustained growth enhancement up to 

75% replacement, underscoring its superior nutritional 

profile. 

 

 
Table 2. Growth performance of Clarias gariepinus juveniles fed diets containing graded levels of Wolffia globosa 

powder (WGP) for 8 weeks. Values are mean ± SD. Acronyms: SGR = Specific Growth Rate, PER = Protein 

Efficiency Ratio, K = Fulton’s Condition Factor. Different superscripts in rows indicate significant differences (p < 

0.05). Source: Fieldwork (2024). 

Parameter 0% WGP 25% WGP 50% WGP 75% WGP 

Final weight (g) 70.82 ± 4.42ᶜ 75.76 ± 4.55ᵇᶜ 86.78 ± 5.27ᵇ 102.35 ± 6.20ᵃ 

Final length (cm) 12.92 ± 0.28ᶜ 13.24 ± 0.29ᵇᶜ 13.88 ± 0.29ᵇ 14.56 ± 0.31ᵃ 

SGR (%/day) 132.14 ± 6.57ᶜ 147.93 ± 6.80ᶜ 175.04 ± 7.73ᵇ 216.12 ± 8.87ᵃ 

PER 0.31 ± 0.02ᶜ 0.33 ± 0.02ᵇᶜ 0.38 ± 0.02ᵇ 0.44 ± 0.02ᵃ 

K 2.75 ± 0.04 2.76 ± 0.03 2.72 ± 0.04 2.73 ± 0.03 

 

3.2 Specific Growth Rate (SGR) 

SGR followed the same trend as weight gain, increasing 

from 132.14 ± 6.57%/day (control) to 216.12 ± 

8.87%/day at 75% WGP inclusion (Table 2). This 

improvement indicates efficient biomass conversion and 

suggests that Wolffia’s amino acid balance facilitates 

protein synthesis and energy utilization (Boonarsa et al., 

2024). 
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When Azolla (Azolla pinnata) was tested in catfish diets, 

growth performance improved only up to 20% 

inclusion, after which declines occurred due to 

digestibility and fiber limitations (Refaey et al., 2023; 

Adesina and Ajayi, 2020). Wolffia’s positive response 

at 75% inclusion highlights its superior digestibility and 

absence of fiber-related growth inhibition. 

3.3 Protein Efficiency Ratio (PER) 

PER increased significantly with WGP inclusion, 

reaching 0.44 ± 0.02 at 75% replacement compared to 

0.31 ± 0.02 in the control (Table 2). This confirms 

Wolffia’s superior protein utilization efficiency. Studies 

have shown that Wolffia proteins are readily 

metabolized due to their favorable amino acid profile 

(Seephua et al., 2025). 

Cassava leaf meal, despite being protein-rich, reduced 

PER values when fed unprocessed to fish due to 

cyanogenic glycosides, which interfered with protein 

metabolism (Masha, 2022). In contrast, Wolffia required 

no detoxification, indicating both safety and efficiency 

in feed use. 

3.4 Condition Factor (K) 

Condition factor values (≈2.7–2.8) remained stable 

across treatments, with no significant differences (Table 

2). This indicates that even at high substitution levels, 

Wolffia did not compromise fish morphology or health 

status (Fieldwork, 2024). Similar findings were 

observed in tilapia diets containing duckweed, where 

condition factor remained unaffected across dietary 

treatments (Cipriani et al., 2021). 

3.5 Water Quality 

All monitored water quality parameters were within 

acceptable ranges: pH 6.9–7.1, temperature ~25.7 °C, 

DO > 5.8 mg/L, and ammonia < 0.05 mg/L (Table 3). 

The absence of elevated ammonia levels suggests that 

Wolffia-based diets did not exacerbate nitrogen waste 

production. 

This observation is consistent with studies highlighting 

Wolffia’s role in nutrient assimilation and water quality 

stabilization in integrated aquaculture systems (Said et 

al., 2025; Nath et al., 2021). 

 

Table 3. Mean water quality parameters across dietary treatments during the 8-week feeding trial. Values are mean ± 

SD. Acronyms: DO = Dissolved Oxygen. Source: Fieldwork (2024). 

Parameter 0% WGP 25% WGP 50% WGP 75% WGP 

pH 7.04 ± 0.07 7.04 ± 0.07 6.97 ± 0.06 6.97 ± 0.06 

Temperature (°C) 25.66 ± 0.09 25.71 ± 0.10 25.75 ± 0.10 25.73 ± 0.10 

DO (mg/L) 5.86 ± 0.15 5.96 ± 0.15 6.11 ± 0.15 6.23 ± 0.15 

Ammonia (mg/L) 0.04 ± 0.01 0.03 ± 0.01 0.03 ± 0.01 0.02 ± 0.01 

 

Figure 1. Weekly pH by treatment (0–75% WGP). 
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Figure 1. Weekly mean pH of water across dietary 

treatments (0%, 25%, 50%, and 75% Wolffia globosa 

inclusion) during the 8-week feeding trial. Values 

remained within neutral range (6.9–7.1) for all 

treatments, confirming no adverse impact of WGP on 

water alkalinity. Source: Fieldwork (2024). 

Values of pH across all treatments remained within the 

neutral range of 6.9–7.1, showing no significant 

differences between control and Wolffia-based diets 

(Figure 1). These findings confirm that inclusion of W. 

globosa did not negatively influence water alkalinity or 

acidity, thereby maintaining optimal culture conditions 

for Clarias gariepinus (Fieldwork, 2024). Stable pH is 

essential because fluctuations can impair fish 

metabolism and feed utilization. Comparable stability 

has been reported in integrated aquaculture systems 

where aquatic macrophytes such as Wolffia and 

duckweed contributed to buffering water quality (Said 

et al., 2025). 

 

   Figure 2  Weekly variations in temperature of the experimental ponds 

 

 
 

 

Figure 2. Weekly variations in water temperature across 

treatments during the feeding trial. Mean values (25.6–

25.8 °C) remained stable and within the optimal range 

for African catfish growth. Source: Fieldwork (2024). 

Figure 2 shows that Mean water temperatures across 

treatments were highly stable, ranging between 25.6–

25.8 °C, with no deviations across the 8-week feeding 

period (Figure 2). This demonstrates that Wolffia-based 

diets did not influence water thermal dynamics, which 

remained within the optimal range for African catfish 

growth (Onura, 2024). Temperature is a critical 

determinant of metabolic rate and feed conversion 

efficiency. The observed stability aligns with the 

findings of Yuvasree and Bharathipriya (2021), who 

emphasized that consistent temperature regulation 

supports balanced nutrient metabolism in aquaculture 

systems. 
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Figure 3  Weekly variations in oxygen of the experimental ponds 

 
 

 

Figure 3. Weekly dissolved oxygen (DO, mg/L) levels 

across dietary treatments. DO values increased slightly 

with higher WGP inclusion (5.86–6.23 mg/L), 

indicating no oxygen depletion and suggesting 

improved nitrogen utilization. Source: Fieldwork 

(2024). 

Dissolved oxygen (DO) values increased slightly with 

higher Wolffia inclusion, ranging from 5.86 mg/L in 

control tanks to 6.23 mg/L in the 75% WGP treatment 

(Figure 3). These results suggest that Wolffia-based 

diets may indirectly contribute to oxygen stability, 

possibly due to reduced nitrogenous waste load 

(Fieldwork, 2024). Adequate DO (>5.5 mg/L) is crucial 

for aerobic metabolism and efficient protein utilization. 

Nath et al. (2021) highlighted that some plant-based 

proteins increase organic loading, reducing oxygen 

availability. In contrast, Wolffia demonstrated no such 

effect, reflecting its digestibility and low-fiber nature. 

 

 Figure 3  Weekly variations in ammonia of the experimental ponds 

 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8

D
is

so
lv

ed
  O

xy
ge

n

0%

25%

50%

75%



INT’L JOURNAL OF AGRIC. AND RURAL DEV.   ©SAAT FUTO 2026 

Volume 29(1): 7701-7713 2026   7708 

Figure 4. Weekly ammonia concentrations (mg/L) in 

water across treatments. Ammonia decreased with 

increasing WGP inclusion (0.04–0.02 mg/L), indicating 

efficient nitrogen assimilation and low environmental 

impact of Wolffia-based diets. Source: Fieldwork 

(2024) 

Ammonia concentrations declined progressively from 

0.04 mg/L in control tanks to 0.02 mg/L in tanks 

receiving 75% Wolffia diets (Figure 4). This trend 

indicates that Wolffia substitution did not elevate 

nitrogen waste excretion and may have promoted more 

efficient nitrogen utilization (Fieldwork, 2024). Low 

ammonia is essential for maintaining fish health, as even 

sublethal levels impair gill function and protein 

metabolism. The findings align with Said et al. (2025), 

who demonstrated that Wolffia has potential for nutrient 

assimilation and bioremediation in aquaculture systems. 

This advantage differentiates Wolffia from soybean 

meal diets, which have been associated with increased 

nitrogenous waste outputs (Nath et al., 2021). 

 

Figure 5. Comparative Growth Performance (Literature Benchmarking) 

 
Figure 5. Comparative growth performance of fish fed 

plant protein-based diets. Data show that Wolffia 

globosa supported higher Specific Growth Rate (SGR) 

and Protein Efficiency Ratio (PER) compared to 

duckweed (Lemna minor), Azolla (Azolla pinnata), and 

soybean meal. Wolffia sustained performance 

improvements up to 75% inclusion, unlike other plant 

proteins which plateaued or declined. Sources: 

Fieldwork (2024); Tadesse et al. (2024); Refaey et al. 

(2023); Adesina and Ajayi (2020). 

Comparative analysis of plant protein sources revealed 

that Wolffia-based diets sustained the highest growth 

and protein efficiency outcomes relative to duckweed, 

Azolla, and soybean meal (Figure 5). Wolffia supported 

progressive improvements in Specific Growth Rate 

(SGR) and Protein Efficiency Ratio (PER) up to 75% 

inclusion, unlike duckweed (Lemna minor), which 

plateaued at ~30% inclusion (Tadesse et al., 2024). 

Similarly, Azolla pinnata improved growth only up to 

20% inclusion before declines occurred due to high fiber 

content (Refaey et al., 2023). Soybean meal supported 

moderate growth but required amino acid 

supplementation to maintain performance (Adesina and 

Ajayi, 2020). In contrast, Wolffia required no 

detoxification or supplementation, positioning it as a 

superior plant protein for sustainable aquaculture 

(Seephua et al., 2025; Boonarsa et al., 2024). 

3.6 Proximate Composition of Wolffia globosa 

The proximate composition of W. globosa powder used 

in this study was ~45% crude protein, 5% lipid, 10% 

fiber, and 20% ash (Fieldwork, 2024). These values 

align with prior reports confirming Wolffia’s nutritional 

adequacy for aquaculture (Seephua et al., 2025; 

Boonarsa et al., 2024). 
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Table 5. Proximate composition of Wolffia globosa powder used in diet formulation. Nutritional parameters measured 

include crude protein (%), crude lipid (%), crude fiber (%), and ash (%). Values are mean ± SD of triplicate analyses. 

Sources: Fieldwork (2024); Boonarsa et al. (2024); Seephua et al. (2025). 

Component % Composition (Mean ± SD) 

Crude protein 45.20 ± 0.85 

Crude lipid 5.14 ± 0.34 

Crude fiber 10.28 ± 0.42 

Ash 19.86 ± 0.66 

Moisture 8.14 ± 0.27 

Nitrogen-free extract 11.38 ± 0.39 

3.7 Comparative Literature Analysis 

To contextualize these findings, Wolffia’s performance was compared with other plant-based protein sources 

frequently used in aquafeeds (Tables 6 and 7). 

 

Table 6. Comparative growth performance outcomes (weight gain, SGR, PER) of fish fed Wolffia, duckweed, Azolla, 

and soybean meal-based diets. Acronyms: SGR = Specific Growth Rate, PER = Protein Efficiency Ratio. Sources: 

Fieldwork (2024); Tadesse et al. (2024); Adesina and Ajayi (2020); Refaey et al. (2023). 

Plant protein 

source 
Fish species 

Max inclusion without 

growth depression 

Reported SGR 

improvement 
PER outcome 

Wolffia globosa 
Clarias 

gariepinus 
75% ↑ up to 216%/day ↑ (0.44 at 75%) 

Duckweed 

(Lemna minor) 
Nile tilapia 30% Moderate ↑ (15–20%) Stable 

Azolla pinnata Catfish/Tilapia 20% 
Limited ↑, declines 

beyond 20% 
↓ at higher levels 

Soybean meal Catfish 40% Moderate ↑ 
Variable; requires amino 

acid balancing 

 

 

Table 7. Comparative nutritional and anti-nutritional attributes of Wolffia and other plant proteins in aquafeeds. 

Sources: Boonarsa et al. (2024); Seephua et al. (2025); Nath et al. (2021); Masha (2022). 

Plant protein source 
Crude protein 

(%) 

Amino acid 

balance 

Detoxification 

requirement 
Reported challenges 

Wolffia globosa ~45% Balanced None None reported 

Duckweed (Lemna 

minor) 
30–35% Moderate None 

Growth plateaus at higher 

levels 

Azolla pinnata 20–25% 
Limited (low 

lysine) 
None 

High fiber reduces 

digestibility 

Cassava leaves 20–25% Moderate 
Yes (cyanogenic 

compounds) 

Reduced PER if 

unprocessed 

 

3.7 Comparative Literature Analysis 

The incorporation of Wolffia globosa into aquafeeds 

must be contextualized against the broader body of work 

on alternative plant proteins. Tables 6 and 7 summarize 

the comparative growth outcomes and nutritional 

characteristics of Wolffia and other commonly tested 

plant proteins, including duckweed (Lemna minor), 

Azolla pinnata, soybean meal, and cassava leaves. 

3.7.1 Growth Efficiency and Weight Gain 

The present study demonstrated that Clarias gariepinus 

juveniles could tolerate up to 75% substitution of 

fishmeal with W. globosa powder without growth 

depression, achieving the highest final weight and SGR 

at this inclusion level (Fieldwork, 2024). This aligns 

with findings that Wolffia has a crude protein 

concentration of ~45% with a digestible amino acid 

profile, allowing it to sustain high inclusion levels in 

aquafeeds (Seephua et al., 2025). 
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By contrast, duckweed inclusion in Nile tilapia diets 

typically improved growth performance only up to 30% 

replacement of fishmeal, after which growth plateaued 

(Tadesse et al., 2024). This plateau effect is attributed to 

duckweed’s moderate protein content (~30–35%), 

which is insufficient to sustain higher growth efficiency 

when used as the principal protein source. Similarly, 

Azolla pinnata improved growth performance in tilapia 

and catfish only up to 20% dietary inclusion; higher 

levels led to reduced feed intake and growth, largely due 

to its high fiber content and limited lysine availability 

(Refaey et al., 2023; Adesina and Ajayi, 2020). 

Soybean meal, widely used as a fishmeal substitute, 

generally supports inclusion levels up to 40% in catfish 

diets (Adesina and Ajayi, 2020). However, soybean 

proteins require supplementation with methionine and 

lysine to prevent amino acid imbalance. This necessity 

increases feed formulation complexity and cost 

compared to Wolffia, which provides a naturally 

balanced amino acid composition (Boonarsa et al., 

2024). 

Taken together, these findings suggest that Wolffia 

offers a unique advantage: unlike other plant proteins, it 

sustains continuous growth improvement at high 

inclusion levels, thereby reducing reliance on costly 

fishmeal. 

3.7.2 Protein Utilization and PER 

Protein Efficiency Ratio (PER) further underscores 

Wolffia’s superior value. In this study, PER values 

increased significantly with higher Wolffia inclusion, 

reaching 0.44 at 75% replacement, compared to 0.31 in 

the control (Fieldwork, 2024). Comparable efficiency 

was observed in studies showing that Wolffia proteins 

support efficient protein assimilation in fish due to their 

digestible nature (Seephua et al., 2025). 

In contrast, Azolla pinnata and cassava leaves often 

reduce PER values when used at high inclusion levels. 

Refaey et al. (2023) reported that catfish fed >20% 

Azolla diets experienced reduced PER due to poor 

digestibility. Similarly, cassava leaves require 

detoxification to remove cyanogenic glycosides; failure 

to detoxify reduces PER and overall feed efficiency 

(Masha, 2022). 

Duckweed and soybean diets generally sustain stable 

PER at moderate inclusion but fail to show the 

progressive improvement observed with Wolffia. 

Tadesse et al. (2024) noted that duckweed-fed tilapia 

exhibited stable PER, but no significant improvement 

was observed beyond moderate substitution levels. 

Thus, Wolffia stands out as a plant protein capable of 

not only maintaining but enhancing protein utilization 

efficiency at high dietary levels. 

3.7.3 Nutritional and Anti-Nutritional Attributes 

The proximate composition of W. globosa confirms its 

nutritional suitability. With ~45% crude protein, 

balanced amino acid composition, and low fiber content, 

Wolffia provides more digestible protein than duckweed 

and Azolla (Fieldwork, 2024; Boonarsa et al., 2024). 

Duckweed protein levels (30–35%) are moderate, while 

Azolla has only 20–25% crude protein and high fiber 

content that limits digestibility (Refaey et al., 2023). 

Soybean meal, though protein-rich, presents challenges 

with anti-nutritional factors such as trypsin inhibitors 

and requires amino acid balancing (Nath et al., 2021). 

Cassava leaves contain cyanogenic compounds that 

necessitate detoxification prior to feed incorporation 

(Masha, 2022). By contrast, Wolffia does not require 

detoxification, reducing feed preparation steps and 

ensuring safety in direct application (Seephua et al., 

2025). 

3.7.4 Environmental Sustainability (Water Quality 

and Ammonia) 

Another critical dimension of comparison is 

environmental impact. In this study, ammonia levels 

remained below 0.05 mg/L across Wolffia treatments 

(Table 3), confirming that Wolffia-based diets did not 

contribute to nitrogen waste accumulation (Fieldwork, 

2024). This supports prior reports that Wolffia 

assimilates dissolved nutrients effectively and may act 

as a bioremediator in integrated aquaculture systems 

(Said et al., 2025). 

By contrast, soybean-based diets are often associated 

with increased nitrogenous waste outputs due to 

imbalances in amino acid metabolism (Nath et al., 

2021). Similarly, Azolla’s high fiber content results in 

reduced digestibility, potentially increasing organic 

loading in aquaculture systems (Refaey et al., 2023). 

Therefore, Wolffia offers dual benefits: it provides a 

digestible protein source while simultaneously 

minimizing environmental risks. 

3.7.5 Comparative Synthesis 

The synthesis of growth, protein utilization, nutritional, 

and environmental evidence positions Wolffia as a 

superior plant protein source relative to duckweed, 

Azolla, soybean, and cassava leaves. Unlike its 

counterparts, Wolffia sustained growth and PER 

improvements at high substitution levels without 

requiring detoxification or amino acid supplementation. 

Moreover, it maintained water quality stability, 

particularly with respect to ammonia, which is critical 

for sustainable aquaculture. 

Thus, Wolffia addresses two major challenges in 

aquafeed development: (1) reducing dependence on 

expensive and ecologically pressured fishmeal, and (2) 

minimizing the environmental footprint of intensive 

aquaculture. Its balanced nutritional profile and 

digestibility make it a practical, sustainable, and high-

performance candidate for future aquafeed 

formulations. 

4 CONCLUSION 

The present study evaluated Wolffia globosa powder 

(WGP) as a partial replacement for fishmeal in the diets 
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of Clarias gariepinus juveniles. Findings demonstrated 

strong growth responses, efficient protein utilization, 

stable condition factors, and environmentally 

sustainable water quality outcomes. Comparative 

analyses confirmed Wolffia’s superior performance 

relative to duckweed, Azolla, soybean, and cassava 

leaves, positioning it as a promising candidate for 

aquafeed innovation. 

Key Takeaways 

➢ W. globosa sustained significant improvements in 

weight gain, Specific Growth Rate (SGR), and 

Protein Efficiency Ratio (PER) up to 75% fishmeal 

replacement without compromising condition 

factor or fish health (Fieldwork, 2024). 

➢ Proximate composition analysis confirmed that 

Wolffia’s ~45% crude protein and balanced amino 

acid profile provided superior digestibility 

compared to other tested plant proteins (Seephua et 

al., 2025; Boonarsa et al., 2024). 

➢ Water quality, including ammonia (<0.05 mg/L), 

remained within optimal ranges, confirming that 

Wolffia-based diets did not exacerbate nitrogenous 

waste accumulation (Said et al., 2025). 

➢ Comparative review showed that duckweed and 

Azolla have lower maximum tolerable inclusion 

levels (30% and 20%, respectively) due to 

nutritional limitations, while Wolffia maintained 

growth improvements at higher substitution 

(Tadesse et al., 2024; Refaey et al., 2023). 

➢ Wolffia requires no detoxification or amino acid 

supplementation, unlike cassava leaves and 

soybean meal, making it a cost-effective and 

practical alternative protein source (Masha, 2022; 

Nath et al., 2021). 

Ranked Research Agenda for Wolffia in Aquafeeds 

To advance Wolffia research and application in 

aquaculture, the following areas require priority: 

1. Long-Term Feeding Trials – Extend 

experiments beyond 8 weeks to assess 

Wolffia’s effects on reproductive performance, 

carcass quality, and survival across production 

cycles. 

2. Multi-Species Evaluation – Test Wolffia diets 

in other high-value cultured species such as 

tilapia, carp, and shrimp to establish broader 

applicability. 

3. Nutrient Digestibility Studies – Employ 

digestibility markers to determine amino acid 

and energy utilization efficiency compared to 

fishmeal and soybean meal. 

4. Economic Feasibility Analysis – Conduct 

cost-benefit assessments at farm scale to 

evaluate Wolffia’s financial competitiveness 

and farmer adoption potential. 

5. Integrated Aquaculture Systems – Explore 

Wolffia cultivation in nutrient-rich effluents, 

linking feed production with bioremediation 

for circular aquaculture sustainability. 

Study Limitations 

While findings are robust, several limitations should be 

acknowledged: 

➢ Sample Size: The trial involved 160 juveniles of 

C. gariepinus; while statistically adequate, larger 

populations would enhance generalizability. 

➢ Species Scope: Results are limited to Clarias 

gariepinus. The applicability to other species (e.g., 

tilapia, shrimp) remains to be validated. 

➢ Trial Duration: The 8-week period captures 

juvenile growth but not long-term impacts on 

reproduction, carcass quality, or immune function. 

➢ Nutrient Profiling: While proximate composition 

was confirmed, amino acid digestibility and 

metabolizable energy values were not directly 

analyzed, leaving some gaps in mechanistic 

understanding. 

Reflective View 

From a scientific perspective, this study provides 

compelling evidence that W. globosa is not just another 

alternative protein but a transformative aquafeed 

resource. Unlike conventional plant proteins that plateau 

or fail beyond moderate inclusion, Wolffia 

demonstrated progressive improvements at high 

substitution levels while maintaining environmental 

stability. This dual performance—nutritional adequacy 

and ecological safety—makes Wolffia uniquely 

positioned to address the twin challenges of aquaculture: 

reducing fishmeal dependence and promoting 

sustainable intensification. 

However, scaling Wolffia into commercial feed 

formulations will require addressing practical barriers: 

reliable large-scale cultivation systems, year-round 

supply stability, and cost-competitive processing 

technologies. If these challenges are resolved through 

research and policy support, Wolffia could evolve from 

an experimental feed ingredient into a cornerstone of 

future aquafeed systems. 
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Glossary of Key Terms 

➢ Specific Growth Rate (SGR): Percentage increase 

in body weight per day. 

➢  Protein Efficiency Ratio (PER): Ratio of weight 

gain to protein intake. 

➢  Fulton’s Condition Factor (K): Indicator of fish 

health, calculated as (Weight ÷ Length³) × 100. 

➢  Dissolved Oxygen (DO): Amount of oxygen 

available in water, vital for fish respiration. 

 

➢ Ammonia (NH₃): Nitrogenous waste product; 

high levels can be toxic to fish. 


