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Abstract: This study evaluated the effect of incorporating predigested Indigofera zollingeriana leaf 

meal as a partial substitute for soybean meal in the diet of Nile tilapia (Oreochromis niloticus) on 

feed utilization efficiency, protein efficiency ratio, growth performance, and survival rate. 

Predigestion was conducted using cellulase enzyme (1.2 g kg⁻¹) to hydrolyze complex fiber and 

protein compounds into more digestible forms. A Completely Randomized Design (CRD) was 

employed, with four dietary treatments: 0 (control), 25, 50, and 75% substitution of soybean meal 

with predigested Indigofera leaf meal, each containing 30% crude protein and an energy-to-protein 

ratio of 8.5-9.0 kcal g⁻¹. The feeding trial lasted six weeks using juvenile tilapia (2.39±0.12 g) stocked 

at a density of 50 fish m⁻² and fed three times daily to satiation.  The results showed that predigestion 

enhanced the nutritional quality of Indigofera leaf meal, increasing protein content from 31.04 to 

38.22% and reducing crude fiber from 15.53 to 13.10%. Increasing inclusion levels of predigested 

Indigofera leaf meal improved total feed intake (96.53-112.29 g), feed utilization efficiency (68.73-

75.61%), protein efficiency ratio (2.29-2.52), and relative growth rate (4.22-5.84% day⁻¹). The 

highest final biomass (119.48 g) and survival rate (96.67%) were observed at the 75% substitution 

level, indicating that predigested I. zollingeriana meal supports efficient nutrient conversion and 

growth without adverse physiological effects. Water quality parameters, including temperature (24-

28°C), pH (7.9-8.1), dissolved oxygen (3.5-4.7 mg L⁻¹), and ammonia (<0.15 mg L⁻¹), remained 

within optimal ranges throughout the rearing period. The findings demonstrate that predigested 

I. zollingeriana leaf meal can effectively replace up to 75% of soybean meal in Nile tilapia diets, 

improving feed efficiency, growth performance, and survival while supporting sustainable and cost-

effective aquaculture practices. 

  

Introduction 

Fish feed plays a crucial role in growth, health, and 

economic sustainability in aquaculture (FAO, 2020). 

Understanding the specific nutritional requirements of 

each fish species and selecting appropriate feed 

ingredients can support more sustainable aquaculture 

practices (Gatlin et al., 2007). Oreochromis niloticus 

is a widely cultured freshwater fish species known for 

its high adaptability to diverse environmental 

conditions. It plays a vital role in the global 

aquaculture industry as a sustainable source of 

nutritious and safe food for humans (Subandiyono and 
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Hastuti, 2020; El-Sayed and Fitzsimmons, 2023). The 

intensification of Nile tilapia farming has led to a 

growing dependence on cost-efficient, high-energy, 

and plant-based protein diets (Kiron et al., 2020; Xie 

et al., 2021; Xuan et al., 2024). However, the relatively 

undeveloped digestive system of early-stage fish 

makes them more susceptible to anti-nutritional 

factors (ANFs), and the prolonged use of plant-

derived proteins has been associated with intestinal 

inflammation and reduced nutrient digestibility (Kiron 

et al., 2020; Xie et al., 2021; Zeng et al., 2024; Ibrahim 

et al., 2025). Moreover, fish health status plays a vital 
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 role in determining their resistance and survival 

against pathogenic infections (Tao et al., 2022). To 

sustain and enhance the profitability and sustainability 

of aquaculture, improving feed quality and efficiency 

to deliver optimal nutrition and promote growth is 

essential (Akter et al., 2021). Therefore, investigating 

the potential use of predigested plant protein as a 

dietary strategy represents a promising approach to 

enhance nutrient utilization and growth performance 

in Nile tilapia.   

In Nile tilapia production, feed accounts for the 

most significant operational expense, representing 

approximately 45-85% of total production costs 

(Komalasari et al., 2018; Fadum et al., 2024). The 

continuous rise in feed prices poses a major challenge 

to improving the sustainability and productivity of 

tilapia aquaculture. Therefore, developing cost-

effective feed formulations using plant-based protein 

sources as alternatives to animal-derived proteins is 

essential. Plant-based protein ingredients used in 

tilapia feed formulation should ideally have good 

nutritional value, be readily available, easily 

processed, and affordable, enabling the development 

of low-cost yet nutritionally balanced alternative feeds 

(Zaenuri et al., 2014). The use of such ingredients is 

expected not only to reduce production costs but also 

to improve feed utilization efficiency and promote 

optimal growth performance in Nile tilapia. 

Several feed ingredients with balanced nutritional 

profiles and relatively low cost include Indigofera 

zollingeriana leaf meal (Santi, 2017), Ipomoea 

aquatica leaf meal, and others. Indigofera 

zollingeriana is a leguminous plant known for its high 

protein content. Nutritionally, I. zollingeriana 

contains approximately 27.9% protein, 0.22% 

calcium, and 0.18% phosphorus (Mayasari and 

Ismiraj, 2019), while its leaf meal form contains about 

28-34% protein (Suharlina and Sanusi, 2020). 

Meanwhile, Ipomoea aquatica leaf meal contains 

24.12% protein and 12.70% crude fiber (Adrian, 

2012). Therefore, both of these plant-based protein 

sources have strong potential as alternative ingredients 

in formulated feeds for Nile tilapia. 

The use of I. zollingeriana or I. aquatica leaf meals 

as alternative feed ingredients can support national 

food security and reduce dependence on imported feed 

materials such as fishmeal and soybean meal (Dawood 

et al., 2019; Kiron et al., 2020; Xie et al., 2021; Xuan 

et al., 2024). This approach aligns with government 

efforts to enhance food self-sufficiency, particularly 

within the aquaculture sector. Plant-based protein 

sources have been identified as the most promising 

alternatives to replace fishmeal and soybean meal in 

aquaculture feeds. However, plant ingredients 

generally contain high levels of carbohydrates, 

whereas fish have a limited capacity to use 

carbohydrates as an energy source for growth. One of 

the major carbohydrate components that poses a 

challenge is cellulose, which most fish species cannot 

digest. Therefore, this study aimed to assess the 

impact of predigested plant protein derived from 

I. zollingeriana leaf at different substitution levels on 

total feed intake (TFI), feed utilization efficiency 

(FUE), protein efficiency ratio (PER), and growth 

performance of omnivorous Nile tilapia. 

 

Materials and Methods 

Experimental procedure 

Preparation phase: The experimental fish had an 

average total length of 5-7 cm and an average body 

weight of 2.39±0.12 g. The stocking density was 50 

fish M⁻² (Hastuti and Subandiyono, 2020a). The fish 

were acclimated to the experimental conditions by 

maintaining them in the experimental medium until 

they were fully adapted. Only healthy fish without 

visible signs of disease were selected as experimental 

animals. Prior to stocking, fish were fasted for 24 h to 

empty their digestive tracts, allowing better 

acceptance of the experimental diets. 

Feed preparation began with the selection and 

weighing of ingredients, including fish meal, soybean 

meal, corn meal, rice bran meal, wheat flour, 

carboxymethyl cellulose (CMC), corn oil, fish oil, 

vitamin-mineral mix, I. zollingeriana leaf meal, and 

water (250 mL kg⁻¹ feed).  Proximate analyses of the 

feed ingredients were conducted prior to formulation 

to determine their nutrient composition (protein, lipid, 

fiber, and ash). Diets were formulated to contain 30% 
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crude protein, with the proximate composition serving 

as the basis for formulation. Animal-derived protein 

was obtained from fish meal, while plant-derived 

protein sources included soybean meal and 

I. zollingeriana leaf meal. The contribution of 

I. zollingeriana leaf meal to total plant protein ranged 

from 0% to 75% across treatments. The energy-to-

protein (E/P) ratio for each diet was adjusted to 8.5-

9.0 kcal g⁻¹. Lipid, crude fiber, and ash levels were 

determined in accordance with the Indonesian 

National Standard (SNI 7548:2009). 

Prior to use, I. zollingeriana leaf meal was pre-

digested using cellulase enzyme at 1.2 g kg⁻¹ and 

mixed with 30% water (Jefry et al., 2021). The 

mixture was thoroughly homogenized and incubated 

at room temperature for 24 h. The pre-digested meal 

was then oven-dried at 60°C for 1.5 h. The pre-

digestion process aimed to reduce crude fiber and 

convert it into more digestible carbohydrates (Sofiana 

et al., 2023), while also improving nutrient 

digestibility and reducing anti-nutritional compounds 

(Susilowati et al., 2020). 

All feed ingredients were subsequently mixed and 

extruded into pellets, which were dried to a moisture 

content of approximately 15%. Proximate analysis of 

the formulated diets was conducted to determine 

moisture, crude protein, lipid, ash, and carbohydrate 

contents. Analyses were conducted at the Chemistry 

Laboratory of the Agricultural Instrument 

Standardization Agency (BSIP) in Central Java, 

Indonesia. 

Feeding and rearing: Selected tilapia were reared for 

6 weeks at a stocking density of 50 fish m⁻² (Hastuti 

and Subandiyono, 2020a). Fish were fed to apparent 

satiation three times daily with the respective 

experimental diets. Water quality was maintained 

through regular water exchange, continuous aeration, 

and temperature control using a thermostat. Water 

exchange was performed to reduce ammonia 

accumulation, while aeration ensured optimal 

dissolved oxygen levels. 

The experimental tanks measured 60×40×50 cm 

and contained 60 L of water. Fish were weighed at the 

beginning and end of the experiment. Water quality 

parameters, i.e., temperature (°C), pH, and dissolved 

oxygen (mg L⁻¹), were monitored daily in the morning 

and afternoon. 

Experimental design: The study was conducted 

using a Completely Randomized Design (CRD) with 

four dietary treatments and five replicates per 

treatment. The treatments varied in the level of 

substitution of predigested I. zollingeriana leaf meal 

as a plant-based protein source in the diet.  The 

experimental diets were formulated to contain a 

constant crude protein level of 30% and an energy-to-

protein ratio (E/P) of 8.5-9.0 kcal g⁻¹. The treatments 

differed in the level of substitution of pre-digested 

I. zollingeriana leaf meal as a plant-based protein 

source, replacing soybean meal protein in the diet. 

The four dietary treatments were as follows: 

Treatment A (Control): Diet containing 0% 

substitution of pre-digested I. zollingeriana leaf meal 

(100% of plant protein derived from soybean meal); 

Treatment B: Diet containing 25% substitution of pre-

digested I. zollingeriana leaf meal, replacing 25% of 

the total plant protein contribution from soybean meal; 

Treatment C: Diet containing 50% substitution of pre-

digested I. zollingeriana leaf meal, replacing 50% of 

the total plant protein contribution from soybean meal; 

Treatment D: Diet containing 75% substitution of pre-

digested I. zollingeriana leaf meal, replacing 75% of 

the total plant protein contribution from soybean meal. 

Each diet was formulated isonitrogenously and 

isoenergetically to meet the nutritional requirements 

of Nile tilapia as recommended by the National 

Research Council (NRC, 2011). 

Measured parameters 

Total Feed Intake (TFI): Total feed intake was 

calculated according to Pereira et al. (2007), using the 

formula of TFI = F1 - F2, where TFI = total feed intake 

(g), F₁ = total feed provided at the beginning (g), and 

F₂ = remaining feed at the end (g). 

Feed Utilization Efficiency (FUE): Feed utilization 

efficiency was determined following NRC (2011): 

FUE = ((Wt - W₀) / F)*100%, where FUE = feed 

utilization efficiency (%); Wₜ = final body weight (g); 

W₀ = initial body weight (g); F = total feed consumed 

(g). 
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 Protein Efficiency Ratio (PER): Protein efficiency 

ratio was calculated using the NRC (2011) formula: 

PER = ((Wt - W₀) / Pᵢ)*100%, where PER = protein 

efficiency ratio (%); Wₜ = final fish biomass (g); W₀ = 

initial fish biomass (g); Pᵢ = total protein intake (g). 

Relative Growth Rate (RGR): Relative growth rate 

was calculated according to Subandiyono and Hastuti 

(2016): RGR = ((Wt - W₀) / (W₀ - t) Pᵢ)*100%, where: 

RGR = relative growth rate (% day⁻¹); Wₜ = final body 

weight (g); W₀ = initial body weight (g); t = rearing 

period (days). 

Survival Rate (SR): Survival rate was calculated 

according to Panigrahi et al. (2017): SR = (Nₜ / N₀) 

*100%, where SR = survival rate (%); Nₜ = number of 

fish at the end of the experiment; N₀ = number of fish 

at the beginning of the experiment. 

Water quality: The measured parameters were 

temperature (°C), pH, and dissolved oxygen (mg L⁻¹). 

Measurements were taken daily in the morning and 

evening throughout the experimental period. 

Data analysis: Data on total feed intake, feed 

utilization efficiency, protein efficiency ratio, relative 

growth rate, and survival rate were analyzed using 

Analysis of Variance (ANOVA). Prior to ANOVA, 

data were tested for normality, additivity, and 

homogeneity of variances to ensure compliance with 

test assumptions. Differences among treatments were 

further analyzed using Duncan’s Multiple Range Test 

(DMRT) at P = 0.05 significance level. Proximate 

composition data of feed ingredients and experimental 

diets were analyzed descriptively. Water quality data 

were also analyzed descriptively and compared with 

the standard optimal ranges for Nile tilapia culture. 

 

Results 

Role of predigested plant protein (I. zollingeriana) 

in experimental diets: The predigestion of 

I. zollingeriana leaf meal, performed with cellulase at 

1.2 g kg⁻¹, effectively hydrolyzed complex protein and 

fiber compounds into simpler, more digestible forms. 

This bioconversion increased protein content from 

31.04 to 38.22% (dry-weight basis) and reduced crude 

fiber from 15.53 to 13.10%, indicating enhanced 

nutritional quality and digestibility. Fat and nitrogen-

free extract (NFE) decreased due to microbial 

utilization, while ash content slightly increased, 

reflecting higher mineral availability (Table 1). 

The formulated experimental diets incorporated 

various inclusion levels of predigested 

I. zollingeriana leaf meal (0, 25, 50, and 75% 

substitution of plant-based protein). Indigofera 

progressively replaced soybean meal while 

maintaining a constant total dietary protein level of 

30% (Table 2). The proximate composition of the 

experimental diets remained nutritionally balanced, 

with a gradual increase in digestible energy (from 

249.42 to 251.85 kcal g⁻¹) and a decrease in crude 

fiber (from 8.24% to 7.30%) as I. zollingeriana 

inclusion increased (Table 3). These results indicate 

that fermented Indigofera meal can be used 

effectively as a sustainable protein source without 

compromising diet quality. 

Biological response of Nile Tilapia fed diets 

containing predigested plant protein: Feeding 

trials revealed that the dietary inclusion of 

predigested I. zollingeriana improved growth  

Parameter % Wet Weight % Dry Weight 

 Before predigestion After predigestion with 

cellulase enzyme 
Before predigestion After predigestion 

with cellulase enzyme 
Protein 28.30 25.85 31.04 38.22 

Fat 2.85 0.68 3.13 1.01 

Crude Fiber 14.16 8.87 15.53 13.10 

Ash Content 10.26 10.09 11.25 14.92 

Moisture Content 8.83 32.36 – – 

NFE (Nitrogen-Free Extract) 35.60 22.15 39.05 32.75 

Total 100.00 100.00 100.00 100.00 

 

Table 1. Proximate composition of Indigofera zollingeriana leaf meal before and after predigestion with cellulase enzyme. 
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Table 2. Formulation of experimental diets. 

Feed Ingredient Diet Composition (per 100 g feed) 

 A (0%) B (25%) C (50%) D (75%) 

Fish meal 32.44 32.44 32.44 32.44 

Soybean meal 25.35 17.84 10.30 2.78 

Indigofera leaf meal 0.00 12.88 25.78 38.67 

Corn meal 7.50 7.50 7.50 7.50 

Rice bran 16.71 11.34 5.98 0.61 

Wheat flour 9.00 9.00 9.00 9.00 

CMC (binder) 1.00 1.00 1.00 1.00 

Fish oil 2.50 2.50 2.50 2.50 

Corn oil 2.50 2.50 2.50 2.50 

Vitamin–mineral mix 3.00 3.00 3.00 3.00 

Total (g) 100.00 100.00 100.00 100.00 

Notes: A: Ratio of Indigofera zollingeriana protein to total plant-based protein = 0%; B: Ratio of Indigofera protein to total plant-

based protein = 25%; C: Ratio of Indigofera protein to total plant-based protein = 50%; D: Ratio of Indigofera protein to total plant-

based protein = 75% 
 

Nutrient Diet A Diet B Diet C Diet D 

Protein* 30.00 30.00 30.00 30.00 

Fat* 4.78 4.80 4.82 4.84 

Crude Fiber* 8.24 7.92 7.62 7.30 

Ash Content* 17.96 18.00 18.05 18.09 

NFE (Nitrogen-Free Extract) 39.02 39.27 39.52 39.76 

DE (kcal/g)* 249.42 250.24 251.03 251.85 

E/P Ratio⁎⁎ 8.32 8.34 8.37 8.39 

Total 100.00 100.00 100.00 100.00 

Notes: * Proximate analysis conducted at the Chemistry Laboratory, Agricultural Instrument Standardization Agency (BSIP), Central Java. ** 

Based on the assumed DE (Digestible Energy) values: protein = 3.5 kcal/g; fat = 9.8 kcal/g; NFE = 2.5 kcal/g (Subandiyono et al., 2018). 

 

Table 3. Proximate composition of experimental diets (%). 

Parameter 
Experimental diets containing different levels of predigested plant protein from Indigofera 

zollingeriana 

 A (0%) B (25%) C (50%) D (75%) 

Initial body weight of tilapia (g) 2.50±0.18ᵃ 2.42±0.15ᵃ 2.33±0.07ᵃ 2.31±0.07ᵃ 

Initial fish biomass (g) 37.49± 2.75ᵃ 36.36±2.25ᵃ 35.01±1.04ᵃ 34.65±1.06ᵃ 

Final fish biomass (g) 103.88±12.21ᵃ 108.69±12.92ᵃ 114.11±14.29ᵃ 119.48±5.85ᵃ 

Biomass weight gain (g) 66.39±11.23ᵇ 72.33±12.78ᵃᵇ 79.10±14.48ᵃᵇ 84.83±6.88ᵃ 

Total feed consumption (g) 96.53±1.31ᵈ 102.88±4.92ᶜ 107.61±1.90ᵇ 112.29±2.48ᵃ 

Feed utilization efficiency (%) 68.73±11.19ᵃ 70.13±11.04ᵃ 73.68±14.54ᵃ 75.61±6.89ᵃ 

Protein efficiency ratio (%) 2.29±0.37ᵃ 2.34±0.37ᵃ 2.46±0.48ᵃ 2.52±0.23ᵃ 

Relative growth rate (% day⁻¹) 4.22±0.70ᵇ 4.75±0.93ᵃᵇ 5.39±1.03ᵃᵇ 5.84±0.66ᵃ 

Survival rate (%) 86.67±14.14ᵃ 86.67±10.64ᵃ 88.22±11.90ᵃ 96.67±3.33ᵃ 

Note: Values are presented as mean±standard deviation (SD). Different superscript letters (a, b, c, and d) in the same row indicate significant 

differences among treatments (P<0.05). 

Table 4. Biological Parameters of Nile Tilapia (Oreochromis niloticus) fed diets containing various levels of predigested plant protein from 

Indigofera zollingeriana. 
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performance and feed utilization in Nile tilapia 

(Table 4). Final biomass increased from 103.88 g 

(control) to 119.48 g (75% substitution), 

accompanied by a significant improvement in 

biomass gain (66.39-84.83 g) and total feed 

consumption (96.53-112.29 g). Feed utilization 

efficiency and protein efficiency ratio also improved 

(68.73-75.61% and 2.29-2.52, respectively). 

Relative growth rate (RGR) increased from 4.22 to 

5.84% day⁻¹, while survival remained high across all 

treatments (86.67-96.67%). These findings suggest 

that up to 75% substitution of soybean meal with 

predigested I. zollingeriana meal enhances feed 

efficiency, growth rate, and survivability of Nile 

tilapia. 

Water quality parameters: Water quality remained 

within the optimal range for tilapia culture 

throughout the 42-day trial. Morning temperatures 

averaged 24-25°C, while afternoon values reached 

27–28°C with no significant differences among 

treatments (Table 5). pH levels were stable (7.9-8.1 

in the morning and 7.9-8.0 in the afternoon) (Table 

6). DO ranged between 3.5-4.7 mg L⁻¹ in the 

morning and 3.4–4.6 mg L⁻¹ in the afternoon, 

suitable for tilapia growth (Table 7). Ammonia 

concentrations fluctuated slightly over time but 

remained low (<0.15 mg L⁻¹) and decreased 

effectively after water exchange (Table 8). These 

results confirm that dietary treatments did not 

adversely affect the rearing water environment. 

Treatment Morning average (°C) Morning range (°C) Afternoon average (°C) Afternoon range (°C) 

A (0%) 24.74±0.25 24.0–25.1 27.50±0.37 26.6–27.9 

B (25%) 24.76±0.31 24.1–25.4 27.53±0.35 26.4–28.0 

C (50%) 24.77±0.27 24.2–25.2 27.55±0.32 26.8–28.0 

D (75%) 24.75±0.32 24.0–25.4 27.56±0.35 26.9–28.0 

Note: Values represent mean±standard deviation (SD). Morning and afternoon temperatures were recorded 

daily throughout the 42-day rearing period. 

Table 5. Monitoring results of water temperature during 42 days of Nile tilapia (Oreochromis niloticus) rearing. 

Treatment Morning average (pH) Morning range (pH) Afternoon average (pH) Afternoon range (pH) 

A (0%) 8.10±0.30 7.20–8.49 8.04±0.28 7.46–8.50 

B (25%) 8.06±0.30 7.27–8.50 7.90±0.35 7.20 –8.42 

C (50%) 8.00±0.37 7.06–8.52 7.91±0.34 7.12–8.50 

D (75%) 7.92±0.40 7.04–8.46 7.94±0.36 6.97–8.41 

Note: Values represent mean ± standard deviation (SD). Morning and afternoon pH were measured daily 

throughout the 42-day rearing period. 

Table 6. Monitoring results of water pH during 42 days of Nile tilapia (Oreochromis niloticus) rearing. 

Treatment 
Morning DO range  

(mg L⁻¹) 

Morning DO average  

(mg L⁻¹) 

Afternoon DO range  

(mg L⁻¹) 

Afternoon DO average  

(mg L⁻¹) 

A (0%) 3.50-4.61 4.04±0.30 3.44-4.59 3.71±0.21 

B (25%) 3.50-4.70 3.97±0.32 3.60 –4.54 3.81±0.16 

C (50%) 3.40-4.62 3.94±0.31 3.62–4.63 3.89±0.21 

D (75%) 3.50-4.70 4.04±0.34 3.50–4.55 3.87±0.23 

Note: Values represent mean±standard deviation (SD). Dissolved oxygen (DO) levels were recorded 

daily in the morning and afternoon throughout the 42-day rearing period. 

Table 7. Dissolved oxygen (DO) values measured in the morning and afternoon during 42 days of Nile tilapia (Oreochromis niloticus) rearing. 
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Discussions 

Nutritional improvement of I. zollingeriana 

through predigestion: The use of I. zollingeriana as 

an alternative plant-based protein source in Nile 

tilapia diets shows promise, particularly when 

subjected to predigestion or fermentation. 

Fermentation acts to hydrolyze complex 

compounds—particularly proteins and crude fiber—

into simpler, more digestible forms that the fish’s 

digestive system can efficiently absorb. Initially, 

I. zollingeriana contained relatively high crude fiber 

(15.53% on a dry-weight basis), which could limit 

digestibility. However, following fermentation, crude 

fiber content decreased to 13.10%, while crude protein 

increased significantly from 31.04 to 38.22%. This 

indicates that fermentation enhances the nutritional 

quality of Indigofera by increasing protein and 

essential amino acid availability while reducing 

limiting factors such as fiber (Jefry et al., 2021; 

Mirzah et al., 2023). 

Role of I. zollingeriana as a substitute for soybean 

meal: In feed formulations, Indigofera functions as a 

partial substitute for soybean meal, which remains the 

predominant plant protein source but faces issues of 

fluctuating availability and price (El-Sayed et al., 

2015; Jefry et al., 2021; Mirzah et al., 2023; Suharlina 

and Sanusi, 2020). Formulation results indicate that 

increasing Indigofera inclusion from 0% to 75% of 

total plant protein maintained a constant dietary 

protein level of 30%. Meanwhile, Indigofera’s 

contribution to total protein content increased by up to 

12%, indicating that it can effectively replace up to 

12% of the soybean meal without disrupting the 

nutritional balance. 

Proximate analysis results indicate that all feed 

formulations (A–D) contained equivalent crude 

protein levels (30%), whereas improvements were 

observed in other nutrient components. A decrease in 

crude fiber with higher Indigofera levels indicates 

improved digestibility, and digestible energy (DE) 

values increased from 249.42 to 251.85 kcal/g. This 

increase corresponds to higher nitrogen-free extract 

(NFE) content and lower fiber content, both of which 

enhance the feed’s energy efficiency. Maintaining a 

balanced energy-to-protein (E/P) ratio is critical for 

optimizing tilapia growth, as sufficient digestible 

energy supports efficient metabolism without 

diverting protein to energy use (NRC, 2011; 

Subandiyono and Hastuti, 2022). 

Growth performance and feed utilization 

efficiency: The inclusion of predigested 

I. zollingeriana protein improved the biological 

performance of O. niloticus. The final biomass 

increased with increasing Indigofera dosage, reaching 

the highest value (119.48 g) at the 75% inclusion level 

(Treatment D). This indicates that fermented 

Indigofera protein is effectively utilized for growth. 

Previous studies have demonstrated that fermentation 

enhances the digestibility of plant protein sources, 

thereby improving nutrient absorption and biomass 

accumulation (Hastuti and Subandiyono, 2020b; Jefry 

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

Feed intake increased from 96.53 g in the control 

group to 112.29 g at the 75% level, indicating that the 

Indigofera-based diets were palatable and well 

accepted by fish. Feed utilization efficiency (FUE) 

improved from 68.73 to 75.61%, along with an 

increase in the protein efficiency ratio (PER) from 

2.29 to 2.52. These results support that predigested 

protein enhances the conversion of feed nutrients into 

body tissue. According to El-Sayed et al. (2015), 

highly digestible and readily available protein plays a 

vital role in improving feed conversion efficiency in 

tilapia. The relative growth rate increased 

significantly from 4.22% per day (control) to 5.84% 

per day (75% Indigofera inclusion), confirming that 

Week 
A 

(0%) 
 B 

(25%) 
 C 

(50%) 
 D 

(75%) 
 

 Before After Before After Before After Before After 

0 0.004 0.002 0.010 0.006 0.006 0.002 0.002 0.002 

1 0.000 0.000 0.000 0.000 0.009 0.009 0.001 0.000 

2 0.001 0.000 0.000 0.000 0.001 0.000 0.000 0.000 

3 0.011 0.000 0.000 0.000 0.125 0.003 0.030 0.001 

4 0.005 0.000 0.062 0.001 0.015 0.001 0.001 0.003 

5 0.025 0.011 0.001 0.008 0.132 0.107 0.038 0.025 

 

Table 8. Ammonia concentration (mg L⁻¹) measured weekly before 

and after water exchange during 42 days of Nile tilapia 

(Oreochromis niloticus) rearing. 
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 Indigofera serves as an effective alternative protein 

source, replacing a substantial proportion of soybean 

meal. As noted by Subandiyono and Hastuti (2020), 

maintaining a balanced energy–protein ratio is 

essential for maximizing tilapia growth, and the 

present findings confirm that this balance remains 

optimal even with high soybean substitution. 

Survival and physiological response: Survival rates 

remained high across all treatments, ranging from 

86.67 to 96.67%, with the highest in treatment D. This 

suggests that including up to 75% Indigofera protein 

did not cause stress or toxicity in fish. Similarly, 

Castillo and Gatlin (2015) and Zhou et al. (2013) 

reported that predigestion of plant materials not only 

improves digestibility but also reduces anti-nutritional 

factors that can interfere with fish metabolism. 

Overall, predigested I. zollingeriana can be 

incorporated into tilapia diets at up to 75% of total 

plant protein without adverse effects on growth, feed 

efficiency, or survival. On the contrary, it tends to 

enhance overall performance and supports more 

sustainable aquaculture practices. 

Water quality dynamics during the feeding trial: 

Water quality monitoring throughout the 42-day 

experiment showed that temperature, pH, DO, and 

ammonia remained within optimal ranges for 

O. niloticus culture. Water temperature was stable, 

ranging from 24-25°C in the morning to 27-28°C in the 

afternoon—within the optimal range of 25-30°C for 

tilapia growth (El-Sayed, 2006). No significant 

differences in temperature were observed among 

treatments, indicating that dietary variation had a 

minimal effect on thermal conditions. The pH ranged 

from 6.97 to 8.52, averaging 7.92-8.10 in the morning 

and 7.90-8.04 in the afternoon. These values fall 

within the ideal range (6.5-9.0) for tilapia rearing 

(Boyd, 2015). DO ranged between 3.44 and 4.70 mg 

L⁻¹, with slightly higher readings in the morning (3.94-

4.04 mg L⁻¹) than in the afternoon (3.71-3.89 mg L⁻¹). 

Although moderately low, these DO levels were still 

sufficient for tilapia survival, as the species can 

tolerate minimum levels of about 3 mg L⁻¹ (Ngugi et 

al., 2007). 

Ammonia concentrations fluctuated slightly over 

the culture period. During weeks 0–2, levels remained 

low or nearly undetectable. A slight increase was 

noted during weeks 3–5, particularly in treatments C 

(50%) and D (75%), with a maximum of 0.132 mg L⁻¹. 

Following water exchange, ammonia levels dropped 

sharply, demonstrating the effectiveness of water 

renewal in maintaining safe concentrations. 

According to Boyd (2015), un-ionized ammonia 

(NH₃) should remain below 0.05 mg L⁻¹ and total 

ammonia below 1.0 mg L⁻¹ for safe aquaculture 

conditions. Overall, water quality parameters 

remained within acceptable limits, ensuring optimal 

growth and health of Nile tilapia. However, regular 

monitoring of DO and ammonia is recommended to 

prevent potential stress under intensive culture 

conditions. 

 

Conclusion 

The present study demonstrated that including 

predigested I. zollingeriana as a plant-based protein 

source in the diet of Nile tilapia can effectively replace 

a substantial proportion of conventional soybean meal 

without compromising growth performance, feed 

utilization, or survival. Fermentation significantly 

enhanced the nutritional quality of Indigofera by 

increasing crude protein content and reducing crude 

fiber, thereby improving digestibility and nutrient 

bioavailability. Biological performance data showed a 

consistent improvement with increasing levels of 

Indigofera inclusion. The highest inclusion level (75% 

of total plant protein) produced superior biomass gain, 

relative growth rate, and feed utilization efficiency 

compared to the control diet. These findings confirm 

that fermented Indigofera protein can be efficiently 

digested and metabolized by tilapia, thereby 

supporting optimal growth. The improved palatability 

and feed conversion efficiency also reflect the 

enhanced nutritional balance achieved through 

predigestion. The survival rate remained high (>86%) 

across all treatments, indicating that Indigofera-based 

diets were well tolerated and did not induce stress or 

toxicity. Furthermore, water quality parameters—

including temperature, pH, dissolved oxygen, and 

ammonia—remained within acceptable limits 
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throughout the 42-day culture period, confirming that 

dietary treatments did not negatively affect the rearing 

environment.  

In conclusion, predigested I. zollingeriana can be 

safely and effectively incorporated into Nile tilapia 

feed formulations up to 75% of total plant protein. 

This substitution not only enhances growth 

performance and feed efficiency but also provides a 

cost-effective, locally available, and sustainable 

alternative to imported soybean meal. Future research 

should focus on optimizing fermentation techniques, 

evaluating amino acid bioavailability, and assessing 

long-term physiological and economic impacts of 

Indigofera-based diets in commercial aquaculture 

settings. 
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