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INTRODUCTION 

  

Tilapia (Oreochromis sp.) production increased from 2019–2023 by 1.20% (DJPB, 

2023). These data are in line with total fish consumption in Indonesia in 2024, which 

reached 59kg per capita per year (KKP, 2024), with tilapia consumption per capita per 

week reaching 617g in Bogor City (BPS, 2024). Based on these data, the aquaculture 

sector, as one of the high-protein food sources, is recognized as fulfilling food needs. 

Therefore, food demand can be met through intensive aquaculture production. Intensive 
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Tilapia (Oreochromis sp.) production continues to increase, requiring 

adequate nutritional support through feed. Jack bean (Canavalia ensiformis) 

is a promising legume with high nutrient content; however, its utilization is 

limited due to antinutritional factors such as phytic acid, trypsin inhibitors, 

and tannins. Therefore, this study aimed to evaluate the effects of jack bean 

meal pretreatment on tilapia performance. Peeled jack beans were pretreated 

by soaking (6h; 1:10 w/v ratio) and autoclaving (30min at 121°C). 

Proximate analysis showed that both soaking and autoclaving increased 

protein and fat content, while all antinutritional factors decreased after 

pretreatment. A total of 15 tilapia fingerlings (8.19 ± 0.01 g) were stocked 

in each of 20 aquaria (50 × 50 × 40 cm³) for 60 days, with diets assigned in 

triplicate. Five isonitrogenous diets (28% crude protein) were formulated 

using processed and unprocessed jack bean seed at inclusion levels of 0, 5, 

and 15%. Chromium oxide (Cr₂O₃) was added as an indicator for 

digestibility tests. Feces and blood samples were collected, and fish were 

analyzed for growth performance, digestive enzyme activity, and intestinal 

histology. The highest values of total feed digestibility (51.71%), final 

biomass (571 g), specific growth rate (2.56%), feed conversion ratio (1.69), 

plasma protein (4.51 g dL⁻¹), and protein retention (32.27%) were observed 

with 5% inclusion of processed jack bean. These findings indicate that 

processed jack bean meal can be effectively incorporated into tilapia feed at 

a 5% inclusion level. 
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cultivation refers to high-density methods used to increase production (Oke & Goose, 

2019). 

The development of tilapia aquaculture must be supported by adequate nutrition 

through sustainable feed, with 85–98% of fish production costs absorbed by feed 

expenses (Suprayudi et al., 2023). According to Sorensen et al. (2009), fish feed 

production is dominated by plant-based protein sources, mainly soybean meal. Fish feed 

companies in Indonesia still rely heavily on imported soybean meal, with imports 

reaching 5.33 million tons (BPS, 2023). Consequently, local raw materials such as 

pollard and bran are increasingly incorporated into fish feed (Farahiyah et al., 2016). 

Jack bean (Canavalia ensiformis) is a type of legume cultivated in Indonesia as a 

side crop or hedge crop (Darini et al., 2021). Jack bean production can reach 3–5 tons 

ha⁻¹, with advantages such as high productivity, a short cultivation period, and resilience 

to environmental changes (Darini & Kusdiarti, 2017). According to Hudiyanti et al. 

(2015), jack bean has potential as a feed ingredient, containing 34.6% protein, 2.4% fat, 

1.2% crude fiber, and 2.8% ash. However, the use of plant-based raw materials, 

particularly jack bean, is constrained by antinutrient content. Jack bean contains phytic 

acid (325.47mg 100 g⁻¹) and tannins (0.35g 100 g⁻¹) (Arise et al., 2022). These 

components can inhibit enzymatic nutrient absorption (Nolan et al., 1987). Additionally, 

jack bean contains trypsin inhibitor activity of 1682.7 U g⁻¹ (Fagbenro et al., 2008). 

Thus, it reduces protein digestibility in fish (Liener, 1976). 

To address this issue, methods of inactivating antinutrients in plant-based raw 

materials must be developed to maximize their utilization (Martinez-Palacios et al., 

1998). Pretreatment methods should follow modern technologies; for instance, Akande  

and Fabiyi (2010) highlighted that autoclaving, a pressure-cooking process, as effective. 

This method can eliminate thermolabile antinutrients in jack bean within a short time 

(Udedibie & Nwaiwu, 1988). Similarly, Doss et al. (2011) reported reduced trypsin 

inhibitor activity after autoclaving. Moreover, Ramadan (2012) noted that phytic acid 

levels can be reduced by soaking, with additional suppression achieved through 

autoclaving. 

Research on jack bean utilization is most common in catfish (Clarias gariepinus) 

feed. For instance, raw jack bean can be included at 5% (Solomon et al., 2017). With 

pretreatment such as boiling for 30 minutes, inclusion levels of 12% are possible 

(Fagbenro et al., 2008), while fermentation allows up to 10.9% incorporation (Michael 

et al., 2023). However, studies indicate that information on the optimum inclusion level 

of jack bean meal in tilapia (Oreochromis sp.) feed remains limited. Therefore, it is 

necessary to assess pretreatment methods that reduce antinutrient levels, enabling jack 

bean to be a viable local feed ingredient. This study thus aimed to evaluate the effects of 

pretreatment (soaking and autoclaving) on jack bean in tilapia feed formulations and their 

impact on growth performance. 
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MATERIALS AND METHODS  

 

Research stages 

This research consisted of two stages: 

1. Improving the nutrient quality of jack bean through pretreatment. 

2. Evaluating feed digestibility and growth performance of tilapia fed diets 

containing unprocessed and processed jack bean. 

 

Stage 1: Improving the nutrient quality of jack bean through pretreatment 

Soaking and autoclaving of jack bean 

Jack beans were collected from Bogor, West Java, peeled, and subjected to 

pretreatment. Soaking was conducted for 6h in water at a 1:10 (w/v) ratio (Sheahan, 

2012), followed by autoclaving at 121°C for 30min (Arise et al., 2022) and oven-drying 

at 60°C for 12h. 

Proximate analysis of jack bean 

The pretreated jack beans were ground into flour and analyzed for proximate 

composition (moisture, ash, crude fiber, protein, and fat). Moisture content was 

determined by oven drying at 110°C, ash by furnace at 600°C, crude fiber by sequential 

acid–alkali digestion with heating, protein by the Kjeldahl method, and fat by Soxhlet 

extraction (AOAC, 1997). 

Antinutrient analysis 

• Phytic acid 

Phytic acid levels were analyzed using the method of Davies and Reid (1979) 

with modifications from Perdani and Utama (2020). Briefly, 0.5g of sample was 

extracted with 20mL of 0.5 M HNO₃, shaken in a water bath for 4h, and diluted 

10–20×. One mL of filtrate was mixed with 0.4mL distilled water and 1mL FeCl₃ 

in a screw-cap tube, then heated in boiling water for 20min. After cooling, 5mL n-

amyl alcohol and 0.1mL ammonium thiocyanate were added, vortexed, and 

allowed to stand for 15min. Absorbance was measured at 465nm, using n-amyl 

alcohol as blank and Na-ferrate (MW: 660.04 g mol⁻¹) as standard. 

• Trypsin inhibitor 

Trypsin inhibitor activity was determined spectrophotometrically following prior 

research (Nwosu et al., 2011). Ten g of sample was dispersed in 50mL of 0.5 M 

NaCl, stirred for 30min at 25°C, centrifuged, and filtered. The extract was tested 

using benzoyl-DL-arginine-p-nitroanilide (BAPA) as substrate. Two mL of 

extract was mixed with 10mL of BAPA solution, followed by the addition of 2mL 

standard trypsin. A blank contained only substrate. Absorbance was read at 

430nm. One unit of inhibitory activity was defined as a 0.01 decrease in 

absorbance. 
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• Tannins 

Tannins were determined using the Folin–Denis spectrophotometric method 

(Ezegbe, 2012). One g of sample was extracted in 10mL of water, stirred, and left 

for 30min with intermittent shaking before centrifugation. Then, 2.5mL of extract 

or standard tannic acid solution was placed in 50mL flasks, mixed with 1mL 

Folin–Denis reagent and 2.5mL saturated Na₂CO₃, diluted to 50mL, and incubated 

for 90min. Absorbance was measured at 250nm against a reagent blank. 

Stage 2: Feed digestibility and growth performance of tilapia 

Experimental diet preparation 

Experimental feeds were formulated by incorporating unprocessed and pretreated 

jack bean at inclusion levels of 5 and 15%. Two sets of diets were prepared: (1) diets for 

digestibility trials containing chromium(III) oxide (Cr₂O₃) as an inert marker (Table 1), 

and (2) diets for growth performance evaluation. 

Table 1. Digestibility test feed formulation containing jack bean at 28% protein content 

Composition Raw 

Material (%) 

Treatments1 

0 nPr5 nPr15 Pr5 Pr15 

Fish meal 5.00 5.00 5.00 5.00 5.00 

Meat bone meal 7.00 7.00 7.00 7.00 7.00 

Poultry by-product meal 8.00 8.00 8.00 8.00 8.00 

Wheat flour 6.00 6.00 6.00 6.00 6.00 

Cassava flour 9.00 9.00 9.00 9.00 9.00 

Soybean meal 22.00 18.32 16.08 20.00 15.61 

Pollard 18.60 17.28 5.45 15.60 6.14 

Wheat bran 20.00 20.00 24.07 20.00 23.85 

Unpretreated jack bean - 5.00 15.00 - - 

Pretreated jack bean - - - 5.00 15.00 

Fish oil 1.00 1.00 1.00 1.00 1.00 

Crude palm oil 1.20 1.20 1.20 1.20 1.20 

Methionine 0.50 0.50 0.50 0.50 0.50 

Lysine 0.50 0.50 0.50 0.50 0.50 

Vitamin mix 0.20 0.20 0.20 0.20 0.20 

Mineral mix 0.20 0.20 0.20 0.20 0.20 

Polymethylolcarbamide 0.30 0.30 0.30 0.30 0.30 

Cr2O3 0.50 0.50 0.50 0.50 0.50 

Total 100 100 100 100 100 
1Treatment 0 (No addition of jack bean), nPr5 (addition unpretreated jack bean 5%), nPr15 (addition unpretreated jack 

bean 15%), Pr5 (addition pretreated jack bean 5%), Pr15 (addition pretreated jack bean 15%). 
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 The second set of feed preparations was used for the growth performance test, 

with the feed formulation presented in Table (2). 

Table 2. Test feed formulation containing jack bean at 28% protein content 

Composition Raw 

Material (%) 

Treatments1 

0 nPr5 nPr15 Pr5 Pr15 

Fish meal 5.00 5.00 5.00 5.00 5.00 

Meat bone meal 7.00 7.00 7.00 7.00 7.00 

Poultry by-product meal 8.00 8.00 8.00 8.00 8.00 

Wheat flour 6.00 6.00 6.00 6.00 6.00 

Cassava flour 9.00 9.00 9.00 9.00 9.00 

Soybean meal 22.00 18.06 15.72 20.00 15.25 

Pollard 19.10 18.04 6.73 16.10 7.41 

Wheat bran 20.00 20.00 23.65 20.00 23.44 

Unpretreated jack bean - 5.00 15.00 - - 

Pretreated jack bean - - - 5.00 15.00 

Fish oil 1.00 1.00 1.00 1.00 1.00 

Crude palm oil 1.20 1.20 1.20 1.20 1.20 

Methionine 0.50 0.50 0.50 0.50 0.50 

Lysine 0.50 0.50 0.50 0.50 0.50 

Vitamin mix 0.20 0.20 0.20 0.20 0.20 

Mineral mix 0.20 0.20 0.20 0.20 0.20 

Polymethylolcarbamide 0.30 0.30 0.30 0.30 0.30 

Total 100 100 100 100 100 
1Treatment 0 (No addition of jack bean), nPr5 (addition unpretreated jack bean 5%), nPr15 (addition unpretreated jack 

bean 15%), Pr5 (addition pretreated jack bean 5%), Pr15 (addition pretreated jack bean 15%). 

Proximate analysis of the test feeds was conducted to confirm that the formulations 

met the nutritional requirements of tilapia. The results are presented in Table (3). 
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Table 3. Nutrient composition of the formulated feed containing unpretreated and  

pretreated jack bean 

Proximate Feed 
Treatments1 

0 nPr5 nPr15 Pr5 Pr15 

Dry matter (%) 90.00 90.75 90.75 89.75 90.50 

Crude protein (%) 27.99 27.97 27.99 27.98 27.99 

Crude lipid (%) 6.24 6.23 6.25 6.24 6.25 

Ash (%) 11.00 10.25 10.00 11.00 10.75 

Crude fiber (%) 8.24 6.88 5.86 8.32 8.49 

NFE2 (%) 36.53 39.42 40.65 36.21 37.02 

Carbohydrate3 (%) 44.77 46.30 46.51 44.53 45.51 

Gross energy4 (kcal kg-1) 3990 4050 4062 3979 4021 

C/P5 (kcal g-1) 14.25 14.48 14.51 14.22 14.37 

Total 100 100 100 100 100 
1Treatment 0 (No addition of jack bean), nPr5 (addition unpretreated jack bean 5%), nPr15 (addition unpretreated jack 

bean 15%), Pr5 (addition pretreated jack bean 5%), Pr15 (addition pretreated jack bean 15%) 
2Nitrogen Free Extract (NFE) = 100 - (water + protein + lipid + ash + fiber) 
3Carbohydrate = 100 - (water + protein + lipid + ash) 
4Gross energy (GE) in feed was calculated based on protein: 5.64 kcal g protein-1, lipid: 9.44 kcal g lipid -1, and 

carbohydrate: 4.11 kcal g carbohydrate-1 (Watanabe, 1998) 
5Calorie/Protein (C/P) = GE/protein 

Experimental fish 

Tilapia (Oreochromis sp.) with an initial weight of 8.19 ± 0.01 g were obtained 

from farmers in Bogor, West Java. Fish were acclimatized for one week before the 

feeding trials. Fifteen fingerlings were stocked into each of 20 aquaria (50 × 50 × 40 

cm³), each equipped with a thermostat (28 °C) and a single aeration point, and maintained 

for 60 days. Fish were fed three times daily at 08:00, 12:00, and 18:00 using the ad 

libitum method. Water quality was maintained within the optimum range for tilapia 

growth and survival by performing 60% water exchange every three days. 

Fecal collection 

Feed digestibility testing was conducted by collecting feces 15 days after the start 

of the feeding trial, 1– 2h post-feeding. Feces were collected using a siphon hose, filtered, 

transferred to small containers, and stored at –25°C until sufficient material was available 

for analysis. 

Digestive enzyme activity 

Digestive enzyme activity was analyzed by sampling 1cm of the anterior intestine, 

corresponding to ¾ of the total intestinal length after the stomach, as this section is the 

main site of chemical and enzymatic digestion. 

• Amylase activity was measured using 1% starch solution as substrate in 20mM 

sodium phosphate buffer (pH 6.9) containing 6mM NaCl (Worthington, 1993). 

• Lipase activity was assayed using olive oil emulsion as substrate with Tris-HCl 

buffer following the study of Borlongan (1990). 
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• Trypsin activity was determined using benzoyl-DL-arginine-p-nitroanilide 

(BAPNA) as substrate according to Erlanger et al. (1961). 

Histology and morphometry of intestinal villi 

At the end of the 60-day trial, tilapia were dissected and samples of the anterior 

intestine were collected, as this section directly interacts with feed and best reflects the 

effects of unprocessed and processed jack bean. Tissue segments (1cm) were fixed in 

buffered neutral formalin for 24h, dehydrated in graded ethanol, cleared with xylene, 

embedded in paraffin, sectioned, and stained with hematoxylin and eosin (Kiernan, 

2015). 

Sections were observed under a light microscope, and villus morphometry (height 

and width) was measured using ImageJ software. For each quadrant of view, ~5 villi in 

optimal condition were selected and measured. The mean of these measurements was 

used to calculate the intestinal absorption area (IAA) according to Mohammady et al. 

(2021): 

IAA (µm2) = HV x WV 

Where: 

IAA : Intestinal absorption area 

HV : Height of the villi (µm) 

WV : Width of the villi (µm) 

 

 

Feed digestibility determinations 

Total feed digestibility was calculated using the formula of NRC (2011) as follows: 

Total digestibility (%) = 1 – (C fd/C fc) x 100 

Where: 

C fd : %Cr2O3 in feed 

C fc : %Cr2O3 in feces 

Nutrient digestibility in this study includes protein, fat carbohydrate, and energy. 

Nutrient digestibility was calculated using NRC (2011) as follows: 

Nutrient digestibility (%) = 1 – ((C fd/C fc) x (N fc/N fd)) x 100 

Explanation: 

C fd : %Cr2O3 in feed 

C fc : %Cr2O3 in feces 

N fc : %Nutrient in feces 

N fd : %Nutrient in feed 

Plasma protein assay 

 Plasma protein analysis was performed at the end of rearing by taking 0.5mL of 

blood from three test fish in each treatment using 1mL syringe that had been rinsed with 

anticoagulant (Na-Citrate 3.8%). Fish blood was taken from the vein located at the base 
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of the tail. Blood was taken slowly and collected in an eppendorf that had been rinsed 

with anticoagulant and then stored in a cool box. After that, the blood was centrifuged at 

2500rpm for 15 minutes to separate the serum and blood plasm. Plasma protein 

measurement was performed by spectrophotometric method with a wavelenght of 545nm 

based on Labtest total protein kit. 

Growth performance 

The amount of feed intake (FI) in this study was determined based on the total feed 

given during the rearing period divided by the total fish. 

Specific growth rate (SGR) is defined as the percentage increase in fish weight per 

day and can be calculated based on the formula of Huissman (1987): 

SGR (%) = ((ln Wt – ln W0)/∆t) x 100 

Explanation: 

Wt : Average weight of individual fish at the end of rearing (g) 

W0 : Avergae weight of individual fish at the beginning of rearing (g) 

∆t : Length of rearing time (days) 

The calculation of feed conversion ratio (FCR) is defined as the amount of feed 

needed to produce 1kg of meat in fish. The calculation refers to Goddard (1996): 

FCR = FI/((Bt – B0) + Bd) 

Explanation: 

FI : Feed intake (g) 

Bt : Fish biomass at the end of rearing (g) 

B0 : Fish biomass at the beginning of rearing (g) 

Bd : Biomass of  that died during rearing (g) 

 

Protein retention (PR) and lipid retention (LR) were determined through proximate 

analysis of whole-body protein and lipid content at the beginning and end of the rearing 

trial. The amount of protein consumed was calculated based on total feed intake. Protein 

retention was then calculated following the formula of Takeuchi (1988): 

PR (%) = ((Pt – P0)/Pc) x 100 

Explanation: 

Pt : Fish body protein at the end of rearing (g) 

P0 : Fish body protein at the beginning of rearing (g) 

Pc : The amount of protein consumed by fish (g) 

LR (%) = ((Lt – L0)/Lc) x 100 

Explanation: 

Lt : Fish body lipid at the end of rearing (g) 

L0 : Fish body lipid at the beginning of rearing (g) 

Lc : The amount of lipid consumed by fish (g) 
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Calculation of survival rate (SR) was done with the following formula (Effendi 

2004): 

SR (%) = Nt/N0 x 100 

Explanation: 

Nt : Number of fish at the end of rearing 

N0 : Number of fish at the beginning of rearing 

Data analysis 

The data obtained were tabulated and analyzed according to the research 

parameters using Microsoft Excel 2019. Data were analyzed by analysis of variance 

(One-Way ANOVA to determine significant differences between treatments and Two-

Way ANOVA to determine the effect of treatments and their interactions) at a 95% 

confindence interval. If there are significantly different values in the ANOVA test, 

analysis was followed by Duncan’s multiple range test (DMRT). 

 

RESULTS  

 

Stages 1: Improving the nutrient quality of jack bean through pretreatment process 

Proximate analysis and antinutrient content of jack bean 

Proximate analysis and antinutrient content of jack bean are presented in Table (4). 

Based on these results, it is clear that the preatreatment process of soaking for 6 hours and 

followed by autoclaving for 30 minutes improved nutrient content, but there was a 

decrease in antinutrients. 

Table 4. Effect of soaking and autoclaving on nutrient and antinutrient factors on 

jackbean 

Proximate1 (%) 
Treatments3 

Non Pretreatment Pretreatment 

Crude protein 36.56 37.65 

Crude lipid 2.46 2.90 

Ash 3.84 2.71 

Crude fiber 0.44 1.31 

Nitrogen free extract2 56.71 55.43 

Antinutrient content   

Tannin (%) 3.80 2.17 

Phytic acid (g kg-1) 5.85 5.47 

Trypsin inhibitor (mg g-1) 0.65 0.37 
1Results are presented in dy matter condition, moisture content of non pretreatment (2.25%) and pretreatment (22.07%) 
2Nitrogen Free Extract (NFE) = 100 - (water + protein + lipid + ash + fiber) 
3Non pretreatment (peeled jack bean) and pretreatment (peeled jack bean, soaked in water for 6 hours,a nd autoclaved 

for 30 minutes at 121℃). 
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Stages 2: Feed digestibility test and growth performance of tilapia by feeding with 

unpretreated and pretreated jack bean 

Digestive enzyme activity 

The activity of digestive enzymes in tilapia fed diets containing jack bean is 

presented in Table (6). Analysis of variance showed that the nPr15 treatment resulted in 

the highest amylase activity, which was significantly different from the other treatments 

(P< 0.05). The highest lipase activity was observed in the Pr5 treatment, while the 

highest trypsin activity was recorded in the control group, though it was not significantly 

different from the Pr5 treatment. Two-way ANOVA indicated that both the type of raw 

material and the inclusion level had significant effects on enzyme activity; however, no 

interaction between these two factors was observed. 

 

Table 5. Digestive enzyme activity in tilapia by feeding with unpretreated and pretreated 

jack bean 

Digestive 

Enzyme 

(U mL-1) 

Treatments1 
Two-Way 

ANOVA2 

0 nPr5 nPr15 Pr5 Pr15 RM D RM*D 

Amylase 5.87±0.23c 7.61±0.80b 9.29±0.33a 5.28±0.05c 7.14±0.08b * * - 

Lipase 0.44±0.00b 0.37±0.01d 0.33±0.00e 0.47±0.02a 0.42±0.01c * * - 

Trypsin 0.04±0.00a 0.03±0.00c 0.02±0.00d 0.04±0.00a 0.04±0.00b * * - 

Notes: Different letters in the same row indicate significantly different treatment effects (P<0.05) 
1Treatment 0 (No addition of jack bean), nPr5 (addition unpretreated jack bean 5%), nPr15 (addition unpretreated jack 

bean 15%), Pr5 (addition pretreated jack bean 5%), Pr15 (addition pretreated jack bean 15%) 
2RM (Raw material), D (Dosage), RM*D (Interaction of raw material and dosage) 

Histology and morphometry of tilapia intestinal villi 

The histological structure of the tilapia intestine in response to diets containing non-

pretreated (nPr) and pretreated (Pr) jack bean at inclusion levels of 5 and 15% is shown in 

Fig. (1). The figure provides a comparison of intestinal microstructures across treatments. 

In the control group (0%), no damage or detachment of the villous epithelium was 

observed, and both villus morphology and muscle fiber structure appeared normal. In 

contrast, fish fed diets containing 5 and 15% non-pretreated jack bean exhibited reduced 

numbers of goblet cells on the mucosal surface, along with loosely arranged connective 

tissue in the submucosa. Meanwhile, fish fed 5 and 15% pretreated jack bean displayed 

improved villus morphology and muscle fiber structure, resembling the control group. In 

these treatments, numerous goblet cells were observed, and the muscularis mucosa was 

thickened compared to the other groups. 
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Fig. 1. Intestinal histology of tilapia after 60 days of feeding containing jack bean. 

Magnification (4x10). 0 (control), nPr5 (addition of 5% non pretreated jack 

bean), nPr15 (addition of 15% non pretreated jack bean), Pr5 (addition of 5% 

pretreated jack bean), Pr15 (addition of 15% pretreated jack bean). sg (goblet 

cells), e (epithelium), sm (submucosa), mm (muscularis mucosa) 

The height and width of intestinal villi, as well as the calculated absorption area of 

tilapia fed diets containing unpretreated and pretreated jack bean, are presented in Table 

(6). Analysis of variance showed that the highest villus height, villus width, and intestinal 

absorption area were observed in the treatment with 5% pretreated jack bean, which was 

significantly different from the other treatments (P< 0.05). Increasing the inclusion level 

or using unpretreated jack bean resulted in reduced morphometric values. Two-way 

ANOVA further indicated that both the type of raw material and the inclusion level 

significantly affected intestinal morphometry; however, no interaction between these two 

factors was observed. 

Table 6. Intestinal morphometry of tilapia after 60 days of feeding containing 

unpretreated and pretreated jack bean 

Para 

meter1 

Treatments2 
Two-Way 

ANOVA3 

0 nPr5 nPr15 Pr5 Pr15 
R

M 
D 

RM*

D 

VH (µm) 168±2.70b 145±2.69bc 94.8±1.83c 277±3.95a 194±3.85b * * - 

VW (µm) 82.3±1.37ab 59.4±1.36c 56.3±0.95c 87±1.79a 73.8±1.35b * * - 

IAA (µm2) 1410±41.41b 878±31.22bc 531±13.25c 2454±63.86a 1427±36.41b * * - 

Notes: Different letters in the same row indicate significantly different treatment effects (P<0.05) 
1VH (Villi height), VW (Villi width), IAA (Intestinal absorption area) 
2Treatment 0 (No addition of jack bean), nPr5 (addition unpretreated jack bean 5%), nPr15 (addition unpretreated jack 

bean 15%), Pr5 (addition pretreated jack bean 5%), Pr15 (addition pretreated jack bean 15%) 
3RM (Raw material), D (Dosage), RM*D (Interaction of raw material and dosage). 
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Digestibility of test feed 

Feed digestibility of tilapia during the 15-day trial is presented in Table (7). The 

highest total, protein, lipid, and energy digestibility values were observed in the Pr5 

treatment, which were significantly different from the other treatments (P< 0.05) and 

showed a decreasing trend at higher inclusion levels. In contrast, carbohydrate 

digestibility increased compared to the control. Two-way ANOVA indicated that both the 

type of raw material and the inclusion level had significant effects on digestibility, with a 

significant interaction between these factors for all parameters except carbohydrate 

digestibility. 

Table 7. Digestibility of test feed containing unpretreated and pretreated jack bean in 

tilapia 

Para 

meter1 

Treatments2 
Two-Way 

ANOVA3 

0 nPr5 nPr15 Pr5 Pr15 RM D 
RM*

D 

TD (%) 47.00±0.97b 40.63±0.47c 38.83±2.02c 51.71±0.22a 45.42±1.82b * * * 

PD (%) 75.93±1.00a 59.16±0.31c 53.86±1.96d 77.87±0.83a 68.73±1.70b * * * 

LD (%) 55.53±0.91b 45.51±0.70d 40.59±0.59e 64.66±1.13a 52.01±1.67c * * * 

CD (%) 36.21±1.44c 41.28±0.76b 44.12±1.78a 39.16±0.97b 40.11±1.55b * * - 

ED (%) 54.65±0.92b 48.15±0.58c 44.20±3.16d 65.33±0.24a 53.34±1.39b * * * 

Notes: Different letters in the same row indicate significantly different treatment effects (P<0.05) 
1TD (Total digestibility), PD (Protein digestibility), LD (Lipid digestibility), CD (Carbohydrate digestibility), ED 

(Energy digestibility) 
2Treatment 0 (No addition of jack bean), nPr5 (addition unpretreated jack bean 5%), nPr15 (addition unpretreated jack 

bean 15%), Pr5 (addition pretreated jack bean 5%), Pr15 (addition pretreated jack bean 15%) 
3RM (Raw material), D (Dosage), RM*D (Interaction of raw material and dosage). 

Growth performance 

The growth performance of tilapia fed diets containing jack bean for 60 days is 

presented in Table (8). Analysis of variance showed that the Pr5 treatment resulted in the 

best growth performance, with significantly higher values than the other treatments (P< 

0.05). This was reflected in the highest final biomass, specific growth rate, and most 

efficient feed conversion ratio. Protein and lipid retention exhibited also the highest 

values in the Pr5 group. Survival rate in the 5% pretreated jack bean treatment was 100%, 

equal to the control group, and higher than the other treatments. Plasma protein 

concentration was the highest in the Pr5 treatment, followed by the control, and declined 

with increasing inclusion levels of pretreated jack bean or the addition of non-pretreated 

jack bean. Two-way ANOVA indicated that both raw material type and inclusion level 

significantly affected most parameters; however, no interaction was observed for feed 

conversion ratio, protein retention, and survival rate. 

. 
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Table 8. Growth performance of tilapia with the addition of unpretreated and pretreated 

jack bean in the diet 

Para 

meter1 

Treatments2 
Two-Way 

ANOVA3 

0 nPr5 nPr15 Pr5 Pr15 
R

M 
D 

R

M

*

D 

IB (g) 122±0.06 122±0.08 122±0.02 122±0.03 122±0.01    

FB (g) 341±22.93b 106±33.70d 15.79±6.67e 571±13.17a 193±28.77c * * * 

IBW (g) 8.19±0.01 8.19±0.01 8.19±0.01 8.19±0.00 8.19±0.01    

FBW (g) 22.77±1.53b 12.73±0.31d 11.88±0.32d 38.12±0.88a 16.28±1.09c * * * 

FI (g) 423±27.19b 182±0.98d 27.40±0.82e 758±9.81a 260±5.64c * * * 

SGR (%) 1.70±0.11b 0.73±0.04d 0.62±0.04d 2.56±0.04a 1.15±0.11c * * * 

FCR 1.94±0.08d 3.57±0.34b 5.18±0.54a 1.69±0.07d 2.73±0.23c * * - 

PR (%) 28.77±1.83ab 17.73±3.43c 13.18±3.01c 32.27±0.53a 25.35±4.62b * * - 

LR (%) 51.06±0.51b 25.36±4.25c 10.18±3.29d 66.01±1.60a 30.11±2.75c * * * 

SR (%) 100±0.00a 55.55±16.78b 8.89±3.85c 100±0.00a 80±17.64a * * - 

PP (g dL-1) 3.53±0.12b 3.06±0.04cd 2.73±0.08d 4.51±0.28a 3.44±0.43bc * * * 

Notes: Different letters in the same row indicate significantly different treatment effects (P<0.05) 
1IB (Initial biomass), FB (Final biomass), IBW (Initial body weight), FBW (Final body weight), FI (Feed intake), SGR 

(Specific growth rate), FCR (Feed conversion ratio), PR (Protein retention), LR (Lipid retention), SR (Survival rate), 

PP (Plasma protein) 
2Treatment 0 (No addition of jack bean), nPr5 (addition unpretreated jack bean 5%), nPr15 (addition unpretreated jack 

bean 15%), Pr5 (addition pretreated jack bean 5%), Pr15 (addition pretreated jack bean 15%) 
3RM (Raw material), D (Dosage), RM*D (Interaction of raw material and dosage). 

DISCUSSION 

 

Effects of soaking and autoclaving on the antinutritional factors of jack bean 

The presence of tannins, phytic acid, and trypsin inhibitors is known to limit the use 

of legumes in aquaculture feeds (Meng et al., 2021). In this study, pretreatment of jack 

bean effectively reduced antinutritional compounds. Soaking legumes in water causes 

tissue swelling and water absorption without cell separation (Eyaru et al., 2009). This 

process reduces tannin content, as phenolic compounds are water-soluble and leach into 

the soaking medium (Bhat et al., 2013). The decrease in tannins observed here is 

consistent with the findings of Khandelwal et al. (2010), who reported that soaking 

Indian pulses (Cajanus cajan, Cicer arietinum, Lens esculenta, Phaseolus aureus) for 

12h reduced tannin and polyphenol concentrations. Similarly, the reduction in phytic acid 

content can be attributed to its water solubility, as phytate ions dissolve in water and 

phytase enzymes become activated during soaking, degrading phytate (Nakitto et al., 

2015). Comparable reductions have been reported in soybean, where soaking and 

autoclaving reduced phytic acid from 0.625 to 0.423%, and in kernels and flours soaked 

for extended periods, where phytic acid fell below detectable levels (Helbig et al., 2003; 

Ramadan, 2012). 
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In addition to soaking, heat treatments also reduce antinutrient content. Tannin 

levels in jack bean were shown to decrease after roasting for 40min (Odedeji et al., 

2019), although reductions were limited under dry heat. This agrees with Khattab and 

Arntfield (2009), who found that roasting and microwave cooking reduced tannins only 

modestly in cowpea (Vigna sinensis), pea (Pisum sativum), and kidney bean (Phaseolus 

vulgaris). For example, tannin content in cowpea decreased by just 12.5% after roasting 

at 120°C for 30min (Udensi et al., 2007). Similarly, phytic acid decreased by only 

35.25% under dry roasting (Khattab & Arntfield, 2009). In contrast, moist heat 

treatment, such as autoclaving, has been shown to be far more effective (Carlini & 

Udedibie, 1997), as tannins (Mubarak, 2005; Rakic et al., 2007), phytic acid (Udensi et 

al., 2007), and trypsin inhibitors (Ezeagu, 2006; Pedrosa et al., 2021) which are heat-

labile and degrade under high temperature and pressure. 

The reduced tannin content in pretreated jack bean in this study suggests safe 

inclusion in tilapia feed at 5%. This agrees with Mukhopadhyay and Ray (1999), who 

reported growth depression in tilapia fingerlings when tannin content in copra meal 

reached 2.4% at inclusion levels of 20–25%. Likewise, the phytic acid levels observed in 

pretreated jack bean were lower than those in soybean meal (10– 15g kg⁻¹) (Francis et 

al., 2001). Diets containing phytic acid above 5– 6g kg⁻¹ have been shown to reduce 

growth in the rainbow trout (Spinelli et al., 1983). For trypsin inhibitors, untreated and 

treated jack bean contained 0.72 and 0.37mg g⁻¹, respectively—lower than the threshold 

of 0.8mg g⁻¹ reported for tilapia (Wee & Shu, 1989). Furthermore, these values are 

considerably lower than that of the soybean (2–  6mg g⁻¹) (Synder & Kwon, 1987). 

Digestive enzyme activity 

Enzyme activity reflects the ability of fish to utilize nutrients from plant-based feed 

ingredients (Zhao et al., 2016). In this study, amylase activity was at its highest in the 

nPr15 treatment, consistent with findings in broad bean-fed tilapia where increasing 

carbohydrate levels elevated amylase activity (Fu et al., 2023). Conversely, trypsin 

activity was reduced in diets containing non-pretreated jack bean due to higher trypsin 

inhibitor content, which binds to the enzyme and reduces activity through competitive or 

allosteric inhibition (Glencross, 2016). 

Histology and morphometry of intestinal villi 

The intestine plays a central role in digestion and absorption due to the presence of 

columnar epithelial cells with microvilli that expand the absorptive surface (Zhennan et 

al., 2015). Histological analysis is therefore a valuable parameter for evaluating fish 

metabolism and structural changes in the gut (Shi et al., 2017). In this study, 15% 

pretreated and all non-pretreated jack bean diets significantly reduced villus height and 

width (P< 0.05), indicating impaired nutrient absorption. Fish fed 5 and 15% pretreated 

jack bean, however, displayed villus morphology and absorption areas similar to the 

control, while non-pretreated diets caused severe changes, including submucosal dilation 

and villus shortening. These findings are consistent with intestinal damage reported in 
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tilapia fed dried faba bean diets (Chen et al., 2024). This, in turn, is an evidence that 

antinutrients inhibit epithelial cell proliferation (Miao et al., 2018; daSilva et al., 2022). 

Higher tannin concentrations (1.5–2%) have been shown to cause villus damage in tilapia 

(Liu et al., 2025). 

Feed digestibility 

Feed digestibility was highest in the Pr5 treatment (51.71%), but declined at higher 

inclusion levels or when using non-pretreated jack bean. This trend mirrors findings in 

tilapia fed chickpea diets, which exhibited lower digestibility than other plant-based feeds 

due to antinutrients (Montoya-Mejia et al., 2016). Tannin concentrations as low as 

0.63% have been shown to reduce nutrient digestibility in tilapia (Pinto et al., 2000), 

while diets containing faba beans lowered digestibility by 24–36% (Azaza et al., 2009). 

The reduced digestibility is likely linked to tannins, which form complexes with proteins 

or bind enzymes, as well as phytic acid, which is indigestible in fish lacking endogenous 

phytase, and trypsin inhibitors, which have been shown to decrease protein digestibility 

from 65% to 31% at high inclusion levels (Lall, 1991; Krogdahl et al., 1994; Mandal & 

Ghosh, 2010; Omnes et al., 2017). 

Growth performance and feed utilization 

Growth performance was best in the Pr5 treatment, reflecting enhanced palatability 

and digestibility following antinutrient reduction through soaking and autoclaving 

(Okomoda et al., 2016). In contrast, non-pretreated jack bean diets impaired growth, 

similar to observations in tilapia fed coffee grounds containing high tannins (Moreau et 

al., 2003). Tannins are known to interfere with digestion by binding to enzymes or 

nutrients (Francis et al., 2001), leading to reduced feed intake, lower protein retention, 

and poorer feed conversion ratios. Similar reductions in growth and nutrient utilization 

have been reported in tilapia fed jack bean (Martinez-Palacios et al., 1988) due to toxic 

thermostable compounds such as L-canavanine. Diets containing 0.5–1.5% tannins have 

also been associated with reduced body protein and lipid content in tilapia and rainbow 

trout (Yurkowski et al., 1978; Buyukcapar et al., 2011), linked to reduced digestibility 

and enzyme inhibition. Additionally, reduced plasma protein concentrations observed 

with increasing jack bean inclusion may reflect impaired nutrient transport due to 

antinutrient activity (Liu et al., 2015). 

 

CONCLUSION 

 

The results of this study demonstrate that soaking and autoclaving effectively 

reduce antinutritional factors in jack bean, enabling its safe inclusion in tilapia feed at a 

5% level, as evidenced by improved growth performance. 
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