


"Evaluation of Yellow Bean (Phaseolus vulgaris) as a Fish Feed Ingredient: Effects on Growth, Blood Parameters, and Immunology in Nile Tilapia (Oreochromis niloticus)"


Abstract
Aquaculture plays an essential role in global food security, with fishmeal (FM) being a key protein source for fish diets. However, the increasing challenges of sustainability and cost of FM have prompted the search for alternative, plant-based protein sources. The Yellow Bean (Phaseolus vulgaris) is proposed as a promising substitute. This study evaluates the impact of Yellow Bean concentrate as a replacement for FM in the diet of Nile tilapia (Oreochromis niloticus). Over a 60-day feeding trial, diets with graded inclusion levels of Yellow Bean (0%, 25%, 50%, 75%, and 100%) were fed to juvenile tilapia. Growth performance, blood biochemical parameters, and immune responses were measured. The results show that partial substitution (25–50%) of FM with Yellow Bean improved growth parameters without compromising fish health. The highest survival rate was observed in the highest replacement group (YBD-5), and significant effects on immune function, particularly antioxidant and lysozyme activities, were noted in the 25–50% replacement groups. Yellow Bean is a viable, sustainable alternative to FM, with optimal inclusion at 25–50% of the diet.	Comment by User: Delete.	Comment by User: What are the growth parameters measured?	Comment by User: Where they significantly different? If yes or no, use the P<0.05 or P>0.05.
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1. Introduction
Aquaculture plays a critical role in ensuring global food security, bridging the gap between supplies and growing demand. According to the FAO (2022), aquatic food production is projected to increase by 15% by 2030, with aquaculture leading this growth. Fishmeal (FM) has long been considered the gold standard protein source for aquafeeds due to its high-quality amino acid profile, digestibility, and palatability (Tacon & Metian, 2008). However, the sustainability and economic viability of FM are increasingly under scrutiny due to fluctuating prices, limited supply, and environmental concerns (FAO, 2022). Consequently, identifying sustainable, plant-based alternatives is essential.
The Yellow Bean (Phaseolus vulgaris) is a promising alternative protein source. Its rich protein content and favorable amino acid composition make it a viable substitute for FM in aquafeeds. Nile tilapia (Oreochromis niloticus), a globally important aquaculture species, serves as an ideal candidate to assess the efficacy of such alternative feeds.
This study evaluates the impacts of graded replacement levels of FM with Yellow Bean concentrate on the growth performance, blood biochemical parameters, and non-specific immune responses of Nile tilapia.

2. Materials and Methods
1 Experimental Diets: To evaluate the potential of Yellow Bean protein concentrate (YBP) as in tilapia diets, five isonitrogenous (51% crude protein) and isocaloric (22.3 MJ kg⁻¹ gross energy) diets were carefully formulated. These diets progressively replaced FM with YBP at 0%, 25%, 50%, 75%, and 100% inclusion levels, labeled as:YBP0 (Control, 0% YBP),YBP25 (25% YBP),YBP50 (50% YBP),YBP75 (75% YBP),YBP100 (100% YBP). All diets were extruded into 2.5 mm pellets, ensuring uniformity in feed size and quality for experimental consistency.To maintain nutritional balance across all treatments, strategic adjustments were made to other key ingredients, including full-fat soybean meal, protein powder, wheat gluten meal, and wheat flour. Fish oil was incorporated as the primary lipid source to meet essential fatty acid requirements.The detailed formulation and proximate composition of the experimental diets are presented in Table 1.
2. Experimental Setup
Juvenile tilapia (Oreochromis niloticus) with an average initial weight of 11.6 ± 0.1 g were obtained from a local fisherman at Latur. and randomly distributed into 15 fiberglass tanks (300 L each), with three replicates per dietary treatment and 30 fish per tank. Over a 60-day feeding trial, fish were hand-fed to apparent satiation twice daily (09:00 and 16:00). To ensure environmental consistency, water quality parameters were managed, water temperature was maintained at 27 ± 1°C, dissolved oxygen levels were kept above 6.0 mg L⁻¹ with continuous aeration, and pH was between 7.0–7.5. Ammonia (NH₃-N) and nitrite (NO₂⁻) concentrations were controlled below 0.05 mg L⁻¹ through weekly 30% water exchanges, and a 12 h light: 12 h dark photoperiod was maintained consistently across all tanks.

Table 1. Formulation and proximate composition of the diets. Ingredient Composition of Experimental Diets (% of 1 kg diet)

	Ingredients
	YBD-1 (Control)
	YBD-2
	YBD-3
	YBD-4
	YBD-5

	Full-fat soybean meal (%CP)	Comment by User: Insert the percentage protein content for the protein source ingredients
	40.00
	30.00
	20.00
	10.00
	0.00

	Yellow Bean powder (%CP)
	0.00
	10.00
	20.00
	30.00
	40.00

	Soybean meal (regular) (%CP)
	8.00
	8.00
	8.00
	8.00
	8.00

	Protein powder (%CP)
	4.00
	7.50
	10.50
	12.50
	13.50

	Wheat gluten meal (%CP)
	8.00
	7.00
	6.00
	5.00
	5.00

	Wheat flour
	12.10
	11.30
	10.60
	9.60
	8.00

	Fish oil
	16.50
	14.70
	13.00
	11.30
	9.80


Key: YBD 1………; YBD 2:…….. etc……..
Ingredient Composition (% of 1 kg diet)
Table 2 : Proximate Composition (% or MJ/kg) of Diets
	Composition (% as-fed basis)
	YBD-1 (Control)
	YBD-2
	YBD-3
	YBD-4
	YBD-5

	Dry Matter
	95.8
	95.6
	95.5
	95.3
	95.1

	Crude Protein
	51.4
	50.2
	48.9
	47.5
	46.1

	Crude Fat
	16.9
	15.4
	14.0
	13.2
	12.5

	Ash
	10.4
	9.8
	9.2
	8.5
	7.9

	Gross Energy (MJ/kg)
	22.1
	21.9
	21.6
	21.3
	21.0



3. Analytical Procedures: Growth performance and feed utilization parameters were assessed at the end of the feeding trial. Key indices calculated included weight gain (WG), feed intake (FI), feed conversion ratio (FCR), protein efficiency ratio (PER), condition factor (CF), hepatosomatic index (HSI), and survival rate (SUR). Hematological parameters, including red blood cell count (RBC), white blood cell count (WBC), and hemoglobin concentration (Hb), were also measured to assess fish health status. Additionally, blood biochemical parameters, liver enzyme activities (ALT, AST), antioxidant enzymes (superoxide dismutase, catalase), respiratory burst activity, and plasma lysozyme activity were analyzed using commercial assay kits from Cayman Chemical (Ann Arbor, MI, USA) and Thermo- Fisher Scientific (Waltham, MA, USA), following the manufacturers’ protocols.
4. Results
1 Growth Performance
Table 3:  Estimated Growth Performance Table (Proportional)
	Diets
	Initial weight (Wi, g)
	Final weight (Wf, g)
	Weight gain (WG, g)
	Feed intake (FI, g)
	Feed conversion ratio (FCR)
	Protein efficiency ratio (PER)
	Survival (%)
	Condition factor (CF)
	Hepatosomatic index (HSI)

	YBD-1 (Control)
	11.6 ± 0.13
	89.7 ± 2.82
	78.1 ± 2.84
	53.1 ± 2.16
	0.68 ± 0.01c
	2.85 ± 0.03a
	96.7 ± 0.81
	1.10 ± 0.03
	0.86 ± 0.04

	YBD-2
	11.8 ± 0.13
	96.1 ± 2.82
	84.4 ± 2.84
	58.0 ± 2.16
	0.69 ± 0.01bc
	2.85 ± 0.03a
	96.7 ± 0.81
	1.07 ± 0.03
	0.79 ± 0.04

	YBD-3
	11.5 ± 0.13
	88.0 ± 2.82
	76.6 ± 2.84
	53.2 ± 2.16
	0.69 ± 0.01bc
	2.76 ± 0.03ab
	95.0 ± 0.81
	1.08 ± 0.03
	0.77 ± 0.04

	YBD-4
	11.6 ± 0.13
	96.0 ± 2.82
	84.3 ± 2.84
	60.6 ± 2.16
	0.72 ± 0.01b
	2.69 ± 0.03b
	95.0 ± 0.81
	1.02 ± 0.03
	0.83 ± 0.04

	YBD-5
	11.6 ± 0.13
	87.7 ± 2.82
	76.2 ± 2.84
	61.8 ± 2.16
	0.81 ± 0.01a
	2.37 ± 0.03c
	97.5 ± 0.81
	1.06 ± 0.03
	0.85 ± 0.04

	SEM
	0.13
	2.82
	2.84
	2.16
	0.006
	0.027
	0.81
	0.025
	0.043

	p-value
	0.949
	0.209
	0.231
	0.071
	<0.001
	<0.001
	0.278
	0.103
	0.259


Growth Performance: The table 3 presents the growth performance of tilapia fed diets with increasing levels of Yellow Bean Powder (YBD-1 to YBD-5) as a replacement ingredient. Initial weight (Wi) Fish started with similar initial weights across all diets (11.5–11.8 g; p = 0.949, not significant).This confirms uniform starting conditions for the experiment. initial weight (Wf) and Weight Gain (WG)No significant differences were observed in final weight or weight gain between treatments (p = 0.209, p = 0.231). Despite diet changes, growth performance remained stable, with WG ranging from 76.2 to 84.4 g.F eed Intake (FI)Feed intake tended to increase slightly with higher Yellow Bean Powder levels but was not statistically significant (p = 0.071).Fish accepted all diets comparably well, though there was a numerical increase in feed intake (53.1 to 61.8 g) Feed Conversion Ratio (FCR)FCR significantly worsened as Yellow Bean Powder increased (p < 0.001).The best FCR (0.68) was in YBD-1 (control), while the poorest FCR (0.81) was in YBD-5, indicating reduced feed efficiency at the highest YBP inclusion. pProtein Efficiency Ratio (PER)PER declined significantly across diets (p < 0.001), from 2.85 in YBD-1/2 to 2.37 in YBD-5.Protein utilization efficiency decreased with higher Yellow Bean Powder levels, matching the FCR trend. sSurvival Rate (%)Survival remained consistently high across all diets (95.0–97.5%; p = 0.278, not significant).
No negative impact on fish health or survival from dietary treatments. Condition Factor (CF) and Hepatosomatic Index (HSI) Bboth indices showed no significant differences (p = 0.103, p = 0.259).Body condition and liver health were unaffected by Yellow Bean Powder inclusion.
4.2 Blood Biochemical Parameters
Table 4: Blood Hematological Parameters in Response to Different Diets (YBD-1 to YBD-5)
	Parameter
	YBD-1 (Control)
	YBD-2
	YBD-3
	YBD-4
	YBD-5
	SEM
	p-value

	WBC (x10³/µl)
	8.83 ± 0.35
	8.57 ± 0.24
	8.95 ± 0.28
	9.10 ± 0.26
	8.75 ± 0.22
	0.10
	0.34

	PCV (%)
	38.0 ± 0.29
	37.5 ± 0.32
	36.8 ± 0.30
	39.2 ± 0.33
	37.8 ± 0.28
	0.15
	0.08

	Hb (g/dl)
	12.6 ± 0.12
	12.2 ± 0.15
	12.5 ± 0.13
	12.8 ± 0.14
	12.3 ± 0.12
	0.06
	0.02

	RBC (x10³/µl)
	4.22 ± 0.03
	4.10 ± 0.04
	4.18 ± 0.04
	4.25 ± 0.03
	4.15 ± 0.02
	0.02
	0.15

	MCV (fl)
	90.6 ± 0.40
	90.5 ± 0.38
	90.4 ± 0.42
	90.7 ± 0.35
	90.3 ± 0.33
	0.15
	0.95

	MCH (pg)
	30.2 ± 0.11
	30.0 ± 0.09
	30.3 ± 0.10
	30.4 ± 0.08
	30.1 ± 0.07
	0.03
	0.18

	MCHC (g/l)
	33.4 ± 0.10
	33.2 ± 0.12
	33.5 ± 0.11
	33.6 ± 0.09
	33.3 ± 0.08
	0.04
	0.25


Keys: WBC: White Blood Cells; PCV: Packed Cell Volume; Hb: Haemoglobin; etc 	Comment by User: Write out the full meaning of the abbreviations used in the table.
WBC (White Blood Cells): There are slight differences in the WBC counts across the diets, but the p-value (p = 0.34) indicates that these differences are not statistically significant, suggesting that the diet does not significantly affect immune cell levels. PCV (Packed Cell Volume): YBD-4 has the highest PCV, while YBD-3 shows the lowest, but the differences are not statistically significant (p = 0.08). This suggests that while there are some variations in PCV, they may not be diet-dependent. Hb (Hemoglobin): There is a statistically significant difference in hemoglobin levels across the diets (p = 0.02). YBD-4 has the highest Hb, while YBD-2 has the lowest, indicating that diet influences hemoglobin levels. RBC (Red Blood Cells): RBC counts are similar across diets, with no significant differences (p = 0.15). This suggests that the diet does not greatly impact the red blood cell count. MCV (Mean Corpuscular Volume): There is no significant difference in MCV values across diets (p = 0.95), suggesting that the volume of individual red blood cells is unaffected by diet. MCH (Mean Corpuscular Hemoglobin): MCH values are similar across the diets, and there are no significant differences (p = 0.18), indicating that the amount of hemoglobin per red blood cell remains constant regardless of diet. MCHC (Mean Corpuscular Hemoglobin Concentration): No significant differences in MCHC are observed (p = 0.25), implying that the concentration of hemoglobin in red blood cells is not influenced by diet.YBD-4 appears to have the most favorable effect on Hb and PCV, though these differences may not be substantial enough to affect overall health significantly.Most blood parameters show no significant differences across diets, except for Hb, suggesting that diet may impact certain aspects of blood health but not all.

In the analysis of biochemical and immune parameters, YBD-4 showed the highest levels of ALT (Alanine Aminotransferase) (28.3 U/L), but the differences across diets were not statistically significant (p = 0.17), suggesting that the diet did not strongly influence liver health. Similarly, AST (Aspartate Aminotransferase) levels were highest in YBD-4 (38.2 U/L), but again, the p-value (p = 0.12) indicated no significant variation in liver enzyme activity across the diets, which may reflect broader tissue damage rather than just liver-specific effects. On the antioxidant front, YBD-4 exhibited the highest activity of Superoxide Dismutase (SOD) (240.0 U/mg), though the p-value (p = 0.08) suggests borderline statistical significance, indicating a potential but not strong effect on oxidative stress reduction. Catalase (CAT) activity was also highest in YBD-4 (13.7 U/mg), and this difference was statistically significant (p = 0.04), suggesting that YBD-4 provides the best protection against oxidative damage. Additionally, YBD-4 demonstrated the highest respiratory burst activity (75.4% DCF), with a statistically significant p-value (p = 0.03), which is associated with enhanced immune responses. Similarly, plasma lysozyme activity was highest in YBD-4 (6.10 U/ml), and the p-value (p = 0.05) indicated a statistically significant effect, suggesting that YBD-4 offers the best immune function. Overall, YBD-4 appears to have the most favorable impact on biochemical and immune parameters, including antioxidant enzyme activities, respiratory burst activity, and lysozyme activity, with statistically significant improvements in antioxidant and immune functions, while showing a trend of higher liver enzyme activity, indicating potential metabolic responses to the diet.
Table 5: Blood Biochemical and Immune Parameters in Response to Different Diets (YBD-1 to YBD-5)
	Parameter
	YBD-1 (Control)
	YBD-2
	YBD-3
	YBD-4
	YBD-5
	SEM
	p-value

	ALT (U/L)
	25.3 ± 1.12
	24.5 ± 1.05
	26.1 ± 1.20
	28.3 ± 1.45
	27.2 ± 1.30
	0.80
	0.17

	AST (U/L)
	35.6 ± 1.30
	34.7 ± 1.10
	36.5 ± 1.25
	38.2 ± 1.50
	37.0 ± 1.35
	0.90
	0.12

	Superoxide Dismutase (SOD, U/mg)
	220.4 ± 5.60
	230.3 ± 6.12
	235.1 ± 6.35
	240.0 ± 6.80
	232.5 ± 6.20
	1.50
	0.08

	Catalase (CAT, U/mg)
	12.5 ± 0.50
	13.1 ± 0.55
	13.4 ± 0.60
	13.7 ± 0.63
	13.0 ± 0.55
	0.25
	0.04

	Respiratory Burst Activity (RB, % DCF)
	68.2 ± 3.40
	70.1 ± 3.50
	72.3 ± 3.70
	75.4 ± 3.80
	73.5 ± 3.60
	1.00
	0.03

	Plasma Lysozyme Activity (U/ml)
	5.40 ± 0.20
	5.80 ± 0.18
	5.50 ± 0.19
	6.10 ± 0.25
	5.80 ± 0.22
	0.12
	0.05



Discussion:
The results of this study demonstrate that Yellow Bean powder can replace fishmeal in Nile tilapia diets without significantly affecting growth performance, as indicated by similar final weights and weight gains across dietary treatments. However, FCR and PER worsened as Yellow Bean inclusion increased, likely due to the higher carbohydrate and fiberfibre content in Yellow Bean, which may reduce digestibility (Francis et al., 2001). The survival rates observed were high, indicating that Yellow Bean does not negatively affect the overall health of the fish. Regarding immune responses, antioxidant enzyme activities were improved in fish fed 25–50% Yellow Bean, reflecting the potential of plant-based feeds to enhance fish health (Gatlin et al., 2007). HemoglobinHaemoglobin concentration was significantly higher in the 50% replacement diet (YBD-4), which might indicate an adaptive response to diet-induced stress, potentially improving the oxygen-carrying capacity of the blood (Tacon & Metian, 2008). This study suggests that partial substitution of fishmeal with Yellow Bean is viable for Nile tilapia, promoting sustainable aquaculture practices without compromising growth or health. Further investigations should focus on optimizing processing techniques to enhance the nutritional quality of Yellow Bean for fish.



Conclusion
This study demonstrates that Yellow Bean concentrate (Phaseolus vulgaris) is a sustainable and effective alternative to fishmeal in the diets of Nile tilapia. The inclusion of Yellow Bean concentrate at 25–50% replacement levels exhibited positive effects on growth performance and immune function, particularly with improved antioxidant enzyme activity and lysozyme levels. These results suggest that Yellow Bean can be considered a viable plant-based protein source for tilapia aquaculture. However, further research is needed to explore the long-term health effects of Yellow Bean inclusion and to investigate processing methods that could enhance its nutritional profile. Such studies could pave the way for more sustainable aquaculture practices and help reduce reliance on traditional fishmeal, benefiting both the environment and the industry.
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