


Optimum utilization of Delonix regia leaf meal as replacement of Deoiled rice bran in the diet of Labeo rohita

Abstract
This study evaluated Delonix regia leaf meal as a replacer of deoiled rice bran in diets for Labeo rohita fingerlings, focusing on growth performance, feed utilization and protein digestibility. Four isocaloric and isonitrogenous diets were formulated with 0% (control), 30% (T1), 60% (T2) and 100% (T3) replacement of deoiled rice bran by D. regia leaf meal. Total weight gain, feed conversion ratio (FCR), protein efficiency ratio (PER) and apparent protein digestibility were recorded after the feeding trial. Dietary treatments significantly affected weight gain, with fish fed the 60% replacement diet (T2) showing the highest gain (34.26 ± 1.14 g), followed by T3 (32.74 ± 1.14 g), while the control and T1 groups exhibited lower gains (26.13 ± 1.14 g and 27.44 ± 1.14 g; p < 0.05). FCR and PER did not differ significantly among diets; however, numerically lower FCR values were observed in T1 and T2 (1.47 ± 0.10 and 1.49 ± 0.17) compared with the control and T3 (1.73 ± 0.16 and 1.81 ± 0.03), and higher PER values were recorded in T1 and T2 (0.68 ± 0.04–0.07) than in the control and T3 (0.59 ± 0.06 and 0.55 ± 0.01). Apparent protein digestibility increased with D. regia inclusion, ranging from 72.00 ± 0.90% in the control to 77.97 ± 0.39% in T3, with T1 and T2 showing intermediate but statistically comparable values. Overall, the results indicate that D. regia leaf meal can effectively replace deoiled rice bran up to 60% in L. rohita diets without impairing growth, feed efficiency or protein utilization, and may improve protein digestibility at higher inclusion levels.
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Introduction 
Aquaculture, one of the fastest-growing food production sectors, currently represents almost 50 percent of the world's sustenance fishery. Approximately one billion peoples worldwide depend on fish as their source of animal protein and constitutes 17 % of total protein and 7 % of all proteins consumed globally. Moreover, the acceptance of fish as an important part of diet is growing fast and due to population growth. Increased Fish production must help in filling the growing gap between supply and demand for fish which can be produced only through farm grown fish. The importance of this sector can be estimated from the fact that aquaculture contributed to about 20% of the total animal protein consumed globally (SOFIA, 2020). In recent years, there has been a notable surge in interest regarding the use of alternative feed ingredients in aquaculture. This is primarily driven by the growing demand for fish feed and the necessity for sustainable and cost-effective solutions. plant-based protein sources have been increasingly employed as substitutes for fish meal in fish diets, as indicated by studies conducted by Gatlin et al. (2007), To achieve economically viable, environmentally friendly, and practical fish feed production, researchers have directed their efforts towards exploring alternative protein sources. These sources predominantly involve plants and their by-products, encompassing fruits, seeds, leaves, and other significant agro-allied by-products because Plant-based protein sources offer several advantages, such as consistent availability, environmental friendliness, safety, sustainability, and cost-effectiveness, as emphasized by Rashidian et al., 2020. The plant protein source is easily accessible, sustainable, and friendly to the environment. Numerous studies have documented the use of various plants to either fully or partially substitute costly ingredients in aquafeeds. The price can be decreased by using unconventional proteins from plant products including seeds, leaves, and other agricultural byproducts. On the other hand, little is known about using foliage as an additional or substitute source of protein for fish feed (Zhang et.,al 2020).
Delonix regia, also known as the Flame Tree or Royal Poinciana, is a leguminous tropical tree species that belongs to the Fabaceae family. This striking and untamed semi-deciduous tree is commonly referred to as flame-of-the-forest. The leaves of Delonix regia possess numerous nutritional characteristics that indicate their potential as a feed ingredient for aquatic animals. Specifically, the leaves are rich in protein, have a favorable amino acid profile, and are abundant in essential vitamins and minerals. These qualities make Delonix regia leaf meal an appealing choice to consider for inclusion in fish diets. (Adesina and Agbatan 2021). However, the utilization of flamboyant leaves as a dietary protein component in fish feed composition remains relatively unexplored. Therefore, the objective of this study was to assess the compatibility and effects of incorporating sundried flamboyant leaf meal into the formulated diet of Labeo rohita fingerlings, by observing their feeding response and growth performance. Rohu, scientifically known as Labeo rohita, is a fish species of great economic importance that is extensively farmed in South Asia. It is a rapidly growing omnivorous fish with a high demand for dietary protein.
Material and methods 
Site of experiment 
The present study entitled ‘Optimum utilization of Delonix regia leaf meal in the diet of Labeo rohita  (Hemilton, 1822) was conducted in Department of Aquaculture, College of Fisheries Science, CCSHAU, Hisar (Haryana)
Experimental setup and stocking 
A total of 16 Aquaria having 10 no. of fishes in each were used in triplicate in each treatment with well aerated water maintained at 220C to 280C at density of 3 fish /l. The tanks have artificial aeration system and photoperiod of 12: 12 (light: dark).
Diet Preparation 
The leaves of D. regia was collected in polybags from the main campus of CCSHAU, Hisar. After collection, the leaves were disinfected with KMnO4 solution to avoid any type of contamination. Then, leaves were sun dried and grinded to make powder and used in feed. Four iso-caloric and  iso-nitrogenous diets were prepared in laboratory in which all the ingredients were mixed thoroughly in appropriate ratios for replacement of deoiled rice bran Control (0%), Treatment 1 (T1) 30% D. regia, Treatment 2 (T2) 60 % D. regia and Treatment3 (T3) 100% D. regia as replacement of rice bran oil cake  (Table I) according to the nutritional requirement of L. rohita. After mixing, the dough was prepared and was cooked properly in autoclave with steam. The pellets of feed were prepared for L. rohita feeding. 
Feeding rate
Fish were fed twice a day at 5% of their body weight for 90 days and the daily ration divided in two parts. 
Measurement of growth 
Every 15 days, the fish in each aquarium were weighed to assess their performance in terms of growth (weight and length). A digital electronic balance was used to weigh fish each week. Each fish was weighed separately before being put back in its own aquarium. On the days of weighing, no food was provided. Feed conversion ratio (FCR) and specific growth rate (SGR) and protein efficiency ratio (PER) values were calculated at the conclusion.
Digestibility
Every day at 8:30 a.m., feces were collected from the entire tank using siphoning techniques prior to the application of feed. Feces was placed in Petri dishes and kept at 40C in the refrigerator. In order to assess the digestibility of Delonix regia  meal after the study experiment ended, fecal matter was finely crushed and weighed and digestibility was estimated according to AOAC, 1980.
Statistical Analysis
The obtained data was analyzed through statistical software OPSTAT’, a statistical analysis tool developed at the Computer Centre of College of Basic Sciences and Humanities, CCS Haryana Agricultural University, Hisar Single ANOVA factor was applied to data was applied to see the effects of feeds on fish growth and digestibility.


Table 1: Feed formulation with D. regia leaves by replacing deoiled rice bran for Labeo rohita 
	Ingredients 
	Control diet 
	Diet containing Delonix regia leaves at

	
	
	30% (T1)
	60% (T2)
	100% (T3)

	Mustered oil cake 
	25
	25
	25
	25

	Groundnut oil cake 
	10
	10 
	10
	10

	Soyabean 
	22
	22 
	22 
	22

	Delonix regia leaf  
	00
	6
	12
	20 

	Wheat 
	18
	18
	18 
	18 

	Deoiled rice bran 
	20
	14
	8
	00

	Sunflower oil 
	1
	1 
	1 
	1 

	Fish oil 
	1
	1 
	1 
	1 

	Vitamin mineral mixture 
	1.75
	1.75 
	1.75 
	1.75 

	Carboxy methyl cellulose 
	1.10
	1.1 
	1.1 
	1.1 

	Butylated hydroxy toulene (BHT)
	0.15
	0.15 
	0.15 
	0.15 

	Total (% basis)
	100
	100 
	100 
	100 




Results and Discussion 
Table 2: Effect of Delonix regia leaf meal as replacement of deoiled rice bran on total weight gain of Labeo rohita 

	Treatments 
	Weight gain 
	FCR 
	PER
	Apparent Digestibility (protein)

	Control 
	26.13 ± 1.14a
	1.73 ± 0.16b
	0.59±0.06b
	72.00±0.90c

	T1
	27.44 ± 1.14a
	1.47±0.10a
	0.68±0.04a
	75.24±1.82b

	T2
	34.26 ± 1.14b
	1.49±0.17a
	0.68±0.07a
	77.03±0.65ab

	T3
	32.74 ± 1.14b
	1.81±0.03b
	0.55±0.01b
	77.97±0.39a


Means with different superscripts within the same column differ significantly (p < 0.05)
The effect of Delonix regia leaf meal as a replacement for deoiled rice bran on total weight gain of Labeo rohita is presented in Table 2. The treatment diets significantly affected total weight gain. The highest mean weight gain (34.26 g) was observed in the diet where 60 % of deoiled rice bran was replaced with D. regia leaf meal (T₂). In contrast, lower gains were recorded in the 100 % replacement (T₃, 32.74 g), 30 % replacement (T₁, 27.44 g), and control (26.13 g). These results indicate that partial substitution up to 60 % enhances fish growth, possibly due to improved nutrient utilization at moderate inclusion levels. Similar findings have been reported in studies using various plant-based ingredients. Sahoo et al. (2020) observed that blackgram leaf meal could completely replace deoiled rice bran in L. rohita diets, although 20 % inclusion yielded the best growth. Likewise, Amisah et al. (2009) found that Leucaena leucocephala leaf meal at a 20 % inclusion level improved growth in Clarias gariepinus, confirming the potential of leaf meals as cost-effective feed components. Maity and Patra (2008) and Tiamiyu et al. (2016) also reported no adverse growth effects when conventional proteins were replaced by Azolla and Moringa leaf meals, respectively. Thus, the present observation supports the use of D. regia leaf meal up to 60 % inclusion without compromising growth. The FCR values among different treatments ranged from 1.47 ± 0.10 to 1.81 ± 0.03, showing no significant differences. The lowest FCR was obtained in the 30 % replacement group (T₁), followed by the 60 % (T₂), control, and 100 % replacement diets. Although the variations were statistically non-significant, the numerically lower FCR at 30–60 % substitution levels indicates better feed utilization efficiency at moderate inclusion of D. regia leaf meal. Earlier studies have shown similar results where moderately replaced diets performed better than fully substituted ones. De Silva (2001) reported an optimal FCR range of 1.2–1.8 for effectively formulated fish feeds, which is consistent with the present findings (1.47–1.81). Saeed et al. (2005) also observed comparable FCR values, while Sahu et al. (2007) reported slightly lower values (0.99–1.79). These comparisons confirm that D. regia leaf meal inclusion supports efficient feed conversion comparable to conventional ingredients. The PER values across treatments ranged from 0.55 ± 0.01 to 0.68 ± 0.07 and did not differ significantly. The highest PER was recorded in the 30 % (T₁) and 60 % (T₂) replacement groups (0.68), while lower values were found in the control (0.59) and 100 % replacement (T₃, 0.55). This trend suggests that moderate inclusion of D. regia leaf meal may favor better protein retention and utilization. Ray and Das (1996) reported a similar pattern where L. rohita fed diets containing up to 45 % Pistia leaf meal had a higher PER than the control, whereas performance declined at higher inclusion levels. Amisah et al. (2009) similarly noted reduced PER at 30 % inclusion of Leucaena leucocephala leaf meal compared with lower inclusion levels. The overall PER range in this study indicates acceptable protein utilization in all diets and affirms the potential of D. regia leaf meal to replace deoiled rice bran without impairing feed protein efficiency. The apparent digestibility of the experimental diets varied from 72.00 ± 0.90 % to 77.97 ± 0.39 %, showing a positive response to D. regia leaf meal inclusion. The highest digestibility (77.97 ± 0.39 %) was achieved in the 100 % replacement diet, which was statistically at par with the 60 % (T₂, 77.03 ± 0.65 %) and 30 % (T₁, 75.24 ± 1.82 %) diets (CD = 3.60; p = 0.05). The control diet showed the lowest digestibility (72.00 ± 0.90 %).Nutrient digestibility directly affects growth and metabolism by determining assimilation efficiency. Deganp and Yehuda (1999) emphasized that higher digestibility enhances nutrient absorption and growth efficiency. Ghosh and Mandal (2015) recorded a lower digestibility (63 %) for groundnut oil cake-based diets due to trypsin inhibitors, highlighting the advantage of using leaf ingredients with fewer anti-nutritional factors. The improved digestibility observed in this study thus reflects better nutrient composition and utilization potential of D. regia leaf meal–based diets.
Conclusion
It has been concluded that Delonix regia can replace 60% of deolied rice bran   in artificial feed for better growth performance of Labeo rohita beyond which it can decrease the growth of fish that might be due to the negative effect of anti-nutrients and needs to be explored in future studies.
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