


Effects on development and feed utilization of replacing Spirulina for fishmeal in a realistic diet for Litopenaeus vannamei

Abstract
The purpose of this study was to assess the impact of substituting marine Cyanobacteria species Spirulina sp BDUT005 for fish feed on Pacific white shrimp Litopenaeus vannamei post larvae for a period of ninety days. Four levels of spirulina were utilized (5 and 10%). The experiment was conducted in 12 tanks with 100 L of water. There were three duplicates of each treatment, and each tank held thirty larvae weighing 0.03 g. The shrimp were fed the experimental diets, which contained around 40% protein, twice a day at an initial weight of 14% of body weight. At the end of the trial, the dosage was gradually reduced to 5%. Shrimp growth performance was measured every two weeks. Under these experimental conditions, it was discovered that the treatment in which 10% Spirulina sp BDUT005 was substituted for fish meal produced the greatest results in terms of growth performance and feed utilization. 
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Introduction
On account of their high economic worth, quick growth rate, and ability to withstand a wide variety of temperatures and salinities, Pacific white shrimp, or Litopenaeus vannamei, is a significant aquaculture product (Huang et al., 2016). In 2020, the globe produced over 5.8 million tons of Pacific white shrimp, Litopenaeus vannamei, the most common shrimp species. Typically, a comparatively large amount of fish meal (FM) is present in commercial shrimp feed. Because of the finite supply and rising cost of FM, it is critical to establish sustainable protein sources by lowering the amount of FM included in aquatic feeds, particularly shrimp feeds.

Fishmeal (FM) is the most widely utilized protein source in commer(Naylor et al., 2009)cially produced feeds, and protein is the most costly nutrient in practical diets for shrimp production (Oujifard et al., 2015).With 27.2% of the total fishmeal used in aquafeeds in 2008, shrimp were the biggest consumers, followed by marine fish (18.8%) and salmon (13.7%) (Tacon, 2017) .The demand for fishmeal and fish oil is still increasing due to the steady increase in aquaculture production, even if the aquaculture production sector has been successful in lowering the usage of fishmeal and fish oil in aqua feeds (Naylor et al., 2009). This situation raises worries about overfishing and raises demand and pricing for these products (Olsen & Hasan, 2012). A significant portion of nutritional research has been devoted to finding substitute protein sources in order to support the aquafeed sector (NRC, 2011).

According to Becker et al., 2013, microalgae have high protein concentrations and amino acid profiles that are similar to those of other reference food proteins. Spirulina platensis has gained interest as an animal food source because of its high protein content (60–70%), as well as its abundance of vitamins, minerals, important fatty acids (γ-linolenic acid, or GLA), and antioxidant pigments like carotenoids ( (Belay et al., 1996). Spirulina has been used in studies as a supplement in fish and crustacean diets (Cuzon et al., 1981;Jaime-Ceballos et al., 2009 ;Silva‐Neto et al., 2012) and as a partial replacement for fishmeal in tilapia, carp, and sturgeon (Nandeesha et al., 2013; Hernández et al., 2008). Tryptophan, methionine, and other amino acid quantities in spirulina protein are comparable to those in casein, and the protein's amino acid composition is balanced. Compared to another animal source, it is less expensive and can be utilized as a partial or full substitute for protein in aqua-feeds(Habib et al., 2021).
 
The intention of this study was to assess how Pacific white shrimp larvae (Litopenaeus vannamei) developed and used feed when fish meal was substituted with a marine cyanobacteria species (Spirulina sp BDUT005).

Materials and Methods
The larvae of the white leg shrimp (L. vannamei) were acquired from a commercial shrimp hatchery located in Markkanam, Tamil Nadu. Double-layered, oxygenated polythene bags were used to transport the shrimps. The shrimp were placed in the acclimation tanks with saltwater (salinity, 30 ppt) as soon as they got to the lab. The shrimp were fed a commercial diet (Skretting: 38% crude protein, 8% crude fat, and 5.9 crude fiber with 3980 Kcal of energy) twice a day for two weeks prior to the experiment's start.
Twelve tanks holding 100 L of water were used for the experiment. There were three duplicates of each treatment, and each tank held thirty post-larvae weighing 0.03 g. After being filtered through a 50μm plankton net to keep unwanted materials and suspended particles out of the tanks, saltwater was added to the tanks and diluted with fresh water to create a salinity of 30 parts per thousand. Two air stone-hose diffuser systems were included with each tank, and they are connected to a 220 watt air blower. The experiment was conducted with 24-hour aeration. To prevent shrimp from escaping, plastic nets were always placed over all of the tanks. 50%, water was swapped. Three days later, shrimp larvae were added to every aquarium. The experimental diets (as indicated in Table 1) were supplied to the shrimp twice a day at an initial weight of 14% of body weight, which was progressively reduced to 5% at the conclusion of the experiment. The biweekly sampled mean biomass was estimated and used to alter the daily feeding ration for each treatment.
Table 1 : Composition and proximate analysis of the experimental diets (% on DM basis).
	Ingredient
	Treatment

	
	Control
	T1
	T2
	T3

	Fishmeal
	37
	27
	31
	Commercial Feed

	Soyabean meal
	35
	35
	35
	

	Cyanobacteria
	-
	10
	5
	

	Corn
	20
	20(Habib et al., 2021)
	20
	

	Oil
	5
	5
	5
	

	Minral Mixture
	2
	2
	2
	

	Vitamin Mixture
	1
	1
	1
	

	Total
	100
	100
	100
	



	Proximate analysis 

	Protein 
	41.39 
	40.00 
	39.55 
	39.35 
	39.89 

	Lipids 
	10.32 
	10.31 
	10.32 
	10.36 
	10.35 

	Ash 
	7.35 
	7.31 
	7.32 
	7.34 
	7.36 

	Fibers 
	3.16 
	3.24 
	3.36 
	3.44 
	3.54 

	Moisture 
	23.71 
	23.69 
	23.43 
	23.81 
	23.80 


1Each Kg mineral mixture premix contained Mn, 22 g; Zn, 22 g; Fe, 12 g; Cu, 4 g; I, 0.4 g, Selenium, 0.4 g and Co, 4.8 mg. 
2Each Kg vitamin contained Vitamin A, 4.8 million IU, D3, 0.8 million IU; E, 4 g; K, 0.8 g; B1, 0.4 g; Riboflavin, 1.6 g; B6, 0.6 g, B12, 4 mg; Pantothenic acid, 4 g; Nicotinic acid, 8 g; Folic acid, 0.4 g Biotin,20 mg.

Each component was weighed separately before the additions, minerals, and vitamins were combined with maize to create the experimental diets. The components were then combined with oil and this combination. The mixture was diluted with water until it was adequate for granule formation. This mixture was run through a 2 mm-diameter CBM granule machine from the manufacturer unit. Before the experiment began, the pellets were frozen after being dried at ambient temperature. Spirulina sp. BDUT005 is a Cyanobacteria employed in this study. Its chemical composition was examined, including its protein, carbohydrate, lipid, ash, moisture, and fiber content.

Table 2: The Chemical analysis of Spirulina
	Component 
	% (Mean ± SD) 

	protein 
	56.91 ± 0.49 

	Carbohydrates 
	12. 43± 0.12 

	Ash 
	10.81 ± 0.14 

	Lipids 
	18.62 ± 0.37 

	Moisture 
	6.6 3± 0.20 

	Fibers 
	6.17 ± 0.02 



Growth performance parameters: 
Shrimp weight (g) was measured at the initial of the experiment and biweekly by collected randomize number of shrimp from each tank and weighted in an analytical digital balance and then returned back to their tanks during the experiment. Shrimp Weight gain (WG), Specific growth rate (SGR) and Survival rate% (SR) were calculated according to the following equations: 
· Weight gain (WG) = Final body weight (g) - Initial body weight (g). 
· Specific growth rate % (SGR) = [(ln FBW - ln IBW) /day of experiment] ×100 
· Survival rate % (SR) = (Final number of shrimp / Initial number of shrimp) ×100. 

Feed utilization parameters: 	
Feed utilization parameters were calculated according to the following equations: 
· Feed Conversion Ratio (FCR)= Total feed consumption/ weight gain. 
· Feed Efficiency (FE) %= (Final weight – initial weight) / feed consumed ×100. 
· Protein Efficiency Ratio (PER)= body weight gain (g)/ protein intake (g) 

Statistical analysis: 
All data of variables measured were analyzed by two-way ANOVA. The ANOVA was performed by using the Graph pad- prism-8 program. The ANOVA was followed by Turkey test at P<0.0001 level of significance. 

Results and Discussion 
The proximate components of the diets are shown in Table 1.Table (3) shows the impact of varying dietary replacement of Spirulina sp BDUT005 protein levels on growth performance and feed utilization in experimental tanks of L. vannamei in the treatment with 100% fishmeal replacement. The mean weight gain of the shrimp fed diets T1 (5%), T2 (10%), and T3 (commercial feed) after the 90-day feeding study was significantly different from that of the control diets (P<0.0001). The weight gain was larger for the Spirulina sp diets that substituted fish meal at 5 and 10%; it was 6.04±0.10g for T1, 6.65±0.04g for T2, and 5.63±0.25g for T3. Significantly (P<0.0001), the 10% treatment (T2)

Table 3: Effect of using Spirulina sp BDUT005  protein levels on growth performance and feed utilization (Mean±SD) in experimental tanks of L. vannamei for 90 days.
	Parameter 
	Treatment 

	
	Control 
	T1(5%) 
	T2(10%) 
	T3(Commercial feed) 

	IBW(g) 
	0.03 
	0.03 
	0.03 
	0.03 

	FBW(g) 
	5.71±0.03 
	6.07±0.09 
	6.68±0.47 
	5.66±0.02 

	WG 
	5.68±0.49 
	6.04±0.10 
	6.65±0.04 
	5.63±0.25 

	SGR(% day) 
	6.22±0.10 
	6.69±0.15 
	6.88±0.03 
	6.51±0.06 

	FCR 
	1.7±0.01 
	1.67±0.04 
	1.48±0.05 
	1.47±0.01 

	PER 
	1.57±0.05 
	1.61±0.03 
	2.37±0.04 
	1.66±0.02 

	FE(%) 
	74.67±0.96 
	75.6±1.22 
	79.95±0.31 
	74.46±0.18 

	SR(%) 
	90.51±0.60 
	91.66±0.33 
	92.68±0.13 
	91.48±0.17 


Data are presented as means ±SD. Values in the same row with different superscript letters are significantly different (P<0.0001).
The study found that T2 had the most effective FCR and the best growth rates. Because of its function in nutritional digestion and its high concentration of various nutrients, including vitamins and minerals, spirulina has a growth-enhancing impact (Abdel-Tawwab et al., 2010). Conversely, lower phosphorus availability and decreased feed palatability may occur from high dietary inclusion levels of Spirulina on fish growth(Hernández et al., 2008) . Different nutritional contents of the Spirulina species utilized in the studies are responsible for the variances in Spirulina's effects on fish growth performance(Nandeesha et al., 2013). When compared to the use of fish meal (FM) as the only protein source, (Nandeesha, 2007) discovered that rohu carp (Labeo rohita) could have significantly higher growth when their diets were entirely supplemented with Spirulina. However, the same Spirulina supplemented diets had no discernible effect on the growth performance of catla (Catla catla). It is evident from the differences in the growth responses of L. rohita and C. catla to dietary spirulina that fish growth responses to spirulina are probably species specific.
The content of experimental diets including Spirulina is another important aspect that influences the outcomes of Spirulina treatment (Takeuchi et al., 2013). According to James et al., 2006 Xiphophorus helleri exhibited a greater food consumption rate when fed an 8% Spirulina diet. The feed intake of Rhabdosargus sarba fingerlings fed 32% Spirulina meal was higher (El-Sayed, 1994). The study supports the findings of (NAKAGAWA & GÓMEZ-DÍAZ, 1995) who discovered that Macrobrachium rosenbergii growth and survival were enhanced by a diet supplemented with 5–20% spirulina meal. Fish development was found to be improved when 5%–10% FM protein was substituted with spirulina; however, larger substitution levels were unable to produce any additional benefits. According to Tongsiri et al., 2010, P. gigas grew best when 5% FM was replaced with spirulina; however, fish weight gain decreased with higher replacement percentages. According to Olvera‐Novoa et al., 1998, spirulina can substitute up to 20% of FM protein in O. mossambicus diets; however, at higher replacement levels, there was a decrease in growth and feed utilization. Better growth was also noted by (Güroy et al., 2012)in yellow tail cichlids, who reported weight increases of 12% to 17% after adding 2.5% and 10% spirulina, respectively. In an even better situation,  Adel et al., 2016 found that sturgeon juveniles given 10% spirulina had a 21% improvement in FCR and a 57% growth increase. Following the addition of 10% Spirulina to the diet, the red cherry shrimp demonstrated a dramatic improvement in growth from 70.8 mg to 114.6 mg, representing a gain of 63%; an improvement in the FCR of 15%; and an increase in survival from 25.7% on the control diet to 81.3% on the 10% Spirulina diet, according to another significant study by (Namaei Kohal et al., 2018). In juvenile L. vannamei, a partial substitution of S. platensis for fish meal has demonstrated encouraging growth (Hanel et al., 2007). According to Silva‐Neto et al., 2012, shrimp L. vannamei growth was unaffected by a dietary inclusion of spirulina meal at a level of approximately 25%, while feed consumption was unaffected by up to 50% replacement. Numerous examples like these demonstrate how adding small amounts of spirulina to fish diets can have both health and financial benefits by raising the FCR. Up to 75% of the fishmeal in the diet was substituted by Spirulina sp. in the current investigation without affecting growth or survival. In comparison to controls produced without microalgae, (Dinesh Kumar et al., 2017; Kiron et al., 2012) discovered that L. vannamei fed two unique isolates of Nanofrustulum and Tetraselmis that replaced 40% of the fishmeal showed comparable growth performance.
Conclusion
We can conclude that the optimal diet was one that substituted 10% Spirulina for fish meal. Compared to the commercial feed in terms of feed utilization and growth performance in various experimental settings.
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