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Nutritional profile and influence of red seaweed Gracilaria edulis meal on survival and growth performance of pacific white leg shrimp Litopenaeus vannamei (Boone, 1931)

[bookmark: _GoBack]Abstract:

	A 120 days research experimental work was conducted in the uniform size glass aquarium tanks with 60 cm X 25 cm X 40 cm dimensions of 60 liters capacity to assess the influence of red seaweed Gracilaria edulis meal on survival and growth performance of pacific white leg shrimp Litopenaeus vannamei through administration with various levels in the experimental diets. A total of 144 shrimps were randomly allotted to 12 tanks with an average initial weight of 1.09 ± 0.02 g (12 shrimps per tank) with 4 different treatment groups and 3 replicates per treatment and fed trice per day. Four practical iso-nitrogenous diets (~ 36% Protein) were manufactured with graded levels of red seaweed Gracilaria edulis meal. The control treatment diet (C) comprised of a basal ingredients without Gracilaria edulis meal; in contrast, the remaining treatment groups were complement with varying levels of Gracilaria edulis meal i.e. T-1 diet with 2% of Gracilaria edulis meal; T-2 diet with 4% of Gracilaria edulis meal and T-3 diet with 6% of Gracilaria edulis meal. According to research study regarding of nutrient profile red seaweed Gracilaria edulis meal consisted of desirable crude protein levels with 16.86 ± 0.28%, but low in crude fat levels with value of 1.14 ± 0.06% and a significant difference (P< 0.05) was noticed in growth and nutrient utilization parameters such as weight gain%, specific growth rate (SGR), feed conversion ratio (FCR), protein efficiency ratio (PER) including survival rate of the experimental animals. The highest weight gain, weight gain% and specific growth rate were observed in the group fed with diet T-3 , whereas the lowest values of those respective growth parameters were found in control diet. Related to nutrient utilization parameters the lowest feed conversion ratio and the higher protein efficiency ratio were detected in the experimental animal Litopenaeus vannamei fed diet T-3, in contrast the highest feed conversion ratio and lower protein efficiency ratio were discovered in control diet. The highest survival rate of selected animal was found in T-3 group fed diet compared to other treatment groups including control. The overall results indicated that the pacific white leg shrimp fed with 6% red seaweed Gracilaria edulis meal (T-3 group) revealed the best performance in terms of growth and nutrient utilization parameters in this study. Hence, it can be concluded that Gracilaria edulis meal can be included up to 6% in the diet of Litopenaeus vannamei for optimum production without any deleterious effects.
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1. Introduction

Aquaculture is the farming of aquatic organisms, such as fish, shellfish, and aquatic plants, under controlled conditions to increase production for food, industry, and environmental restoration. It is sometimes referred to as “underwater agriculture” due to its systematic and controlled approach to farming aquatic species (Khan et al, 2011), also it is now the fastest-growing food production sector globally and plays a critical role in food security, nutrition, economy, and sustainable development (Gabriel et al., 2024, Mohd and  Mushtaq, 2025). 
However, if we want aquatic food systems to enhance their contribution to sustainable development, transformation is essential. Fish and shrimp produced through aquaculture is a high-quality source of protein, often containing more and easy digestible protein than chicken or pork, making it an essential component of a nutritious diet (Delgado et al., 2016). Fish (from both capture and aquaculture) supplies 17% of the world’s animal protein and 7% of all protein consumed.  In many low-income and food-deficit countries (especially in Asia and Africa), fish contributes ≥50% of animal protein intake. Aquaculture provides micro nutrient-rich food (omega-3 fatty acids, vitamins, minerals) critical for combating malnutrition and “hidden hunger” (Siwach et al, 2025).
As global population is growing acceleratory at the rate of 1.6% per annum, need for food to nourish this world also increases accordingly. Food is provided by four major sectors such as agriculture, horticulture, animal husbandry and fisheries. These four sectors together producing the food at the rate of 3.2% per year to nourish the global population to survive. The global fisheries and aquaculture sector continues to expand, driven primarily by aquaculture growth, while capture fisheries remain relatively stable. According to the latest available global statistics through FAO - 2024, world aquaculture production attained another all-time high of 228 million tonnes (live weight equivalent) in  (live weight equivalent) 2023, encompassing both aquatic animals and algae. Aquatic animals approximately 185.4–186 million tonnes, with aquaculture accounting for about 95.8 million tonnes (51–52% share) and capture fisheries for 89.6–91 million tonnes (48–49% share). 
	As of 2025, India ranks as the world's second-largest producer of fish and aquaculture products, contributing approximately 8-9% to global output and surpassing China in inland fish and shrimp production (Mandal and Singh, 2025). The sector has experienced robust growth, driven primarily by aquaculture, with total fish production reaching an estimated 19.5 million metric tonnes (MMT) in FY 2024-25, up from 18.4 MMT in FY 2023-24 and 14.16 MMT in FY 2019-20. This represents an average annual growth rate of around 6-7% over the past five years, with inland production growing from 5.66 MMT in FY 2000-01 to 13.91 MMT in FY 2023-24. The fisheries sector contributes about 1.24% to India's GDP and 7.7% to the agricultural gross value added (GVA), underscoring its role as a key economic driver (PIB, 2025).
	According to recent data, Litopenaeus vannamei production in 2022 from 47 countries was about 6.82 million tonnes (Ryba et al., 2025). This species is dominant among farmed penaeid shrimp; as per the World Aquaculture Society, Litopenaeus vannamei  accounted for 61% of global farmed shrimp production in 2022. Among these, eight countries produce more than 100,000 tonnes each (i.e., China, India, Ecuador, Indonesia, Vietnam, Thailand, Mexico, and Brazil).  China is the single largest producer of Litopenaeus vannamei. For 2022, China’s production was reported at around 2.09 million tonnes. The production of Litopenaeus vannamei  has grown significantly over the last two decades. Pacific white shrimp or white leg shrimp, dominates India's shrimp aquaculture sector, accounting for approximately 91-95% of total shrimp production, it has driven exponential growth due to its fast growth (90-120 days to harvest), high stocking densities (up to 100-150 post-larvae/m² in intensive systems), disease resistance in specific pathogen-free (SPF) strains, and adaptability to low-salinity inland ponds. India, the world's second-largest shrimp producer, relies on Litopenaeus vannamei for ~80% of its shrimp exports, with production concentrated in coastal states using semi-intensive to super-intensive pond systems. As of 2025, total shrimp production for FY 2023-24 (April 2023–March 2024) stood at ~1.1 million metric tonnes (MMT), predominantly Litopenaeus vannamei, though the sector faces headwinds from US tariffs (up to 50% on Indian shrimp since May 2025), disease outbreaks (e.g., white spot syndrome virus), and competition from Ecuador.
Recurrent epidemics, including White Spot Syndrome Virus (WSSV), Enterocytozoon hepatopenaei (EHP), and bacterial infections like Vibriosis, cause massive mortality (up to 80-100% in affected ponds) and economic losses exceeding $1 billion annually (Uma, 2025). Shrimp lack adaptive immunity, limiting vaccination options, and heritability for disease resistance is low (Uengwetwanit et al., 2025). The Pacific white leg shrimp, Litopenaeus vannamei, is the most extensively cultivated crustacean species globally, forming the backbone of a multi-billion-dollar aquaculture industry. However, the intensive development of this sector faces significant challenges, primarily driven by disease outbreaks, environmental sustainability concerns, and the rising cost of traditional fish meal-based feeds. In this context, the search for sustainable, functional feed ingredients that can simultaneously promote growth, enhance health, and reduce ecological impact has become a paramount research focus.
More than 46% of the total global aquaculture production was dependent upon the supply of external feed inputs (Tacon et al, 2011). In fact, success of aquaculture mainly stands on the cost of formulated fish feed which is the largest production cost for commercial aquaculture. Thus, there is a need to find cost effective, but nutritionally balanced  alternative ingredients (Naylor et al, 2000). Seaweeds, or marine macroalgae, have emerged as a promising and versatile candidate to address these challenges. They are not only a sustainable resource, requiring no arable land or freshwater for cultivation, but are also rich repositories of bio-active compounds. These compounds include polysaccharides (such as alginate, fucoidan, and carrageenan), antioxidants, pigments, vitamins, minerals, and essential amino acids. Critically, many of these polysaccharides are known to act as prebiotics, immunostimulants, antimicrobial, and growth-promoting properties. Dietary supplementation with seaweed extracts or polysaccharides can enhance digestive enzyme activity, antioxidant defenses, and innate immune parameters in L. vannamei, such as increased hemocyte counts, phenoloxidase activity, and expression of immune-related genes like prophenoloxidase and lysozyme (Kamble et al., 2025).  Additionally, these additives have been shown to improve growth metrics, including weight gain, specific growth rate, and feed conversion efficiency, while also positively influencing intestinal microbiota and stress tolerance.
2. Objectives of this research study
a. Evaluation of nutritional constituents of Gracilaria edulis meal to describe their beneficial usage as feed ingredient in Litopenaeus vannamei diet.
b. Determination of Gracilaria edulis meal effect on growth parameters in terms of final body weight, weight gain, specific growth rate along with nutrient utilization in the form of feed conversion ratio and protein efficiency ratio to find positive influence level of elected seaweed meal to hike shrimp production.
c. Assessment of survival percentage of targeted shrimp species through incorporating Gracilaria edulis meal at various levels, which is also a major cause objective for increase production and strengthens the financial status of shrimp farmers.
3. Materials and Methods
3.1. Experiment design
For the research experiment 12 uniform size glass aquarium tanks with 60 cm X 25 cm X 40 cm dimensions of 60 liters capacity were used. Tanks were located in a secured place in sequence by labeling as C (Control), T-1 (Treatment-1), T-2 (Treatment-2) and T-3 (Treatment-3) after cleaning of all tanks properly with fresh water, where there was no direct sunlight and covered by 80 mm white nylon mesh net on the top to avoid droppings of insects, lizards and entering of rodents into the tanks. Ground saline water utilized as source and before filling into the aquarium tanks was collected in the reservoir tank by arranging 20 micron filter bag at inlet of water feeding pipe to prevent entry of dust particles, which cause to the water contamination and alter the water quality parameters then aerated by using major air stones connected to the 1.5 HP PENT AIR - BLOWER, which made in Taiwan. The aerated saline water was taken into research aquarium tanks and provided aeration continuously through setting up of air pipe and stones before introducing the candidate shrimp species into the aquarium.
3.2. Procurement of required shrimps and their acclimatization
	500 numbers of active and Specific Pathogen Free (SPF) Litopenaeus vannamei (Boone, 1931) seed were procured from Aqua Prime Hatchery, Koduru Beach, SPSR Nellore district, Andhra Pradesh, which has been authorized by Coastal Aquaculture Authority (CAA), Chennai to produce seed. Shrimp seed were packed in double plastic bags filled with oxygen and water in the ratio of 3:1 in each bag and the density of shrimp was 250/bag. Post larvae-10 (PL-10) transported by road in plastic bags containing 12 ppt saline water. PL transferred to the Fiber Reinforced Plastic (FRP) tanks (3000 liters capacity) of the wet laboratory, which consisted of same salinity water through following acclimatization for 30 minutes and conditioning was carried out for 20 days. During acclimatization, shrimps were fed on control diet thrice daily at 07:00 AM, 12:00 PM and 05:00 PM to their satiation.. The number of shrimp seed to be packed in oxygen inflated polythene bags was calculated as per the following formula.
N = (DO – 2) X V/CH
Where, DO: Dissolved oxygen content of water (mg/l) V: Volume of water used for transport (Lt) C: Rate of oxygen consumption of shrimp (ml/kg of shrimp) H: Duration of transport (Hours).
Twelve (12) numbers of shrimp with initial average weight 1.09±0.02g is introduced into each tank and triplicates were maintained for each treatment. Regular water exchange of 25-30% was done every day. Left over feed, excreta and other debris were siphoned off from the bottom of the tank without disturbing the shrimps.
3.3. Preparation of red seaweed (Gracilaria edulis) meal
Red seaweed (Gracilaria edulis) leaves were procured from R. K. Algae Project Center, Meenavar Colony, Mandapam, Ramanathapuram District, Tamil Nadu. Gathered seaweed leaves were washed with fresh water to remove dust particles, afterward cleaned seaweed leaves were shade dried for 7 days until get crispy nature without affecting the leaves colour. This dried seaweed leaves were finely grounded and sieved to get fine particles thus the seaweed leaf meal of red seaweed was prepared and stored in a air tight container for further use.
3.4. Formulation and preparation of practical diets
In the experiment, formulated feeds with the crude protein 36% were used for feeding. Fish meal (FM), Soya bean meal (SBM), Groundnut oil cake (GNOC), Rice flour and Wheat flour were the major ingredients used for preparation of control and experimental feeds (Table-1). The treatment diets were prepared by inclusion of Red seaweed (Gracilaria edulis) at the rate of 2%, 4% and 6%. The control diet was without seaweed meal, but T-1, T-2 and T-3 consisted of 2% Gracilaria edulis, 4% Gracilaria edulis, and 6% Gracilaria edulis meals respectively. For all the treatments including control diets 1% Vitamin premix, 1% Mineral premix, 4% Fish oil and 1% Sunflower oil were also added. Fish meal, Soya bean meal, Groundnut oil cake, Rice flour, Wheat flour, Vitamin premix, Mineral premix, Fish oil and Sunflower oil were obtained from local market. Red Seaweed, Gracilaria edulis was procured from R. K. Algae Project Center, Meenavar Colony, Mandapam, Ramanathapuram District, Tamil Nadu. The major ingredients used in the feed and all the experimental feeds were estimated for proximate composition (AOAC, 2000).
Required quantity of each ingredient was weighed and ground into powder and sieved. All the ingredients were then mixed in required proportion and water was added at the rate of 30 ml per every 100g of feed and dough was prepared. The dough was cooked for 20 minutes in pressure cooker and then cooled. Vitamin premix, mineral premix, fish oil and sunflower oil were added. Red seaweed (Gracilaria edulis) was added as per the requirement of respective designed feed. The homogenous dough was pressed through a pelletizer (La Monferrina S.R.L., Italy) with a sieve of 1 mm diameter. The feed was dried in shade and then in hot air oven at 55-650C for 14-16 hours to reduce the moisture content below 10% and stored properly in dry and air tight containers and kept in cool place.
Table-1: Formulation of test diets
	 
	Experimental diets

	
	C
	T-1
	T-2
	T-3

	Ingredients (%)

	FM
	18
	17
	17
	17

	SBM
	30
	31
	31
	31

	GNOC 
	25
	25
	25
	24

	RF
	8
	7
	6
	5

	WF
	12
	11
	10
	10

	RSM
	0
	2
	4
	6

	FO
	4
	4
	4
	4

	SO
	1
	1
	1
	1

	VP
	1
	1
	1
	1

	MP
	1
	1
	1
	1

	Total
	100
	100
	100
	100


C: Control diets (without red seaweed meal); T1: Experimental diet with 2% of Gracilaria edulis meal; T2: Test diet with 4% of Gracilaria edulis meal; T3: Diet with 6% of Gracilaria edulis meal.
FM: Fish meal; SBM: Soybean meal; GNOC: Groundnut oil cake; RF: Rice flour; WF: Wheat flour; RSM: Red seaweed meal; FO: Fish oil; SO: Sunflower oil; VP: Vitamin premix; MP: Mineral premix.
3.5. Feeding
Shrimps were fed at the rate of 6% per body weight initial days and then reduced to 2% based on the average body weight. The pelleted feed was prepared into small granules of 1mm size and fed four times per day (6.00AM, 10.00AM, 2.00PM and 6.00PM) during feeding trails. Regular water exchange of 25-30% was done every day. Left over feed, excreta and other debris was siphoned off from the bottom of the tank without disturbing the experimental animals after two hours of feeding.
3.6. Proximate analysis of the Red Seaweed Meal (RSM) and experimental diets
Proximate analysis of Red Seaweed Meal and practical test diets were done by standard methods (AOAC, 2000) at Animal Feed Analytical and Quality Assurance Laboratory, Veterinary College and Research Institute, Tamil Nadu Veterinary and Animal Sciences University, Namakkal, Tamil Nadu, India.
3.6.1. Moisture
The moisture content of the Red Seaweed Meal and experimental diets were estimated by taking a known weight of the sample in the petridish and drying it in a hot air oven at 55-65⁰ C till a constant weight was achieved. The difference in weight of the sample gave the moisture content of Red Seaweed Meal and prepared diets. The moisture content was calculated by using the following formula

3.6.2. Crude Protein (CP)
Nitrogen content of the Red Seaweed Meal and test diets samples were determined quantitatively by Kjeltec semi automated system (2200 Kjeltec auto distillation, Foss Tecator and Sweden) using titration as the means for estimating nitrogen percentage. The crude protein percentage was obtained by multiplying the nitrogen percentage with a factor of 6.25.
Crude Protein (%) = N2 (%) X 6.25
3.6.3. Ether Extract (EE)
Ether extract of Red Seaweed Meal and experimental diets samples were determined by Soxhlet apparatus using petroleum ether (Boiling point 40-60⁰ C) as the solvent. The calculation was made as follows.

   Initial weight of sample – Weight of sample
EE (%)= --------------------------------------------------------- ×100
Initial weight of sample
3.6.4. Ash
Ash content of the Red Seaweed Meal and shrimp diet samples were estimated by taking a known weight of dried samples in silica crucible and kept in the muffle furnace at 550⁰ c for 5-6 hours. The calculation was done by the following formula

3.6.5. Crude Fibre (CF)
The crude fibre content of the samples were estimated quantitatively by Fibretec (Foss Tecator, Sweden). Known weight of fat free sample was washed in boiling acid (1.25 N H2SO4) and alkali (1.25 N NaOH) to remove digestible carbohydrate and protein, respectively. The sample is then washed in distilled water and dried at 55-650C to remove moisture and weighed. The dried sample is ashed in muffle furnace and weighed.
                                                                  Weight of crude fibre
Crude fibre (%) =  ---------------------------------  X 100
                                                                Original weight of sample
3.6.6. Nitrogen Free Extract (NFE)
Nitrogen free extract (NFE) of the Red Seaweed Meal and research diets were determined by subtracting the percentage of other nutrients from 100. The nitrogen free extract (NFE) was calculated by using the following formula.

3.6.7. Gross Energy (GE)
Gross energy (GE) content of Red Seaweed Meal and experimental diets were measured using a Parr bomb calorimeter (Model # 1241, Moline, IL). Briefly, energy of the dried material was determined by placing a weighed sample in the ignition cup of the bomb. Oxygen was added at ∼35 psi and the bomb immersed in 2 L of water. The sample was ignited and the temperature increase of the water recorded. Gross energy was calculated using a boric acid calibration standard and expressed as kcal g-1 of dry matter.
3.7. Growth and nutrient utilization parameters
	Sampling was done at every week (07 days) to determine growth for assess the body weight of the targeted aquatic animal. Shrimps were starved overnight before taking the weight by using the electronic balance.  The parameters of interest were specific growth rate, mean weight gain, feed conversion ratio, percentage weight gain, average daily weight gain, protein intake, protein efficiency ratio.
3.7.1. Weight Gain (WG)

3.7.2. Weight Gain Percentage (WGP)

3.7.3. Specific Growth Rate (SGR)
Growth performance can be measured in terms of specific growth rate (SGR) since it is a more refined and improved growth index than absolute weight gain or percentage growth rate (Hepher, 1988). In the present study, Specific Growth Rate was calculated by using this following formula.

3.7.4. Feed Conversion Ratio (FCR)
FCR is the ability with which an animal can convert the feed consumed into edible and other product (Devendra, 1989). The Feed Conversion Ratio was estimated by the following formula.		
                                                   Food given (Dry Weight)
                                   FCR= -----------------------------------------
                                              Body Weight Gain (Wet Weight)

3.7.5. Protein Efficiency Ratio (PER)

3.8. Survival Rate
At the end of the experiment, all the experimental aquarium tanks were drained out and number of research animals in each tank were counted and the survival rate was calculated by using following formula.

3.9. Statistical analysis 

Statistical significance among different treatments was analysed using one-way analysis of variance (ANOVA) via SPSS 16.0 for windows. Duncan’s multiple range test was used for post hoc resemblance of mean (P<0.05) among different treatment groups. All the data presented in the text and tables are mean ± standard error and statistical significance for all statistical tests was set at P<0.05.
4. Results

4.1. Nutritional composition of Gracilaria edulis meal

The proximate composition of Gracilaria edulis meal demonstrated (Table-2) that among the all nutrients higher levels of nitrogen free extract (41.59 ± 0.43%) found in red seaweed meal, then crude ash, crude protein, moisture, fibre and lipid were recorded in the level of 22.86 ± 0.21%, 16.86 ± 0.28%, 9.25 ± 0.25%, 8.3 ± 0.19% and 1.14 ± 0.06% respectively.
Table-2 : Proximate composition (% dry weight basis) of Gracilaria edulis (Red Seaweed)
	Proximate components
	Gracilaria edulis (%)

	Moisture
	9.25 ± 0.25

	DM
	90.75 ± 0.31

	CP
	16.86 ± 0.28

	EE
	1.14 ± 0.06

	CF
	8.3 ± 0.19

	CA
	22.86 ± 0.21

	NFE
	41.59 ± 0.43

	GE (Kcal/Kg)
	1598 ± 2.76


Data expressed as Mean ± SE; DM: Dry Matter; CP: Crude Protein; EE: Ether Extract; CF: Crude Fiber; CA: Crude Ash; NFE: Nitrogen Free Extract; GE: Gross Energy.

4.2. Configuration of the practical test diets 

The proximate composition of the various experimental animal diets were depicted in the Table-3. The moisture content was noted within the range of 8.31 ± 0.41% to 9.08 ± 0.27%. The crude protein level varied from 35.86 ± 0.28% to 36.05 ± 0.08%, ether extract was between 5.87 ± 0.16% and 7.14 ± 0.06%, whereas the ash content ranged from 9.86 ± 0.21% to 11.17 ± 0.19%. The crude fibre content in the diet between range of 9.86 ± 0.17% to 11.3 ± 0.19%. The nitrogen free extract of the diet was varied from 35.78 ± 0.43% to 37.44 ± 0.27%.











Table-3: Chemical constituents of experimental diets, which made up of with graded levels of red seaweed Gracilaria edulis
	 
	Experimental diets

	
	C
	T-1
	T-2
	T-3

	Proximate composition (%) on dry matter basis

	Moisture
	8.71 ± 0.33b
	9.08 ± 0.27a
	8.65 ± 0.35c
	8.31 ± 0.41d

	DM
	91.29 ± 0.31b
	90.92 ± 0.24c
	91.35 ± 0.29a
	91.29 ± 0.34b

	CP 
	35.92 ± 0.18a
	35.86 ± 0.28a
	36.05 ± 0.08a
	35.89 ± 0.23a

	EE
	7.14 ± 0.06a
	6.56 ± 0.12b
	5.87 ± 0.16c
	6.82 ± 0.14b

	CF
	11.3 ± 0.19a
	10.41 ± 0.22b
	9.86 ± 0.17c
	10.18 ± 0.21b

	CA
	9.86 ± 0.21c
	11.17 ± 0.19a
	10.78 ± 0.18b
	10.57 ± 0.22b

	NFE
	35.78 ± 0.43c
	36.00 ± 0.38c
	37.44 ± 0.27a
	36.54 ± 0.33b

	GE (Kcal/Kg)
	1723 ± 3.11b
	1684 ± 2.88d
	1691 ± 2.71c
	1735 ± 2.97a


Data expressed as Mean ± SE; Mean values in the same row with different superscripts differ significantly (p<0.05).
C: Control diets (without red seaweed meal); T1: Experimental diet with 2% of Gracilaria edulis meal; T2: Test diet with 4% of Gracilaria edulis meal; T3: Diet with 6% of Gracilaria edulis meal.
DM: Dry Matter; CP: Crude Protein; EE: Ether Extract; CF: Crude Fiber; CA: Crude Ash; NFE: Nitrogen Free Extract; GE: Gross Energy.

4.3. Growth and nutrient utilization parameters 
The growth and nutrient utilization parameters were estimated for all the treatment groups and denoted in Table-4. The higher final body weight was calculated and noted for all treatment groups and the significant variation (P<0.05) was identified among the all treatments. The highest final body weight 15.76 ± 0.12g was revealed in the group fed diet T-3, but lowest was determined in the control fed diet. The weight gain and weight gain percentage were assessed and recorded for all experimental groups and significant difference (P<0.05) was noticed among the treatment groups. The highest weight gain and weight gain % with values of 14.67 ± 0.13g and 1345.69 ± 2.47% respectively were expressed in the group fed with diet T-3 , whereas the lowest was found in control fed diet with the value of 9.10 ± 0.09g and 830.29 ± 1.29%. Similarly, a significant difference (P<0.05) was observed in specific growth rate (SGR) among the designed groups. The highest SGR (2.67 ± 0.03) was demonstrated in group fed with diet T-3 , while the lowest (2.23 ± 0.04) was determined in control diet. The feed conversion ratio (FCR) of different planned groups also varied significantly (P<0.05). The lowest FCR was listed in T-3 group with 1.49 ± 0.02. The highest FCR was found in control group (2.57 ± 0.03). The group fed with diet T-3 had the highest protein efficiency ratio (PER) value of 1.87 ± 0.02, while the lowest PER value (1.08 ± 0.02) was observed in control diet. Group fed with control diet and T-2 had the highest feed intake and the lowest feed intake was found in T-3 group fed diet.

Table-4 : Growth and nutrient utilization parameters of Litopenaeus vannamei fed with different levels of red seaweed Gracilaria edulis containing diets
	
	Experimental diets

	
	C
	T-1
	T-2
	T-3

	Growth parameters

	IBW (g)
	1.10 ± 0.02a
	1.09 ± 0.03b
	1.08 ± 0.02c
	1.09 ± 0.02b

	FBW (g)
	10.20 ± 0.11d
	11.08 ± 0.09c
	13.89 ± 0.13b
	15.76 ± 0.12a

	WG (g)
	9.10 ± 0.09d
	9.99 ± 0.13c
	12.81 ± 0.10b
	14.67 ± 0.13a

	WG%
	830.29 ± 1.29d
	913.16 ± 2.04c
	1185.93 ± 2.51b
	1345.69 ± 2.47a

	SGR (%)
	2.23 ± 0.04d
	2.31 ± 0.02c
	2.55 ± 0.01b
	2.67 ± 0.03a

	Nutrient utilization parameters

	FCR
	2.57 ± 0.03a
	2.22 ± 0.02b
	1.85 ± 0.01c
	1.49 ± 0.02d

	PER
	1.08 ± 0.02d
	1.26 ± 0.01c
	1.51 ± 0.02b
	1.87 ± 0.02a

	FI (g)
	23.38 ± 0.21a
	22.18 ± 0.27b
	23.69 ± 0.19a
	21.86 ± 0.31c


Data expressed as Mean ± SE (n=12, r=3); Mean values in the same row with different superscripts differ significantly (p<0.05).
C: Control diets (without red seaweed meal); T-1: Experimental diet with 2% of Gracilaria edulis meal; T-2: Experimental diet with 4% of Gracilaria edulis meal; T-3: Practical diet with 6% of Gracilaria edulis meal
IBW: Initial Body Weight; FBW: Final Body Weight; WG: Weight Gain; WG%: Weight Gain Percentage; SGR: Specific Growth Rate; FCR: Feed Conversion Ratio; PER: Protein Efficiency Ratio; FI: Feed Intake.
4.4. Survival rates
	In the present study on pacific white leg shrimp Litopenaeus vannamei with incorporation of various levels of red seaweed Gracilaria edulis meal in their diet to evaluate survival percentages were assessed and denoted (Table-5). A significant variability (p<0.05) was observed among the all experimental groups. The maximum survival percentage was exposed in elected shrimp fed diet group T-3 with value of 80.56%, whereas the lowest survival rate 63.88% was noticed in control diet fed group.
Table-5: Survival rate of Litopenaeus vannamei fed with different levels of red seaweed Gracilaria edulis containing diets at the end of research work period
	Treatments
	Survival Rate (%)

	C
	63.88

	T-1
	66.67

	T-2
	73.33

	T-3
	80.56



5. Discussion 
5.1. Proximate composition of Gracilaria edulis meal
The present experimental study disclosed the chemical composition of red seaweed Gracilaria edulis meal, which consisted of 16.86 ± 0.28% crude protein level, which is higher than the previous reports of 6.68 ± 0.94 mg g−1 dry weight basis (Sakthivel and Devi, 2015), 5.31+ 0.37% (Jayasankar et al., 2005), 14.26±0.88% (Debbarama et al., 2016), 14.83 ± 0.69% (Kalluri et al., 2025) for the same red seaweed of Gracilaria edulis, 2.4% in Caulerpa sertularioides (Porchas et al., 1999), 3.2% (Peñaflorida and Golez, 1996) in Kappaphycus alvarezii, 13.69%  in Gracilaria lemaneiformis (Niu et al., 2019). However, it is lower in crude protein than Gracilaria edulis (25.29 ± 0.67%) (Rosemary et al., 2019), Gracilaria heteroclada (17.3%) (Peñaflorida and Golez,1996), Gracilaria cervicornis (22.9%) (Marinho-Soriano et al., 2007), Ulva clathrata with 23.4% (Cruz-Suárez et al., 2009), Cryptonemia crenulata with 21.5% and Hypnea cervicornis with 19.6% (Da Silva and Barbosa, 2009). In addition, it comprised 1.14 ± 0.06% fats, which is less than Gracilaria edulis with 4.76 ± 0.73% (Rosemary et al., 2019), Gracilaria edulis with 1.91 + 0.55% (Debbarama et al., 2016), Gracilaria heteroclada with 1.8% (Peñaflorida and Golez,1996); but higher than Kappaphycus alvarezii at 0.6% (Peñaflorida and Golez,1996), Gracilaria cervicornis with 0.5% (Marinho-Soriano et al., 2007), Ulva clathrata with 1.0% (Cruz-Suárez et al., 2009), Cryptonemia crenulata with 1.1% and Hypnea cervicornis with 1.0% (Da Silva and Barbosa, 2009), 0.73±0.001 to 0.93±0.00% in Gracilaria edulis, Ulva lactuca and Sargassum sp. (Debbarama et al., 2016). Also it contained of 8.3 ± 0.19% fibre which is the lowest than Gracilaria edulis at 10.38 ± 1.04% (Kalluri et al., 2025), Gracilaria edulis with 63.175±0.46% (Debbarama et al., 2016); in contrast higher than Kappaphycus alvarezii with 5.9% and Gracilaria heteroclada with 4.6% (Peñaflorida and Golez,1996), Ulva clathrata with 4.6% (Cruz-Suárez et al., 2009), Ulva clathrata with 0.6% (Cruz-Suárez et al., 2008, June). In present study Gracilaria edulis comprised of 22.86 ± 0.21% total ash, which is higher than Gracilaria edulis at 8.7% (Sakthivel and Devi, 2015), Kappaphycus alvarezii with 18.1% and Gracilaria heteroclada with 21.7% (Peñaflorida and Golez,1996), Cryptonemia crenulata with 13.7% and Hypnea cervicornis with 13.7% (Da Silva and Barbosa, 2009), Caulerpa sertularioides with 2.2% (Porchas et al., 1999), Ulva clathrata with 4.5% (Cruz-Suárez et al., 2008, June). And finally selected red seaweed Gracilaria edulis consisted of 41.59 ± 0.43% nitrogen free extract which is the highest than Gracilaria edulis with 101.61 ± 1.8 mg g−1 dry weight basis (Sakthivel and Devi, 2015), Gracilaria edulis with 4.71 ± 0.60% (Rosemary et al., 2019), Hypnea cervicornis with 41.5% (Da Silva and Barbosa, 2009), Ulva clathrata with 3.5% (Cruz-Suárez et al., 2008, June); but it is less than Kappaphycus alvarezii with 72.3% and Gracilaria heteroclada with 54.6% (Peñaflorida and Golez,1996), Gracilaria cervicornis with 63.1% (Marinho-Soriano et al., 2007), Cryptonemia crenulata with 44.9% (Da Silva and Barbosa, 2009). However, these difference in crude protein level may be due to the seasonal, geographical location, habitat and nutritional variations (Pereira et al., 2024).
5.2. Growth performance and nutrient utilization
	The final body weight 15.76 ± 0.12g, weight gain percentage 1345.69 ± 2.47% were ascertained in the group fed with 6% of Gracilaria edulis meal, which is higher than final weight 10.49 ± 0.90g and weight gain percentage 908.94 ± 33.58% of Penaeus monodon with 3% incorporation of Gracilaria lichenoide in prepared diet (Tian et al., 2024). 

	The highest weight gain of 14.67 ± 0.13g was demonstrated in test fed diet of T-3, which contained of 6% Gracilaria edulis meal, which was higher than the final result obtained by Jasmanindar et al., 2018 that they have gained the highest weight gain of 4.31±0.80g of experimental animal Litopenaeus vannamei with administration of 2g of Gracilaria verrucosa extract in the candidate shrimp diet for 42 days of study duration. Also they exhibited weight gain percentage and specific growth rate values of 64.10±11.99% and 1.17±0.18 which were lowest than the higher values of 1345.69 ± 2.47% and 2.67 ± 0.03%, which were resulted with 6% incorporation of Gracilaria edulis meal in present work. The highest weight gain and specific growth rate including better feed conversion ratios with 6% gracilaria edulis in pacific white leg shrimp feed in present study were supporting by the results of Shapawi et al., 2015 with same results with inclusion of Kappaphycus alvarezii at 6% in the experimental diet of Asian seabass (Lates calcarifer).

	In the research work of Niu et al., 2019, they have reported the highest final body weight and weight gain percentage with values of 6.58 ± 0.07g and 921 ± 23.73% respectively with 2% inclusion of Gracilaria lemaneiformis in the diet of Litopenaeus vannamei, which were lower than the values 15.76 ± 0.12g and 1345.69 ± 2.47% respectively of the present work with 6% incorporation of Gracilaria edulis meal in the diet of Litopenaeus vannamei; and also they denoted higher specific growth rate and protein efficiency ratio values of 4.15 ± 0.04% and 2.73 ± 0.02 respectively with 2% inclusion of Gracilaria lemaneiformis in the diet of Litopenaeus vannamei, which were higher than the values of 2.67 ± 0.03% and 1.87 ± 0.02 respectively of the present work with 6% incorporation of Gracilaria edulis meal in the diet of Litopenaeus vannamei.

	All the treatments including control of the present study, which were added various levels at 0%, 2%, 4% and 6% of Gracilaria edulis meals in the diet of Litopenaeus vannamei were significantly consisting higher final body weight, weight gain percentage and specific growth rate with ranges of 10.20 ± 0.11g to 15.76 ± 0.12g, 830.29 ± 1.29% to 1345.69 ± 2.47% and 2.23 ± 0.04% to 2.67 ± 0.03% respectively, than the values ranges of 3.24g to 4.77g, 190% to 332% and 1.52% to 2.09% respectively which were resulted with administration of red seaweed extracts of guar gum (G10), carrageenan (C10) and xanthan gum (X10) at 10%, and other three diets (G5C5, C5X5 and X5G5) were contain mixture of two different extracts at 5% for each in the diet of sea cucumber, Apostichopus japonicus for the period of 84 days (Won et al., 2018). In addition the higher final body weight, weight gain percentages and specific growth rate with 6% graded level of Gracilaria edulis were similar to the research study of Seyedalhosseini et al., 2024 who reported higher final weight, weight gain rate, and specific growth rate with administration levels of 6%, 9% and 12% of Gracilaria and Sargassum mixtures in equal amounts for 8 weeks in the diet of Sobaity seabream (Sparidentex hasta).

	The highest total biomass in the term of final body weight (15.76 ± 0.12g) was expressed with incorporation 6% Gracilaria edulis meal in pacific white leg shrimp Litopenaeus vannamei diet in present study, similar out come of the highest total biomass revealed with the diet containing 3% and 5% Kappaphycus alvarezii and 10% Gracilaria heteroclada of juvenile tiger shrimp, Penaeus monodon (Peñaflorida and Golez, 1996); also higher specific growth rate 2.67 ± 0.03% was found in 6% Gracilaria edulis meal diet fed group, which supported with result of Peñaflorida and Golez, 1996 with high specific growth rate in Penaeus monodon with 5% Kappaphycus alvarezii. In an other work higher final body weight and weight gain were determined with Litopenaeus vannamei shrimp fed with 2% and 3% Gracialria lemaneiformis, but lower feed conversion ratio with 3% Gracialria lemaneiformis which results were similar to results of present work (Yu et al., 2016). 
	The lowest feed conversion ratio was denoted with value of 1.49 ± 0.02 in present study with inclusion level of 6% Gracilaria edulis meal in Litopenaeus vannamei diet than the other treatments including control, which was also lower than 1.79, 1.82, and 2.04 with addition of 39%, 26% and 13% incorporation levels of Hypnea cervicornis and Cryptonemia crenulata individually in the diet of white shrimp Litopenaeus vannamei (da Silva and Barbosa, 2009), and similar result of feed conversion ratio was determined in the research work of Peixoto et al., 2016 with inclusion of Gracilaria spp., Ulva spp., or Fucus spp., at 2.5 or 7.5% levels in the diet of European seabass (Dicentrarchus labrax) along with protein efficiency ratio (PER: 1.5–1.8), which was almost equal to the PER value of  1.87 ± 0.02 of present work with administration level of 6% Gracilaria edulis meal in the diet of Litopenaeus vannamei.

According to Hashim and Saat (1992), inclusion of Gracilaria sp. above 10% has been shown to impair growth performance in species such as striped snakehead (Channa striatus), likely due to increased nutrient leaching and reduced feed integrity. Similar statements revealed by Valente et al., 2006; Peixoto et al., 2019; Soler-Vila et al., 2009 that inclusion rates above 10% reduced growth and nutrient digestibility in carnivorous fish like European seabass (Dicentrarchus labrax) and rainbow trout. Additionally, some species, such as Porphyra dioica, when included at 10% or 30% in aqua feed, have been linked to stable FCR but suppressed growth in Nile tilapia (Oreochromis niloticus) and rainbow trout (Oncorhynchus mykiss), likely due to imbalanced nutrient composition (Silva et al., 2015; Pereira et al., 2012).
5.3. Survival rate
The highest survival percentage was observed in Litopenaeus vannamei fed diet group T-3 (6% Gracilaria edulis meal) with value of 80.56%, whereas the lowest survival rate 63.88% was noticed in control diet fed group, which was higher than survival rate at 48–56% of juvenile Penaeus monodon fed diet comprised of up to 15% inclusion of Gracilaria meal (Briggs and Funge-Smith, 1996); also higher than 72%, 74.5%, 73.3% and 68.9% survival rates in 10% inclusion of carrageenan; guar gum (G), carrageenan (C) and xanthan gum (X) of  three diets (G5C5, C5X5 and X5G5) contain mixture at 5% for each in the diet fed groups of juvenile s ea cucumber, Apostichopus japonicus (Won et al., 2018); and similar result was found in shrimp fed with 2% Gracilaria lemaneiformis diet (Yu et al., 2016), but lower than the value of 93.3%–100% for Litopenaeus vannamei which had been fed diets consisting the hot-water extract of Gracilaria tenuistipitata (Sirirustananun  et al., 2011).
6. Limitations of the study
	This study reveals that Gracilaria edulis meal can be utilized up to 6% incorporation level undoubtedly, which will highly supports the growth and survival without hamper the health conditions in shrimps, but in some studies showed that exceeding of inclusion levels more than 10% exhibited the impairment in growth, deducted the survival rates and exposed the adverse effect on growth, nutrient utilization and health status of aquatic animals. Identified that limited literature available on growth and survival of specific selected shrimp species Litopenaeus vannamei and no or insufficient data available on usage of Gracilaria edulis powder specific in pond culture systems of shrimps, in view of this further more research works to be done on utilization of Gracilaria edulis meal to increase usage of seaweed meals as alternative feed ingredients to costliest fish meal, soybean meal etc., to reduce the feed cost and gain more shrimp production with low cost feed ingredients.
7. Conclusion

	In the present research study with administration of graded levels at 2%, 4% and 6% of red seaweed Gracilaria edulis meal in the diet of pacific white leg shrimp Litopenaeus vannamei to assess the growth and nutrient utilization along with survival performances, the results were revealed that 6% incorporation level of red seaweed meal shown the positive effect in the form of increment mode of growth parameters such as final body weight, weight gain, weight gain percentage and specific growth rate and efficient nutrient utilization viz., feed conversion ratio and protein efficiency ratio along with good survival rate compare to other treatments. In view of this it is concluded that red seaweed Gracilaria edulis meal can be included in the diets of Litopenaeus vannamei ut to 6% for the hike of shrimp production which may not cause for adverse effect on health of shrimp and environments of culture locations.
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