


The Effect of Red Amaranth Flour (Amaranthus tricolor) in Moist Feed on the Growth of Sand Lobster (Panulirus homarus) Seedlings
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ABSTRACT

	Sand lobster (Panulirus homarus) is an export commodity that increases annually, along with increasing production levels. Therefore, to meet these needs, sand lobster cultivation must be carried out by maximizing the feed provided. This study aims to analyze the effect of spinach flour on moist feed on the growth and survival of sand lobsters. This study was conducted from June to August 2025 in Ekas Bay, Ekas Buana Village, Jerowaru District, East Lombok Regency, West Nusa Tenggara. The research method used a completely randomized design with 5 treatments and 3 replicates. The treatments used in this study were moist feed (A), moist feed + 4% red spinach flour (B), moist feed + 8% red spinach flour (C), moist feed + 10% red spinach flour (D), and moist feed + 12% red spinach flour (E). Lobster seed maintenance was carried out using 15-liter compartments hung on KJA frames with a depth of 2 m and a density of 10 individuals, and maintained for 54 days. The parameters of this study were weight and length growth, specific growth rate, and survival rate. The results showed that moist feed with added spinach flour had a significant effect on the absolute weight growth, absolute length growth, and specific growth rate of sand lobster seeds, but did not have a significant effect on the survival rate of sand lobster seeds. The treatment with moist feed at a dose of 4% showed good results in terms of absolute weight growth of lobster seeds, which was 1.50 g, absolute length growth of 1.78 cm, specific growth rate of 0.73%/day and survival rate of 88.9%.
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1. INTRODUCTION

Fisheries commodities are the most profitable commodities in the economic sector. Even today, Asia continues to contribute to global fisheries (Arumugam et al., 2020). Lobster is one of the fisheries products that has high value in the world because it has many enthusiasts. As a result, market demand continues to rise while global availability is limited. However, lobsters are mostly obtained from the wild to meet market demand. The harvesting of wild sand lobsters, followed by their cultivation until they are ready for sale, is a common aquaculture practice in Asia, particularly in Vietnam, and has also been developed in Indonesia (Nankervis & Jones, 2022). Indonesia, as a country with abundant natural resources, especially in the fisheries sector, has a great opportunity to participate in managing the global lobster farming industry (Priyambodo et al., 2020). According to the Data, Statistics, and Information Center of the Secretariat General of the Ministry of Marine Affairs and Fisheries, Indonesia's lobster export levels have fluctuated. In 2018, Indonesia's lobster export volume was 1,950 tons,  decreased in 2019 to 1,630 tons, increased in 2020 to 2,150 tons, and remained stable in 2021 at 1,950 tons. It then decreased again in 2022 and 2023 to 1,460 and 1,140 tons, respectively, before increasing in 2024 to 2,695 tons. This has led to an increase in Indonesia's export value compared to the previous year. In addition, the domestic selling price of lobsters is high depending on size, type, and season (Khoiriyah, 2023). Along with the increase in selling price and export production of Indonesian lobsters, it is necessary to cultivate lobsters to meet market demand and prevent the extinction of lobster populations in the wild. 

Sand lobster farming can be carried out in floating net cages. One of the obstacles in farming is feed. Small fish are commonly used as feed by lobster farmers, but small fish have several disadvantages that make them unsuitable as lobster feed. The use of small fish as feed in farming has been shown to have a negative impact on the environment. In addition, the use of oyster meat as feed results in a low feed conversion ratio (Rivaite et al., 2023). Furthermore, the availability of fish can vary from season to season, with prices that can increase (Diamahesa et al., 2022). Formulated feed contains sufficient nutrients to produce good growth in sand lobster seeds without causing adverse effects on the water (Sudewi et al., 2024). Therefore, alternative feed in the form of moist feed is used as sand lobster feed combined with red spinach flour. The use of red spinach has been proven to increase the weight growth of freshwater lobsters (Raharjo et al., 2020). This study aims to analyze the effect of combining spinach flour in moist feed on the growth and survival of sand lobster (Panulirus homarus) larvae.


2. MATERIALS AND METHODS

This study was conducted from June to August 2025, located in Ekas Bay, Ekas Buana Village, Jerowaru District, East Lombok Regency, West Nusa Tenggara Province. Sand lobster cultivation was carried out using floating net cages, with an experimental method using a completely randomized design (CRD) with 5 treatments and 3 replicates. The treatments used were: 100% moist feed (control) (A), moist feed + 4% Spinach Flour (B), Moist Feed + 8% Spinach Flour (C), Moist Feed + 10% Spinach Flour (D), and Moist Feed + 12% Spinach Flour (E). 

2.1 Research Procedure 

This research method used a compartment system that had been assembled with a size of 25 liters and a diameter of 30 cm as a research container, which was then hung on a floating net cage frame. Each compartment was labeled as specified. The layout of the containers, which had been randomized using a lottery system, and the containers used can be seen in (Figure 1).
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Figure 1. Layout of research containers and research containers

The sand lobster seeds used in this study were 3-4 cm in size and weighed 2-3 g. Ten sand lobster seeds were distributed per compartment. The lobster seeds used in the study were obtained from fishermen around the study site. The feed given during maintenance was moist feed combined with spinach flour according to the treatment. Feeding was carried out twice a day, at 8:00 a.m. and 5:00 p.m., with a feeding rate of 15% of the total lobster biomass weight.

2.2 Data Collection 

The test parameters used in this study were absolute weight growth, absolute length growth, specific growth rate, survival rate, and water quality. The length and weight of sand lobster seeds were measured every 14 days by taking 5 sand lobster seeds from each compartment as samples. Length measurements were taken using a ruler or vernier caliper with an accuracy of 0.1 mm, and weight measurements were taken using digital scales with an accuracy of 0.1 g. Water quality measurements were also taken, including temperature using a thermometer, pH using a pH meter, dissolved oxygen using a DO kit, and salinity using a refractometer. 

2.3  Data Analysis 
 
The data obtained was then analyzed using analysis of variance (ANOVA) at a 5% level. This analysis was conducted to determine whether the treatment had a significant effect on the growth parameters of sand lobster seeds. This was followed by Duncan's test if there was a significant effect. Meanwhile, water quality data was analyzed descriptively in tabular form.

3. RESULTS AND DISCUSSION  

3.1 Results

3.1.1 Absolute Weight Growth

Based on the results of the analysis of variance (ANOVA), the effect of using red spinach flour in moist feed had a significant effect (p<0.05) on the absolute weight growth of lobster seeds, as shown in (Figure 2).
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Figure 2. Absolute weight growth of sand lobsters fed moist feed supplemented with different percentages of spinach flour (A: moist feed without spinach flour, B: moist feed + 4%, C: moist feed + 8% spinach flour, D: moist feed + 10% spinach flour, E: moist feed + 12% spinach flour)

The treatment of feeding 100% moist feed (control) (A) was significantly different from feeding 12% spinach flour (E), but not significantly different from feeding 4% spinach flour (B), 8% spinach flour (C), and 10% spinach flour (D). The treatment of feeding 4% spinach flour (B) was significantly different from the treatment of 10% spinach flour (D) and 12% spinach flour (E), and was not significantly different from the treatment of feeding 8% spinach flour (C) and 100% moist feed (A). The treatment of 8% spinach flour (C) was significantly different from the treatments of 10% spinach flour (D) and 12% spinach flour (E), while the treatment of 10% spinach flour (D) was not significantly different from the treatment of 12% spinach flour (E).

3.1.2 Absolute Length Growth 

Based on the results of the analysis of variance (ANOVA), the effect of using red spinach flour in moist feed had a significant effect (p<0.05) on the absolute length growth of lobster seeds, as shown in (Figure 3).
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Figure 3. Absolute length growth of sand lobster larvae with moist feed supplemented with different percentages of spinach flour (A: moist feed without spinach flour, B: moist feed + 4%, C: moist feed + 8% spinach flour, D: moist feed + 10% spinach flour, E: moist feed + 12% spinach flour)

Treatment with 100% moist feed (control) (A) was significantly different from treatment with 8% spinach flour (C), not significantly different from treatment with 4% spinach flour (B), 10% spinach flour (D) and 12% spinach flour (E). Treatment with 4% spinach flour (B) was significantly different from treatment with 10% spinach flour (D) and 12% spinach flour (E), but not significantly different from treatment with 8% spinach flour (C) and 100% moist feed (A). The treatment with 8% spinach flour (C) was significantly different from the treatment with 100% moist feed (A), 10% spinach flour (D), and 12% spinach flour (E). 

3.1.3 Specific Growth Rate 

Based on the results of the analysis of variance (ANOVA), the effect of using red spinach flour in moist feed had a significant effect (p<0.05) on the specific growth rate of lobster seeds, as shown in (Figure 4).
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Figure 4. Specific growth rate of sand lobster larvae with moist feed supplemented with different percentages of spinach flour (A: moist feed without spinach flour, B: moist feed + 4%, C: moist feed + 8% spinach flour, D: moist feed + 10% spinach flour, E: moist feed + 12% spinach flour)


The treatment with 12% spinach flour (E) was significantly different from the treatment with 4% spinach flour (B) and the treatment with 8% spinach flour (C), and was not different from the treatment with 100% moist feed (control) (A) and the treatment with 10% spinach flour (D).

3.1.4 Survival Rate 

Based on the results of the analysis of variance (ANOVA), the use of red spinach flour in moist feed did not have a significant effect (p>0.05) on the survival rate of lobster larvae, as shown in (Figure 5).
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Figure 5. Survival rate of sand lobster larvae fed moist feed supplemented with different percentages of spinach flour (A: moist feed without spinach flour, B: moist feed + 4%, C: moist feed + 8% spinach flour, D: moist feed + 10% spinach flour, E: moist feed + 12% spinach flour)

3.1.5 Water Quality 

The results of water quality measurements, including temperature, pH, dissolved oxygen, and salinity during the study, are shown in Table 1.

Table 1. Results of water quality measurements during the study.

	Parameter
	Observation Range
	Reference

	Temperature (°C)
	28-29 
	23-32 (Sumiati et al., 2023)

	pH
	7-8
	7,6-8,7 (Amrillah et al., 2022)

	Dissolved Oxygen (mg/l)
	5-6,8 
	>4 (Junaidi & Scabra, 2023)

	Salinity (ppt)
	30-32 
	25-35  (Andrykusuma et al., 2022)



3.2 Discussion 

3.2.1 Absolute Weight Growth

The addition of 4% spinach powder to the feed resulted in the best growth because it optimized feed quality, allowing the lobster seeds to absorb nutrients in the feed optimally. This is in line with the statement by Lubis & Puari (2023), that the addition of spinach extract at a dose of 0.5 mg per 1 kg of feed can optimally increase the growth of sand lobsters, while the addition of higher doses of spinach extract in other treatments did not provide optimal growth. The addition of spinach flour can increase the absorption of feed nutrients such as protein as an energy source for lobster seeds. According to Raharjo et al., (2020), adding spinach to feed helps improve metabolism and maximize protein obtained from feed. This is due to the phytoecdysteroid hormone content in spinach, which is useful for helping form protein from the mRNA synthesis process, thereby accelerating protein formation by lobsters. 

In addition, phytoecdysteroid hormones also play a role in accelerating the molting process. According to Maudina et al., (2021), phytoecdysteroids are hormones obtained from plants, similar to the ecdysteroid hormones needed by crustaceans to molt. According to Rostika et al., (2024), molting is an activity carried out by lobsters to replace their old cuticle or shell with a new one. Molting indicates that lobsters are experiencing increased growth.

3.2.2 Absolute Length Growth 

The treatment of feeding spinach flour at a dose of 4% in the feed was well utilized by lobster seeds for length growth during maintenance. The results of the study showed that the length growth of sand lobster seeds increased faster than their weight growth. This is in line with the statement by Andrykusuma et al., (2022), who stated that lobster growth has negative allometric growth properties. 

At a spinach flour dosage of 12%, growth is thought to decrease due to the anti-nutritional compounds present in spinach flour. According to Puspitasari & Mahayana (2021), spinach can cause decreased growth if consumed in too high a dose because it contains oxalate compounds. These compounds can inhibit calcium absorption by binding calcium, thereby reducing the availability of calcium and iron needed by biota. According to Hastuti et al., (2024), calcium is a compound that plays a role in bone formation, maintaining acid-base balance in the body, and helping to harden the skin during molting. Lobster growth can be optimal if their calcium needs are met. In addition, spinach also contains tannins. According to Syamsunarno et al., (2019), tannins are compounds that can be used as a natural anesthetic for lobsters. However, if the tannin dose is too high, it can inhibit lobster growth. According to Amalyadi (2025), tannins can reduce protein digestibility by binding to proteins and can inhibit the performance of enzymes in digestion.

3.2.3 Specific Growth Rate 

The treatment of 4% spinach flour caused the nutrients in the feed to be well digested. Conversely, with 12% spinach flour, the nutrients in the feed could not be digested properly due to the anti-nutritional compounds s and saponins. According to Chrismonita (2021), saponins are compounds that cause increased membrane permeability, resulting in cell damage. This allows proteins to be absorbed quickly. However, if the dose is too high, it can have the opposite effect, inhibiting the growth of biota. According to Amananti et al., (2017), excessive saponins can damage the intestinal membrane and reduce the absorption of protein and other nutrients. In addition, saponins can also cause a decrease in appetite in biota.

Sand lobsters in the seedling phase have a high appetite because they need a lot of energy to be active. Hutabarat & Rachmawati (2015) stated that lobster seedlings have a high appetite, so they need more feed than adult lobsters. This is because sand lobster larvae are more active and therefore require more energy than adult lobsters. Appetite plays a role in the growth of sand lobster larvae during cultivation. Melinda et al., (2025) state that low appetite can cause reduced lobster growth and can cause stress. In addition, decreased appetite can also reduce the lobster's digestive process. 

3.2.4 Survival 

The treatment of moist feed with the addition of 4% spinach flour was optimal for the survival of sand lobster larvae, while in other treatments, the feed provided was sufficient for the lobster larvae to survive. According to Lubis & Puari (2023), feeding spinach leaf extract to lobsters through their feed had no effect on survival. This is also in line with the statement by Raharjo et al., (2020) that feeding spinach extract had no significant effect on the survival of lobsters when administered by injection.

According to Landman et al., (2024), the survival rate of lobster seeds can be affected when lobsters molt, as lobsters can die during molting. The survival rate of lobster larvae can also be influenced by environmental factors. Susanti et al., (2025) stated that environmental factors that can affect lobster growth include water quality, which is an important parameter that supports lobster growth and survival and can affect lobster metabolism.

3.2.5 Water Quality 

Water quality is one of the important factors that support life and growth during the cultivation of sand lobster larvae. The temperature and dissolved oxygen obtained during the study were optimal for the growth of sand lobster seeds according to Sumiati et al., (2023). Similarly, the pH obtained was optimal according to Amrillah et al., (2022), and the salinity was optimal according to Andrykusuma et al., (2022).

4. CONCLUSION
 
The treatment of adding spinach powder at different doses to moist feed had a significant effect (<0.05) on absolute weight growth, absolute length growth, and specific growth rate. However, it did not have a significant effect on the survival rate of sand lobster larvae. The treatment of adding 4% spinach flour (B) produced good growth results for sand lobster larvae, with absolute weight growth of 1.50±0.28 g, absolute length growth of 1.78±0.37 cm, and specific growth rate of 0.73±0.13 %/day.
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