



Review Article

A Comprehensive Review on the Role of Mineral Mixture Supplementation in Shrimp Farming 
Abstract 

The inclusion of mineral mixtures through supplementation is critical for improving growth, health, and productivity of shrimp within aquaculture systems. Also, highlights the significance of macro and micro-minerals as it pertains to shrimp physiology, specifically in the areas of exoskeleton development, osmoregulation, and immune response. We will also examine the potential effects of supplementation on growth performance, chomping behaviours, shell quality, and disease organisms. The authors review the different methods of supplementation, including dietary inclusion and water enrichment, and identify a series of challenges in bioavailability, over supplementation, and environmental considerations. The review closes with some recommendations for future research to increase the efficacy of mineral supplementation, and emphasizes the importance of administering mineral supplementation based on the specific conditions of the pond and species being supplemented. As the review highlights, sustainable production systems of shrimp must combine technology with sustainability principles. 
The aim of this review is to explore the effectiveness of mineral mixture supplementation for shrimp farming, including shrimp growth and survival, physiological function, immune response and general health. Mineral supplementing provides critical minerals to shrimp for optimal growth, molting, osmoregulation and immune response. Management of both the diet and water supplied to shrimp farms through the use of mineral supplementing increases performance and ability to resist stress when the farm is managed as an intensive aquaculture production method. Therefore, providing shrimp with the optimal and balanced amount of dietary minerals through supplements or other forms is vital to sustainable production of shrimp through aquaculture methods.
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Introduction 
Shrimp farming is an industry around the world that helps support economic growth, while also meeting the growing demand for seafood. However, the industry has challenges in optimizing growth, health, and disease resistance in farmed shrimp (Emerenciano et al. 2022). The use of mineral mixture as supplement is important for achieving these goals, as it is essential for achievements of shrimp's metabolic processes, exoskeletal development, and the ability to tolerate the environment (Truong et al. 2023). 

Minerals are important organic substances and play a vital in tissues of an animal body. They are used as the building blocks of animal bones, teeth and exoskeletons, and are essential for maintaining a various of metabolic processes (Li et al. 2020). About twenty minerals are necessary for physiological processes in shrimp, which can be classify into three categories: macro, micro, trace minerals. The main macro minerals that are needed in larger amounts in feed and water are: Calcium, Phosphorus, Magnesium, Sodium, Phosphorous and Chlorine. The following microminerals are needed in smaller amounts: Copper, Cobalt, Iron, Manganese, Selenium, Iodine, Molybdenum, Zinc. There are trace minerals (Arsenic, Mercury, Vanadium), which are needed in tiny amounts (Sharma et al. 2023).
Shrimp minerals have not been a major research focus. As previously noted, shrimp grown in large systems often rely on substrate, minerals in their water, and whatever diet is provided (Koshio and Davis, 2011) instead of needing to supplement with minerals (Piedad-Pascual, 2020). However, intensification is changing this situation and it is now necessary to supplement shrimp with minerals. Production is being intensified and production is being optimized to produce significantly more rapid growth, higher stocking density and biomass, and shorter production cycles. Appropriate mineral enrichment for primary productivity causes a faster and more regular moult, improves production, improves the moult process, reduces osmotic stress and maintains regular structure of the intestine, gills and hepatopancreas of shrimp (Jaffer et al. 2024). This intensification of the shrimp culture system has increased the value of understanding minerals - requirements of cultivated shrimp (Truong et al. 2023). 

Shrimp production is often limited by the water's physico-chemical characteristics. However, due to either natural or anthropogenic influences, salinization and groundwater has been degraded and this has further reduced productivity and fertility and thus is a potential threat to shrimp in the most parts of India (Antony et al. 2015). The affected water reserves can potentially be used for the cultivation of fish and shellfish. Inland culture of primarily Litopenaeus vannamei is gradually becoming more prevalent in some areas of India. Marine shrimp farming usually utilizes coastal waters that have salinities ranging from 15 to 40 ppt. However, white leg prawns can now be successfully cultured using low to medium saline (0 to 10 ppt) inland water (from rivers, irrigation drains, etc.) (George et al. 2017). Furthermore, while there are multiple sources of water with varying salinities that can be used in shrimp culture, their ionic compositions vary as well. This inland low saline water will require additional mineral supplementation to achieve any reasonable productivity as described previously (George et al. 2017). Physical and chemical conditions of the water greatly influence shrimp development. In fact, mineral supplementation via water is more efficient than modifying the diet (Muralidhar et al. 2016). However, the costs of ionic modification in water can be a lot for large culture areas. The ionic profile will probably have more impact on shrimp physiology than just a shift in salinity.
The main distinction between seawater and river ground low saline water is ionic concentration. Inland water contains a very low concentration of potassium, high levels of calcium, and highly variable magnesium compared to natural seawater. Potassium is the dominant cation, and it plays an important role in activating the Na+-K+ ATPase Pump. Magnesium is another critical mineral that is important for normal crustacean survival and growth. Supplementation of these minerals is needed to achieve standard concentrations for salinity. Standard saltwater has 320–340 parts per million of potassium and 590–600 parts per million of magnesium (Davis et al. 2005). Ionic supplementation was effective at improving growth and normal survival of various marine species. The appropriate ratio of calcium (Ca2+) and magnesium (Mg2+) concentrations is very important for Litopenaeus vannamei.
Importance of minerals for shrimp growth
Minerals are essential organic compounds that are vital to an animal body. Calcium, magnesium, potassium and sodium are important ions that are critical to shrimp production (Araneda et al. 2008). These ions are a major component of bones, teeth and exoskeletons in animals and are key to metabolic process like osmoregulation, moulting and new shell formation (Atwood et al. 2003) in fig 1. The mineral profile of water is very important in shrimp culture. It is difficult to assess the true mineral needs for shrimp because the ionic makeup of the pond water is variable, as well as variations in available minerals for shrimp from the concentration of minerals in the water. The level of minerals must be similar to mud seawater diluted to the same salinity (Bhatnagar and Devi, 2013). An important factor of mineral ratios to avoid deficiencies or toxicity for pond water is the appropriate ratio of minerals. The calcium to magnesium ratio as well as the sodium to potassium ratio are also important in shrimp culture (Barman et al. 2004). Any imbalance in the correct ratios of minerals to avoid osmotic stress, reduce growth and survival of shrimp. The appropriate ratios of magnesium to calcium (Mg: Ca) and sodium potassium (Na: K) is 3.4:1 and 28:1, respectively.
Magnesium is a key element in the metabolism of lipids, proteins and carbohydrates, acting as a co-factor for several enzymes and enzyme complexes that are required for osmotic regulation in shrimp in lower salinity water (Davis and Galtin, 1996). Calcium is also an important factor in the construction of the exoskeleton and the hardening of the cuticle, which is absorbed from the environment with the help of the stomach or the gills. It is then transferred by the epidermis to the cuticle. Shrimp continuously moult over their lifespan, and, as they grow, they lose their shell regularly. Moulting either directly or indirectly impacts shrimp when considering metabolism, behaviour and reproduction (Nagaraju, 2011). Calcium ions are a significant contributor to shrimp growth and moulting and helps maintain homeostasis (Cheng et al. 2006). 

Magnesium and calcium primarily aid in contributing the hardness of water and to prevent diurnal pH swings in pond water. A majority of farmers in India culture shrimp in water from bore wells. Bore well water supplies calcium and magnesium at high concentrations, which accounts for the high hardness of water (Gopalakrishnan et al. 2011). If a higher concentration of calcium is absorbed by the shrimp, the minerals will deposit on the carapace and cause a delay in the moult (Gopalakrishnan et al. 2011). Jaganmohan and Kumari (2018) stated that mineral deposition on shrimp resulted in rough shell, stunted growth and higher mortality during culture. Potassium is considered an important intracellular cation, playing an essential role in osmoregulation in shrimp through the activity of Na+/K+ ATPase. Potassium ion in the water is absorbed by bottom sediments and potassium levels in water continues to decrease steadily as days of culture increase (Boyd, 2002). As it is absorbed by bottom sediment, high levels of potassium are maintained in the low-salinity water. Such a steep decline in potassium levels may not favour shrimp growth and viability at low salinities. Sodium is required for maintenance of acid-base balance and osmotic pressure, affects muscle contraction and has an important role in carbohydrate absorption (Boyd et al. 2016). Sodium concentration in saline groundwater is never a controlling factor in shrimp farming, but the ratio of sodium to potassium is important in shrimp growth. For shrimp farming in low-salinity inland environments, a Na+/K+ ratio higher than 30:1 is needed. Antony et al. (2015) noted the Na+/K+ ratio of 25:1 was optimal for shrimp farming at 5 ppt, while a ratio between 25:1 and 45:1 was acceptable at 10 to 15 ppt. The growth of shrimp is affected more by differences in the ratio of the essential minerals (Na, K, Ca and Mg). Generally, mineral deficiency arises in either presence of a lesser amount or not inappropriate. The mineral composition of water is also corelated to the pH. At a neutral pH, mineral availability is at its maximum (Sower et al. 2005). The shrimp farmers are required to check the water quality parameters fortnightly. Thus, the mineral supplementation in inland low saline water is necessary to maintain the culture medium at par inadequate mineral level to shrimp.
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Figure 1: Benefits of Mineral Mixture Supplementation in Shrimp Farming
Litopenaeus vannamei is commonly cultured in inland low saline water in several regions with poor mineral level, therefore external supplementation mineral is vital (Jannathulla et al. 2017). Salinity is the most important factor determining mineral composition. Water with high salinity contains more minerals such as calcium, magnesium, sodium and potassium when compared to water with low salinity (Rahman et al. 2020). The mineral composition of bore-well waters is location dependent and also dependent on the depth from which the water is taken. Bore wells in coastal areas have high saline waters (Suguna, 2020). Shrimp culture has extended to the country's interior saline areas, such as Rajasthan and Haryana, via groundwater. Groundwater in inland areas is lower in potassium and magnesium than that of coastal areas. The symptoms associated with mineral deficiencies in shrimp include anorexia and reduced feed consumption, reduced activity, body cramping, and white muscle in juveniles (Roy et al. 2007). 
Farmers rearing Pacific white shrimp, Litopenaeus vannamei, with inland low-salinity well waters (LSWW) face the challenge of raising shrimp in a less than ideal environment. Some inland waters suitable for shrimp aquaculture can have variable ionic composition (levels of K, Mg and Ca ions) and salinity based on the source (Boyd and Thunjai 2003; Saoud et al. 2003). While L. vannamei can tolerate a wide range of environmental salinities, the aquaculturist often has to deal dealing with ionic profile fluctuations in pond or tank water (Saoud et al. 2003) resulting in growth and survival reductions (Davis et al. 2005; Roy et al. 2007a). It may be possible to reconvene the low salinity impact by supplementing culture water with specific ions (for example, K and Mg) (McGraw and Scarpa 2003; Roy et al. 2007a). 
Potassium was supplemented to water at levels of 20 and 30 mg/L for assessment of mineral supplementation in an aqueous source (Veeranjaneyulu and Krishnaveni, 2018). Magnesium was also tested as a mineral with an aqueous source at concentrations of 40 and 80 mg/L. Across the 49-day trials, overall, the K-20mg/L had a total weight growth of Litopenaeus vannamei of 3.64±0.05g, followed by Mg-40 mg/L (3.30±0.05) in second and K-30 mg/L (3.28±0.07gm) in third (Davis et al. 2005).

Davis et al. (2005) noted that K shortages in water can be used in controlled laboratory studies using potash (potassium chloride). In aquaculture, commercial producers using inland LSWW are overcoming low K levels in pond water by adding muriate of potash and/or K-Mag (McNevin et al. 2004). Treated water can be wasted with the harvest or lost due to over flow in the rainy season, and even ions can bind with pond soil, decreasing bioavailability to shrimp (Boyd, 2007).

For optimal culture conditions in low salinity waters, the ionic profile must contain adequate levels and ratios of rather specific ions (Na: K, Mg: Ca, etc.). An ionic profile of full-strength saltwater would have a Na: K ratio of 28:1 (Roy et al. 2007a). Low-salinity water that is deficient in magnesium has been documented to increase respiration rates and decrease survival of juvenile shrimp (Roy et al. 2007a). Zhu et al. (2004) reported that Na: K ratios above 43:1 reduced shrimp activity and ultimately killed the shrimp either in 30 ppt or higher salinity. When an ionic profile in shrimp culture is poor, shrimp farmers often add K and Mg to the pond water (McNevin et al. 2004). Farmers from West Alabama have repeatedly stated it is their goal to maintain Na: K ratios below 40:1 in the pond water. Although adding minerals to pond water does help, it tends to be a very expensive option. Adding K and Mg is especially expensive if there are a few attempts to correct the ionic profile because some soils absorb a portion of the ions (Roy et al. 2009).

Several studies assessed the solubility of commercial chemicals for ionic imbalance in inland, low salinity prawn farms. Jones (1979) demonstrated muriate of potash is highly soluble in water. McNevin et al. (2004) also assessed K-Mag and muriate of potash solubility to correct the ionic profile in inland shrimp farm situations and with laboratory studies with saline waters (0, 1, 2, 4 and 8 ppt). According to Boyd et al. (2002), the application of muriate of potash (95% KCl is made of 49.8% K) to inland ponds in Alabama and Ecuador greatly increased shrimp growth and survival. Recently, regardless of salinity, large amounts of commercial mineral mixtures and mineral salts have been incorporated into P. vannamei culture ponds. Chaitra et al. (2017) evaluated the effectiveness of additional commercial mineral mixtures and mineral salts in shrimp. The suitable product can then be determined based on mineral requirements and additions can be made to culture ponds. 

In the market, there are many commercial solutions (potassium chloride, magnesium chloride, mineral mixtures, etc.) to ameliorate ionic ratio imbalances in pond water (Muralidhar et al. 2016). The CIBA-CMH Mineral Kit is a portable device created by CIBA, field-tested to provide 95% accuracy with a small quantity of water sample, that can quantify calcium, magnesium and hardness levels in any salinity of pond waters. This kit is user-friendly and the reagents have a longer shelf life. According to CIBA studies, while altering mineral administration frequency, there is no significant impact on P. vannamei production.
The AQUALAABH® Mineral mix/Feed Supplement from Agrocel helps to have the right balance of minerals to promote better growth and higher survival rate, reduce muscle cramps and white muscle disease and lower incidences of running mortality. The product contains: calcium (Ca+): 400 ppm, potassium (K+): 7%, magnesium (Mg+): 6%, sodium (Na+): 12%, sulphate (SO4-): 20%, and chloride (Cl-): 28%. The interaction effects of commercial mineral mixtures Aquamin® (AQMM) and Agrimin® (AGMM) supplemented diets and agricultural/aquaculture by-products on growth, survival, proximate composition and carcass mineralisation of freshwater prawns Macrobrachium malcolmsonii (H. Milne Edwards, 1844) has been scientifically demonstrated by Ramasamy et al. (2021). 
Conclusion 
Mineral mixture supplementation is a fundamental part of successful shrimp culture by providing essential benefits for growth, health and environmental adaptability. Mineral mixtures provide essential physiological requirements; it aids biological processes such as exoskeletal development or growth, moulting, osmoregulation and immunity, by supplying essential macro (calcium, magnesium, phosphorus) and microminerals (zinc, selenium) for optimal growth. Supplemental strategies that target specific mineral mixtures through water enrichment can aid shrimp survival in low salinity settings. Successful implementation of mineral mixes requires a delicate balance between maximizing shrimp productivity benefits and reducing environmental and economic costs. Mineral mixes serve as more than just a nutritional supplement; it is a tool that directly facilitates improved efficiency in sustainable shrimp farming with continued improvement of mineral mixtures. Continued improvements in mineral mixes and the application of them will lead to sustained productivity, while providing a means to protect aquatic ecosystems with a viable economy.
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