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ABSTRACT 

The present study was designed to formulate and prepare a nutritionally balanced supplementary diet 

using the Pearson's Square method with the specific objective of enhancing growth performance and 

reproductive output in ornamental fish. It is an established fact that feed represents both the largest 

recurring expense and the principal biological driver of productivity in aquaculture. Therefore, the 

development of a diet with a precisely defined protein concentration provides an essential foundation for 

controlled nutritional research. A basal diet containing about 40% crude protein was formulated using fish 

meal and groundnut oil cake as a protein source, rice bran with wheat flour to cope up the energy need 

and vegetable oil with a vitamin-mineral premix added for nutritional balance. The Pearson's Square 

method produced a calculated crude protein value of 39.99% in the formulated basal feed. The feed was 

prepared through grinding, mixing, steam cooking, pelleting and drying. Proximate analysis following 

AOAC procedures showed that the analyzed crude protein content (39.72%) closely matched the 

calculated value confirming the reliability of the formulation method. The diet also contained adequate 

crude lipid, crude fiber, ash, and moisture levels consistent with ornamental fish requirements. These 

findings indicate that the Pearson's Square method is a practical and reproducible approach for developing 

cost-effective and nutritionally complete supplementary feeds using locally available ingredients for 

ornamental fish culture. 
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INTRODUCTION 

Feed constitutes one of the most critical determinants of aquaculture productivity, exerting a direct and 

measurable influence on growth performance, physiological health, and reproductive success in cultured 

fish species. The nutritional quality of a diet governs not only the rate at which fish gain weight but also 

the efficiency with which ingested nutrients are converted into body tissue, the robustness of the immune 

system, and the capacity of broodstock to produce viable offspring. For these reasons, the science of fish 

nutrition occupies a central position within the broader discipline of aquaculture research and 

development. 

The aquafeed industry currently ranks among the fastest-growing sectors of global agriculture, and its 

sustained annual production growth rates reflect the rapid expansion and intensification of aquaculture 

worldwide. As capture fisheries approach or exceed their sustainable limits, aquaculture has assumed an 

increasingly prominent role in meeting the global demand for aquatic animal protein, and this transition 

has placed corresponding pressure on the feed sector to deliver diets that are simultaneously effective, 

affordable, and environmentally responsible. Because feed accounts for a substantial proportion of the 

total operational costs incurred by aquaculture enterprises, reported to range from 40–60% (Kumar et al., 

2017) to as high as 70% (Musyoka et al., 2020), the development of nutritionally balanced, cost-effective, 

and environmentally sustainable diets represents a fundamental prerequisite for profitable and durable fish 
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farming (Tacon & Métian, 2015). Advances in fish nutritional science and feed manufacturing 

technologies have enabled the formulation of complete, species-specific diets capable of supplementing 

or entirely replacing natural food resources. Such diets, in turn, improve feed utilization efficiency, 

growth performance, health status, and overall production sustainability across a wide range of 

aquaculture systems (Sathyaruban et al., 2025). 

Feed formulation and preparation entail the systematic combination of diverse ingredients to produce 

mixtures that are precisely aligned with specific production objectives. This process demands an accurate 

understanding of both the nutritional composition of individual feedstuffs and the physiological 

requirements of the target species, since even minor deviations in the balance of key nutrients can 

compromise growth or reproductive outcomes. Among the various techniques available for this purpose, 

the Pearson's Square method stands out as a straightforward and extensively validated approach for 

balancing dietary protein concentrations. It facilitates the rapid computation of the optimal proportions 

between proteinaceous and energy-rich ingredients, thereby allowing researchers to achieve a target 

protein level with a high degree of precision (“Fish Nutrition in Aquaculture,” 1995). This method has 

been applied in numerous aquaculture feed formulation studies, including the preparation of 

isonitrogenous diets for African catfish (Emmanuel et al., 2022), and it remains a favoured tool in 

research settings where transparency and reproducibility are paramount. 

In the present study the fish diets were formulated using the Pearson's Square method and were designed 

to achieve a crude protein level of approximately 40%. The prepared diet was processed under 

standardized conditions and subsequently subjected to proximate composition analysis following 

established AOAC protocols (Horwitz & Latimer, 2006). By verifying that the analyzed nutrient profile 

corresponded closely to the calculated formulation, the study sought to confirm the reliability of the 

preparation procedure before its application in biological trials. The formulation of these supplementary 

diets therefore establishes the essential nutritional foundation upon which subsequent investigations into 

the growth and reproductive performance of ornamental fish can be constructed. 

 

MATERIALS AND METHODS 

Ingredient Selection and Rationale 

The selection of appropriate dietary ingredients constitutes a fundamental prerequisite for formulating 

nutritionally balanced feeds that adequately satisfy both the macronutrient and micronutrient requirements 

of ornamental fishes. Because no single feedstuff can supply the full complement of nutrients required for 

optimal growth and reproduction, a judicious combination of animal- and plant-derived ingredients was 

  

  
Figure 1. Protein rich ingredients used in diet formulation: (A) fish meal and (B) groundnut oil 

cake. 
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https://jenni.ai/citation?d=z%3AzVZNj9tEGE6rUvWGxAU4IM2BSgnaZG1v0mR7AG0XFm1paUUDPU%2Fs1%2FZsxjPuzDjZ9NSKGzdu%2FJW9wT%2FhF8CpJ4TEM2MnXfohJA6IlZK1Z%2Bb9et7neSfPL3pXc21EIdTVbK3N8qL3XskX1hmeus21x%2FNSWGZdk20YrbhsuCPLXElMNc4IUo41TkjxlDuhFeMqY4XRa1eymgz8VlylxHTOjnIjUq5Yyl0ubMn6x5IbwS0r8I9qoRo7YDlljEtHRsHdiuBOVFyy2mhHAra6qrUVjlhFWIZ7Nk5Yxjd2xOZI6ZV9JN6uwCsyyIkjbxP29thCap11zyiA14J3b76GiheFdq0b4mnJEJ2zZHLT51Jr44sdsROfo7BaCWd0QUo3lmWCnGX9ebzH5gk%2BB%2FiMW6fzyQAJKceFEqpg4%2BgmS02T0a6%2BNRnyVVWNBMwZWwvg6LF%2BpTBDteSp9xGgDGvcMe8P7o2WPv5gL%2BTbnyd4mmCvPz%2FA0zSsjQchoziKbvZ9WoZsTanHXG5aLNckitKhO0Lt7RIUSH5JL98pz0UKEqQbZjwB2jq9K4GNLROwBZhUqMSH30bGWiob63kjCZFtC4AC8FYUyrvgyskNMM1z7IBrudFVh0hbqIfbNwIw2MasBCiKeKoAegtyayLFDqPhIaLuwCxRGFl3uUJPjzgaTaYF0wtLZgXzLuE3JdoidEI4hTxWZMJWQICtPJ1fBu%2FHo3jaVjw6mA5aS6DdSLAkVNOCtAd6wuySljost0V1CNlSr71IkDLicilZ4XncIY0yfM6BFV3%2BdA4higrgwUkgZ%2BvYeV0LlQHjVtEg0BuohkOc1ei2cmLHPPLugvxe8q8L19IfebwubxxGX4zEtx3BS0oWyvwc4YskSm4No2nVqYPMqcr1Re%2Bdgjeu1MY%2Bk6KqMY9O8NEmi0azWySsbegqOeEknR%2Beqm5qaIVk7uoGLzLMnScNT4F2A2b5uj1VyGzYo8BbsvlKy6aiG%2FUu9j0NSLS56F0RNS%2FoG88mDEnQ0Vj3ECsf3Col7x5vy8BEsWhgYr%2FHuUzxyp%2FPc14JuSm%2FqDADG5JUQF2qfnBGay2JHS2FknpDGVhMvdftigeyOROVaM2enHBUoJ1gW3dvs1sel0ZYNEvxsrXNT8tGZU1rkJfcPszyF6nI7EXvWpppcf4hqB9PDybJfjKeTIazcRSNIvxNZ5mwC%2FUM31Y9F7vNUtcEdOl8%2BXiczJLDaRwfJDj0gL84C10JTT1DU5NhNBkmM8CligZwLUgtQX50J6VvjTz%2FtHSutrf399fr9agmMo7S8mndLKSnJXppR9oU%2BxzzNpVk90%2FvHp08Gs6G8XQ2qrO8sM3CbWpf%2FbI7M8frFRiSzr8Cuy8vExQgNzgrU9A7u7M51o1y152hMFxSyh7j%2BrNh9d2OVz99%2Fe9uueN%2FuuUwJjZ%2BgHey9oLZCe%2B%2B11P%2F%2BP7Ai%2Bqy4vwlBq9eb7nTtUg94a7nma5AXBS2EBmPAx%2BqeyKnHccpFyBMe2ARtyfOPz4qkGtQhr8%2BUNIdoaUukL%2FcWcIgn8fReBK1Rn%2BTU8BmB8iXARCyqTb0x2e%2F%2F%2FnDr71er0SHLgXPYvgKnrR3hNZsI%2F0ndRzMDpPW6KNteOn9eyPI2A%2F%2B0OBdET%2BWz%2F53RSTTpDP65D5%2Bt6mCMwgbEQz3Fwtxg58r3gOv652MthX99v4vP7%2BxorhtcPUQUnXbiJkX1420gVIHW6ViYARNvnVmLP2PyO%2FaO%2FHKXw%3D%3D
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employed to meet these dietary specifications in a complementary manner. Fish meal and groundnut oil 

cake (GOC) were selected as the principal protein sources (Figure 1A-B), owing to their elevated protein 

content and favourable amino acid profiles, which together provide the essential amino acids necessary 

for tissue synthesis and physiological maintenance. 

Rice bran and wheat flour served as the primary carbohydrate and energy substrates (Figure 2A-B) 

supplying readily available energy that spares dietary protein for its intended anabolic functions.   

 

   
Figure 2. Energy rich ingredients used in diet formulation: (A) rice bran and (B) wheat flour. 

 

Vegetable oil and a vitamin-mineral premix were incorporated to supply the essential fatty acids and 

micronutrients required for normal metabolic and physiological function (Figure 3). 

 
Figure 3. Supplementary ingredients used in diet formulation: vitamin-mineral premix and 

vegetable oil. 

 

In addition to its nutritional contribution, wheat flour also functioned as a binder that enhanced pellet 

stability and water durability during feeding operations, thereby reducing nutrient leaching and feed 

wastage in the aquatic environment (Bhilave et al., 2010; Tacon et al., 2009). 

Diet Formulation Using the Pearson Square Method 

The supplementary diet was formulated to contain approximately 40% crude protein, a concentration 

deemed adequate for optimizing both growth and reproductive performance in the majority of ornamental 

fishes (Council, 2011; Ghosh et al., 2007; Mandal et al., 2011; Sathyaruban et al., 2025). To achieve this 

target with precision, the Pearson's Square method was employed to formulate a nutritionally balanced 

https://jenni.ai/citation?d=z%3AzVfNbhxFEF6bgLghbgEh0RJwi8ezu%2FbajoSStcFJIA7GNonErWe6Zqbjnumhf3a9OZnwCLwAVw48gA9ISLwEEk%2FABS65ceHrmV17cWwMB6LI9trTU79fVX3VfnrSWcy0kbmsFsVYm8OTzpsFT6wzPHWTa%2BPh5v7B3nDr4Cbb0mVJJpVcySfcSV0xnTH%2BleepV84bYtIyWaWGuJVVzlxBTFDJK8Fg%2F2%2BCGZGwETswXMhgiCs1uREU7PQdK%2FiIWEJUsYRbEgzOeCVLrlhttCNZReyuHtOIzA0mPDGnWaqtg5BgfMSl4olU0k1wWlkpyDQB2xtMujZMGknHEwXNgjtWakRVK165mX1mfV0rKqlylo2lUoiGeQejTxAO3of02lhnDz7kFrHdeTOWcVhuzDfxUZZR6iSSg9%2FzOc37BDqwmRs9dkWTVfAVskHKNmDfZNRUgGXSFiErA7TNYZuV1qoFpay9C96I8TSlGkm3wEATZSm94g6Gg%2FWIDZkbk0JwY6JDRkc1GRmiYWNug2%2Fh0yCMSHPFLXJDTY3kwRGNuPIw1XiyNaUyk%2BksfsQK9%2F%2BURIaOIaPwaZtHQ7YYQ8u0yW05qnRdAEuICSiipEoh87Y1ziXSmBASUEPeBQwSWbUNEN5YPeEJNegLdKiWCnqI1Fei8hDnh6jivbaoNQIJNqzzYvJvNAEdau1DzwKV08BO2yWANwJo2gdE5wJr%2BhBFzIwuWTeO2Qdn7s7lFyy3Eg2UVTtC01dTM5dE19Y5tFaDa84xCYIVMsfsOZZoJDkmPGGS3NTHc85D417mHn2CDlLhN0Y40ECwzfbv7DWYKT1m21t7QEB5Qv80GNQoa5OTBkgoeEMOKnSrBYwfwXPei3uDpXithEMXQjb3qkyfdF7NuXeFNvZYSZhJ3TZ%2BtBFxFPdIWutpgZx0iupNqZXOZYo4t7XxZTbSype0WJ9avK9TDt2TzoKseU57HJ0GakQbG%2Bt2cXJ9q0DTt39%2BrIKekYmHiv0GcqLiZZDPMl5KNck3C3DQiCjHrFe0A1qIhNGKOhfKasvVTHY%2FYg8vlaUHXPDsTHJzKpkV3O6K7FkqhT3pXBPSJtUxPm31VMYba6tL3W4%2Flr3eysZSv9ffSEueP%2B6trm2sDLprg7jQNaGEdHT46OwQ2p%2FxZ48bGJsqPO7F3Xgp7uIbSFS5BxIJBtL6xE3qEOQhN06mig7wuICuIJ19Kisxf0wukD1kVSrRUpuTLfSnW3CGmmlNSTzCDrLtaVu8I7ozpRGyNUblCiq5gisuG6ooc7qWaSjma5nQJZoCUSZS8G5Tg%2FK%2BzIjtpzIEaSmTpEQrkHRbiaP3h7mR7Y5Dn4Ug59pupgmF7KAbr6zGrRIbzi3GBx5N1azWoN2mTTbF%2Bvjz1h%2B%2F%2FPBdp9MpAPecc9GFrcaSDoaA88zTi8mj3%2B%2B3Su%2FuECgjCA%2FbpbZrdNgX7HOPC4ObzNL4%2FVv308VpTA29PdWfOmpMfol1pnO0zQtIqdfvT0vz3qZ22NBBZA92uUnbVTzElsZpw9unae39ePvitAaNMbWttZh5EmFeXk%2B9UUe3C%2Bfqm8vLYRoskTmKpHVRbX1Ewi%2BPJI2FTpetL7HaJ7eElh9246iLr8FaL%2Br31tcPw53tYTsErzx%2Fl3vjIiIdnCfSxVMibWnzrcV3rmI4OuCQaJlIDVVCxrE7Efvkcprb%2Bfl7J%2FlURewAzktZ7i63M8HAnXtXstxxw2jd9ZXVtbWN9fXBHKOdHV7EaPHG%2F8No1w8upLTOlNK%2B2G7vAjlWH1oCd8yW02A23DAN7gG4M2fclGGpTge7vS3am%2BAwb1DURicsUG0b0phR2NcvK4X99uuz4%2F9CYXNzshLmxGJQxuNxlPJESIOLdKRNvjz7Z8UuhwXV7w021ntxVLhSzc9G5y8%3D
https://jenni.ai/citation?d=z%3A7VnNjxxHFV8bYuWAQAiQHBGS4tsWO7PdMzu7O1EQ8jq2Y2wnK48T54AENd3V07XTXdWu6p7dyckBJBBHLhGXKBISfwCcLHFA4s6FC0eUWw6ISyKQIhC%2FV9Uz3WPPxjiJUIRieXdneurjff7ee7%2F56b2N04k2ciLV6fhIm%2Bm9jS%2BkfGxLw6Ny%2FtjvLrDC6LHUpYzYGI%2BEkTxj9LFUm2yfRzLLKstsNS5lJu0mk1ZnvBQxS4zOWZkKJlUpbCmVYDphF6UxqVTYkuNSnnF27nmey6zU6vwmO%2BIWyyNtCm3cIVKxRNqUJQJveMkSXRkWyyQRRqiSRVpF%2BIu1UivLzg3YH19nYbDHIpFllk3e%2Bvkve5usfrq79ulO8zBkXMWL54PW6vC8%2BySBDKX2MthCRFJYUimTMzEW3Eg1YdoonkMi2Ijk3mQHGusyyZkRMGEF00DjAwE7Wui7%2FNQWqVC6gAov80woHK2UoBWvyCLV%2BG9gsRQCwf6wmIimIvNCtRfk3N2AV%2BeuVAq2N%2BchrWEatp9DQhZX3lSkhh5bYWbCuUjAoFFJysRSlNzMW163VVFkwinlttLuVEgDjbAorqIS%2BrNCGNyUc%2Fijy0byuJyzmTSIKlgth0rOUoJH6dJyR3AhAklDlZhZUXDyeDYnl0fSkCKGXb55wEquplCoPwjY9cYPJCfOkGXKZpCXbJ%2BJmYDDcE8jvPchbUKolEbDLYikLts3Wsfu8rbkLv7EjGeVC74xt%2FgNfSda8VhbncMCEQSMxTEsPLoK%2F8BulYol1HWSecs5o5Cpklp7Nl7e12W3YHAjbJVBAZvqI4qqFLH9gKFpNz50Si5VcglihBPNyomSiYy4KmG4cwfPBt1gcN55FNI9XDhb8CNFplv4iJYh%2FCa4kF4eCTlJXVjQXjiGZ5k7%2Ff4UoFj3iqkqHwtEHCJJcKQsTokF2dchwtx7nWdW3yd8BjuYRoUm72v96dbGrWQX6y%2BsrMOVFJLigBVAoOfNPsAFTqW4wa%2BYKV1CjiM%2Bt9AYkiIjViWSOfbNcP9Jcb443lkR%2BdxlFzUS1K3L5pv4TMLBZRXPV9xcR8QCNbCRjYUSicRHBJlwLxC1Fn%2FF7bXwlUOaNTloSz4RtpvxKBIW8fEconjSC3o7nWA3p%2FgHZgtzVSX63sZjE16VQA17N4OiAPbL%2BNEm7nW3h0JaW4nHAFhlJsoLdyqClbKC424KC5GjNJnprMrF2W8Vy2Ov64jjgHsbp2QBMW5yNRGoLbCnseUBnjxx%2Bkya8cXrz2YuIeW4wib7E6yMCTmpGiVUD%2BbiSqptKiZQTB2O0mqc8liIIkYOi401y0dSpdwvn1yAiBwpe8LaeMTTyi%2FNLqayBOBxdYhQdeuTlNuDOHknkrGFnaJYy2PUg26If1uH3bC%2FM%2Bj0wmDY7QXBbjcId4Y73eNY2rG6i99W%2FViG%2FcGgMxjsvoJX9eIo55PDcLgbbod7wbAHxBYKUXA8vd08xO4X%2BbuHzvjOd4d0Qyfod4IQllOTCpZDqORFNUapRbh7V55y6onbMhPzKYAFuRmJl0x2%2FEJaloV9ZmtLqwwuyuTYACq7R7SwG%2Bl8C6ptFXESS4Oo3XqYjhMq8vOCDDnlBjGZiVt4ewqhKnRyDbDYfowykmVzrM0iCTDdn1%2FUKEln3yiNcMU7EvFttBvWP%2F6aD7bjly4tK1GT7UiFE3NwWWDerwwnpS6QQoiyM0kMFJcKco1lzENnuvy6TAQbUdFF4iATRRb7BePQrzj%2BxoWJofKNLMCZhGr7Umd6ArDIljuxIbkVBtuDwG9i7dR5oUK0O1Si3VeMPkIGW7Q64r3v%2Ff3fP3hzY2MjhYFbl8chznInaTqILFHf9Oh69PxBx1%2B%2BmueVIsl9TbghI2dmelCLPwh2%2FNpOW3wEJ9UctBgKUUi2dfvzen%2FJl7r86xd%2FXaNLbzvou2MPGwn%2BJ%2B7o7yGz3KavLK
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diet. This method offers a straightforward and reliable means of balancing dietary protein concentrations 

by calculating the optimal proportions of protein-rich and energy-rich ingredients relative to a defined 

target value (Emmanuel et al., 2022; “Fish Nutrition in Aquaculture,” 1995). 

For the purposes of this calculation, fish meal (60% crude protein) and groundnut oil cake (44% crude 

protein) were categorized as protein-rich ingredients, whereas rice bran (13% crude protein) and wheat 

flour (12% crude protein) constituted the energy sources. The standard crude protein values for the 

individual ingredients were adopted from FAO feed composition tables (Table 1) to ensure consistency 

with internationally recognized reference data (Hasan & New, 2014). 

Preparation of Supplementary Diet 

The diet was prepared from fish meal, groundnut oil cake, rice bran, wheat flour, vegetable oil, and a 

commercial vitamin-mineral premix. All dry ingredients were finely ground and accurately weighed 

according to the proportions derived from the Pearson's Square calculations and they were thoroughly 

homogenized in a mechanical mixer to obtain a uniform blend. Careful attention to particle size and 

uniformity at this stage was essential since consistent mixing directly influences both the nutritional 

homogeneity and the physical integrity of the final pellets. 

Sufficient water was then added gradually until a homogeneous dough of appropriate consistency was 

achieved. All ingredients except vitamin -minerals premix were combined and kneaded into this dough to  

steam-cooked at 105 °C for 20 minutes in order to improve pellet binding and digestibility while 

simultaneously ensuring microbial safety (Figure 4).  

  
Figure 4. Steam-cooked basal diet following 

processing at 105 °C for 20 minutes 

 

Figure 5. Shed drying of the prepared 

supplementary diet pellets 

 

Following steaming, the vitamin-mineral premix was incorporated at approximately 1-2% of the total feed 

weight only after the dough had cooled, a precaution taken specifically to prevent the thermal degradation 

of heat-labile micronutrients that would otherwise be compromised by exposure to elevated temperatures. 

Pellets of 0.5 mm diameter were then produced using a hand pelletizer, air-dried for several hours (Figure 

5), and finally oven-dried at 60°C until complete dehydration was achieved (Mandal et al., 2011). This 

sequential drying regime was adopted to minimize surface cracking and to yield stable, storable pellets 

suitable for subsequent feeding trials. 

Proximate Composition Analysis 

The proximate composition of the basal formulated diet was analysed according to the standard 

procedures of the Association of Official Analytical Chemists (Horwitz & Latimer, 2006; Tacon et al., 

2009). The following nutritional parameters were determined: 

• Moisture content: determined by oven drying at 105°C to a constant weight. 

https://jenni.ai/citation?d=z%3AzVdNbxvHGabcJMitQC%2BND0EnQF1IhUjtLkmTzKGFrEStXDs2bLY%2BD3ff3R1xdmYzM0uKOTnNraf21r%2BiW%2FtP%2BgtSoEhORYE%2BM7ukaEdpkTYIIoASd3bez3me9xn9%2Frp3J9dGFELdydbaLK97Pyr5wjrDU7d548W8FJZZ12QbRisuG%2B7IMlcSU40zgpRjjRNSfMKd0IpxlbHC6LUrWU0GfiuuUmI6Z6e5ESlXLOUuF7Zkh2eSG8EtK%2FCHaqEae8RyyhiXjoyCuxXBnai4ZLXRjgRsdVVrKxyxirAM92yUsIxv7IDNkdJr75F4uwKvyCAnjrxNeHfMFlLrrPuOAngtePfka6h4UWjXuiGelgzROUvG93wutTa%2B2AE79zkKq5VwRhekdGNZJshZdjiPj9k8wWeIz6h1Oh8fISHluFBCFWwU3WOpaTLa1bcmQ76qqpFoc8bWAn30vX6tMEO15Kn3EVoZ1rhj3h%2FcGy19%2FKPjkO%2FhPMG3Md4dzof4Nglro6OQURxF9w59WoZsTanvudy0vVyTKEqH0xHqeJegQPJLunmmPBcpQJBumPEAaOv0rgRebJGAV2iTCpX48NvIWEtlYz1uJCGybRug0HgrCuVdcOXkBj3Nc7wB1nKjq64jbaG%2B3f4g0AbbmJUARBFPFejegtyaSLFZ1J8h6q6ZJQoj6%2FYr9PCIo8F4UjC9sGRWMO8Svi3RtkPnhF3IY0UmvAodYCsP55vgh%2FEgnrQVD4aTo9YS3W4kUBKqaZt0DHjCbI9LXS%2B3RXUdsqVee5IgZcTlUrLC47jrNMrwOQdUdPnTFYgoKjQPTgI4W8fO81qoDD1uGQ0A3QI1bOKsxmkrJ3bII%2B8u0O8Gf124Fv7I46v0xmaci5H4bQfwkpIFMz9A%2BCKJkvv9aFJ17CBzoXJ93Xuz4I0rtbEvpahqzKNzfLTJosH0PglrG7pDTjhJV7ML1U0NrZDMQ93gQYa583HDU3S7AbJ83R4qZDbsecAt2XylZVPR2%2FUu9iONlmhz3TsQNS%2FomUcThiTgaKx7ipV37peSd1%2FflwGJYtHAxH6GfZnild%2Bf57wSclN%2BWGEGNiSpALtU%2FeSS1loSO10KJfWGMqCYel%2B1K57I5lJUojX7%2BJyjAu0E27r7OrvlWWmExWEpXra2%2BUXZqKxpDfKS26dZ%2FmUqMnvdeyPNtLi6C%2BjHk%2BE4OUlG43F%2FOoqiQYSfyTQTdqFe4rdVn4rdy1LXhO7S1fLFKJkms0kcDxNsesK%2FvAynEg71Eoea9KNxP5miXapo0K4FqSXAj9NJ6bdGXv2idK6275%2BcrNfrQU1kHKXlJ3WzkB6WOEs70KY44Zi3qSR7cvHw9Px5f9qPJ9NBneWFbRZuU%2Fvql92eOR4PYEg6%2Fw3Qvb9MYIDcYK9MAe%2FsweZMN8q95QyF4ZJS9gLyZ8PqDztc%2Ffmj%2F03lzv6bymFMbPwA72jtCbMj3mPPp8Ozx0eeVPuM8yIGr55vudO1SD3g3sozXQG4KGwhMh4HPFSPRE47jFMuAJh2wyJud1z99LRAroEZXj5Q0gOhpS6Qv9xZwiCfx9FoHLVGr9Ap9GbXkF%2BFhpBNtaF%2F%2FvLv%2F%2FrD33q9XokT2guexfAVPGnvCEezjfSd1DGczpLW6N1teOn9eyPQ2A%2F%2BcMC7Iv5UvvzeFZFMks7o549xb1MFZyA2IhjuhYW4wXXFe%2BB1vaPRtqLPf%2FzXv9xaUdwecPUUVHXbiJkn19tpA6YebZmKgRE4%2BbUzY%2Bkvkb9rNfHgP14uD379FNwDuAfsOTQKKoS9mI4mG%2BzjbMA%2BxFQuwMgU97zHoPFCS2GrAftAFBDyLQDhV5u6vZk94jhK2d5RX6PsgD0wkEzrdLq82eCdkcPFhmoehBwrH2nV391yvbC14qjwiES8%2FHsGg5RdoplXOE%2FQVuWDoGMGNSgXlyq%2FH9rrV71Zq8HQZ7USRi
https://jenni.ai/citation?d=z%3AzVbBbiNFEPXuIsQRbhwbCaGN5DhjJ9msE1mrOMmGCJKgJMoeo5rumpl2erpnu3vs%2BBZA%2FAs3jihfwG9w58BlT3ChumccLLIguKAdjeyZ6uqq9151lf31XedxZqzMpX4sZsZe33U%2BLCB13gL38yeTi0I65pEXWnJQrIIKLbM4lTgje4GM19ai9sx58LVjJmNGr2ZgS5YhCqlzBlrEZ1aChhzL4C01g9c18Fr52mKPHXnGjfYgtWOwQgk14%2BCQotZCIoXV%2FxiuCmglJ0cO1kpaNHVM4nBKoRwq5J6s3NTa03rEuesksKeyh70uG4POFQh0RZftFVJDlx1pIenrogCpKGeXXUr07ATKlQhhN7OkyGL%2FQT6vfJcdFoRphZGgDGVekCoV8pAuRWU0aZwzb2i5toR%2BQl5BKMK1cCNUmSUQM%2FAkcyZ1Jl0R07kClQpv2%2FRoZVlFK%2FGeaddlJ1Ih84SzCpCpeLIKbMHf749sdJuVRKrcDksDE7pBzR1VmZKHglLWoPPinYrwoBohIPxpmkfCDzOEAkQre1rVqSIogSpWYImemrOVHcabWks9laE%2BUQcgT39%2FxtrKv73amTUleebSEIkIK1cmDecUbYjl5bSFKyJXM0Ubwi64Pjy8f59rJn1BQIlqCZ4SMhHEbyDEWEsKdaNlwWpBJeAwtBAaSJEEVL8gC5WJwjkFnNI4FPu0lA%2BSwbPVZKtsuwLtEWW%2B6zzKofaFse5WhRUr09rT2zfUxUJDiaGbMyilmuPn4ECTNNQA18emgLIEwc56whqFnYf%2B%2FARnjffkWPICULFx65wV4L4S2RsuhbvrvCekS%2FUtfTp9y0vI5bP1wfNhfytZL0yFVAi8mby6t5HfKbyZkHfdUJsMkv7GatKnu6DGymuSOkU6cHXq51VAdA2WJFd4Qa%2BPSBo02Rd0KJfN6EGpOfkqHiQez%2FdCZ3%2F8vbeYIZWUo3hFw8xF80fopSdUg9P%2FPJkybyrJ3bd3nfczYUqqBOVMpYB%2BlK%2F8UmbIzql3KaPDTKISjUPabzxuPt3NaVDEaO0RHUujTB7H6WInbcgu%2BoP1%2FrDZxF6Gvm0c53HTAW%2Bez5sDho4bi7%2B%2F%2BPW3%2FQ5dBYm3lFz0%2B8lGjGR2iQuptsj0v%2FBINjaTlkdI30rJTmo6r7Fzwu5Da2ZhvLQ8fvmOvXM8NjaSzWbTJ6EeGH844uxfYvXXgvzw489vJ9JK0j1E6mbK9W9wiNARH9CUUjc%2FFd5X22tr6TS1vVSmq%2FTQE7j9fDjsr718kdWaj1yYbhw%2Fg7LaEYZfKZlasPPR%2BHKc9KNVGQp%2FldKoWjIGV12XKdpRMtjaHA7pjgsOX9cBxygJ16CJQMPo3jtpI4TsV9wIHO2Pr84O9k7P9s%2FbCBHRVeAxOj7YP9q9Dn8yLmk800F48gc%3D
https://jenni.ai/citation?d=z%3AvVXNjhtFEPauBMqVA1JygUYgRETsnRmv7RgJoXizAeTdYMURuXBpd1fP1Lqne9I%2FXvsW4MBbIF7DN96IS26REDUzdliU%2BIZysDVT%2Br6qr37n523nWFmHOZpjeW3dctv5QHMhwHuQD3mAPEuyYTcZlcKawNGA%2B94ou%2B28l%2FMYCuv8C41lxUV4RD%2FrZNYbjAG9j3AMAYOGNXuEvmCzYuPRaptvGDeSTdCKAkr0wW3UyupYwu3Pq9cxLqzg5G3bOcKK5%2FCEmxxIKSp0PszIcuf460Lz%2FfN3umY6XEQi%2Bd8IKQ0va4ZSvES9UZcUlGvIcQWmnPOcO3ZWkM1x6ayGzpsUmNpCY8tQl71Zb947BBUPud8BZ84auzjoc44mL%2FYqLC54yaaFzYGEvJ1xdRkN6mUsudtFmMdlwcvDEbgreQuFKS%2B5PoRUE%2B4i34lRU%2B4CLlusKrifSfVSoPTbzvtCWlzfSZNemiSjE58mw%2FGgm6Rpdzzoj7t9iX5hXtC%2FN79gMs6Sbjo6zTAdjPrdQTq8L0qeX2VJcprdHwxHg8JWYKgT6%2BWzf42yKlEWWTpKE%2FqRrx%2F4y6tmiJoZJDqFS4bdbERNN3mkpi%2BoglVcaJqt%2FUgeNRmuP55XjsoMjs0FghHw5SR6Girv2SVI5LmPi7Cp6lIs66yFhqf0eoTWgFVTNPKmGQLXekNYLTCAnGzObDThVnCgwNXe5TPaGt9Yb3%2B0G%2Fnfz5UCEZhVjIJ5MsZAkpimWjMFINk1hoLR4pVRU4KyNVrDQgHMQeWsjCLU6ApcDeMUqVkc5Tbk061wxXXtf46UsyevmBdNDEUVuccmEAJnvtI0WmA8%2B%2BIJ5NzcY%2Bk4Te6qYCsU%2FldqrpK2pI2j%2FBYoedpUsLxABfvieVAIWraARdoi1p89yB2KqEN0JGO30LTcKOh1zySCepomp4OkJbEHzyNvScAeR9rXQDVv2N86e02pe2EdvPrmr79%2F%2BqPT6RRUuxvBZUq%2BGk%2B2dkQd2kd6J3lk%2FXS8y6M5aC2wvWbnon2ehyiRQv1fefQb2PPmdt5U9J9cshYVz80K6fqUQDf0NXTXg36Stdo%2FbbTv9dba6TLSOtWsN%2BS%2F%2BvDPt8jP%2BsmuEJ885k0vazcX9OcFr4CdWePBrSgxa2S9aLdEdHp9twih8l%2BdnNA56VmXnxy8KMv6O%2FQjOPpemKN%2FAA%3D%3D
https://jenni.ai/citation?d=z%3AnZVPbxtFGMadCCFuiBuVAM0BIZASe3f9J04lVDkhTVNiEqWBIG7j2Xd332R2xp2Zre2e0gJVD%2F0eVbmlIJDPfAmbcOHIPTcuvLubv60bJCTvejX7vDPzPvP8tI%2FHlflIG4xRzYcDbQ7GlfcS3rPOcOGGv25FEQrkkqXgEh1apiPGFZcji8VzZ6uzyjaUA6O4Q01v2AL7X0XTHydHf7yYvGTTR9Mnk%2BfTp5Oj42ds8nzy2%2FQHuo%2Fp%2BolNn14aYZOjyc%2BkfEI6qvylLJq8PH4muRBgLYRfcAdx4AWtRW8pFVo5jgrMhor0uPJWzDPanrGHEtM%2BdXubLm1Cr9quA1qbwRw4dBKGH3UhREG7XFNOp1rqeET9hOw7XTzLfGKDvYyqbe5nqHgKua8RT1GO4jvaDNA9hBgfgIr3UErkaWi0hMoM9WZnd6O7tlOqcX1ta2d9je1VS32UcLsdRicCQ0sthGh76pDuVj1GrxE0Fpe8dgsDv91cbLa8ZZHyeN9v1gOv7XkNP9F9ILdheLB3MUjVW%2Fxkv%2Bi4MGw%2F8DwyzKdfIrmKMx5DD1Taz3oSbXLm31yx8WHtLu9zxe5pgeBG%2BfFe71Zss54b9anjCjgu5YhalwIdhCujVZ0pd%2BOzv5yBCAwoAeEeRdIW4yQvTiM4j1f3Il6da%2BMVOd1HYR%2BNK29HoU4pBLRoD0NeL3q4v51Qbb7le9QErWohQpBhKeoFpSpbUw%2FQaJUCxehcSoJo1w8afqO048NVzW3%2BPm%2B5yw3ljf4UWZjXgRXawD%2B3%2Flz%2BllUqlYS8uLRSGNS9djnNJxc1C6yrFVK2UMULbFtLFKWhm3wQ5k7OiczI4aeJc%2F2btZrAqkKsclHd79cU5aS2suL77aC%2B1Axuyc9BHeSUfwPGkjV5%2Fl6h%2F91Z8LRehWf%2BHJ4SlRvzH1zB4PvXgw27nBRlrGVH9sA4tl5ld0%2BTPYOE7u8vHPLTkpDMFG%2BSwh1uz4TQrbKd%2F8TlsESj3WguLS23263LaJwPzkRj%2BXU0LjI9f8CNQyFhNz8Ychh09CWq8PLw7Ni%2Fv3tt6r%2B%2BDRAyioAhuigVtogA6R1KfEinyegcWcRNSjJ%2BP6PkC5JgyqW9yazODB1qUSN02tcWczKqbwTDLwxONzGC2VD4pWL4cSc2KDLpMnMa%2BhXMOb%2BCUwmJ12h6ZRHr0AbLImBfZZSafDdF9brRA5eccfL38cnhDE58mquYSecT5Z2erlTw8E7BQyPnwRIQg8GgKngvRAPCVbWJa2efN1sLPN%2BrB63lduBVE5fKK2z8Cw%3D%3D
https://jenni.ai/citation?d=z%3AnZVPbxtFGMadCCFuiBuVAM0BIZASe3f9J04lVDkhTVNiEqWBIG7j2Xd332R2xp2Zre2e0gJVD%2F0eVbmlIJDPfAmbcOHIPTcuvLubv60bJCTvejX7vDPzPvP8tI%2FHlflIG4xRzYcDbQ7GlfcS3rPOcOGGv25FEQrkkqXgEh1apiPGFZcji8VzZ6uzyjaUA6O4Q01v2AL7X0XTHydHf7yYvGTTR9Mnk%2BfTp5Oj42ds8nzy2%2FQHuo%2Fp%2BolNn14aYZOjyc%2BkfEI6qvylLJq8PH4muRBgLYRfcAdx4AWtRW8pFVo5jgrMhor0uPJWzDPanrGHEtM%2BdXubLm1Cr9quA1qbwRw4dBKGH3UhREG7XFNOp1rqeET9hOw7XTzLfGKDvYyqbe5nqHgKua8RT1GO4jvaDNA9hBgfgIr3UErkaWi0hMoM9WZnd6O7tlOqcX1ta2d9je1VS32UcLsdRicCQ0sthGh76pDuVj1GrxE0Fpe8dgsDv91cbLa8ZZHyeN9v1gOv7XkNP9F9ILdheLB3MUjVW%2Fxkv%2Bi4MGw%2F8DwyzKdfIrmKMx5DD1Taz3oSbXLm31yx8WHtLu9zxe5pgeBG%2BfFe71Zss54b9anjCjgu5YhalwIdhCujVZ0pd%2BOzv5yBCAwoAeEeRdIW4yQvTiM4j1f3Il6da%2BMVOd1HYR%2BNK29HoU4pBLRoD0NeL3q4v51Qbb7le9QErWohQpBhKeoFpSpbUw%2FQaJUCxehcSoJo1w8afqO048NVzW3%2BPm%2B5yw3ljf4UWZjXgRXawD%2B3%2Flz%2BllUqlYS8uLRSGNS9djnNJxc1C6yrFVK2UMULbFtLFKWhm3wQ5k7OiczI4aeJc%2F2btZrAqkKsclHd79cU5aS2suL77aC%2B1Axuyc9BHeSUfwPGkjV5%2Fl6h%2F91Z8LRehWf%2BHJ4SlRvzH1zB4PvXgw27nBRlrGVH9sA4tl5ld0%2BTPYOE7u8vHPLTkpDMFG%2BSwh1uz4TQrbKd%2F8TlsESj3WguLS23263LaJwPzkRj%2BXU0LjI9f8CNQyFhNz8Ychh09CWq8PLw7Ni%2Fv3tt6r%2B%2BDRAyioAhuigVtogA6R1KfEinyegcWcRNSjJ%2BP6PkC5JgyqW9yazODB1qUSN02tcWczKqbwTDLwxONzGC2VD4pWL4cSc2KDLpMnMa%2BhXMOb%2BCUwmJ12h6ZRHr0AbLImBfZZSafDdF9brRA5eccfL38cnhDE58mquYSecT5Z2erlTw8E7BQyPnwRIQg8GgKngvRAPCVbWJa2efN1sLPN%2BrB63lduBVE5fKK2z8Cw%3D%3D
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• Crude protein: estimated using the Kjeldahl nitrogen determination method, with the total 

nitrogen content converted to crude protein using the standard factor (N × 6.25). 

• Crude lipid: quantified by Soxhlet extraction using petroleum ether as the extraction solvent. 

• Crude fiber: measured by sequential acid–alkali digestion. 

• Ash content: determined by incineration in a muffle furnace at 550–600°C until a constant 

residue was obtained. 

The resulting proximate analysis served to verify whether the formulated diet satisfied the desired 

nutritional specifications prior to the commencement of any feeding trial, thereby ensuring that the 

experimental feed met the intended standards before biological evaluation. 

 

RESULTS  

Pearson's Square Formulation of the Supplementary Diet 

The supplementary diet was formulated to contain approximately 40% crude protein (CP) using the 

Pearson's Square method. Crude protein values for the individual feed ingredients were adopted from 

standard FAO feed composition tables (Hasan & New, 2014), and the ingredients together with their 

respective crude protein contents are presented in Table 1. 

Table 1. Crude protein content of feed ingredients used for diet formulation 

Ingredient Crude Protein (%) 

Fish meal 60 

Groundnut oil cake 44 

Rice bran 13 

Wheat flour 12 

Vegetable oil 0 

Vitamin-mineral premix 0 

Source: FAO feed composition tables (Hasan & New, 2014). 

 

To simplify the formulation procedure, the ingredients were categorized into a protein-rich group and an 

energy-source group, and the average crude protein content of each group was calculated as follows. 

Grouping of Ingredients: 

• High-protein group: fish meal (60% CP) and groundnut oil cake (44% CP) 

• Energy-source group: rice bran (13% CP) and wheat flour (12% CP) 

Calculation of Average Crude Protein: 

• High-protein group: total CP = 60 + 44 = 104%; average CP = 104 ÷ 2 = 52% 

• Energy-source group: total CP = 13 + 12 = 25%; average CP = 25 ÷ 2 = 12.5% 

Pearson's Square Application: 

Based on a target dietary protein level of 40%, the differences between each group average and the target 

value were determined: 

• Difference between the high-protein group and the target protein = 52 − 40 = 12 parts 

• Difference between the target protein and the energy group = 40 − 12.5 = 27.5 parts 

Proportion of Ingredients: 

• Protein supplements: 27.5 ÷ (27.5 + 12) × 100 = 69.62% 

• Energy sources: 12 ÷ (27.5 + 12) × 100 = 30.38% 

Conversion to a Quintal Basis (100 kg): 

• Protein supplements = 69.62 kg (fish meal = 34.81 kg; groundnut oil cake = 34.81 kg) 

• Energy sources = 30.38 kg (rice bran = 15.19 kg; wheat flour = 15.19 kg) 

Calculated Crude Protein Content: 

Total crude protein = (69.62 × 0.52) + (30.38 × 0.125) = 39.99% 

https://jenni.ai/citation?d=z%3AzVbBbiNFEPXuIsQRbhwbCaGN5DhjJ9msE1mrOMmGCJKgJMoeo5rumpl2erpnu3vs%2BBZA%2FAs3jihfwG9w58BlT3ChumccLLIguKAdjeyZ6uqq9151lf31XedxZqzMpX4sZsZe33U%2BLCB13gL38yeTi0I65pEXWnJQrIIKLbM4lTgje4GM19ai9sx58LVjJmNGr2ZgS5YhCqlzBlrEZ1aChhzL4C01g9c18Fr52mKPHXnGjfYgtWOwQgk14%2BCQotZCIoXV%2FxiuCmglJ0cO1kpaNHVM4nBKoRwq5J6s3NTa03rEuesksKeyh70uG4POFQh0RZftFVJDlx1pIenrogCpKGeXXUr07ATKlQhhN7OkyGL%2FQT6vfJcdFoRphZGgDGVekCoV8pAuRWU0aZwzb2i5toR%2BQl5BKMK1cCNUmSUQM%2FAkcyZ1Jl0R07kClQpv2%2FRoZVlFK%2FGeaddlJ1Ih84SzCpCpeLIKbMHf749sdJuVRKrcDksDE7pBzR1VmZKHglLWoPPinYrwoBohIPxpmkfCDzOEAkQre1rVqSIogSpWYImemrOVHcabWks9laE%2BUQcgT39%2FxtrKv73amTUleebSEIkIK1cmDecUbYjl5bSFKyJXM0Ubwi64Pjy8f59rJn1BQIlqCZ4SMhHEbyDEWEsKdaNlwWpBJeAwtBAaSJEEVL8gC5WJwjkFnNI4FPu0lA%2BSwbPVZKtsuwLtEWW%2B6zzKofaFse5WhRUr09rT2zfUxUJDiaGbMyilmuPn4ECTNNQA18emgLIEwc56whqFnYf%2B%2FARnjffkWPICULFx65wV4L4S2RsuhbvrvCekS%2FUtfTp9y0vI5bP1wfNhfytZL0yFVAi8mby6t5HfKbyZkHfdUJsMkv7GatKnu6DGymuSOkU6cHXq51VAdA2WJFd4Qa%2BPSBo02Rd0KJfN6EGpOfkqHiQez%2FdCZ3%2F8vbeYIZWUo3hFw8xF80fopSdUg9P%2FPJkybyrJ3bd3nfczYUqqBOVMpYB%2BlK%2F8UmbIzql3KaPDTKISjUPabzxuPt3NaVDEaO0RHUujTB7H6WInbcgu%2BoP1%2FrDZxF6Gvm0c53HTAW%2Bez5sDho4bi7%2B%2F%2BPW3%2FQ5dBYm3lFz0%2B8lGjGR2iQuptsj0v%2FBINjaTlkdI30rJTmo6r7Fzwu5Da2ZhvLQ8fvmOvXM8NjaSzWbTJ6EeGH844uxfYvXXgvzw489vJ9JK0j1E6mbK9W9wiNARH9CUUjc%2FFd5X22tr6TS1vVSmq%2FTQE7j9fDjsr718kdWaj1yYbhw%2Fg7LaEYZfKZlasPPR%2BHKc9KNVGQp%2FldKoWjIGV12XKdpRMtjaHA7pjgsOX9cBxygJ16CJQMPo3jtpI4TsV9wIHO2Pr84O9k7P9s%2FbCBHRVeAxOj7YP9q9Dn8yLmk800F48gc%3D
https://jenni.ai/citation?d=z%3AzVbBbiNFEPXuIsQRbhwbCaGN5DhjJ9msE1mrOMmGCJKgJMoeo5rumpl2erpnu3vs%2BBZA%2FAs3jihfwG9w58BlT3ChumccLLIguKAdjeyZ6uqq9151lf31XedxZqzMpX4sZsZe33U%2BLCB13gL38yeTi0I65pEXWnJQrIIKLbM4lTgje4GM19ai9sx58LVjJmNGr2ZgS5YhCqlzBlrEZ1aChhzL4C01g9c18Fr52mKPHXnGjfYgtWOwQgk14%2BCQotZCIoXV%2FxiuCmglJ0cO1kpaNHVM4nBKoRwq5J6s3NTa03rEuesksKeyh70uG4POFQh0RZftFVJDlx1pIenrogCpKGeXXUr07ATKlQhhN7OkyGL%2FQT6vfJcdFoRphZGgDGVekCoV8pAuRWU0aZwzb2i5toR%2BQl5BKMK1cCNUmSUQM%2FAkcyZ1Jl0R07kClQpv2%2FRoZVlFK%2FGeaddlJ1Ih84SzCpCpeLIKbMHf749sdJuVRKrcDksDE7pBzR1VmZKHglLWoPPinYrwoBohIPxpmkfCDzOEAkQre1rVqSIogSpWYImemrOVHcabWks9laE%2BUQcgT39%2FxtrKv73amTUleebSEIkIK1cmDecUbYjl5bSFKyJXM0Ubwi64Pjy8f59rJn1BQIlqCZ4SMhHEbyDEWEsKdaNlwWpBJeAwtBAaSJEEVL8gC5WJwjkFnNI4FPu0lA%2BSwbPVZKtsuwLtEWW%2B6zzKofaFse5WhRUr09rT2zfUxUJDiaGbMyilmuPn4ECTNNQA18emgLIEwc56whqFnYf%2B%2FARnjffkWPICULFx65wV4L4S2RsuhbvrvCekS%2FUtfTp9y0vI5bP1wfNhfytZL0yFVAi8mby6t5HfKbyZkHfdUJsMkv7GatKnu6DGymuSOkU6cHXq51VAdA2WJFd4Qa%2BPSBo02Rd0KJfN6EGpOfkqHiQez%2FdCZ3%2F8vbeYIZWUo3hFw8xF80fopSdUg9P%2FPJkybyrJ3bd3nfczYUqqBOVMpYB%2BlK%2F8UmbIzql3KaPDTKISjUPabzxuPt3NaVDEaO0RHUujTB7H6WInbcgu%2BoP1%2FrDZxF6Gvm0c53HTAW%2Bez5sDho4bi7%2B%2F%2BPW3%2FQ5dBYm3lFz0%2B8lGjGR2iQuptsj0v%2FBINjaTlkdI30rJTmo6r7Fzwu5Da2ZhvLQ8fvmOvXM8NjaSzWbTJ6EeGH844uxfYvXXgvzw489vJ9JK0j1E6mbK9W9wiNARH9CUUjc%2FFd5X22tr6TS1vVSmq%2FTQE7j9fDjsr718kdWaj1yYbhw%2Fg7LaEYZfKZlasPPR%2BHKc9KNVGQp%2FldKoWjIGV12XKdpRMtjaHA7pjgsOX9cBxygJ16CJQMPo3jtpI4TsV9wIHO2Pr84O9k7P9s%2FbCBHRVeAxOj7YP9q9Dn8yLmk800F48gc%3D
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This value confirmed that the formulated diet closely met the targeted 40% crude protein requirement, 

thereby demonstrating the precision of the Pearson's Square approach in achieving a predetermined 

protein concentration. 

Composition of the Supplementary Diet 

The final ingredient composition of the supplementary diet, derived from the preceding is presented in 

Table 2. 

Table 2. Ingredient composition of the supplementary diet (100 kg basis) 

Ingredient Composition (%) 

Fish meal 34.81 

Groundnut oil cake 34.81 

Rice bran 15.19 

Wheat flour 15.19 

Total 100.00 

Proximate Composition of the Basal Formulated Diet 

The proximate composition of the basal formulated diet was analyzed by SSBP Bio green Analytical 

Research Pvt. Ltd., New Delhi, an NABL-accredited laboratory, following standard AOAC procedures 

(Horwitz & Latimer, 2006). The results of this analysis are summarized in Table 3. 

 

Table 3. Proximate composition of the formulated diet 

Parameter Value (%) 

Crude protein 39.72 

Crude lipid 11.56 

Crude fiber 10.22 

Ash 10.57 

Moisture 9.59 

https://jenni.ai/citation?d=z%3AnVNBTxNBGF2I8e7Rg2ZPRhNot9sCxcQQwIoYGggQa7xNZ77d%2FcrsTJ2ZhdYTECUc%2BB9Eb6DR9J9sxYv%2FgZsXv20jcDAcTHZmJzPvzXzvzZuDgTcZaYMxqkmxp83OwLuXsLZ1hnHX%2B7YeRciRST8Fl2hhfR35TDHZtzgaL64vLvuryoFRzKGmFX%2FK%2Fy%2FS8GN%2B9uNTfu4PD4ZH%2BenwOD%2B7OPHz0%2Fz78AP1A2qf%2FeHxjRk%2FP8u%2FEPKIcMT8Oibl5xcnknEO1oJ4zhzEYRDOTgdzKdfKMVRgVlWkB96dmGVUnrH7EtMuqX1BTRsRlOpVQGszmACHTkLvYRMEcqqyoZxOtdRxn%2FQI%2F60ejWWxscF2Rmx7SH4KxVIofI1YirIfv9RmD917iHEXVNxCKZGlwmgJ3j%2FQa4vbq83G5hiNK431zZWG3yqN8VHC7IaILjkKSxIE2rbap96qQwxqYW16LqjPYlipz0zPzAbzPGVxpzJTDYN6ENQqie4CuQ29ndb1JLHX2WVnpHhkWCcMAjKsQl8imYozFkMbVNrN2hJt8te%2FiVHhvfIr1mXK39IcwfWL673drdhmbdfvkmIPHJOyT9IlRwdiqb%2BsM%2BXuP%2FnlDERgQHEQLYqkHc0TfHQb4VW8mtfxWrw1XpHTXeSWsn43EjqlENChbRSsOtLwbiMhblHyFomgUy1ECFKMQe1wjMoaaheNVilQjK6gBIi2K2GtUhvb8WBZM1usF5KbzFDe6KfIwoIHlmsDvxd%2Bzr%2FxPc9LyIsbJ4mwGtTH2zy65kz5Ta2QsoUqnvI3tEQ%2BNnSN7YnCyQmeGdl7nDjXfVoucywpxBLjpU63rCgn5aWlSqUeVudmwgX5DNRO8cpfg7FkjfcH
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The analyzed crude protein content (39.72%) corresponded closely to the calculated protein level 

obtained through the Pearson's Square formulation (39.99%), thereby confirming the accuracy and 

reliability of the formulation procedure. The narrow margin between the calculated and analyzed values 

indicates minimal loss or variation during preparation and analysis. In addition, the diet contained 

adequate levels of lipid (11.56%), fiber (10.22%), ash (10.57%), and moisture (9.59%), all of which are 

consistent with the nutritional requirements reported for ornamental fishes (Sathyaruban et al., 2025; 

Velasco‐Santamaría & Corredor-Santamaría, 2011) and are therefore suitable for use in subsequent 

feeding experiments. 

 

DISCUSSION 

The present study successfully formulated a nutritionally balanced supplementary diet using the Pearson's 

Square method. The diet was deliberately designed to provide approximately 40% crude protein, a level 

widely considered adequate for supporting optimal growth and reproductive performance in ornamental 

fishes. Laboratory proximate analysis subsequently confirmed that the analyzed crude protein content 

(39.72%) closely corresponded to the calculated value (39.99%), indicating a high degree of accuracy and 

reliability in the formulation procedure. This close agreement demonstrates that the Pearson's Square 

method remains an effective and practical approach for preparing experimental aquafeeds with 

predetermined protein levels, a conclusion consistent with its long-established utility in aquaculture 

research (Emmanuel et al., 2022; “Fish Nutrition in Aquaculture,” 1995). 

Feed formulation represents one of the most critical aspects of aquaculture, since dietary nutrients directly 

influence fish metabolism, growth, feed conversion efficiency, immune competence, reproductive 

performance, and overall health. Among all dietary nutrients, protein is most important for tissue 

synthesis and the most expensive component of a formulated feed. Consequently, the accurate balancing 

of dietary protein is essential not only for achieving optimal biological performance but also for 

improving economic efficiency and for minimizing the quantity of nitrogenous waste released into the 

culture environment (Kumar et al., 2017; Tacon & Métian, 2015). Previous studies have consistently 

demonstrated that inadequate dietary protein compromises growth, delays sexual maturation, reduces 

fecundity, and impairs larval quality (Council, 2011; Mandal et al., 2011). For example, Ghosh et al. 

(2007) reported that nutritional interventions significantly influenced the gonadosomatic index, fecundity, 

and fry production in livebearing ornamental fishes, thereby underscoring the importance of adequate 

dietary protein for reproductive success. In a similar vein, Mandal et al. (2011) demonstrated that 

formulated feeds containing appropriate protein levels could partially replace live feeds without 

compromising reproductive performance or fry survival in Betta splendens, highlighting the practical 

viability of well-balanced prepared diets. 

The present investigation employed the Pearson's Square method to formulate the supplementary diet on 

account of its simplicity, accuracy, and widespread application in experimental feed preparation. 

Although modern feed industries frequently utilize computer-assisted least cost formulation software 

capable of optimizing complex multi-ingredient blends (Mallick et al., 2020), the Pearson's Square 

method continues to be extensively adopted in aquaculture research laboratories for balancing protein 

concentrations during experimental diet development, largely because of its transparency and ease of 

verification (“Fish Nutrition in Aquaculture,” 1995). Reinforcing this point, Akinloye Emmanuel et al. 

(2022) similarly employed this approach to formulate isonitrogenous diets containing 40% crude protein 

for African catfish, further validating its applicability across diverse aquaculture contexts and species. 

Fish meal and groundnut oil cake were selected as the principal protein sources because of their 

complementary nutritional characteristics. Fish meal is widely regarded as the benchmark protein 

ingredient in aquafeeds, owing to its high digestibility, balanced amino acid profile, excellent palatability, 

and abundance of essential fatty acids and micronutrients (Gatlin et al., 2007; Hardy, 2010). However, the 

https://jenni.ai/citation?d=z%3AzVdNbyRHGR4vIcoNiQu7h4iKxCIbecbd87EzkwPI68TgZTde7Rr2XNP9dnd5uqs6VdXzkdOG3DjBjb%2FiG%2FwTfgFIKDkhJJ63emY8mxjQCoRyGKu7uuqt9%2BN5nvf1b2469zJjVa70vXRp7Pym8%2F1Czpy3MvHrg188t5TJhHriJVlFTmAvYVvaE6efNjJpSt9YfP1Yk83Jq8T1xDPycmZK5aqe%2BEjl5LwyWkidCtg1tubXnngq7UKWQjfeqt2G3JqlL3risTUmdd4k89sNbIy8qC3V0sp25ROju2EDaS9S%2FpyYqjYar3DknChVOhcmExtHU5EpnSmHK64KEhk2CKXTBuGu2%2F3uOKzyMXbIYxfphbJGVzAagivgmmhcOCqcb3CvEwhgz9MXlJElnRC8uNAprXqlTPCGQx9JT3k%2F6j%2FqRuMqMdpLhdxd6MzcdL6bywbmrXtdqqpGAc7xQ7KjXhSRcq6he8ixL6k5K4xKCPcsFC2duNQlrGQLUzYV3f%2Bg3tl9ahIJCzedA1XLnF5InRMqrjJlnX%2BOlfsfFKVsHx9853clH7Rq1uCMe50V0j1Psy8TlTo4l6RGLeKoN5o8ik6S4EBvMOhG07ifKjfTr%2FHX6S9UFEXT7nA6nqh41B90J%2F3RQMXT4aA7mo5HSSXz63g0GU7G02gSF6YmLUtazV%2FdLsLOpfzyOgQc8nUdT6ejbhx1oxje6ryBtzPSVd3MALNim76DVMuKVt1T50yiAkS49memLCmnUM8X5EjapBBP1cxKRnTumplf15yVubRAcElXeD3AYTLZL4GO%2FWVAuyzX2FsmylP6eH1mGu0f3HviwZO25OkrsMiF9U5brdX75%2FByD%2BrAjbxlT%2BZNDeJ8ftN5N0tNhbrB%2FkylMg7xVE9VRuJlAowDQZQpKtN2wyxud6x%2BdJpb1VoDpTjOx8qUJlcJXrcncSC7iqPhKGoP7RNYfPIGDX8eaEguAdn%2F%2FrO%2F%2FPBvf%2B50OgUStXd5GsNWsGTYEDK0vSnldL6XNLZc%2FbjwvnYfnpwAOj1j85O74TNn4fk1WQcHDv6tIL3z6qpQLrBuLQgCgpvBPqbpTgcar0r1WVv%2BW1ERNVnYrSQ8ZFScZkiZ1AL8YEEQh2cl8CCdyBkWtdKNO4IUQLRKT1bD3IIhpCqktLbGE4oYxMYBCKIiLMO8GPZFKtegPevL177D8XYFVuFBRhJ%2B2%2FDtWMxKSN7mGQHIWsnNG8cA1uTGt2ZIAr8MIdEfPWRfagOAsuycs4%2FKGa28NTlp07igik4cXsXH4qqP3wC%2FYWv0anQEh4JSsN4No4cisU1Ku%2FiWQDRHVTUl0pyKpUIeOddfCwySDH1jGyGVYU16wfZYT0zJ9x8dB38Pr%2Fp4GuHb4dUAT%2BOwNjwKHsVR9PCQ3bLkako45yWEmXO5JJUXHtVR%2BnjnoILzc7p9pyxTAYRrEVpEGyebguIlWyTgE9KkQyR8%2FfZmrCVlwyAUJeFm1yZAI%2FFO5ZpNSO3LNXKaBbJ7kVlTbTLSBsrp5kIgDa6xC8U9zrLqpmJGfkmkxTTqTnHrLpkFAkOT3I%2BQ4cFUGaN5zRzZRdtsePddjrYZ4vbFfixaIrUZEAuG8%2B3lh3EvHrcR9wbjo%2FYksg0dQHPnaNoktW1wn0ubXG6D2mTIFWbJJIHLuBfiKHLG8SbTCIN9DqjY%2BE8rEFFxM4WRAM7WsGdeQ22R45bRANAdUMMmKWpUW3u1Qx6xuUC%2FW%2Fxtrmvhz13gG%2FTmWSAni86Zu%2F%2B2P08evdGfV9MLvVENg%2FYmnpgGL2XQnT3V5bgZKmTXO5neNPH33qaHP9r18PsfvtHCv8C%2BoNEsqpmsVLkuPq6ggQ2hJYJdur68xjxXkjidK12aNaVAMXW%2BeS6%2FLJtrVan22KfnEhEYr8TW3L86Nz8rrMIIKLUs2rPZRdFg5moPbGaMr9oZ4x2eMVYPAP14PBj1T%2FrD0a
https://jenni.ai/citation?d=z%3AzVg9byRJGR4vH0IESJBwCBAldCwS8ox7xvZ8XIK8e7vL3p7BWhsuIKGmu7q7PN1VffUx9ly0OggIkQj4B0iEhM6Q%2BCMIiRSSI4KA563qmenx2icEnLjAq5me9%2Bt5P5%2FeD296D3JtZCHVg%2BxKm8VN7ysln1tneOpWnykuSsGMtILpnPH3PU995bwRrOSWcRekRMY4K4zgjmWCV0HSOaGc1IpxlTFXShsUpEohZqFg8VHgB8GsSJ02DBJKX7HG6KXMpCpYreEll7YMJlLjreOp4MpCiyuW8ibEQRLCSGEH7ILcFJWeIwbYqaUS5IQcz4VQrOHGVSuW81RW0nGKe74KMfAllxWf0%2BNVcKdVP%2BemjuFYwgFQuYCGVI13ll1JgFJBueaXiL%2BbG2hlPiUQqfbKxehOCU8IfZJ8h8yRrtMOwbYxv24iZBCgMtEIlSGjzDd4EtLmmwZgYEdcO2EU9DvxDdhTxBSgdYy2qXYaMUvl8McksKTeGLJdGH3lSmaQmf1bPpQnFJCh5OzmoaqQ4SVBCQZQenSDlTUSalpbV6WsYiROptBEr2RkzXZhGkFBWYYyk1SoAoIwbdQIU9eNcKg4IFhe4wPFYYTV3qSb%2Bje8gQ71X93AQcC6gPNNkpGplYXgrX6O4PdDQoxGuEhOq5JrnXUi3Y89rVGLDPBCpoR1ssaXYJYCRd3bRG1rd0czM9uIlNqj4ikwYDLehpVilIzG%2FWRapzpUSZjnKtc3vc8V3LsSuXhVybrB5D3FnzbZZHB8LKS1XuwJJ10lrr%2F3UiyluKKJY0%2FXE8LO4Yom4iE72SLPl7rytfhqs3H2rk45zN709mTDC%2FGSq0JgS8hcGuvO8GSvrHj89MWKtIyceyoR7ZJMoTS0U3KOFliJCw4JUcilUNVJNRfGsWcD9s4goyT3XlcoTv%2F4Oyd5q5KdcpNG0RxzfJblH6Uys0hFmml5%2FY1hMhgm0%2BRgdHiYTEdHs8EoGR4NZtPJKJll0s7VK%2Fxr1YeSBPoksf50PElrXlwi06PRNJnMZqVGnThyt3hv%2BxDaP%2BIfXYbchtJAYXjcT4b9ZIQkqMIjCXOh6sbPq5DnWKm9gKq54KsK3fqQPTVcpdIW1s%2FdqiG4CywjmVbiAl%2F30FVC5y%2BkyrqPBXZDtYJslUosq0erx7RNvvbg1w5VExjZVGTvYWPb8PyNb7W1nzyltjulETD2LXaOcbL5irYRdWr48W3MGs1XvtMITjcytT%2B%2F6X0%2BzzQNI1zPZcaHAUz9rszFuoWsyKWosigwH0aJ6zdPCiOjtTBpGXskdaULmeLrWhMK%2BcUwOTpOolI3BPZD2jObu%2FEszKSwKVbnP77%2Ft3%2FesF6vVyKHHefZELaCJU2GaHW0nl7DcRjE3j8rMf%2FdiHawjKKUf6KW0mhVY3C3ojF2dNw0xv4Q7YmJAcwlr7ADKegunHPnsejsBsHvf%2FqzOxCMDpNxtPf1Z%2BsllbEztBc6wKzYYxwNmsBPCE4C%2F9H9N1s4YclvtgY2rMAUbuvwmzdf%2FccoMmr%2FL%2BDiVNf7pXONfevgAJM80KY4%2BLhhXhA1%2BQkaGr2x9zpl%2BfKWsnz2L8%2FRPd2rt7I4BvvsKOmPcXlTbR2taCDLQRLCUHTOEN152tNGFNwEIkJbfMB%2BQAkLZxEmcT44U%2FEMstwHNzgIuTfhYuG8%2BZbdBG%2FtsQ%2FngJJCN8Y7sI0P0K904XcDJm7BKpzScGPDvWtPMymXsihxmc2Sem4d7oA91ojPqPWYQ6lGJIGfhBDmS6k9wm6AlaclhRvCXCusA43HPRzOTES2FnlETUtmDSXYFNfYmBZrunPSCcsGqxyIQQivBi2k3BntQ%2FColXTIALAHsCAMHoxsjrML3P0QC68CrXG79u2aTcCzR7NS8GAc1gPSLbsgJkqHUgcy2OLoZBIpD4SvxdSmH9zU6XQxYGcGNxQ5q1b7gEPEpuUUge4ERlnzDMS4pYHyGr
https://jenni.ai/citation?d=z%3AvVZNbxxFEF1HSsSJC5cghNRCCNmSvZ5Ze%2B0YISHbkBARghXn68ClZ7pmpu2e7qG7Zz9uAS6IIxduKP%2BBk8%2F8EcQf4AISEgLxume9uw4OUS6J4vW6p6r61atXVfPVWe9KYawspb4ixsaenvXeqHjmvOW5n179aZ811mTSeJmzDEdkJVcsPJZ6nR3wXCrVOubazEsl3TqTzijuSbDCmpr5ipjUnpyXmpgp2KG0tpIaLjUu5Yqz1U94LZU3em2djbmDeW5sY2wMIjUrpKtYQfiDe1aY1jIhi4Isac9yo3P8hq002rHVIfv5B5YmN1hOSjlW%2Fvrt94N1NjvdvfR0Z3GYMq7F%2BflwyTpdi08KYPCmw%2BAayiW5kJKSI8qIW6lLZqzmNRCBo4B7nR0Z2CnJmSVQ2IIaZHxE4NEh3%2FlT11SkTYMUHnJFGqG1pmDxWDaVwX8LxioAAv9gjPJTUh2oZYOaxxvwbfVWq8G9XQNaywy4nwIhE21HVUjDZI7siGKJCITmPiQjJHlup0tVd23TKIpJRdfgXZG0yAhGos098mcNWdxUc9Sjz47lxE%2FZSFqoCqzVSCkyRTyv5syNUUIIySAVwRw1PFRcTUPJc2lDIpbdvHfEPNenSGhrmLA7izoEnIghfcVGwBu4VzQiFAz3LMB3NQxOkIq3BmWBkvrswBoj4uXLyKP%2BaMRVG8WXcYdP5FsazYVxpgYDOQAKmoDh49uoD3hrtZBINyLrmIukBKqKWfYsm9%2FXZ%2FdBuCXXKiTgKjMOqqqg7f8QHbzxMCY5Tyk2iKUIzclSy0LmXHsQt3r0QdJPhmuxokD3YnCu4WMdqDuvUTCD%2FEpcGL6OSZZVlEXwRWG4UjH6sy0QtN4lpts6IygOSiKOlkUUQYHfOBGmXdW5cuYZ8Ao82EUKi76f5R9uXZQ18OK6C1sX50oFpAhwYSCE84UfxgWiBt3gQzBtPHCM%2BdQhYyBFR1xEJGv4jXD%2F83R%2BHj6yiH7us0ODBo12arqOZxIF9q2YXijzTBHnUwOOLCNNhcSjMDJRXkzUGfwLZZ%2BBb%2BOkuaQHneclub7ieU4O%2BvgIKi4HyWBnI9mtg%2F4xs8ne1oU5610teesxNdwThUQx2G%2Fix1gx6G%2FvkXSupasYWF6R3%2F%2ByDWPFtyjcPXKAnFfFyKi2puvvNfOwd0zOEeCstyIbwLjHdUnYLeDTOn%2BEkzevXKsUP%2F%2F%2BuooNKbMWTu4bWIowOcM2KsI%2BmNKtyriKSiSmT46rNqu4IGoEeph6l5gfS13xzrzcB0SOln2OrTjmVduZqsNKegw8rk8g1WhfVNwdieL3XAoHnnJh5AT7oJ%2Fi3%2BZJP93aGW4M0mSvP0iS3X6S7uzt9CdCukw%2FwafTX8t0azjcGA53H%2BPbzDiveXmS7u2m2%2BmNZG%2BAiU0aKpicPlocwvtz%2FsdJJD%2FW7iTcsJFsbSQpmNNlC%2BYglbppM6xayL0r5UpMjx5JRdNTDBb0Zk4PrJrcrbxv3Pubm0YrlEjJzGJU9sfBsJ%2BbehOpbTaiENJCtZsvyrEMS37aBCJPuYUmFd3HnyuQKpniU4zF5WOsEaWmsFW5xDA9mB4arKTrP3pLcXnnJB7hdcN1x%2B90Yps8%2BHi%2BiRbdjlZ4bg%2FOF8z%2FreHCmwYtBJVdKwSmuNTAlUnB00hdfUcWxI7D0kXjoBNJic4gSzuLybv7pQ3rG12AmGGqHUijTIlhoeaecCjup8n2MOmc2HLr3G2h9jiVgvcta8boYIdXHfrrw9%2F%2B%2BeJpr9erQPDS5SJFrBjJhECBidlNL5%2FHoAs0eet2Xbc6IO92wmcyjzSHgxn8YbLT2W4sw4c4w87BK4aGCgO30b%2Be%2BXs%2Bz%2BXv7365JJfBdrIVw54sELyScmzdQGdFp7fPWVQh%2FuydILwDxWUxx%2F%2Fn05eqhQgt8Vreot%2BS835DX%2FWNLV%2FYUafhhfshNg
https://jenni.ai/citation?d=z%3AvVZNbxxFEF1HSsSJC5cghNRCCNmSvZ5Ze%2B0YISHbkBARghXn68ClZ7pmpu2e7qG7Zz9uAS6IIxduKP%2BBk8%2F8EcQf4AISEgLxume9uw4OUS6J4vW6p6r61atXVfPVWe9KYawspb4ixsaenvXeqHjmvOW5n179aZ811mTSeJmzDEdkJVcsPJZ6nR3wXCrVOubazEsl3TqTzijuSbDCmpr5ipjUnpyXmpgp2KG0tpIaLjUu5Yqz1U94LZU3em2djbmDeW5sY2wMIjUrpKtYQfiDe1aY1jIhi4Isac9yo3P8hq002rHVIfv5B5YmN1hOSjlW%2Fvrt94N1NjvdvfR0Z3GYMq7F%2BflwyTpdi08KYPCmw%2BAayiW5kJKSI8qIW6lLZqzmNRCBo4B7nR0Z2CnJmSVQ2IIaZHxE4NEh3%2FlT11SkTYMUHnJFGqG1pmDxWDaVwX8LxioAAv9gjPJTUh2oZYOaxxvwbfVWq8G9XQNaywy4nwIhE21HVUjDZI7siGKJCITmPiQjJHlup0tVd23TKIpJRdfgXZG0yAhGos098mcNWdxUc9Sjz47lxE%2FZSFqoCqzVSCkyRTyv5syNUUIIySAVwRw1PFRcTUPJc2lDIpbdvHfEPNenSGhrmLA7izoEnIghfcVGwBu4VzQiFAz3LMB3NQxOkIq3BmWBkvrswBoj4uXLyKP%2BaMRVG8WXcYdP5FsazYVxpgYDOQAKmoDh49uoD3hrtZBINyLrmIukBKqKWfYsm9%2FXZ%2FdBuCXXKiTgKjMOqqqg7f8QHbzxMCY5Tyk2iKUIzclSy0LmXHsQt3r0QdJPhmuxokD3YnCu4WMdqDuvUTCD%2FEpcGL6OSZZVlEXwRWG4UjH6sy0QtN4lpts6IygOSiKOlkUUQYHfOBGmXdW5cuYZ8Ao82EUKi76f5R9uXZQ18OK6C1sX50oFpAhwYSCE84UfxgWiBt3gQzBtPHCM%2BdQhYyBFR1xEJGv4jXD%2F83R%2BHj6yiH7us0ODBo12arqOZxIF9q2YXijzTBHnUwOOLCNNhcSjMDJRXkzUGfwLZZ%2BBb%2BOkuaQHneclub7ieU4O%2BvgIKi4HyWBnI9mtg%2F4xs8ne1oU5610teesxNdwThUQx2G%2Fix1gx6G%2FvkXSupasYWF6R3%2F%2ByDWPFtyjcPXKAnFfFyKi2puvvNfOwd0zOEeCstyIbwLjHdUnYLeDTOn%2BEkzevXKsUP%2F%2F%2BuooNKbMWTu4bWIowOcM2KsI%2BmNKtyriKSiSmT46rNqu4IGoEeph6l5gfS13xzrzcB0SOln2OrTjmVduZqsNKegw8rk8g1WhfVNwdieL3XAoHnnJh5AT7oJ%2Fi3%2BZJP93aGW4M0mSvP0iS3X6S7uzt9CdCukw%2FwafTX8t0azjcGA53H%2BPbzDiveXmS7u2m2%2BmNZG%2BAiU0aKpicPlocwvtz%2FsdJJD%2FW7iTcsJFsbSQpmNNlC%2BYglbppM6xayL0r5UpMjx5JRdNTDBb0Zk4PrJrcrbxv3Pubm0YrlEjJzGJU9sfBsJ%2BbehOpbTaiENJCtZsvyrEMS37aBCJPuYUmFd3HnyuQKpniU4zF5WOsEaWmsFW5xDA9mB4arKTrP3pLcXnnJB7hdcN1x%2B90Yps8%2BHi%2BiRbdjlZ4bg%2FOF8z%2FreHCmwYtBJVdKwSmuNTAlUnB00hdfUcWxI7D0kXjoBNJic4gSzuLybv7pQ3rG12AmGGqHUijTIlhoeaecCjup8n2MOmc2HLr3G2h9jiVgvcta8boYIdXHfrrw9%2F%2B%2BeJpr9erQPDS5SJFrBjJhECBidlNL5%2FHoAs0eet2Xbc6IO92wmcyjzSHgxn8YbLT2W4sw4c4w87BK4aGCgO30b%2Be%2BXs%2Bz%2BXv7365JJfBdrIVw54sELyScmzdQGdFp7fPWVQh%2FuydILwDxWUxx%2F%2Fn05eqhQgt8Vreot%2BS835DX%2FWNLV%2FYUafhhfshNg
https://jenni.ai/citation?d=z%3AvVXNjhtFEPauBMqVA1JygUYgRETsnRmv7RgJoXizAeTdYMURuXBpd1fP1Lqne9I%2FXvsW4MBbIF7DN96IS26REDUzdliU%2BIZysDVT%2Br6qr37n523nWFmHOZpjeW3dctv5QHMhwHuQD3mAPEuyYTcZlcKawNGA%2B94ou%2B28l%2FMYCuv8C41lxUV4RD%2FrZNYbjAG9j3AMAYOGNXuEvmCzYuPRaptvGDeSTdCKAkr0wW3UyupYwu3Pq9cxLqzg5G3bOcKK5%2FCEmxxIKSp0PszIcuf460Lz%2FfN3umY6XEQi%2Bd8IKQ0va4ZSvES9UZcUlGvIcQWmnPOcO3ZWkM1x6ayGzpsUmNpCY8tQl71Zb947BBUPud8BZ84auzjoc44mL%2FYqLC54yaaFzYGEvJ1xdRkN6mUsudtFmMdlwcvDEbgreQuFKS%2B5PoRUE%2B4i34lRU%2B4CLlusKrifSfVSoPTbzvtCWlzfSZNemiSjE58mw%2FGgm6Rpdzzoj7t9iX5hXtC%2FN79gMs6Sbjo6zTAdjPrdQTq8L0qeX2VJcprdHwxHg8JWYKgT6%2BWzf42yKlEWWTpKE%2FqRrx%2F4y6tmiJoZJDqFS4bdbERNN3mkpi%2BoglVcaJqt%2FUgeNRmuP55XjsoMjs0FghHw5SR6Girv2SVI5LmPi7Cp6lIs66yFhqf0eoTWgFVTNPKmGQLXekNYLTCAnGzObDThVnCgwNXe5TPaGt9Yb3%2B0G%2Fnfz5UCEZhVjIJ5MsZAkpimWjMFINk1hoLR4pVRU4KyNVrDQgHMQeWsjCLU6ApcDeMUqVkc5Tbk061wxXXtf46UsyevmBdNDEUVuccmEAJnvtI0WmA8%2B%2BIJ5NzcY%2Bk4Te6qYCsU%2FldqrpK2pI2j%2FBYoedpUsLxABfvieVAIWraARdoi1p89yB2KqEN0JGO30LTcKOh1zySCepomp4OkJbEHzyNvScAeR9rXQDVv2N86e02pe2EdvPrmr79%2F%2BqPT6RRUuxvBZUq%2BGk%2B2dkQd2kd6J3lk%2FXS8y6M5aC2wvWbnon2ehyiRQv1fefQb2PPmdt5U9J9cshYVz80K6fqUQDf0NXTXg36Stdo%2FbbTv9dba6TLSOtWsN%2BS%2F%2BvDPt8jP%2BsmuEJ885k0vazcX9OcFr4CdWePBrSgxa2S9aLdEdHp9twih8l%2BdnNA56VmXnxy8KMv6O%2FQjOPpemKN%2FAA%3D%3D
https://jenni.ai/citation?d=z%3AvVbLchtFFJV5FXtYpNikFxSVVNnySCaWTRUFtvMoJzZRxQ5JUWxaPXdm2urpHnf36JFVeHwLG9Ys%2FBXs%2BA02sGLD6R5JlqIEWFGVuEbd93HOvefeme%2BuWm9lxspc6rfSsbHDq9YHBR84b7nw03d%2Bvksl1ymDCatMrbydspK4Z%2BGQ8twxiX9aWOJO6pyFG5Zx5wn2XBBLa2LeMOkdy41J2WXNlfTTTaZrb6WXI2IjrmpymzFkiGM0HyhilZWC2uyZ9AXzBbHcmnFIkV4jAoDotYxsMxovGc0vM6I0oOXKAc8CcpudGueZyaJfY6RzS6kkDdDjQoqCcUusdvFqNV64iAHjbUhX1Mg8Z2d0m52ZENkRK%2FkF7tcyBJyiLmvFQzXUdD1BxkUgXnI7JM%2BEKSvyMTgbh%2BLMuMBYgEmbnRdg6XydIpQ1lQk3SmriqIU1ueVlGcLdOunfZp5EoeVl0yQcy1K%2BwPO8EiFgZOVKrhRzgofGzPFxW7o2O%2FaMykqZqWPKwAAM%2BIhLFZu4xhZpEC%2BybfIMrJEKanGe26Ca2DYAcQV%2BRPdSTgIpNFUSjKZNcRENarmspaUyPAeU%2FxgLhzmxMaGgKeEWbEPLrCkjjsqSE1YOcAZLnXKLh4qEzKRAZ4x2bDBlxzqVaO%2FCQmqHVtSemj5%2BFS25Yk%2FQcG6hnCNgIwt1zzyPTK2FVEFvBzkUjlLWdtnh1vHRwZPbkI2ceCL9GkUGBo4UCY%2BbtXqayks0a1G6tcZ643EdOwsQCzNXDy4QMpgHK3IO2SQsF9UWqAHWggQIDI0U1jiTofkTQZCGUSMUeczd9ShEGc3ABbUiXdDhqgxLk8I9FG8N%2Bb%2B2NJbCDDwwUdpWXIgAO72LWuTdpLu7leyVQB3v7bHOzFXr3ZzXvjDWvVSyxIby9%2FHf2DRp7%2FZIOlfTRhguRZPNh6a2oZeA%2FbgiOxNBAHCGMiCFFKyvuNagkY2Mqkt6u1qkO8EsIPBVa0NWEN4TrnPCroWcrPN9nNy4WSgsyvi4r4If1FfDxf0Iu1TzMthnGS%2BlmuanGCwphkg6Ij3sWznllusLoLFGUWvdIzut01rJmcMjjsryIQe4NzocSjfGfEeH6qH0hNgckrZ8%2BuY01K%2FLMW%2Bc0oemmBlmBXf9NPtDyNSh6CI1cnKjk7Q7nV5vu3uns7ubJJPO%2Ft7%2B7n4nSaUb6Jf46%2FT3Mlxu4fb5%2FKmzJ0qeX%2BwkSW%2Bn17vT6RSmIvSFJsNn14fwfsz%2FvIgdjAK4gACSraS71U1QZ53XqPOAdFnVAxXV0%2BhhI%2FIxZwcP7rF%2Bc4V2DrEM0H1BT62afF54X7nPtrcvGkG4tkMsxGljFW%2BD2XaVZtuvkHs%2BJ5djsPy0CiUbQsJSKDrHzw2IiUz2SOp0%2BRgLDgsUtkqgAenhNOwLf%2BNbbymD2LWg9Ble0i4efzhT6vHhbEj6s818P0zQUZjwx2Gm5Itm%2Fp7GV%2FRJ8yroL83g%2BfwtkHlTSeF%2BuGq9l6WmhJABZSBT3ollKk9kRuxMYB1g0iiTpNLGYIAOBIvJxytbLQzLoTTKYFbwc%2B4Jh%2By8s9Pd%2F7RxAqYROW%2FEMHrMaZxyjUKH7Y7VbCz99cXvv%2B29bLVaBWq6lDztdJKdJtJHB9h015liuG9MAICi%2Fg%2Bckp3dXuP0yYrTsdZmtLRB%2BuHzCt83bsHsp19A7HXMkibe5gPCVkGo%2FwJmjWtTnst%2BMXUrhit8u91oNbyn8TVIZCGNhlW3l%2Bw3KG6vCCpkP%2BVY8yV%2Bh7BLoloQy3798jXEut1kVqibR2H1mYbL2RSfjqVjSxDSMD3vixqTeGs%2BiRi6trH5q0O32CjD8CX7Nd67QLnxNw%3D%3D
https://jenni.ai/citation?d=z%3AbVTNbtNAEE6KQJw5wQGxSIgTdu2koQkX1BbKX4GqVHBe787a06x3zf6kya2IF%2BB1%2BjY8AQfEjQtjm7ZB4pDIO%2F7m229mvvGX88GGsg5LNBvy1Lr5%2BeBWxQsfHBdhNXx56EBxASn7AA7BM8ICwWTKdj5HLqIO0dHb5wZcCQGFT9lbCLywGn2dsmdYgg9oDeNGMuK1rmmPKTvgbsE1MzE4vASUzp6GKmW7zlrpgxXzK0BLBoE1DhrueB95Z03SAcAEJtvXwtaNNXQkIfsAEk3JrGJ%2FhUqm0Cj0dMVxBUwRgKGRkcpd9Xj%2FqIu2aa2gQCgwC3TW1ETaFVeRNBZ9l8p8iHSvZ1TAmtIjUODACCAVr4yEZaq5oBMlPeMBylE2epxk27WwJnCk3r0yyp4Prpc8Er3zZxrrhgawTz9qdpZmGaD3ETaox0FD3KssCqB7Fginnr03mljUwupYw%2B37zSXvgRWcGM4HQ2x4CUfclEATR4XOh0OK3L5fad4%2F3rn2TbeJDotIOf5MVdwfSvVLoPQkTkiLizxLJ9PH2aboBKTjcZLN8pFEX5gz%2BvfmK2ZZNku2ZttTzCejcTIdTcaYz7bGyWS2PRE1L0%2FyyXRruj3LpnllGzBcw3L%2B6SpIPO%2F5r5Ou4K5fJ%2FlsNknyLMlyUmvKSGoLMHUTC7JZddG%2BoTS8hmWy470V2Fmknf2e1RpK6OZ5BB64ExU7wMLx1tGlj0VYNW1X5tyRgzUc03FIyWDVG3LHepisrfWKsFpgALm72rPRhDsbrwPtST9y%2BYm2yHfxQT%2Bt5d19UrlmdfINv9oeFWxDi0ObeENJW9PciL9AyfOunvoAFbAPgjxODgKFoGUPKPIesXywUzrs2Wil2jp30WpboqDjRSYlqOM825pkfdL6ArN3%2F6zhi24NwQta9t9Pf9z7%2BX0wGFTUqLXLZU5cHZNtiahDFzfJtp03RXR6%2BbAKofFPNjfJOql15eb%2F7TNvPzwfwXkSMPwD
https://jenni.ai/citation?d=z%3A3VjLbhzHFaXkyNAyyMpOEKAWQYIA5GiG5EiivUgkUaIMPSyQTJhVgJru293Fqe5qVVVzZrRSHPgHvAuQXf4gO66TTbLJL%2BQPsvEui%2BTcqu55UDOyFRiIYQEUOT23qu4591Hn9meXW9czY1WuquvpxNjx5dYPCjly3srEz278%2BYGpvKoaSkVuzcQXQlapUJWnyqlMJdIrUwmTCfmykUmjfWNJ1NakTRK%2BSammKnWiqfHBF4QHF6RNXVLleZlrnJeqkiMdlnlSlXCmsQk54Y2wVGuZkMiUK0RJUuPocFRGlLqeOC2UE6lJmrCfpQtFEycupFWmcQJr8TSY%2BibL3LaYFCopRNJYC3s9ExLeGitqHAyYUuNRKWdiRDgnMbY2VnpAB16zOJYdc02NL32AdAVDBx3oOkeC%2B66mRAFWi6AlizFg2RVPRWLAb0o2HJ7oJoWfSjs22BaacgB2IRQJbEBLbuHBHCCClyp2IiAq5AUBElWicdhPgpiWaUCnimw%2B4%2FMSUMBwsa8TE9Kaf1cG4epQgeoYPeziC2uavFhwbQ1i5lSVC09JURltcqCN8KrG29YfnFTWxoVPTBEIdLQgasEAh2aJBakNtp4oZCBzXlssg8sh9SpETBnkqwLQsH%2FDOecL6UM443nwfMaIK8qRteGTzDJKYhC9tDkhJW0uK%2BXKnniqagV613m75CXSrzI%2BxpbLgfle8doXgSbl2dRSYvJKvQr8wblFkjFvOpzImaWJ83meKvOsk0mhEAEmuyYrMuk9QCRYhSeZ0rFoSgIQxlSSlyOjVYKDXzbKtrsCR0hITp9STlUJh0TRlLISBXIJDI%2BQFZmCKQdBgQHrOT8lw%2FSI6UkLV3Cb8MSBDruFyKuXTfTD1D7uzb68JQXeSH7eSmOpXylMmV6QBfsUghZgrIs6uyy1M8hVl1g1ohT%2BNigKVaHPlbFhTRTSG5xdIE5CioyXxm9g02U5x6QDyBQ6khb7sLvIVNghfCi%2BmPOAiOpaC2e14GNbQzlxL%2BTmuEhjVYKcKzxgY0ujGeq0kGy40nCUVkiA1e7bQ8PkSqT0kD3f7e%2Fe3unfLZGUvIbsJ6DhcutGLhukpnWvQXQNEh%2Fhx9h0t7d%2FQMq5ht4nr7wmf2%2FJ9eOWg%2BzCaHSgD35az7d9anAXGHu5dU3VMqdjWeWEqwVZYp1%2FgScfXv9ZoWX39wPNKxGeBovcF7BMK1nyiiyTpdKz7Eh6jY1zRLc6PyQ9IrTbZ73UGk1bb9rn96XFBeXigvEjUEwWYTvduILuw749IH8hGy3ub7Q9P%2Fzr5yPefqziguyJqdBkN3pzJGcadEZjddoTR2rkTLXRl8fSprPW%2BpiLJBVnG73JHhMSuXW9eKgVOtBmZkaPmxbkEVqoK2iTYfHEmjyVBa6XYP6Xz12h9EaM2XNCmXUEHuPeAYaNe3%2BK4kUOZdFcPtlkmB4juds9n%2FGepDc6cIJuRS1rxRlKafYWGoqTsamQRHkbwEMwjSLZFJAT07ySrenDdPIWaHTiwULrxaFESxH3NofuDLd4R1rKpG1MobPGetLtxucP0eROZnas2hzKCulepNmXaP4O5ZykRk3FoN8b4N%2Bt895g7%2FZwZ3fQP%2Bjt9vt3ev3Bnf5%2Bb5oqN6pe439XfaYGe8PhznB45zf4qzVOSpmf44%2Fh3cHt%2FTu3C9wySEWajs8WD7H6U%2FnleegRocWc8wk7%2Ff2d%2FgAFXuUNChwXSFk3I41rpus41wI%2BAn6a5a4Z%2BVnNaMfSepVoOsXHa2jAZLInwLj8GLcY%2Bj9sdaKgxu7PHqBd%2Bw9v%2Ft1bytAd0RbTMyhXF55%2F8IfYuKbPH05rdNB5d%2Fbolq%2FmenVFtIWOPRc5y7fuR7gdoqzMPG6ExP3%2Bcuv9LDUl1sKjkUrlIAArn6oMEYLCgzsOtyfyNhqMBtFi%2BpN7OTpSaKXo89zc76sgkyAb5iuxIDsd9PeH%2FbhILPff590l


CIBTech Journal of Zoology ISSN: 2319–3883 

Online, International Journal, Available at http://www.cibtech.org/cjz.htm  

2026 Vol.15, pp.205-214/Saiba and Bandana 

Research Article (Open Access) 

 

 

Centre for Info Bio Technology (CIBTech)  212 

 

increasing cost and limited availability of fish meal have encouraged researchers to identify sustainable 

alternative protein sources capable of supplementing or partially replacing it (Francis et al., 2001; Gatlin 

et al., 2007; Hardy, 2010). Plant proteins constitute the most common fish meal replacements in 

aquafeeds because of their cost-effectiveness and broad availability, and the protein digestibility of 

properly processed plant-based feedstuffs typically ranges from 75 to 95% (Gatlin et al., 2007). Within 

this framework, groundnut oil cake provides a relatively inexpensive plant protein source with good 

digestibility and an acceptable amino acid composition. The combination of an animal-derived protein 

with a complementary plant-derived protein therefore offered a balanced, palatable, and economically 

viable protein base for the formulated diet, uniting the nutritional strengths of both source categories. 

Similarly, wheat flour and rice bran were incorporated as carbohydrate and energy sources in order to 

spare dietary protein for tissue synthesis rather than for energy production. This protein sparing strategy is 

particularly appropriate for the target species, since warm-water fish are able to utilize relatively high 

carbohydrate levels as an energy source (Ganguly et al., 2014). Adequate carbohydrate supplementation 

additionally enhances feed pellet stability, improves feed manufacturing characteristics, and reduces the 

utilization of dietary protein as an energy source, thereby improving protein efficiency ratios and overall 

feed economy (Council, 2011). Beyond its carbohydrate contribution, vegetable oil supplied the essential 

fatty acids necessary for membrane integrity, hormone synthesis, and a range of normal physiological 

functions. The importance of essential fatty acids for reproductive performance has been well 

documented, as freshwater fish require the dietary supplementation of linoleic and linolenic acids that 

they are unable to synthesize de novo (Mandal et al., 2011). Finally, the vitamin-mineral premix ensured 

sufficient micronutrient availability to support enzymatic reactions, metabolic regulation, and antioxidant 

defense, all of which are indispensable for sustained health and productivity. 

The proximate composition of the formulated diet revealed crude lipid (11.56%), crude fiber (10.22%), 

ash (10.57%), and moisture (9.59%) levels that fall comfortably within the acceptable ranges reported for 

ornamental fish feeds (Sathyaruban et al., 2025; Velasco‐Santamaría & Corredor-Santamaría, 2011). 

Moreover, the nutritional profile obtained in the present study is comparable to that of formulated feeds 

employed in previous ornamental fish investigations. For instance, (Ganguly et al., 2014) formulated iso-

nitrogenous diets with protein fixed at 400 g/kg for Poecilia sphenops, while Kari et al. (2023) prepared 

formulated diets for Betta splendens and assessed their feed stability, growth performance, and 

physiological effects. The consistency of the present results with these established studies further supports 

the validity of the formulation approach adopted here and situates the current diet firmly within the range 

of nutritionally acceptable experimental feeds. 

The practical significance of this work lies in its demonstration that nutritionally adequate feeds can be 

prepared from locally available, cost-effective ingredients without recourse to expensive live feeds or 

specialized additives. This finding is particularly relevant given that feed costs constitute the largest 

single proportion of operational expenditure in aquaculture (Kumar et al., 2017; Musyoka et al., 2020), 

and given that the ornamental fish industry additionally requires feeds capable of simultaneously 

supporting growth, reproduction, and aesthetic qualities such as pigmentation (Veeruraj et al., 2023; 

Velasco‐Santamaría & Corredor-Santamaría, 2011). By showing that a locally sourced, standardized diet 

can meet stringent nutritional specifications, the present study offers a replicable model that may reduce 

production costs while maintaining the biological performance required for successful ornamental fish 

culture. 

 

CONCLUSION 

In this study, we successfully created a nutritionally balanced supplementary diet using the Pearson's 

Square method. The formulation process effectively reached the desired dietary crude protein level of 

approximately 40%, which is considered adequate for meeting the nutritional needs of ornamental fish 
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(Council, 2011; Sathyaruban et al., 2025; Velasco‐Santamaría & Corredor-Santamaría, 2011). The close 

alignment between the calculated crude protein content (39.99%) and the laboratory-measured value 

(39.72%) confirmed the precision and reliability of the formulation method, highlighting the continued 

importance of this traditional approach in modern experimental aquaculture. By using fish meal and 

groundnut oil cake as the main protein sources, along with rice bran and wheat flour for energy, we 

established a balanced and cost-effective nutritional base for the supplementary diet. The proximate 

composition analysis showed that the formulated diet met the desired nutritional criteria across all 

measured parameters, indicating that the experimental feeds are suitable for assessing the biological 

impacts of dietary supplementation on the growth and reproductive performance of ornamental fish. 

Additionally, the formulation protocol developed in this study could serve as a practical guide for future 

research on feed additives and functional ingredients, potentially contributing to the ongoing development 

of cost-effective, sustainable, and functional diets for ornamental fish culture. 
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