	[bookmark: _Hlk145068772][image: cetlogo] CHEMICAL ENGINEERING TRANSACTIONS 

VOL. xxx, 2026
	A publication of
[image: aidiclogo_grande]

	
	The Italian Association
of Chemical Engineering
Online at www.cetjournal.it

	Guest Editors: Flavio Manenti, Botir Usmonov, Alessandro Di Pretoro
Copyright © 2026, AIDIC Servizi S.r.l.
ISBN 979-12-81206-xx-x; ISSN 2283-9216


Methods, Scale-Up Challenges, and Industrial Feasibility of Calcium Supplements Production Technologies
Dilshoda Salokhiddinovaa, Rukhsora Mahmudovaa, Shovkat Olimjonovb, Nurkhodja Mukhamedovb,*, Mugrajitdin Tashmukhamedova, Sharafitdin Mirzaakhmedovb
aTashkent Institute of Chemical Technology, Navoi 32 
bInstitute of Bioorganic Chemistry, Academy of Sciences of Uzbekistan, Mirzo Ulugbek 83 
 khodja.cht@gmail.com
Abstract
Calcium is an essential mineral required for numerous physiological functions, yet the effectiveness of conventional calcium supplements is often limited by low bioavailability and poor gastrointestinal tolerance. This review summarizes current technologies for calcium supplement production, including mineral-based, synthetic, fermentation-derived, nano-calcium, marine-derived, encapsulated, and peptide-based approaches. The advantages, limitations, and industrial potential of these technologies are critically compared. Particular emphasis is placed on peptide-calcium complexes, which exhibit enhanced solubility, stability, and intestinal absorption. The production process of peptide-based calcium supplements, including protein extraction, enzymatic hydrolysis, calcium chelation, purification, and drying, is discussed together with factors influencing calcium-binding capacity. Recent insights into calcium absorption mechanisms and the role of peptide carriers in improving calcium bioavailability are also highlighted. Peptide-based calcium supplements represent a promising strategy for next-generation calcium fortification and nutritional applications, although further optimization, scale-up, and clinical validation are still required.
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Introduction
Calcium is an essential mineral involved in bone development, muscle contraction, nerve transmission, and numerous metabolic processes(NIH 2026). Despite its physiological importance, calcium deficiency remains a global nutritional concern and is associated with osteoporosis, reduced bone mineral density, and increased fracture risk (Connie M. Weaver 2006). To address inadequate dietary calcium intake, a variety of calcium supplements have been developed, including calcium carbonate, citrate, lactate, and gluconate (McNamara 2000). However, the effectiveness of these supplements depends not only on calcium content but also on bioavailability (Wawrzyniak and Suliburska 2021). Consequently, diverse production technologies have been explored to improve calcium absorption and utilization. This review summarizes the major technologies used in calcium supplement production, including mineral-based processing, chemical synthesis, fermentation, nano-calcium systems, encapsulation approaches, and peptide-based calcium complexes (Figure 1). The advantages, limitations, production requirements, and industrial applicability of each technology are critically discussed. Particular attention is given to the relationship between bioavailability, production efficiency, and large-scale manufacturing feasibility. The review highlights recent advances in the development of highly bioavailable calcium supplements and provides insights into future directions for sustainable and effective calcium fortification strategies. The literature selection was retrieved from Scopus, PubMed, and Google Scholar, with an emphasis on studies published from 2020 to 2026. Searches were performed using keywords including “calcium supplements”, “calcium bioavailability”, “marine-derived calcium”, “nano-calcium”, “peptide-calcium complexes”. Relevant articles primarily published in English were selected based on their relevance, scientific quality, and contribution to the topic.
[image: D:\DSc\MBP\IPEC article\Dilshoda\Revised figure.png]
Figure 1. Classification and comparison of calcium supplement production technologies based on bioavailability and technological complexity. Numerical values along the bioavailability axis are based on representative ranges reported in the literature (Wu, Cai et al. 2019, Barbosa-Nuñez, Espinosa-Andrews et al. 2025).
Main Production Technologies of Traditional Calcium Supplements
Several technologies have been developed for calcium supplement production to meet the growing demand for effective and commercially viable products. These methods differ in raw materials, processing conditions, production costs, and product bioavailability. The most common approaches include mineral-based processing, chemical synthesis, and fermentation technologies.
2.1 Mineral-Based Processing Technology
Mineral-based processing is one of the oldest and most widely used methods for producing calcium supplements. It primarily uses limestone as a raw material due to its abundance, low cost, and widespread availability (NIH 2026). Its economic advantage lies in the inexpensive raw material and relatively simple production process. In addition, industrial equipment such as crushers, rotary kilns, and grinding systems is well established, facilitating reliable scale-up and large-scale production (Suva and Tirgar 2024). Consequently, this technology can effectively meet the growing demand for calcium supplements.
Despite these advantages, mineral-based processing has several limitations. Calcium carbonate generally has lower bioavailability than organic calcium salts such as calcium citrate and calcium lactate, resulting in reduced absorption in some groups, particularly older adults and individuals with digestive disorders (McNamara 2000). The calcination stage also requires substantial energy, increasing both production costs and environmental impacts. Furthermore, the decomposition of calcium carbonate releases carbon dioxide, contributing to greenhouse gas emissions and sustainability concerns.
To address these challenges, manufacturers focus on improving rotary kiln efficiency, optimizing grinding operations, and reducing energy consumption. Recent studies have explored heat recovery systems and process optimization strategies to enhance energy efficiency and minimize environmental impacts while maintaining production capacity. Therefore, although mineral-based processing remains the dominant technology for calcium supplement production, further improvements are needed to enhance product performance and sustainability.
2.2. Chemical Synthesis Technology
Chemical synthesis is widely used to produce calcium supplements with high purity and controlled composition. It is commonly applied to manufacture calcium citrate, calcium acetate, and calcium phosphate, which often offer better solubility and bioavailability than calcium carbonate (McNamara 2000). Production typically involves controlled neutralization reactions between calcium-containing compounds and suitable acids, followed by purification, crystallization, filtration, and drying. For instance, calcium citrate is produced by reacting calcium carbonate or calcium hydroxide with citric acid under controlled conditions (Monchi 2017). Reaction conditions can also be adjusted to meet specific product requirements, making chemical synthesis suitable for pharmaceutical and nutraceutical applications (NIH 2026). However, the use of chemical reagents increases production cost, generates wastewater requiring treatment, and may cause equipment corrosion under acidic conditions. Therefore, optimizing reaction parameters and waste management remains essential for efficient large-scale production (Kamm, Gruber et al. 2007).
2.3. Fermentation-Based Production
Fermentation-based production has gained increasing attention as an alternative method for manufacturing calcium supplements with improved bioavailability. The most common products obtained through this approach are calcium lactate and calcium gluconate, which are widely used in the food and pharmaceutical industries due to their good solubility and absorption properties (Straub 2007). The process involves the use of microorganisms such as Lactobacillus, Aspergillus, and Gluconobacter species. During fermentation, organic acids are produced and subsequently converted into calcium salts. The fermentation stage is followed by downstream processing steps, including purification, concentration, and crystallization to obtain the final product (Sheng, Li et al. 2024). One of the main advantages of this technology is its environmental friendliness and ability to produce highly bioavailable calcium compounds. In addition, fermentation processes are considered a sustainable approach for developing value-added nutritional products. However, the technology also faces several limitations, including long fermentation periods, contamination risks, and relatively high operational costs (Garcia-Ochoa and Gomez 2009). From an industrial perspective, scale-up remains a major challenge. Factors such as oxygen transfer, pH control, sterility maintenance, and bioreactor design significantly affect process performance and product quality. Therefore, further optimization is required to improve the economic feasibility of large-scale fermentation-based calcium production (Peter F. Stanbury 1995).
Advanced and Emerging Technologies
In recent years, advanced technologies have gained significant attention in calcium supplement production due to their potential to improve absorption, stability, and overall performance compared with conventional supplements (Reid, Bolland et al. 2011). One notable development is nano-calcium technology, in which calcium particles are reduced to the nanometer scale, increasing surface area and potentially enhancing absorption and bioavailability (Torres, Pérez et al. 2024). Marine-derived materials, such as shells and coral calcium, are also being explored as alternative calcium sources because of their high calcium content (Dowley, Long-Smith et al. 2024). Another promising approach is encapsulation technology, which protects calcium compounds from degradation and enables controlled release during digestion, improving delivery efficiency and storage stability (Ko, Yoo et al. 2023). Additionally, peptide-based supplements containing calcium-binding and bioactive peptides can enhance calcium solubility and gastrointestinal absorption (Joshua Ashaolu, Lee et al. 2023).
Despite these advantages, advanced technologies face challenges, including higher production costs, specialized equipment requirements, and complex manufacturing processes. Large-scale industrial implementation remains limited, hindering commercialization. Therefore, further research and process optimization are needed before these technologies can achieve widespread adoption in the calcium supplement industry.
3.1 Nano-Calcium Technology
Nano-calcium technology is a promising development in calcium supplement production. By reducing calcium particles to below 100 nm, the surface area increases, potentially enhancing solubility and gastrointestinal absorption (Torres, Pérez et al. 2024). Studies have reported higher bioavailability and improved dispersion in food products compared with conventional calcium carbonate supplements (Reid, Bolland et al. 2011). Production methods include mechanical milling, precipitation, and nanostructure synthesis. Although recent techno-economic analysis demonstrated progress toward commercialization, reporting an estimated production cost of USD 484/t and approximately 8% lower CO₂ emissions for an improved nano-calcium carbonate production process using steel slag compared with conventional production (Lee, Ryu et al. 2020), industrial application remains limited due to concerns regarding particle stability, safety, regulatory approval, and the need for further process optimization. Therefore, further research is required before large-scale commercialization can be achieved (Boran 2020).
3.2. Marine-Derived Calcium Sources
Marine-derived materials have emerged as an alternative source of calcium for supplement production. Natural materials such as oyster shells, clam shells, crab shells, and coral-derived calcium are rich sources of calcium carbonate (Ahn, Lee et al. 2025). The use of marine resources offers several advantages. First, these materials are often obtained as by-products from seafood industries, which supports waste utilization and environmental sustainability. Second, marine calcium products may contain trace minerals such as magnesium and strontium that can contribute to bone health (Gaffney-Stomberg, Nakayama et al. 2019). However, the quality of marine-derived calcium may vary depending on the source and processing conditions. Additional purification steps are often required to remove impurities and ensure product safety. Furthermore, environmental concerns related to coral harvesting may limit the large-scale use of certain marine calcium resources (Kim, Ravichandran et al. 2012).
3.3. Encapsulation Technology
Encapsulation technology is increasingly used to improve the stability and delivery of calcium supplements. In this method, calcium compounds are enclosed within protective materials such as polymers, proteins, or lipids. The encapsulating layer protects calcium from environmental conditions and helps control its release during digestion (Ko, Yoo et al. 2023). One of the main benefits of encapsulation is the improvement of calcium bioavailability. In addition, encapsulation can improve product stability, reduce undesirable taste, and increase shelf life (Xie, Jiang et al. 2020). Although encapsulation technology offers many advantages, its industrial application is still associated with higher production costs and increased process complexity. The selection of suitable encapsulating materials and optimization of release characteristics remain important challenges for commercial production (Zięba, Raszewski et al. 2024).
Peptide-based calcium supplements
Peptide-based calcium systems offer better absorption and higher bioavailability, and hence they have attracted great interest in the nutritional and pharmaceutical industries. These supplements are produced by binding calcium to specific peptides obtained from protein hydrolysates (Zhang and Liu 2022). So far, calcium chelating peptides have been derived from different food sources, for instance, chicken blood (Yang, Shi et al. 2024), sheep bone (Hu, Wang et al. 2022), antler bone (Wang, Zhai et al. 2024), Mackerel (Scomber japonicus) (Cui, Liang et al. 2024), Pacific cod skin (Wu, Li et al. 2017), Antarctic krill protein (Hou, Wang et al. 2018), and so on. Given the increasing trend in popularity of the vegan diet, different plant sources of calcium-binding peptides have also been discovered: chickpea (Rodríguez-Martín, Márquez-López et al. 2024), lemon basil seeds (Kheeree, Kuptawach et al. 2022), mung bean (Budseekoad, Yupanqui et al. 2018), corn (Qu, Feng et al. 2024), etc. 
 Processing steps of peptide-based calcium supplements
The production steps of calcium-peptide supplements generally involve protein extraction, enzymatic hydrolysis, calcium chelation, and product stabilization (Zhang and Liu 2022). Firstly, a suitable protein extraction method is chosen according to the selected raw material; this can be alkaline extraction, acid precipitation, membrane filtration, or enzymatic treatment. Next step – enzymatic hydrolysis is considered a key step because the obtained protein is cleaved into smaller peptides, which bind calcium ions. In this step, various proteolytic enzymes such as trypsin, pepsin, papain, alcalase, and flavourzyme are used for hydrolysis (An, Zhang et al. 2022). According to some studies, mixed enzymes have been found to reach the same degree of hydrolysis faster than a single enzyme (Budseekoad, Yupanqui et al. 2018). After hydrolysis, the obtained bioactive peptides are mixed with a calcium source, for example, CaCl2. During the reaction, pH and temperature are controlled, and the solution is stirred continuously (An, Zhang et al. 2022). After peptide-calcium complexes are formed, the purification and drying stages play an essential role in determining the purity, stability, storage properties, and overall quality of the final product.
 Industrial feasibility and future perspectives
The industrial potential of peptide-based calcium supplements is supported by increasing demand for alternatives to conventional supplements, which often have lower bioavailability and greater side effects (An, Zhang et al. 2022). However, large-scale production faces several challenges. One major issue is maintaining consistent process conditions, as small variations during protein extraction and enzymatic hydrolysis can significantly affect peptide profiles and calcium-binding capacity. In addition, the high costs of enzymes and downstream operations, including purification, drying, storage, and packaging, increase production expenses. Future research should focus on identifying calcium-binding peptides from sustainable protein sources, particularly food-processing by-products. For example, Qi, Wang et al. (2026) investigated the production of calcium-peptide complexes from animal bones, marine animal skin, and plant seeds. Optimizing enzyme recycling systems and continuous processing technologies could further reduce manufacturing costs. With continued research and process improvements, peptide-based calcium supplements have strong potential to become an effective alternative to conventional products due to their superior bioavailability and improved patient compliance.
Conclusions
Calcium supplementation remains essential for preventing calcium deficiency and maintaining bone health. Conventional production technologies, including mineral-based processing, chemical synthesis, and fermentation, continue to dominate the industry due to their established manufacturing processes, although they are often limited by low bioavailability and sustainability challenges. Recent advances, such as nano-calcium systems, marine-derived calcium, encapsulation, and particularly peptide-based calcium supplements, offer improved calcium solubility, stability, and gastrointestinal absorption. Despite challenges related to process optimization, production costs, and industrial scale-up, ongoing advances in biotechnology and sustainable use of protein-rich by-products are expected to enhance their commercial feasibility. Overall, peptide-based calcium supplements represent a promising next-generation strategy for calcium delivery, combining improved bioavailability with sustainable production potential. Future research should focus on discovering novel calcium-binding peptides, optimizing large-scale manufacturing, and validating their efficacy through in vivo and clinical studies.
Acknowledgments
This work was supported by the institutional basic research funding provided by the Government of the Republic of Uzbekistan to the China-Uzbek Joint Laboratory of Moulding Technology for Macromolecular Compounds, Institute of Bioorganic Chemistry, Academy of Sciences of the Republic of Uzbekistan. Artificial Intelligence (AI)-based tools were used to generate Figure 1, which was reviewed and finalized by the authors.
References
Ahn, S., S. Lee and S. Lim (2025). "Antimicrobial Properties of Thermally Processed Oyster Shell Powder for Use as Calcium Supplement." Foods 14(15): 2579.
An, J., Y. Zhang, Z. Ying, H. Li, W. Liu, J. Wang and X. Liu (2022). "The Formation, Structural Characteristics, Absorption Pathways and Bioavailability of Calcium–Peptide Chelates." Foods 11(18): 2762.
Barbosa-Nuñez, J. A., H. Espinosa-Andrews, J. N. Haro-González, S. E. Herrera-Rodríguez and E. García-Márquez (2025). "Improving calcium Bioavailability: Strategies, challenges, and future perspectives." Food Bioscience 68: 106718.
Boran, H. (2020). "Influence of calcium and EDTA on copper ion bioavailability in copper nanoparticle toxicity tests improves understanding of nano-specific effects." Toxicol Ind Health 36(7): 467-476.
Budseekoad, S., C. T. Yupanqui, N. Sirinupong, A. M. Alashi, R. E. Aluko and W. Youravong (2018). "Structural and functional characterization of calcium and iron-binding peptides from mung bean protein hydrolysate." Journal of Functional Foods 49: 333-341.
Connie M. Weaver, R. P. H. (2006). Calcium in Human Health, Humana Totowa, NJ.
Cui, P., J. Liang, T. Cheng and J. Zhang (2024). "Preparation of Calcium–Binding Peptides Derived from Mackerel (Scomber japonicus) Protein and Structural Characterization and Stability Analysis of Its Calcium Complexes." Foods 13(11): 1652.
Dowley, A., C. M. Long-Smith, O. Demehin, Y. Nolan, S. O'Connell and D. M. O'Gorman (2024). "The bioaccessibility and tolerability of marine-derived sources of magnesium and calcium." Methods 226: 28-34.
Gaffney-Stomberg, E., A. T. Nakayama, K. I. Guerriere, L. J. Lutz, L. A. Walker, J. S. Staab, J. M. Scott, H. G. Gasier and J. P. McClung (2019). "Calcium and vitamin D supplementation and bone health in Marine recruits: Effect of season." Bone 123: 224-233.
Garcia-Ochoa, F. and E. Gomez (2009). "Bioreactor scale-up and oxygen transfer rate in microbial processes: an overview." Biotechnol Adv 27(2): 153-176.
Hou, H., S. Wang, X. Zhu, Q. Li, Y. Fan, D. Cheng and B. Li (2018). "A novel calcium-binding peptide from Antarctic krill protein hydrolysates and identification of binding sites of calcium-peptide complex." Food Chemistry 243: 389-395.
Hu, G., D. Wang, R. Su, M. Corazzin, X. Liu, X. Sun, L. Dou, C. Liu, D. Yao, L. Sun, J. Tian, L. Su, L. Zhao and Y. Jin (2022). "Calcium-binding capacity of peptides obtained from sheep bone and structural characterization and stability of the peptide-calcium chelate." Journal of Food Measurement and Characterization 16(6): 4934-4946.
Joshua Ashaolu, T., C. C. Lee, J. Opeolu Ashaolu, H. Pourjafar and S. M. Jafari (2023). "Metal-binding peptides and their potential to enhance the absorption and bioavailability of minerals." Food Chem 428: 136678.
Kamm, B., P. Gruber and M. Kamm (2007). Ullmann's Encyclopedia of Industrial Chemistry. 1.
Kheeree, N., K. Kuptawach, S. Puthong, P. Sangtanoo, P. Srimongkol, P. Boonserm, O. Reamtong, K. Choowongkomon and A. Karnchanatat (2022). "Discovery of calcium-binding peptides derived from defatted lemon basil seeds with enhanced calcium uptake in human intestinal epithelial cells, Caco-2." Scientific Reports 12(1): 4659.
Kim, S. K., Y. D. Ravichandran and C. S. Kong (2012). "Applications of calcium and its supplement derived from marine organisms." Crit Rev Food Sci Nutr 52(6): 469-474.
Ko, J., C. Yoo, D. Xing, D. E. Gonzalez, V. Jenkins, B. Dickerson, M. Leonard, K. Nottingham, J. Kendra, R. Sowinski, C. J. Rasmussen and R. B. Kreider (2023). "Pharmacokinetic Analyses of Liposomal and Non-Liposomal Multivitamin/Mineral Formulations." Nutrients 15(13).
Lee, J., K. H. Ryu, H. Y. Ha, K.-D. Jung and J. H. Lee (2020). "Techno-economic and environmental evaluation of nano calcium carbonate production utilizing the steel slag." Journal of CO2 Utilization 37: 113-121.
McNamara, D. J. (2000). "The impact of egg limitations on coronary heart disease risk: do the numbers add up?" J Am Coll Nutr 19(5 Suppl): 540s-548s.
Monchi, M. (2017). "Citrate pathophysiology and metabolism." Transfusion and Apheresis Science 56(1): 28-30.
NIH. (2026). "Calcium Fact Sheet for Health Professionals." from National Institutes of Health (NIH) Office of Dietary Supplements (ODS).
Peter F. Stanbury, A. W., Stephen J. Hall (1995). Principles of Fermentation Technology. 200 Wheeler Road, Burlington MA 01803, Butterworth-Heinemann, Elsevier Science.
Qi, Y., S. Wang, Z. Li, X. Yan, Y. Yang, B. Li and H. Liang (2026). "Production of peptide-calcium chelates from eggshell membranes: A comparison of high-pressure homogenization versus enzymatic hydrolysis." Food Res Int 228: 118163.
Qu, W., Y. Feng, T. Xiong, A. Qayum and H. Ma (2024). "Preparation, structural and functional characterization of corn peptide-chelated calcium microcapsules using synchronous dual frequency ultrasound." Ultrasonics Sonochemistry 102: 106732.
Reid, I. R., M. J. Bolland, P. N. Sambrook and A. Grey (2011). "Calcium supplementation: Balancing the cardiovascular risks." Maturitas 69(4): 289-295.
Rodríguez-Martín, N. M., J. C. Márquez-López, I. Cerrillo, F. Millán, J. A. González-Jurado, M.-S. Fernández-Pachón and J. Pedroche (2024). "Production of chickpea protein hydrolysate at laboratory and pilot plant scales: Optimization using principal component analysis based on antioxidant activities." Food Chemistry 437: 137707.
Sheng, Z., Y. Li and J. Wang (2024). "High-yield production of 5-keto-D-gluconic acid via regulated fermentation strategy of Gluconobacter oxydans and its conversion to L-(+)-tartaric acid." Heliyon 10(17): e36527.
Straub, D. A. (2007). "Calcium supplementation in clinical practice: a review of forms, doses, and indications." Nutr Clin Pract 22(3): 286-296.
Suva, M. A. and P. R. Tirgar (2024). "Comparative evaluation of different oral iron salts in the management of iron deficiency anemia." Daru 32(2): 485-494.
Torres, B., A. Pérez, P. García, P. Jiménez, K. Abrigo, P. Valencia, C. Ramírez, M. Pinto, S. Almonacid and M. Ruz (2024). "Fish Bones as Calcium Source: Bioavailability of Micro and Nano Particles." Foods 13(12): 1840.
Torres, B., A. Pérez, P. García, P. Jiménez, K. Abrigo, P. Valencia, C. Ramírez, M. Pinto, S. Almonacid and M. Ruz (2024) "Fish Bones as Calcium Source: Bioavailability of Micro and Nano Particles." Foods 13, 1840 DOI: 10.3390/foods13121840.
Wang, Z., X. Zhai, X. Xiao, P. Xia, X. Chen, Y. Li, L. Hao and Y. Zhang (2024). "Novel peptides with calcium-binding capacity from antler bone hydrolysate, its bioactivity on MC3T3-E1 cells, and the possible chelating mode." Food Science & Nutrition 12(11): 9069-9084.
Wawrzyniak, N. and J. Suliburska (2021). "Nutritional and health factors affecting the bioavailability of calcium: a narrative review." Nutr Rev 79(12): 1307-1320.
Wu, J., X. Cai, M. Tang and S. Wang (2019). "Novel calcium-chelating peptides from octopus scraps and their corresponding calcium bioavailability." Journal of the Science of Food and Agriculture 99(2): 536-545.
Wu, W., B. Li, H. Hou, H. Zhang and X. Zhao (2017). "Isolation and identification of calcium-chelating peptides from Pacific cod skin gelatin and their binding properties with calcium." Food Funct 8(12): 4441-4448.
Xie, Y. L., W. Jiang, F. Li, Y. Zhang, X. Y. Liang, M. Wang, X. Zhou, S. Y. Wu and C. H. Zhang (2020). "Controlled Release of Spirotetramat Using Starch-Chitosan-Alginate-Encapsulation." Bull Environ Contam Toxicol 104(1): 149-155.
Yang, J., J. Shi, Y. Zhou, Y. Zou, W. Xu, X. Xia and D. Wang (2024). "Preparation, Characterization and Stability of Calcium-Binding Peptides Derived from Chicken Blood." Foods 13(15).
Zhang, M. and K. Liu (2022). "Calcium supplements and structure-activity relationship of peptide-calcium chelates: a review." Food Sci Biotechnol 31(9): 1111-1122.
Zięba, T., B. Raszewski, M. Kapelko-Żeberska and J. H. Kobryń (2024). "A review on methods for the production of microcapsules and their application in drug and food technology." Polim Med 54(2): 117-125.
image3.png
Technological
Complexity

CONVENTIONAL TECHNOLOGIES ADVANCED TECHNOLOGIES ‘

High m
: Peptide-calcium
o Juti© Y complexes
I e i
0\©f { « Highest bioavailability
O D!
« v + Functional properties
xoW + Next-generation
Nano-calcium Encapsulation supplements
technology technology
« Improved stabil
; @ + Nano-sized particles 5 cmp't "eds |”ty
Mecium i Marine-derived | . gnhanced absorption
Fermentation- el i g * Process complexity
based production + Higher production cost
(Shells, coral,
(Calactate, =
Chemical Ca gluconate)

A synthesis + Natural source

h (Ca citrate, * Sustainable + Trace minerals

Minefalthased Ca acetate, etc.) + Good bicavailability « Variable quality

processing + Process time
(Calcium carbonate)
« High purity
+ Controlled composition
sliowlcost . « Scalable
+ Abundant raw materials
Low

+ Low bioavailability

20% 30% 40% 50% 60%
(Low) (Medium)
Calcium Bioavailability / Absorption (%)

70% 80%
(High)





image1.jpeg




image2.jpeg
AIDIC




