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Abstract: Vitamin K2 (menaquinone) is a fat-soluble vitamin crucial for bone health, 

cardiovascular function, and calcium metabolism. However, its bioavailability is significantly 

influenced by the medium in which it is dissolved. This study explores the solubility of Vitamin K2 in 

various oils, examining the physicochemical properties that affect dissolution rates and stability. By 

analyzing different carrier oils such as medium-chain triglycerides (MCT), olive oil, sunflower oil, 

and fish oil, this research provides insights into optimizing Vitamin K2 delivery for enhanced 

absorption and efficacy. The study further discusses the implications of oil selection in 

pharmaceutical formulations and functional food applications. 

 

1. Introduction 

Vitamin K2, a member of the fat-soluble vitamin family, plays a vital role in various physiological 

processes, particularly in regulating calcium metabolism and preventing arterial calcification. Given 

its lipophilic nature, Vitamin K2 must be incorporated into suitable lipid-based carriers to ensure 

proper absorption in the human body. However, not all oils serve as equally effective solvents for 

Vitamin K2. Understanding the solubility dynamics of this vitamin in different oils can aid in the 

development of optimized nutraceutical and pharmaceutical formulations. This paper investigates the 

solubility behavior of Vitamin K2 in various lipid carriers and evaluates factors influencing its 

stability and bioavailability. 

2. Importance of Vitamin K2 

Vitamin K2 exists in several forms, primarily as menaquinones (MK-4 to MK-13), which differ in 

their side chain lengths and absorption characteristics. Its primary functions include: 

➢ Activation of osteocalcin, which facilitates calcium deposition into bones. 

➢ Regulation of matrix Gla protein (MGP), preventing vascular calcification. 

➢ Supporting cardiovascular health by reducing arterial stiffness. 

Despite these benefits, Vitamin K2 is often under-consumed in modern diets, necessitating its 

fortification in food and supplement formulations. Understanding its solubility profile in various lipid 

media is essential for improving its delivery and efficacy. 

3. Methodology 

To evaluate the solubility of Vitamin K2, this study employed a comparative dissolution approach, 

using various oils as solvents: 

➢ Medium-Chain Triglycerides (MCT): A readily absorbable fat source often used in 

supplements. 

➢ Olive Oil: Rich in monounsaturated fatty acids and known for its antioxidant properties. 
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➢ Sunflower Oil: A common vegetable oil with a high linoleic acid content. 

➢ Fish Oil: Rich in omega-3 fatty acids, providing potential synergistic health benefits. 

Each oil was analyzed for its ability to dissolve Vitamin K2 at varying temperatures, agitation levels, 

and storage conditions. High-performance liquid chromatography (HPLC) was used to quantify the 

concentration of dissolved Vitamin K2 in each oil. 

4. Results and Discussion 

The solubility analysis yielded the following insights: 

➢ MCT Oil: Demonstrated the highest solubility due to its lower molecular weight and rapid 

absorption properties, making it an ideal carrier for fast bioavailability. 

➢ Olive Oil: Showed moderate solubility with added benefits of stability due to its antioxidant 

profile. 

➢ Sunflower Oil: Exhibited lower solubility, likely due to its high polyunsaturated fat content, 

which may affect vitamin dispersion. 

➢ Fish Oil: While solubility was moderate, the presence of omega-3s suggested a potential 

synergistic effect for cardiovascular benefits. 

Additionally, stability testing revealed that Vitamin K2 degrades more rapidly in polyunsaturated oils 

when exposed to heat and light, emphasizing the need for controlled storage conditions. 

5. Implications for Nutraceuticals and Pharmaceuticals 

Selecting the optimal oil for Vitamin K2 dissolution has significant implications: 

➢ Nutraceutical Formulations: MCT oil may serve as the best carrier for rapid absorption, while 

olive oil offers stability for long-term formulations. 

➢ Pharmaceutical Applications: Encapsulation in stable oils or emulsions can enhance 

bioavailability and extend shelf life. 

➢ Food Fortification: Using appropriate oils can improve Vitamin K2 retention in fortified dairy, 

beverages, and dietary supplements. 

6. Conclusion 

This study underscores the importance of selecting an appropriate oil medium to optimize the 

solubility and bioavailability of Vitamin K2. MCT oil emerged as the most effective carrier, while 

olive oil provided a balance of solubility and stability. Understanding these interactions is critical for 

developing superior Vitamin K2-based products that maximize health benefits. Future research 

should explore microencapsulation techniques and emulsification strategies to further enhance 

Vitamin K2 delivery. 
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