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Abstract  

The role of the review is to discuss how to separate enantiomers of vitamins. Pharmaceutical, nutraceutical, 

and agrochemical industries are particularly emphasized in this article. High-performance liquid 

Chromatography (HPLC) is a widely used technique because it is versatile and efficient for separation. 

HPLC uses chiral stationary phases such as cyclodextrins, polysaccharides, and protein-based chiral 

stationary phases to resolve vitamins such as E, D, and C. Capillary electrophoresis (CE) can separate chiral 

vitamins such as B6 and B12 by utilizing electric field-induced differential enantiomer migration. This is 

accomplished through 'chiral selectors', compounds that can only bind selectively to one enantiomer, 

thereby aiding in their separation process. Standard chiral selectors include crown ethers and cyclodextrins. 

Gas Chromatography (GC), less frequently employed for vitamins than other techniques, works well 

provided columns have coatings consisting of chiral stationary phases like cyclodextrins or polysaccharides. 

The latter has been proved in the resolution of the enantiomers of vitamins A and K, suggesting that it could 

be applied more in future times. Supercritical Fluid Chromatography (SFC) is an eco-friendly way to 

separate vitamin B1 and B5 enantiomers. It employs supercritical fluids as the mobile phase. This approach 

can utilize different chiral stationary phases and quickly analyze samples while consuming less solvent, 

making it environmentally friendly. Enantiomeric separation methodologies guarantee the quality and 

efficacy of products in the pharmaceutical and nutraceutical industries. Continuous advancement in chiral 

analysis and optimum chemical usage is needed to maintain high product quality and efficacy standards. 

This highlights the need for more rigorous research on enantiomer separation techniques. 
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Introduction  

Enantiomers in vitamins 

 Enantiomers are molecules that do not have the same shape when viewed upon reflection in a 

mirror. This means their mirror images cannot be superimposed on each other, even though they share the 

same chemical formula¹. In vitamins, enantiomer’s biological activities and pharmacological effects 

significantly differ. Separation and isolation of enantiomers are essential in manufacturing nutraceuticals². 

This is important for guaranteeing the efficacy and safety of vitamin formulations. Herein, we explore 

advanced techniques to efficiently separate vitamin-related enantiomers, including traditional and modern 

methodologies, together with illustrative case studies and applications³. The goal is to underscore the 

importance of separating enantiomers in producing vitamins, thereby advancing quality control and targeted 

therapeutics. 
 

Enantiomers separation in vitamins   

Different enantiomers in our body show different behaviour, which is critical for vitamins⁴. 

Vitamins are crucial since most exist in chiral forms with two enantiomers. Sometimes, one might be 

helpful, while the other can have no effect or harm⁵. Therefore, separating the enantiomers to deliver proper 

form with enormous possibilities for wellness benefits becomes necessary. 

Traditional methods for separating enantiomers in vitamins   

Methods for resolution   

One of the earliest methods used for enantiomer separation is called resolution⁶. The technique 

involves utilizing enantiomers' varying solubilities or reaction rates with specific chiral compounds, such 

as resolving agents or enzymes⁷. By utilizing these differences, the enantiomers can be separated and 

obtained in their forms⁸, as shown in Fig (1). 

 

Figure (1). Resolution of enantiomers.⁸ 
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Crystallization techniques   

Enantiomer separation has also been accomplished using crystallization techniques⁹. It is feasible 

to produce distinct crystals with the desired enantiomer by establishing circumstances that favour the 

selective crystallization of one enantiomer over the other¹⁰, as illustrated in Fig. 2 

 

Figure (2). An arrangement designed for achieving a quasi-continuous, simultaneous 

production of both enantiomers within a conglomerate through preferential crystallization (Lorenz, 

et al., 2006). 

Derivatization approaches   

Another commonly utilized approach for separating enantiomers is derivatization. This process 

involves modifying one of the enantiomers by adding a chiral molecule, known as a derivatizing agent. 

This alteration enables the separation of enantiomers based on their unique properties, such as boiling point 

or chromatographic behavior¹¹-¹³.   

Enantiomer separation techniques using chromatographic methods   

One of the powerful approaches for separating enantiomers is HPLC, which works on a stationary 

phase of chiral selectors. This allows different interactions with the enantiomers, a fantastic scientific 

process that makes them separate¹⁴. HPLC is known for its excellent resolution, and it is highly used in 

pharmaceutical and research laboratories¹⁵.   

High performance (HPLC) of Liquid chromatography   

HPLC is a strong chromatographic technique for separating enantiomers¹⁶, which involves the 

chiral selector as the stationary phase; an enjoyable scientific process that makes them¹⁷. It has exceptionally 

high resolution and is thus very useful in pharmaceutical and research laboratories¹⁸. For instance, the study 

of the separation of water-soluble vitamins on FO-SiO₂. Column and aminopropylated silica expand these 

methods, primarily demonstrating through the work that a silica column functionalized with fluorine, FO-

SiO₂, makes a unique difference in the separation of water-soluble vitamins¹⁹. The study provides a 

thorough comparison of separation by FO-SiO₂ and aminopropylated silica, showing that the former greatly 

enhances separation efficiency and is quite forgiving in the gradient used. This is related to the distinct way 

in which the various vitamin molecules interact with the column material under the two different conditions. 

²⁰.   



 
 

70 
 

Iraqi journal of Bioscience and Biomedical 

Published Online First:  31/ December /2023. 

p-ISSN: 3007-5491 /  e-ISSN:3007-5505   

 
In contrast, the aminopropylated silica column contains amino groups, which provide extra 

separation mechanisms. These are particularly helpful for separating vitamins that vary in polarity and 

solubility²¹. Using a dual-column system, the authors accomplished a not very far removed, stripped-down 

version of the HPLC of water-soluble vitamins²². Moreover, this system separates the vitamins, eliminating 

the undesired contaminants. This work represents an essential step for the authors and water-soluble vitamin 

HPLC because it is both an ingenious idea and a well-executed application of the precision and power of 

advanced separation methods using silica-based materials²³. 

 

Figure (3) Water-soluble vitamin separation using FOSiO2-column and aminopropylated 

silica (Liu et al., 2014). 

Gas chromatography (GC)   

Gas chromatography (GC) is a chromatographic method for enantiomer separation²⁴. In GC, 

enantiomers are volatilized and separated based on their different affinities for the stationary phase or the 

chiral selector²⁵. Gas chromatography (GC) has significant utility in the separation of volatile compounds, 

making it valuable in applications such as environmental and food analysis²⁶, as illustrated in Fig. (4). 
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Figure (4) The chromatographic representation of all rac-α-Toc-ME (vitamin E), all four 

sets of diastereomers of all-rac-α-Toc-ME show consistent peak heights, Fu et al., 2017). 

Supercritical fluid chromatography (SFC)   

Supercritical fluid chromatography (SFC) is a technique that combines the properties of both liquid 

and gas chromatography to separate enantiomers²⁷. Supercritical fluid chromatography (SFC) utilizes a 

mobile phase supercritical fluid, predominantly carbon dioxide, and a chiral stationary phase²⁸. This 

technique, known for its speed and efficiency, is one of the leading methods for enantiomer separation. Its 

versatility in separating chiral compounds quickly and effectively has made it a valuable tool for scientists 

and analysts in diverse fields, including pharmaceutical analysis, food analysis, and environmental 

monitoring. This method is visually represented in Fig. 5,²⁹. 

 

Figure (5). Chromatograms of standard solution (1: Vitamin K3, 2: Vitamin A acetate, 3: 

Vitamin E acetate, 4: Vitamin E, 5: Vitamin K1, 6: Vitamin D2, 7: Vitamin D3, 8: Vitamin A 

palmitate) (JASCO Global., 2023). 
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Exploring the latest separation advances in the enantiomers of vitamins   

Enantioselective membrane processes   

In this context, enantioselective membrane processes have garnered significant interest as a 

promising approach to enantiomer separation³⁰. This process, which relies on a meticulously designed 

membrane with chiral recognition ability, selectively facilitates the transport of the enantiomer across the 

membrane, as depicted in Fig. 6³¹. The potential for large-scale separation applications is particularly 

exciting, hinting at a promising future for enantioselective membrane processes³². 

 

Figure (6). Metal-Organic Frameworks Enantioselective Separations.³² 

Molecular Imprinting Techniques   

One such technique is molecular imprinting, where specific cavities or'molds' of a particular 

enantiomer are created in a polymer matrix for selective binding and separation³³. It is a flexible tool that 

could be modulated to meet different requirements for enantiomer separation³⁴. Conversely, MIPs have 

many advantages, like predictable structure, chemical stability, and specificity in molecular recognition³⁵. 

What truly inspires the authors is the remarkable versatility of MIPs in various applications, from drug 

delivery to environmental remediation. The generation process for MIPs involves a three-step process: pre-

polymerisation, polymerisation, and subsequent removal of the template, as shown in Figure 7.³⁶ 

 

 

 

 

 

 

 

 

Figure (7). A demonstrated figure to describe the process of construction of the MIP.³⁶ 
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Chiral ligand-exchange chromatography   

Chiral ligand-exchange chromatography is a cutting-edge technique that combines chiral 

chromatography principles with ligand exchange³⁷. This method uses metal ions as chiral selectors, creating 

complexes with enantiomers to facilitate their separation³⁸. This method is particularly effective in 

separating difficult-to-separate enantiomers and holds great promise for researchers and scientists seeking 

to ensure the highest quality of vitamins for maximum health benefits³⁹-⁴¹.   

Enantiomer innovative separation techniques   

Techniques for the separation of vitamins for enantiomers are also continuously developing to cope 

with the urgent and increasing demand for pure enantiomers⁴². This pressing need keeps scientists and 

researchers on their toes, continuously seeking out new developments that would increase the speed and 

effectiveness of these techniques, such as developing new chiral stationary phases, improvements in 

enantioselective synthesis methods, and advances in resolution techniques⁴³.   

Challenges of enantiomer separation   

With the improved techniques for separating enantiomers, some challenges still need to be 

considered⁴⁴. One major challenge is the cost of their separation techniques; some methods are expensive 

and consume a lot of time⁴⁵. Issues of scalability for mass production exist with these techniques regarding 

vitamins. However, the potential impact of ongoing research on developing more cost-effective and scalable 

separation techniques is inspiring⁴⁶.   

Prospects   

The future of enantiomer separation techniques within the vitamin domain is bright, with further 

research and development work expected to lead to more efficient and cost-effective methods. The potential 

impact of these advancements, such as artificial intelligence and automation, is significant and could inspire 

new ways of thinking and working in the industry. These developments would further enable the production 

of high-quality vitamins with enhanced therapeutic capabilities, motivating the audience to continue their 

essential work.  

Conclusions   

In connection with this, the efficacy of the techniques of enantiomer separation assumes a very 

significant dimension in vitamin manufacture. Chiral stationary phases, enantioselective synthesis, and 

resolution techniques have been developed to isolate pure enantiomers of the vitamins. This makes it very 

relevant and applicable that efficient enantiomer separation in the production of vitamins is essential to the 

following analysis of case studies and applications. Although specific challenges exist, the potential of these 

techniques does look promising with the continuous innovations and developments that are going on in this 

field. The role of practical techniques for separating enantiomers is crucial, as it ensures the vitamins' purity, 

potency, and safety, providing reassurance about the quality of the products.   

Moreover, methods like resolution and crystallization have led to the development of 

chromatographic separation methods and enantioselective synthesis. In addition, they utilize chiral 

stationary phases, while new techniques like molecular imprinting show some outstanding potential for the 
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future. However, scalability and cost-related issues are yet to be resolved. It is through further 

improvements in enantiomer separation that quality and value in vitamin formulations can be bettered 

toward achieving improved health outcomes for people worldwide. The importance of continuous 

exploration and refinement in this field cannot be overstated, as it is the key to achieving our goals and 

improving health outcomes. 
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