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Abstract. Currently, liquid chromatography is widely used for the analysis and determination of 

water-soluble vitamins (WSVs) in functional foods. However, due to the diversity of sample 

characteristics and the requirement for purification accuracy, the chromatographic conditions 

and specific methods used vary. This paper reviews the chromatographic conditions of liquid 

chromatography techniques for detecting WSVs in food, as well as the selection of liquid 

chromatography methods in different application fields. The chromatographic conditions include 

chromatographic columns, column temperature, mobile phase, flow rate, and elution gradient, 

and the application scope of different chromatographic conditions is compared. Liquid 

chromatography methods include high-performance liquid chromatography and liquid 

chromatography-tandem mass spectrometry, and discussions are made on the applications and 

prospects of these two methods under different chromatographic conditions. Therefore, this 

review provides research insights into different chromatographic conditions and methods for 

food quality inspection and biochemical analysis research. 

Keywords: Liquid Chromatography, Chromatographic Conditions, Water-Soluble Vitamins, 

Food 

1.  Introduction 

Vitamins are a class of trace organic substances essential for maintaining normal physiological functions 

and metabolism in the human body, which can be classified into fat-soluble vitamins and water-soluble 

vitamins based on solubility [1]. Water-soluble vitamins (WSVs) include B-complex vitamins and 

Vitamin C (VC) [2]. Among them, B-complex vitamins exert influence on substance metabolism in the 

body by forming coenzymes [3], while VC serves as a coenzyme for hydrolytic enzymes involved in 

collagen and catecholamine synthesis as well as gene expression regulation [4]. Abnormal levels of these 

vitamins can lead to physiological and psychological health issues such as skin diseases, gastrointestinal 

disorders, endocrine disorders, mental illnesses, and cancers (see Table 1 for classification and functions 

of WSVs). Therefore, the aforementioned WSVs play significant roles in growth, metabolism, and 

development. Due to the body’s inability to synthesize and/or store a sufficient amount of WSVs, their 

content in the body is minimal [5]. Even with a balanced diet providing most of the required vitamins, 
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there is still a risk of low intake of trace nutrients for most people [6], necessitating supplementation 

from functional foods containing specific doses of vitamins. 

Table 1. Classification and functions of water-soluble vitamins 

WSVs  Functions  Abnormal influence Reference 

Vitamin 

B1 (VB1) 

Involved in energy production and 

central metabolism pathways 

Deficiency leads to neurological disorders 

and beriberi 
[6] 

Vitamin 

B2 (VB2) 

Prevents cancer, anemia, and migraines Deficiency causes symptoms such as 

glossitis, angular stomatitis, and skin 

lesions; Excessive intake may lead to 

tissue and DNA oxidative damage and 

sporadic colorectal cancer 

[7] 

Vitamin 

B3 (VB3) 

Participates in lipid metabolism, tissue 

respiration, and anaerobic breakdown of 

carbohydrates 

Insufficient intake can lead to 

mitochondrial dysfunction, pellagra, 

gastrointestinal disorders, 

hypercholesterolemia, depression, etc. 

[6, 8, 9] 

Vitamin 

B5 (VB5) 

Responsible for biochemical and 

signaling reactions within the body 

Deficiency damages the skin, mucous 

membranes, and nervous system 
[10] 

Vitamin 

B6 (VB6) 

Regulates basic cellular metabolism and 

influences overall physiological 

conditions 

Deficiency causes symptoms such as loss 

of appetite, vomiting, depression, etc.; 

Long-term high-dose supplementation of 

pyridoxine can lead to sensory neuropathy 

[9, 10] 

Vitamin 

B7 (VB7) 

Involved in fatty acid synthesis, 

gluconeogenesis, and branched-chain 

amino acid catabolism 

Deficiency can lead to seborrheic 

dermatitis, loss of appetite, fatigue, etc. [11, 12] 

Vitamin 

B9 (VB9) 

Growth and reproduction of organism 

cells 

Insufficient levels can lead to DNA 

hypomethylation; Overexpression can 

cause cancer, anemia, and cognitive 

impairments 

[6, 9] 

Vitamin 

B12 

(VB12) 

Possesses anti-inflammatory and 

antioxidant properties, involved in red 

blood cell formation, synthesis and 

maintenance of myelin sheath, as well as 

synthesis of nucleic acids and 

neurotransmitters 

Deficiency manifests as nonspecific 

symptoms, disrupts homocysteine balance 

[9, 11, 13] 

Vitamin 

C (VC) 

Antioxidant, anti-inflammatory, 

antithrombotic, and immune-regulating 

properties, prevents common colds and 

cancer 

Deficiency can lead to kidney disorders 

and even scurvy; Excessive 

supplementation disrupts physiological 

redox balance and cellular homeostasis 

[4, 9] 

Functional foods refer to foods with specific nutritional and health functions or intended to 

supplement vitamins and minerals, including health foods [14], infant formula [15-17], functional 

beverages [18], vitamin supplements [1-3, 5], nutrient fortifiers [16, 19-21], etc. These foods can 

improve the physiological functions of different populations and have been proven to reduce the risk of 

chronic diseases [22]. With the emergence of various functional foods in the market, on one hand, 

channels for people to obtain trace nutrients have expanded, while on the other hand, the problem of 

imbalance in nutrient doses has arisen. In order to better provide consumers with targeted functional 

foods, researchers have begun to focus on the purification and detection of water-soluble vitamins 

(WSVs) in food. 

With the increasing demand for accurate determination of WSV content in various functional foods, 

various analytical techniques have been introduced for the purification and analysis of specific vitamins 

[23]. When the content of target compounds such as vitamins is complex, it is sometimes necessary to 

use multiple techniques to analyze the active ingredients of these vitamins. Traditional detection 

methods include microbiological methods [24], electrochemical methods [25], capillary electrophoresis 
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[26], thin-layer chromatography [27], etc. However, traditional methods cannot meet the requirements 

of modern detection for simultaneous detection of multiple vitamins. Compared to traditional methods, 

liquid chromatography offers better detection speed, reliability of results, optimal separation potential, 

and selectivity [17]. This paper focuses on the chromatographic conditions of liquid chromatography 

and the application of different liquid chromatography methods. Chromatographic conditions include 

chromatographic columns, column temperature, mobile phase, flow rate, and elution gradient. Liquid 

chromatography methods mainly include high-performance liquid chromatography (HPLC) [28-37] and 

liquid chromatography-tandem mass spectrometry (LC-MS/MS) [38-47]. HPLC has been widely used 

for the determination of WSVs due to its high sensitivity and low cost [40]. LC-MS/MS is widely used 

in clinical experiments due to its high stability, good specificity, and high sensitivity [40, 48]. When 

detecting WSVs in various foods, the analysis results vary due to different chromatographic conditions 

and methods [43]. 

In order to extract WSVs from functional foods or determine their content, researchers need to select 

appropriate chromatographic conditions and methods based on the properties of the analytes when using 

liquid chromatography. This review aims to provide a comparison of widely applicable chromatographic 

conditions and different liquid chromatography methods and their application fields, providing new 

insights for the selection of analytical methods in the production of targeted supplements and food 

quality inspection. 

2.  Impact of Chromatographic Conditions on the Detection of Water-Soluble Vitamins 

Depending on the physicochemical properties of different analytes and the utilization of various 

chromatographic conditions and sample pretreatment techniques, substances with very similar 

properties can be simultaneously separated and determined to achieve the separation of trace 

components in complex mixtures [49]. Among them, the selection of chromatographic conditions is 

particularly important, and only by choosing appropriate chromatographic columns, column 

temperatures, mobile phases, flow rates, and elution gradients [19], can good separation results be 

achieved. 

2.1.  Chromatographic Columns and Column Temperature 

In liquid chromatography, chromatographic columns are usually made of polished stainless steel or 

heavy glass materials and filled with stationary phases. Analytical columns are mainly used for 

quantitative analysis of samples [50], with C18 chromatographic columns [51] being the most common 

packing material. R.B.H. Wills et al. [4] compared µ Bondapak C18 and µ Bondapak NH2 columns for 

the simultaneous separation of seven WSVs from a mixture in 1977. The results showed that each 

vitamin could be eluted well from the µ Bondapak C18 column, with an analysis time of less than 40 

minutes, while the µ Bondapak NH2 column, although shorter in analysis time by 15 minutes compared 

to the C18 column, could not elute folic acid and had lower sensitivity than the C18 column. Shi-Qi Zhang 

et al. [18] prepared layered porous submicron flow-through silica microspheres (Sub-FTSiO2) with 

particle sizes ranging from 2.5 to 3.5 μm by combining suspension polymerization with sol-gel transition 

and phase separation methods. They conducted experiments using a hydrophilic interaction liquid 

chromatography (HILIC) column, where a large number of penetrable mesopores provided good 

separation capability and permeability, achieving rapid separation of seven WSVs in functional 

beverages within 2.2 minutes. Although this method enables rapid separation and determination of 

WSVs, it requires additional preparation of packing materials, involves multiple pretreatment processes, 

and is relatively complex, resulting in higher analysis costs compared to C18 columns. 

From the above analysis, it is evident that the C18 column exhibits better applicability in research. 

Ho Jin Kim [28] conducted experiments detecting six WSVs with detection limits (LOD) ranging from 

25 to 197 µg/kg and quantification limits (LOQ) ranging from 84 to 658 µg/kg. Marco Ciulu et al. [33] 

detected WSVs in honey with LODs ranging from 0.10 to 0.58 mg/kg and LOQs ranging from 0.3 to 

1.75 mg/kg. Chunmei Geng et al. [35] detected four WSVs, with accuracy and precision both exceeding 

15%. These methods collectively demonstrate the high sensitivity and wide applicability of the C18 
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column. For different chromatographic columns, the combination-separation of samples and stationary 

phases may vary due to different column temperatures, leading to differences in peak areas and retention 

times of each WSV, and consequently, different chromatographic analysis results. 

Taking the C18 column as an example, at room temperature (25°C) [29], the HPLC separation of five 

WSVs is satisfactory, reaching baseline separation within 22 minutes. At 30°C [48], the tailing factors 

of seven WSVs are all less than 1.5, with relatively good peak shapes for each component. At 40°C [28], 

the average sample recovery rate of six WSVs ranges from 82.3% to 98.9%, reflecting the reliability of 

the analytical method. Therefore, when the column temperature is between 25°C and 40°C, it ensures 

both the retention time and separation time of the samples in the column, as well as good 

chromatographic resolution. In summary, when detecting WSVs in functional foods, the use of C18 

columns is more cost-effective, and temperatures ranging from 25°C to 40°C are more suitable for 

separating vitamins. 

2.2.  Mobile Phase, Flow Rate, and Elution Gradient 

When detecting WSVs, the mobile phase generally consists of buffer solutions or formic acid aqueous 

solution-methanol or acetonitrile systems [28-37, 42, 46, 47]. Under certain experimental conditions [31], 

WSVs in jujube coconut were detected using a buffer solution-methanol (96:4) system with pH adjusted 

to 3.0 with orthophosphoric acid. The chromatogram produced a sharp and compact peak with a recovery 

rate of 99.05% to 100.11%. The intra- and inter-group variations at two different concentration levels 

showed relatively low relative standard deviations (0.90%-1.02%), demonstrating the high 

reproducibility and accuracy of the system. Based on the close polarity of the analyzed vitamins, namely 

WSVs, defined in literature [3], the necessity of using buffered mobile phases was established. 

Experimentation with methanol and acetonitrile as organic modifiers found that their mixture exhibited 

the best selectivity. Ultimately, a phosphate buffer (pH=4): acetonitrile (98:2) and methanol: water 

(50:50) system was used for gradient elution at a flow rate of 0.8 mL/min. The gradient method applied 

ensured good separation of all WSV components in the mixture. 

Careful selection of the mobile phase is necessary as improper use of mobile phase reagents may 

lead to co-elution, baseline and time drift, complex backgrounds, etc. [3], and thus, it cannot be 

generalized. Due to the strong polarity and ionization capacity of WSVs such as VB1, VB2, VB6, VC, 

their retention capacity on C18 columns is often poor and may require the addition of ion-pairing reagents 

[14, 28] to prolong the retention time of analytes, increase separation, and improve chromatographic 

peaks. For instance, Chen Caiyun et al. [14] found that the components of health foods such as VB1, 

VB2, VB5, VB6, niacin were difficult to separate in acetonitrile-water and methanol-water systems, but 

separation efficiency improved with the use of acetonitrile-ion-pair reagent system (5 mmol/L sodium 

heptanesulfonate), with separation efficiency of the five vitamins >1.5. Additionally, Ho Jin Kim’s study 
[28] used buffer A (5 mM PICB-6, 0.1% CH3COOH) and buffer B (5 mM PICB-6, 65% methanol) as the 

mobile phase to analyze six WSVs in animal feed and optimized the extraction process using PICB-6 as 

the ion-pairing reagent. The LOD was 25-197 µg/kg, LOQ was 84-658 µg/kg, and the average sample 

recovery rate of the six WSVs was 82.3%-98.9%. The intra- and inter-day variations in peak area 

changes were less than 5.6%, demonstrating the reliability of the method. Although higher 

concentrations of ion-pairing reagents result in longer retention times for samples, they also cause 

greater damage to the chromatographic column, so the concentration of ion-pairing reagents needs to be 

properly controlled [14]. In addition to the mobile phase, flow rate and elution gradient also affect the 

separation efficiency and chromatographic behavior of vitamins. 

Most researchers [28, 29, 31-33, 37, 42, 46, 47] choose gradient elution for the separation of WSVs 

at flow rates between 0.2-1 mL/min. Xiaoqin Cheng et al. [30] employed a gradient elution with 50 

mmol/L ammonium carbonate-methanol at a flow rate of 0.25 mL/min, resulting in elution times of less 

than 3.23 min for four types of VB1. C. Kadakal et al. [29] utilized a gradient elution with 50 mM 

KH2PO4 (pH 7)-100% methanol at a flow rate of 1 mL/min, separating five WSVs in bulgur samples 

within 22 min. Labaran IBRAHIM et al. [34] achieved isocratic elution using methanol-phosphoric acid 

(35:65) at a flow rate of 1 mL/min, with B12 retention time in fish being less than 5.0 min. Yi Yang et al. 
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[8] observed that as the flow rate increased, chromatographic pressure gradually increased, resulting in 

decreased retention times and peak areas for vitamins, while too low flow rates led to excessively long 

retention times and low pressure. It can be seen that different flow rates affect the elution of WSVs from 

samples, and appropriate retention times require suitable flow rates to achieve good baseline separation 

between target peaks and interfering peaks in actual sample detection, thereby improving analysis 

efficiency. The choice of elution gradient is based on the complexity of the sample. WSVs in actual 

samples typically exhibit large differences in retention, and HPLC under constant elution conditions 

(isocratic mode) may not achieve sufficient separation [52]. Therefore, gradient elution, which changes 

the polarity of the mobile phase by altering the composition of solvents, allowing for the optimal 

separation of different vitamins in the shortest time, is adopted to enhance column efficiency. Thus, 

when detecting WSVs, the mobile phase may use a buffer solution-methanol/acetonitrile system, but 

comprehensive considerations based on the characteristics of the sample itself are necessary for selection 

and optimization. When the analytes are complex, containing multiple different WSVs, appropriate flow 

rates for gradient elution can be chosen based on the retention times of the samples; when the analytes 

are simpler, containing only 1 to 3 WSVs, isocratic elution can be conducted at flow rates between 0.2-

1 mL/min. 

In conclusion, different chromatographic conditions lead to varying results in the determination of 

WSVs in functional foods. Setting the chromatographic conditions as a C18 column, a column 

temperature of 25-40°C, and a mobile phase consisting of a buffer solution-methanol/acetonitrile system 

with gradient elution demonstrates general applicability. However, it’s important to note that further 

experimentation and optimization of the mobile phase should be conducted based on the properties of 

the measured samples and the characteristics of WSVs. Additionally, the selection of flow rate should 

be based on the capacity of the chromatographic column and the retention times of WSVs. Setting the 

chromatographic conditions is a prerequisite for separating vitamins in food, and choosing the 

appropriate liquid chromatography method is fundamental to the extraction and detection of WSVs. 

3.  Application and Comparison of Different Liquid Chromatography Methods 

Liquid chromatography is a separation and analysis technique where the mobile phase is liquid and the 

stationary phase is solid or liquid. This technique includes HPLC and LC-MS/MS, with HPLC further 

divided into reverse-phase liquid chromatography (RP-HPLC) and hydrophilic interaction liquid 

chromatography (HILIC) based on the different chromatographic columns. Below, we will introduce 

and analyze these three methods. 

3.1.  Reverse-Phase Liquid Chromatography (RP-HPLC) 

HPLC separation modes include normal phase (NP) and reverse phase (RP) [50]. In NP-HPLC mode, 

the stationary phase is polar while the mobile phase is non-polar, used for rapid elution of non-polar 

substances. In RP-HPLC mode, the stationary phase is non-polar while the mobile phase is polar, used 

for rapid elution of polar substances. Most WSVs are highly polar with varying degrees of hydrophilicity, 

making them more easily separated and eluted first using RP-HPLC mode, which also offers higher 

selectivity [39] and is more advantageous in terms of time and cost compared to normal phase mode. 

Due to its simplicity and efficiency [36], most researchers utilize RP-HPLC for the separation and 

determination of WSVs [1, 28-35, 37]. 

Based on the Applicability of RP-HPLC, various researchers have utilized this method for the 

separation and analysis of WSVs in functional foods. R.B.H. Wills et al. [4] achieved optimal resolution 

of seven vitamins by adding PIC reagent (pH 7.0) in a 70:30 water-methanol solvent system using UV 

detector. However, this method requires separate detection of interference in each type of food and the 

development of techniques to remove interference, limiting its application to a certain range of foods. 

Niu Canjie et al. [32] selected the method of using a diode array detector (DAD) coupled with a 

fluorescence detector (FLD) to detect VB1, VB2, niacin, niacinamide, and VB6 in nutrient-fortified starch. 

The LOD ranged from 0.01 to 0.08 mg/100g, LOQ ranged from 0.025 to 0.26 mg/100g, with spike 

recovery rates of 90.5% - 102.5% and relative standard deviations of 0.67% - 3.45%, demonstrating 
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high precision and recovery rates. This method can enhance detection sensitivity, reduce detection limits, 

and minimize matrix interference and interference peaks’ impact. However, the types and quantities of 

samples studied are relatively limited. Alexandrina Mateeva et al. [3] used RP-HPLC with DAD to test 

various reverse-phase columns and found that the Purospher STAR C18 (Merck Millipore) 5 µm, 25 × 

0.46 cm column was most suitable for retaining and separating water-soluble and fat-soluble vitamin 

mixtures. The LOD ranged from 0.03 to 9.23 µg/mL, LOQ ranged from 0.08 to 27.30 µg/mL, with 

average recovery rates between 97.6% and 101.0%, indicating good sensitivity and accuracy. They 

subsequently performed quantitative analysis on seven food supplements and one secondary fermented 

beer yeast, obtaining results consistent with the labeled contents, confirming the method’s applicability 

for routine analysis. Therefore, RP-HPLC has become increasingly refined over time, with 

characteristics of high sensitivity, selectivity, and reproducibility, making it suitable for the analysis and 

detection of WSVs in most foods, as well as in industrial food sectors and environmental samples [34, 

37].  

However, chromatographic separation of WSVs using standard RP-HPLC poses certain challenges 

[39] due to their high polarity, resulting in poor retention times and chromatographic behaviors. 

Although altering the mobile phase and analysis conditions can improve this, it may still not achieve the 

desired results. HILIC is an alternative method to RP-HPLC. 

3.2.  Hydrophilic Interaction Liquid Chromatography (HILIC) 

The separation mechanism of HILIC is opposite to that of RP-HPLC, utilizing hydrophilic interactions 

between the stationary phase and the mobile phase, making it very suitable for separating polar 

substances on polar stationary phases using organic-rich aqueous mobile phases [2]. Swen Langer and 

John K. Lodge [19] first used HILIC to simultaneously detect multiple WSVs extracted from complex 

food matrices, employing a gradient elution of 10 mM aqueous ammonium acetate (pH 5.0): acetonitrile 

(95:5), enabling the simultaneous detection of six B-group vitamins within 18 minutes, with intra-day 

and inter-day repeatability of 1.6% - 3.6% and 1.8% - 11.1%, respectively. Due to the excellent solubility 

of bioactive compounds in the HILIC environment, the application of HILIC in the separation of WSV 

mixtures has been a strong trend in recent years [36]. Huiliang Geng et al. [53] manipulated the carbon 

load of the stationary phase by preparing a novel HILIC polar stationary phase, HPG-Sil, through 

surface-initiated polymerization of hyperbranched polyglycerol with silica. This stationary phase 

exhibited significant hydrogen bonding interactions and typical HILIC characteristics, demonstrating a 

new universal separation ability for polar analytes. For example, five WSVs were effectively separated 

in less than 10 minutes, with elution order consistent with polarity sequence and plate numbers ranging 

from 35,000 to 58,000 plates per meter. This will further enhance the application prospects of HILIC 

chromatography in separating polar compounds, achieving better separation effects. 

Although HPLC has the advantages of high efficiency and easy recovery, it also has the disadvantage 

of being difficult to simultaneously determine multiple vitamins. For example, when using HPLC to 

detect certain WSVs (such as thiamine), the detection limits are high, precision is low, sample storage 

stability is poor, and pre- or post-column fluorescence derivatization is required to improve sensitivity, 

inevitably involving the use of hazardous reagents [21], which is time-consuming and environmentally 

unfriendly. Therefore, researchers urgently need a detection method with high sensitivity and resolution, 

leading to the emergence of the method of coupling high-performance liquid chromatography with mass 

spectrometry. 

3.3.  Liquid Chromatography-Tandem Mass Spectrometry (LC-MS/MS) 

LC-MS/MS is an efficient and stable analytical method with unique specificity, extreme sensitivity, and 

the ability to analyze multiple drugs or metabolites in biological samples [42]. In LC-MS/MS, due to its 

wide linear dynamic range, excellent sensitivity and selectivity, and rapid data acquisition, it is widely 

used for absolute quantification [54]. Baiyi Lu et al. [16] utilized ultra-performance liquid 

chromatography-electrospray ionization-tandem triple quadrupole mass spectrometry (UPLC-ESI-MS-

MS) combined with multiple reaction monitoring (MRM) mode to simultaneously determine VB5, VB8, 
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VB9, and VB12 in infant foods. The main product ions were observed at m/z 89.9 and 202.0 for VB5, m/z 

172.0 and 227.1 for VB8, m/z 177.0 and 295.2 for VB9, and m/z 147.0 and 359.3 for VB12, with LODs 

ranging from 0.005 to 0.030 µg/L and LOQs ranging from 0.016 to 0.090 µg/L. The intra-day and inter-

day precision were 3.04% - 6.84% and 7.75% - 12.3%, respectively, with a recovery rate of 85.0% - 

105.0%. This method exhibits high sensitivity, but it has some limitations for quantitative analysis based 

on full-scan acquisition [55]. Kate Porter and John K. Lodge [39] developed a simple analysis method 

based on hydrophilic interaction chromatography coupled with single quadrupole mass spectrometry in 

selected ion monitoring (SIM) mode (HILIC-MS), suitable for high-throughput analysis of WSVs in 

vegetable soups. The total run time of this method was 19 minutes, with a linear r2 of 0.98 - 0.99, LOD 

ranging from 2.4 to 9.0 ng/mL, LOQ ranging from 8 to 30 ng/mL, and intra-day and inter-day precision 

of 1.56% - 6.56% and 8.07% - 10.97%, respectively. Although the sensitivity of this method is lower 

than that of Baiyi Lu’s method, the intra-day and inter-day reproducibility is better, indicating higher 

precision, and it is cost-effective, suitable for direct application in plant-based food matrices. 

Reference [46] pointed out that LC-MS/MS method has certain matrix effects, requiring standard 

addition method to determine these analytes in the research matrix. Therefore, Geng Jianqiang et al. [17] 

used the retention time of standard substances and the ratio of qualitative and quantitative ion pairs to 

accurately quantify the sample peaks, overcoming the matrix effects often present in LC-MS/MS 

quantification. The experiment used RP-HPLC-MS method to measure the spiked recovery rate of infant 

formula samples, which was 85.0% - 95.5%, with an average relative standard deviation of 2.9% - 9.1%. 

The results were accurate and sensitive, suitable for rapid detection of large batches of samples. Melissa 

M. Phillips [20] adopted the liquid chromatography-isotope dilution mass spectrometry method with 

positive ion mode electrospray ionization technology, using internal standard method to correct errors 

in the analysis, thereby accurately determining the content of each vitamin in the sample. This method 

can be applied to various fortified and unfortified food samples, providing important data support for 

food safety and nutrition assessment. The laboratory of Brian A. Rappold [43] proposed that the most 

reliable method to address ionization matrix effects is to reduce the gradient spacing of LC and extend 

the running time, and to optimize additional column screening or orthogonal sample preparation 

techniques to improve chromatographic resolution. Thus, these methods reduce the influence of other 

components on the response values of analytes, thereby reducing the impact on the accuracy and 

repeatability of the results, and improving the precision of LC-MS/MS method. 

In summary, HPLC method, due to its high sensitivity, resolution, and low cost, is suitable for 

frequent testing of food and environmental samples in ordinary laboratories and industries, as well as 

for the purification of single vitamins. In this method, RP-HPLC is more versatile, while HILIC has 

broader application prospects in separating polar compounds. In addition, LC-MS/MS method can 

provide better stability and specificity, and is more suitable for simultaneously purifying and analyzing 

multiple WSVs with higher precision and sensitivity, such as high-demand food analysis, drug analysis, 

environmental analysis, and strict control of WSV content detection. 

4.  Discussion 

Due to the diversity of food, when using liquid chromatography, it is necessary to separate samples 

through extraction techniques, provide relatively pure extracts, and the separation system must be able 

to separate target WSVs from co-extracts, all of which require the selection of chromatographic 

conditions [55]. Firstly, different types of chromatographic columns have different separation 

advantages. Due to the high sensitivity and low cost of C18 columns, they are regarded as the preferred 

choice for detection by researchers and factories. Secondly, WSVs have good retention times at column 

temperatures of 25-40°C, and the mobile phase can ensure good separation of various WSVs. Finally, 

flow rate and elution gradient also affect the separation of vitamins, and gradient elution between 0.2-1 

mL/min can meet the extraction analysis of most complex samples, while simpler samples can be tested 

using isocratic elution. Only when the chromatographic conditions are suitable for the analytes being 

measured can a solid foundation be laid for the purification and separation of WSVs. 
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In recent years, various methods have been developed for the analysis and detection of multiple 

WSVs in functional foods. Among them, liquid chromatography technology, with its advantages of high 

resolution, sensitivity, and speed, has become the most promising method for solving biochemical 

analysis problems, especially in the detection and application of functional foods in food analysis. High-

performance liquid chromatography (HPLC) and liquid chromatography-tandem mass spectrometry 

(LC-MS/MS) have been applied in food analysis at different scales due to their different functions. LC-

MS/MS is a stable and efficient analytical method with advantages such as applicability to various 

complex matrices, extreme sensitivity, and unique specificity [40]. It is suitable for the detection of 

mixed other complex metabolites and meticulous sample analysis in samples, such as food quality 

inspection or the preparation of supplements with strict content requirements. However, this method has 

complex pretreatment, high cost, and is not suitable for large-scale detection. HPLC has the advantages 

of simple operation, good reproducibility, and high sensitivity, making it suitable for the extraction and 

analysis of simple samples. In comparison, the use of HPLC in large-scale testing has a higher cost-

effectiveness. However, this method is limited in sensitivity and specificity to matrix effects [1], and it 

lacks resolution in complex foods and comprehensiveness. Therefore, Yi Yang et al. [8] developed an 

optimized HPLC method. They found it challenging to achieve effective baseline separation in HPLC 

using a single column universally. Thus, they used a mobile phase of acetonitrile-0.1% acetic acid 

aqueous solution (10:90) at a flow rate of 0.4 mL/min, a column temperature of 33°C, and a detection 

wavelength of 262 nm. Two chromatographic columns, C18 short column and HILIC, were coupled with 

different selectivities to combine the separation advantages of both, achieving effective baseline 

separation between target peaks and solvent peaks, and obtaining better recovery rates, limits of 

detection (LOD), and limits of quantification (LOQ). This optimized method is cost-effective, simple to 

operate, and uses one of the most common solvents in HPLC for the chromatographic mobile phase, 

without the need for complex sample pretreatment processes (such as solid-phase extraction). However, 

this method only separates one vitamin, VB3, and there is still a need for a method that can purify and 

detect most WSVs. Mustafa Abdullah Yilmaz et al. [40] proposed an updated LC-MS/MS method. They 

compensated for sensitivity loss and improved precision by using isotope-labeled vitamin standards. 

They performed gradient elution at a flow rate of 0.4 mL/min with a mobile phase of water-methanol 

containing 10 mM ammonium acetate and 0.1% acetic acid on a C18 column, achieving optimal 

separation of nine WSVs except for VB7, purification of almost all WSVs, and applicability to the 

detection of various natural foods. Therefore, the optimized HPLC method can be used for large-scale 

analysis of simple samples, and the updated LC-MS/MS method can be used for high-demand 

purification of complex samples. Additionally, the HILIC-MS method used by Kate Porter and John K. 

Lodge [39] also has great applicability in the precision and cost of extraction and analysis of WSVs in 

functional foods. 

In conclusion, selecting appropriate chromatographic conditions and corresponding liquid 

chromatography techniques according to different foods can achieve better purification effects and 

detection results of WSVs. 

5.  Discussion 

Given the highly complex nature of WSVs in functional foods, there are currently no universally 

applicable chromatographic conditions for such substances. Among them, using a C18 chromatographic 

column at 25-40°C and a mobile phase consisting of buffer solution-methanol/acetonitrile system with 

gradient elution at a flow rate of 0.2-1 mL/min, multiple WSVs in complex functional foods can be 

simultaneously detected using liquid chromatography. The choice of mobile phase needs to be 

comprehensively considered based on the characteristics of the samples themselves, such as the pH of 

the mobile phase, whether to add ion pairing reagents, and the concentration of additives. The flow rate 

and elution gradient need to be determined based on the complexity of the sample matrix and the types 

of WSVs present. Specific liquid chromatographic methods should be selected according to actual 

requirements. For example, in ordinary laboratories and factories, RP-HPLC is more suitable for large-

scale analysis and detection of simple samples. If its chromatographic behavior is unsatisfactory, 
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coupling or using HILIC or other detectors for analysis can be attempted. For high-demand food and 

drug production analysis or precision experiments, LC-MS/MS can be used for sample purification and 

detection. In the future, the use of a C18 column coupled with an HILIC column can provide a low-cost 

and simple method with high resolution results for the detection of some WSVs in food. For the 

simultaneous purification of multiple WSVs in complex matrices, HILIC-MS and UPLC-MS/MS will 

provide better separation efficiency, offering new research methods for food quality inspection and the 

production of targeted supplements. 
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