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Simultaneous analysis of 15 water-soluble vitamins in beverages and dietary supplements with multi-mode ODS column using LC-MS/MS
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1. Introduction

Recent years have seen a market growth of vitamin enriched-products. The manufactures
must manage and analyze their products in order that the nutrient function claims are
indicated properly.

The water-soluble vitamins are high polar compounds, so they are hard to be retained to
reverse-phased column such as ODS, which is typically used in LC-MS analysis. It needs
addition of ion pair reagent in mobile phase to retain them, but it causes decrease of
sensitivity.

In this work, we developed a LC-MS/MS method for the simultaneous analysis of 15 water-
soluble vitamins with multi-mode ODS column (anion exchange, cation exchange, ODS)
without addition of ion pair regent. Furthermore, we tried the quantification of water-soluble
vitamins in energy drink and multi-vitamin supplement.

2. Methods and Materials

Water-soluble vitamins were determined by LC-MS/MS using Nexera UHPLC system
coupled to an LCMS-8040 triple quadrupole mass spectrometer. Chromatographic
separations were carried out using multi-mode column, Scherzo SM-C18 (2.0 mml.D. x 150
mm, 3um) maintained at 40 Celsius. Vitamins were separated using a gradient elution with
a flow rate of 0.2mL/min, solvent A: 5 mM ammonium formate aqueous solution with formic
acid 0.05% (v/v) and solvent B: acetonitrile with formic acid 0.3% (v/v). The linear gradient

was formed as follows: Omin (0% B), 4 min (5% B), 10 min (50% B), 11-18min (100% B) and

19-30min (0% B).

MRM transitions and responses were optimized for individual compounds in both positive
and negative ionization. MRM transition are shown in Table 1.

The LCMS-8040 acquired positive and negative data using a polarity switching speed of
15msec with a pause time of 1msec.

High Speed Mass Spectrometer
> Polarity Switching Time: 15msec
> Scanning Speed: Max. 15,000u/sec
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Figure 1 Structure of 15 water-soluble vitamins

3. Result
3-1. Method development

Scherzo SM-C18, a multi-mode ODS column contains anion, cation, and C18 ligands
(Figure 2). It was expected that this column provides multiple modes of separation (i.e.
reversed phase, anion exchange and cation exchange), both basic and acidic substances
can be retained.
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Figure 2 Structure of multi-mode ODS column

Chromatographic condition was investigated with this column. Since weakly acidic
conditions promote dissociation of anionic ligands on this column, basic substances such as
thiamine and pyridoxine exhibit stronger retention due to ionic interactions. Furthermore,
acidic compounds such as nicotinic acid and ascorbic acid are ionic under weakly acidic
conditions. As a result, they interact with cationic ligands to remain on the columns. Figure
3 illustrates that ionic compounds such as pyridoxine and nicotinic acid elute later under a
lower concentration of formic acid. On the other hand, compounds that strongly interact with
cationic ligands, such as folic acid, under similar weakly acidic conditions, were difficult to

The optimization was achieved by adjusting concentrations of formic acid and compositions
of organic solvents in the mobile phases. Figure 4 shows a chromatogram of the 15
compounds in standards of water-soluble vitamins.
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Figure 4 MRM Chromatograms of 15 water-soluble vitamins

3-2. Method Validation

Good linearity for the calibration curve of the standard solutions was demonstrated with a
correlation coefficient of 0.999 or higher. The concentrations consisted of the following: 2-50
mg/kg for dehydroascorbic acid:1-40 mg/kg for ascorbic acid and ascorbic acid 2-glucoside,
and 2-500 pg/kg for thiamine and riboflavin. Concentrations for the other vitamins were 5-
500 pg/kg.

This method has been validated for precision, accuracy and linearity with the analysis of
SRM 3280, which provided representative results for supplements. SRM 3280 was spiked
with 500 mg/kg of nicotic acid, ascorbic acid 2-glucoside, bisbenthiamine, dibenzoyl
thimamine and riboflavin tetrabutylate, which were not contained. As matrix effects (both ion
suppression and enhancement) were found, we followed a standard addition method to
subtract the matrix effects. All vitamins were detected with good repeatability, accuracy and
repeatability (Table 2).

Table 2 Precision, accuracy, and linearity for SRM 32802

3-3. Sample determination: comparison our result with the label
values and the result by official methods

Furthermore, the method was applied to identify the vitamins in commercial beverages and
dietary supplements. Niacin was calculated from the total amounts of nicotinic acid and
nicotinamide, while vitamin C was calculated from the total amounts of ascorbic acid and
dehydroascorbic acid. The determined levels of all compounds were quite similar to the label
values and the levels obtained using official methods.

Table 3 Result of quantification (Dietary supplement, per 1 tablet)

Labeled Determined contents
Vitamins
contents New method Official method®
Thiamine 3mg 32mg 32mg
Riboflavin 33mg 32mg 34mg
Pyridoxine 3mg 32mg 29mg
Cyanocobalamin 0.006 mg 0.006 mg 0.009 mg
Vitamin C 80mg 95 mg 90mg
Biotin 0.045 mg 0044 mg 0.046 mg
Niacin 11 mg 12mg 1 mg
Pantothenate 55mg 53mg 51mg
Folic acid 0.200 mg 0.208 mg 0.199 mg

a:As official methods, HPLC methods were used to analyze thiamine, riboflavin, and vitamin C,
while microbiological assays were used to analyze other vitamins.

Table 4 Result of i ion (C ial b sample A, per 100mL)
Vitamins. Labeled Determined contents
contents New method Official method®
Pyridoxine 021 mg 020mg 022mg
Niacin 21mg 2.1mg 1.9mg
Vitamin C 12~48 mg 41mg 33mg

aiAs official methods, HPLC methods were used to analyze thiamine, riboflavin, and vitamin C,
while microbiological assays were used to analyze other vitamins.

Table 5 Result of

1 (C ial b ge sample B, per 100mL)

Vitamins Labeled contents Determined contents
Pyridoxine 03mg 04mg
Folic acid 15-68 mg 25mg
Vitamin C 35-289 mg 130 mg

4. Conclusions

v Utilizing of multi-mode ODS column permits us to separate all compounds within 15
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Figure 3  Influence by different concentration of formic acid in the mobile phase




