
Reporter 33.3  |26

An Alternative to the USP Method for the Analysis 
of Riboflavin (Vitamin B2) and Impurities
Using a Titan C18 Column with LC/MS/MS Detection

Nicolas J. Hauser and Carmen T. Santasania

carmen.santasania@sial.com

An alternative to the cumbersome USP and EP methods using  
LC/MS/MS detection and a Titan C18 UHPLC column to identify 
riboflavin and its impurities is described here. This new method is 
also compatible with UV-Vis detection.

Introduction
Riboflavin (vitamin B2) is an essential micronutrient, synthesized  
by plants and many microorganisms, but not by higher animals.  
It is a precursor of coenzymes that are required for the enzymatic 
oxidation of carbohydrates, and is essential to basic metabolism. 
Riboflavin is a common food and feed additive, and a fortificant in 
infant formula and cereal. It is important to establish the purity of  
the riboflavin because of its widespread addition to food. The  
USP (US Pharmacopeia) and European Pharmacopeia (EP) have  
long-standing analytical methods for riboflavin impurity analysis,  
but the methods are time-consuming and labor intensive, and are 
not ideally suited to modern detection methods.1,2

Problems with Current Regulated Methods  
for Riboflavin
The current USP method for riboflavin impurity analysis is  
non-quantitative, and calls for the use of ion-pair chromatography 
to separate the riboflavin from four major impurity peaks. Both EP 
and USP methods call for solubilization in strong base (0.1 M NaOH), 
which causes analyte degradation and formation of sodium adducts 
that compromise mass spectrometric (MS) detection.

Overview of Approach
The purpose of this work was to develop an MS-compatible alternative 
to the USP and EP methods. In addition to improving the specificity of 
the method with MS detection, reducing the analysis time was also a 

desired outcome. Improvements were made on two levels: First,  
LC/MS compatibility was improved by replacing the sodium hydroxide 
solubilizing agent and eliminating ion-pair reagents. Second, fast 
gradients significantly reduced the analysis time without sacrificing 
resolution. Known impurities were confirmed, and other impurities 
were identified using reference standards.

Experimental
Riboflavin certified reference material (CRM) from Sigma-Aldrich/RTC 
was used in this study. Compound B (7,8-dimethylbenzo[g]pteridine-
2,4(1H,3H)-dione) was not available as an individual standard; 
however, it was present in the riboflavin CRM. Other compounds 
were purchased from commercial sources. MRM (multiple reaction 
monitoring) transitions were determined and are reported in  
Table 1. Three transitions were used for each ion. Figure 1 shows the 
structures, names, monoisotopic masses, and molecular formulas 
of the compounds studied. Structures for each of these major 
impurities were confirmed by MS. Because these compounds are 
not soluble in methanol or water, a number of experiments were 
performed to identify an appropriate diluent. Ultimately, DMSO was 
chosen because it completely solubilized riboflavin and impurities. A 
stock solution of riboflavin was prepared in DMSO at 1 mg/mL with 
5 minutes of sonication. This stock solution was diluted as necessary 
and used for all future experiments. It was stored in the freezer when 
not in use.

LC and MS conditions are shown in Figure 2. The LC column was a 
Titan C18, 10 cm × 2.1 mm I.D., packed with 1.9 µm totally porous, 
monodisperse silica particles. The mobile phase was a simple 
gradient of acetonitrile-water in 0.1% formic acid. A tune solution 
of 1 µg/mL in 50:50 (0.1% formic acid in water: 0.1% formic acid in 
acetonitrile) was used for riboflavin and Compound A. Compounds  
C and D used the same solvent system at 0.6 µg/mL.

Certified Reference Material Transition 1 Transition 2 Transition 3
Riboflavin 377.10 > 43.23 377.10 > 172.24 377.10 > 243.14

Lumiflavine (7,8,10-trimethylbenzo[g]pteridine-2,4(3H,10H)-dione), Compound A 257.12 > 156.28 257.12 > 171.16 257.12 > 186.24

7,8-Dimethylbenzo[g]pteridine-2,4(1H,3H)-dione, Compound B MS only at m/z=243.41

6,7-Dimethyl-8-[(2S,3S,4R)-2,3,4,5-tetrahydroxypentyl]pteridine-2,4(3H,8H)-dione, 
Compound C

327.15 > 43.23 327.15 > 57.27 327.15 > 193.22

8-(Hydroxymethyl)-7-methyl-10-[(2S,3S,4R)-2,3,4,5-tetrahydroxypentyl]benzo[g]
pteridine-2,4(3H,10H)-dione, Compound D

393.16 > 43.23  393.16 > 57.27 393.16 > 259.13

Table 1. MRM Transitions Used in the Study

Pharmaceutical

sigma-aldrich.com/pharmaceutical

http://sigma-aldrich.com/pharmaceutical


27Order:  800-325-3010 (U.S.)    814-359-3441 (Global) 

NH

O

ON

N

CH3

CH3

N
H

N N

N
NH

O

OCH3

CH3

OH

OH
OH

OH

N

N

N

NH

O

O

CH3

CH3

CH3

N N

N
NH

O

O

OH

OH
OH

OH

CH3

CH3

N N

N
NH

O

O

CH3

OH

OH
OH

OH

OH

Compound B

Monoisotopic Mass = 244.096026 Da.
Molecular Formula = C12H12N4O2
7,8-dimethylbenzo[g]pteridine-2,4(1H,3H)-dione

Compound C 

Monoisotopic Mass = 326.122634 Da.
Molecular Formula = C13H18N4O6
6,7-dimethyl-8-[(2S,3S,4R)-2,3,4,5-tetrahydroxypentyl]
pteridine-2,4(3H,8H)-dione

Compound D 

Monoisotopic Mass = 392.133199 Da.
Molecular Formula = C17H20N4O7
8-(hydroxymethyl)-7-methyl-10-[(2S,3S,4R)-2,3,4,5-
tetrahydroxypentyl]benzo[g]pteridine-2,4(3H,10H)-dione

Compound A (Lumi�avine)

Monoisotopic Mass = 256.096026 Da.
Molecular Formula = C13H12N4O2
7,8,10-trimethylbenzo[g]pteridine-
2,4(3H,10H)-dioneRibo�avin

Monoisotopic Mass = 376.138284 Da.
Molecular Formula = C17H20N4O6

Figure 1. Structures of Riboflavin and Related Compounds

Results and Discussion
Literature methods for the analysis of riboflavin and impurities  
from the USP and EP report run times in excess of one hour and  
use MS-inhibiting sodium hydroxide and ion-pair reagents.  
The method reported here provides a viable alternative. Figure 2 
shows the MRM results for riboflavin and the related impurities. 
The combination of the Titan C18 column and rapid acetonitrile 

(continued on next page)

gradient provided excellent resolution and short analysis time 
under conditions compatible with MS detection. The replacement 
of sodium hydroxide with DMSO and elimination of the ion-pair 
reagents permitted MS detection and the concurrent improvement 
in specificity and selectivity. The method is also compatible with  
UV detection.
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Figure 2. MRM Results Chromatogram

7,8-Dimethylbenzo[g]pteri-
dine-2,4(1H,3H)-dione, 

Compound B
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Min

8-(Hydroxymethyl)-7-methyl-10-[(2S,3S,4R)-2,3,4,5-tetra-
hydroxypentyl]benzo[g]pteridine-2,4(3H,10H)-dione, Compound D

6,7-Dimethyl-8-[(2S,3S,4R)-2,3,4,5-tetra-
hydroxypentyl]pteridine-2,4(3H,8H)-dione, 

Compound C

Lumi�avine (7,8,10-trimethylbenzo[g]pteri-
dine-2,4(3H,10H)-dione), 

Compound A

Ribo�avin

	 column:	 Titan C18, 10 cm × 2.1 mm I.D., 1.9 µm particles (577124-U)
	 mobile phase:	 0.1% formic acid in water in (A) water; (B) acetonitrile
	 gradient:	 5 to 25% B in 6 min; held at 25% B for 0.1 min; to 5% B in 4 min
	 flow rate:	 0.5 mL/min
	 pressure:	 5,000 psi (345 bar)
	 column temp.:	 35 °C
	 detector:	 ESI (+), MRM and TIC mode or UV, 276 nm
	 injection:	 2 µL
	 sample:	 compounds in initial mobile phase

Other MS Conditions: 

capillary (kV):	 2.29
cone (V):	 54.95
extractor (V):	 5.13
source temperature (°C):	 151
desolvation temperature (°C):	 349
cone gas flow (L/Hr):	 2
desolvation gas flow (L/hr):	 646
collision gas flow (mL/min):	 ON

References
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Description Cat. No.
HPLC Column
Titan C18, 10 cm × 2.1 mm I.D., 1.9 µm particles 577124-U
Mobile Phase Solvents and Additives
Acetonitrile, tested for UHPLC-MS, 1 L, 2 L 14261
Water, tested for UHPLC-MS, 1 L, 2 L 14263
Formic acid, LC/MS Ultra eluent additive, 1 mL, 2 mL 14265
Standards
Riboflavin, pharmaceutical secondary standard; traceable to USP 
and PhEur
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The superior quality and high performance you expect 
from Supelco septa are available in a molded design.

Don't be fooled by other septa that advertise a maximum 
temperature of 400 °C!   To make septa with high thermal 
limits, they must be made stiffer, resulting in septa that 
are harder to pierce and easier to core! Our molded 
Thermogreen LB-2 septa offer the perfect combination of 
low bleed, thermal stability, and easy puncturability.

To find out more about molded Thermogreen  
LB-2 septa, visit  
sigma-aldrich.com/molded-septa

Supelco Molded 
Thermogreen LB-2 
Septa

Unfold a Variety of 
Trusted Options

High Performance TLC Plates

Standard TLC Plates

Preparative TLC Plates

Other TLC Products

Unfold a Variety of Trusted Options

Thin Layer Chromatography
(TLC) Plates

Download our Thin Layer Chromatography Brochure 
(T412113A – OWF) at  
sigma-aldrich.com/tlc

TLC plates from Merck KGaA.

Our newly updated Thin Layer Chromatography  
Plates Brochure offers a broad selection of standard, high 
performance and preparative TLC Plates. With the recent 
addition of twenty-three TLC plates from Merck KGaA, 
this brochure is a complete guide to all your thin layer 
chromatography needs.
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