
An accurate and simple analysis method by high-performance
liquid chromatography–mass spectrometry for the riboflavin 
crude product of semisynthesis is established in this study. In 
this method, a C18 column is used, and the mobile phase is
methanol–water. Under the optimal analysis conditions 
established in this study, all components in the riboflavin crude
product are well separated and identified, respectively. The
external standard method is used for the quantitative analysis, 
and the results are proven to be accurate.

Introduction

Riboflavin [7,8-dimethyl-10-(D-1-ribitol)-isoalloxazin, Vita-
min B2] acts as an essential coenzyme in many oxidation-
reduction reactions involved with carbohydrate metabolism 
and is important for the growth and development of living 
things (1–4). Currently, riboflavin consumption is much higher
than before because a mass of riboflavin products are 
also used as food and feed additives as oppose to for medical 
use only (5–7). In recent years, in order to enhance output, 
the semisynthesis method was developed in industrial produc-
tion (8,9), by which the reaction of 1-deoxy-1-[4, 5-dimethyl-
2-(phenylazo) phenylamino]-D-ribitol (PAR) with barbituric 
acid gives a crude riboflavin product. The crude product 
still needs to be further purified to obtain the pure riboflavin. 
As expected, the quality of the crude product will directly 
affect the yield of the pure production. Therefore, it is obvious
that establishing an analysis method for riboflavin crude 
product that is simple and accurate is of great importance to
strengthening quality control and enhancing the industrial
yield, accordingly. 

For medicinal purpose, the quality standard of riboflavin, as
stated in the Chinese Pharmacopeia (10), Chinese National
Standards (11), US Pharmacopeia (12), and Europen

Pharmacopeia (13), already has strict regulations. In both the
Chinise Pharmacopeia and the Europen Pharmacopeia, the
method used for riboflavin content analysis is by UV–vis spec-
trophotometry, and the method used by the US Pharmacopeia is
the fluorimetric method. However, the described methods often
result in higher-than-expected results because of the fact that the
impurities in riboflavin crude product have not been well sepa-
rated before the riboflavin was quantitatively determined. In
recently years, other analysis methods for riboflavin have been
reported, which mostly focused on pure riboflavin (14–18). 
In this study, a new, accurate, and simple analysis method 
for riboflavin crude product from semisynthesis was established. 
In this method, all impurities in the crude product were well 
separated and identified, respectively, before quantitative 
determination. 

Yan Lu et al. (19) previously reported an analysis method for
riboflavin crude product. However, in that method, an
uncommon –CN column was used, and the impurities in crude
riboflavin were not identified. For the purpose of convenience
and accuracy, in this study, a new method by high-performance
liquid chromatography (HPLC)–mass spectrometry (MS) is
reported for riboflavin crude product analysis, which uses the
common C18 column and methanol–water as the mobile phase.
By this method, all the impurities in riboflavin crude product
were successfully separated and identified by the MS data. Under
the optimal chromatographic conditions established in this
study, the main components in the crude product were also
quantitatively determined by the external standard method, with
a diode-array detector (DAD).

Experimental

Samples, chemicals, and reagents
Methanol (HPLC-grade), bidistilled water (filtered by 0.45-µm

filter membrane), riboflavin crude product (self-synthesized),
riboflavin standard sample [recrystallized 5 times, melting point
(MP): 279.5–280.5°C], and PAR standard sample (recrystallized 5
times, MP: 175.5–176.5°C) were purchased from Merck
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(Darmstadt, Germany), and barbituric acid (AR)
was purchased from Sinopharm Chemical
Reagent Co. (Shanghai, China).

Apparatus and chromatographic conditions
An Agilent 1100 HPLC with a DAD, HP1100

liquid chromatograph–mass selective detector,
C18 column (ZORBAX SB-C18, 5 µm, 150 × 4.6
mm) were also used (Agilent, Palo Alto, CA).

Other chromatographic conditions were:
column temperature, 30°C; mobile phase,
methanol–water (75:25); flow-rate, 1.0 mL/min;
λ = 224 nm; sample injected, 20 µL. Quantita-
tive analysis was carried out by external standard
method. Other conditions were: ion source,
electrospray ionization; N2 temperature, 350°C;
flow-rate, 11 L/min; m/z, 50–2000.

Results and Discussion

Selection of the HPLC conditions
Selection of the detection wavelength 

In this study, the UV detection wavelength
was set at 224 nm. UV spectrum of the riboflavin
standard sample showed that there were very
strong absorptions at both 224 and 267 nm.
However, the wavelengths of reactant residues
in crude product were usually below 250 nm.
For the sensitivities of both riboflavin and the
reactant residues, the UV detection wavelength
was set at 224 nm.

Effect of the mobile phase composition
The mobile phase was methanol–water. To

study the effect of the mixture ratio
(methanol–water) on the separation, some
HPLC conditions were set as follows: column
temperature, 30°C; λ = 224 nm; flow-rate, 1.0
mL/min. The ratio of methanol–water was
changed in turn to 70:30, 75:25, 80:20, 85:15, or
90:10. The corresponding effects on the crude
product separation are shown in Figure 1. It can
be seen from Figure 1 that the ratio of the
mobile phase plays an important role in the sep-
aration. When the ratio of methanol–water was
80:20, 85:15, or 90:10, the components in the
crude product were not separated completely,
and some peaks were overlapped. When the ratio
of methanol–water was 70:30 or 75:25, all com-
ponents in the crude product were separated
completely. However, when the mobile phase
ratio was set at 75:25, less time was needed to
obtain the complete chromatogram, and the
peak forms (Figure 1D) were also better than
those obtained at the ratio of 70:30 (Figure 1E).
Therefore, 75:25 was the optimum ratio of the
mobile phase.
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Figure 1. The effects of changing the mobile phase ratio on the separation of the riboflavin crude
product: methanol–water: 90:10, A; 85:15, B; 80:20, C; 75:25, D; 70:30, E. 

Figure 4. MS spectrum of peak 3

Figure 3. MS spectrum of peak 2

Figure 2. MS spectrum of peak 1
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HPLC–MS qualitative analysis
Figures 2–7 are the mass spectra of the six components 

in riboflavin crude product using HPLC–MS analysis. The 

mass spectrometric data are shown in Table I. By the HPLC 
standard addition method, peaks 1, 3, and 6 found in Figure 1
can be assigned to barbituric acid, riboflavin, and PAR, respec-

tively. The results of MS analysis were in accor-
dance with those by the HPLC standard addition
method (see Table I), which indicate that there
were still some reactant residues in the crude
product.

From the MS data, peak 2 can be concluded to
be the decomposition product of riboflavin, and
the fragment ion of m/z 391 can be interpreted
as the quasi-molecular ion (M+K) of the decom-
position product of riboflavin, primarily
because riboflavin decomposed easily with the
following reaction (Figure 8) (20–22).

Peaks 4 and 5 (found in the chromatogram
Figure 1) can be assigned to lumiflavin and 7,8-
dimethylisoalloxazine. When exposed to light,
riboflavin decomposed to 7,8-dimethylisoallox-
azine, whereas in alkaline conditions, it decom-
posed to lumiflavin (Figure 9) (23). 

Figures 5 and 6 show the MS spectrum of peaks
4 and 5, respectively. The fragment ions of m/z
295 (Figure 5) and m/z 281 (Figure 6) differ by 14,
which is equal to the difference between the
molecular weights (MW) of lumiflavin (MW 256)
and 7,8-dimethylisoalloxazine (MW 242). There-
fore, the fragment ion of m/z 295 in Figure 5 can
be assigned to the quasi-molecular ion (M+K) of

lumiflavin (MW 256), and similarly, the fragment
ion of m/z 281 in Figure 6 can be attributed to the quasi-molecular
ion (M+K) of 7,8-dimethylisoalloxazine (MW 242).

HPLC quantitative analysis
Calibration curve of riboflavin analysis

A series of concentrations of riboflavin standard solutions (0.4,
0.3, 0.2, 0.1, 0.05, 0.02, 0.001, and 0.0005 mg/mL) were prepared
(5) and were sampled under the chromatographic conditions
established in this study. The calibration curve was Y = –46.8 +
3.24e4X (Y was defined as peak area, and X was defined as
mg/mL), and the related coefficient was 0.9999. The limit of
quantitation (LOQ) was 0.5 µg/mL under the signal-to-noise
ratio (s/n) of 10.

Precision and recovery of riboflavin
The spiked recovery method was used in the precision and

recovery tests, and the results are reported in Table II, which
shows that the recoveries ranged between 100.2% and 98.8%,

and the repeatability [relative standard deviation
(RSD%)] was between 0.5% and 1.9%. The
results were satisfactory.

Calibration curve of the major impurities in 
riboflavin crude product 

Calibration curve of PAR analysis. A series of
concentrations of PAR standard solutions
(0.002–0.8 mg/mL) were prepared and were ana-
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Table I. MS Data of the Components in the Riboflavin
Crude Product

Peak 
number Components Ion fragment (m/z)

1 Barbituric acid 129.0 (M+H), 101.0

2 Decomposition product 391 (M+K), 257.9, 239.8, 194.9
of riboflavin

3 Riboflavin 398.8 (M+Na), 381.8, 355.8, 
319.9, 278.8, 264.9, 239.7, 
224.8, 143.9

4 Lumiflavin 294.9 (M+K), 161.0

5 7,8-Dimethylisoalloxazine 280.9 (M+K), 147.0

6 PAR 359.9 (M+H), 189.0, 
147.0, 135.0

Figure 5. MS spectrum of peak 4
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Figure 8. Scheme of riboflavin decomposition reaction.

Figure 7. MS spectrum of peak 6

Figure 6. MS spectrum of peak 5
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lyzed under the chromatographic conditions established in this
study. The calibration curve was Y = –169 + 3.66e4X (Y was
defined as peak area, and X was defined as mg/mL), and the
related coefficient was 0.9997. The RSD was 1.9%, and the LOQ
was 1 µg/mL (s/n = 10).

Calibration curve of barbituric acid analysis. Under the chro-
matographic conditions established in this study, the RSD of bar-
bituric acid analysis was 0.6% at the linear range of 0.001–0.1
mg/mL. The linear related coefficient was 0.9991, and the LOQ
was 0.6 µg/mL (s/n = 10).

Quantitative analysis of riboflavin crude product
Five batches of riboflavin crude product (synthesized by our

group) were analyzed by the analysis method established in this
study. The results are shown in Table III. 

Conclusion

In this study, the HPLC–MS analysis method for
riboflavin crude product was established. By this
method, the components in riboflavin crude
product were well separated and identified, respec-
tively. The results of quantitative analysis are accu-
rate, and the method proved to be simple, rapid,
and accurate.

References

1. C.D. Capo-chichi, J.L. Guéant, and E. Lefebvre, 
N. Bennani, E. Lorentz, C. Vidailhet, and M.
Vidailhet. Riboflavin and riboflavin-derived cofac-
tors in adolescent girls with anorexia nervosa. Am.
J. Clin. Nutr. 69: 672–78 (1999).

2. R.A. Jacob, D.J. Jenden, and M.A. Allman-Farinelli, and 
M.E. Swendseid. Folate nutriture alters choline status of women and
men fed low choline diets. J. Nutr. 129: 712–17 (1999).

3. A. Ayav, J.M. Alberto, and F. Barbe, L. Brunaud, P. Gerard, 
M. Merten, J.L. Gueant. Defective remethylation of homocysteine is
related to decreased synthesis of coenzymes B2 in thyroidectomized
rats. Amino Acids 28: 37–43 (2005).

4. L.L. Stern, B. Shane, and P.J. Bagley, M. Nadeau, V. Shih, and 
J. Selhub. Combined marginal folate and riboflavin status affect
homocysteine methylation in cultured immortalized lymphocytes
from persons homozygous for the MTHFR C677T mutation. J. Nutr.
133: 2716–20 (2003). 

5. C. Arslan. Effect of dietary probiotic supplementation on growth
performance in the rock partridge. Turk. J. Vet. Anim. Sci. 28:
887–91 (2004).

6. V. Kurtoglu, F. Kurtoglu, and E. Seker, B. Coskun, T. Balevi, 
E.S. Polat. Effect of probiotic supplementation on laying hen diets on
yield performance and serum and egg yolk cholesterol. Food Addit.
Contam. 21: 817–23 (2004).

7. J. Horiuchi and K. Hiraga. Industrial application of fuzzy control to
large scale recombinant vitamin B2 production. J. Biosci. Bioeng.
87: 365–71 (1999).

8. H. Ernst, H. Leininger, and J. Paust. Preparation of Ribitylxylidine.
U.S. Patent 4806686 (1989).

9. R. Wolf, F. Reiff, R. Wittmann, and J. Butzke. U.S. Patent 4355158
(1982).

10. Committe of the Chinese Pharmacopoeia. Vitamin B2. P.R. China
Pharmacopeia, 786. Chemical Industry Press, Beijing, China, 2000. 

11. Committe of Chinese Standards. China National Standards, GB
14480-1996. Determination of Riboflavin in Foods. Standards Press
of China, Beijing, China.

12. The United States Pharmacopoial Convention. US Pharmacopeia
28. Riboflavin Assay. The US Pharmacopial convention, Rockville,
MD, 2005. 

13. The Directorate for the Quality of Medicines of the Council of
Eurpe. Europen Pharmacopeia 4, 1859. Riboflavin. Council of
Europe, Strasbourg, France, 2002. 

14. J.H. Qin, Y.S. Fung, D.R. Zhu, and B.C. Lin. Native fluorescence
detection of flavin denvatives by microchip capillary elec-
trophoresis with laser-induced fluorescence intensified charge-
coupled device detection. J. Chromatogr. A 1027: 223–29 (2004).

15. H. Okamoto, T. Nakajima, and Y. Ito. Simultaneous determination
of water-soluble vitamins in a vitamin-enriched drink by an in-
capillary enzyme reaction method. J. Chromatogr. A 986: 153–61
(2003). 

16. A. Gliszczynska and A. Koziolowa. Chromatographic determina-
tion of flavin derivatives in baker’s yeast. J. Chromatogr. A 822:

Journal of Chromatographic Science, Vol. 44, October 2006

555

Figure 9. Scheme of riboflavin decomposing to lumiflavin when exposed to light and to 7,8-
dimethylisoalloxazine when under alkaline conditions.

Table II. The Precision and Recovery of Riboflavin
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