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ABSTRA MATERIALS AND METHO RESULTS

Riboflavin, an essential vitamin, is stable during processing and
storage in dark, but it is very sensitive to light. The mechanism
for the rapid destruction of riboflavin in foods under light and
the protection of riboflavin under light have been extensively
studied since riboflavin was discovered in 1930s. The
mechanisms of the destruction of riboflavin under light were
studied by the combination of HPLC, SPME-GC and mass
spectrometry. The mechanisms for the formation of compounds
from riboflavin under light were studied to minimize the
destruction of riboflavin in foods under light. Lumichrome,
lumiflavin and 2,3-butanedione formed from riboflavin under
light were positively identified. Lumichrome was the major
product under neutral or acidic pH. Lumiflavin was also formed
in basic pH. 2,3-Butanedione was the major volatile compound.
Lumichrome and lumiflavin were formed from unstable
diradical excited triplet riboflavin by dealkylation. 2,3-
Butanedione was produced from the reaction between
electrophilic singlet oxygen and electron-rich riboflavin. Our
study showed that sodium azide and ascorbic acid minimized
the destruction of riboflavin under light.

INTRODUCTIO

E Riboflavin functions in body
(Choe and others 2005)
= Vitamin B,
= An important part of
coenzyme FAD
= Essential in red blood cell
formation, metabolism of
proteins, fats and
carbohydrates, and resistance
to stress

Riboflavin is stable in the absence of light even at high
temperature.

Riboflavin is very unstable to light even at room temperature.
The rapid destruction of riboflavin in foods under light has
significantly adverse nutritional impact and lowers food
quality.

Chemical mechanisms of rapid destruction of riboflavin
under light and how to protect it have been extensively
studied without success since riboflavin was discovered in
1930s (Warburg and Christian 1932).

OBJECTIVES

E To separate and identify the compounds formed from
riboflavin under light

E To study the mechanisms for the formation of compounds
formed from riboflavin under light

F To minimize the destruction of riboflavin under light
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Figure 2. (A) GC chromatograms of volatile

compounds formed from riboflavin under light,
(B) Mass spectrum of unknown compound

Singlet Oxygen
T k=100 Misec
~
~

oI Yo

{ Singlet Oxygen

100

Degraded Riboflavin (%

i we ﬂmﬂﬂ

Sodium azide (mM)

I f
H,C N0 100
X N H,C o -
HiCDiﬁrNH H‘C:O: A Scission 2wl
o o \:’
. - 2 ]
P L h 60
Excited !Riboflavin* umienrome Lumiflavin HC s CH, E
State Intersystem Crossing o ;OH 2, 3-Butanedione i 7
k = 1.5x109 sec't o o o - ﬂ N
: Fluorescence — H GHOH Q R
_ N ¢=0 . HC o
Light k = 2x108 sec-1 @)ﬂ@ CH,y e CININ/\E: o 10 160
HC™ NP -
50, - 5 S Ascorbic acid (mM)
Phosphoreseénce K=2x109sect  Figure 3. Mechanisms for the formation of lumichrome, lumiflavin, and 2,3- Figure 4. Effects of sodium azide and ascorbic
butanedione acid on the degradation of riboflavin under light
Ground IRiboflavin e
State (Singlet Oxyge/n/w

CONCILUSIONS and'DISCUSSION

B The 98% of riboflavin was destroyed under light while only 4% of riboflavin destroyed in the dark.

Scheme 1. Chemical mechanism of riboflavin under light
(Choe and Others 2005)

E Lumichrome, lumiflavin and 2,3-butanedione formed from the riboflavin under light were positively identified by the

Destroyed Riboflavin (%)
Storage
Ohrs |24 hrs|48hrs | 72 hrs | 96 hrs
Light | 0 | 508 | 784 | 90.6 (980
Dark | 0 | 02 | 06 | 1.8 ( 36

Table 1. Effect of light on riboflavin stability

combination of HPLC or GC retention time and mass spectrometry.
F Riboflavin produced very unstable and reactive excited diradical triplet riboflavin under light.
E The reactive and unstable diradical triplet riboflavin produced lumichrome under neutral or acidic pH and lumiflavin under
only basic pH by dealkylation.
Riboflavin produced electrophilic singlet oxygen under light.

Singlet oxygen reacted with electron-rich riboflavin and produced 2,3-butanedione.
Sodium azide and ascorbic acid minimized the destruction of riboflavin under light.
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