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Vitamin B, (riboflavin) is a water-soluble essential vitamin. Nowadays an increased risk for riboflavin
deficiency may be seen in people on special diets (diabetes mellitus), smokers or heavy alcohol drinkers.
In the Czech diet the main sources of the vitamin intake are milk and dairy products followed by ce-
reals and meat. Cereals are good source of this vitamin as it is widely and regularly consumed in dif-
ferent forms. Analyses of the vitamin B, content in different types of cereal products (flours, breads,
pastries, breakfast cereals, cooked pasta) of Czech origin using HPLC with reversed phase and UV de-
tection were done. The vitamin B, content of chosen cereal products decreased in this progression:
enriched wholemeal breakfast cereals (the best source of the vitamin), enriched wheat flours, breads
- rye and wholemeal wheat breads, whole wheat and spelt flours, wheat bread, cooked whole wheat
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and rye spaghetti, wheat and multigrain pastries and finally scoured wheat flours.

vitamin B,, riboflavin, cereal products, HPLC/UV

Vitamin B, - riboflavin is a water-soluble essential
vitamin which is needed in the metabolism of amino
acids, fatty acids, and saccharides. It also activates
vitamin B, (pyridoxine) and folic acid and helps to
create niacin. Riboflavin exerts its biological func-
tion through two coenzymes - flavine adenine dinu-
cleotide (FAD) and flavine mononucleotide (FMN)
which participate in oxidation-reduction reactions
in numerous metabolic pathways exemplified by
the oxidation of reduced NADH, the oxidation in
the tricarboxylic acid cycle, and in the B-oxidation
of fatty acids (Ball, 2006).

Humans cannot synthesize this vitamin and thus
it must be obtained from their diet through ab-
sorption in the small intestine. The recommended
daily intake (RDI) of riboflavin, related to protein
and energetic intake, is from 1.2 to 1.7mg per day in
the Czech Republic (Velisek, 2009).

Nowadays an increased risk for riboflavin defi-
ciency may be seen in people on special diets (dia-
betes mellitus, peptic ulcer disease, weight loss), smo-
kers, heavy alcohol drinkers and women using
certain types of birth control. Therefore the solu-
tion could be the diet enriched with some of com-
mon vitamin sources as products with whole cereals

or riboflavin enriched products, e.g. bread and pas-
tries. These products could be enriched by ribofla-
vin (E 101) up to 50% of RDI, cereal mixtures and
pasta even up to 100% of RDI. Vitamin fortification
of foods s referred in Regulation No. 446/2004. This
vitamin can be also used as a colorant which is re-
ferred in Regulation No. 304/2004.

Great natural food sources of vitamin B, include:
entrails - liver, nuts, yeast, cheese, eggs, milk, lean
meat and wholemeal cereals. In the Czech diet
the main sources of the vitamin intake are milk and
dairy products followed by cereals and meat (Hlabik
and Opltova, 2004). Cereals are good source of this
vitamin as it is widely and regularly consumed in dif-
ferent forms - flour for home culinary purposes and
technological production of cereal products, bread,
pastries, breakfast cereals, pastas, and biscuits, espe-
cially for common cereals - wheat and rye.

The aim of this work was therefore to determine
riboflavin content in common cereal products of
the Czech origin.

Riboflavin is stable, not destroyed by heat or ox-
idation, unless exposed to ultraviolet radiation
(420-560nm). So it is a highly photosensitive com-
pound. Knowledge of its photochemical behaviour
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in aqueous solution over an appropriate pH range
is needed to predict the shelf-life. The choice of
the optimum pH is crucial for liquid preparations.
Ahmad et al. (2004) determined that riboflavin solu-
tions are most stable to UV and visible radiations at
pH 5-6. Riboflavin content could be also decreased
according to character of foods, technological and
culinary processes (Leskova et al., 2006), e.g. scour-
ing and dissolution in cooking water (Al-Khalifa and
Dawood, 1993).

Vitamins (vitamin B,) in cereals occur especially in
germ and aleuronic layer, so losses are connected to
cereal scouring, primarily its level (Higg and Kum-
pulainen, 1994). Scoured cereal products without
bran then contain up to ten times less B-complex vi-
tamins than bran products. Losses of riboflavin due
to baking are quite small (up to 10%). The significant
losses of this vitamin (35-55%) are in cooked pro-
ducts due to leaching into water (Ayranci and Kaya,
1993; Velisek, 2009). Freezing doesn’t significantly
affect riboflavin contents in breads (Higg and Kum-
pulainen, 1994).

In foodstuffs, the vitamin B, may be presented in
free and phosphorylated forms, tightly bound but
non-covalently to proteins. For vitamin extraction
there can be used an acid hydrolysis or an enzymatic
treatment (takadiastasa, trypsin, clarasa) (Ndaw et al.,
2000).

For vitamin determination several methods have
been reported — microbiological assay (Golbach et
al., 2007), electrochemical method and High Perfor-
mance Liquid Chromatography (Arella et al., 1996,
Tang et al., 2006). The most widely used method in
the determination of vitamin B, is HPLC using re-
verse phase with fluorescence (Andrés-Lacueva
et al., 1998; Cataldi et al., 2003) and UV (Héller et al.,
2003) detection.

MATERIALAND METHODS

Samples

20 cereal products are from the Czech production
purchased in food markets.
o flours — wheat (bread, standard, pastry) flours

o whole wheat and spelt flours
o enriched wheat (bread, standard, pastry) flours -
declared amount of riboflavin content of all en-
riched flours: 0.640mg.100g™"
o breads: wheat, wholemeal (2 types), rye bread
o breakfast cereals: enriched wholemeal (3 types)
e pastries: wheat, multigrain (2 types) pastries
e cooked spaghetti: whole wheat and rye spaghetti
(cooked in water at 90 °C for 10 min).

Reagents

e Calibration: riboflavin was obtained from Supelco
(USA)
o standard solutions: 0.25-4 pg.ml-!

e extraction: HCI, trichloroacetic acid, Carrez I and
Carrez IT were obtained from P. Luke§ (Czech Re-
public)

e HPLC determination: CH,COONa was purchased
from P. Lukes (Czech Republic), methanol of HPLC
grade from Sigma — Aldrich Chemicals (Germany).

Vitamin extraction
e 100ml 0.2M HCl and 3 ml CCl,COOH
e 30ml of Carrez I and Carrez I1.

Chromatographic conditions
e HPLC (Hewlett Packard 1100, USA)
e injection volume 20l
e mobile phase: gradient technique.

CH,COONa: CH,0OH 87:13

e column SUPELCOSIL - LC8 (15cm x 4.6mm;
5pm, Supelco, USA)

e column temperature 30°C

e flow rate: 0.8 ml.min"

e Detector: UV/VIS DAD G1315A

A =270nm.

Riboflavin Extraction and HPLC
Determination

By reason of complicated matrices based on pro-
tein-polysaccharides, the first step was isolation of
vitamin B, by acid hydrolysis. That is essential to de-
nature the proteins and to release the vitamin from
his association with the proteins and when the food-
stuffs contain a lot of starch, to convert it into solu-
ble form (Ndaw et al., 2000).

Extraction was done with 0.2 M hydrochloric acid
in a water bath at 95°C for 1 hour with addition of
80% trichloroacetic acid in 50 minute. Moreover
the proteins were subsequently precipitated by so-
lutions Carez I and Carez II followed by filtration.
All samples were kept away from light because of its
low photostability.

The suitable conditions for the determination by
HPLC technique were established partly according
to Burika et al. (2003). Mobile phase composed of so-
dium acetate, pH adjusted to 4.5 as riboflavin solu-
tions are most stable to UV and visible radiations at
pH about 5-6, and methanol, in the ratio 87:13 (v/v)
with gradient technique (till 15 min., then 0:100) for
30 min. and flow rate 0.8 ml.min-".

For riboflavin detection UV/VIS DAD detector
was used at the wavelength of 270nm with Chem-
Station-Instrument 1 programme for the content
calculation.

Method validation

Confirmatory analysis of validation parameters
were experimentally verified and confirmed, as pre-
viously published by Buiika et al. (2003).

Calibration curve (y=ax + b): y = 79.572x - 2.243
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Correlation coefficient: r = 0.9995

Recovery: 901 + 23% - 914 + 3.1% (known
amount of vitamin B, was added to cereal samples)

Inter and intra-day repeatability: SD < 3 %.

RESULTS AND DISCUSSION

Table 1. presents the content of riboflavin in 20
cereal products - flours, breads, pastries, breakfast
cereals and cooked spaghetti. There is also shown
contribution of 100g cereal product to RDI (Recom-
mended Daily Intake in the Czech Republicis 1.5mg
per day).

The vitamin B, content of chosen Czech cereal
products decreased in this progression: enriched
wholemeal breakfast cereals, enriched wheat flours,
breads - rye and wholemeal wheat breads, whole
wheat and spelt flours, wheat bread, cooked whole
wheat and rye spaghetti, wheat and multigrain pas-
tries and finally scoured wheat flours.

From the chosen products the best ones as for ri-
boflavin content were wholemeal breakfast cereals
(0.553-2.779mg.100g™") enriched with vitamins.
This range represents 36.9-185.3% contribution to
RDTI for riboflavin. The results are in agreement with
the literature (Higg and Kumpulainen, 1993). Bran
cereals also contain more vitamin B, than scoured
ones as it was previously referred (Hégg and Kum-
pulainen, 1994). These products don’t need any
further culinary treatment so they are really good
source of this vitamin.

Also all enriched wheat flours - bread (Fig. 1A),
pastry and standard (0.525-0.800mg.100g"!; contri-
bution of 35.0-53.3% to RDI) and whole spelt and
wheat flours (0.204 and 0.265mg.100g™?) seem as
good sources. The vitamin concentration in scoured
flours was very low (up to 0.087mg.100g™! in wheat
bread flour (Fig. 1B)), as expected. The results corre-
spond to the producer values and are also in agree-
ment with the literature (Batifoulier et al., 2005; Higg
and Kumpulainen, 1994; Ndaw et al., 2000). The va-
riability of the content in flours could be explained
by milling procedure, genetic variability and grow-
ing location. So milling and the type of the flour
(bread, standard, pastry) are very important for
the responsibility in the differences of the vitamin
results. And flours before consumption need an-
other technological or culinary treatment so it could
lead to another loss of vitamin due to that prepara-
tion.

Riboflavin content in bread products was higher
than in flours. The concentration increased dur-
ing bread making, suggesting a potential synthesis
or contribution by yeast as referred Batifoulier et al.
(2005) and Batifoulier et al. (2006).

Lower vitamin concentration was found in com-
mon wheat bread (0.208mg.100g!) than in whole-
meal and rye breads (0.322-0.561mg.100g"!; contri-
bution of 21.5-37.4% to RDI). This could be related
to the flour scouring level as the vitamin is con-
tained especially in the bran. It reflects a more dras-

I: Riboflavin content in cereal products (meanSE) [mg.100 g*] and contribution of 100 g product to RDI [%]

ek s Average riboflavin Contribution of 100g
content product to RDI
Flour: Enriched wheat bread 0.800 + 0.004 53.3
Enriched wheat pastry 0.584 +0.006 38.9
Enriched wheat standard 0.525 +0.005 35.0
Whole wheat 0.265 +0.005 17.7
Whole spelt 0.204 +0.004 13.6
Wheat bread 0.087 +0.006 5.8
Wheat pastry and standard nd. -
Bread: Rye 0.561+0.010 37.4
Wholemeal 1 0.504 +0.013 33.6
Wholemeal 2 0.322 +0.013 21.5
Wheat 0.208 + 0.008 139
Pastries: Wheat 0.094 +0.007 6.3
Multigrain 1 0.081 +0.007 5.4
Multigrain 2 nd. -
Wholemeal breakfast cereals: 1 2.779 +0.007 185.3
2 1.246 +0.010 83.1
3 0.553 £0.012 36.9
Cooked spaghetti: Whole wheat 0.179 £0.007 11.9
Wholerye 0.223 +0.010 14.9

nd. - not detected
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1: Chromatographic analysis of vitamin B, in enriched wheat bread flour (A) and wheat bread flour (B) by HPLC/UV

tic milling effect with refined flour than with unre-
fined, whole flour (Higg and Kumpulainen, 1994).
Low concentrations of riboflavin in cooked spa-
ghetti (0.179-0.223mg.100g™") of Czech origin,
though wholemeal product, are due to vitamin
leaching into water which correspond to results of
Ayranci and Kaya (1993). According to them the per-
centage of riboflavin loss for macaroni during cook-
ing at 90°C was 18.3 %, (10 min cooking with water)
and 533 % (20 min cooking).As expected, the lo-
west vitamin B, levels were found in pastries (up

to 0.094mg.100g!) made from scoured flours. So,
common wheat or multigrain pastries are not very
good source of this vitamin in the Czech Republic.

Riboflavin is water-soluble vitamin which leaches
into water, e.g. during cooking with water. Other
losses could happen during storage e.g. UV radiation
impact. In some papers there have been proved that
riboflavin losses depend on technological condition
(Batifoulier et al., 2005; Batifoulier et al., 2006; Higg
and Kumpulainen, 1994; Prodanov et al., 2004).

SUMMARY

Riboflavin is a water-soluble essential vitamin which is needed in the metabolism of amino acids, fatty
acids, and saccharides (RDI=1.5 mg per day). Nowadays an increased risk for riboflavin deficiency may
be seen in people on special diets (e.g. diabetes mellitus). In the Czech diet the main sources of the vita-
min intake are milk and dairy products followed by cereals and meat. Cereals are good source of this
vitamin as it is widely and regularly consumed in different forms. The aim of this work was therefore
to determine riboflavin content in common cereal products of the Czech origin.
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One of widely used method in the determination of vitamin B, is HPLC using reverse phase with UV
detection. The vitamin B, content of chosen Czech cereal products, determined by this method, de-
creased in this progression: enriched wholemeal breakfast cereals (0.553-2.779 mg.100g™; contribu-
tion of 36.9-185.3 % to RDI), which are really good source of the vitamin as they don’t need any further
culinary treatment; then enriched flours (0.525-0.800mg.100g™), breads — wholemeal with higher
contentas vitamin (0,322-0,561mg.100g-!) which occurs especially in grain germ and aleuronic layer;
following by wheat bread (0.208 mg.100g™). In breads, in comparison to flours, could the riboflavin
content increased during bread making (synthesis or by yeast contribution); next wheat flours — due
to the cereal scouring the concentration was very low (up to 0.087 mg.100g™; contribution of 5.8% to
RDI). Low concentrations of riboflavin in cooked spaghetti (0.179-0.223 mg.100g™, contribution of
11.9-14.9% to RDI) are due to vitamin leaching into water. The lowest vitamin B, levels were found in
pastries (up to 0.094mg.100g™), so common wheat or multigrain pastries from scoured flours are not
very good source of this vitamin.

SOUHRN
Obsah vitaminu B, (riboflavinu) v ceredlnich produktech

Riboflavin je ve vodé rozpustny vitamin, ktery je zapotiebi pro metabolismus aminokyselin, tukd
a sacharidél (DDD = 1,5mg na den). V dne3ni dob& maji néktefi lidé (nap¥. nemocni s diabetes mellitus)
V&SI potfebu pFisunu vitaminu B,. Zdroje tohoto vitaminu u lidi v Ceské republice pochazi prede-
v8im z mléka a mléénych vyrobki, ceredlif a masa. K nejvyznamnéjsim rostlinnym zdrojam téchto
vitamind patii obiloviny kviili jejich b&zné a pomé&rné& rozsédhlé konzumaci v rtizné formé. Cilem této
préce proto bylo stanoveni obsahu riboflavinu v b&znych cereélnich vyrobcich Eeského piivodu.
Jednou z nejvice roz3ifenych metod pro jeho stanoveni je HPLC s reverzni fazi a UV detekei. Obsah
vitaminu B, ve vybranych ceredlnich produktech, stanoveny vyse uvedenou metodou, klesal vtomto
pofadi: obohacené celozrnné snidatiové ceredlie (0,553-2,779mg.100g"; kde 100g vyrobku zabez-
peti36,9-185,3 % DDD riboflavinu), které jsou tedy nejlepsim zdrojem z hodnocenych produktt bez
nutnosti dal3ich kulindrnich tprav. Nésleduji vitaminem obohacené mouky (0,525-0,800mg.100g™"),
déle chleba - celozrnny s vy3§im obsahem vitaminu (0,322-0,561 mg.100g™"), ktery se nachédzi pfede-
v§im v kli¢ku a aleuronové vrstve, a pseni¢ny chleba (0,208 mg.100g"). Chleba v porovnani s odpo-
vidajicimi moukami mtiZe mit vy35i obsah vitaminu B, z dGvodu nardstu v prabéhu pecent (syn-
téza nebo pFidavek drozdi). Bilé pseni¢né mouky mély pomérné nizky obsah riboflavinu s ohledem
navymilani téchto mouk (do 0,087mg.100g; 5,8 % DDD). Nizké obsahy riboflavinu ve vafenych 3pa-
getdch (0,179-0,223 mg.100g, 11,9-14,9% DDD) souvisi s vyluhovanim do vodného prostiedi. Nej-
nizsf hodnoty obsahti vitaminu B, byly zjistény v pecivu (do 0,094mg.100g), tedy bézné vymilané
bilé a vicezrnné peéivo neni vihodnym zdrojem tohoto vitaminu.

vitamin B,, riboflavin, ceredlni produkty, HPLC/UV
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