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Abstract A miniaturized dispersive liquid-liquid microex-
traction (DLLME) procedure coupled to liquid chromatog-
raphy (LC) with fluorimetric detection was evaluated for the
preconcentration and determination of thiamine (vitamin
B)). Derivatization was carried out by chemical oxidation
of thiamine with 5x107> M ferricyanide at pH 13 to form
fluorescent thiochrome. For DLLME, 0.5 mL of acetonitrile
(dispersing solvent) containing 90 pL of tetrachloroethane
(extraction solvent) was rapidly injected into 10 mL of
sample solution containing the derivatized thiochrome and
24% (w/v) sodium chloride, thereby forming a cloudy solu-
tion. Phase separation was carried out by centrifugation, and
a volume of 20 puL of the sedimented phase was submitted
to LC. The mobile phase was a mixture of a 90% (v/v)
10 mM KH,PO,4 (pH 7) solution and 10% (v/v) acetonitrile
at 1 mL min . An amide-based stationary phase involving a
ligand with amide groups and the endcapping of trimethyl-
silyl was used. Specificity, linearity, precision, recovery, and
sensitivity were satisfactory. Calibration graph was carried
out by the standard additions method and was linear be-
tween 1 and 10 ng mL™'. The detection limit was
0.09 ng mL™". The selectivity of the method was judged
from the absence of interfering peaks at the thiamine elution
time for blank chromatograms of unspiked samples. A rel-
ative standard deviation of 3.2% was obtained for a standard
solution containing thiamine at 5 ng mL™'. The esters thia-
mine monophosphate and thiamine pyrophosphate can also

Published in the special issue Euroanalysis XVI (The European
Conference on Analytical Chemistry) with guest editor Slavica Razi¢.

P. Vifias - . Lopez-Garcia - M. Bravo-Bravo + M. Bricefio -
M. Hernandez-Cordoba (D<)

Department of Analytical Chemistry, Faculty of Chemistry,
University of Murcia,

30071 Murcia, Spain

e-mail: hcordoba@um.es

be determined by submitting the sample to successive acid
and enzymatic treatments. The method was applied to the
determination of thiamine in different foods such as beer,
brewer’s yeast, honey, and baby foods including infant
formulas, fermented milk, cereals, and purees. For the anal-
ysis of solid samples, a previous extraction step was applied
based on an acid hydrolysis with trichloroacetic acid. The
reliability of the procedure was checked by analyzing a certi-
fied reference material, pig’s liver (CRM 487). The value
obtained was 8.76+0.2 ug g ' thiamine, which is in excellent
agreement with the certified value, 8.6+1.1 ugg '
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Introduction

The water-soluble B group vitamins include many com-
pounds of different chemical structure and biological roles,
which are essential for the health of adults and, especially,
children. In foodstuffs, thiamine (vitamin B;) occurs in its
free form or as the mono- and pyrophosphate esters bound
to proteins. Thiamine pyrophosphate, the physiologically
active form of thiamine, functions as a coenzyme in the
carbohydrate metabolism. Although it is extremely wide-
spread in small amounts, only a few foodstuffs, generally
those that are rich in carbohydrate, can be regarded as good
sources. Examples are legume seeds and the germ of cereal
grains, cereal products, vegetables, meat, and milk products
[1]. There is renewed interest in vitamin measurement due to
the popularity of fortified foods or dietary supplements, in
which vitamins are usually added in a single chemical form.
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Thiamine cannot be differentiated from its esters by the
usual analytical techniques such as the fluorimetric method
proposed by the AOAC [2]. It is important to know the
speciation of thiamine because of the different activities and
stabilities of the thiamine esters, a task usually accomplished
by liquid chromatography [3]. Procedures for the determi-
nation of thiamine in foods using reversed-phase or ion pair
chromatography [4—43] have been proposed, and several
reviews have also been published [44-47]. Detection has
been carried out by UV spectrophotometry for samples that
contain sufficient amounts of thiamine, while a fluorescence
derivatization reaction based on the oxidation of thiamine to
thiochrome or mass spectrometry has been used to deter-
mine small concentrations.

Emerging methods for food matrices tend towards effi-
cient and miniaturized techniques that share the priorities of
green chemistry with respect to the environment through the
use of chemical processes that do not produce residues and
which use low amounts of safe solvents for dissolving or
extracting analytes [48].

Microextraction techniques [49, 50] represent a relevant
way for the miniaturization of the analytical laboratory [51],
the selective extraction of compounds being based on differ-
ences in their physical-chemical characteristics (molecular
weight, charge, solubility, polarity, and volatility). Liquid-
phase microextraction (LPME) includes several miniatur-
ized techniques based on the extraction of analytes in a
liquid phase using very low amounts of organic solvents
[52]. Dispersive liquid—liquid microextraction (DLLME) is
a very simple and rapid extraction method, based on the use
of a ternary component solvent system, which has been
applied to the extraction and preconcentration of both or-
ganic and inorganic compounds from aqueous samples
[52—-54]. The low consumption of time and organic solvents
are two of the main advantages of this technique, which can
be included in the group of clean chemistry procedures. A
procedure has been proposed for the determination of thia-
mine using DLLME without chromatographic separation
[55].

In the present study, a miniaturized sample treatment
procedure based on DLLME coupled to a reversed-phase
LC technique using an amide-based stationary phase is
proposed for determining thiamine (T), thiamine mono-
phosphate (TMP), and thiamine pyrophosphate (TPP).
Detection was performed by precolumn fluorescence
derivatization using a system involving the oxidation
to the corresponding highly fluorescent thiochromes.
The procedure was applied to the determination of thi-
amine and its esters in different type of foods: beer,
brewer’s yeast, honey, and baby foods including infant
formulas, fermented milk, cereals, and purees. The main
significance of this work is that, at the best of our
knowledge, this is the first time that these vitamins have
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been determined using green chemistry principles avoiding
the use of high amounts of solvents and the generation of
residues coupled to liquid chromatography.

Materials and methods
Chemicals

T, TMP, and TPP were obtained from Sigma-Aldrich (St.
Louis, MO, USA). Individual stock solutions of the com-
pounds (1,000 pg mL™") were prepared in pure water and
stored in darkness at —10 °C. Working standard solutions
were freshly prepared in pure water and stored at 4 °C.
Alkaline phosphatase (ALKP) from Bovine intestinal mu-
cosa (Sigma-Aldrich) was dissolved in 10 mM Tris buffer
(pH 7.4), and takadiastase from Aspergillus oryzae (Fluka)
was used solid. Potassium ferricyanide, sodium hydroxide,
potassium dihydrogen phosphate, and phosphoric acid
(85%) were purchased from Fluka (Buchs, Switzerland)
and Merck (Darmstadt, Germany). Chromatographic quality
carbon tetrachloride, tetrachloroethane dichloromethane,
chloroform, undecanone, undecanol, decanol, acetone, ace-
tonitrile, and methanol were obtained from Sigma. Water
used was previously purified in a Milli-Q system (Millipore,
Bedford, MA, USA).

Instrumentation

The LC system consisted of an Agilent 1100 (Agilent,
Waldbronn, Germany) quaternary pump (G1311A) operat-
ing at room temperature with a flow rate of 1 mL min .
The solvents were degassed using an online membrane
system (Agilent 1100, G1379A). The fluorescence detector
was an Agilent FLD (Agilent 1100, G1321A) operating at
an excitation wavelength of 375 nm and an emission wave-
length of 438 nm. The analytical column used for the
reversed-phase technique was a Discovery RP-AmideCg
(15 emx0.46 cmx5 pum) (Supelco, Bellefonte, PA, USA).
Aliquots of 20 uL were injected manually using a Model
7125-075 rheodyne injection valve (Rheodyne, Berkeley,
CA, USA).

To filter the samples, Econofilter 25 nylon filters
(0.45 um) (Agilent) were used. An EBA 20 (Hettich, Tut-
tlingen, Germany) centrifuge was used at the maximum
speed supported by the conical glass tubes, 4,000 rpm.
The ultrasonic processor UP 200 H (Hielscher Ultrasonics
GmbH, Germany) was used for the hydrolysis step. A
laboratory-made system built in the Central Laboratory Ser-
vice of the University of Murcia, consisting of a drilled
block equipped with an electronic temperature control sys-
tem, was used to heat the tubes for hydrolysis.
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Samples

The samples were different type of foods rich in thiamine
(beer, brewer’s yeast, honey, and baby foods including
infant formulas, fermented milk, cereals, and purees). The
method was validated using a reference material, pig’s liver
CRM 487 supplied by the Community Bureau of Reference,
BCR (Belgium).

All operations were performed in subdued light. The beer
samples were diluted with water in a 1:1 proportion (5 mL
beer and 5 mL water) and directly submitted to extraction.
The honey samples were prepared by weighing 1 g and
diluting up to 10 mL with water. For the analysis of solid
samples, a previous extraction step was applied based on an
acid hydrolysis by weighing different amounts of sample
(0.1 g of brewer’s yeast, 2 g of fermented milk, 0.2 g of
infant formula or cereals) and adding 4 mL water and 2 mL
of 3% m/v trichloroacetic acid. After mixing for 15 min, the
mixture was centrifuged for 10 min at 6,000 rpm, and the
supernatant was diluted up to 10 mL with water and filtered.

Enzymatic hydrolysis

Samples were submitted to successive acid and enzymatic
hydrolysis steps, as described by the analytical methods
committee [44]. Amounts of 0.1-2 g were weighed into an
amber 15-mL screw cap glass tube with conical bottom, and
6 mL of 0.1 M hydrochloric acid was added. The suspension
was homogenized by using an ultrasonic processor for 30 s
(40% amplitude, 0.5 cycles) and then heated at 90 °C for
30 min. When the suspension was cold, the pH was adjusted
to 7 using 1 M sodium hydroxide, and 25 units of ALKP
were added. The sample was incubated in a block with
magnetic stirring at 55 °C for 2 h in the absence of light.
Then, 1 mL of 50% (w/) trichloroacetic acid was added,
and the mixture was again heated at 90 °C for 10 min. The
sample was cooled and centrifuged at 4,000 rpm for 10 min.
For carrying out the derivatization reaction, the supernatant
was made up to 10 mL with water, and 2 mL of 2 M sodium
hydroxide solution (pH 13) and 50 uL of 0.01 M potassium
ferricyanide were added for derivatization and subsequently
DLLME-LC. The certified reference sample was analyzed
in the same way but using the enzyme takadiastase (0.02 g at
pH 4) following the procedure proposed by the BCR.

DLLME procedure

For DLLME, a 10-mL aliquot of the standard or the sample
was placed in a 15-mL screw cap glass tube with conical
bottom. For carrying out the derivatization reaction, vol-
umes of 2 mL of a 2 M sodium hydroxide solution
(pH 13) and 50 pL of 0.01 M potassium ferricyanide were
added, and the mixture was vortex-shaken. Sodium chloride

was added to reach a 24% m/v concentration. Then, 0.5 mL
of acetonitrile (dispersing solvent) containing 90 puL of
tetrachloroethane (extraction solvent) was rapidly injected
into the sample solution using a micropipette, and the mix-
ture was again gently shaken manually for several sec-
onds. A cloudy solution consisting of very fine droplets
of tetrachloroethane dispersed into the sample solution
was formed, and the derivatized thiochromes were
extracted into the fine droplets. After centrifugation for
1 min at 4,000 rpm, the extraction solvent was sedi-
mented at the bottom of the conical tube (volume about
40 pL). Twenty microliters of the sedimented phase was
removed with a microsyringe and injected into the LC.
The calibration curve was obtained by least-squares linear
regression analysis of the peak area versus thiamine concen-
tration in nanograms per milliliter using six levels in duplicate
experiments.

Results and discussion
Derivatization reaction

The oxidation of thiamine to thiochrome is a very efficient,
simple, and fast derivatization reaction, giving a highly
fluorescent derivative. An alkaline medium is needed for
the reaction, and the pH effect was studied in the 6—13 range
using a sodium hydroxide solution. The sensitivity continu-
ously increased up to pH 13 (obtained by adding 2 mL of
2 M NaOH solution), which was selected. When the influ-
ence of the oxidant concentration was studied, the fluores-
cence increased to reach a maximum up to 2x 10 *-7x
107" M and decreased for higher concentrations; a 5x
10~* M concentration was selected.

Chromatographic separation

Thiamine and its esters have an ionic character and can
interact with the silanol groups of the conventional ODS
columns. Separation using the amide-based stationary phase
with the endcapping of trimethylsilyl is advantageous with
respect to other reversed-phases because the peaks are much
narrower and column life is longer due to the simplicity of
the mobile phase, avoiding the need for ion-pairing
reagents. The optimal composition of the mobile phase
was studied using several phosphate buffers at pH values
ranging between 4 and 8, and phosphate concentrations in
the 10-50 mM range. The addition of acetonitrile was
assayed to decrease vitamin retention. The best separation
was achieved using a mixture of 90% v/ 10 mM KH,PO,
buffer (pH 7) and 10% v/v acetonitrile. The flow rate was

1 mL min .
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DLLME parameters

The parameters affecting the DLLME procedure, such as the
type and volume of both the extraction and disperser solvents,
salt addition, and centrifugation time, were optimized. For this
purpose, 10 mL of an aqueous solution or a sample containing a
thiamine concentration of about 100 ng mL™" and the deriv-
atized reagents were submitted to DLLME, and a 20-puL
aliquot of the settled phase was injected into the LC.

The extraction solvent must have high extraction capa-
bility, a higher density than water, low solubility in water,
and good chromatographic behavior. Thus, carbon tetrachlo-
ride (CCly), chloroform (CHCI3), dichloromethane
(CH,Cl,), and 1,1,2,2-tetrachloroethane (C,H,Cly) were
assayed using 100 pL of the extraction solvent and
0.5 mL acetone as the disperser solvent. The sedimented
phase was not discernible when using dichloromethane due
to its high solubility in water. Figure la shows the results
obtained. The best extraction efficiency was obtained using
tetrachloroethane as extraction solvent.

The influence of the C,H,Cl, volume was studied in the
40 to 120 pL range. Peak areas increased with increasing
extraction solvent volumes in the range 40-90 pL. On
further increasing the volume of the extraction solvent, the
peak areas decreased as a consequence of dilution and so
90 pL was selected. The volume of the sedimented phase
was 40+10 pL after extraction and centrifugation, which
means a preconcentration factor close to 250.

The disperser solvent must be miscible in the extraction
solvent and the aqueous phase. Acetone, methanol, and
acetonitrile were assayed by rapidly injecting 0.5 mL of
each disperser containing 90 uL of C,H,Cl, into the aque-
ous solution. The extraction efficiency was highest when
using acetonitrile (Fig. 1b), and this was therefore selected.

The volumes assayed for the disperser solvent were 0.25—
2 mL, containing, in all cases, the extraction solvent volume
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Fig. 1 Influence of different extraction solvents (a) and disperser

solvents (b) on the extraction of thiochrome by DLLME. Concentra-
tion of thiamine, 100 ng mL™'
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at the previously optimized value. The extraction efficiency
increased up to 0.5 mL and then decreased with higher
volumes, as the solubility of thiochrome probably increases
in water, and so the extraction efficiency decreases. Highest
sensitivity was attained with 0.5 mL of acetonitrile.

Sodium chloride was added to the aqueous phase to in-
crease its ionic strength, thus reducing the solubility of thio-
chrome and increasing the solubility in the organic phase. The
effect of the amount of sodium chloride on the extraction
efficiency was studied between 0% and 24% m/. The peak
area increased with increasing salt concentration in all the
ranges studied, and a 24% m/v concentration was selected.

Extraction time in DLLME is defined as the time be-
tween injecting the mixture of disperser and extraction sol-
vents and before starting the centrifugation step. As
expected, no differences in sensitivity were attained in the
interval 30 s to 5 min, demonstrating that DLLME is prac-
tically time-independent, one of its most important advan-
tages. Therefore, the mixture was shaken for a few seconds
and then centrifuged, the centrifugation step being the most
time-consuming. Nevertheless, the centrifugation time and
speed necessary to disrupt the cloudy solution and collect
the sedimented phase were evaluated. The centrifugation
time was varied between 1 and 4 min, and extraction effi-
ciency continuously decreased with longer times, and a time
of 1 min is recommended. The centrifugation speed was
modified in the 1,000-6,000 rpm range, and sensitivity
increased up to 4,000 rpm, decreasing for higher values.
Thus, the maximum speed recommended for the glass conic
tubes used, 4,000 rpm, was selected.

Comparison with other LPME procedures

The preconcentration procedure using DLLME was compared
with other LPME methods. Thus, the use of directly sus-
pended drop microextraction (DSDME), in which a symmet-
rical rotated flow field is created by a stir bar placed on the
bottom of a cylindrical vessel containing the sample solution
was assayed. For this, a 10-mL sample solution containing the
derivatized thiochrome was stirred until a vortex was
obtained. Then, 100 uL of an extraction solvent (undecanone,
I-undecanol, or decanol) were incorporated, and the mixture
stirred for 30 min. The organic phase was removed with a
microsyringe, and an aliquot of 20 puL was injected into the
LC. Best results were obtained using 1-undecanol, but the
extraction efficiency was lower and the extraction time longer
than when using DLLME. The ultrasound-assisted emulsifi-
cation microextraction (USAEME) technique was also tried
using a 10-mL aliquot containing the derivatized thiochrome
to which 100 puL of the extraction solvent (1-undecanol or
tetrachloroethane) were added and the mixture submitted to an
ultrasonic probe for 2 min. A solution consisting of very fine
droplets of tetrachloroethane dispersed into the sample
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solution was formed. After centrifugation for 1 min at
4,000 rpm, the extraction solvent was sedimented at the bot-
tom of the conical tube and an aliquot was injected into the
LC. However, the volume of organic solvent recovered in
these conditions was too low, and the USAEME technique
was also discarded. DLLME was confirmed to be the most
suitable LPME technique for the purpose here reported. Sam-
ple throughput was about 4 samples h™' and was very favor-
able compared with the other LPME systems.

Optimization of enzymatic hydrolysis

For the determination of free thiamine in food samples, it
must be released from the proteic bindings. For this, a step
of hot acid digestion using trichloroacetic acid was chosen
because this does not destroy the phosphate esters. Howev-
er, for the extraction of total thiamine, acid digestion was
followed by enzymatic hydrolysis to achieve dephosphory-
lation of the phosphate esters using ALKP, which is a
hydrolase enzyme responsible for removing phosphate
groups from many types of molecules. Finally, trichloro-
acetic acid was added to precipitate the proteins. The param-
eters influencing the hydrolysis, such as pH, concentration
of enzyme and substrate, and both temperature and time of
the incubation step, were optimized.

As can be seen in Fig. 2a, the hydrolysis was more effective
at pH 7 for both substrates, TMP and TPP. The optimal enzyme
concentration was studied between 5 and 30 units, and the
sensitivity continuously increased throughout the range studied
for TMP, while a maximum value was obtained for TPP using
25 units (Fig. 2b). When the effect of substrate concentration
was analyzed (Fig. 2c), the signal increased for higher concen-
trations of both TMP and TPP; however, linearity was also
achieved for concentrations lower than 1 ug mL". The incu-
bation temperature was varied in the 30-70 °C range and, as
shown in Fig. 2d, the signals were higher for both esters up to
55 °C after which they rapidly decreased, and so this value was
chosen. Finally, the incubation time was also seen to be an
important factor affecting enzymatic hydrolysis. The effect of
this variable was studied between 1 and 8 h (Fig. 2¢), a time of
2 h being selected as a compromise between the maximum
signal and the total analysis time.

Analytical characteristics of the method

The method was validated for linearity, detection and quan-
tification limits, selectivity, accuracy, and precision. The
calibration curve using DLLME was obtained by least-
squares linear regression analysis of the peak area versus thia-
mine concentration using six levels in duplicate experiments.

Fig. 2 Influence of the a b c
experimental variables affecting 70 120
the extraction efficiency of
thiochrome by DLLME. 60 A Pgl; 100 - 250 4
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100 ng mL ™! i 200 A
g o 50 80
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Incubation temperature, °C

Incubation time, h
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Table 1 Calibration graphs for thiamine and its esters

Vitamin Enzymatic hydrolysis Intercept Slope (mL ng ') Correlation coefficient Linearity (ng mL ') LOD (ng mL")
T No 0.125+0.063 2.54+0.02 0.9999 0.5-10 0.09
TMP Yes 1.89+0.74 0.726+0.104 0.9998 1-30 0.74
TPP Yes 1.59+0.51 0.524+0.027 0.9997 3-30 2.05

Table 1 shows the results obtained. The limit of detection
(LOD, calculated as three times the standard error of the esti-
mate) was 0.09 ng mL™". The selectivity of the method was
judged from the absence of interfering peaks at the thiamine
elution time for blank chromatograms of different unspiked
samples. No matrix compounds existed that might give a
false-positive signal in the blank samples. The repeatability
was calculated by using the relative standard deviation from a
series of ten consecutive DLLME-LC analyses of one aqueous
standard solution containing thiamine at 5 ng mL ™" and a beer
sample containing 520 ng g '. Relative standard deviations
(RSD) of 3.2% and 5.6%, respectively, were obtained.

The matrix effect was studied by comparing the slopes of
aqueous standards and standard additions calibration graphs
for the different samples. Values were 0.257 for cereals, 0.456
for beer, 0.033 for honey, 0.136 for puree, 0.082 for infant
formula, and 0.205 mL ng ' for fermented milk, obtained by
plotting concentration (at six different levels) against peak
area and following linear regression analysis. The presence
of a matrix effect was confirmed because “p” values obtained
from application of a paired ¢ test were lower than 0.05.
Consequently, calibration and analysis of all the samples must
be performed by the standard additions method.

The validation parameters obtained for the thiamine
esters using the enzymatic hydrolysis and DLLME proce-
dure are also shown in Table 1.

Analysis of samples and validation of the method

Thiamine is very labile in neutral to basic solutions but not
in acidic solutions. Loss of thiamine may occur for mildly
acidic to neutral or basic foods upon heat treatment, but

Table 2 Thiamine con-

tent in several foods Food Thia{r}inea,
ng g

Beer 0.520+0.03
Brewer’s yeast 31.1+0.57
Honey 0.212+0.004
Infant formula 4.97+0.036
Fermented milk 0.858+0.015
Cereals mixture 4.15+£0.47
Cereals without gluten 4.06+0.04

“Meanzstandard Mixed vegetables puree  0.220+0.022

deviation, n=3

more acidic foods would not suffer this loss. The greatest
losses during domestic cooking as well as in commercial
food processing occur when the vitamin is leached into the
cooking water. The vitamin is necessary to break up carbo-
hydrates, and its main sources are cereals and wholemeal
grain. Beer is a natural beverage manufactured from malted
barley, water, yeast, and hops, and contains all of the im-
portant vitamins of the B group that come from malt, in-
crease during barley germination, and remain during
toasting. Consequently, samples of different type of foods
rich in thiamine as beer, brewer’s yeast, honey, and baby
foods including infant formulas, fermented milk, cereals,
and purees were analyzed.

For the solid samples, an acid hydrolysis using trichloro-
acetic acid was used because, in this way the phosphate
esters are not affected. The results showed that the commer-
cial brewer’s yeast analyzed contained the higher levels of
thiamine. Cereals and infant formula also contained a high
amount of the vitamin, since the products are commercial-
ized in the dry form. The samples of fermented milk
contained lower levels and the lowest concentrations were
found in the samples of beer, honey, and infant puree
(Table 2). To test the accuracy of the proposed method, five
different foods were fortified and analyzed by the optimized
method, taking into account the known analyte contents for
these samples. The results for thiamine are presented in
Table 3. Figure 3 shows typical chromatographic profiles
obtained using DLLME-LC for non-spiked samples of
brewer’s yeast and two baby foods, namely cereals mixture
and fermented milk in the selected conditions. Similar chro-
matograms were obtained for the other samples.

The food samples were then submitted to both acid and
enzymatic hydrolysis to examine the presence of thiamine
esters. A comparison was made on the efficiency of the
enzymes ALKP and takadiastase for dephosphorylation of

Table 3 Recovery study for thiamine

Food Thiamine Thiamine Recovery RSD,
added, pg ¢! found, ug g %
Beer 0.2 0.70 97.2 5.8
Honey 0.2 0.39 94.7 6.3
Infant formula 0.5 54 98.7 54
Cereals mixture 0.5 4.75 102 6.1
Puree 0.2 0.40 95.2 7.1

@ Springer



DLLME-LC thiamine determination

1065
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Fig. 3 Elution profiles obtained for different food samples by
DLLME-LC—fluorescence

the esters in the cereals mixture sample, and the results
obtained (micrograms per gram thiamine) were 4.15 without
enzyme, 4.05 with takadiastase, and 4.35 with ALKP, show-
ing that all the thiamine is present in the free form. The
values obtained were also in accordance with the contents
reported by the manufacturer, which were 4.0 pg g ' thia-
mine for both cereals mixture and cereals without gluten
samples. For the infant formula, values of 4.97 without
enzyme, 5.03 with takadiastase, and 5.12 with ALKP were

obtained, which is again in accordance with the 4.7 pg g
thiamine content reported by the manufacturer. Similar
results were obtained for the rest of the samples, confirming
the presence of the thiamine in the free form and the non-
existence of esters.

The reliability of the method was further checked by
using a certified reference material, pig’s liver (CRM 487).
The value obtained was 8.76+0.2 pg g~ thiamine, which is
in excellent agreement with the certified value, 8.6+
1.1 ug g '. The statistical study using the paired ¢ test
showed that there was no significant difference (95% con-
fidence interval) between the result obtained and the certi-
fied value. Such data also confirm the efficacy of the
extraction procedure for recovering both free supplemented
and endogenous thiamine in foods.

Conclusion

The miniaturized preconcentration procedure based on
DLLME was seen to be an excellent alternative for the
analysis of thiamine in different foods at low concentrations
using LC-fluorescence. In addition of achieving low detec-
tion limits, very low quantities of solvent were used so that
the procedure can be described as environmentally friendly.
The possibility of determining thiamine esters after a suit-
able enzymatic treatment is also noteworthy.
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