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ARTICLE INFORMATION ABSTRACT

A simple spectrophotometric method has been described for the determination of thiamine.
The method is based on the precipitation of sulphur as barium sulphate using barium chloride
after oxidation of thiamine by sodium hydroxide and hydrogen peroxide. Beer's law was
obeyed over the concentration range from 2-32 pg/mL thiamine. The average of standard
deviation was 1.18x10-%; standard error, 5.20x10-3; relative standard deviation, 0.51%);
relative standard error, 5.40x10-3; 95% coefficient, 1.48x10-2; the limit of detection, 0.41
ug/mL; the limit of quantification, 1.38 pg/mL and recovery, 100.03% thiamine. Finally, the
developed method was applied to the determination of thiamine in pharmaceutical
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formulations.

Received: 17 July 2013

Received in revised form: 15 August 2013
Accepted: 18 August 2013

Online: 31 March 2014

KEYWORDS

Thiamine

Oxidation
Precipitation
Determination
Barium sulphate
Spectrophotometric

1. Introduction

Thiamine (Figure 1), known as vitamin B1 (a water soluble
vitamin) is a natural nutrient present in many foods and is also
added as an essential nutrient in food products. It has been
used for the prevention and treatment of beriberi, neuralgia,
etc. It is also added to medical doses or vitamin B1 enriched
food or drinks. It is necessary for carbohydrate metabolism and
for the maintenance of neutral activity [1].

H—CI
OH

Figure 1. Chemical structure of thiamine hydrochloride.

The chemical method most widely used for determination
of thiamine, involves the reaction between vitamin B1 and
potassium hexacyanoferrate(Il) in alkaline solution, followed
by extraction of the thiochrome (TC) formed in aqueous phase
into an organic phase, which is then measured florimetrically
[2]. This procedure is the official U.S.P. method and has been
automated by flow injection (FI) with fluorimetric and
chemiluminescence detection [3,4]. Other FI methods

accomplish the oxidation of thiamine to fluorescent TC using
Hg(I) [5], Cu(Il) [6], strong anionic resins loaded with
hexacyanoferrate(Il) [7] and electrochemical oxidation [8]. The
on-line UV irradiation of thiamine with photometric [9] and
fluorimetric detection [10] and the derivatization reaction of
the primary amine group with o-phthalaldethude in presence of
2-meracapto ethanol using fluorimetric detection [11] have
also been proposed.

Thiamine hydrochloride was determined by using the
chromatographic method depends on HPLC [12]. Thiamine has
been determined gravimetrically by precipitation with
silictungestic acid as recommended by British Pharmacopeia
[13]. The precipitate as insoluble in water and its molecular
formula was described as [C12H17N40S]2[Si(W3010)]s. However,
this gravimetric procedure is tedious, once it involves several
time consuming steps such as digestion, filtration, heating to
dryness and weighting. Also thiamine determined based on the
precipitation reaction of thiamine with silicotungstic acid in
acidic medium to form a thiamine silicotungstate suspension
that is measured at 420 nm [14]. Thiamine was determined by
a spectrofluorimetric method based on the catalytic activity of
horseradish peroxidase in the presence of hydrogen peroxide
[15].

Two simple and sensitive spectrofluorimetric methods
were developed for determination of thiamine by oxidized to
thiochrome by iodine in an alkaline medium [16] or oxidized
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with potassium iodate(V) to the colourless product and a
stoichiometric amount of iodide ions was formed. The latter
reacted with the excess of iodate(V) ions in acidic medium, to
form free iodine which oxidized leucocrystal violet to the
crystal violet dye [17].

This work describes a simple, rapid and sensitive
spectrophotometric method for the determination of thiamine
in pharmaceutical preparations. The proposed method is based
on the precipitation of sulphur as barium sulphate in acidic
medium and measured spectrophotometry at 420 nm.

2. Experimental
2.1. Apparatus

A double beam Shimadzu (Kyote, Japan) UV-Vis
Spectrophotometer, model UV-1650 PC equipped with 1 cm
quartz cells. The bundled software was UV PC personal
spectroscopy software version 2.1 (Shimadzu). The spectral
bandwidth was 2 nm and the wavelength scanning speed was
2800 nm/min. PLS and PCR analyses were carried out by using
PLS toolbox software version 2.1-PC for use with MATLABS.

2.2. Materials

All chemicals used were of analytical reagent grade.
Deionized water was used throughout. Thiamine was supplied
by (Sigma-Aldrich), Benerva tablets 50 mg from UK, Doxal
tablets 100 mg from USA and Citineurin 5000 (100 mg of
thiamine) from Merck.

2.3. Preparation of solutions
2.3.1. Stock standard solution of thiamine.HCI 100 ug/mlL

Accurately weigh 50.0 mg of USP Thiamine.HCI reference
standard solution previously dried by storing over P20s in
desiccator. Since reference standard is hygroscopic, take
precautions to avoid moisture absorption during weighing.
Transfer 50.0 mg of stock standard solution to 500 mL
volumetric flask. Dissolve in acidified 20% alcohol, and dilute
to 500 mL with additional acidified alcohol. Store in red or
amber glass-stoppered bottle in refrigerator. Solution is stable
for several months.

2.3.2. Working standard solutions

Working standard solutions containing 1-50 pg/mL were
prepared by suitable dilution of the stock solution with distilled
water.

2.3.3. Regent solutions

Standard stock solution of 3 M of NaOH, 5% of BaClz in 4 M
HClO4+ were prepared in one liter by dissolving the suitable
weight in deionized water and diluting with water in a
calibrated flask to the mark. H202 was prepared freshly for each
experiment.

2.4. Preparation of samples

Ten tablets were powdered and an amount equivalent to 20
mg of the thiamine was weighed accurately and dissolved in
100 ml of water using calibrated flask. The solution was filtered
through a Whatman no. 1 filter paper and the filtrate and two
washings, each of 20 mL, were collected in a 1000 mL
calibrated flask and diluted to volume with deionized water.

2.5. Procedure

To thiamine solution (equivalent to 1-50 pg/mL), five mL of
sodium hydroxide solution and five mL of hydrogen peroxide

were added to oxidized the thiamine and produced sulphate.
Then the solution was heated in a water bath at 75 °C, 4 mL of
5% BaClz in 4 M HClOs+ was added to precipitate sulphur as
BaS04. Then 4 mL of glycerol:ethanol (2:1) solution was added
(to keep the solid particles suspended in the solution). The
mixture was diluted to 25 mL with deionized water, shaken and
cooled. The absorbance and transmittance were measured at
420 nm against blank. The effect of heating time, concentration
of NaOH, H202 and thiamine were studied. The best conditions
were chosen for analysis.

3. Results and discussion

Factors affecting the absorbance and percent transmittance
3.1. Effect of heating time

The effect of heating time (5-60 min) on absorbance (Abs.)
and percent transmittance (%T.) is shown in Figure 2. As can

be seen, the absorbance and percent transmittance remained
constant after heating in water bath for 30 min.
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Figure 2. Effect of heating time on absorbance and percent transmittance of
16 pg/mL of thiamine using 1.5 M NaOH, 10% v:v H202.

3.2. Effect of heating temperature

The effect of heating temperature (50-110 °C) on
absorbance and percent transmittance is shown in Figure 3. As
can be seen, the absorbance and percent transmittance
remained constant after heating in water bath for 30 min at
100 °C.
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Figure 3. Effect of heating temperature on absorbance and percent
transmittance of 16 pg/mL of thiamine using 1.5 M NaOH, 10% v:v H202.
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3.3. Effect of microwave

The effect of microwave on time of reaction was studied
and the results showed that from 1.5-2.0 min. At 100 Watt gave
the maximum of absorbance and minimum of percent
transmittance and remained constant. So instead of heating the
mixture of thiamin with sodium hydroxide and hydrogen
peroxide for 30 min at 100 °C, the mixture was put in
microwave for two min. at 100 Watt.

3.4. Effect of NaOH concentration

The effect of NaOH concentration (0.5, 1.0, 1.5, 2.0, 2.5 and
3.0 M) on the absorbance and transmittance is shown in Figure
4. It can be seen that the absorbance reached a maximum and
remained constant and the transmittance reached a minimum
and remained constant when the concentration of sodium
hydroxide solution is between 1.5-3.0 M. Below this range the
absorbance decreased. 1.5 M NaOH solution was chosen in the
analysis.
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Figure 4. Effect of sodium hydroxide concentration on absorbance and
percent transmittance of 16 pug/mL of thiamine using 10% v:v H202 and
microwave for two min. at 100 W.

3.5. Effect of H20: concentration

The effect of hydrogen peroxide concentration (3, 6, 9, 12
and 15% v:v) on the absorbance and transmittance has been
studied and the results are shown in Figure 5. The figure
indicates that the maximum and constant of absorbance and
the minimum and constant of transmittance occur when the
concentration of hydrogen peroxide between 9-15% v:v.
Therefore 10% v:v of hydrogen peroxide was selected in the
analysis.
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Figure 5. Effect of hydrogen peroxide concentration on absorbance and
percent transmittance of 16 pg/mL of thiamine using 1.5 M NaOH and
microwave for 2 min at 100 W.

3.6. Effect of thiamine concentration

The effect of thiamine concentration on the absorbance and
transmittance has been studied and the results are shown in
Figure 6. The figure indicates that the increased absorbance
and decreased transmittance are linear with thiamine
concentration in the range from 2 to 32 ug/mL.
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Figure 6. Effect of concentration of thiamine on absorbance and percent
transmittance using 1.5 M NaOH, 10% v:v H202 and microwave for 2 min at
100 W.

3.7. Calibration curve and sensitivity

Standard calibration curves for thiamine were determined
under the optimized conditions (i.e., heating time, temperature,
concentration of NaOH and H:02). The molar absorptivities,
Sandell sensitivities, regression equations and correlation
coefficients were calculated.

The least square method was used to derive the regression
equations for the suggested procedures, and the values of the
correlation coefficient ranged from 0.9991 to 0.9999. To
validate the analytical procedures, both the detection limit
(DOL) and the quantification limit (QOL) were determined [18].
The parameters of the proposed methods are summarized in
Table 1.

3.8. Reproducibility

To determine the reproducibility of the methods, five
different weights of the thiamine were analyzed. The relative
standard deviations (R.S.D. %) were 0.19-0.93%, suggesting
that the proposed methods were reproducible (Table 2). This
precision level is appropriate for the simple, fast and sensitivity
analysis of thiamine.

3.9. Selectivity

The recovery of thiamine was evaluated to determine the
selectivity of the described methods. The recovery values
ranged from 99.98+0.17% to 100.11£0.07% (Table 2),
indicating the accuracy of the described method. Also the high
percentage recovery data show that all of the proposed
methods are free from interference

Comparing to the methods for determination of thiamine,
the proposed method was more simple, sensitive and accuracy
than the others. For example Khan [15] found the linear range
from 0.026-16.830 pg/mL, r = 0.9964, RSD = 1.75%, LOD =
0.015 pg/mL, Mohamed [16] found that linear range from 10-
500 ng/mL, r = 0.9991, RSD = 0.46-1.02%, Recovery = 97.6%
and Szpikowska-Sroka [17] found the linear range from 0.4-2.4
pug/mL, r=0.9998 and LOD = 0.19 and 0.26 pg/mL.
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Table 1. Analytical parameters for determination of thiamine.

Parameters

Beer's law limits (pg/mL)

Limits of detection (ug/mL)
Limits of quantification (pug/mL)
Molar absorptivity (L/mol.cm)
Sandal's sensitivity

Regression equation *

Intercept a

Slope b

Confidence interval of Intercept o
Confidence interval of Slope
Correlation coefficient (r2)

2-32

0.41

1.38
6726.27
0.04
y=2.52x102. x +9.20x10-3
9.20x10-3
2.52x10-2
1.90x10-3
1.00x10+
0.9998

*y =a +bx; y: the transmittance of concentration, x: the concentration in pg/mL.

Table 2. Evaluation of precision of the proposed method on thiamine hydrochloride pure and pharmaceutical formulations *.

Sample Thiamine (pg/mL) Average recovery (%) SD SDE RSD % RSE % 95% Conf.
Taken Found n=5 n=5 n=5 n=>5
Thiamine.HCl 10 10.11 100.11 0.07 0.03 0.32 0.04 0.09
15 15.01 100.04 0.05 0.02 0.19 0.02 0.07
20 20.02 100.05 0.08 0.04 0.37 0.04 0.10
25 24.93 99.99 0.22 0.10 0.93 0.09 0.27
30 29.99 99.98 0.17 0.07 0.74 0.08 0.21
Benerva 10 10.01 100.12 0.13 0.06 1.28 0.06 0.16
15 14.99 99.95 0.18 0.08 1.22 0.09 0.23
20 19.98 99.89 0.13 0.06 0.67 0.07 0.17
25 24.99 99.96 0.22 0.10 0.87 0.11 0.27
30 29.96 99.87 0.19 0.09 0.64 0.10 0.24
Doxal 10 10.04 100.44 0.10 0.05 1.03 0.05 0.13
15 15.01 100.09 0.19 0.09 1.30 0.10 0.24
20 19.98 99.92 0.16 0.07 0.79 0.08 0.20
25 24.98 99.91 0.14 0.06 0.55 0.07 0.17
30 30.06 100.19 0.13 0.06 0.45 0.07 0.17
Citineurin 5000 10 10.22 102.18 0.44 0.20 4.35 0.22 0.92
15 14.99 99.92 0.18 0.08 1.17 0.09 0.22
20 19.99 99.96 0.19 0.08 0.93 0.09 0.23
25 25.01 100.03 0.11 0.05 0.42 0.05 0.13
30 30.01 100.04 0.13 0.06 0.42 0.06 0.16

* SD: Standard deviation, n: Number of samples, SDE: Standard deviation error, RSD %: Relative standard deviation, RSE %: Relative standard error, 95% Conf.:

Confidence interval.

3.10. Applications

The proposed method was applied to the determination of
thiamine in pharmaceutical preparation. Three different
formulations were purchased from the local market. Not less
than 20 thiamine tablets were weighed, ground to a fine
powder and mixed. A sample equivalent to approximately 100
mg of thiamine was weighed accurately, transferred into a 250
mL calibrated flask and made up to volume with deionized
water. After filtering, aliquots of solution were diluted by a
factor of 10% for the analysis. The measured contents were
listed in Table 2.

4. Conclusion

A simple, rapid, sensitive and selective spectrophotometric
method was developed for the analysis thiamine in
Pharmaceuticals. Factors affecting the determination of
thiamine were studied. The proposed procedures could be
applied to quality-control analysis of the investigated drug.
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