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INTRODUCTION

Amino acids are key components in human nutrition, 
accordingly, they have a wide application as dietary 
supplements. β-alanine and L-histidine supplementation 
results in elevated intramuscular carnosine content, 
enhancing human physical performance [1]. 
Thus, aforementioned amino acids are important 
constituent of animal feeds used in production of 
functional food with elevated levels of carnosine and also 
in various preworkout supplements. Therefore, it is 
necessary to develop fast and reliable analytical methods 
for the detection of these amino acids. 
The aim of this study was to investigate the possibility of 
determining the concentration of amino acids in dietary 
supplements by microchip electrophoresis (ME). ME can 
be used to replace the expensive an bulky liquid 
chromatography and mass spectrometry instrumentation 
traditionally used for quality control of supplements. In 
this study, β-alanine and L-histidine as building blocks of 
commercially attractive dipeptide carnosine, were
examined. A capacitively-coupled contactless conductivity 
detector (C4D) that does not require analyte derivatization
was used for detection [2-4]. 

DETERMINATION OF β-ALANINE I L-HISTIDINE

The tested amino acids were analyzed separately and in 
a mixture using the described ME device. The ME device 
was successfully used for the separation and 
quantification of β-alanine and L-histidine in the mixture 
(Figure 1.). The resulting calibration graphs are exhibited 
in Figure 2. A linear relationship between C4D
detector response and β-alanine concentration was 

assessed in the range 10-100 µM (R2 = 0.9931) and in 

the range of 10 - 100 µM (R2 = 0.9907) for L-histidine. 

Detection limits were below 1 mg/L.

RESULTS AND DISCUSSION

y = -33795x + 0.2208
R² = 0.9931

y = -89234x + 0.5685
R² = 0.9907
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Figure 2. Calibration curve for mixture of β-alanine and L-histidine in 
0.5 M acetic acid.
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Figure 1. Electropherogram of β-alanine and L-histidine mixture, c = 50 
μM for each compound.

Background electrolyte 0.5 M acetic acid (pH = 2.5).

EXPERIMENTAL

REAGENTS AND SOLUTIONS

All chemicals were of analytical reagent grade. β-alanine 

and L-histidine (Sigma-Aldrich, Germany) were used for 

preparation of stock solutions, 10-2 M acetic acid (T.T.T. 

d.o.o., Croatia) solution (c = 0.5 M, pH = 2.5 ± 0.1) was 

used as a background electrolyte (BGE).

A 0.5 M NaOH solution was used to precondition the 
microchip channels. All solutions were filtered through a 
filter of regenerated cellulose with a pore diameter of 
0.22 μm (Macherey-Nagel GmbH & Co, Germany).

PROCEDURE

The amount of 50 µL BGE was added in all the reservoirs and a few 
measurement procedures were performed until the base line is 
stabilized. The sample reservoir was filled with 50 µL of sample and 
other reservoirs with same amount of BGE. The injection was 
performed electrokinetically at + 0.70 kV for 10 s, the separation 
was performed at + 3.00 kV for 120 s.

APPARATUS

Electrophoretic separations were performed on borosilicate glass 
double-T channel chip with gap of 100 µm (Micronit Microfluidics 
B.V., Netherlands). Dimensions of microchip are: length 45 mm, 
width 15 mm. Dimensions of microchannel are: depth 10 μm, width 
100 μm, length 40 mm (Figure 3.). Microchip contained four circular
points for electrical contacts with C4D circuity. Two contacts are used 
as excitation and receiver electrodes while the other two act as 
reference electrodes to minimize the stray capacitance. The 
electrodes are made of platinum, tantalum adhesion layer deposited 
on bottom surface. ME device model ER255 (EDAQ, Australia), which 
uses electrophoresis with C4D detector operating at 800 kHz, was 
applied for detection (Figure 4.). The software PowerChrom (eDAQ, 
Australia) was used for data acquisition and processing.

It can be seen from Figure 1., that both amino acids investigated
are well separated, which enabled a satisfactory quantification
of each particular compound. The retention times were 57 s for
β-alanine and 65 s for L-histidine. The accuracy of results (tested
by standard addition method), for β-alanine and L-histidine in
the mixture, is ranging from 92.7 to 110.2 %, i.e. from 95.4 to
106.3 %, respectively.

Figure 3. Borosilicate mikrochip with
electrodes for C4D detection.

Figure 4. ET225 Electrophoresis Platform.
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A 3855 4000 184 200 96.37% i 

92.00%

B / 518 500 103.6%

Table 1. Results of quantitative determination of β-alanine and L-histidine in 
dietary supplements.

DETERMINATION OF AMINO ACIDS IN DIETARY 
SUPPLEMENTS BY MICROCHIP ELECTROPHORESIS

Two dietary supplements were tested. Product A 
comprising of β-alanine as the main component with the 
addition of L-histidine, vitamin B6 and fillers 
(microcrystalline cellulose, sodium citrate, magnesium 
stearate). Product B containing only L-histidine with the 
addition of fillers (gelatin, rice powder, magnesium 
stearate). Both preparations also contained a number of
additional excipients. The results of the successful 
quantification of β-alanine and L-histidine in both 
products with the corresponding statistics are shown in 
Table 1. The recoveries were calculated by taking the 
contents declared on the labels as reference value.

Figure 5. Electropherogram of dietary supplement A

Figure 6. Electropherogram of dietary supplement B.
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Microchip capillary electrophoresis (ME) using 
capacitively coupled contactless conductivity detector 
(C4D) in various acidic electrophoretic buffers provides 
high resolution and short separation time for 
quantitative determination of β-alanine and L-histidine. 
The influence of the injection and separation 
parameters on the separation ability was investigated. 
The electrophoretic buffer composition were thoroughly 
studied in order to optimize the separation. The linear 
response region for each particular amino acid 
investigated, both single and in a mixture, was 
determined using linear regression. Detection limits for 
β-alanine and L-histidine were below 1 mg/mL. The 
developed method was successfully applied for the 
detection of amino acids in dietary supplements of 
complex composition.

CONCLUSIONS
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