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Development of a capillary electrophoresis
method for the determination of soybean
proteins in soybean–rice gluten-free dietary
products

CE has been applied for the first time to the simultaneous separation of soybean and
rice proteins. Treated and untreated capillaries with different effective lengths as well
as separation media at different pHs were tested. For that purpose, samples and
standard solutions were prepared in 25:75 ACN–water media containing 0.3% v/v
acetic acid. The use of an untreated capillary of 50 cm effective length together with an
80 mM borate buffer (pH 8.5) modified with 20% v/v ACN and UV detection at 254 nm
were the conditions working the best. These conditions enabled the determination of
soybean proteins in gluten-free dietary commercial products elaborated with soybean
protein and/or soybean flour and rice flour using the standard additions calibration
method. The method was linear up to 26 mg/mL of soybean proteins, the precision
(expressed as RSD) was always better than 6%, and recoveries obtained for soybean
proteins when spiking commercial products were very close to 100%.

Keywords: Bakery products / Capillary electrophoresis / Gluten-free dietary products /
Rice / Soybean proteins DOI 10.1002/elps.200500355

1 Introduction

Cereal grains are considered basic foods and have been
widely used for the elaboration of human foods and for
animal feeding throughout the world [1–5]. Cereals pro-
vide most caloric energy and much of the amount of pro-
teins needed by human beings.

Cereal proteins have been traditionally classified
in four fractions on the basis of their solubility [6]:
(i) albumins, water soluble proteins; (ii) globulins, salt
soluble proteins; (iii) prolamins, alcohol soluble pro-
teins; and (iv) glutelins, acid or base soluble proteins.
Based on their different solubility, cereal proteins have
been sequentially extracted and analyzed [7–9]. Pro-
lamins and glutelins, also called storage proteins, are
the main proteins in cereals and, as previously indi-
cated, they are not soluble in water. Moreover, cereal

proteins are also characterized by having an amino
acid profile limited in lysine and with a high content in
sulfur amino acids.

The most employed cereals in human feeding are wheat
and rice, although barley, rye, oat, and maize are also
important [4, 5]. Some of these cereals (wheat, rye, and
barley) are not suitable for celiac people and, therefore,
alternative products containing other kinds of cereals
such as rice have been developed [5].

Rice is the most important cereal in terms of people
depending on it. Its content in proteins is about 7–9%,
although there are some varieties with higher protein
contents (up to 14%). As for the other cereals, rice pro-
teins are deficient in lysine but have the advantage of
being highly digestible [3, 10].

Soybean protein is extensively employed for the supple-
mentation of cereals in bakery products [11]. Soybean
protein amino acid profile (rich in lysine, limited in sulfur
amino acids) fits nicely with grain proteins (limited in
lysine, rich in sulfur amino acids) resulting in a product
with a higher nutritional quality than the individual com-
ponents [12]. There are three kinds of proteins in soybean:
(i) proteins involved in metabolism, (ii) structural proteins,
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and (iii) storage proteins or globulins. This last group of
proteins is present in soybean at a higher concentration.
Unlike prolamins and glutelins (main proteins in cereals),
globulins are sparingly soluble in water and soluble in salt
solutions [12–14].

The addition of soybean to rice products in order to
enhance its nutritional quality has provoked the need for
analytical methods enabling the characterization and
quality control of these products. Moreover, since some
soybean proteins are potentially allergenic, this method
would also be very useful for soybean-intolerant people.

Although the individual separation of soybean and rice
proteins has previously been reported by chromato-
graphic and electrophoretic techniques [1, 2, 8, 15–18],
there is no analytical methodology enabling the simulta-
neous separation of these two groups of vegetable pro-
teins. Only recently, our research group has proposed an
analytical methodology for the separation of soybean
and cereal (wheat, rice, and maize) proteins in binary
mixtures by perfusion RP-HPLC. This method has also
been applied to the determination of the soybean protein
content in cereal-based products [19, 20]. However,
there is no reference in the literature dealing with the
simultaneous separation of soybean and rice proteins by
CE. The use of CE for the analysis of proteins is signifi-
cantly increasing due to different reasons, which makes
it advantageous over other separation techniques usually
employed for the analysis of proteins such as HPLC. In
fact, the amount of sample needed for a CE analysis
used to be very low in comparison with conventional
HPLC. Moreover, the separation conditions used in CE
are usually more compatible with proteins than those
used in RP-HPLC in which very low pHs and high con-
centrations of organic modifiers are needed for the
separation of proteins. These facts together with the high
resolution, low analysis times, and low cost have con-
tributed to the increasing use of this technique for protein
separations.

Therefore, the aim of this work has been the development
of a CE method enabling, for the first time, the simulta-
neous separation of soybean and rice proteins and
demonstrating its applicability to the analysis of soybean–
rice gluten-free dietary products.

2 Material and methods

2.1 Chemicals and samples

All reagents employed for the preparation of the separa-
tion buffers were of analytical grade. Boric acid was from
Fluka (Buchs, Switzerland), sodium dihydrogen phos-

phate dihydrate was purchased from Merck (Darmstadt,
Germany), sodium hydroxide, hydrochloric acid, and gla-
cial acetic acid were supplied from Panreac (Barcelona,
Spain), and HPLC-grade ACN was purchased from
Scharlau (Barcelona, Spain). All solutions were prepared
with ultrapure water from a Milli-Q system (Millipore,
Bedford, MA, USA).

A soybean protein isolate (SPI) from ICN (Aurora, OH,
USA) (protein content by Kjeldahl analysis, 89.1%) was
used as standard of soybean proteins. Moreover, a soy-
bean flour from El Granero (Madrid, Spain) (protein con-
tent by Kjeldahl analysis, 48.9%), a standard of rice pro-
teins from Ferrer Alimentación (Barcelona, Spain) (purity
70%), a rice flour from El Granero, and standards of
casein and egg albumin (ovoalbumin 1 conalbumin)
from Sigma (Madrid, Spain) was also employed. The
commercial gluten-free bakery products analyzed were
purchased from local markets in Alcalá de Henares
(Madrid, Spain). A rice biscuit (S, spiked with 2% SPI)
was employed to evaluate the accuracy of the devel-
oped analytical method. The samples analyzed were
three soybean–rice biscuits (M1, M2, and M3) and four
soybean–rice breads (M4, M5, M6, and M7). All these
products were prepared with rice flour and contained
soybean proteins from one or two different sources.
Products M1, M5, M6, and M7 were prepared with SPI,
product M4 with soybean flour, and products M2 and M3
contained both SPI and soybean flour. Moreover, prod-
uct M1 contained milk and products M2 and M4 were
prepared with eggs. Moisture in SPI (6.34%) and sam-
ples was determined by drying 2 g of product at 130ºC to
constant weight [21].

2.2 Apparatus

All experiments were performed on an HP3DCE system
(Agilent Technologies, Waldbronn, Germany) equipped
with an on-column diode array detector (DAD). The
HP3DCE ChemStation software was used for instrument
control and data acquisition. Separations were per-
formed on untreated fused-silica capillaries of 75 mm ID
and 375 mm OD with a total length of 58.5 cm and an
effective length of 50 cm from Composite Metal Services
(Worcester, England, UK). For preliminary experiments, a
treated fused-silica capillary (permanently coated with a
hydrophilic polymer) from Agilent Technologies of 75 mm
ID (375 mm OD) with an effective length of 50 cm (total
length of 58.5 cm) as well as untreated fused-silica
capillaries from Composite Metal Services of the same
ID and OD with effective lengths of 50 cm (58.5 cm) and
25 cm (33.5 cm) were also employed. Capillary tempera-
ture was 25ºC and UV detection was performed at
200 nm and at 254 nm with bandwidths of 10 nm and a
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response time of 0.1 s. A 654 pH meter from Metrohm
(Herisau, Switzerland) was used to adjust the pH of the
separation buffers.

2.3 Procedure

The treated capillary was conditioned with the buffer so-
lution (1 bar) for 15 min before first use and for 5 min be-
tween injections. Conditioning of untreated capillary con-
sisted of flushing with 1 M NaOH (1 bar) for 15 min and
with water (1 bar) for another 15 min before first use. Be-
tween sample injections, untreated capillaries were con-
ditioned with 0.1 M NaOH (1 bar) for 2 min, Milli-Q water
(1 bar) for 2 min, and, finally, with the separation buffer
(1 bar) for 5 min. Injection of samples was made by
injecting the sample itself by pressure (50 mbar for 4 s)
followed by the injection of buffer solution (50 mbar for
4 s), and the applied voltage was 15 kV. Separation buffer
solution was prepared by dissolving the appropriate
amount of boric acid in Milli-Q water, adjusting the pH
value at 8.5 (by addition of 1 M NaOH), and adjusting the
final volume to achieve a 100 mM solution. Then, ACN
was added to the buffer solution in a proportion of 20:80
v/v obtaining a 80 mM borate buffer with 20% ACN
(apparent pH, 9.2). Buffer solutions were filtered through
0.45 mm pore-size nylon filter membranes from Sugelabor
(Madrid, Spain) prior to use. Standard solutions were
prepared by dissolving the proteins in ACN:water (25:75
v/v) containing 0.3% v/v acetic acid to achieve the
desired concentration. These solutions were shaken
manually for 2 min, and then centrifuged at 33626g for
5 min at 257C before injection in the CE system. Samples
were grounded with an automatic miller and proteins were
extracted with ACN:water (25:75 v/v) containing 0.3% v/v
acetic acid. Resulting solutions (200 mg/mL) were cen-
trifuged at 33626g and injected in the CE system.

2.4 Data treatment

Corrected peak areas (Ac) and corrected migration times
(tc) were used to compensate fluctuations in electropho-
retic conditions and to obtain a good reproducibility of
data [22]. Ac was calculated dividing the peak area (A) by
the corresponding migration time (t) and tc was calcu-
lated dividing the migration time (t) by the migration time
of the EOF (tEOF), i.e., Ac = A/t and tc = t/tEOF. LODs (3sa/b)
and LOQs (10sa/b) were determined from the standard
error of the intercept (sa) and the slope (b) of the calibra-
tion curve obtained by analysis of variance (ANOVA) [23].
Experimental data analysis and parameters were calcu-
lated using Excel Microsoft XP and Origin 7.0. Graphs
with different electropherograms were composed in Ori-
gin 7.0.

2.5 Quantitative analysis

Quantitative analysis was performed using the external
standard and the standard additions calibration methods.
The external calibration was carried out by injecting trip-
licate five standard solutions of SPI with concentrations
ranging from 4.40 to 21.10 mg/mL. The standard addi-
tions calibration was performed by injecting triplicate five
solutions containing 200 mg/mL of sample where 0.00,
1.70, 3.70, 5.10, and 6.80 mg/mL of SPI were added.
Solutions containing known concentrations of SPI were
individually prepared in 25:75 v/v ACN–water containing
0.3% v/v acetic acid to obtain the calibration curve. Peak
integration was made by setting the baseline from valley
to valley.

3 Results and discussion

3.1 Development of a CE method determination
of soybean proteins in soybean–rice protein
mixtures

In order to develop a method for the determination of
soybean proteins in commercial products containing
soybean and rice proteins, some preliminary experiments
were performed. These experiments involved the use of
treated and untreated capillaries and buffers at different
pH values. In all cases, the injection of soybean and rice
proteins was performed using as sample solvent a 25:75
v/v ACN–water mixture containing 0.3% v/v acetic acid.
These conditions were optimized in a previous work and
enabled the simultaneous solubilization of soybean pro-
teins (water-soluble) and rice proteins (mostly insoluble in
water) [19]. The separation media consisted of 80 mM
phosphate buffer at different pH values (2.0, 2.5, and 7.0)
and 80 mM borate buffer at pH 8.5, all of them modified
with 20% v/v ACN. The addition of this organic modifier at
this percentage was found to be adequate for the
separation of cereal proteins by CE, particularly, for rice
proteins [18, 24, 25]. All these first experiments were
made using UV-absorption detection at 200 nm (peptide
bond absorption) in order to avoid the missing of any peak
that could be interesting for the purpose of this work.

When using treated capillaries, buffers at pH values of 2.5
and 7.0 were employed since capillary specifications did
not recommend the use of pHs higher than 8.0. Figure 1
shows the electropherograms obtained when solutions of
soybean flour (A) and rice proteins (B) were injected
under these conditions using different capillary lengths.
Those peaks from the soybean flour, which mainly
appeared in the electropherogram of the SPI (not shown
in this figure), are marked with an arrow. The electro-
pherograms (a) in Figs. 1A and B correspond to the use of a
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Figure 1. Electropherograms corresponding to the injec-
tion of solutions of soybean flour (40 mg/mL) (A) and rice
proteins (40 mg/mL) (B) in a coated capillary with 75 mm ID
(375 mm OD) and 58.5 cm total length when the separa-
tion was performed (a) in an effective length of 50 cm with
80 mM phosphate buffer at pH 2.5 containing 20% ACN
at 15 kV (,75 mA), (b) in an effective length of 8.5 cm with
80 mM phosphate buffer at pH 2.5 containing 20% ACN
at 215 kV (,275 mA), and (c) in an effective length of
8.5 cm with 80 mM phosphate buffer at pH 7.0 containing
20% ACN at 215 kV (,2105 mA). Other experimental
conditions: injection, 50 mbar63 s. UV detection at
200 6 5 nm. Arrows indicate peaks corresponding to
soybean proteins.

capillary with an effective length of 50 cm and a pH of 2.5.
An analysis time close to 70 min was obtained for the
soybean flour while rice proteins appeared before 45 min.
In addition, a group of peaks corresponding to soybean
proteins and appearing between 25 and 30 min over-
lapped with peaks corresponding to rice proteins. These
conditions were also used for the injection of soybean
and rice proteins in a capillary with an effective length of
8.5 cm. As expected, the electropherograms (b) in Figs. 1A
and B showed that peaks corresponding to soybean
proteins overlapped with those of rice proteins, although
the analysis time was shorter than that observed pre-

viously with the longer capillary. In order to observe the
effect of the pH on the separation, a separation medium
at pH 7.0 while using a capillary with an effective length of
8.5 cm (electropherograms (c) in Figs. 1A and B) was
used. The increase in the pH from 2.5 to 7.0 resulted in a
more crowded electropherogram for soybean proteins
and enabled the separation of soybean and rice proteins
in an acceptable analysis time (20 min). This indicated the
convenience of using neutral pH values to achieve the
separation of soybean–rice protein mixtures with this
treated capillary instead of acid pH values, which were
the most usually employed to separate cereal proteins by
CE as shown in the literature [15].

When untreated capillaries were employed, separation
buffers at low or high pH were tried in order to avoid pro-
tein adsorption on the capillary wall. Thus, 80 mM phos-
phate buffers at pH 2.0 and 2.5 and a 80 mM borate buffer
at pH 8.5, all of them modified with 20% v/v ACN, were
used. Figure 2 shows the electropherograms obtained
when solutions of soybean flour (A) and of rice proteins (B)
were injected under these conditions using different cap-
illary lengths. The electropherograms (a) in Figs. 2A and B
correspond to the use of a capillary effective length of
50 cm and a pH of 2.5. Although in this case, soybean
protein peaks did not overlap with those of rice proteins,
the analysis time for this separation was very high
(75 min). In comparison with the results obtained under
the same conditions when using the coated capillary
(Fig. 1a), the peak profile for soybean proteins was similar
in both capillaries although a better separation and peak
shape for peaks appearing at higher migration times was
observed when using the untreated capillary. Very similar
results could be observed in the case of rice proteins. The
reduction of the effective capillary length while keeping
the acidic conditions resulted in lower analysis times (see
electropherograms (b) and (c) in Figs. 2A and B) as it was
observed for the coated capillary. Moreover, these results
were compared with those obtained when working at
basic conditions (borate buffer at pH 8.5) (see electro-
pherogram (d) in Figs. 2A and B). The use of these basic
conditions resulted in a more crowded electropherogram
for soybean proteins and, in comparison with previous
electropherograms, provided the best separation of soy-
bean and rice proteins in a shorter analysis time. Then,
these conditions were chosen to investigate the possibil-
ity of determining soybean proteins in commercial foods.
In addition, the use of an untreated capillary would de-
crease the cost of the analysis.

In order to prove the applicability of the selected method
for the determination of soybean proteins in soybean–rice
gluten-free dietary products, the injection of different
ingredients that can also be present in these bakery
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Figure 2. Electropherograms corresponding to the injec-
tion of solutions of soybean flour (40 mg/mL) (A) and rice
protein (40 mg/mL) (B) in an uncoated capillary with 75 mm
ID (375 mm OD) and 58.5 or 33.5 cm total length when the
separation was performed (a) in an effective length of
50 cm with 80 mM phosphate buffer at pH 2.5 containing
20% ACN at 15 kV (,75 mA), (b) in an effective length of
25 cm (in this case an uncoated capillary with 50 mm ID
(375 mm OD) was used) and with 80 mM phosphate buffer
at pH 2.0 containing 20% ACN at 12 kV (,174 mA), (c) in
an effective length of 8.5 cm (in the uncoated capillary
with 50 mm ID) with 80 mM phosphate buffer at pH 2.0
containing 20% ACN at 212 kV (,2174 mA), and (d) in an
effective length of 50 cm with 80 mM borate buffer at
pH 8.5 containing 20% ACN at 15 kV (,15 mA). Other
experimental conditions as in Fig. 1. Arrows indicate
peaks corresponding to soybean proteins.

products was achieved under the selected conditions. In
addition to soybean flour, these bakery products can
contain SPI whose electropherogram appears in Fig. 3
together with the electropherograms corresponding to
soybean flour, rice protein, and rice flour (main source of
rice protein in bakery products). In addition, this figure
shows the different selectivity observed when detection
was performed at 254 nm (Fig. 3B), wavelength usually

Figure 3. Electropherograms corresponding to 40 mg/
mL soybean flour, 40 mg/mL soybean proteins (SPI),
40 mg/mL rice proteins, and 15 mg/mL rice flour recorded
at two different wavelengths: 200 nm (A) and 254 nm (B).
Separation conditions: 80 mM borate buffer at pH 8.5
containing 20% ACN, uncoated capillary with 75 mm ID
(375 mm OD) and 58.5 cm total length and 50 cm effective
length, and injection by pressure of 50 mbar during 4 s of
sample solution followed by 50 mbar during 4 s of
separation buffer. Other experimental conditions as in
Fig. 1.

employed for the detection of soybean proteins, instead
of 200 nm (Fig. 3A). In general, electropherograms
obtained at 254 nm were less crowded than those re-
corded at 200 nm, which looked very complex. Conse-
quently, peaks corresponding to soybean protein and
soybean flour did not overlap with those corresponding to
rice flour and rice protein (that did not practically show
any signal) when the detection was performed at 254 nm.
Regarding sensitivity, detection at 254 nm (mainly due to
the absorption of the amino acid phenylalanine) was, as
expected, less sensitive than at 200 nm (due to the
absorption of peptide bonds).
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Since some of the selected products presented other
protein sources such as egg and milk, and in order to
ensure that these proteins do not interfere in the detection
of soybean proteins, the method was applied to the
separation of standards of milk proteins (caseins) and egg
proteins (egg albumins: ovoalbumin 1 conalbumin). No
interference from peaks corresponding to caseins and
egg albumins was observed when detection was per-
formed at 254 nm, being this the wavelength selected for
the detection of soybean proteins in soybean–rice gluten-
free dietary products.

In order to check whether this peak could be clearly
detected in commercial gluten-free commercial products
containing rice flour, a control sample without soybean
proteins (product S) was injected and fortified with SPI
(Fig. 4A). The addition of SPI to this control product could
be clearly detected by a peak at ,10 min (neighboring
peaks have been indicated with lines to facilitate the
identification of the soybean protein peak). These results
show the applicability of the developed method to detect
the presence of soybean proteins in rice dietary products.
It is interesting to highlight that the migration time of the
selected peak increased depending on the complexity of
the mixture and on the concentration of soybean proteins.
This fact may be attributed to the complexity of the sam-
ple matrix and the existence of interactions between
soybean and rice proteins as reported for other cereals
such as wheat. Regarding this, the 11S globulin fraction
of soybean proteins can form different complexes with
gluten proteins of wheat [26]. Furthermore, this also
shows the extreme complexity and interaction character-
istics of cereal proteins reported in the literature [1].

3.2 Analytical characteristics of the CE method

The possibilities of the CE method, developed in this
work, to quantitate soybean proteins in commercial diet-
ary products elaborated with soybean protein and rice
flour were investigated using SPI as standard of soybean
proteins. The parameters evaluated were the linearity of
the calibration plot, detection and quantitation limits,
existence of matrix interferences, precision, and accu-
racy. Table 1 groups the results obtained in the determi-
nation of all these parameters.

Good linear correlation coefficients (r2 . 0.99) were
observed between the area of the peak of SPI chosen to
quantitate soybean proteins and the concentration of
soybean proteins up to ,26 mg/mL of soybean proteins.
The concentration of soybean proteins in the SPI solu-
tions was calculated taking into account the percentage
of protein of SPI (89.1%) and its moisture (6.34%). More-
over, the linear model was successfully validated in the

Figure 4. Electropherograms corresponding to a stand-
ard sample (commercial product S containing rice flour in
its composition, 200 mg/mL) nonspiked and spiked with
SPI (A) and to three commercial gluten-free dietary prod-
ucts containing soybean protein and/or soybean flour and
rice flour (at 200 mg/mL each) (B). Arrows mark the peak
corresponding to soybean proteins. Experimental condi-
tions as in Fig. 3.

working concentration range (from 4.40 to 21.10 mg/mL)
by means of the analysis of the residuals and the var-
iance.

The detection limit for soybean proteins was 0.36 mg/mL,
which means that the method enabled the detection of a
percentage of 0.18% w/w of soybean proteins in a soy-
bean–rice commercial product (related to 2 g of initial
product). The quantitation limit for soybean proteins was
1.22 mg/mL, which means that the method enabled the
quantitation of 0.61% w/w of soybean proteins in a soy-
bean–rice product (related to 2 g of initial product).
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Table 1. Characteristics of the CE method for the analysis of soybean proteins in soybean–rice glu-
ten-free dietary products

Linearity Up to 26 mg/mL of soybean protein
Detection limita) 0.36 mg/mL of soybean protein (0.18% w/w)
Quantitation limita) 1.22 mg/mL of soybean protein (0.61% w/w)
Existence of matrix interferencesb)

–Slope by the external standard method (n = 2) 0.26 6 0.01
–Slope by the standard additions method (n = 2) 0.30 6 0.01

Precision
Repeatability (n = 8)c)

M1 (200 mg/mL) Ac, RSD in % 5.65
tc, RSD in % 1.87

Internal reproducibility (n = 5)d)

M1 (200 mg/mL) Ac, RSD in % 2.39
tc, RSD in % 1.37

Intermediate precision (n = 5)e)

M1 (200 mg/mL) Ac, RSD in % 5.23
tc, RSD in % 0.80

Recoveryf) (%)
2.1 mg/mL of soybean protein added (0.85%) 94
4.3 mg/mL of soybean protein added (1.91%) 105
6.4 mg/Ml of soybean protein added (2.98%) 102
Mean value 100 6 6

a) LODs and LOQs in percentage w/w were determined related to 2 g of sample.
b) An F-test for the comparison of variances and a t-test for the comparison of slopes were

employed.
c) Number of consecutive injections of a solution of a soybean–rice biscuit (sample M1).
d) Number of individual solutions of a soybean–rice biscuit (sample M1) with the same concentration

injected on the same day.
e) Number of days in which five individual solutions of a soybean–rice biscuit (sample M1) with the

same concentration were injected.
f) Recovery obtained for soybean proteins when different amounts of SPI (expressed as mg/mL of

soybean protein and soybean protein content in%) were added to the solution of a rice gluten-free
dietary product (S, 200 mg/mL) spiked with a 2% SPI (total SPI content in the sample corre-
sponding to 2.85, 3.91, and 4.98%).

The slopes of the calibration plots obtained by the exter-
nal standard and the standard additions methods were
compared in order to detect the existence of matrix inter-
ferences. The comparison of these slopes by t- and
F-tests showed the existence of statistically significant
differences and, therefore, the existence of matrix inter-
ferences. As a consequence, the standard additions
method was used to quantitate soybean proteins in the
seven commercial products analyzed.

Precision of the method was determined by the evalua-
tion of the repeatability, internal reproducibility, and inter-
mediate precision (see Table 1). Repeatability was calcu-
lated by injecting eight consecutive times a solution of
200 mg/mL of soybean–rice biscuits (sample M1),
obtaining an RSD value of 5.65% in Ac and of 1.87% in tc.
Internal reproducibility was determined by injecting five

individual solutions of 200 mg/mL of soybean–rice bis-
cuits (sample M1) on the same day. The RSD values were
2.39% for Ac and 1.37% for tc. Intermediate precision was
evaluated by injecting five individual solutions of 200 mg/
mL of soybean–rice biscuits (sample M1) on five different
days. RSD values of 5.23% for Ac and 0.80% for tc were
obtained.

Accuracy of the method was determined as the recov-
ery obtained for soybean proteins when different
amounts of SPI (corresponding to 0.85, 1.91, and
2.98% related to 200 mg/mL of product) were added to
solutions obtained from a commercial product elabo-
rated with rice flour and spiked with a 2% of SPI (total
content in soybean proteins corresponding to 2.85,
3.91, and 4.98%). As observed in Table 1, recoveries
ranged from 94 to 105%.
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Table 2. Analysis of commercial soybean–rice gluten-free dietary products by the CE method

Sample % Soybean protein related
to the product as is basis

% Soybean protein related
to the dry producta)

M1 (soybean–rice biscuits) 1.34 6 0.06 (n = 2) 1.55 6 0.02 (n = 2)
M2 (soybean–rice biscuits) 2.34 6 0.04 (n = 2) 2.52 6 0.04 (n = 2)
M3 (soybean–rice biscuits) 6.38 6 0.18 (n = 2) 6.96 6 0.19 (n = 2)
M4 (soybean–rice bread) 1.46 6 0.01 (n = 2) 1.59 6 0.01 (n = 2)
M5 (soybean–rice bread) 1.59 6 0.11 (n = 2) 2.52 6 0.17 (n = 2)
M6 (soybean–rice bread) ,LOQ (,0.3)b) ,LOQ (,0.5)b)

M7 (soybean–rice bread) ,LOQ (,0.3)b) ,LOQ (,0.4)b)

a) Corrected by the moisture.
b) Below the LOQ of the CE method developed.

3.3 Quantitative analysis of soybean proteins in
commercial gluten-free dietary products
containing soybean and rice flour

The developed analytical method was applied to the
detection of soybean proteins in seven commercial prod-
ucts containing soybean proteins and/or soybean flour
and rice flour. Figure 4B shows the electropherograms
corresponding to different soybean–rice gluten-free diet-
ary products studied in this work. It can be observed that
the peak corresponding to soybean proteins was clearly
detected in all cases.

The optimized method was also applied to the determi-
nation of the soybean protein content in these products.
Table 2 shows the results obtained. Soybean protein
contents ranged from 1.34 to 6.38%, observing lower
values of soybean proteins in breads than in biscuits. In
fact, the soybean protein content was below the quanti-
tation limit of the developed method for two soybean–rice
breads. Moreover, one soybean–rice bread and one soy-
bean–rice biscuit of the same brand, although from dif-
ferent lots, were also analyzed by a chromatographic
method also developed by our research team [20]. The
soybean protein contents determined in a different lot of
the soybean–rice bread M4 and of the soybean–rice bis-
cuit M2 were 2.19 6 0.31 mg/100 mg (as is basis) and
1.50 6 0.26 mg/100 mg (as is basis), respectively. The
differences found between the values observed for these
products by both methods could be attributed to lot-to-
lot variations.

4 Concluding remarks

For the first time soybean and rice proteins have been
simultaneously separated by CE. Very simple experi-
mental conditions consisting of the use of an untreated
capillary, borate buffer at basic pH, and UV-absorption

detection at 254 nm enabled the detection of soybean
proteins in soybean–rice mixtures in an analysis time
close to 15 min. This method has been applied to the
quantitation of soybean proteins in commercial gluten-
free dietary products elaborated with soybean protein
and/or soybean flour and rice flour using the standard
additions calibration method. The method enabled the
detection and quantitation of additions of 0.18% w/w and
0.61% w/w of soybean proteins, respectively, in the soy-
bean–rice bakery products (related to 2 g of initial prod-
uct). These values together with the good performance of
the method enabled to consider the proposed conditions
as valuable for the analysis of the soybean–rice products
studied in this work.
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