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Abstract: Gluten contains two fractions, which are represented in equal amounts. These are soluble gliadins and in-
soluble glutenins. Glutenin fraction is responsible for the dough and gluten viscoelastic properties. The dominant type
of protein in glutenins are LMW glutenins.

The aim of this paper was to examine the influence of solvent type and column temperature on the separation effec-
tiveness of LMW glutenins. Extraction was performed with 50% (v/v) ethanol, 1-propanol and isopropanol to which
Tris-HCI (0.05 mol/l, pH=7.5), urea (2 mol/l) and dithioerythritol (1%) were added. Separation of LMW glutenins
was performed on HPLC Agilent Techologies 1260 Infinity apparatus.

After the extraction with 50% (v/v) ethanol, 1-propanol and isopropanol to which Tris-HCI (0.05 mol/l, pH=7.5),
urea (2 mol/l) and dithioerythritol (1%) were added, the highest number of proteins was observed after extraction
with 50% (v/v) 1-propanol and at a column temperature of 40 °C (Xsr=20, respectively RC=69.56%), and the lowest
number at a column temperature of 45 °C (Xsr=14.17, respectively RC=66.42%). The obtained results were read at a
wavelength of 210 nm.

After the extraction of LMW glutenins with 50% (v/v) ethanol, 1-propanol and isopropanol to which Tris-HCI (0.05
mol/l, pH=7.5), urea (2 mol/l) and dithioerythritol (1%) were added and detected at a wavelength of 280 nm, the
highest number of proteins was observed after extraction with 50% (v/v) isopropanol and at a column temperature of
50 °C (Xsr=24.17, RC=56.47%) and the lowest number of proteins after extraction with 50% (v/v) ethanol and at a
column temperature of 50 °C (Xsr=12.17, RC=56.45%).

Key words: RP-HPLC, C3 column, LMW glutenins.

INTRODUCTION

Glutenins are one of the gluten proteins fraction. These are polymers formed by binding poly-
peptides to disulfide bonds. They are sparingly soluble proteins and the action of strong reducing agents
(B-mercaptoethanol and dithioerythritol) breaks the intermolecular disulfide bonds. As a result, glutenin
subunits are released and they are soluble in aqueous alcohol (Urade et al., 2018; Bonilla et a. 2020).

The molecular weight of glutenins varies from 500,000 to 10 and more million daltons (Wieser et
al., 2006). Glutenins are divided into two subunits. These are glutenins with high molecular weight (HMW-
glutenins) and glutenins with low molecular weight (LM W-glutenins) which give elasticity and viscosity to
the dough (Wang et al. 2020; Gao et al., 2017).

The dominant type of glutenin subunits are low molecular weight glutenins (LMW-GS). They make
up approximately 60% of total glutenin proteins. Their share in the total gluten protein content is approxi-
mately 20% (Wieser and Kieffer, 2001). Glutenins with low molecular weight (LMW-GS) are similar to
o+f and y gliadins in terms of amino acid composition and molecular weight.

They contain the N-terminal region, which consists of repeating units of glutamine and proline. In
addition to the N-terminal, they also contain a C-terminal region. This region is homologous to a+f3 and y
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gliadins. Glutenins with low molecular weight (LMW-GS) contain 8 cysteine residues (Grosch and Wieser,
1999; Wieser, 2003; Huang et al., 2018). Of these, 6 residues are in a position homologous to a+f and vy
gliadins. Two additional cysteine residues are unique to glutenins with low molecular weight (LMW-GS)
(Wieser, 2007).

Although LMW glutenin subunits are similar to gliadins in primary and secondary structure, they
still differ in one very important characteristic. In addition to intramolecular, LMWs also form intermolecu-
lar disulfide bonds. These bonds are incorporated into glutenin polymers (Delcour et al., 2012).

The contribution of LMW-GS to dough quality showed complex factors. Studies indicated that both
the molecular structures and expression levels of glutenins had important effects on dough quality (Beom
et al., 2018). Different types of LMW-GS also affect the dough quality.

Considering the significance of LMW glutenins on dough quality and the fastest and most efficient
identification, the aim of this study was to examine the influence of solvent type and column temperature on
the efficiency of protein separation by high pressure liquid chromatography with reversed phase.

MATERIAL AND METHOD

MATERIAL
Glutenin proteins were extracted from wheat flour type 500 purchased from the market of Bosnia
and Herzegovina. 50% (v/v) ethanol, 1-propanol and isopropanol were used for the extraction.

GLUTENIN EXTRACTION

The extraction of glutenin proteins was performed according to a modified method of Wiser et al.
(1998) and Gojkovic et al. (2019). First, albumin and globulins (soluble in aqueous and salt solution), then
gliadins (soluble in alcohol) were extracted from wheat flour. After these protein fractions were removed,
glutenins were extracted. Glutenins were extracted under a nitrogen atmosphere at 60 °C with 50% (v/v)
aqueous ethanol (REAHEM, Srbobran), isopropanol (Lach-Ner, Czech Republic) and 1-propanol (Lach-
Ner, Czech Republic) in which Tris-HCI (0.05 mol/l, Sigma-Aldrich, United States, pH=7.5), urea (2 mol/l,
Sigma Aldrich, Germany) and dithioerythritol (1%, ACROS Organics, Switzerland) were added, at a room
temperature, 20 °C.

The extraction was performed twice with 1.0 ml of appropriate solvent each (50% v/v ethanol, 50%
v/v 1-propanol and 50% v/v isopropanol). Each time after the extraction solvent was added, the sample was
homogenized on a vortex (Advanced Vortex Mixer ZX3, Velp scientifica) for 2 minutes. Then stirring was
continued on a magnetic stirrer (Velp scientifica) for 10 minutes. After homogenization was completed,
centrifugation of the samples in a centrifuge (Hettich zentrifugen, rotina 380 R) was carried out for 20 min-
utes at 7000 rpm. The supernatants were made up to 2.0 ml with an appropriate extraction solvent. Samples
were filtered through a 0.45 pm membrane filter (RC syringe filters, Filtratech, France) before the analysis
began.

Figure 1. shows a chromatogram of glutenins extracted with 50% (v/v) 1-propanol containing Tris-
HCI (0.05 mol/l, pH=7.5), urea (2 mol/l) and dithioerythritol (1%) and separated at a column temperature
of 40 °C and at a wavelength of 210 nm.
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Figure 1. Chromatogram of glutenin proteins

RP-HPLC CHROMATOGRAPHY

RP-HPLC chromatography was performed on an HPLC Agilent Technologies 1260 Infinity appara-
tus. The separation of glutenin proteins was performed on a Zorbax 300 SB-C3 column (Agilent Technolo-
gies), size 4.6 x 150 mm, with a particle size of 5 um. The column temperature was 40, 45 and 50 °C. Two
mobile phases were used. These are deionized water and 0.1% trifluoroacetic acid (TFA, Acros, France) in
acetonitrile (ACN; Biosolve, Chimie, France). The flow rate was 1 ml/min. The injection volume was 70 pl
and the detection wavelength was 210 and 280 nm, respectively.

STATISTICAL DATA PROCESSING

Statistical data processing was performed in IBM SPSS, Statistics 26. Descriptive statistical analy-
sis calculated the average value, standard deviation and 95% confidence interval of the average value. Vari-
ance analysis of different groups was used to evaluate the effect of column temperature on the number of
detected proteins and the relative concentration of LMW glutenins.

RESULTS AND DISCUSSION

Table 1. shows descriptive indicators of the number of LMW glutenin proteins, after extraction with
different solvents of the same concentrations (50% v/v ethanol, 50% v/v 1-propanol and 50% v/v isopro-
panol, in which Tris-HCI 0.05 mol/l, pH=7.5, urea 2 mol/l and dithioerythritol 1%) were added, at different
column temperatures (40, 45 and 50 °C), aborbance measured at 210 nm. The number of detected LMW
glutenin proteins and their relative concentration is calculated relative to total proteins and total relative
concentration.
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Table 1. Descriptive indicators for LMW glutenin proteins (solvent 50% v/v ethanol, 1-propanol and isopropanol, RP-HPLC Agi-
lent Technologies 1260 Infinity, Zorbax 300 SB-C3 Agilent column, column size 4.6 x 150 mm, particle sizes 5 um and column
pressure 80 bar, glutenin proteins separation time 21.0 min, measuring the absorbance at 210 nm

Column 95% confidence in-

temperature N Xav SD Std. terval of average Min Max
©C) error Lower Upper
Bound bound
40 6 18.00 0.89 0.36 17.06 18.94 17 19
0
30% (v/v) 45 6 1633 1.03 0.42 15.25 17.42 15 18
ethanol
50 6 16.50 1.05 0.43 15.40 17.60 15 18
40 6 20.00 0.63 0.26 19.34 20.66 19 21
50% (v/v)
45 6 14.17 1.17 0.48 12.94 15.39 13 16
1-propanol
50 6 15.50 0.55 0.22 14.93 16.07 15 16
40 6 18.17 0.75 0.31 17.38 18.96 17 19
0
0% (vIv) 45 6 18.83 1.33 0.54 17.44 20.23 18 21
isopropanol
50 6 18.67 0.52 021 18.12 19.21 18 19

ANOVA (LMW) 50% (v/v) ethanol, F(2.15)=5.11, Sig.=0.020, eta square=10.11/24.94=0.40
ANOVA (LMW) 50% (v/v) 1-propanol, F(2.15)=81.37, Sig.=0.000, eta square=112.11/122.44=0.92
ANOVA (LMW) 50% (v/v) isopropanol, F(2.15)=0.83, Sig.=0.454>0.05

Descriptive analysis showed that the highest number of proteins within the LMW glutenin fraction
was obtained after extraction with 50% (v/v) ethanol to which Tris-HCI (0.05 mol/l, pH=7.5), urea (2 mol/l)
and dithioerythritol (1%) were added and at a column temperature of 40 °C (Xav=18). The lowest number
of proteins was obtained at a column temperature of 45 °C (Xav=16.33). As the column temperature in-
creases, the number of proteins decreases, and then slightly increases (Table 1).

Descriptive analysis showed that the highest number of proteins within the LMW glutenin fraction
was obtained after extraction with 50% (v/v) 1-propanol to which Tris-HCI (0.05 mol/l, pH=7.5), urea (2
mol/l) and dithioerythritol (1%) were added and at a column temperature of 40 °C (Xav=20). The lowest
number of proteins was obtained at a column temperature of 45 °C (Xav=14.17). As the column tempera-
ture increases, the number of proteins decreases, and then slightly increases (Table 1).

Descriptive analysis showed that the highest number of proteins within the LMW glutenin fraction
was obtained after extraction with 50% (v/v) isopropanol to which Tris-HCI (0.05 mol/l, pH=7.5), urea (2
mol/l) and dithioerythritol (1%) were added and at a column temperature of 45 °C (Xav=18.83). The lowest
number of proteins was obtained at a column temperature of 40 °C (Xav=18.17). As the column tempera-
ture increases, the number of proteins increases, and then slightly decreases (Table 1).

Based on the obtained results (Table 1), it can be seen that the highest number of LMW glutenin
proteins was obtained by extraction with 50% (v/v) with 1-propanol and chromatographic separation at a
column temperature of 40 °C (Xav=20). One-factor analysis of variance examined the effect of column
temperature at a constant solvent concentration (50% v/v 1-propanol to which Tris-HCI 0.05 mol/l, pH=7.5,
urea 2 mol/l and dithioerythritol 1% were added, glutenin protein separation time and absorbance measure-
ment) on the number of proteins within the LMW glutenin fractions. It was found that there is a statistically
significant difference in the number of proteins within the LMW glutenin fractions.

Table 2. shows descriptive indicators of the relative concentration of LMW glutenin proteins, after
extraction with different solvents of the same concentrations (50% v/v ethanol, 50% v/v 1-propanol and
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50% v/v isopropanol, in which Tris-HCI1 0.05 mol/l, pH=7.5, urea 2 mol/l and dithioerythritol 1%) were
added, at different column temperatures (40, 45 and 50 °C).

Table 2. Descriptive indicators of the relative concentration of LMW glutenins (solvent 50% v/v ethanol, 1-propanol and isopro-
panol, RP-HPLC Agilent Technologies 1260 Infinity, Zorbax 300 SB-C3 Agilent column, column dimensions 4.6 x 150 mm, particle
sizes 5 um and column pressure 80 bar, glutenin proteins separation time 21.0 min, measuring the absorbance at 210 nm

95% confidence in-

Loy Std terval of average
temperature N Xav SD ’ g Min Max
©C) error Lower Upper
Bound bound
40 6 84.99 1.47 0.60 83.46 86.54 83.48 87.34
0
30% (vIV) 45 6 80.59 2.34 0.96 78.13 83.05 78.00 84.80
ethanol
50 6 71.48 1.94 0.79 69.45 73.52 69.75 75.23
40 6 69.56 0.74 0.30 68.78 70.34 68.61 70.70
0
50% (vIv) 45 6 66.42 2.49 1.01 63.81 69.03 64.01 70.55
1-propanol
50 6 63.25 2.28 0.93 60.86 65.65 60.21 66.89
40 6 79.93 1.72 0.70 78.13 81.74 78.29 83.12
0
.50/0 (Vv) 45 6 88.66 1.93 0.79 86.64 90.69 85.39 91.05
isopropanol
50 6 75.00 3.18 1.30 71.66 78.34 70.65 80.34

ANOVA (LMW) 50% (v/v) ethanol, F(2.15)=74.89, Sig.=0.000, eta square=569.83/626.90=0.91
ANOVA (LMW), 50% (v/v) 1-propanol, F(2.15)=15.00, Sig.=0.000, eta square=119.45/179.16=0.67
ANOVA (LMW) 50% (v/v) isopropanol, F(2.15)=51.33, Sig.=0.000, eta square=574.47/658.41=0.87

Descriptive analysis showed that the highest relative concentration within the LMW glutenin frac-
tion was obtained after extraction with 50% (v/v) ethanol to which Tris-HCI (0.05 mol/l, pH=7.5), urea
(2 mol/l) and dithioerythritol (1%) were added and at a column temperature of 40 °C (Xav=84.99%). The
lowest relative concentration within the LMW glutenin fraction was obtained at a column temperature of 50
°C (Xav=71.48%). As the column temperature increases, the relative concentration decreases (Table 2).

Descriptive analysis showed that the highest relative concentration within the LMW glutenin frac-
tion was obtained after extraction with 50% (v/v) 1-propanol to which Tris-HCI (0.05 mol/l, pH= 7.5), urea
(2 mol/l) and dithioerythritol (1%) were added and at a column temperature of 40 °C (Xav=69.56%). The
lowest relative concentration within the LMW glutenin fraction was obtained at a column temperature of
50 °C (Xav=63.25%). As the column temperature increases, the relative concentration decreases (Table 2).

Descriptive analysis showed that the highest relative concentration within the LMW glutenin frac-
tion was obtained after extraction with 50% (v/v) isopropanol to which Tris-HCI (0.05 mol/l, pH=7.5), urea
(2 mol/l) and dithioerythritol (1%) were added and at a column temperature of 45 °C (Xav=88.66%). The
lowest relative concentration within the LMW glutenin fraction was obtained at a column temperature of
50 °C (Xav=75.00%). As the column temperature increases, the relative concentration increases and then
decreases.

Based on the obtained results (Table 2), it can be seen that the highest relative concentration of
LMW glutenin proteins was obtained by extraction with 50% (v/v) isopropanol and chromatographic sepa-
ration at a column temperature of 45 °C (RC=88.66%). One-factor analysis of variance examined the effect
of column temperature at a constant solvent concentration (50% v/v isopropanol to which Tris-HCI 0.05
mol/l, pH=7.5, urea 2 mol/l and dithioerythritol 1% were added, glutenin protein separation time and ab-

88 www.qol-au.com



VESNA GOJKOVIC CVIETKOVIC, ET AL.:
STUDY OF THE INFLUENCE OF SOLVENT AND COLUMN TEMPERATURE ON THE SEPARATION EFFECTIVENESS OF LMW GLUTENINS BY RP-HPLC QuALITY OF LIFE (2020) 12(3-4):84-93

sorbance measurement) on relative concentration of the LMW glutenin fractions. It was found that there is
a statistically significant difference in the relative concentrations of LMW glutenin fractions.

Table 3. shows descriptive indicators of the number of LMW glutenin proteins, after extraction with
different solvents of the same concentrations (50% v/v ethanol, 50% v/v 1-propanol and 50% v/v isopro-
panol, in which Tris-HCI1 0.05 mol/l, pH=7.5, urea 2 mol/l and dithioerythritol 1%) were added, at different
column temperatures (40, 45 and 50 °C), aborbance measured at 280 nm.

Table 3. Descriptive indicators for LMW glutenin proteins (solvent 50% v/v ethanol, 1-propanol and isopropanol, RP-HPLC Agi-
lent Technologies 1260 Infinity, Zorbax 300 SB-C3 Agilent column, column size 4.6 x 150 mm, particle sizes 5 um and column
pressure 80 bar, glutenin proteins separation time 21.0 min, measuring the absorbance at 280 nm

Column 95% confidence in-

temperature N Xav SD Std. terval of average Min Max
©C) error Lower Upper
Bound bound
40 6 15.00 126 0.52 13,.67 16.33 14 17
0
30% (v/Iv) 45 6 1633 1.03 0.42 15.25 17.42 15 18
ethanol
50 6 12.17 0.75 031 11.38 12.96 1 13
40 6 17.33 0.82 0.33 16.48 18.19 16 18
0
50% (V/v) 45 6 14.00 0.63 0.26 13.34 14.66 13 15
1-propanol
50 6 15.50 1.52 0.62 13.91 17.09 13 17
40 6 19.83 0.41 0.17 19.40 20.26 19 20
0
0% (vIv) 45 6 16.67 137 0.56 15.23 18.10 14 18
isopropanol
50 6 24.17 0.75 031 23.38 24.96 23 25

ANOVA (LMW), 50% (v/v) ethanol, F=(2.15)=25.21, Sig.=0.000, eta square=54.33/70.50=0.77
ANOVA (LMW), 50% (v/v) 1-propanol, F(2.15)=14.90, Sig.=0.000, eta square=33.44/50.28=0.66
ANOVA (LMW), 50% (v/v) isopropanol, F(2.15)=98.14, Sig.=0.000, eta square=170.11/183.11=0.93

Descriptive analysis showed that the highest number of proteins within the LMW glutenin frac-
tion was obtained after extraction with 50% (v/v) ethanol to which Tris-HCI (0.05 mol/l, pH=7.5), urea
(2 mol/l) and dithioerythritol (1%) were added and at a column temperature of 45 °C (Xav=16.33). The
lowest number of proteins within the LMW glutenin fraction was obtained at a column temperature of 50
°C (Xav=12.17). As the temperature of the column increases, the number of proteins increases and then
decreases (Table 3).

Descriptive analysis showed that the highest number of proteins within the LMW glutenin fraction was
obtained after extraction with 50% (v/v) 1-propanol to which Tris-HCI (0.05 mol/l, pH=7.5), urea (2 mol/l)
and dithioerythritol (1%) were added and at a column temperature of 40 °C (Xav=17.33). The lowest number
of proteins within the LMW glutenin fraction was obtained at a column temperature of 45 °C (Xav=14). As
the temperature of the column increases, the number of proteins decreases and then increases (Table 3).

Descriptive analysis showed that the highest number of proteins within the LMW glutenin fraction
was obtained after extraction with 50% (v/v) isopropanol to which Tris-HCI (0.05 mol/l, pH=7.5), urea
(2 mol/l) and dithioerythritol (1%) were added and at a column temperature of 50 °C (Xav=24.17). The
lowest number of proteins within the LMW glutenin fraction was obtained at a column temperature of 45
°C (Xav=16.67). As the temperature of the column increases, the number of proteins decreases and then
increases (Table 3).
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Based on the obtained results (Table 3), it can be seen that the highest number of LMW glutenin
proteins was obtained by extraction with 50% (v/v) isopropanol and chromatographic separation at a col-

umn temperature of 50 °C (Xav=20.17), at wavelength of 280 nm. One-factor analysis of variance exam-
ined the effect of column temperature at constant solvent concentration (50% v/v isopropanol to which
Tris-HCI 0.05 mol/l, pH=7.5, urea 2 mol/l and dithioerythritol 1%, separation time glutenin protein and
absorbance measurement) to the number of proteins within the LMW glutenin fraction. It was found that
there is a statistically significant difference in the number of proteins.

Table 4. shows descriptive indicators of the relative concentration of LMW glutenins, after extrac-
tion with different solvents (50% v/v ethanol, 50% v/v 1-propanol and 50% v/v isopropanol to which Tris-
HCI1 0.05 mol/l, pH=7.5, urea 2 mol/l and dithioerythritol 1% were added, at a different column tempera-
tures (40, 45 and 50 °C).

Table 4. Descriptive indicators of the relative concentration of LMW glutenins (solvent 50% v/v ethanol, 1-propanol and isopro-
panol, RP-HPLC Agilent Technologies 1260 Infinity, Zorbax 300 SB-C3 Agilent column, column size 4.6 x 150 mm, particle sizes 5
um and a column pressure 80 bar, glutenin proteins separation time 21.0 min, measuring the absorbance at 280 nm

95% confidence in-
Column

temperature N Xav SD Std. terval of average Min Max

©C) error Lower Upper

Bound bound
40 6 64.29 1.21 0.49 63.02 65.56 62.88 66.35
50% (v/v) etha- 45 6 60.89 2.59 1.06 58.17 63.60 56.86 64.18
nol 50 6 56.45 2.56 1.05 53.76 59.14 53.48 61.14
40 6 37.75 3.32 1.36 34.26 41.24 34.23 43.62
50% (v/v) 45 6 62.09 2.88 1.17 59.07 65.11 56.86 64.32
I-propanol 50 6 5256 2.82 115 4961 5552 4848  55.14
40 6 59.81 2.20 0.90 57.50 62.12 56.47 62.96

0,
.50/0 V) 45 6 69.86 4.24 1.73 65.41 74.30 63.76 75.30
isopropanol

50 6 56.47 3.66 1.50 52.63 60.32 52.43 63.12

ANOVA (LMW), 50% (v/v) ethanol, F=(2.15)=18.86, Sig.=0.000, eta square=185.31/258.99=0.71
ANOVA (LMW), 50% (v/v) 1-propanol, F(2.15)=99.21, Sig.=0.000, eta square=1804.99/1941.45=0.93
ANOVA (LMW), 50% (v/v) isopropanol, F(2.15)=24.12, Sig.=0.000, eta square=582.32/763.38=0.76

Descriptive analysis showed that the highest relative concentration within the LMW glutenin frac-
tion was obtained after extraction with 50% (v/v) ethanol to which Tris-HCI (0.05 mol/l, pH=7.5), urea
(2 mol/l) and dithioerythritol (1%) were added and at a column temperature of 40 °C (Xav=64.29%). The
lowest relative concentration within the LMW glutenin fraction was obtained at a column temperature of
50 °C (Xav=56.45%). As the column temperature increases, the relative concentration of LMW glutenin
decreases (Table 4).

Descriptive analysis showed that the highest relative concentration within the LMW glutenin frac-
tion was obtained after extraction with 50% (v/v) 1-propanol to which Tris-HCI (0.05 mol/l, pH=7.5), urea
(2 mol/ 1) and dithioerythritol (1%) were added and at a column temperature of 45 °C (Xav=62.09%). The
lowest relative concentration within the LMW glutenin fraction was obtained at a column temperature of
40 °C (Xav=37.75%). As the column temperature increases, the relative concentration of LMW glutenin
increases and then decreases (Table 4).
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Descriptive analysis showed that the highest relative concentration within the LMW glutenin frac-
tion was obtained after extraction with 50% (v/v) isopropanol to which Tris-HCI (0.05 mol/l, pH=7.5), urea
(2 mol/1) and dithioerythritol (1%) were added and at a column temperature of 45 °C (Xav=69.86%). The
lowest relative concentration within the LMW glutenin fraction was obtained at a column temperature of
50 °C (Xav=56.47%). As the column temperature increases, the relative concentration of LMW glutenin
increases and then decreases (Table 4).

Based on the obtained results (Table 4), it can be seen that the highest relative concentrations of
LMW glutenin proteins was obtained by extraction with 50% (v/v) isopropanol and chromatographic sepa-
ration at a column temperature of 45 °C (RC=69.86%), at wavelength of 280 nm. One-factor analysis of
variance examined the effect of column temperature at constant solvent concentration (50% v/v isopropanol
to which Tris-HCI 0.05 mol/l, pH=7.5, urea 2 mol/l and dithioerythritol 1%, separation time glutenin pro-
tein and absorbance measurement) to the relatice concentrations of LMW glutenin fractions. It was found
that there is a statistically significant difference in the number of proteins.

Based on the obtained results (Table 1 and Table 3), it can be seen that a higher number of pro-
teins was obtained by separation at a wavelength of 280 nm (Xav=24.17), than at a wavelength of 210 nm
(Xav=20), but the separation at 210 nm is better, peaks are sharper and it is specific for peptide bond.

Wieser (2000) determined gluten proteins qualitatively and quantitatively in the framework of com-
parative studies of different wheat varieties. Glutenins were extracted with 50% (v/v) 1-propanol and dithi-
oerythritol (DTE). The detection wavelength was 210 nm. Based on the obtained results, the retention time
of LMW glutenin was > 27.

Horvat et al. (2006) analyzed gluten proteins in wheat by RP-HPLC chromatography. Different
wheat varieties were used for protein extraction. The column temperature was 50°C and the detection wave-
length was 210 nm. Based on the obtained results, retention time for LMW glutenins was 15-30 minutes
(16-19 subunits).

Qian et al. (2008) characterized wheat gluten protein by high-pressure liquid chromatography
(HPLC) and MALDI TOF mass spectrometry. The column temperature was 60 °C and the detection wave-
length was 210 nm. Based on the obtained results, LMW glutenins identified 22 peaks.

Scherf (2016) investigated how the method of preparation of gliadin, glutenin and gluten from
wheat starch samples affects their content when determining by high-pressure reverse phase liquid chroma-
tography (RP-HPLC) and enzyme-linked immunosorbent assay (ELISA). Glutenins were extracted with
50% (v/v) 1-propanol containing Tris-HCI (pH=7.5), 0.06 mol/l (v/v) dithioerythritol and 2 mol/l urea.
Samples were analyzed by high pressure reverse phase liquid chromatography (RP-HPLC), at a column
temperature of 60 °C and at a wavelength of 210 nm. Separation of glutenin proteins was performed for 22
minutes.

Figure 2. shows selected proteins of LMW glutenins. They extracted with 50% (v/v) 1-propanol
containing Tris-HCI (0.05 mol/l, pH=7.5), urea (2 mol/l) and dithioerythritol (1%) and separated at a col-
umn Zorbax 300 SB-C3, Agilent, dimensions 4.6 x 150 mm, particle size Sum, at a column temperature of
40 °C and a pressure of 80 bar. Glutenin protein separation time was 21.0 min and at a wavelength of 210
nm.
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Figure 2. Chromatogram of selected proteins of LMW glutenins

Table 5. shows average values of retention time and relative concentration of selected proteins of
LMW glutenins.

Table 5. Average values of retention time and relative concentration of selected LMW glutenins

Proteins Retention time = SD Relative concentration + SD
P1 8.94+0.10 20.94 +£0.95
P2 10.29 +£0.15 26.01 +£1.20
P3 11.08 £0.12 6.84 +£0.55
P4 12.28 £ 0.08 4.25+0.61

Based on the obtained results it can be seen that repeatability of these proteins is good, the standard
deviations is small. Six repetitions were done.

In this work, the influence of solvent type was investigated (50% v/v ethanol, 1-propanol and iso-
propanol) to which Tris-HCI (0.05 mol/l, pH=7.5), urea (2 mol/l) and dithioerythritol (1%) were added and
column temperature on the separation efficiency and identification of LMW glutenin, in two wavelengths.
Separation was performed on column C3. The most effective solvent was 50% (v/v) 1-propanol and a col-
umn temperature of 40 °C (Xav=20). The wavelength of 210 nm is more specific because it indicates the
presence of a peptide bond. The results obtained in this paper are in agreement with the authors Horvat et
al. (2006), Qian et al. (2008) and Scherf (2016).

CONCLUSION

After the LMW glutenins were chromatographically separated on an HPLC chromatograph, and
after extraction with different solvents and at different column temperatures, the following conclusions
were reached.

After extraction of LMW glutenin with 50% (v/v) ethanol, 1-propanol and isopropanol to which
Tris-HCI (0.05 mol/l, pH=7.5), urea (2 mol/l) and dithioerythritol (1%) were added, at different column
temperatures (40, 45 and 50 °C) and by measuring the absorbance at 210 nm, the highest number of proteins
was obtained by extraction of 50% (v/v) with 1-propanol and at a column temperature of 40 °C (Xav=20,
respectively RC=69.56%), and the lowest number at a column temperature of 45 °C (Xav=14.17, respec-
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tively RC=66.42%). When measuring the absorbance at 280 nm, and by extraction and separation under
the same conditions as previously mentioned, the highest number of proteins was obtained by extraction of
50% (v/v) isopropanol and at a column temperature of 50 °C (Xav=24.17, respectively RC=56.47%), and
the lowest number by extraction with 50% (v/v) ethanol and at a column temperature of 50 °C (Xav=12.17,
respectively RC=56.45%).

ACKNOWLEDGMENTS

This work is a part of the research project Analysis gluten proteins holders of allergic reactions by high performance liquid
chromatography, number 19/6-020/96123/18, financed by the Ministry of Science and Technology, Higher Education and Infor-
mation Society Republic of Srpska.

REFERENCES
Beom, H.R., Kim, J.S., Jang, Y-R., Lim, S.H., Kim, C.K., Lee, C.K., Lee, J.Y. (2018). Proteomic analysis of low-molecular-weight glutenin
subunits and relationship with their genes in a common wheat variety. 3 Biotech 8(1), 56, doi: 10.1007/s13205-017-1081-2.

Bonilla, J.C., Erturk, M.Y., Schaber, J.A, Kokini, J.L. (2020). Distribution and function of LMW glutenins, HMW glutenins, and gliadins
in wheat doughs analyzed with ‘in situ’ detection and quantitative imaging techniques. Journal of Cereal Science 93, https://doi.
org/10.1016/j.jcs.2020.102931.

Delcour, J.A., Joye, L., Pareyt, B., Wilderjans, E., Brijs, K., Lagrain, B. (2012). Wheat gluten functionality as a quality determinant in cereal-
based food products. Annual Review of Food Science and Technology, 3, 469-492.

Gao, Y., Janes, M., Chaiya, B., Brennan, M., Brennan, C., Prinyawiwatkul, W. (2017). Gluten-free bakery and pasta products: prevalence and
quality improvement. International Journal of Food Science and Technology, https://doi.org/10.1111/ijfs.13505.

Gojkovi¢ V., Marjanovié-Balaban Z., Gruji¢ R., Vujadinovi¢ D., Vuki¢ M. (2019). The influence of extraction conditions and chromatographic
separation on the ability of identifying gliadins from wheat flour. Journal of Hygienic Engineering and Design 26, 118-126.

Grosch, W., Wieser, H. (1999). Redox reactions in wheat dough as affected by ascorbic acid. Journal of Cereal Science, 29(1), 1-16.

Horvat, D., Drezner, G., Simi¢, G., Dvojkovié¢, K. (2006). Rezervne bjelandevine penice analizirane RP-HPLC metodom. Poljoprivreda,
12(2), 42-47.

Huang, L., He, Y., Jin, Y., Wang, F., He, J. (2018). Characterization of novel LMW glutenin subunit genes at the Glu-M3 locus from Aegilops
comosa. 3 Biotech, 8(9), 379, doi: 10.1007/s13205-018-1407-8.

Scherf, K.A. (2016). Impact of the preparation procedure on gliadin, glutenin and gluten contents of wheat starches determined by RP-HPLC
and ELISA. European Food Research and Technology, doi 10.1007/s00217-016-2683-3.

Urade, R., Sato, N., Sugiyama, M. (2018). Gliadins from wheat grain: an overview, from primary structure to nanostructures of aggregates.
Biophysical Reviews, 10(2), 435-443.

Qian, Y., Preston, K., Krokhin, O., Mellish, J., Ens, W. (2008). Characterization of Wheat Gluten Proteins by HPLC and MALDI TOF Mass
Spectrometry. Journal of the American Society for Mass Spectrometry, 19, 1542—1550.

Wang, D., Li, F., Cao, Shuanghe, Zhang, K. (2020). Genomic and functional genomics analyses of gluten proteins and prospect for simultane-
ous improvement of end-use and health-related traits in wheat. Theoretical and Applied Genetics, 133, 1521-1539.

Wieser H., Antes S., Seilmeier W. (1998). Quantitative Determination of Gluten Protein Types in Wheat Flour by Reversed-Phase High-
Performance Liquid Chromatography. Cereal Chemistry 75(5), 644-650.

Wieser, H. (2000). Comparative investigations of gluten proteins from different wheat species 1. Qualitative and quantitative composition of
gluten protein types. European Food Research and Technology, 211(4), 262-268.

Wieser, H., Kieffer, R. (2001). Correlations of the amount of gluten protein types to the technological properties of wheat flours determined on
a micro-scale. Journal of Cereal Science, 34(1), 19-27.

Wieser, H. (2003). The use of redox agents. In: Cauvain, S.P. (Ed.), Bread Making - Improving Quality, Woodhead Publishing Ltd., Cambridge,
424-446.

Wieser, H., Bushuk, W., MacRitchie, F. (2006). The polymeric glutenins. In: Wrigley, C., Bekes, F., Bushuk, W. (Eds.), Gliadin and Glutenin:
the Unique Balance of Wheat Quality, St. Paul American Association of Cereal Chemistry, 213-240.

Wieser, H. (2007). Chemistry of gluten proteins. Food Microbiology, 24(2), 115-119.

Recived: July 18, 2020
Accepted: July 29, 2020

93



