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Wheat gluten is mainly responsible for the structural characteristics of bakery products. When studying wheat 
proteins, it is important to use reliable extraction methods. Four different methods of wheat protein extraction were 
studied, with emphasis on the glutenin-rich fractions. The fi nal quality of the protein fractions was evaluated in terms 
of denaturation, indirect yield, molecular weight, secondary structure, and thermal profi le. Our results indicate that 
addition of dithiothreitol improves glutenin extraction without interfering with protein secondary structure and 
denaturation. Different thermal profi les were evidenced for different extraction methods, indicating the selectivity of 
the processes. Denaturation temperatures of the samples showed differences within about 3 °C, while denaturation 
enthalpies (ΔH) differed by about 14 kJ μg–1. Data in this paper may provide a broader perspective on how wheat 
proteins are affected by the extraction method.
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Wheat fl our is a raw material used worldwide to produce a great diversity of products. In its 
composition, protein content is a determining factor of the quality and characteristics of the 
fi nal products (RODRIGUES & TEIXEIRA, 2010). Some of the main characteristics investigated 
in wheat fl our-based goods are the textural and rheological properties, which are directly 
affected by the formation of the gluten network that contains the gliadin and glutenin proteins. 
Gliadins are alcohol-soluble monomeric proteins that form transient bindings by non-covalent 
interactions. The glutenin fraction consists of varied molecular weight subunits cross-linked 
by inter- and intramolecular disulfi de bonds plus covalent bonds (DHAKA & KHATKAR, 2016; 
ORTOLAN & STEEL, 2017). The non-covalent bonds also aid in the formation of the gluten 
network, but are weaker and do not play a signifi cant role in the interactions between gluten 
proteins (LIU & HSIEH, 2008). The amino acid residues cysteine and tyrosine, present in the 
gliadin and glutenin proteins, help in the formation of the gluten network bonds (PEÑA et al., 
2006). The inter- and intramolecular interactions between gluten proteins and other wheat 
fl our compounds are conditions of signifi cance by conferring adequate cohesion, viscosity, 
and elasticity to wheat fl our products (KHATKAR et al., 2013).

Denaturation of the gluten proteins affects the structure and fi nal characteristics of 
bakery products (WANG et al., 2014). Because of processing, thermal denaturation is the main 
cause of these irreversible changes in most processed foods containing wheat fl our (RELKIN 
& LAUNAY, 1990). In this sense, it is important to identify how proteins are affected when 
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exposed to processes and extraction methods. This can be done by evaluating conformation, 
yield, molecular weight, and thermal profi le of the proteins.

Although studies have verifi ed the physical parameters of wheat gluten proteins, only a 
few provide information necessary to understand the effect of different extraction and 
purifi cation methods, together with analyses of thermal events (FALCÃO-RODRIGUES et al., 
2005; WANG et al., 2014). In wheat fl our products, the differential scanning calorimetry 
(DSC) is used to investigate thermal parameters of protein denaturation (FALCÃO-RODRIGUES 
et al., 2005) during freezing and storage (WANG et al., 2014). In this study, four different 
methods of wheat protein extraction were evaluated focusing on the glutenin rich fractions 
and the fi nal quality of this protein in terms of denaturation, indirect yield, molecular weight, 
conformation, and thermal profi le.

1. Materials and methods

1.1. Materials

Wheat fl our of the BRS-PARRUDO cultivar, provided by EMBRAPA (Passo Fundo, Brasil), 
was used throughout the work. The average value of gluten strength of this cultivar is 
324×10–4 J, which makes it a fl our of strong gluten grade. The chemicals used in this work 
were of analytical grade.

1.2. Extraction of proteins

1.2.1. Standard extraction method (St-M). The separation procedure was performed according 
to the methodology described by LEÓN and co-workers (2003). This procedure consists of a 
stepwise extraction of albumin, globulin, gliadin, and glutenin fractions, in this sequence, 
using different solvents. For the fi rst extraction (albumin separation), wheat fl our (20 g) was 
suspended in distilled deionized water (100 ml), and the mixture was stirred for 30 min using 
a magnetic stirrer (100 to 150 r.p.m.). The suspension was centrifuged (EXCELSA II, 
FANEM, São Paulo, Brazil) at 5000 r.p.m. for 10 min. Subsequent extractions used the 
precipitate of a previous extraction applying the same conditions mentioned above. Tris-HCl 
solution (pH 8, 50 mM) in the presence of KCl (100 mM) and EDTA (5 mM) was used for 
globulin extraction. For gliadin extraction, an aqueous solution of 1-propanol (50% v/v) was 
used. Finally, for extracting glutenin (SDS-soluble proteins), an aqueous solution of 
1-propanol (50% v/v) containing 1% SDS (v/v) was used. Following each extraction, the 
precipitate obtained after centrifugation was washed with the proper solvent, and the 
supernatant consisted of a protein-specifi c phase.

1.2.2. Extraction with addition of dithiothreitol (DTT) solution (S-DTT). This extraction 
procedure was carried out using the St-M described in section 1.2.1, with modifi cations. For 
all solutions, for the solubilisation of precipitates, 1 mM of DTT was added to the specifi c 
solvent.

1.2.3. Decantation extraction method (Dec-M). Dec-M consists of performing a St-M 
(section 1.2.1) with modifi cations in the solvent volume, method of mixing, and inclusion of 
a decantation period. For the same initial amount of sample (20 g wheat fl our), 600 ml of 
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solvent was used in the extraction of each protein fractions (albumin, globulin, gliadin, and 
glutenin). Specifi c modifi cations were performed as listed below.

1. Albumin-rich fraction: Slow mixing was performed using a glass stick, followed by a 
rest for 15 min (decantation) and discharge of the supernatant. This procedure was repeated 
10 times for the decanted material.

2. Globulin-rich fraction: The system (precipitate from extraction 1 + Tris-hydrochloride/
KCl/EDTA) was slowly stirred, and the suspension was kept at rest for one hour. The 
precipitate was used in the third extraction (gliadin extraction).

3. Gliadin-rich fraction: The mixture (precipitate from extraction 2 + 1-propanol) was 
manually stirred prior to centrifugation. The supernatant was stored, and the precipitate was 
saved for glutenin extraction.

4. Glutenin-rich fraction: Precipitate from extraction 3 was mechanically stirred at 40 
r.p.m. for 5 min with the 1-propanol + SDS solution.

1.2.4. Direct extraction method (Dir-M). In the Dir-M, the last extraction procedure 
used in the St-M (section 2.2.1) was directly applied to the wheat fl our sample, without 
performing those previous steps of protein purifi cation.

The fi nal precipitates obtained from all extractions were discarded. The extracted 
solution containing the glutenin-rich fractions were stored under refrigeration (5 °C) and then 
used for analysis.

1.3. Evaluation and quantifi cation of proteins and molecular weight

The quantifi cation of the glutenin-rich fractions was carried out according to the method of 
BRADFORD (1976). The standard curve was constructed using bovine serum albumin in the 
range of 0.6 to 10 μg.

The molecular weight of the molecules in these fractions were estimated by denaturing 
polyacrylamide gel electrophoresis (SDS-PAGE) using the protocol of LAEMMLI (1970). The 
separation gel used contained 12% (w/v) acrylamide, while the stacking gel contained 4% 
(w/v). All samples received a buffer solution (2% SDS, 10% glycerol, 0.01% bromophenol 
blue, 0.0625 mol l–1 Tris-HCl pH 6.8, 5% β-mercaptoethanol) and were heated at 80 °C for 5 
min before application. Laemmli buffer (3 g l–1 Tris-base, 14 g l–1 glycine, 1 g l–1 SDS) was 
used in the vessel. The molecular weight ladder used was LMW Calibration Kit (GE Life 
sciences). After electrophoresis, proteins in the gel were stained with Coomassie Blue R-250 
dye and distained in a 50% (v/v) methanol + 10% (v/v) acetic acid solution.

1.4. Circular dichroism (CD)

CD analyses were carried out to evaluate possible denaturation of glutenin-rich fractions 
after extraction. A J-815 CD spectrometer (Jasco International CO, Tokyo, Japan) equipped 
with a temperature control unit was used. Quartz cuvettes (0.01×0.01×1 cm) were used as a 
container, and nitrogen at a fl ow rate of 10 l min–1 was used as a purge gas. The secondary 
structure composition was estimated by CD-Pro software using the CONTIN-LL algorithm 
(SREERAMA & WOODY, 2000).
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1.5. Thermal profi le

A DSC 8500 from Perkin Elmer was used in all analyses. A standard thermal run was built 
starting from 20 to 80 °C using a heating rate of 2 °C min–1. Nitrogen at fl ow rate of 50 ml 
min–1 was used as purge gas. The DSC was calibrated using indium standard reference 
(purity>99.99%) (melting temperature: 156.60 °C and transition energy: 28.45 J g–1). 
Standard open aluminium pans with an internal volume of 20 μl (Perkin Elmer) were used as 
supports. Around 18 mg of protein solution of the glutenin rich fractions obtained after each 
extraction were used in the DSC experiments. The denaturation temperature and enthalpy 
were obtained using the software Pyris Manager (v. 2009, Perkin Elmer). Mean values were 
subjected to one-way ANOVA followed by Tukey’s post-hoc test when presenting signifi cance 
at a 95% level. Variances were tested using the software Statistica v. 10.0 (Statsoft, Tulsa, 
USA). All analyses were performed in triplicate.

To verify the infl uence of the impurities in the thermal profi le of glutenin-rich fractions 
of wheat fl our, a dialysis process was performed for samples obtained by the S-DTT method. 
The dialysis was performed in sealed membrane tubes (12–14 kDa MWCO, Sigma) at 5 °C 
in 1 l of distilled water under magnetic stirring for 16 hours, prior to thermal analyses.

2. Results and discussion

2.1. Analyses of glutenin-rich fractions

2.1.1. Protein molecular weight and quantifi cation. Glutenins are divided into two distinct 
groups of proteins in an electrophoresis gel (Fig. 1). The fi rst group has weights ranging from 
90 to 140 kDa (glutenins of high molecular weight), and the second has molecular weights 
between 30 and 50 kDa (glutenins of low molecular weight) (LARRÉ et al., 1997; VERBRUGGEN 
et al., 1998). The apparent molecular weights of the bands found in the electrophoresis gel 
were estimated using the migration of the molecular weight marker as a standard,  resulting in 
86.7±2.9 kDa, probably for the glutenin fractions of high molecular weight, and in the ranges 
of 48.25±0.49 kDa and 39.1±0.45 kDa for the glutenin fractions of low molecular weight. 
Thus, it was possible to delimit the regions of the gel containing bands corresponding to the 
two groups of glutenins, which are highlighted in Figure 1. Bands of the glutenin-rich 
fractions were seen for St-M and S-DTT samples due to the high concentration of proteins, 
proving a higher selectivity in the extraction methods employed.

Beside the existence of bands for glutenins of high and low molecular weights, proteins 
with molecular weights between 14 and 21 kDa were also detected. These bands probably 
correspond to non-gluten-forming proteins such as albumin and globulin, which were not 
completely removed in the previous steps. Direct extraction is the method that showed more 
intense bands in the range of low molecular weights, confi rming higher contamination by 
other non-glutenin proteins. This may have occurred because the extraction method was 
performed in a single step, skipping previous extracting/washing steps that improve the 
purifi cation of glutenin concerning other types of protein. No band was observed in the 
electrophoresis analysis of the extract obtained in Dec-M due to the low concentration of 
proteins in the glutenin-rich fractions, indicating that the method is not suitable for extracting 
glutenins from wheat fl our.
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Fig. 1. Glutenin-rich fractions of different methods of extraction by SDS-PAGE. MM shows the molecular weight 
marker (kDa). Dashed lines: glutenin fractions of high molecular weight. Continuous lines: glutenin-rich fractions 

of low molecular weight.
Dir-M: direct extraction method; St-M: standard extraction method; S-DTT: extraction with addition of 

dithiothreitol (DTT) solution; Dec-M: decantation extraction method

Fig. 2. CD spectrum of the glutenin-rich fractions extracted by standard extraction 
(0.002 mg ml–1) and the DTT extraction (0.003 mg ml–1) T=20 °C.

––––: standard extraction (St-M); ----: extraction with addition of DTT (S-DTT) 

The glutenin-rich fractions obtained by both St-M and S-DTT presented lower protein 
concentration when compared with Dir-M (8.779±0.001 mg ml–1). St-M showed 0.200±0.004 
mg ml–1 of proteins. The incorporation of DTT in S-DTT allowed a 50% increase in protein 
yield, resulting in 0.304±0.005 mg ml–1 (Table 1). As the other two methods showed inferior 
results, they were not used in glutenin quantifi cation.



337SAVI et al.: CHARACTERIZATION OF GLUTENIN-RICH FRACTIONS OF WHEAT FLOUR

Acta Alimentaria 48, 2019

Table 1. Concentration of the glutenin-rich fractions for each extraction method

Method of extraction Concentration (mg ml–1)

Dir-M
St-M
S-DTT
Dec-M

8.779±0.001
0.200±0.004
0.304±0.005
0.085±0.013

Dir-M: direct extraction method; St-M: standard extraction method; S-DTT: extraction with addition of dithiothreitol 
(DTT) solution; Dec-M: decantation extraction method

2.1.2. CD analysis. As proteins obtained by St-M and S-DTT presented characteristic 
bands, with low content of protein contaminants, they were chosen to be analysed by CD. 
The extracted glutenin rich fractions were kept in the same extraction solution to avoid 
precipitation of the sample.

The characteristic spectra of denatured proteins present large-amplitude negative peaks 
at 190–200 nm. For an all α-helix conformation, two negative bands of similar amplitude at 
222 nm and 208 nm and a positive band at ~190 nm should be observed. Finally, for β-sheet 
protein, a negative band in the range of 210–220 nm and a positive band in the range of 
195–200 nm are seen (CORRÊA & RAMOS, 2009). The glutenin-rich fraction samples CD 
spectra are presented in Figure 2. We found a higher percentage of the α-helix (56.1%) rather 
than β-sheet (2.9%), β-turn (15.3%), and random coil (25.7%). No difference was observed 
in the composition of the secondary structure of the protein obtained using both methodologies 
(St-M and S-DTT). However, the intensity of the signal was smaller for the sample obtained 
by DTT addition. Therefore, for both extraction methods, the solvents, and conditions used 
were not drastic enough to cause protein denaturation. According to DHAKA and KHATKAR 
(2016), the secondary structure of gluten protein is related to the quality of the wheat fl our. 
The composition of the secondary structure obtained in this study may help to understand 
food products produced with BRS-Parrudo wheat.

2.2. Thermal profi le of fractions rich in glutenin

The thermal profi le of the gluten-forming proteins is a suitable parameter for evaluation of 
wheat fl our quality and its derived products. The DSC curves of the glutenin-rich fractions 
obtained by St-M, Dir-M, S-DTT, and dialyzed S-DTT are shown in Figures 3 and 4. Table 2 
shows the mean values of denaturation temperature and denaturation enthalpy. The thermal 
profi les and events obtained showed that the data were reproducible regarding peak formation 
characteristics.

Table 2. Temperature of denaturation (Td) and enthalpy of denaturation (ΔHd) of the glutenin-rich fractions

Method of extraction Td (°C) ΔHd (J g–1)

Dir-M
St_M
S-DTT
S-DTT dialyzed

67.22±0.52a

64.55±0.61a

65.32±1.95a

65.92±1.68a

–10.80±3.11b

–-3.95±1.02a

–12.81±0.58b

–17.65±1.16c

Dir-M etc.: see Table 1. Means followed by the same letters in the column do not differ at 95% confi dence level 
according to Tukey’s post-hoc test.
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Fig. 3. DSC curve of the glutenin-rich fractions
----: direct extraction; ––––: standard extraction; ……: DTT extraction

Fig. 4. Thermal profi le of samples obtained by DTT-M before and after dialysis
----: DTT extraction; ––––: DTT extraction – dialyzed

No thermal events were observed in the DSC analyses performed with the glutenin-rich 
fractions obtained by Dec-M. This probably occurred due to the low concentration of the 
glutenin-rich fractions, which were also not present in the electrophoresis gel bands, 
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confi rming the absence of glutenin in the extract. Glutenin is known for presenting an 
endothermic peak at approximately 64 °C (LEÓN et al., 2003), which is following the results 
obtained in this study.

The sample obtained by Dir-M presented a large amplitude peak, as can be observed in 
Figure 3, which is a characteristic of sample contamination, probably by other proteins (as 
observed in electrophoresis analysis). Samples obtained by S-DTT showed the most 
prominent and defi ned peaks. Also, they presented higher denaturation enthalpy in comparison 
with the sample obtained by St-M. This observation is linked to the higher extraction of 
glutenin achieved by the method in which DTT was applied.

To eliminate impurities from the sample and to refi ne the results of the best method 
performed so far, dialyzes were conducted in samples obtained by S-DTT. As shown in 
Figure 4, the dialysis process produced sharper and more elongated peaks. This shape 
indicates a higher resolution and is a result of higher glutenin purity in the samples. The ΔHd 
values of the dialyzed sample were higher than the non-dialyzed ones (12.68±0.44 J g–1 and 
17.82±1.04 J g–1, respectively). No signifi cant differences in the temperatures of denaturation 
obtained before and after dialysis (65.32±1.95 °C and 65.92±1.68 °C, respectively) were 
observed (Table 1). For more pure and intact protein fractions, higher energy was needed to 
achieve denaturation. These results are in agreement with results of DHAKA and KHATKAR 
(2016) and FALCÃO-RODRIGUES and co-workers (2005), who reported that the more ordered 
the protein’s secondary structure, the higher the energy needed for denaturation processes.

3. Conclusions

This work aimed to evaluate different methods of glutenin extraction from wheat fl our. The 
addition of DTT in a standard method of extraction was the most effi cient extraction 
procedure. For this method, no denaturation of the glutenin-rich fractions was observed 
during the extraction process. For the protein fraction extracted by S-DTT, the denaturation 
temperature and the enthalpy of denaturation showed well-defi ned peaks (65.15±1.74 °C and 
–12.68±0.44 J g–1, respectively). The method of extraction S-DTT followed by dialyzes is a 
protocol that should be considered for extracting quality glutenin from wheat gluten. The 
results obtained from the thermal properties of the glutenin rich fractions may contribute in 
the future to a better understanding of other properties that involve the protein fractions of 
wheat fl our for the development of bakery products.
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