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1   |   INTRODUCTION

Defined by several characteristics, the term flour quality 
has different meanings depending on the designation of 

use or type of product. The term technological quality 
of wheat generally indicates the performance of a wheat 
cultivar and its suitability in the preparation of an end‐
use product. There are differences in the established 
wheat quality standards in different countries, classify-
ing wheat according to key quality attributes depending 
on the point of the production chain (producer, elevator, 
miller, and processing/characteristics of final products); 
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Abstract
Background and objectives: Standard empirical methods to assess wheat quality are 
difficult to perform, interpret, time consuming and require a large amount of sample. A 
rapid uniaxial compression instrument based on measuring height of gluten during com-
pression and recovery is reported. The objective of this study was to determine in a set of 
soft‐like wheat genotypes from Brazil the best conditions to extract the gluten and analyze 
the efficiency of the method separating categories based on gluten viscoelastic properties.
Findings: The independent variables evaluated were as follows: (a) technological 
quality categories and gluten extraction method; (b) amount of 2% NaCl solution 
(w/v) added for dough formation; (c) mixing time; and (d) washing time. The results 
were submitted to analysis of variance and means compared by protected LSD test 
(p < 0.05). The best conditions for gluten extraction and analysis were obtained with 
4.4 ml of 2% NaCl solution, mixing for 20 s, and washing for 3 min. Elastic recovery 
of gluten showed a strong correlation (r) with standard methods used to classify 
wheat (dough strength r = 0.988, stability r = 0.963).
Conclusions: The elastic recovery was able to separate the gluten samples in three 
categories efficiently and may be a useful tool in breeding programs and flour mills 
quality control.
Significance and novelty: A novel method for determining elastic recovery of gluten 
from soft‐type wheat genotypes was developed. The set of samples had high correla-
tion of gluten elastic recovery with key quality parameters. Advantages of the test 
include rapid analysis time (less than 5 min) and small sample size (10 g of flour).

K E Y W O R D S
elastic recovery, flour quality, gluten, rheology, technological properties

www.wileyonlinelibrary.com/journal/cche
https://orcid.org/0000-0002-8179-8733
mailto:﻿
https://orcid.org/0000-0003-1997-7703
mailto:pat.rayas_duarte@okstate.edu


168  |      MONTAGNER SOUZA et al.

the parameters used may not be the same or differ in im-
portance (Pagani, Marti, & Bottega, 2014).

Among the methods used to test wheat quality in breeding 
programs and baking industries are empirical and fundamental 
rheological tests (large and small deformations, respectively). 
However, the methods are often time consuming, and some 
require a large amount of sample and specific training for ex-
ecution (Chapman, Mulvaney, Chinnaswamy, Rayas‐Duarte, 
& Allvin, 2012). Around the world, wheat‐producing coun-
tries have developed their own classification systems based on 
technological characteristics that can include subclasses with 
specific targeted end‐use functionality in mind, such as “Bread 
wheat class” (Brazil), “Noodle wheat class” (Australia), and 
“Pastry wheat class” (India) (Carson & Edwards, 2009).

Year‐to‐year variation in wheat quality traits with the 
new crop is a constant challenge in the milling and baking 
industry. Wheat breeders reduce the variation of the over-
all end‐use quality traits of cultivars through evaluation 
and selection. Gluten protein is the major and most crucial 
component of dough associated directly with bread quality 
(Marchetti, Cardós, Campaña, & Ferrero, 2012). Gluten and 
dough are viscoelastic materials exhibiting properties of solid 
(cohesion and elasticity) and liquid (viscous or irrecoverable 
deformation) (Kieffer, 2006; Wieser, 2007). Bakers monitor 
dough viscoelasticity constantly using empirical methods 
while mills monitor their blends with laboratory methods in-
cluding baking the final products.

A rapid uniaxial compression method was developed to 
test gluten elastic recovery using a Gluten CORE Analyzer 
(Perten Instruments AB, Huddinge, Sweden). The main ad-
vantages of this testing system are the instrument's small 
sample size, sensitive load cell, and one‐minute test time 
(Chapman et al., 2012). Samples are centrifuged using a spe-
cially designed cassette that fits the Perten Glutomatic centri-
fuge obtaining a cylindrical‐shaped sample that is placed into 
the lower plate of the testing device prior to uniaxial com-
pression, thus reducing handling of the sample. The informa-
tion provided is closely related to the strain gluten undergoes 
during gas bubble expansion (Chapman et al., 2012). The 
Gluten CORE was used to analyze US hard and soft wheat 
types (Chapman et al., 2012). The instrument software al-
lows the flexibility to adapt to the separation of other wheat 
types. Brazilian wheat (soft‐like genotypes) has a viscous and 
sticky textured gluten and requires a specific method to sep-
arate cultivars based on their viscoelastic properties. There is 
a need for an efficient method to evaluate rheological char-
acteristics of gluten from Brazilian wheat genotypes, which 
may help to identify wheat for specific uses. Moreover, the 
measurement of viscoelastic properties by a method that re-
quires a reduced amount of sample (10 g) compared to stan-
dard methods (more than 200 g) may be useful in a number 
of important applications ranging from breeding programs to 
quality control at flour mills.

This work presents progress toward the development of 
a rapid gluten test and provides further insight into the be-
havior of soft‐type gluten under uniaxial compression. The 
objectives of this study were: (a) to determine the best condi-
tions for extraction of gluten from three commercial classes 
of Brazilian wheat genotypes (Improver, Bread, and Basic 
classes); (b) to determine the compression–recovery behav-
ior of gluten; and (c) to investigate possible correlation of 
the elastic recovery obtained compared to standard empiri-
cal methods used in Brazil to classify wheat according to its 
technological quality.

2  |   MATERIAL AND METHODS

2.1  |  Wheat samples
The study was divided into two parts using two different sets 
of samples. In the first part, three Brazilian wheat genotypes 
representing three different commercial samples classified 
according to technological properties were selected for study-
ing the best extraction conditions for gluten and separation of 
their elastic recovery properties with a compression and re-
covery test. These genotypes represented Basic (WT 09021), 
Bread (BRS Gaivota), and Improver (BRS Pardela) classes, 
according to the commercial classification of Brazilian wheat 
(Bassoi et al., 2017; MAPA, 2010). In the second part of the 
study, a second set of samples, consisted of 44 samples from 
12 Brazilian wheat genotypes grown in two locations with 
distinct weather conditions (South and Southeast region), 
were analyzed with the selected method from the first part 
and used as a preliminary validation test (Table 1).

2.2  |  Location and characterization of 
experimental area
The first set of samples were three selected wheat geno-
types (experimental line WT 09021 and cultivars BRS 
Gaivota and BRS Pardela) grown in experimental plots in 
the District of Warta, Londrina, Paraná, Brazil, in 2013. 
The District of Warta (Londrina) is located 23°11′ south 
latitude, 51°10′ west longitude, with an altitude average of 
605 m. The soil of the site is characterized as distroferric 
red latosol. According to the classification of Köppen, the 
climate is humid subtropical (Cfa): average temperature 
in the coldest month below 18°C (mesothermic) and av-
erage temperature in the warmer month above 22°C, with 
hot summers, infrequent frost and tendency of rainfall con-
centration in the summer months, but without defined dry 
season.

The first location where part of the second set of sam-
ples were grown is at the experimental plots at Pato Branco, 
Paraná, Brazil, in 2013. The area is located at 26°07′ south 
latitude, 52°41′ west longitude, with an altitude average 
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of 700 m. The soil of the site is characterized as oxisol. 
According to the classification of Köppen, the climate is also 
classified as humid subtropical (Cfa). The second location 
was at Ponta Grossa, Paraná, Brazil, in 2013. The area is lo-
cated at 25°09′ south latitude, 50°06′ west longitude, with an 
altitude average of 800 m. The soil of the site is characterized 
as distroferric red latosol. According to the classification of 
Köppen, the climate is temperate (Cfb): temperature in the 
coldest month below 18°C (mesothermic), with fresh sum-
mers, average temperature in the hottest month below 22°C 
and no defined dry season.

2.3  |  Flour extraction
Wheat kernels were cleaned and tempered to 14% moisture 
for approximately 16 hr prior to milling using a roller mill 
(Quadrumat Junior®, Brabender, Duisburg, Germany) ac-
cording to AACC International Approved Method 26‐10.02. 
Flour was obtained by mixing the break and reduction flours. 
Flours were packed in polyethylene bags and stored at −4°C 
until further analysis.

2.4  |  Experimental design of gluten 
extraction method
The key variables that affect the method for gluten extraction 
were investigated. Independent variables evaluated were as 
follows: (a) market classification of Brazilian wheat geno-
types (Improver, Bread, or Basic); (b) initial amount of 2% 
NaCl solution (w/v) added to hydrate the flour sample before 
mixing (4.0, 4.4, or 4.8 ml); (c) mixing time of the dough 

before washing step (20 or 30 s); and (d) washing time of the 
dough (3, 4, or 5 min) during the extraction of gluten. The 
experiment was designed in randomized blocks (five blocks), 
in a factorial structure of 3 (genotypes) × 3 (amount of 2% 
NaCl solution) × 2 (mixing time) × 3 (washing time) with a 
total of 54 treatments.

2.5  |  Protein content and rheological 
properties of samples
Protein content was determined by NIR spectroscopy 
(MOD XDS‐Rapid Content Analyzer, FOSS NIRSystems®, 
Hoganas, Sweden), with double detection system (model 
6500 monochromator with measuring range: silicon 400–
1,100 nm and lead sulfide 1,100–2,500 nm), and equipped 
with ISIScanTM software (Infrasoft International LLC, State 
College, PA, USA). Analyses were done in triplicate.

Technological analyses were performed following AACCI 
Approved Methods for alveograph (54‐30.02), farinograph 
(54‐21.02), and falling number (56‐81.03). Alveograph and 
farinograph determined large deformation rheological prop-
erties and falling number the soundness of wheat (sprout 
damage). Analyses were done in triplicate.

2.6  |  Protein characterization
For the analysis of high molecular weight‐glutenin subunit 
(HMW‐GS) composition, 100 mg flour was suspended in 1 ml 
of 0.3 M sodium iodide containing 7.5% 1‐propanol, vortexed 
for 15 min, centrifuged at 12,000 × g for 5 min, and the super-
natant was discarded. The pellet was washed with water for 

Genotypes

Growth location

Total observations 
per cultivar

Pato Brancoa 
Parana/Brazil

Ponta Grossab 
Parana/Brazil

BRS Gralha Azul 1 2 3

BRS Pardela 2 2 4

WT 08111 2 2 4

WT 10008 2 2 4

WT 10014 2 2 4

WT 11035 2 2 4

WT 11107 1 2 3

WT 11110 2 1 3

WT 11118 1 2 3

WT 11139 2 2 4

WT 11155 2 2 4

WT 11167 2 2 4

Total observations per 
location

21 23 44

aHumid subtropical climate (Cfa). bTemperate climate (Cfb). 

T A B L E  1   List of Brazilian wheat 
genotypes and number of samples grown in 
two locations with different climatic 
conditions
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5 min and centrifuged for 5 min at 12,000 × g. Glutenins in 
the pellet were extracted in 1 ml of 50% 1‐propanol containing 
2% (w/v, g/100 ml) of sodium dodecyl sulfate (SDS) and 2% 
(v/v, ml/100 ml) of 2‐mercaptoethanol (BME) by vortex shak-
ing for 30 min (Fu & Kovacs, 1999). The solution was centri-
fuged for 5 min at 12,000 × g, the supernatant was collected, 
and HMW‐GS were identified by Lab‐on‐a‐Chip electropho-
resis method using an Agilent 2100 Bioanalyzer following 
the Protein 230 chip kit protocol (Agilent Technologies, Palo 
Alto, CA, US). The numbering of HMW‐GS alleles at the Glu‐
A1, Glu‐B1, and Glu‐D1 loci was based upon the classification 
system of Payne and Lawrence (1983). Wheat cultivar stand-
ards were cv. Chinese Spring (null, 7+8, 2+12), cv. Karl‐92 
(1, 7+8, 5+10), and cv. Jagger (1, 17+18, 5+10).

Samples with high levels of subunit Glu‐B1 7 were con-
firmed at the genetic level using the polymerase chain reac-
tion (PCR). DNA was extracted from flour using the DNeasy 
Mericon Food Kit (Qiagen, Germantown, MD, USA), and PCR 
analysis was performed using primers and conditions described 
by Butow et al. (2004). Following amplification, products were 
analyzed using an Agilent 2100 Bioanalyzer and DNA 1000 
kit. Using the Canadian cultivar Glenlea as a positive control, 
samples were assessed for the presence of a 43 bp insertion as-
sociated with overexpression of Glu‐1 Bx7 (Bx7oe).

Presence of wheat–rye translocation was initially exam-
ined using SDS‐PAGE according to the method described by 
Tabibzadeh, Karimzadeh, and Naghavi (2013). PCR was also 
used to determine the type of rye translocations using prim-
ers TSM0120 as described by Abdelsalam (2014). Controls 
consisted of rye translocation lines TAM 107 (1AL/RS) and 
Siouxland (1BL/RS). Following amplification, products were 
analyzed using an Agilent 2100 Bioanalyzer and DNA 1000 
kit. The quality score for composition of glutenin subunits 
was calculated according to Payne, Nightingale, Krattiger, & 
Holt (1987). Analyses were done in duplicate.

2.6.1  |  Soluble and insoluble proteins
The percentage of insoluble polymeric proteins (IPP) was 
determined as described by Bean, Lyne, Tilley, Chung, and 
Lookhart (1998). Briefly, 100 mg flour sample was sus-
pended in 1 ml of 50% 1‐propanol, vortex stirred for 5 min, 
and centrifuged for 5 min at 12,000 × g. The supernatant was 
discarded, and the procedure repeated twice. The pellet was 
lyophilized, and crude protein content was determined with 
AACCI Approved Method 46.30.01. Insoluble polymeric 
protein percentage (IPP) was calculated by multiplying ni-
trogen values by a conversion factor of 5.7 and dividing by 
total flour protein (AACCI Approved Method 46‐19.01). 
Analyses were done in duplicate.

Quantity and polymeric composition were determined 
quantitatively using the extraction procedure described 
by Gupta, Khan, and MacRitchie (1993). Briefly, 20 mg 

sample was suspended in 1 ml of 0.05 M sodium phosphate 
buffer, pH 6.9, containing 0.5% SDS (w/v), and sonicated 
for 15 s at 10 W. The extract was centrifuged for 5 min at 
12,000 × g, and the supernatant filtered using a 0.45‐µm 
Spin‐X nylon centrifuge tube filter. The extract was ana-
lyzed by size exclusion chromatography using an Agilent 
1100 HPLC (Agilent Technologies, Palo Alto, CA, USA) 
equipped with a Biosep‐SEC‐s4000 column (300 × 7.8 mm, 
particle size 5 µm, pore size 500 Å) (Phenomenex, Torrance, 
CA, USA). Protein extract (20 μl) was loaded onto the col-
umn and eluted with 50% acetonitrile in water (v/v), con-
taining 0.05% (v/v) of trifluoroacetic acid. The column 
temperature was 40°C with a flow rate of 1.0 ml/min with 
a total runtime of 28 min. A variable wavelength detector 
set to 214 nm was used, and analysis was performed using 
the Agilent ChemStation software program. The chromato-
grams were manually integrated into two main peaks. The 
area of the first peak corresponds to polymeric proteins and 
the area of the second peak to monomeric proteins. The 
ratio of total polymeric protein (TPP) to total monomeric 
protein (TMP) was recorded and calculated as described 
by Larroque, Gianibelli, Batey, and MacRitchie (1997) and 
Gupta et al. (1993). Analyses were done in duplicate.

2.6.2  |  Gliadin and high/low molecular 
weight‐glutenin subunits
Gliadin patterns and HMW/LMW glutenin ratios were de-
termined by reverse‐phase‐high performance liquid chro-
matography (RP‐HPLC). Briefly, 100 mg of flour was 
stirred with 1 ml sodium iodate buffer (0.3 M sodium iodate 
and 7.5% isopropanol) (Fu & Kovacs, 1999) for 15 min and 
centrifuged for 5 min at 17,000 × g. The supernatant was 
filtered through 0.45 µm filter and analyzed as described by 
Waga et al. (2013). A Jupiter C18 column (250 × 4.6 mm, 
Phenomenex, Torrance, CA, USA) was used. Elution sol-
vents A and B were water containing 0.1% of trifluoroacetic 
acid (v/v) and acetonitrile containing 0.05% of trifluoro-
acetic acid (v/v), respectively. The linear gradient elution 
was 25% B to 50% B for 80 min, flow rate 1 ml/min, col-
umn temperature 70°C, detection at 210 nm, and manual 
integration of peaks using Agilent ChemStation software. 
Gliadin peaks were classified into four groups with reten-
tion times ranges between: (a) 20–26 min, ω‐gliadins; (b) 
26–31 min, β‐gliadins; (c) 31–40 min, α‐gliadins; and (d) 
40–60 min, γ‐gliadins. Analyses were done in duplicate.

2.7  |  Gluten preparation and analysis
For gluten extraction, soluble components of flour were 
washed with 2% NaCl solution (w/v), one sample at a time. 
The extraction was performed using a Glutomatic System 
(Model 2200, Perten Instruments, Huddinge, Stockholm, 
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Sweden), based on AACCI Approved Method 38‐12.02, with 
modifications. The settings used for the extraction varied ac-
cording to the experimental design. A sample of 10 g of flour 
was placed in the Glutomatic chamber, and 2% of NaCl solu-
tion (4.0, 4.4, or 4.8 ml) was added and mixed for 20 or 30 s, 
according to the treatment. Once the dough ball was formed, 
starch was washed out with 2% NaCl solution through a poly-
ester screen (88 µm) for 3, 4, or 5 min. Once the gluten was 
extracted, the uniaxial compression test was performed as 
described by Chapman et al. (2012) with modifications for 
soft‐type gluten. The gluten was centrifuged for 1 min, using 
a dummy gluten sample to balance the centrifuge, in order 
to shape the sample into a cylindrical form for analysis. The 
conditions of the test were sampling rate 100 ms, target force 
0.5 N, hold time start 0 s, velocity start 20 mm/s, target force 
compression 3 N, minimum distance 1 mm, target force re-
covery 0.2 N, recovery time 55 s, and velocity compression 
4 mm/s. The Gluten CORE analyzer recorded the height of 
the gluten as a function of time (Figure 1). At least five rep-
licates for each cultivar were obtained from independently 
washed flour samples. A light layer of mineral oil was applied 
to the plates to avoid stickiness. After completing the com-
pression–recovery test, the gluten sample was weighed and 
dried to estimate the wet and dry gluten content, expressed in 
14% moisture basis, and water binding capacity of the sam-
ples as described by AACCI Approved Method 38‐12.02.

2.8  |  Statistical analysis
Data were subjected to analysis of variance (ANOVA) using 
SAS version 9.4 (SAS Institute, Cary, NC, USA) to assess the 
effect of the initial amount of 2% NaCl solution, mixing and 
washing time of the dough on the extraction of gluten from 
wheat genotypes from different commercial classes. Mean 
comparison was performed by protected least significant dif-
ference test (LSD), and Pearson's correlation was performed 
between the proposed compression and recovery test and the 
standard methods used in Brazil to classify wheat according 
to its technological quality.

3  |   RESULTS AND DISCUSSION

3.1  |  Physicochemical and rheological 
characterization
The values of protein and traditional rheological properties of the 
three selected Brazilian wheat genotypes are reported in Table 
2. In Brazil, wheat and flour protein contents are expressed as 
dry basis (0% mb), thus the protein values are presented as 
both dry basis and 14% moisture basis (Table 2). The ranking 
by protein content was WT 09021 = BRS Pardela (average 
14.1% db/12.1%) <BRS Gaivota (14.7% db/12.6%) (p < 0.05). 
These protein levels are comparable to the high tier values of the 

2017 crop of hard red winter wheat (14.1% dry basis) from the 
United States (US Wheat Associates, 2017). Quantitative char-
acteristics are expressed by a large number of genes, which can 
be strongly influenced by the environment. Protein content may 
vary significantly depending on the environmental conditions 
(climate, soil, etc.) in which the grain is cultivated, as well as on 
genetic diversity (Panozzo & Eagles, 2000).

A normative instruction from the Brazilian Ministry of 
Agriculture, Livestock and Food Supply is used as a reference 
to classify wheat cultivars based on dough strength (alveo-
graph), stability (farinograph), and falling number into five 
classes: Improver; Bread; Domestic; Basic; and Other Uses 
(MAPA, 2010). For example, minimum values established 
for dough strength (≥300 W), stability (≥14 min), and fall-
ing number (≥250 s) need to be met for a wheat cultivar to be 
classified as Improver (MAPA, 2010). The three cultivars se-
lected in the first part of this study presented characteristics 
according to their class, except for BRS Pardela (Improver) 
with dough stability lower than the minimum norm require-
ment (8 min vs. 14 min). Overall, the value is within the ob-
served variation on Rio Grande do Sul and Paraná State, the 
main wheat‐producing states in Brazil which has higher vari-
ation in key flour characteristics compared to other adaptive 
regions in the country (Castro et al., 2016).

3.2  |  Protein characterization
Parameters of protein characterization of the three samples 
including HMW‐GS composition, glutenin/gliadin ratio, and 
gliadin composition of the wheat genotypes are reported in 

F I G U R E  1   Compression–recovery curves of gluten from three 
Brazilian wheat genotypes obtained with a Gluten CORE Analyzer, 
representing three classes: Basic, WT 09021l; Bread, BRS Gaivota; 
and Improver, BRS Pardela. Mean elastic recovery % after each 
cultivar name. Gluten extraction method: 4.4 ml of 2% salt solution, 
20 s mixing, and 3 min washing

Compression (3 N)
(5 s)

Recovery
(55 s)

BRS Gaivota – 27.5%

WT 09021 – 4.6%

BRS Pardela – 36.8%

Time (s)
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Table 3. Only the Improver sample (BRS Pardela) had the 
Glu‐D1 subunits 5+10 while the Basic (WT 09021) and Bread 
(BRS Gaivota) had HMW‐GS 2+12 at Glu‐D1. Cultivar BRS 
Gaivota has overexpressed Bx7 subunit (7OE+8) (Figure 2) 
and rye translocation 1BL/1R (Figure 3). Rye translocations 
were identified by the presence of an amplification product of 
382 bp (1AL/1RS) or 372 bp (1BL/1RS) using the molecu-
lar markers and positive controls TAM 107(1AL/1RS) and 
Siouxland (1BL/1RS). No amplification was observed in WT 
09021 and BRS Pardela (Figure 3).

It is well accepted that the variations in both quantity and 
quality of glutenin subunits strongly determine the variations 
in bread-making performance. Studies have shown that dough 

rheological properties are directly related to the amount and 
type of HMW‐glutenin subunits (Barak, Mudgil, & Khatkar, 
2013; Johansson et al., 2013; Veraverbeke & Delcour, 2002). 
Torres et al. (2008) analyzed the HMW‐GS profile of 83 
wheat genotypes from the Brazilian breeding program ob-
served the following proportions: Glu‐A1 = 2* (74.7%)>1 
(16.9%)>Null (8.4%); Glu‐B1 = 7+9 (47.0%)>7+8 
(26.5%)>17+18 (16.9%)>13+16 (8.4%)>7 (1.2%); Glu‐
D1 = 5+10 (55.4%)>2+12 (44.6%). Furthermore, Costa, 
Scholz, and Franco (2013) evaluating 16 Brazilian wheat 
cultivars observed that 81.3% and 18.7% of the samples pre-
sented the subunit 5+10 and 2+12, respectively, at the Glu‐
D1 locus.

T A B L E  2   Protein content and traditional rheological properties of Brazilian wheat genotypes representative of Basic, Bread, and Improver 
classes in Brazila

Genotypes 
Brazilian Wheat Class

WT 09021 
Basic

BRS Gaivota 
Bread

BRS Pardela 
Improver

Alveograph Protein (%)b 12.6/14.2 ± 0.1b 12.2/14.7 ± 0.2a 12.0/13.9 ± 0.1b

Dough strength (W, 10−4J) 154 ± 0.0c 257 ± 2.0b 332 ± 0.0a

Tenacity (P, mm) 54.0 ± 1.0c 67.0 ± 0.0b 84.0 ± 1.0a

Extensibility (L, mm) 180 ± 1.0a 150 ± 0.0b 167 ± 1.0c

Elasticity index (%) 34.9 ± 0.4b 50.1 ± 0.9a 50.5 ± 0.2a

Farinograph Peak time (min) 4.1 ± 0.1b 6.7 ± 0.9a 6.4 ± 0.1a

Stability (min) 2.70 ± 0.1b 5.2 ± 0.9b 8.0 ± 0.7a

Mixing tolerance index (UF) 71.0 ± 9.0a 42.0 ± 11.0ab 23.0 ± 2.0b

Falling number (s) 431 ± 8.0b 566 ± 3.0a 399 ± 1.0c
aMeans (n = 3 ± standard deviation) within a row followed by the same letter are not significantly different (p > 0.05). bProtein content, 14%/0% moisture basis. 

T A B L E  3   Protein characterization of three Brazilian wheat genotypes analyzed for high molecular weight‐glutenin subunit composition of 
locus Glu‐A1, Glu‐B1, and Glu‐D1, Glu‐1 quality score, total polymeric to monomeric protein ratio, insoluble polymeric protein and ratio of low to 
high molecular weight‐glutenin subunits and gliadin class compositiona

Genotypes 
Brazilian Wheat Class

WT 09021 
Basic

BRS Gaivota 
Bread

BRS Pardela 
Improver

Glutenin subunits Glu‐A1 1 2* 2*

Glu‐B1 17+18 7OE+8 17+18

Glu‐D1 2+12 2+12 5+10

Glu−1 Quality Scoreb 8 5 10

TPP/TMPc 0.84 ± 0.0a 0.66 ± 0.0c 0.78 ± 0.0b

IPP (%)d 39.6 ± 1.9b 43.3 ± 1.3ab 45.9 ± 3.3a

LMW‐GS/HMW‐GSe 2.6 ± 0.0a 1.6 ± 0.1c 2.1 ± 0.0b

Gliadin class (%) ω‐Gliadins 16.6 ± 0.3b 19.2 ± 0.3a 17.0 ± 0.4b

α/β‐Gliadins 35.3 ± 0.2a 34.9 ± 0.4a 33.7 ± 0.1b

γ‐Gliadins 48.2 ± 0.5a 45.8 ± 0.1b 49.3 ± 0.6a
aMeans (n = 2 ± standard deviation) within a row followed by the same letter are not significantly different (p > 0.05). bGlu‐1 Quality Score calculated as per Payne  
et al. (1987). cTPP/TMP = Total polymeric to total monomeric protein ratio. dIPP (%) = Percentage of insoluble polymeric protein. eRatio of low to high molecular 
weight‐glutenin subunits. 
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As observed by Barak et al. (2013), the presence of sub-
unit 2* and 5+10 subunits as found in BRS Pardela (Improver 
class) contributed significantly to improved bread quality 
of wheat. He, Liu, Xia, Liu, and Pena (2005) studying the 
effects of the subunits of each locus on gluten quality for 
bread-making also observed that the combinations 1, 7+8, 
5+10 contribute to improved quality of wheat genotypes. 
Overall, it has been demonstrated that subunit pair 5+10 is 
closely associated with better bread-making quality, whereas 
2+12 is associated with poor bread-making properties.

In wheat, the genes encoding HMW‐GS proteins are lo-
cated at the orthologous loci Glu‐A1, Glu‐B1, and Glu‐D1. 
Through genetic, breeding, and transgenic studies, the over-
expression of certain subunits (i.e., 1Dx5, 1Ax1, 1Bx7OE) was 
correlated with superior bread‐making quality (Dong et al., 
2010). The basic class sample WT 09021 presented subunits 

2+12, as did bread class cultivar BRS Gaivota, which also 
presented the overexpression of subunit 7 (Bx7OE), as con-
firmed in Figure 2. This is a likely explanation for the in-
creased dough strength observed in several parameters in 
Table 2.

Specific selections of these subunits in conventional and 
molecular breeding programs have contributed to the genetic 
improvement of bread-making quality in worldwide wheat 
production. When the Bx7 subunit is overexpressed (7OE+8) 
as a percentage of the total amount of HMW‐glutenin subunit 
present, this overexpression is associated with improvement 
of dough strength (Eagles, Hollamby, Gororo, & Eastwood, 
2002). However, this cultivar also had wheat–rye transloca-
tion (1AL/1RS), known to result in detrimental effects such 
as producing a sticky dough, with inferior dough‐mixing 
properties, and low SDS sedimentation volumes (Carver & 

F I G U R E  2   (a) Identification of high 
molecular weight–glutenin subunits (HMW–
GS) of three soft‐type Brazilian wheat 
genotypes using a Lab‐on‐a‐Chip. (b) Lab‐
on‐a‐Chip separation of PCR products using 
primer set for overexpression of subunit Bx7 
(7OE+8), with Glenlea as positive and Jagger 
cultivar as negative control
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Rayburn, 1995). These undesirable dough properties are par-
tially caused by the presence of ω‐secalins, a family of small 
monomeric rye proteins (Hussain & Lukow, 1994). Li et al. 
(2016) observed that the presence of 1RS arm increased pro-
tein, wet gluten and dry gluten content and water absorption, 
but it decreased gluten index and stability time of the dough, 
in addition to an increase in dough stickiness. Costa et al. 
(2013) observed that from 16 Brazilian wheat cultivars eval-
uated four genotypes (25%) presented the rye translocation.

The Glu‐1 quality score presented in Table 3 can partially 
explain the observations made for the technological properties 
of the cultivars used in this study. The Improver class BRS 
Pardela had the highest Glu‐1 quality score (10) of the three 
classes, while the lowest score was for the bread class (BRS 
Gaivota) due to a −3 penalty incurred due to the presence 

of the rye translocation. However, the quality score needs to 
be updated to take into account the overexpression of HMW‐
GS Bx7 (Bx7OE). The Glu‐1 quality score is an important 
approach to estimate the quality of a genotype based on its 
allelic composition. More research needs to be done to revise 
the scoring method to represent overexpression of HMW‐GS.

An important characteristic of gluten that determines the 
mixing time of dough is the size distribution of the gluten 
proteins. This consideration involves the ratio of monomeric‐
to‐polymeric proteins, and especially the size distribution of 
the polymeric proteins. The ratio of polymeric to monomeric 
proteins, that is, glutenin to gliadin ratio, observed in the 
three samples indicated a high concentration of monomeric 
proteins (ratio range 0.66 to 0.84), which explains their 
sticky behavior (Table 3). As known, monomeric gliadins 
are mostly responsible for the cohesiveness and extensibility 
characters in the gluten system, whereas polymeric glutenins 
are responsible for the elasticity and strength of gluten. The 
ratio of glutenins to gliadins controls the dough strength and 
extensibility (Khatkar, Fido, Tatham, & Schofield, 2002; 
Wrigley, Bekes, & Bushuk, 2006). Several researchers use 
glutenin to gliadin ratio to predict  bread-making quality and 
found it to be accurate and reliable. It is desirable to have 
a stable ratio of glutenin to gliadin for the purpose of good  
bread-making quality. However, glutenin to gliadin ratio is 
affected by environmental factors such as heat stress and soil 
fertility (Zhu & Khan, 2001) among other factors.

More than 45% of the gliadin present in the flours 
was γ‐gliadin, presenting the following concentration 
order γ‐gliadin (average 47.7%) > α/β‐gliadin (average 
34.6%) > ω‐gliadin (average 17.6%) (Table 3). These ob-
servations are in agreement with previous reports finding 
that α/β‐ and γ‐gliadins are major components, with ω‐gli-
adins occurring in lower proportions (Wieser & Kieffer, 
2001). According to Khatkar et al. (2002), the addition 
of gliadin and its subgroups to flour changes the mixog-
raph properties increasing the resistance breakdown of the 
dough (RBD). Within gliadin subgroups, RBD values in-
creased in the sequence ω‐ <γ‐ <α‐ <β‐gliadins. Khatkar 
and collaborators also pointed out that addition of glia-
din subgroups (α‐, β‐, and γ ‐gliadins) increased the peak 
dough resistance of the base flour to a greater extent than 
gluten and ω‐gliadin addition.

3.3  |  Gluten extraction
Due to the low polymeric to monomeric protein ratios pre-
sent in the Brazilian wheat genotypes, the wheat was soft 
with sticky gluten. In order to prevent the clogging of the 
Glutomatic sieve, the gluten extraction method required ad-
justments to decrease stickiness of the samples. The method 
developed by Chapman et al. (2012) was used as guide and 
the variables such as amount of 2% NaCl solution added to 

F I G U R E  3   Identification of rye translocation in Brazilian 
wheats. (a) SDS‐PAGE analysis presence of rye secalin: (1) Molecular 
weight markers, (2) TAM 107 (positive control), (3) Chinese Spring 
(negative control), (4) Rye flour (positive control), (5) WT 09021, 
(6) BRS Pardela, and (7) BRS Gaivota. (b) Lab‐on‐a‐Chip separation 
of PCR products using primer set for: 1AL/RS (Tam 107), 1BL/RS 
(Siouxland), WT 09021, BRS Pardela, and BRS Gaivota
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wet the flour, mixing and washing times were systematically 
varied in a preliminary study.

From preliminary experiments, these observations were 
made: (a) 2% NaCl solution addition for best gluten forma-
tion of 10 g sample was in the range of 4.0 to 4.8 ml; (b) time 
of mixing greater than 30 s resulted in a sticky dough which 
adhered to the sieve of the chamber, preventing the passage 
of the 2% NaCl solution to wash the sample; and (c) washing 
time greater than 3 min overmixed the gluten, resulting in a 
sticky mass difficult to wash. The best eight conditions for 
gluten extraction among the 54 treatments (3 (genotypes) × 3 
(2% NaCl solution) × 2 (mixing time) × 3 (washing time) 
are reported in Table 4. These treatments yielded acceptable 
performance in extracting the gluten and the separation of 
its elastic recovery property using the Gluten CORE method 
(Table 4). The treatment with the lowest CV% for all the three 
Brazilian genotypes (5.8%, 8.8% and 7.0% for Improver, 
Bread and Basic class, respectively) was selected for the val-
idation test.

The proper amount of NaCl solution is essential for hy-
dration and gluten development. Glutenin and gliadin ab-
sorb about twice their weight in water, less water results in 

suboptimal gluten development by reducing protein mobility, 
while too much water reduces gluten development by diluting 
the proteins and affecting their interaction. Water absorption 
is important for changing flow regimes in batters or flour sus-
pensions, affecting the final product quality (Barrera et al., 
2013).

The wet gluten for use in Gluten CORE test can be ob-
tained easily and quickly (3:20 min), directly from flour, 
using the Glutomatic system and the test to obtain the elastic 
recovery takes one min. Figure 1 shows examples of compres-
sion–recovery curves for gluten extracted from each cultivar 
evaluated using 4.4 ml of 2% NaCl solution, 20 s of mixing 
and 3 min of washing. The gluten was shaped in the centri-
fuge and subjected to the described method with a compres-
sion force of 3 N for a hold period of 5 s. Elastic recovery is 
defined as the ratio of the height at final recovery over initial 
height before compression, times 100 to convert to percent-
age. As presented in Table 4, the elastic recovery ranged from 
a low of 4.6% for the experimental line or Basic class culti-
var (WT 09210) to 36.8% for Improver class cultivar (BRS 
Pardela). These values are comparable to the U.S. Soft White 
cv. Stephens with a degree of elasticity (elastic recovery) of 

T A B L E  5   Correlation coefficient (r) between rheological and protein characterization of wheat flour obtained from three  
wheat cultivars used in developing the gluten extraction and elastic recovery methodsa

ERa DSb TEc EXd STe ABf DTg MIh TBi FNj TPk MWl WGm DGn

DS 0.988 (p = 0.000)

TE 0.957 (p = 0.000) 0.989 (p = 0.000)

EX −0.630 (p = 0.069) −0.525 (p = 0.147) −0.398 (p = 0.289)

ST 0.963 (p = 0.000) 0.977 (p = 0.000) 0.983 (p = 0.000) −0.411 (p = 0.272)

AB −0.846 (p = 0.004) −0.910 (p = 0.001) −0.960 (p = 0.000) 0.126 (p = 0.746) −0.942 (p = 0.000)

DT 0.895 (p = 0.001) 0.823 (p = 0.006) 0.745 (p = 0.021) −0.859 (p = 0.003) 0.783 (p = 0.013) −0.546 (p = 0.129)

MI −0.955 (p = 0.000) −0.972 (p = 0.000) −0.953 (p = 0.000) 0.520 (p = 0.152) −0.930 (p = 0.000) 0.876 (p = 0.002) −0.757 
(p = 0.018)

TB 0.988 (p = 0.000) 0.998 (p = 0.000) 0.9848 (p = 0.000) −0.526 (p = 0.145) 0.979 (p = 0.000) −0.907 (p = 0.001) 0.822 
(p = 007)

−0.980 
(p = 0.000)

FN 0.056 (p = 0.887) −0.078 (p = 0.843) −0.221 (p = 0.568) −0.807 (p = 0.009) −0.194 (p = 0.618) 0.482 (p = 0.189) 0.434 
(p = 0.244)

0.056 
(p = 0.887)

−0.072 (p = 0.855)

TP −0.475 (p = 0.196) −0.344 (p = 0.365) −0.207 (p = 0.594) 0.961 (p = 0.000) −0.259 (p = 0.502) −0.062 (p = 0.875) −0.779 
(p = 0.013)

0.332 
(p = 0.383)

−0.352 (p = 0.353) −0.888 (p = 0.001)

MW −0.623 (p = 0.074) −0.514 (p = 0.157) −0.385 (p = 0.306) 0.999 (p = 0.000) −0.402 (p = 0.283) 0.114 (p = 0.770) −0.852 
(p = 0.004)

0.517 
(p = 0.154)

−0.519 (p = 0.152) −0.815 (p = 0.007) 0.965 
(p = 0.000)

WG −0.817 (p = 0.007) −0.890 (p = 0.001) −0.945 (p = 0.000) 0.094 (p = 0.810) −0.914 (p = 0.001) 0.992 (p = 0.000) −0.503 
(p = 0.168)

0.852 
(p = 0.004)

−0.882 (p = 0.002) 0.509 (p = 0.161) −0.101 
(p = 0.796)

0.078 
(p = 0.842)

DG −0.780 (p = 0.010) −0.878 (p = 0.002) −0.934 (p = 0.000) 0.071 (p = 0.856) −0.895 (p = 0.001) 0.987 (p = 0.000) −0.463 
(p = 0.209)

0.869 
(p = 0.002)

−0.876 (p = 0.002) 0.523 (p = 0.149) −0.137 
(p = 0.726)

0.060 
(p = 0.879)

0.989 
(p = 0.000)

WHo −0.819 (p = 0.007) −0.888 (p = 0.001) −0.943 (p = 0.000) 0.103 (p = 0.792) −0.915 (p = 0.001) 0.987 (p = 0.000) −0.516 
(p = 0.155)

0.839 
(p = 0.005)

−0.878 (p = 0.002) 0.500 (p = 0.170) −0.086 
(p = 0.826)

0.085 
(p = 0.828)

0.998 
(p = 0.000)

0.977 
(p = 0.000)

Note. Nine observations per variable.
aElastic recovery using gluten extraction method 4.4 ml of 2% NaCl solution, 20 s of mixing and 3 min of washing. bDough strength. cTenacity. dExtensibility.  
eDough stability. fWater absorption. gDevelopment time. hMixing tolerance index. iTime to breakdown. jFalling number. kTotal polymeric to total monomeric  
protein ratio. lRatio of low to high molecular weight‐glutenin subunits. mWet gluten. nDry gluten. oWater holding capacity. 
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5% and Soft Red Winter cv. Roane with 31.8% (Chapman et 
al., 2012). The low percent of elastic recovery from the Basic 
class suggested that even a lower compression force will be 
advised for this class of wheat. This topic would be addressed 
in a follow‐up study where the genotypes representing the 
Basic class will be weighed out by the production regions 
in Brazil and a larger sample size will be used. This report 
represents the first time that soft‐textured gluten wheats from 
Brazil are studied comparing its rheological properties.

The cultivar containing the 5+10 subunit pair 
at Glu‐D1 presented the highest recovery capacity 
(Improver > Bread > Basic), which is in agreement with re-
ports by several authors (Barak et al., 2013; He et al., 2005; 
Hernández‐Estrada, Rayas‐Duarte, & Figueroa Cárdenas, 
2017; Hernández‐Estrada, Rayas‐Duarte, Figueroa, & 
Morales‐Sánchez, 2014; Zhao et al., 2010). The Basic and 
Bread wheat classes presented the same allelic composition 
in Glu‐D1 (2+12); however, they have different alleles of 
Glu‐B1 (17+18 and 7OE+8, respectively). The overexpres-
sion of subunit 7 (7OE) is known to improve the rheological 
characteristics of the cultivar, which explains the better elas-
tic recovery of Bread class over Basic (Dong et al., 2010; 

Eagles et al., 2002). However, the Bread class also has the 
wheat–rye translocation (1BL/1RS), which is detrimental to 
the strength of the gluten and may have ended up balancing 
with the overexpression of the protein.

Our results are in agreement with previous research of 
gluten samples presenting HMW‐GS Glu‐A1 1 and 2* with 
similar viscoelasticity behavior (Hernández‐Estrada et al., 
2017; Hernández‐Estrada et al., 2014). According to the 
mentioned authors, loaf volume was higher in lines with 
Glu‐B1 17+18 than 7+8 and Glu‐D1 5+10 than 2+12. In 
the Glu‐D1 locus, good quality is especially associated with 
the 5+10 pair of subunits compared with the poor quality al-
lelic subunits 2+12. The subunits 5+10 also presented lower 
wet gluten content but higher dough stability to mixing when 
compared to 2+12, in agreement with the observations in the 
present study (Tables 2 and 4).

Overall wet gluten, dry gluten, and water bind-
ing capacity from the samples followed the ranking 
Basic > Bread > Improver throughout all the samples and 
within each treatment variations (Table 4). Wet and dry glu-
ten and water holding capacity had significant and strong 
negative correlation (r = −0.876 to −0.943; p < 0.001) 

T A B L E  5   Correlation coefficient (r) between rheological and protein characterization of wheat flour obtained from three  
wheat cultivars used in developing the gluten extraction and elastic recovery methodsa

ERa DSb TEc EXd STe ABf DTg MIh TBi FNj TPk MWl WGm DGn

DS 0.988 (p = 0.000)

TE 0.957 (p = 0.000) 0.989 (p = 0.000)

EX −0.630 (p = 0.069) −0.525 (p = 0.147) −0.398 (p = 0.289)

ST 0.963 (p = 0.000) 0.977 (p = 0.000) 0.983 (p = 0.000) −0.411 (p = 0.272)

AB −0.846 (p = 0.004) −0.910 (p = 0.001) −0.960 (p = 0.000) 0.126 (p = 0.746) −0.942 (p = 0.000)

DT 0.895 (p = 0.001) 0.823 (p = 0.006) 0.745 (p = 0.021) −0.859 (p = 0.003) 0.783 (p = 0.013) −0.546 (p = 0.129)

MI −0.955 (p = 0.000) −0.972 (p = 0.000) −0.953 (p = 0.000) 0.520 (p = 0.152) −0.930 (p = 0.000) 0.876 (p = 0.002) −0.757 
(p = 0.018)

TB 0.988 (p = 0.000) 0.998 (p = 0.000) 0.9848 (p = 0.000) −0.526 (p = 0.145) 0.979 (p = 0.000) −0.907 (p = 0.001) 0.822 
(p = 007)

−0.980 
(p = 0.000)

FN 0.056 (p = 0.887) −0.078 (p = 0.843) −0.221 (p = 0.568) −0.807 (p = 0.009) −0.194 (p = 0.618) 0.482 (p = 0.189) 0.434 
(p = 0.244)

0.056 
(p = 0.887)

−0.072 (p = 0.855)

TP −0.475 (p = 0.196) −0.344 (p = 0.365) −0.207 (p = 0.594) 0.961 (p = 0.000) −0.259 (p = 0.502) −0.062 (p = 0.875) −0.779 
(p = 0.013)

0.332 
(p = 0.383)

−0.352 (p = 0.353) −0.888 (p = 0.001)

MW −0.623 (p = 0.074) −0.514 (p = 0.157) −0.385 (p = 0.306) 0.999 (p = 0.000) −0.402 (p = 0.283) 0.114 (p = 0.770) −0.852 
(p = 0.004)

0.517 
(p = 0.154)

−0.519 (p = 0.152) −0.815 (p = 0.007) 0.965 
(p = 0.000)

WG −0.817 (p = 0.007) −0.890 (p = 0.001) −0.945 (p = 0.000) 0.094 (p = 0.810) −0.914 (p = 0.001) 0.992 (p = 0.000) −0.503 
(p = 0.168)

0.852 
(p = 0.004)

−0.882 (p = 0.002) 0.509 (p = 0.161) −0.101 
(p = 0.796)

0.078 
(p = 0.842)

DG −0.780 (p = 0.010) −0.878 (p = 0.002) −0.934 (p = 0.000) 0.071 (p = 0.856) −0.895 (p = 0.001) 0.987 (p = 0.000) −0.463 
(p = 0.209)

0.869 
(p = 0.002)

−0.876 (p = 0.002) 0.523 (p = 0.149) −0.137 
(p = 0.726)

0.060 
(p = 0.879)

0.989 
(p = 0.000)

WHo −0.819 (p = 0.007) −0.888 (p = 0.001) −0.943 (p = 0.000) 0.103 (p = 0.792) −0.915 (p = 0.001) 0.987 (p = 0.000) −0.516 
(p = 0.155)

0.839 
(p = 0.005)

−0.878 (p = 0.002) 0.500 (p = 0.170) −0.086 
(p = 0.826)

0.085 
(p = 0.828)

0.998 
(p = 0.000)

0.977 
(p = 0.000)

Note. Nine observations per variable.
aElastic recovery using gluten extraction method 4.4 ml of 2% NaCl solution, 20 s of mixing and 3 min of washing. bDough strength. cTenacity. dExtensibility.  
eDough stability. fWater absorption. gDevelopment time. hMixing tolerance index. iTime to breakdown. jFalling number. kTotal polymeric to total monomeric  
protein ratio. lRatio of low to high molecular weight‐glutenin subunits. mWet gluten. nDry gluten. oWater holding capacity. 



178  |      MONTAGNER SOUZA et al.

with elastic recovery, dough strength, stability, and time to 
breakdown (Table 5). This area needs more research since it 
may suggest that the water holding capacity of these geno-
types is in the high tier, thus influencing gluten texture and 
performance. In general, wet and dry gluten are used as an 
estimation/guide of grain/flour protein quantity and qual-
ity when other methods are not available (Ross & Bettge, 
2009).

3.4  |  Compression–recovery test versus 
rheological standard methods
Correlations of the compression–recovery test with the rheo-
logical standard methods used in Brazil are reported in Table 
5. The gluten was extracted by adding 4.4 ml of 2% NaCl 
solution, 20 s of mixing, and 3 min of washing. The time 
involved in the test starting from flour is under 5 min com-
pared to minimum 20 min with other standard tests. There 
were significant and strong correlations of elastic recovery 
with parameters from the official methods used in Brazil to 
classify wheat according to their technological quality, ex-
cept for falling number test (Table 5). There were also sig-
nificant and strong negative correlations with wet and dry 
gluten and water holding capacity (Table 5). Falling number 
is an indication of the soundness of wheat and the values of 
the set of samples all were much higher than 350 s confirm-
ing that it was sound (Table 2). These values are in the very 
high end and will be interpreted as having no problems of 
precipitation or wet conditions at the end of the growth cycle, 
before harvesting.

The rheological properties of dough are critical in 
food manufacturing. The results of dough rheological 

characteristics are shown in Table 2. The significant correla-
tion between alveograph dough strength and elastic recov-
ery measured by Gluten CORE analyzer is understandable, 
since dough strength is directly related to the degree of elas-
ticity measured by texture analysis; that is, more elastic glu-
ten would have a greater snap back, or degree of recovery 
during an axial compression and relaxation test (Chapman 
et al., 2012).

Observing a satisfactory correlation within the proposed 
method (Gluten CORE) and the official methodologies used 
for commercial classification of wheats, 44 wheat samples 
composed of 12 genotypes grown in two locations in Brazil 
presenting different climate were used for a preliminary vali-
dation test of the method (Table 6). Medium to highly signifi-
cant correlations were observed between the proposed method 
and the rheological standard methods used in Brazil to clas-
sify the wheat genotypes (alveograph and farinograph), with 
exception of falling number (r = −0.225; p‐value = 0.141). 
The parameter dough strength (r = 0.710; p = 0.000) and sta-
bility (r = 0.826; p = 0.000), which are the actual parameters 
used for the commercial classification, presented satisfactory 
correlation with the elastic recovery properties presented by 
the wheat genotypes (44 samples).

More studies with an increased number of samples that 
possess a range of technological quality are needed to con-
firm the results reported here. There is also a need to evalu-
ate a dedicated method for genotypes with the lower end of 
elastic recovery using the Gluten CORE. This study reports 
for the first time the comparison of the possible use of rheo-
logical properties of gluten in sample with a soft‐type gluten 
with normative parameters in Brazil. Gluten elastic prop-
erties successfully separated the three classes of wheat and 

T A B L E  6   Correlation coefficient (r) between elastic recoverya and standard empirical rheological properties used in Brazil for commercial 
classification of wheat obtained from validation with 44 samples from 12 wheat cultivars grown in two different locations

Method Parameter Lowest value Highest value Average
Correlation 
coefficient (r) p‐Value

Alveograph Dough strength (10−4J) 149 368 209 0.710 0.000

Tenacity (mm) 37 96 59 0.558 0.000

Extensibility (mm) 65 217 118 −0.293 0.053

Elasticity index (%) 43.5 70.3 54.6 0.688 0.000

Farinograph Dough stability (min) 3.63 18.87 5.38 0.826 0.000

Water absorption (%) 56.7 64.5 60.5 0.059 0.706

Development time 
(min)

4 16.33 5.6 0.811 0.000

Mixing tolerance index 
(B.U.)

14 62 38 −0.420 0.005

Time to breakdown 
(min)

6.77 24.03 9.43 0.793 0.000

Falling number (s) 237 504 367 −0.225 0.141
aGluten extraction method: 4.4 ml of 2% NaCl solution, 20 s of mixing, and 3 min of washing. 
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have potential to be used in breeding programs and quality 
control in the industry.

4  |   CONCLUSIONS

A rapid method (under 5 min) for analyzing Brazilian wheat 
genotypes was developed using 10 g of flour in a Gluten 
CORE suitable for analysis of early generation breeding lines 
and quality control. The best conditions for gluten extraction 
and analysis were obtained by adding 4.4 ml of 2% NaCl so-
lution to wet the flour before the mixing step, 20 s of mixing 
and 3 min of washing with NaCl solution (2%). Using these 
settings to extract the gluten, the method was able to differ-
entiate three commercial classes of Brazilian wheat based on 
their elastic recovery properties, showing a strong correlation 
(r) with standard methods used to classify wheat according to 
its technological quality (dough strength = 0.988 and dough 
stability = 0.963). The preliminary test of validation using 44 
samples, with different rheological characteristics grown in 
different regions of Brazil (south and southeast), presented 
satisfactory results when correlated (r) with standard meth-
ods used in Brazil to classify wheat genotypes (alveograph 
dough strength and farinograph dough stability; r = 0.710 
and 0.826, respectively), with exception of falling number. 
More studies are needed using a larger number of samples 
with different characteristics for a better understanding of 
wheat class separation that applies to especially soft‐type 
genotypes.
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