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CHAPTER |

INTRODUCTION

Statement of problem

Inconsistency of wheat end user quality traits has long been a problem ifog mill
and baking industryWheat breeders can improve the variation of the overall end-use
quality of cultivars through evaluation and selection. The quality of pan bread in the
baking industry is mainly related to dough characteristics. Gluten protéia isgjor and
most crucial component of dough associated directly with bread quality. Dough and
gluten have a complex viscoelastic behavior. It has been long known that glutgn most
consists of glutenin which provides its elastic properties and gliadin which glaje on
its viscous behavior. Rheological assessments have been commonly appligchtpr tes
the viscoelastic properties of dough and gluten, and correlations have been found with
product quality for breadmaking. Flour quality is mostly determined at teorperature
except for baking. The structure of gluten protein is affected by the brkmadnmaocess.
There are, however, only a few fundamental studies on the gluten behavior using creep
and recovery tests, particularly at high temperature. Heat durimgehdmaking process
plays a key role in denaturation of the structure of wheat gluten protein. Misttoe
properties of gluten can be affected by temperature during processingprifbemation
and the irreversible changes in the viscoelasticity of gluten have roflllse

understood. Many studies have shown the alteration of the



physicochemical gluten properties when processed at temperature hagh2btc. The
viscoelastic properties of gluten are reliably characterized by rhealogeasurements.
Therefore, the dynamic measurements and retardation tests (creeparedy method)

are good candidates to distinguish the gluten quality in wheat varieties agbcalr
measurements, the use of gluten is easier compared to the use of dough in rheological
measurement mainly due to determining the optimum absorbance of dough which is time
consuming. There are various methodologies to test wheat quality for breedirgnmso

and for the baking industry. Empirical and rheological tests (small and lgayendé&on)

are the most common measurements used for determining and monitoring wheat qualit

Purpose of study

The aims of this study were to 1) discriminate commercial hard re@@nwheat
viscoelastic properties of gluten associated with an effect of tempeeatdr2)
differentiate commercial and breeder lines of hard red winter whea¢pies from
creep-recovery, extensibility tests and gluten content compared withotnatlivheat
quality testing.

Objectives
1) To evaluate differentiation of the commercial hard red winter wheat flour
properties using a creep-recovery test of gluten at temperaturasg fmgn 25 to

55°C

2) To discriminate the commercial hard red winter wheat flour properties by using

the gluten creep-recovery test, farinograph, baking, and dough extensgsiity t



3) To compare explanation of the variance by traditional measurements with glute
creep-recovery, gluten extensibility and glutomatic tests of two setstdr

wheat sample properties grown in 2008 and 2009

Hypothesis

Viscoelastic properties of gluten can improve the separation of differences in
flour quality when analyzed at temperature higher than the 25°C. The creepryeabv
gluten using two different stresses at 40 and 100 Pa and extensibility of doughtand gl
content can also improve the explanation of commercial and breeder lines floutipsoper
and can be used as indicators of quality. This may improve the discrimination of

differences in quality of flour samples.

Assumptions

Heat treatment affects viscoelastic properties of gluten by disruptngdjgulfide
bonds and changing hydrogen bonds and non-polar hydrophobic interactions. Heat
increases the kinetic energy by causing vibration of the moleculedfaats$ ghe forming
and reforming of gluten bonds. The breakdown of secondary covalent and non-covalent
bonds can affect the viscoelastic behavior of gluten. Depending on the intrinsidipsoper
of gluten and its interactions with other components, the quality of wheat flour can be
distinguished when tested with a creep and recovery test with temperatenel eiet

experiments.

Parameters obtained from creep-recovery, extensibility anoihgdtic tests can

explain wheat flour properties more than traditional wheat quality testing.s#iame



that testing wheat flour samples with creep-recovery, extensihilitygautomatic tests

can improve a variation among hard red winter wheat samples.



CHAPTER Il

LITURATURE OF REVIEW

Gluten quality

Gluten protein plays an important role in food products by altering the firmness
and texture of the end product especially in bakery goods like bread, cookies, and cakes.
The main components that make up gluten are gliadins, glutenins and other minor
components like lipids (3.5-6.8%), minerals (0.5-0.9%), and carbohydrate
(7.0-16.0%) (Song and Zheng, 2007). The quality of pan bread is usually explaieéd bas
on the viscoelastic properties of dough and gluten. Strong gluten flour wilehaigher
elasticity and lower viscosity (Khatkar et al., 1995; Song and Zheng, 2007¢. driee
numerous factors that will affect the gluten quality based on its solubiirgotability,
structure, and physical formation. The end-use product quality is highblated with
the genetic background in each wheat variety (Wang et al., 2004). It is welisbstz
that both the variety and environment where the wheat is grown will influence thiy quali
of gluten. Pentosans are important fiber components in cereals. They havddiedriae
dough-handling and baking performance (Delcour et al., 1991; Michniewicz et al,, 1991
Wang, van Vliet et al., 2004). It has been proposed that pentosans affect thd phgsica

chemical properties of gluten (Wang, van Vliet et al., 2004).



The proposed physical effects on gluten are to influence viscosity and tiogattra
between protein particles. The latter one most likely is due to the charged derdlin
pentosans (Wang, van Vliet et al., 2004). Among the proposed chemical effects are the
influence of ferulic acid molecules which regulated the aggregation einghund the
tendency of the glutenin macro-polymer (GMP) gel to aggregate (Wamylied et al.,
2004). The influence of water un extractable solids (WUS) on gluten formulation
revealed that wheat with WUS decreased gluten and starch yield andéacgbatenin

macro-polymer (GMP) gel formation (Wang et al., 2003).

Tensile test is used to evaluate the viscoelastic properties of a sampla whe
certain amount aftretch is appliedThe strength of the gluten can be used to evaluate the
gluten quality. Tschoegl et al. (1970) evaluated the strength of gluteppbying a
pulling force to the sample to pull upward at a steady speed until ite@acrupture
point. Based on the deformation of the sample, it was concluded that strong gluten will
have a higher elastic deformation compared to weak gluten (Tschoegll®78l). The
guality of wheat gluten can be investigated by various approaches; however, tidre is
no evidence indicating which method is the most suitable measurement for each

application.

Rheological properties of gluten

A number of aspects of wheat quality have been studied for several decades
including gluten and dough characteristics in reference to mixing and baking
functionality. Although important advances in knowledge have been made, many

challenges remain to be addressed, such as an understanding of the basic me€hanism



interactions of gluten components and its unique functional properties. The composition
of gluten is well established with major components being glutenin and gliadin (49.1%
and 30%, respectively) and minor components being lipids (3.5-6.8%) minerals (0.5-
0.9%), and carbohydrate (7.0-16.0%) (Song and Zheng, 2007). But it is the three
dimensional structure formed by gluten polymeric and monomeric proteins thakemas be
attributed to dominate the fundamental mechanical properties and thus the degree of
suitability for specific applications of different flours. The propertieglofen measured
under dynamic rheology in the linear viscoelastic region have revealecedites in
elasticity and viscosity of wheat with a wide range of strength (ekiag to weak) and
baking potential (good and poor) (Khatkar and Schofield, 2002). Dynamic rheological
properties of gluten can describe the structure formed and the relationstopdssang
parameters of dough, in particular G’ (elastic modulus) to baking propertietkéiKlaad
Schofield, 2002). Examples of factors affecting the structure include theedefy
crosslinking in the gluten. As the high degree of gluten crosslinking appeais, i
increase the G’ and decrease G” (loss modulus) (Mirsaeedghazi et al., 2008)

Glutenins and gliadins are the two major storage proteins responsible fortyiscosi
and elasticity of dough and gluten (Song and Zheng, 2007). The ratio of gliadinfgluteni
and high molecular weight/low molecular weight (HMW-GS/LMW-GS) havenbee
proposed to explain the gluten viscoelastic properties (Popineau et al., 1994). Itrhas bee
widely accepted that protein aggregation and size distribution are affgcted HMW-

GS present in glutenin (Song and Zheng, 2007). Also, an increase of elastic plateau

modulus of gluten network is induced by the aggregation of glutenin (Popineau, Cornec



et al., 1994). While, gliadins provide the viscosity when the hydrated gluten isdorm

(Wieser, 2007).

Rheological assessments

The viscoelastic properties of dough have been extensively analyzed and
manipulated in order to obtain the most suitable properties for baking process.
Fundamental rheological properties can be analyzed by applying a langalor
deformation to viscoelastic mass gluten over time (Dobraszczyk and MageB803).
Various parameters are obtained to identify gluten properties sucless strain,
stiffness, modulus, viscosity, hardness, and strength of gluten. However, this émtalam
assessments have some challenges such as the high price of the instrument, long
experimental time, skills on using the instrument, and difficulty in the irg&oon of

data (Dobraszczyk and Morgenstern, 2003).

Many rheological measurements commonly applied to wheat measurengents a
small and large deformation, shear creep and stress relaxation, largeadeior
extensional test, small deformation dynamic shear oscillation, and flow \@sgom
depending on the demanded parameters. In a creep and recovery test, ares=aidy st
applied to the dough or gluten and the elastic and viscous responses are obtained. Tensile
test, Simon Research Extensometer, Brabender Extensigraph, Kieffer cougjhtan
extensibility rig are classified as large deformation extensioqedranents which are the
most commonly tests (Dobraszczyk and Morgenstern, 2003). During the large

deformation extensional tests, a force is applied to stretch the rhatetia graph of



force versus distance is obtained. However, the extension test cannot provide any

rheological responses in stress, strain or viscosity.

I nfluence of high temperature on gluten

Almost all processes such as mixing, sheeting, extrusion, drying, and cooking in
baking industry involve heat. The viscoelastic properties of gluten duringreéaahénts
and its thermal stability have been studied as it relates to their potentraluate
differences in gluten quality (Kovacs et al., 2004). The gluten thermoitstainiti the
ratio of insoluble glutenins to total monomeric proteins (gliadins and low molecular
weight-glutenin subunits) have been reported as potential indicators of flour quality
evaluation (Kovacs, Fu et al., 2004). Low ratios of monomeric to insoluble glutenin
decreased the thermostability of gluten and therefore affectedutiee gkrength
(Kovacs, Fu et al., 2004). The same authors also reported that allelic variatitiM¥\6f
GS were independent of the gluten thermostability and most of the dough and/or gluten

strength tests.

Conformation and molecular size of gluten protein also can be modified by heat
treatment during the baking process (Hayta and Schofield, 2004). In addition, the
aggregation and extractability of gluten can be altered by exposing gitéedmperature.
High temperature affects protein aggregation by decreasing tlaetexkitity of gluten
protein (He and Hoseney, 1991; Schofield et al., 1983). In terms of the aggregation and
extractability properties, in high breadmaking quality flours, there isteehmggregation
and lower extractability than those of a low breadmaking quality. Also, heat inthgéces

development of intermolecular covalent bonds related to higher aggregation of ¢éme glut



structure in strong gluten (Wieser, 2007). The gluten qualities fromehtferheat

varieties associated with heat was studied by Hayta and Schofield (200« Gdated

at temperatures reaching 70 to°@caused decrease of Sodium Dodecyl Sulfate (SDS)
extractability and increase of sulphydryl (SH) and disulphide (SS)snidayta and
Schofield, 2004). The same authors suggested that non-covalent and covalentinteracti

of gluten might have been affected by heating.

10



CHAPTER Il

DISCRIMINATION OF VISCOELASTIC PROPERTIES OF COMMERCIAHARD
RED WINTER WHEAT GLUTEN BY USING CREEP-RECOVERY TEST AT

DIFFERENT TEMPERATURES

Abstract

Gluten quality is one of the most desired characteristics in the production of pan
bread in the baking industry. An effective characterization of wheat glutergdwaating
using rheological methodology can reveal important practical and basictpséithis
important component. Six commercial flour samples (hard red winter type) and bne sof
red cultivar (Stephens) varying in protein content were studied. Vistoglagperties of
the isolated gluten were measured at 25, 35, 45 and 55°C using a creep and recovery test
to separate the viscous flow and elastic recovery components of the gluten end wer
illustrated in Principal Component Analysis (PCA). The total explainednaiaf PCA
was 88.1% which was mainly contributed by time constant of creep (TCC),
%recoverability (RCY) and delta compliance (J-Jr). This suggestS&ftRCY and
TCC can be good candidates for a combined index of viscoelastic propertiegnf glut

J-Jr and TCC of gluten were highly correlated and were the main contribfitbesfirst

11



principal component explaining 64% of the variance. TCC and RCY appeared to be the

main contributors in the second principal component.

12



Bi-plot of PCA depicted the different gluten samples according to tetape@nd

viscoelastic parameters. The gluten at 25 and 35°C were grouped andcuoaeligted

with RCY; while, the gluten samples at 45 and 55°C were strongly associatei.to S
Stephens separated from the hard red winter wheat and was highly corcel&@¥l t

when exposed to 25 and 35°C. In contrast, when Stephens was subjected to 45 and 55°C,
it was highly correlated to TCC and J-Jr. Creep and recovery may effecepyate the
change of viscoelastic properties as affected by temperature. Thus, it caubdisatial

tool for quantitative evaluation of processing quality performance of flour sample

Keywords. Temperature, creep and recovery compliance, rheological properties, wheat

gluten, viscoelasticity
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1. Introduction

Gluten protein is an important component of dough associated with bread quality
(Attenburrow et al., 1990) since wheat quality is correlated to the #trehgrotein
interactions, such as protein-protein and protein-starch interactions (lK&im2004). In
bread manufacturing process, heat is involved during the processing withaamger
ranging from 30 to 260°C (Cuq et al., 2000). During baking, the physicochemical gluten
properties were weakened (Kolpakova et al., 2007). The temperature effects on the
viscoelastic properties showed that high energy was required to destéimlihydrogen
and hydrophobic interactions (Feng et al., 2010). The temperature used during baking
affects the chemical bonds of all the components (hydrophobic bonds, sulfhydryl and
disulfide groups), thus heat dynamically changes the viscoelastic pespErthe dough
and gluten (Hayta and Alpaslan, 2001). Hydrophobic interactions are formed by non-
polar side chains of amino acids and in general all proteins contain about 30 to 50% non-
polar amino acids (Scheraga et al., 1962). Scheraga et al. (1962) explained that the
hydrophobic interaction increased as the temperature increased up to about 60°C and
affected the stabilization of protein structure. Besides the hydrophobic tidesac
covalent disulfide bonds and non-covalent hydrogen bonds are predominant bonds that
destabilize the gluten protein conformation during heating (Tatham and Shewry, 1985)
When exposed to temperature above 45°C, the interaction between glutenins ansl gliadi
are weakened by decreasiirgheeto-helix and hydrogen bonds (Yada, 2004). When
heating the gluten from 30 to 90°C, a number of irreversible crosslinks weredfatme

50°C which affected mainly the glutenin structure (Schofield, Bottomley et al.).1983
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Gliadins and glutenins, two main gluten components, are responsible for
viscoelastic properties of gluten (Apichartsrangkoon, 2002). It is widelpded that the
elastic properties of gluten are mainly provided by glutenins; whilst, theugsc
properties of gluten are chiefly exhibited by gliadins (Xu et al., 200€yeép and
recovery test was introduced by Bloksma (1962) applying a constant skearastd
shear strain and measuring creep and recovery compliance as a functian (@ftang
Zaidel et al., 2008).0One of the predominant factors of the viscoelasticilytehgs
temperature which can be analyzed by using creep recovery, stressaelaxdiynamic
oscillatory measurements (Hayta and Schofield, 2005; Mirsaeedghazi)-Bijpaneh et

al., 2008; Schofield, Bottomley et al., 1983).

Dynamic oscillatory test at 0.01 to 10 Hz (frequency) revealed thahdeputen
at temperature up to 90°C for 6 hours caused higher increase of G’ and G” compared to
unheated and heated (30min) gluten samples (Apichartsrangkoon, 2002). Itrhas bee
reported that when heating gluten from 25 to 90°C for 20 min, a decrease in free
SH-groups, surface hydrophobicity and extractability of gluten was fdtathppoulos
et al., 2008). These authors also reported a decreasedofrédio of G’ / G”) and a large
reduction at 60°C by using a temperature sweep test (Attenburrow, Baaiesl 990).
Creep measurement using cone and plate geometry by stressing ates0sRavin that
the elastic component (G’) of gluten was lower in heating at 30 and 50°C conpdfed t
and 90°C (Hayta and Schofield, 2005). Heating gluten beyond 90°C causes an increasing
in G’ and decreasing in G” (Attenburrow, Barnes et al., 1990; Hayta anglafp2001;
Hayta and Schofield, 2004). The possible explanation was the formation of a highly

crosslinked gluten structure and induction of the molecule mobility at tetapetagher
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than 90°C (Attenburrow, Barnes et al., 1990). The comparison between good (Hereward)
and poor (Riband) breadmaking quality wheat showed that Hereward had less SDS
extractability and more SH-SS content than Riband cultivar after heated up tao70°C f

15 min (Hayta and Schofield, 2005). In the report of Hayta and Schofield (2005),
frequency sweep test with gluten heated between 30 to 50°C revealed a decrease of
elastic modulus. After heating gluten between 70 to 90°C, they found an increase of
compliance in creep test (Hayta and Schofield, 2005).These authors compa@aithe
(Hereward) and poor (Riband) wheat cultivars in creep test by increasitegrtherature

from 30 to 90°C and both cultivars revealed similar result in creep complidayga

and Schofield, 2005).

Schofield et al. (1983) reported on after exposing winter wheat gluten to heat
between 55 and 75°C, gluten was denatured and decreased its baking perforhance. T
same study showed that gluten extractability of sulphydryl groups in SD tuafs
decreased. However, there is limited information on the effect of tempecatuhe
viscoelastic properties of gluten from flours of different protein contents asingep
and recovery test. Therefore, the objective of this study was to evaldaterdifition of
the commercial hard red winter wheat flour properties using a creepeny test of

gluten at temperatures ranging from 25 to 55°C.
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2. Materialsand method
2.1 Materials
Six commercial hard red winter wheat flours and one commercial soft resr wint

wheat (Stephens) flour sample were studied.

2.2 Experimental

2.2.1 Gluten preparation

Wet glutens were isolated by washing 10 g of flour with 2% NaCl solution (w/v)
for 10 minutes from using a Glutomatic 2200 instrument (Perten Instruments, Sweden).
The wet glutens were analyzed in two replicates with coefficient aftiar less than

10% within the replicates.

2.2.2 Creep and recovery test of gluten

Creep and recovery tests were conducted following the method described by
Yeap (2008). In brief, the gluten obtained from the Glutomatic was immidialied
into a ball-shape and relaxed (2.5 kg top plate and 2.5 mm space between the plates) for
an hour at room temperature. A 25 mm disc gluten sample was obtained by using a metal
die and transferred to the lower plate of a constant stress rheometer (AR1000, TA
Instruments, New Castle, DE) and re-trimmed to fit in the 25 mm paralleliplaered
to the 2.5 mm gap. To prevent moisture loss during the test, mineral oil was applied to the
edge of the gluten. The gluten sample was covered with a chamber and kept surrounded
by a saturated water atmosphere. During this test a constant 50@$%a) was used for
100 s which deformed the gluten (viscous response) followed by a release ofsthéostre
measure its elastic recovery. The temperature was controlled at 25, 35, 45, and 55°C |
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each test with a peltier plate. The analysis was performed in two repligdh
coefficient of variation between replicates less than 10%. Five responsesivained:
Separation time (SeP), Delta compliance (J-Jr), % Recoverability)(R@Gne Constant
Creep (TCC), and Time Constant of Recovery (TCR). Separation time (Seééhtifed
when creep compliance and recovery curves diverged using semi-logaritbtaic pl
J-Jr was calculated by subtracting the recovery compliance fr@créep compliance at

100 seconds. RCY was obtained by using the equation

( Creep compliance — Recovery compliance

* 100 ) at 100 seconds. TCC and TCR are time (S)

Recovery compliance
of the creep and recovery compliances at 63.2 percent of its final (asympthie) va
J-Jr and TCC reflect the viscous properties of gluten. SeP, RCY, and TCRanegas
that reflect the elastic behavior of gluten. The less viscosity of gluexpressed, the
stronger gluten will be. On the other hand, the more elastic property of gluterniddreds

strong gluten (Yeap, 2008).

2.2.3 Statigtical analysis

Analysis of variance was performed using the GLIMMIX procedurditftal
Analysis System, SAS Institute Inc., Cary, NC). The effect of teatpe and flour types
(protein content) on the viscoelastic variables and the interactions wérateda
Principal Component Analysis (PCA) using Canoco for Windows 4.5 (Biometrig, Pla
Research International, Wageningen, the Netherlands), factor analysgishe
FACTOR procedure (Statistical Analysis System, SAS Institute Cary, NC) and

Pearson correlation using the CORR procedure were also conducted.
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3. Results and discussions

The list of abbreviations and definitions studied is presented in Appendix 1 and

Table 1. Protein, moisture, and ash content of the flour samples are reported in Table 1.

3.1 Viscoelastic properties

Separation time (SeP)

The time at which the recovery curve separates from the creep swetned as
SeP. A representation of the gluten viscoelastic properties usingosatr@eecovery
procedure at 25, 35, 45 and 55°C is illustrated in Fig. 1. Significant temperatute effec
were observed in viscoelastic variables of all gluten samples excé&® {& = 0.1329,
Table 2). The effect of each temperature on viscoelastic propertiagei glso showed
in table 3. It was observed that temperature at 25°C was not affected théagtscoe
variables of gluten (P = 0.4013, Table 3). There was a significant interactiogepetw
temperature and flour types on SeP (P < 0.05). Figure 2 shows interaction graphs
between flour types and temperatures on each viscoelastic variable. ThéussRwva
45°C in almost all gluten samples significantly increased except for A32ads B
observed in Fig. 2a (P = 0.72 and 0.99, respectively, Table 4a, Appendix 1 and Table 2).
After 45°C, the SeP values in all of glutens decreased to 55°C (P < 0.05, Tabtp2, Fi
Appendix 1 and Table 2). SeP illustrates the gluten chain entanglements suictcily
related to molecular weight (Nielsen and Landel, 1994). These authors exphaittobt
higher molecular weight, the higher SeP will be at high temperaturesé@Niahd Landel,
1994). The longer SeP, i.e., at 45°C creep and recovery compliance curves stayed

superimposed, the more chain entanglement has occurred compared to 25°CKBig. 1).
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example, Al had the highest SeP from 35°C to 45°C (a change of 140.9%, Appendix 1
and Table 2) suggesting higher chain entanglements formed compared to oh¢hees
samples. The increase in SeP (elasticity) when exposed to 45 and 55°C compmoed to
temperature (a change of 302.6%, Appendix 1 and Table 2) could be explained in part by
the unfolding of gluten structure and formation of entanglements with othenglut

molecules (Lavelli et al., 1996).

Delta compliance (J-Jr)

J-Jr is the difference between the creep and recovery compliance at 100L3. (Fig
J-Jr values were significantly affected by temperatures and flour sa(fpte0.01, Table
2 and 3). There was also a significant interaction between temperature arséfiqules
(P <0.01). High values of J-Jr mean low elasticity and high viscosity beh&temhens
and A3 had more viscous and less elastic behavior compared to the rest of samples
(Appendix 1 and Table 2). At temperature from 35 to 45°C, J-Jr of A2, A3 and Stephens
significantly increased by 60.9, 76.1, and 42.9%, respectively (Table 4a, Appendix 1la
Table 2). It was agreed that heating above 50°C induced crosslinks in ghukimgan

an increase in G’ (Schofield, Bottomley et al., 1983).

Recoverability (RCY)

Flour types significantly affected RCY of gluten samples (P < 0.0001, Babple
while there was no significant interaction between temperature and proteantcont
At 25 °C, the RCY was not significantly affected; however, it signifigagdicreased
from 35 to 55°C (P < 0.05) (Table 5b, Appendix 1 and Table 2). These observations

agree with literature reports of the decrease in the elastic behagiotex when gluten
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was heated at 30 to 50°C and tested by using creep test (Hayta and Schofield, 2005).
However, Song Y. (2007) reported that temperature at 20 to 40°C does not alter the
mechanical behavior particularly in irreversible changes in disulfide bondistenhgThe
RCY (elastic recovery of gluten) decreased with temperature andragde have a non-
linear response (Fig. 2c¢). A3 and Stephens showed a low RCY and a reduction of 20%

and 23.9% elastic recovery, respectively from 25 to 55°C (Appendix 1 and Table 2).

Time constant of creep (TCC)

TCC is described as the time that it takes the gluten sample to achieve 62.3% of
its equilibrium and is related to viscosity. Shorter TCC represents &gigibrium
(higher viscosity) compared to longer TCC. TCC of Stephens and Al were not
significantly affected by temperature (P = 0.7509 and 0.3963, respectively ae®Jabl
TCC was significantly affected by flour sample (P < 0.05) (Table 3). Wasean
interaction between the temperature and flour samples on TCR (P < 0.05). Gluten TCC
increased at temperature of 55 °C (Appendix 1 and Table 2). This suggested high values
of TCC means reach equilibrium longer time. However, all gluten sampleswer
significantly different when subjected to temperature at 55°C except for Aanéd B3
(Table 4b). TCC of all gluten samples tended to increase after expo$gtx
(Appendix 1 and Table 2) while the tendency of the TCR decreased when theateneper

increased (Appendix 1 and Table 2).

21



Time constant of recovery (TCR)

Shorter TCR means faster equilibrium (high elasticity) compared to longer
equilibrium. Significant effects of temperature and flour types on TCRignifisant
interactions between temperature and flour protein content were observed i@ Table
and 3 (P < 0.05). The results suggested that gluten at 55°C reached equilibangesat |
times compared to temperature at 25°C (Fig. 2e). TCR of all gluten nasiafgased
when exposed to 55°C (Appendix 1 and Table 2); however, only A3 was significantly
different at 55°C (Table 4b). The study on the extraction of 5+10, 17+18 and triple null
of glutenin subunit in SDS was reported that the glutenin amounts from alladypes
subunit at 70°C were lower than at 20°C and the glutenin contents were differert in eac
subunit (Lefebvre et al., 2000). They concluded that the effect of temperature on glute
depended on the subunit composition (Lefebvre, Popineau et al., 2000). Stephens showed
the greatest change with 56.9% decrease in TCR from 25 to 55°C (Appendix 1 and Table
2). The results showed that Stephens was different from others in TCC and FCRB; Se
Jr, and RCY (Fig. 2). Thus, the viscoelastic properties from creep-rgdegeican

differentiate gluten behavior from hard and soft red winter wheat.

3.2 Principal component analysis (PCA), factor analysis, and Pearson

correlations

The five variables explaining the viscoelasticity of gluten samples sudgjected
to PCA, using the PRINCOMP procedure by SAS. The contribution of each variable to
the explained variance of the two principal components is reported in Table 7 and

Figure 3. The advantage of PCA is the visualization of the relationshig&®tw
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parameters and samples (Dobraszczyk and Salmanowicz, 2008). The bi-plot of PCA
illustrates the correlation of parameters. The parameters thdbseg@ each other are
closely correlated to each other; whereas, the parameters that oppositedtheaare
negatively associated. Besides, the parameters that i@ &ch other are independent.
The most important contributors for explaining the variation are the paramgtetae
highest magnitude and closest to PCL1. Fig. 3, PCA results indicated 88.1% of the total
variation accounted for the first two principal components (Table 7). The explaine
variances of first and second principal components were 64.0% and 24.1%, respectively
(Table 7 and Fig. 3). The first principal component (PC1) was highly cadeldth J-Jr

and TCC which are variables associated with viscosity properties of @hiter8 and
Table7). The association of J-Jr and TCC was supported by the Pearsatioar(ek

0.91, P <0.01, Table 6). The second principal component (PC2) was mainly associated
with SeP and TCR (Table 7 and Fig. 3).A distant third major contributor to the first
principal component was gluten %Recoverability whose contribution to variance to PC1

was 66% (Table 7)

Two groups of samples were separated in the PCA bi-plot (Fig. 3). First, the
hard red winter flour samples were separated from the soft red winter sgnopleed on
the right hand side of the plot) (Fig. 3). This suggests that their viscoglasgterties are
quite different from the hard wheat samples. Second, each group of samplesdhard a
soft red winter) was separated into two major groups according to theréeompeat
which the analysis was performed (Fig. 3). Samples analyzed at 25 and 38°C wer
associated mainly with RCY and slightly related to TCR (Fig. 3). Inrasijtthe samples

analyzed at 45 and 55°C were mainly associated with SeP, TCC and J-JveH®2e
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subjected at 35°C was closely related to the sample analyzed at 45 and 55°C (Fig. 3).
This suggests that B2 exposed to 35°C had properties more similar to the samples
subjected to 45 and 55°C. Stephens was highly associated with TCR when analyzed at 25
and 35°C and was correlated with TCC and J-Jr when analyzed at 45 and 55°C (Fig. 3).
These results suggest that at 45 and 55°C, Stephens appeared to be independent or
weakly associated with SeP. SeP was negatively correlated to TCR)(Higorganic
polymers, the separation time is associated with the entanglement of tmepoly
molecules (Heddleson et al., 1994). The Pearson correlation also showed thaashare w
highly (negatively) significant correlation between RCY and TCC-(.87, P < 0.01

and Table 6). A negative correlation of RCY and J-Jr was also observe® @% P <

0.01 Table 6). Thus, as the value of J-Jr increases (more flowable gluten(iXhe R

decreases (lower gluten stiffness).

The factor analysis using the principal component definitions as factors supporte
the PCA results in that J-Jr and TCC were strongly correlated to therfirsipal
component (Table 8). The final communality estimates for J-Jr and TGCOO@# and

0.97, respectively, accounting for 42.7% of the total communality (Table 8).

4. Conclusion

This study of gluten from seven commercial flour samples revealed thali,overa
significant changes in gluten rheological properties occurred at 45°C-26°45the
glutens become more flowable (increased viscosity) and less stifeédect elasticity).
The time constant of creep and recovery assisted in the differentiatiarterf gkehavior.

Gluten viscosity reached the equilibrium slower at 55°C than 25°C; while, glutéo elas
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behavior reached the equilibrium faster at 55°C than 25°C. Two distinct groups were
easily separated according to their association with the changes ofisheglastic
properties at 25 to 55°C. At 25 and 35°C, the gluten was distinctively elastic while at 45
and 35°C, the glutens were highly associated with separation time (entantgeand

highly associated with their viscous component. Gluten from soft flour was easily
separated from the hard flour and their associations with the viscous and elastic

component parameters were different.
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Table 1. Proximate analysis of flours (means £ SD, n=2).

Wheat type Flour Protein (%) Moisture (%) Ash (%)

Hard wheat Al 7.95+0.05 11.69+0.02 0.29 £0.01
A2 11.19+0.07 10.51+0.03 0.38 +£0.01
A3 13.68 £0.02 10.14 +0.02 0.41 £ 0.00
Bl 10.40+0.10 12.54 +0.02 0.47 £ 0.00
B2 10.59 +0.07 12.57 +£0.00 0.48 £0.01
B3 11.38+£0.01 12.98+0.04 0.58 £ 0.01

Soft wheat Stephens 11.40 +0.0 11.77 +0.00 0.65 +0.00

SD = standard deviation.
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Table 2. Analysis of variance for viscoelastic properties of gluteatettavith

temperature

Samples
Al A2 A3 B1 B2 B3  Stephens
Variables Num DFa 3 3 3 3 3 3 3
Den DF° 24 24 24 24 24 24 4
SeP F Value 8.96 7.49 2.06 6.91  3.48 5.41 1055.47
Pr>F 0.0004 0.001 0.1329 0.0016 0.0315 0.0055 < .0001
J-Jr F Value 6.40 20.48 94.63 598 6.10 9.71 46.02
Pr>F 0.0024 <.0001 <.0001 0.0034 0.0031 0.0002 0.0015
TCC F Value 1.03 10.12 27.79 416 8.33 5.32 0.42
Pr>F 0.3963 0.0002 <.0001 0.0166 0.0006 0.0059  0.7509

TCR F Value 30.53 2150 21.56 14,60 17.48 14.93 17.20
Pr>F <.0001 <.0001 <.0001 <.0001<.0001 <.0001 0.0095

& Numerator Degree of Freedom.

® Denominator Degree of Freedom.
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Table 3. Analysis of variance for viscoelastic properties of glutensintemperature

Values
Variables Temperature’c) NumDF® DenDF® FVaue Pr>F

SeP 25 6 24 1.08 0.4013
35 6 24 6.11 0.0005
45 6 24 30.13 <0.0001
55 6 24 13.31 <0.0001
J-Jr 25 6 19.49 28.93 <0.0001
35 6 19.49 31.46 <0.0001
45 6 19.49 91.32 <0.0001
55 6 19.49 144.25 <0.0001
TCC 25 6 19.43 5.32 0.0022
35 6 19.43 6.04 0.0011
45 6 19.43 12.21 <0.0001
55 6 19.43 14.55 <0.0001
TCR 25 6 19.52 23.19 <0.0001
35 6 19.52 16.91 <0.0001
45 6 19.52 8.86 <0.0001
55 6 19.52 531 0.0021

& Numerator Degree of Freedom.

P Denominator Degree of Freedom.

28



Table 4a. Least Squares Means of temperature x flour sample for theagsicqaloperties of gluten using a creep and recovery test

25 and 35 °C 35and 45 °C 45 and 55 °C
Esti- t Esti- t Esti- t
Variables | Samples | mate SE® DF® Value Pr>ltl  AdjP | mate SE? DF® Value Pr>ltl AdjP | mate SE® DF® Value Pr>ltl Adj P
Al 556 2681 24 -207 0.0491 0.1905 -8.19 2681  243.06c 0.0054 0.0261] 842 2.681 24 314  0.0044 0.0215
A2 208 2681 24 0.78 04451 08643 -11.58 2.681 24 .32-4 0.0002  0.0013| 456 2681 24 1.7 0.102 0.3455
A3 317 2681 24 -118 0.2486 0.6433 -2.82 2681 241.05  0.304 0.7221| 056 2681 24 021  0.8354 0.9966
B1 006 2681 24 0.02 09812 1.0000 -1059 2.681 24 .95-3 0.0006 0.0031| 753 2681 24 281  0.0097 0.045
B2 579 2681 24 -216 0.0412 0.164 -0.77 2.681 24 290 0.7776  0.9917| -1.54 2681 24 -057  0.5715 0.939
B3 033 2681 24 -0.12 0.9022 0.9993 -9.17  2.681  243.42- 00022 0.0113 670 2.681 24 25 0.0198 0.0858
SeP Stephens | 0.00  0.018 4 0.04 09671 1.0000 -0.83  0.018 4  45.3<0.0001 <0.0001 0.86 0.018 4 471 <0.0001  <0.0Q01
Al -0.18 0.09517 24 -1.87 0.0738 0.27f3 -0.03 0.09512Z4 -0.29  0.7719  0.9909 -0.21 0.09517 24  -2.2 0.03750.1625
A2 -0.03 0.09517 24 -031 0.7565 0.9889 -0.28 0.0951Z4 -2.96 0.0068  0.0395 -0.34 0.09517 24  -3.6 0.014 0.0108
A3 0.13 0.09517 24 135 0.1889 0.5442 -0.90 0.09517 24951 <0.0001 <0.000] -0.48 0.09517 24 -501 <@O0 0.0006
B1 0.03 0.09517 24 0.32 07506 0.9881 -0.11 0.09517 241.11  0.2782  0.6887] -0.26 0.09517 24  -2.7 0.0126 .066%
B2 -0.09 0.09517 24 -094 0.3543 0.7816 -0.19 0.0951Z4  -1.96 0.062 0.2423 -0.09 0.09517 24  -0.9 0.3757 0.8036
B3 -0.05 0.09517 24 -051 0.6135 0.9552 -0.13 0.0951Z4  -1.33 0.197 0.5591] -0.29 0.09517 24 -3.07  0.00530.0319
J-Jr Stephens | -0.50 0.3170 4 -1.58 0.1885 0.4185 -1.40 0.3170 44.42- 0.0115 0.0019] -1.48 0.3170 4  -467  0.0095 1200

& Standard Error.
P Degree of freedom.
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Table 4b. Least Squares Means of temperature x flour sample for the \8cq@iaperties of gluten using a creep and recovery test

25and 35°C 35 and 45 °C 45 and 55 °C
Esti- t Esti- t Esti- t
Variable | Samples | mate  SE* DF® Value Pr>tl  AdjP | mate SE®  DF® Value  Pr>ltl AdjP | mate SE* DF® Value Pr>ltl Adj P
Al 089 07825 24 -1.14 02665 06723 066 0.7825 240.84  0.4090  0.8346 -0.98 0.7825 24 -1.25 0.2246 O07B6
A2 059 07825 24 -0.76 04572 0.87B0 -0.07 0.7825 240.09 09285  0.9997| -3.22 0.7825 24 -412  0.0004 .003B
A3 -0.05 0.7825 24  -0.07 0.9447 09999 -3.19 0.7825 244.08  0.0004  0.0039] -2.83 0.7825 24 -3.62  0.0014 .01GB
B1 019 07825 24 024 0.8138 0.9951 -0.28 0.7825 240.35- 0.7264  0.9843] -2.12 0.7825 24 -2.71  0.0122 6450
B2 -0.02 07825 24 -0.03 09793 1.0000 -2.16 0.7825 242.76  0.0110  0.0591] -1.01 0.7825 24 -1.29  0.2098 .58721
B3 023 0.7825 24 029 0.7748 09912 -0.15 0.7825 240.20 0.8469 09973 -2.36 0.7825 24 -3.01  0.0060 .033D
TCC | Stephens | 1.27 3.1293 4 041 07058 09767 -1.72 31293 4 55-0. 0.6119  0.9454| -1.74 31293 4  -055  0.6088 0.9440
Al 0.61 01993 24 304 0.0056 0.0386 0.63 0.1993 24 153. 0.0043  0.0269| 057 01993 24 2.84  0.0091 0.0506
A2 -0.02 01993 24 -0.10 0.9188 0.9996 1.02 0.1993 24513 <0.0001 0.0004 0.22 01993 24 1.09  0.2865 0070
A3 057 01993 24 284 0.0091 0.053 0.40 0.1993 24 99 1. 0.0577  0.2291| 059 01993 24 296  0.0068 0.0397
B1 001 01993 24 007 0.9426 0.9999 073 0.1993 24 65 3. 0.0013  0.0096| 0.33 01993 24 1.67  0.1069 0.3663
B2 0.63 01993 24 316 0.0042 0.0265 0.28 0.1993 24 40 1. 0.1749  05173| 050 0.1993 24 253  0.0183 0.0905
B3 035 01993 24 1.76 0.0909 0.3246 0.61  0.1993 24 07 3. 0.0053  0.0318| 022 01993 24 110  0.2831 0.6955
TCR Stephens | 0.95 0.6188 4 153 01997 0.4399 2.08 0.6188 4 3.370.0281  0.0173| 0.89 0.6188 4 1.44  0.2229 0.4923

& Standard Error.

P Degree of freedom.
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Table 5. Analysis of variance for %Recoverability (RCY) of glutengedeaith
temperature

a) Least Squares Means of temperature

RCY  Temperature(°’C) Estimate Error DF®  tValue Pr<ltl

25 81.74 0.5928 27.3 137.88 <0.0001
35 80.08 0.5928 27.3 135.09 <0.0001
45 76.40 0.5928 27.3 128.88 <0.0001
55 69.09 0.5928 27.3 116.55 <0.0001

b) Differences of temperature Least Squares Means Adjustment fopMulti
Comparisons: Tukey

RCY  Temperature(°C) Estimate Error DF* tValue Pr<litl

25and 35 1.65 0.8384 27.3 1.97 0.2224
35 and 45 3.68 0.8384 27.3 4.39 0.0008
45 and 55 7.31 0.8384 27.3 8.72 <0.0001

@ Degree of freedom

31



Table 6. Pearson’s correlation coefficients of the viscoelastic prepeitigluten

SeP J-Jr RCY TCC TCR
SeP 1
J-Jr -0.35**
RCY -0.81**
TCC -0.31* 0.91** -0.87** 1
TCR -0.58** 0.51** 0.58** 1

*Correlation is significant at = 0.05 level.
**Correlation is significant at = 0.01 level.
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Table 7. Explained variance (%) in Principal Component Analysis (PCA) of \astice

properties of gluten

Variables PC (%) PC1 PC2 1+2

Axes 64.0 24.1 88.1
SeP 27.0 51.0 78.0
J-Jr 88.8 3.06 91.8
RCY 65.9 27.4 93.3
TCC 93.0 3.58 96.5

TCR 45.0 35.7 80.7
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Table 8. Factor analysis of viscoelastic properties of gluten

Variables Factor 1 Factor 2 Final Communality

3.19 1.23 4.41
SeP -0.51 -0.73 0.79
J-Jr 0.94 -0.17 0.92
RCY -0.81 0.52 0.93
TCC 0.96 -0.19 0.97
TCR 0.67 0.60 0.81
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Fig. 1. An example of creep and recovery behavior of wheat gluten (sampd¢ A2)
difference temperatures. The compliance of creep and recovery at J08send
the viscous and elastic component of gluten, respectively. Delta compliaice (J-
is the difference between compliance of creep and recovery at 100 s. The highe
J-Jr, the more viscous the gluten. The time at which the creep and recovery
components split is called separation time (SeP) and it represents tite elast
component.
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CHAPTER IV

VARIATION IN GLUTEN VISCOELASTICITY, DOUGH EXTENSIBILITY,
FARINOGRAPH AND BAKING PROPERTIES AMONG COMMERCIAL HARD
RED WINTER WHEAT

Abstract

Some parameters describing the quality of wheat flours can be estimated by
empirical and fundamental rheological measurements. Baking perfornsasroe of the
most important tests in flour quality and a good approximation of its predictiog
rheological properties of gluten and dough has been explored. Six commeitiaddar
winter wheat flours were analyzed. Gluten viscoelasticity, dough estiégsdough
mixing properties, baking properties, and flour protein were analyzed to evtiea
discriminatory ability of explaining the variance using principal porent analysis.
Creep and recovery tests were conducted using shear stresses of 40 and It#hRd. W
the variables were included 79.1% of the variance was explained. The differeneepof
and recovery compliance (J-Jr) and maximum resistance to extension (Renexthe
largest contributors to the explained variance. Flour protein (FP), loaf volume ght hei
were independent of the viscoelastic properties. An improvement of 5.7% of the total
explained variance was obtained when using FP, LV, extensibility and vistioela
properties at 100 Pa (83.8% total explained variance). This suggests that improved

explained variance can be obtained using a creep-recovery test, extertsion tes
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LV and FP. A similar approach needs to be validated with larger number of samples.

Keywords. Rheological properties, correlation, gluten and dough properties,

creep-recovery test, principal component analysis.
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1. Introduction

Gluten protein is a key component in dough providing its unique viscoelastic
characteristics which are a result of the interactions of disulfidepplgdbic, and
hydrogen bonds (Wieser 2007). Studies of gluten protein and dough rheological
properties suggested that dough strength and glutenin molecular siedsgindy
correlated (Branlard 1985). Gupta et al. (1993) studied the effect of defigént hi
molecular weight -glutenin subunits (HMW-GS) and low molecular weighegiat
subunits (LMW-GS) on dough and gluten properties. They found that the absence of Glu-
1 or Glu-3 HMW-GS affected to the amount of extractable and unextractgimetein
(Gupta et al., 1993).

Rheological measurements, from both empirical and fundamental methods have
been widely applied to discriminate breadmaking performance in order totpgnealic
product quality (Dobraszczyk and Morgenstern, 2003). Farinograph and extensibility
tests are empirical measurements relatively simple to operatgi¢altiaboratories and
do not require highly skilled labor (Dobraszczyk and Morgenstern, 2003). However,
empirical measurements are insufficient to describe fundamental pesgertd cannot be
extrapolated to rheological parameters, e.g. stress, strain, apparentyisotike
fundamental rheological test (Dobraszczyk and Morgenstern, 2003).

Traditionally, empirical measurements have been used to assess tlalphysi
properties of wheat dough on mixing properties measured by a farinograph and
extensibility behavior investigated by an extensigraph. However, the ethjaamameters
from empirical tests are inadequate to interpret baking quality (Wanguem@@2).

A study on the prediction of bread quality using farinograph and extensograph cdnclude
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that the baking quality has low relationship with the physical dough tests (@hder
Allen, 1992). Kieffer et al. (1998) introduced an extensibility test by usiradler
amount of flour sample compared to extensigraph. The examination of micro-
extensibility dough test demonstrated a high correlation with bread performaeces
of loaf volume (Kieffer et al., 1998) and baking volume (Zaidel and Yusof, 2010).

Creep and recovery test has been used for studying rheological properties of
wheat dough since 1930 before it was applied for measuring gluten protausi(tl,
1962). The gluten creep and recovery measurement with applied shear stress of 250 Pa
showed a high correlation between bread volume and maximum recovery strain
combined with sedimentation value, and water absorption parameter (Bockistdgle e
2008). From another study, Wang and Sun (2002) investigated flour-water doughs with a
creep and recovery technique by using dynamic mechanical analyzer (DN&Y). T
reported a high relationship of bread loaf volume and maximum recovery stilain wi
dough at 54% water absorption (Wang and Sun, 2002). However, more studies are
needed regarding the gluten creep and recovery measurements and thleticaoto
breadmaking quality. The purpose of this study was to discriminate the coalrhard
red winter wheat flour properties by using the gluten creep-recovéryamsograph,

baking, and dough extensibility test.
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2. Materialsand Methods

2.1 Materials

Six commercial hard red winter wheat flours with protein content rangong fr
7.95 t013.68% were studied. The samples were identified as Al through A3 and B1

through B3 (Table 1).

2.2 Experimental

2.2.1 Gluten preparation
Gluten was obtained from the flour samples using a Glutomatic 2200 (Perten
Instuments, Sweden). Half (0.5) ml of 2% salt solution was mixed for 60s before the

isolation of gluten from 10 g flour samples with 2% NaCl solution (w/v) for 6 min.

2.2.2 Dough preparation

Dough was prepared following the method of Kieffer et al. (1998). Briefly, flour
samples were mixed in a Farinograph to obtain a dough consistency of 600 Brabende
Unit (BU) with 2% salt solution (w/v). At the consistency peak (600 BU) otthree,
the dough was retrieved, gently shaped into a roll, and transferred to the Teflayf form
the Kieffer rig provided by Texture Technologies (TA.XTPIlus, Texturénelogies
Corp., Scarsdale, NY/Stable Micro Systems, Godalming, Surrey, UK). Mineveoi
added to avoid excessive sticking. The dough was clamped and relaxed for 40 min in a

water saturated environment at room temperature.
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2.2.3 Creep and recovery test of gluten

The creep and recovery method was followed according to Zhao (2010) and Yeap
(2008). The procedure for gluten creep and recovery test was followed abetescr
materials and methods section of Chapter Ill. The test was perforrnvea ebnstant
shear stresses of 40 and 100 Pa for 100s. The analysis was performed in twogeplicate

The coefficient of variation between replicates was less than 10%.

2.2.4 Extensibility of dough

After the dough was rested in the Teflon form for 40 minutes inside a plagtic ba
with wet tissue, it was unclamped and the mold was gently opened. The dough strips
were placed on the Texture Analyzer plate. A Kieffer Dough Extensibigitywas used in
the Texture Analyzer TA-XT2 (TA.XTPIlus, Texture Technologies Corp., 8abes
NY/Stable Micro Systems, Godalming, Surrey, UK). A trigger force of 1 g and 4.8 mm/
test speed were used. The dough strength (maximum resistance to extensign, Rma
dough extensibility (extensibility at maximum resistance, Emax), ankl kequired to
extend the dough to Rmax (Area) were obtained from the tracing of the curves to
evaluate gluten quality. The analysis was performed on two samples and 10@absam
with coefficient of variation between subsamples less than 10%.

2.2.5 Farinograph parameters

Farinograph tests were performed according to Ambardekar (2009) and approved
method 54-21 (AACC International 2000). Flour samples were mixed at 63 rpm and
30°C in a Farinograph-E equipped with 10 g bowl (C.W. Brabender Instruments,

Hackensack, NJ). For mixing properties of flours were obtained: 1) development tim
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(DT); 2) stability time (ST); 3) breakdown time (BT); and 4) water gitgmr adjusted to
14% protein content (WA).

2.2.6 Baking test

Baking tests were performed following the methods described by Ambardekar
(2009). Wheat flour samples (100 g) were baked using an optimized straight-dough
procedure of approved method 10-10B (AACC International 2000). The dough was
mixed in a 100-g mixer (Swanson-Working pin-type, National Mfg. Co. TMCO Inc,
Lincoln, NE) and the optimum baking mixing times were obtained from various baking
trials. Bread quality was identified by measuring five responses: doughhmigbit
(PH), loaf height (LH), loaf volume (LV), oven spring (OSP), and specific volume (SV).
The heights of dough proof (PH) and loaves (LH) were measured by using bplapfa
height gauge (National Mfg. Co. TMCO Inc, Lincoln, NE). The loaf volume (W¥3
obtained by rapeseed displacement after baked samples were removed from tedove
cooled for 10 min. The OSP was defined by subtracting proof heights from loaf height.
The ratio of loaf volume to the loaf weight was obtained for specific volume (SV).

2.2.7 Statistical analysis

The parameters were analyzed with Principal Component Analysis (PCA) and
Pearson correlation (P < 0.01 and 0.05). Principal Component Analysis was performed
using Canoco for Windows 4.5 software (Biometris, Plant Research International
Wageningen, the Netherlands). Pearson correlation was performed by tike COR

procedure using Statistical Analysis System (SAS Institute lacy, GIC).
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3. Resultsand discussion

The flour samples were characterized in term of protein, moisture, and ash (%),

and reported in Table 1.

3.1 Principal component analysis
1) Loading plot of first two principal components based on viscoelastic, mixing,

extensibility, and baking properties of six commercial wheat flours (Fig. 1 and Table 2)

The relationships of viscoelastic properties using constant shear s#éssral
100 Pa, dough extensibility and mixing properties, and baking parameters that determine
the quality of flour samples were performed using principal component an&g@Ag.
The bi-plot of PC1 and PC2 containing all samples and parameters is shown in Fig. 1 and
Table 2. The first two principal components explained 79.1% of the total varkgcé (
and Table 2). The first component (PC1) or axis 1 explained 40.9% of the total variance;
while, the second component (PC2) or axis 2 explained 38.2% of the total variance
(Fig. 1 and Table 2). J-Jr (40 Pa) and Emax were the two variables that individually
contributed with the highest explained variance (86.7 and 86.4%, respectivélld ZJa
to the first principal component. This observation was supported by Pearson iomselat
with r = 0.78, P < 0.01 (Table 6). The PCA revealed a number of redundancies of the
variables, i.e., vectors were too close on either principal component as well as vector
(variables) with small contribution to the explained variance. The second principal
component (second axis), was positively correlated with dough water absorption and
protein content (r = 0.95, P < 0.01, Fig. 1 and Table 6, 2). Emax and J-Jr at 40Pa, and

flour protein and water absorption were independent (i.e., they are at abofR®@D and
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PC2) (Fig. 1 and Table 2), whereas dough strength (Rmax) and gluten gléSa€lj at
100 Pa were closely correlated (PC1) (Fig. 1 and Table 2). From the sixsampl
analyzed, three were different and easily separated by PCA (Al, A3 and B4 }hehil
other three were similar and appeared clustered at the center of the graph éhg, B
B3). B1 was highly related to PC1, A2 to PC2 and A3 was equally related to PC1 and
PC2. A3 was also closely related to DT, BT, Area and ST. The results alsibeldser
independence of viscoelastic properties with WA, FP and baking parameteght(at ri
angles Fig. 1). The extension properties of Area and Rmax appeared to loktoelate

baking properties FP, WA and viscoelastic properties (Fig. 1).

2) Loading plot of first two principal components based on viscoelastic using shear
stress at 100 Pa, extensibility, and baking properties of six commercial wheat flours

(Fig. 2 and Table 3)

The correlation between the viscoelastic properties, using creep and rdesvery
at 100 Pa shear stress, extensibility, LV and FP is illustrated in FGA2(&nd Table 3).
The total explained variance of the two principal components was 83.8% (Fig. 2 and
Table 3). The first principal component (53.3%) was mainly determined bgntJr
Emax which contributed individually with 85.9% and 89.4% of the explained variance,
respectively (Fig. 2 and Table 3). The second principal component (PC2) demormstrated
high correlation with LV and FP and explained 30.3% of the total variang.e2(Bnd
Table 3). The individual contributions of LV and FP were 97.4 and 77.7% of the
explained variance (Table 3). The separation of the samples was sirthiaiRGA that
included all the variables (Fig. 1) except that now B1 is closer to the center thied t

cluster of A2, B2 and B3. However, there is an improvement of the explained variation
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(5.9% improvement from 79.1 to 83.8% explained variance) (Table 2-3, Fig. 1-2).
Overall, the same relationship of Fig.1 can be concluded from Fig. 2, i.e., the

independence of LV and FP to the viscoelastic properties.

3) Loading plot of first two principal components of selected variables after
discarding redundant and low contributors variables of Table 2 based on viscoel astic,
mixing, extensibility and baking properties of six commercial wheat flours(Fig. 3 and
Table 4)

The bi-plot of Fig. 1 (Table 2) showed a number of redundant variables and some
variables contributing marginally to explaining the variance. Thus, in an effort to
simplify the analysis these variables were removed and the resultstpceseFig.3,

Table 4. The total explained variance was 76.9% (Table 4 and Fig. 3) whichiis lowe
than the analysis containing all variables (79.1%, Fig. 1, Table 2). The ffivsippt
component (PC1) was mainly explained by TCC 100 Pa and J-Jr 40Pa contributing
individually with 79.4% and 68.8% to the explained variance, respectively (Table 4 and
Fig. 3). While the FP and LH were the main contributors to the second principal
component (PC2) (Table 4 and Fig. 3). Thus, no improvement on the explained variance
was obtained when the analyses were done using this approach. Figure 3 continues to

support that viscoelastic properties are independent of FP, LV and LH.
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4) Loading plot of first two principal components of selected variables after
discarding redundant and low contributor variables of Table 3 based on viscoelastic
using shear stressat 100 Pa and baking properties of six commercial wheat flours

(Fig. 4 and Table 5)

After the redundant and low contributor variables were removed from Fig. 2,
Table 3, the total variance explained was 83.8% (Fig. 4, Table 5). The vaidemssal
to that obtained with the analysis of viscoelastic properties at 100 Pa,tylastiking
properties and FP (Fig. 2 and Table 3). The individual contributions to the variance of J-
Jr (100 Pa) and TCC (100 Pa) to PC1 were 81.8 and 78.7%, respectively (Table 5, Fig.
4). While, FP and LV individual contribution to the explained variance of PC2 were 94.2
and 80.3%, respectively (Table 5 and Fig. 4). Similar separation of the samples was
observed in the analysis compared to the previously discussed analysis. Tthe resul
suggest that similar discriminating ability of separating the chertatits of the set of
samples studied can be obtained by using a creep-recovery test at 100 Pa, BV and F
The results obtained justify the use of a larger sample size to compare tititiontto

the explained variance when more genotypes or commercial samples arentepres

3.2 The correlations between properties by Pearson correlation

3.2.1 Theviscoelastic properties

The results of viscoelastic properties obtained from creep and recousrydies)
shear stress at 40 and 100 Pa were reported in Table 6. There was noaohetateen
flour protein and viscoelastic properties from both shear stresses (TablesGuggests

that the viscoelastic properties are independent of protein content. Only1D0rRa
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showed a high correlation with DT and BT (r = 0.90 and 0.85, P < 0.01, respectively)
(Table 6). This suggests that the gluten viscosity obtained at a sheap§tt66 Pa in a
creep and recovery test has potential to be used for determining diffenemmrigh
properties such as development time and breaking time and thus more valuablam rel

to empirical test (Table 6). It is interesting to note that ST, WA, LH, S¥ Lahwere

not correlated to any viscoelastic parameters (Table 6). The vistoplagterties using
shear stress at 40 Pa (SeP, J-Jr, RCY and TCC) (r =-0.81, P <0.05,r =0.82, -0.90 and
0.77, P <0.01, respectively, Table 6) showed a higher correlation with OSP compared to
RCY, TCC and TCR from using shear stress at 100 Pa (r = 0.59, 0.62 and 0.62,
respectively, P < 0.05, Table 6). Rmax correlated with all the viscoelastim@rs

when 40 Pa were used while only two negative correlations were observed with 100 Pa

(TCC and TCR, r = -0.66 and -0.70, P < 0.05) (Table 6).

3.2.2 Extensibility

There was a negative correlation between Rmax and Emax in dough (r = -0.59,
P < 0.05, Table 6). This was supported by a study of gluten by using the same
SMS/Kieffer rig measurement shown a high negative correlation betweentitms
parameters (r = -0.90) (Tronsmo et al., 2003). Tronsmo et al. (2003) also indicated that
adding salt solution induces ionic bonding in dough. Their results showed an increase of
dough’s resistance to extension as a function of salt addition. The extensfluitygh
measured by Kieffer test was highly correlated to dough mixing attsiljlishle 6).
Highly negative correlation between Rmax and J-Jr, and Rmax and TCC at 40 Pa was
observed (r = - 0.87 and - 0.93, respectively, P < 0.01) (Table 6). While, extensibility

(Emax) and J-Jr and TCR at 100 Pa, showed highly positive correlation (r = 0.93 and
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0.82, P <0.01) (Table 6). Only Area was highly correlated with flour proteinrddinte
0.90, P <0.01) (Table 6). Thus, as protein content decreases the Rmax were also
decreases. The viscoelasticity property of gluten did not have a tonelath the

extensibility of dough except for J-Jr at 100 Pa which was correlated vath(A= 0.77,

P <0.01) (Table 6).

3.2.3 Dough mixing properties

Mixing properties were highly correlated with baking properties in almbst al
parameters except for DT which did not show any correlation. Oliver and Allen (1992)
also indicated that the dough development time had low relationship with bread volume.
In contrast, water absorption has been reported with low correlation with baking t
(Oliver and Allen et al., 1992). There was no correlation between dough mixing
properties and viscoelasticity observed at low shear stress (40 Pa), atthigher shear
stress (100 Pa), J-Jr and DT, BT showed a high correlation (r = 0.90, 0.85, P < 0.01)
(Table 6). This suggests that using shear stress at 100 Pa used have mba foote

revealing relationships with dough mixing properties than applying sheas atr4¢8 Pa.

3.2.4 Baking properties

There was a high correlation between LH, SV, and LV with flour protein centent
(r=0.90, 0.89, and 0.90, P <0.01) (Table 6). However, correlation between flour protein
content and OSP was not found (Table 6). This means that the difference beafeen |
height and proof heights has no relationship with flour protein contents. No comrslati
were found between baking properties (loaf height (LH), specific volume (8¥)paf

volume (LV) and viscoelastic properties from creep and recovery test byhatinghear
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stress for 40 Pa and 100 Pa (Table 6). Rmax in extension properties has signifigantl

correlation with proof height (PH) in baking properties (r = 0.90, P < 0.01) (Table 6).

3.25 Flour properties

Flour protein contents showed a highly positive correlation with all dough mixing
parameters (Table 6). The various flour protein contents did not reflediahgecof
shear stress in viscoelastic properties and are independent (Table 6)amthiamax
were not significantly correlated with protein content (Table 6). Howéreg was
significantly correlated with flour protein content (r = 0.90, P < 0.01) (Table 6)la®imi
correlations between the protein content and Area under the extension curve have bee

reported (Tronsmo et al., 2003).

4. Conclusion

This study revealed that using viscoelastic properties obtained withpa cree
recovery test at 100 Pa, LV and FP yielded similar explained variance (828%§aed
to using the mentioned variables plus extensibility and mixing propertieso heaisaled
that the viscoelastic properties obtained with a creep-recovery téstlapendent with
FP, LV and WA. The viscoelastic parameters obtained explained the largesit
the variance. The evidence of this study justifies the proposal to use creeprydest

in wheat breeding programs and perhaps in milling laboratories.
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Table 1. Proximate analysis of flours (means + SD, n=2).

Flours Protein (%) Moisture (%) Ash (%)
Al 7.95+0.05 11.69+0.02 0.29+0.01
A2 11.19+0.07 10.51+0.03 0.38+0.01
A3 13.68+0.02 10.14+0.02 0.41%0.00
Bl 10.40x+0.10 12.54+0.02 0.47 £0.00
B2 10.59+0.07 12.57+0.00 0.48+0.01
B3 11.38+0.01 12.98+0.04 0.58+0.01

SD = standard deviation.
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Table 2. Explained variance (%) in PCA of the viscoelastic properties of gluten
at 40 and 100 Pa, extensibility of dough, farinograph, and baking
characteristics. The definitions of abbreviations are in Appendix 1, Table 1

Tests AXes PC1 PC2 1+2
PC (%) 40.9 38.2 79.1
Creep and recovery  SeP 43.4 15 44.9
(100 Pa) J-J 61.8 14.0 75.8
RCY 30.3 0.9 31.2
TCR 72.1 1.4 73.5
TCC 73.9 0.6 74.5
Creep and recovery SeP 60.9 6.8 67.8
(40 Pa) J-J 86.7 51 91.8
RCY 52.2 1.7 54.0
TCR 56.0 32.3 88.3
TCC 34.1 23.1 57.2
Extension Rmax 57.4 38.5 96.0
Emax 86.4 5.6 92.0
Area 34.9 59.6 94.5
Farinograph WA 0.1 97.5 97.5
DT 36.4 47.5 84.0
ST 22.3 58.2 80.5
BT 36.2 54.7 90.9
Baking PH 24.3 69.9 94.2
LH 0.0 87.7 87.7
SV 0.4 84.4 84.7
OoSsP 64.4 6.1 70.5
LV 0.0 89.7 89.7
Flour Proten FP 55 92.6 98.2
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Table 3. Explained variance (%) in PCA of the viscoelastic properties of
gluten at 100 Pa, extensibility of dough, loaf volume, and
flour protein. The definitions of abbreviations are in Appendix 1,

Table 1.

Tests AXes PC1 PC2 1+2
PC (%) 53.5 30.3 83.8

Creep and recovery  SeP 624 11.2 73.6

(100 Pa) J-Jr 85.9 3.3 89.3
RCY 39.3 0.0 394
TCR 80.4 6.7 87.1
TCC 78.2 8.2 86.4

Extension Rmax 32.5 50.9 83.4
Emax 89.4 0.6 90.0
Area 495 46.4 95.9

Baking LV 0.7 97.4 98.1

Flour Protein FP 16.5 7.7 94.1
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Table 4. Explained variance (%) in PCA of selected variables after drsgard
redundant variables of Table 2 The definitions of abbreviations are in
Appendix 1, Table 1

Tests Axes PC1 PC2 1+2
PC (%) 414 355 76.9
Baking properties LV 25.7 71.9 97.6
LH 22.6 75.6 98.2

Creep and recovery RCY 40 Pa 36.0 12.9 48.9
J-Jr 40 Pa 68.8 6.4 75.2
RCY 100Pa 394 23.6 63.1
SeP 100Pa 50.6 0.9 51.5
TCC 100 Pa 794 11.7 91.1

Flour protein FP 8.4 80.8 89.2
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Table 5. Explained variance (%) in PCA of selected variables after disgard
redundant variables of Table 3. The definitions of abbreviations are
in Appendix 1, Table 1

Tests AXes PC1 PC2 1+2
PC (%) 50.4 33.5 83.8

Creep and recovery SeP 63.7 12.8 76.4
(100 Pa) J-Jr 81.8 2.6 84.4
RCY 59.2 0.8 60.0
TCC 78.7 10.1 88.7
Baking Properties LV 1.4 94.2 95.6
Flour protein FP 17.4 80.3 97.8

56



Table 6. Pearson’s correlation coefficients of the viscoelastic prepeitgluten, extensibility of dough, farinograph, and baking
characteristics. The definitions of abbreviations are in Appendix 1, Table 1

SeP J-Jr RCY TCC TCR SeP J-Jr RCY TCC TCR
FP WA DT ST BT PH LH SV OSP LV Rmax Emax Area 40Pa 40Pa 40Pa 40Pa 40Pa 100Pa 100Pa 100Pa  100Pa  100Pa
FP 1
WA 0.95** 1
DT 0.82**  0.71% 1
ST 0.84**  0.79* 0.71* 1
BT 0.86  0.76*  0.99*  0.78* 1
PH 0.67* 0.83** 1
LH 0.90*  0.91% 0.79** 0.62* 0.78** 1
SV 0.89**  0.91* 0.88** 0.63* 0.74**  0.96** 1
OSP -0.69* 1
LV 0.9 0.93** 0.82** 0.62* 0.80**  0.97**  0.99** 1
Rmax 0.58* 0.90** -0.77* 0.62* 1
Emax 0.82** 0.80** 0.66* -0.59* 1
Area 0.90**  0.75**  0.89*  0.81* 0.93* 0.73*  0.72* 0.71* 0.76** 1
SeP40Pa 0.59* -0.81* 0.73** 1
J-Jr40Pa -0.63* 0.82** -0.87*  0.78* -0.89** 1
RCY40Pa -0.90* 0.61* -0.58* 0.83** -0.75 1
TCC40Pa -0.82* 0.77* 0.93* -0.85**  0.90**  -0.67* 1
TCR40Pa -0.61* -0.74** -0.86** 0.78 0.87 1
SeP100Pa -0.65* 1
J-Jr100Pa 0.90** 0.85** 0.93**  0.77* 0.58* -0.72** 1
RCY100Pa 0.59* 0.72* 1
TCC100Pa 0.62* -0.66* 0.74** -0.58* 0.71* 0.60* -0.72** 0.69* -0.77** 1
TCR100Pa 0.62* -0.7* 0.82** -0.82** 0.73** 0.86** 1

*Correlation is significant at = 0.05 level.
**Correlation is significant a& = 0.01 level.
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PC2 (38.2% explained variance)

Total explained varianceis 79.1%

o [
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PC1 (40.9% explained variance)

Fig. 1. Loading plot of first two principal components based on
viscoelastic, mixing, extensibility, and baking properties of six
commercial wheat flours. The definitions of abbreviations are in
Appendix 1, Table 1.
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Fig. 2. Loading plot of first two principal components based on viscoelastic
using shear stress at 100 Pa, extensibility, and baking properties of six
commercial wheat flours. The definitions of abbreviations are in
Appendix 1, Table 1.
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Fig. 3. Loading plot of first two principal components of selected variables
after discarding redundant and low contributors variables of Table 2
based on viscoelastic, mixing, extensibility and baking properties of
six commercial wheat flours. The definitions of abbreviations are in

Appendix 1, Table 1.
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Fig. 4. Loading plot of first two principal components of selected variables
after discarding redundant and low contributor variables of Table 3
based on viscoelastic using shear stress at 100 Pa and baking
properties of six commercial wheat flours. The definitions of
abbreviations are in Appendix 1, Table 1.
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CHAPTER V

ASSESSMENT OF VARIATION IN HARD RED WINTER WHEAT FLOUR
PROPERTIES FROM CREEP-RECOVERY, EXTENSIBILITY TESTS AKERUTEN
CONTENT COMPARED WITH TRADITIONAL WHEAT QUALITY TESTING

Abstract

Large deformation rheological measurements have been proposed as potential
tools to predict baking potential. Two sets of 51 hard red winter wheat flours fineat w
grown in 2008 and 2009 were investigated. Gluten viscoelasticity, extensivgity
gluten, sedimentation, flour protein and dough mixing and baking properties were
analyzed. The total explained variance for the 2008 and 2009 sets was 53.2 and 49.9%,
respectively, when all the variables were included. The major contributdrs fiost
principal component were gluten strength and recoverable work in the 2008 set; while for
the 2009 were gluten Separation time and %Recoverability. Flour protein, bakerg wa
absorption and loaf volume were highly associated with the second principal component
in the 2008 set. In contrast, for the 2009 set, gluten work of extensibility, strength a
recoverable work were highly associated with the second principal component.\W@hen t
most important variables contributing to the explained variance were selected, a
improvement in the explained variance was obtained for the 2008 set, 77% explained

variance compared to 53.2% when all the variables were included.
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A modest improvement in the total explained variance was obtained when selected
variables were analyzed in the 2009 set (51.3% compared to 44.9% with all the
variables). In both set of samples gluten properties (%recoverabilityarddIstrength)

and dough mixing time explained larger percentage of variance than the bakinggsopert
and flour protein. This study also showed that loaf volume and flour protein are

independent from most of the gluten viscoelastic properties and dough mixing time.

Keywords. Rheological properties, creep and recovery test, tensile test, baking

properties, principal component analysis
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1. Introduction

The guantitative and qualitative attributes of gluten protein account for the
differences in baking performance and these are depending on wheatsWiihaat
gluten is made of storage proteins consisting of gliadin and glutenin whicibateto
the viscosity and elasticity of the dough, respectively (Edwards, @08l1; Khatkar et
al., 1996; Taylor and Cluskey, 1962). Wheat flour quality can be determined in terms of
dough properties and gluten attributes by using various measurements wibfettieve
of predicting the breadmaking potential in wheat breeding programs. Thenshap
between high molecular weight-glutenin subunits (HMW-GS) and their bakingyqualit
has been studied extensively. It has been well established that subunits 5+10 have a
positive correlation with strong dough and high baking characteristics (Dahg e
1992).

Conventionally, a mixograph is defined as a low time consuming measurement of
dough mixing properties requiring low amount of flour samples for the ditiaten
between good and poor wheat flours (Khatkar, Bell et al., 1996; Shogren and Finney,
1984). The mixing properties of wheat flours obtained with the mixograph consist of
mixing time, water absorption, and mixing tolerance index. Genetics is one of the
rationales of selecting methods in wheat breeding programs. The indication bf whea
quality using the mixograph has been applied in hard winter wheat growingség the
United States (Chung et al., 2001; Dong, Sears et al., 1992). The mixograph parameter
have been widely used for differentiating the potential wheat in most breedorgums
around the world. Besides genetics factors, the composition of HMW-GS and LBIW-G

and the amount of gluten protein fraction influence the dough mixing properties (Zhang
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et al., 2009). A strong correlation between the amount of gluten protein fractiomifglute
subunit composition, LMW-GS, and glutenin subunits - B3) and the dough mixing
parameters have been reported(Zhang, Tang et al., 2009). Sodium Dodecgl Sulfat
(SDS)-sedimentation test has also been widely applied for assessprgtthe wheat
guality in breeding programs (Delwiche et al., 1998; Khatkar, Bell ,et296). SDS-
sedimentation parameters and protein content also had a positive correlatiomxwigh m
properties and baking test in hard red winter wheat (Peterson et al., 1998). Hawever
appears that the SDS-sedimentation test has limitation to distinguish ctrexiga
strong wheat quality (Wang and Kovacs, 2002). Gluten index (GI) and wet gluten (WG
was reported to describe both quantity and quality of wheat flours (Perten, 19&én Pr
guality can be affected by the presence of glutenin alleles in each latiisas
reported to influence the gluten index (Tabiki et al., 2006). An effect on a doubteehapl
population between two wheat cultivars showed that the presence of Glo3Iu-B3
b alleles provided a higher gluten index (Tabiki, Ikeguchi et al., 2006).

Rheological properties of gluten are significant characteristilectieg the
guality of wheat flour and perhaps end-use products. For example, extensisrotest i
useful approach applying a large deformation to measure the gluten qualibg(Aba
Zaidel, Chin et al., 2008). The gluten extensibility can be determined by teEss$ilesing
a texture analyzer(Abang Zaidel, Chin et al., 2008). The gluten tensitatedtstinguish
glutens from strong wheat that had higher extensibilities from those of wesk w
flour(Abang Zaidel, Chin et al., 2008). Creep and recovery test is a rheological
measurement performed by applying a constant shear stress to glatelastic

properties are obtained by applying small or large deformations of gluterepnamd
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recovery measurements. However, evidence of direct relationship with bread wolume
any other bread characteristic is missing in the literature. Brg@dagrams may benefit
from viscoelastic parameters that can assess differences in qualigbj€bgve of this
study was to compare explanation of the variance by traditional meassesi

gluten creep-recovery, gluten extensibility and glutomatic testsc$éts of winter

wheat sample properties grown in 2008 and 2009.

2. Materialsand method

2.1 Material

Breeder lines and cultivars of hard red wheat winter flours from two sets of 51
samples grown in 2008 and 2009 were evaluated. The samples were grown in three

nurseries around Oklahoma representing slightly different environments.

2.2 Methods

2.2.1 Gluten preparation

Wet glutens were isolated by washing 10 g of flour with 2% NaCl solution (w/v)
for 10 minutes from using a Glutomatic 2200 instrument (Perten Instruments, Sweden).
The wet glutens were analyzed in two replicates with coefficient adti@miless than

10% within the replicates.

2.2.2 Creep and recovery measurement of gluten

The creep and recovery method was performed as described in Chapter IV. The

constant stress was applied by using shear stress at 100 Pa for this study.
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2.2.3 Tensiletest of gluten-extensibility

Washed gluten from Glutomatic was relaxed using the same method as describe
in the creep and recovery test. After 60 min, the rested gluten was cut by using the bone
shape cutter of 62 mm in width and 175 mm in length. The gluten tensile test was
evaluated following the window-pane method of Zhao et al. (2010). The tensile sest wa
evaluated by using the Texture Analyzer (TA.XTPIlus, Texture TechnolGgigs,

Scarsdale, NY/Stable Micro Systems, Godalming, Surrey, UK). Brigfé gluten

samples were gently transferred to a window pane paper support. The window pane
measured 10 mm width and 12.7 mm length. The gluten was well attached to the window
pane by using Velcro dots on the two ends of the gluten. The gluten with window pane
paper was tightened to the texture analyzer grips in vertical directiotwdhsgdes of

window pane paper were cut before the test started. The test was run in twoeeplicat

The force (F), work of extensibility (WE), recoverable work (RE), andieigstiegree

(DE) were obtained to explain the extensibility of gluten.

2.2.4 Gluten index and wet gluten measurements

Isolated gluten obtained from the Glutomatic machine was immediately
transferred to a special sieve and centrifuged at 6000 = 5 rpm in the Gluten index
centrifuge for 1 min. The wet gluten (WG) is the weight of the entire amoghtitein.

The gluten index (GI) was calculated by using the fraction of the gluters tiedained
on the sieve and the gluten that passes through the sieve. The more the gluten passes

through, the weaker the gluten is. The test was performed in duplicates.
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2.25 Mixograph

The mixing properties were determined following the methods described by Yeap
(2008). Briefly, the flour samples (10 g) were analyzed by using a Mixogkigitoal
Manufacturing Co., Lincoln, NE) and Approved Method in 54-40A (AACC International
2000). Dough mixing quality was expressed by three parameters: correxied time

(CMT), mixing stability (MST), and tail width (MTW).

2.2.6 Sodium Dodecyl Sulfate (SDS)-Sedimentation

The gluten strength was analyzed as described by Yeap (2008). Briefljdhe s
scale SDS sedimentation was determined according to Approved Method 56-61& (AAC

International 2000).

2.2.7 Bakingtest

The baking properties were determined as described in Chapter IV. The loaf

volume (LV), visual score (ViSc), and baking water absorption (BWA) were ret.orde

2.2.8 Statigtical analysis

The parameters were analyzed with Principal Component Analysis (PCA) and
Pearson correlation (P < 0.001 and 0.05). The software used was Canoco for Windows
4.5 (Biometris, Plant Research International, Wageningen, the NetherlanBshtapal
Component Analysis and SAS (Statistical Analysis System, SASuliestitc., Cary, NC)

for Pearson correlation using the CORR procedure.
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3. Resultsand discussion

3.1 Theproperties of 2008 and 2009 sample flours

The mean values for Flour Protein (FP), Delta compliance (J-Jr), Sepdnaie
(SeP), %recoverability (RCY), SDS sedimentation (SED), Gluten Indgx\({&t Gluten
(WG), Force (F), Work extensibility (WE), Degree of ElasticitfgjpDLoaf volume (LV),
Visual score (ViSc), Baking Water absorption (BWA), Corrected Miximgel(CMT),
Mixing Stability (MST) and Mixing Tail Width (MTW) from 51 samples afah 2008
and 2009 set were shown in Tables 1 and 2.

3.1.1 Creep and recovery test

The viscoelastic properties of gluten were obtained from the creep and recovery
test. Strong gluten samples will show a low viscosity indicated by aJalgealue while
weak gluten samples will show low elasticity explained by SeP and(R@Y1 in
Chapter Ill). Gluten samples from 2008 had mean (range) values of J-Jr, RC3¢Rnd
of 0.7 P& (range 0.2-1.6 PY, 80.8% (74.6-84.9%), and 4.25 s (0.3-10.2 s), respectively
(Table 1a-c). The mean (range) of gluten samples from 2009 were P ((2-2.5
Pal), RCY 80.3% (73.8-84.4%), and SeP 3.5 s (0.1-7.6 s) (Table 2a-c). Line 5312, in
sample set from 2009, showed the highest J-Jr and the lowest RCY (Table 2c). Higher
mean values were observed in the 2008 samples compared to the 2009 samples. This can

be explained in part by differences in environmental and genetic factors.
3.1.2 Tensiletest

The tensile test assessed the extensibility of gluten samples bgtevglF, WE,

RW, and DE. WE and RW were highly correlated with F in both years which are year
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2008 (r =0.77 and 0.80, P < 0.01) (Table 7) and 2009 samples (r = 0.99 and 0.99, P <
0.01) (Table 8). Thus, strength of gluten (F) had a significant correlattbritveé work of
extensibility and RW (elasticity) of gluten of these two sets ofpdes(Table 3 and 4).

From the tensile test for the 2008 set the mean (range) values of F were 0.4 N K0,7-1.6
WE 1.7 N.cm (11.0-0.5 N.cm), RW 0.54 N.cm (3.14-0.20 N.cm), and DE 32.94 (47.27-
25.69) (Table 1a-c). The mean (range) values for the 2009 set were F 0.3 N (9)1-0.7

WE 1.06 N.cm (0.30-2.7 N.cm), RW 0.4 N.cm (0.1-0.9 N.cm), and DE 37.7 (27.3-45.5)
(Table 2a-c). In the 2008 set, line 6609 had the highest DE (Table 1a); while, line 3305
showed the lowest F, WE and RW (Table 1a). In the 2009 set, Asp had the highest values

of F and WE and line 5312 showed the lowest F, WE and RW values (Table 2a).

3.1.3 Glutomatic measurements

Gluten Index (GI) and Wet Gluten (WG) explained the strength and quantity of
gluten, respectively. No correlation was found between Gl and WG from the sample set
of 2008 (Table 3) while a weak but significant negative correlation was observéd for t
sample set of 2009 (r = -0.35, P < 0.01) (Table 4). A high correlation between WG and
FP was found in the 2008 set (r = 0.76, P < 0.01) (Table 3) but no correlation was found
in the 2009 set (Table 8). The mean (range) values of Gl for 2008 samples were 92.9%
(100-60.6%) and of WG 27.2% (33.6-21.6%) (Table 1a-c). The mean (range) values of
Gl for 2009 samples were 96.3% (100-67.3%), WG 28.1% (34.9-23.3%) (Table 2a-c). In
the 2008 set, line 6345 had the lowest Gl and line 6822w showed the lowest WG (Table

la). Line 4315 had the highest WG and FP (Table 1b) in the 2008 set.
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3.1.4 Mixograph

Mixing properties were obtained by using the Mixograph. In the 2008 set, mean
(range) values of CMT were 4.2 s (6.5-2.7 s), MST 6.70 N.cm (12-1.20 N.cm), and MTW
16.7 (33.2-4.4) (Table 1a-c). The mean (range) values for the 2009 set were CMT 4.2 s
(2.4-5.5 s), MST 6.3 N.cm (0.6-13.8 N.cm), and MTW 18.1 (10.8-33.5) (Table 2a-c).
CMT and F showed a significantly high correlation only for the 2008 set (r = 0.67, P
<0.01) (Table 7). Line 6528 (2008 set) had the highest CMT and lowest MST (Table 1a).
Line 7820w (2009 set) showed the highest MST, lowest elasticity (SeP) and highes

viscosity (J-Jr) (Table 2a).

3.1.5 SDS sedimentation

The mean (range) values of SDS sedimentation for the 2008 set was 7.2 (4.6-9.2)
(Table 1c) while for 2009 was 6.9 (5.5-8.4) (Table 2c¢). The SED values showed

significantly weak correlation with all parameters in both set of sasr(dlable 3 and 4).

3.1.6 Bakingtest

The mean (range) values for the 2008 set were LV 818.51 (723-950 N), ViSc 6.5
N.cm (4-8 N.cm), and BWA 63.1 (61.5-64.0) (Table 1c). Overall similar values were
observed for the 2009 set; LV 822.6 (700-960 N), ViSc 19.3 (5-41.9 N.cm), and BWA
64.1 (63-66) (Table 2c). The baking properties had significantly but weak relationshi

with all parameters in both set of samples (Table 7 and 8) (maximum r = 0.48, P.< 0.01)
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3.2 Correlations among properties of the 2008 set

Principal component analysis (PCA) revealed the relationships among the
variables and samples, including the variables of viscoelastic properties, dougih m
properties, sedimentation test, gluten extensibility properties and gtteegth (Fig. 1
and Table 3). Figure 1 displays the bi-plot of the 2008 set explaining 53.2% of the total
variance. The first principal component (PC1) was highly correlated with the(f§rce
and recoverable work of gluten (RW). PC1 explained 28.4% of the total variagcé (Fi
and Table 3). Gluten strength was the most significant contribution of indiwidtahce
to PC1 with 79.5% of the explained variance in sample set 2008 (Fig. 1 and Table 3). The
second component (PC2) showed that flour protein content (FP) and baking water
absorption (BWA) were the main contributors; PC2 explained 24.8% of the total variance
(Fig. 1 and Table 3).

The majority of the variables were found in the first quadrant. Mixograph stabili
(MST) and wet gluten (WG) were related in the second quadrant (upper rightidend s
Fig. 1). MST and WG were negatively related with the degree of elastidgy(fFig. 1
and Table 3). r =-0.28 and -0.45, P < 0.01, respectively Samples from N91 (6127, 6729,
6822, 6722, and Endurance) (Group 1) revealed a relation with the degree of etasticity
gluten (Fig. 1). The viscous component (J-Jr) was negatively correlated wibriee(F,
maximum force in the tensile test) (Fig. 1 and Table 3) and this relationship wa
supported by the Pearson correlation (r =-0.58, P < 0.01 and Table 7). The lines of N92
(3305 and 3825), and N91 (6332) (group 2) were strongly correlated to J-Jr (Fig. 1 and
Table 3). While lines 6629, 5312, 6345, 6814, and 5204 (group 3) were weakly related to

their viscosity component (J-Jr) since they are further away (Figqitéjestingly, line
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6609 was close to J-Jr; even though, it had the highest F value (Fig. 1 and Table 3). This
suggests that line 6609 was strong (high F) and also viscous (Fig. 1). Peardatiarorre
revealed no significant correlation with the flour protein content and baking parfoem
(Table 7). In PCA, LV and FP vectors were identical and they were higlaled to PC2
(Fig. 1and Table 3). LV and FP were also independent of gluten viscoelasticipsopert
The sedimentation showed a weak correlation with almost all the variabbgst éxcthe
viscoelastic properties (Table 7, Pearson correlation).

PCA revealed a number of variables with short vectors (not important
contributors to the explained variance and redundant variables) (i.e., almost one on top of
each other). The short vector and redundant variables were discarded and theesets we
re-analyzed as illustrated in the PCA bi-plot (Fig. 3 and Table 5). TheWw?@ the
selected variables explained 77.0% of the variance which was better whenexbtopar
the PCA containing all the variables (53.2% of the variance) (Fig. 2 and TaBIEB).
explained 45.4% of the variance and was mainly associated with CMT and gluten
strength (F) and a distant third contributor J-Jr (Fig. 3 and Table 5). Thistut# in
this set (2008) CMT was highly associated to the gluten strength measuretemsilee
test (Fig. 3 and Table 5). PC2 was correlated to LV and flour protein content (FP)
explaining 31.6% of the variance (Fig. 3 and Table 5). Group 1 was associated with PC2;
while, group 3 was associated with PC1 (Fig. 3). However, even after diggardi
redundant variables there were some lines which show weak correlationsewith t

variables and PC1 and PC2 and were mainly from N91 and N93 (Group 2) (Fig. 3).
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3.3 Correlations among properties of 2009 set

The PCA of the 2009 set was illustrated in Figure 2 and Table 4 with PC1 and
PC2 explaining 44.9% of total variance (Fig. 2, Table 4). The first principal compone
(PC1) was associated with RCY and SeP (elastic properties of gluingxplained
25.8% of the variance (Fig. 2 and Table 4). PC2 explained 19.1% of the variancasand w
influenced by the gluten properties of strength (F) and WE from the tésestl@=ig. 2
and Table 4). RW, WE, and F were highly correlated and very close to each other plus
they contributed almost equally to the PC1 and PC2 (Fig 2). This suggests that¢he
variables were redundant (Fig. 2). Gluten DE was negatively corretaledVE, RW
(Fig. 2) which was confirmed by the Pearson correlations (r = -0.58, - 0.60.464
respectively; P < 0.01) (Table 8). Flour protein content had no correlation with SED
gluten extensibility and gluten strength (Table 8). WG was closelgdela PC1 but
only contributed with 35.3% to the total variance (Fig. 2 and Table 4). Ther tinghe
magnitude of vector, the more explanation of the variable is. Interestingl2009 set
showed a correlation of the flour protein and the baking performance unlike the 2008 set
(Table 7 and 8). However in PCA, the vectors for these variables were vehasdal
contributed minimally to the explained variance (Fig. 2 and Table 4).

Almost all the samples from N91 were closely correlated to GI, FP, VI&&,B
and RCY except for Asp (Fig. 2) (Group 1). This suggests that lines from N93 were
closely related to the gluten strength, baking performance and vidalaklowever,
the samples from N91 were correlated to RCY which individually contribuitdd w
67.5% of the explained variance in PC1 in contrast to WG, LV and MTW which showed

individually small contributions (Fig. 2 and Table 4). N93 samples were closely
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correlated to the gluten quantity (WG), baking performance (LV) and seditioent
(SED) (Fig. 2) (Group 1).

After reanalysis of PCA by removing the small vectors and the redundant
variables, the PCA of the 2009 samples explained 51.3% of the total variance (Fig. 4 and
Table 6) which is a modest improvement from 44.9% with all variables (Fig. 2). FP
showed less explanation in the loading plot compared to analysis with all theegariabl
(Fig. 4, Table 6 and Fig. 2, Table 4). PC1 accounted for 31.2% of the explained variance
and the main contributors were form the viscoelastic properties of RCY-An(&id. 4
and Table 6). PC2 was mainly associated with dough mixing properties Da@#

MST. PC2 explained 20% of the variance (Fig. 4 and Table 6). The viscous component
(J-Jr) showed highly negative relationship with the elastic component RCY amhthis
supported by Pearson correlation with r = - 0.98 (P < 0.01) (Table 8). This suggests that
J-Jr and RCY were important contributors in explaining the variance of the tsv-ge

2 and 4, Table 4 and 6). The baking performance parameters LV, ViSc, and BWA were
discarded since they had a limited contribution to the explained variance (Fig. 4 and
Table 6). This suggests that the physical properties explained more ofiinc@a

compared to the baking properties (Fig. 4 and Table 6). Thus, the physical psoperti
these two sets of samples were more varied but the samples baking properties showe

lower variability.

4. Conclusions
The parameters from viscoelastic properties (Y%oRecoverability, Sepatiate,
and J-Jr) and tensile test (Force, Recoverable work, and Work of exter)siipipgar to

be good candidates for the differentiation of physical properties in hgepaigrams.
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After redundant variables were removed, the total explained variance was tham the

2008 and 2009 year samples (77% and 53.1%, respectively). Overall, FP and LV were
independent from viscoelastic and mixing properties. Viscoelastic and tjeasil@eters
contributed more to the explained variance compared to FP and LV and thus would assist

in the selection of new cultivars as well as in quality control of milling djpeia
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Table 1a. Mean values of 2008 wheat cultivars and breeder lines

Creep-Recovery Glutomatic Tensile Baking Mixograph
Sample Nur. | Abbr. | FP J-Jr SeP  RCY | SED Gl WG F WE RW DE LV ViSc BWA | CMT MST MTW
(%) | (Pa’) (%) | (m) | (%) (%) | (N) (Ncm) (N.cm) (cc)  (score) (%) (min)  (mm)
OK Bullet 91 Blt1 | 10.5 0.6 5.0 80.7 5.6 1000 28.3.5 1.7 0.5 30.6) 870. 7.0 62.0 5.0 6.6 18.8
Endurance 91 End1 9.1 0.4 6.3 83)9 6.1 99.3 42.75 0. 1.7 0.5 32.6] 770.C 5.0 62.0 3.3 5.7 10.8
Overley 91 | Ovel| 9.9 0.3 3.3 84.2 7.2 100.0 24.8 |0.62.0 0.8 42.5| 825.G 7.0 62.5 5.2 6.8 33(2
OK02522W | 91 252 10.1 0.4 8.( 83.1 6.9 100.0 27.3410. 1.4 0.5 38.2| 850.( 7.0 63.0 4.6 6.0 159
OKO06112 91 6112| 10.1 0.5 7.1 83.1L 5/9 99|13 2B.2 |0.51.6 0.5 30.0[ 830.0 7.0 63.5 5.1 4.0 132
OK06127 91 6127| 10.2 0.4 6.2 84.5 5/4 96]1 2.5 |0.41.6 0.5 29.4| 750.G 5.0 62.0 5.( 3.0 10|14
OK06114 91 6114 9.2 0.8 4.4 78.8 6.9 967 244 10.31.1 0.3 28.1] 825.0 7.0 62.5 4.1 2.9 1143
0OK06232 91 6232 9.6 0.5 3.1 80.3 76 100.0 240 |0.62.1 0.7 31.8] 843.0 7.0 63.0 4.7 5.p 13|14
OK06210 91 6210 9.8 0.9 5.1 82.2 72 90{8 26.8 (0.41.1 0.4 31.6] 853.0 6.0 62.0 3.4 10{4 17\5
OKO06332 91 6332| 10.1 1.1 2. 79.5 57 74{8  2B.8 |0.20.6 0.2 31.7| 840.0 6.0 62.5 3.2 12|0 1416
OK06336 91 6336 9.9 0.5 5.1 77.4 8.8 100.0 2B.8 [0.52.0 0.7 34.0, 800.G 6.0 62.9 6.3 1.6 16|10
OK06345 91 6345| 9.2 0.9 2.8 80.8 64 60/6 2F.1 [0.30.9 0.3 30.5| 750.G 4.0 62.5 2.7 6.5 143
OK06528 91 6528| 10. 0.3 2.8 83.b 8/5 100.0 238.06 |0. 1.9 0.9 47.3] 760.G 6.0 62.5 6.5 1p 1311
OK06609 91 6609 9.8 0.8 3.7 80.0 5.6 8916 205 1(0.714 0.2 47.3] 810.0 6.0 64.0 3.5 10}7 9.6
OKO06617 91 6617 10.¢ 0.6 6.4 82.8 86 959 3p.7 |0.31.2 0.4 29.4| 790.0 7.0 64.0 3.4 7.9 16}3
OK06618 91 6618| 10.§ 1.0 3.7 80.7 57 96}7 2p.5 ]0.30.9 0.3 34.0 850.¢ 8.0 63.0 4.2 9.2 166
OK06629 91 6629 10. 1.2 0.5 78.9 416 67(11 282 |0.31.2 0.4 33.7| 725.0 6.0 62.5 3.( 9.6 8.p
OK06729 91 6729 9.3 0.7 4.1 81.b 7.2 100.0 2p.1 |0.49.8 2.6 28.6| 723.G 6.0 62.0 4.1 3. 1410
OK06722 91 6722 8.5 0.3 4.4 82.9 6.3 99{1 2p.2 |0.811.0 3.1 29.0] 735.0 7.0 63.0 4.1 3.7 13\5
OK06743W| 91 6743 9.8 0.5 3.7 82.9 49 839 2y5 [0.41.3 0.4 28.5| 765.0 6.0 62.0 3.5 9.0 7.b
OK06814W| 91 6814 9.1 1.3 0.4 76.9 6.3 889 246 |0.31.0 0.3 29.3| 775.4 6.0 62.0 3.( 6.V 157
OK06822W | 91 6822| 8.9 0.4 0.4 79.Y 8.0 998 216 [0.51.9 0.6 32.9] 780.0 6.0 63.0 4.2 2.9 12|14
Abbreviations defined in Appendix 1 and Table 1.
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Table 1b. Mean values of 2008 wheat cultivars and breeder lines

Creep-Recovery Glutomatic Tensile Baking Mixograph
Sample Nur. | Abbr. | FP J-Jr SeP  RCY | SED Gl WG | F WE RwW DE LV ViSc BWA | CMT MST MTW
(%) | (Pa’) (%) | (m) | (%) (%) | (N) (N.cm) (N.cm) (cc)  (score) (%) (min)  (mm)

OK06848W 91 6848 9.6 0.9 g 8043 8/6 10p.0 25.65 |0. 1.8 0.5 26.60 800.0 6.0 61.5 3.8 5.4 16/.3
Duster 92 Dst | 10.1 0.7 1 808 64 988 261 [03.1 0.4 32.4| 750.0 7.0 62.5 4.3 2.8 24)2
Endurance 92 End2z 10[1 0.6 2.8 82.3 5.8 994 26.8 |0 0.9 0.4 379 775.0 7.0 63.( 3.8 7.8 17.8
Deliver 92 Del | 10.9 0.3 6.9 848 J 996 272 0.623 0.7 28.8] 845.( 6.0 63.5 5.4 6.4 162
OK Bullet 92 Blt2 | 11.1 0.6 5.9 74. 64 9911 29740 15 0.5 35.2 845.0 7.0 64.( 4.8 78 156
Overley 92 Ove2| 11.1 0.4 5.7 8047 85 99.8 27.7 |0.62.0 0.7 33.6] 880.( 8.0 64.0 4.4 12/0 22,0
Fuller 92 Ful | 11.1 0.2 6.7 845 92 1000 292 D.62.0 0.6 32.9] 775.( 6.0 64.0 4.9 7.1 21(8
Centerfield 92 Ctf 10.9 0.7 3.3 80.0 8.0 864 3064 1.7 0.4 26.5 865.0 6.0 64.( 3.2 8.8 15.6
Guymon 92 Guy | 11.1 0.7 5.9 790 88 878 311 |05 .8 0.5 25.7| 868.0 8.0 64.0 4.1 1116 27(2
OKO00611W 92 611 11.1 0.7 3.3 805 8J1 985 31.2 |0.30.9 0.3 34.9] 883.( 8.0 64.0 3.4 10(9 209
OK02522W 92 2522 109 0.6 4.7 80J7 714 94.6 29.04 |0. 1.5 0.5 33.5 825.0 7.0 63.5 4.5 9.8 15.8
OK03305 92 3305 9.8 0.9 3.4 783 8/1 845 27.0 [|0.205 0.2 37.8] 850.( 6.0 64.0 3.2 9 21{4
OK03522 92 3522 10.% 0.6 3.7 788 8/6 98.7 28.1 |0.41.5 0.5 31.6] 850.( 7.0 63.5 4.3 4.7 18|10
OK05903C 92 5903| 10.2 0.6 5.1 800 83 959 2743 0.1.0 0.3 33.8 855. 6.0 64.0 3.6 7.0 1117
OK04525 92 4525| 11. 1.3 0.9 788 8/0 709 31.8 ]0.20.8 0.3 31.9] 850.( 8.0 64.0 3.5 10(6 281
OK04111 92 4111 111 0.7 55 806 8{1 843 314 0414 0.4 26.6| 950.( 7.0 64.0 4.4 6.6 180
OK04315 92 4315 114 1.2 2. 79/4 8|3 739 336 |0.20.6 0.2 37.2] 950.( 6.0 64.0 34 10)2 147
OK03825-

5403-6 92 3825| 11. 0.6 b5 8211 6 6.8 30.7 |0.20.8 0.3 34.4] 760.( 6.0 63.0 5.( 9.8 4.4
OKO05711W 92 5711 11.2 0.5 A 8118 8|7 99. 29.44 0. 1.5 0.5 36.1 850.0 7.0 64.( .0 4.6 2116
OK Bullet 93 BIit3 | 11.1 0.7 4.0 79.2 6.9 1000 29.9.4 1.3 0.4 31.0 888.0 8.0 64.( 5.2 51 21.3
OK01420W 93 1420| 9.9 0.5 7.3 817 7/8 10p.0 29.43 |0. 0.9 0.3 37.3 780. 7.0 63.0 3.8 28 16/9

Abbreviations defined in Appendix 1 and Table 1.
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Table 1c. Mean values of 2008 wheat cultivars and breeder lines

Creep-Recovery Glutomatic Tensile Baking Mixograph
Sample Nur. Abbr. FP J-Jr SeP  RCY | SED Gl WG F WE RW LV ViSc BWA | CMT MST MTW
(%) | (Pa?) (%) | (ml) | (%) (%) (N) (N.cm) (N.cm) (cc)  (score) (%) (min)  (mm)
OKO05742W 93 5742 10.7 0.5 3.4 835 72 10p.0 2784 0 14 0.4 858.0 7.0 64.( 4.5 8.8 27/1
OK06029C 93 6029 101 03 102 849 713 961 2674 14 0.5 860.0 8.0 63.0 4.7 6.9 16)2
OK05128 93 5128 9.9 0.2 6.( 813 8/6 100.0 22.2 04 1.6 0.6 870.( 6.0 63.0 4.% 4.5 142
OK05526 93 5526 103 0.5 2.3 80/3 9/0 996 236 0519 0.6 815.( 7.0 63.0 4.9 4.8 228
OK05312 93 5312 9.3 1.6 0.3 772 57 742 26.6 Q.2 0.8 0.2 763.(¢ 6.0 62.0 2.8 6.Y 127
OK05511 93 5511 9.7 0.6 3.9 810 71 993 222 (0516 0.5 805.( 6.0 63.0 4.3 5.9 154
OK05204 93 5204 9.3 0.8 4.4 794 51 911 274 Q207 0.3 760.( 5.0 62.0 3.3 5.1 213
OK05212 93 5212 10.4 0.8 3.1 764 7(2 919 26.1 0.3 0.9 0.3 800.( 6.0 63.0 3.4 5.8 186
Max® | 11.4 1.6 102 849 9.2 1000 336 0.7 11.0 3.1 17930.0 8.0 64.0 6.5 12.0 33.2
Minb 8.5 0.2 0.3 74.6 4.6 60.6 216 0.2 1.5 0.2 5.7 .0/r23 4.0 61.5 2.7 1.2 4.4
Average | 10.2 0.7 43 808 7.2 929 27|12 04 1.7 0.5 32.98.81 6.5 63.1 4.2 6.7 16.7
SDc 0.7 0.3 2.0 2.3 1.2 10.6 2.8 0.1 1.8 0.5 .6 529 9 0 0.8 0.9 2.8 5.5

Abbreviations defined in Appendix 1 and Table 1.

Max® = Maximun

Min? = Minimum

SDf

= Standard deviation
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Table 2a. Mean values of 2009 wheat cultivars and breeder lines

Creep-Recovery Glutomatic Tensile Baking Mixograph

Nur. Sample Abbr. | FP J-Jr SeP RCY |SED| GI WG| F WE RW DE LV Visc BWA | CMT MST MTW

(%) | (Pa) (%) | (ml) | (%) (%) | (N) (N.cm) (N.cm) (cc) (score) (%) (min) (mm)
Duster 91 Dstl| 10.1 0.9 1.3 790 62 97.7 26.3 [0.30.9 0.3 38.0] 750.4 8.0 64.0 4.2 .9 20.4
OK Bullet 91 Bltl | 10.4 0.6 51/ 809 5% 989 27430 11 0.4 35.5 790.0 8.0 63.9 L 5.3 23.6
Shocker 91 Shk| 11.8 0.8 24 788 6|3 910 309 |0.0.7 0.3 39.3] 875.Q 9.5 64.0 3.7 10|0 14.2
Aspen 91 Asp | 10.0 0.4 3.3 807 72 10p.0 252 |0.7.7 2 0.9 32.7] 730.0 55 64.5 4.4 2.2 18.4
OK Rising 91 Risl| 10.9 0.6 5.3 8lp 63 100.0 2962 0.7 0.3 42.1 823.0 8.0 65.( 3.9 8,5 21.1
Centerfield 91 Ctfl| 11 1.0 3.3 798 6J7 949 3062 0.5 0.2 39.4 960.p 7.5 65.( 3.9 70 13.3
OK07S117 91 7117 10.b 0.8 32 770 7,2 1000 28.33|0 0.8 0.3 39.3 755.0 7.0 64.( 3.6 4.p 21.9
OK07209 91 7209 9.9 0.5 4.2 812 7/5 10p.0 27.7 |0.41.3 0.4 34.4] 778.( 7.5 63.0 3.4 4.y 12.4
0OK07210 91 7210 9.9 0.6 2.3 792 69 985 24.0 [0.30.9 0.4 38.5| 700.¢ 5.0 63.0 4.5 3.8 23.8
OK07214 91 7214 10.% 0.4 41 843 5|6 10p.0 24.64 |0.14 0.5 35.6 785.0 6.0 65.5 4.1 3.8 12.1
OK07216 91 7216| 10.6 0.6 2.5 80/6 6/8 10p.0 26.83 |0. 1.0 0.4 36.7 800.0 7.5 65.0 5.4 1.6 15.5
OK07218 91 7218| 10.3 0.4 3.8 827 7|11 996 26.4 [0.31.0 0.4 41.6] 788.( 8.0 64.0 4.1 4.7 19.3
OK07226 91 7226| 10.4 0.5 4.3 816 6|8 10p.0 25.74 |0. 1.2 0.5 38.2 850.0 8.5 63.0 4.5 5.p 11.7
OK07231 91 7231 9.9 0.5 2.5 797 69 10p.0 243 [0.20.7 0.3 43.1] 725.( 7.0 64.0 5.4 0.6 19.3
OK07418 91 7418 9.8 0.5 1.7 810 74 998 234 [0.31.0 0.4 38.2| 768.0 6.5 63.0 4.0 4.8 26.6
OK07615 91 7615 11.1 0.4 2.3 812 7|2 10p.0 2784 |0.14 0.5 36.4 915.0 8.0 64.0 4.8 5.0 21.7
OKO07719wW 91 7719 9.9 0.6 2.4 7966 84 10p.0 25.84 |0. 1.6 0.5 32.1] 818.0 8.0 63.0 3.3 7.0 12.7
OKO07729wW 91 7729 9.9 0.3 2.9 798 75 10p.0 23.35 0. 1.6 0.6 37.2 783.0 8.0 63.9 5.2 2b 235
OKO07742wW 91 7742 10. 0.9 19 805 6/7 836 2943 |0.11 0.3 31.0 825.0 8.0 65.0 3.4 5.p 14.2
OK07820W 91 7820 10.2 15 01 76/6 8/1 895 28.82|0.0.5 0.2 42.2| 738.0 7.0 64.0 2.6 13,8 14.6
OK07919C 91 7919 9.8 0.7 3.0 786 7|3 99.0 249 |0.41.4 0.4 27.3]  800.( 7.5 64.0 3.4 4.4 15.8
Duster 92 Dst2| 10.2 0.6 3.1 800 62 987 264 [0.41.2 0.4 35.6] 785.0 8.0 65.0 4.4 0.8 29.3

Abbreviations defined in Appendix 1 and Table 1.
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Table 2b. Mean values of 2009 wheat cultivars and breeder lines

Creep-Recovery Glutomatic Tensile Baking Mixograph
Sample Nur. Abbr. | FP | JJr S RCY|SED| GI WG| F WE RW DE| LV Vi BWA | CMT MST MTW
(%) | (Pa?) (%) | (ml) | (%) (%) | (N) (N.cm) (N.cm) (cc) (score) (%) (min)  (mm)

92 OKBullet | B2 | 105 07| 35 786 56 973 29120 08 | 03 | 387 8200 80| 640 44 35 166
92 Overley ove| 110 03| 54 828 7P 1000 279 |0725 | 08 | 328 9059 80| 645 54 4ap 19l
92 OK06127 | 6127| 112 04| 52 835 5|8 995 ds4 |0411 | 04 | 390 7250 65| 649 43 9B 117
92 OK06332 | 6332| 104 11| 42 796 67 612 d84 |07 | 02 | 335 859 75| 6349 24 127 108
92 OK06336 | 6336| 10 04| 44 817 79 996 d71 o207 | 03 | 37.0 859 80| 669 50 3p 167
92 OK06609 | 6609| 114 09| 39 787 61 815 425 0727 | 09 | 328 8904 75| 659 41 120 176
92 OK06528 | 6528| 114 04| 25 81l 771 997 dss |0724 | o8 | 327 9189 70| 659 53 8p 335
92 OKo6822W | 6822| 99 04| 25 81l 7]3 1000 2385|0. 18 | 06 | 350 8380 75| 644 41 4B 122
03 Chisholm chi| 11.4 06| 45 795 77 ode 2B2 311 | 04 | 3902 8900 311 659 50 op 227
03 Endurance | End3 103 04 2p 808 68 981 523|009 | 04 | 38d 8100 359 630 37 6} 109
03 OkBUlet | B3 |107| 08 | 21| 775 61 907 202 43 08  0p 6428450 319 | 640 49 1§ 29

03 Duster Ds3| 105 07| 34 818 62 945 267 [0207 | 03 | 41.6] 7900 353 63d 47 2p 142
03 Fuller Ful | 123 06| 23 8ok 77 10d0 282 D413 | o5 | 372 s40d 329 644 55 4B 15l
03 Jackpot Jap| 115 08 3b 786 64 985 319 |0D4 | 02 | 372 8104 359 659 43 8p  17[0
03 Centerfield | ct3| 110 09| 48 80k 74 951 20@1| 04 | 02 | 374 845 383 640 3B 8l 144
03 OKRising | Ris3| 124 05| 63 834 6k 1000 3203| 09 | 03 | 394 8950 367 650 5p 9B 163
03 OK 03522 | 3522| 112 07| 26 79)8 7|6 979 2904|0.1.1 | 04 | 394 8750 387 640 4B 44 173
93 | OK03305Petd 3308 110 1.0 37 816 14 9de4a6pw2| 06 | 03 | 455 890p 368 64D 4L 76 112
o3 | O | 3o5 | 113 10| 23] 801 64 837 314 02 06 02 648100 369 640 35 104 128

03 okosa111 | 4111] 111 o9 5] so4 74 980 drozfo.07 | 03 | 379 8500 378 640 35 108 239
03 OK05526 | 5526] 11y 07| 3] 7700 7]2 995 28930.10 | 04 | 37.3 8580 383 650 46 64 200

Abbreviations defined in Appendix 1 and Table 1.

81



Table 2c. Mean values of 2009 wheat cultivars and breeder lines

Creep-Recovery Glutomatic Tensile Baking Mixograph
Sample Nur. Abbr. | FP | J-Jr SeP RCY |SED | GI WG| F WE RW DE | LV Visc BWA | CMT MST MTW
(%) | (Pa™) (%) [ (ml) | (%) (%) [ (N) (N.cm) (N.cm) (cc) (score) (%) (min)  (mm)
93 OK 05312 5312| 9.8 2.5 0.2 738 70 792 278 |0.10.3 0.1 40.8 750.¢ 36.2 63.0 2.6 8. 13(5
93 OK 05511 5511| 10.4 0.4 7.4 844 7|12 977 27.14 /0. 14 0.5 344 850.0 34.8 63. 35 6.8 171
93 OK 05204 5204| 10.6 0.6 39 821 7|6 994 26.93|0.10 0.4 37.6 808.0 343 64. 4.2 38 158
93 OK 05212 5212| 11.3 1.0 38 782 74 965 31.2210.0.6 0.2 39.5 800.0 345 64.4 2.8 9.6 159
93 OK 05711W 5711 10.8 0.2 40 822 72 994 26230 1.0 0.4 38.7 770.0 38.6 64.( 4.6 82 233
93 OK 06029C 6029| 114 0.6 6.1 822 72 911 3112|0 0.7 0.3 384 870.0 33.5 64.( 3.9 10.7 12.9
93 OK 06617 6617 12.6 0.8 24 796 7|0 935 34.92 |0.0.7 0.3 389 825.0 383 66.d 4.8 78 194
93 OK 06618 6618 12.1 0.8 50 804 57 964 33.12|0.0.6 0.2 415 925.0 419 65.d 4.8 110 311
Min® | 9.8 0.2 0.1 738/ 55 672 233 01 0.3 0.1 27.3 .0/00 5.0 63.0 2.4 0.6 10.8
Maxb 12.6 25 7.6 844 84 1000 349 0.7 2.7 0.9 4550.0 41.9 66.0 5.5 13.8 335
Mean | 10.7 0.7 35 803 69 963 281 03 11 0.4 37.72.82 19.3 64.1 4.2 6.3 18.1
so¢ | 07 0.4 1.4 2.0 0.7 6.5 26 0.2 0.6 0.2 35 583 314 0.8 0.7 3.3 54

Abbreviations defined in Appendix 1 and Table 1.

Max? = Maximun

Min? = Minimum

SDf

= Standard deviation
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Table 3. Explained variance (%) in PCA of 2008 wheat flours. Abbreviations defined in
Appendix 1 and Table 1.

AXes PC1 PC2 1+2
Variables PC (%) 28.4 24.8 53.2
Viscoelastic J-Jr 46.0 0.0 46.0
RCY 19.0 0.1 19.1
SeP 24.6 4.1 28.7
Mixograph CMT 58.1 4.8 62.9
MST 29.7 27.0 56.7
MTW 54 245 30.0
Sedimentation SED 19.0 24.5 43.5
Tensletest F 79.5 0.0 79.6
WE 42.2 5.7 47.9
RW 67.1 6.3 73.4
DE 10.3 21.1 314
Baking properties LV 0.2 60.1 60.3
ViSc 54 41.7 47.1
BWA 0.1 67.6 67.7
Gluten index Gl 55.1 0.0 55.1
WG 20.7 54.1 74.8
Protein Content FP 0.0 80.2 80.2
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Table 4. Explained variance (%) in PCA of 2009 wheat flours (Table 2). Abbreviations
defined in Appendix 1 and Table 1.

. AXes PC1 PC2 1+2
Variables

PC (%) 25.8 19.1 44.9

Viscoelastic J-Jr 61.3 31.1 92.4

RCY 67.5 26.0 93.4

SeP 68.0 25.5 93.5

Mixograph CMT 1.4 6.1 7.4

MST 0.0 14.6 14.6

MTW 0.1 0.0 0.1

Sedimentation SED 10.5 22.3 32.8

Tensiletest F 40.9 53.9 94.8

WE 39.3 55.6 94.8

RW 36.7 53.2 89.9

DE 22.1 22.2 443

Baking properties LV 2.7 0.1 2.9

ViSc 16.2 55 21.6

BWA 15.0 8.1 23.2

Gluten index Gl 8.6 0.7 9.2

WG 35.3 0.0 353

Protein Content FP 12.8 0.2 13.0
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Table 5. Explained variance (%) in PCA of selected variables afterdiisgar

redundant variables of 2008 wheat flours (Table 1). Abbreviations defined
in Appendix 1 and Table 1.

Variables Axes PC1 PC2 1+2

PC (%) 45.4 31.6 77.0

Viscoelastic J-Jr 54.2 28.3 82.5
Mixograph CMT 76.0 0.5 76.4
Tensiletest F 66.3 13.3 79.6
Baking properties LV 10.6 69.0 79.6
Protein Content FP 20.0 62.4 82.5
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Table 6. Explained variance (%) in PCA of selected variables after drsgard
redundant variables of 2009 wheat flours (Table 2). Abbreviations defined
in Appendix 1 and Table 1.

Variables AXes PC1 PC2 1+2

PC (%) 31.2 20.1 51.3

Viscoelastic RCY 83.2 5.8 89.0
J-Jr 80.0 7.8 87.8

Mixograph CMT 1.7 39.8 41.6
MST 1.5 66.5 68.0

Tensiletest F 13.8 26.5 40.3
Gluten index Gl 15.6 2.8 18.4
WG 46.4 6.0 52.4

Protein Content FP 7.6 5.3 12.9
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Table 7. Pearson’s correlation coefficients of 2008 wheat cultivars and bresdéiidbreviations defined in Appendix 1 and Table 1.

FP LV ViSc BWA CMT MST MTW SED  J-Jr RCY  SeP F WE RW DE Gl
FP 1
LV 0.62** 1
ViSc  0.49**  0.49** 1
BWA 0.68** 0.59** 0.47** 1
CMT  0.33* 0.30** 1
MST  0.45%* 0.39* 0.21** 0.38** -0.45** 1
MTW 0.35* 0.35** 0.48** 0.31** 1
SED 0.37** 0.42** 0.23* 0.49**  0.36** 0.39** 1
J-Jr -0.50** 0.33** 1
RCY 0.27** -0.40** 1
SeP 0.35** -0.43** 0.61** 1
F 0.67** -0.35** 0.37** -0.58** 0.30** 0.32** 1
WE 0.22* 0.50** 0.27** 0.43** -0.37** 0.77** 1
RW -0.20* 0.49**  -0.42** 0.24* -0.47** 0.25** 0.20* 0.80** 0.51* 1
DE -0.36** -0.27** -0.28** -0.27**  0.64** 1
Gl 0.30** 0.49** -0.45** 0.23* 0.27** -0.38** 0.25** 0.42** 0.56** 0.30* 0.51** 0.32** 1
WG 0.76** 0.45** 0.30**  0.54** 0.60** 0.20* -0.39** -0.53**  -0.45**

*Correlation is significant at = 0.05 level.
**Correlation is significant at = 0.01 level.
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Table 8. Pearson’s correlation coefficients of 2009 wheat cultivars ardkbtees. Abbreviations defined in Appendix 1 and Table 1.

FP

LV

ViSc

BWA

CMT

MST MTW  J-Jr

RCY

RW

DE

Gl

WG

FP
LV
ViSc
BWA
CMT
MST
MTW
J-Jr
RCY
SeP

WE
RW
DE
Gl
WG

1
0.30**
0.27**
0.59**

0.36**

0.25*
-0.25*

0.32**
0.36**

0.36**

0.23*

0.27**

-0.26**

1
0.29**

0.23*
-0.26**
0.30**
-0.30**

-0.23*

0.27**

0.24*
-0.33**
0.41**
-0.40**

-0.21*

-0.37**
0.23*

-0.24*

1

0.22* 1
-0.99**
0.98**
0.53**

-0.23*
0.39**

1
-0.99**
-0.43*

-0.42+

1
0.43**

0.42**

1
0.99** 1
0.99**  0.98** 1
-0.58** -0.61** -0.46**
0.23* 0.25*

-0.30*  -0.27** -0.28**

0.06*

1
-0.35**

1

*Correlation is significant at = 0.05 level.
**Correlation is significant at = 0.01 level.
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PC2 (24.8% explained variance)
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Total explained varianceis 53.2%
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Fig.1. Loading plot of first two principal components of 2008 set of 51 samples
wheat flours. Abbreviations defined in Appendix 1 and Table 1.
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Total explained varianceis 44.9%
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Fig. 2. Loading plot of first two principal components of 2009 set of 51 samples

wheat flours. Abbreviations defined in Appendix 1 and Table 1.
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1.0

PC2 (24.8% explained variance)

-1.0

Total explained variance is 53.2%
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-1.0 PC1 (28.4% explained variance) 1.0

Fig. 3. Loading plot of first two principal components of selected variables afte
discarding redundant variables of 2008 set of 51 samples wheat flours.
Abbreviations defined in Appendix 1 and Table 1.
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PC2 (20.1% explained variance)
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Total explained varianceis 51.3%
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Fig. 4. Loading plot of first two principal components of selected variables afte

discarding redundant variables of 2009 set of 51 samples wheat flours.
Abbreviations defined in Appendix 1 and Table 1.
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CHAPTER VII

CONCLUSIONS

The objectives of this study were to discriminate variation of hard redmwint
wheat properties by various techniques. These techniques included 1) changing
viscoelastic properties of gluten at various temperatures rangin@2dam55°C, 2)
evaluating hard red winter wheat properties grown in 2008 and 2009 by using creep-
recovery test of gluten at different shear stresses of 40 and 100 Pa, douglbiéitensi
farinograph and baking test, and 3) determination of two sets of hard red win&tr whe
properties by using gluten creep-recovery, extensibility and glutonestis compared

with traditional measurements.

Hard and soft red winter wheat gluten samples were differentiatrdladly were
exposed to temperature at 25 to 55°C by measuring with creep-recovery tdsrd he
red winter wheat of gluten was discriminated differently with soft redeviwheat
gluten. Hard and soft red winter wheat glutens were separated accordingptrdtures.
Glutens when exposed to temperature at 25 and 35°C were grouped together; while,
temperature at 45 and 55°C clustered the gluten into another group. At 45 and 55°C,
glutens were associated with the Separation time which illustrated auglemant. The

%recoverability was correlated with the gluten at 25 and 35°C.
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The relationship among the creep-recovery rheological propertiestehg|
traditional empirical assessments of flour samples and baking parfoemvas shown.
The explanation of variance of all variables was 79.1%. The main contributors to the
explained variance were delta compliance (J-Jr) and maximum resistagxtension
(Rmax). The parameters obtained from creep-recovery test using 100 &adl IEP
explained the same percent variance when the parameters from extenglRmgest
Emax and Area) take into account. However, the viscoelastic variablesyependent

from flour protein (FP) and loaf volume (LV).

The correlations between the viscoelastic properties and the other properties
related to baking performance were obtained by evaluating the two set flouesampl
from year 2008 and 2009. The principal component analysis (PCA) were performed in
each year and concluded that the main contributors were from creep andyr¢esiver
which are %Recoverability (RCY), Separation time (SeP), and Delta @oroel(J-Jr),
and tensile test which are Force (F), Recoverable work (RW), and Work extgnsibil
(WE). The total variance improved after remove the shorter vectors anadhdsbators
in both 2008 and 2009 year sample set. The creep-recovery and tensile test appear to be

useful for breeding program.

99



CHAPTER VI

FUTURE RESEARCH

According to the results from chapter lll, the creep and recovery teigfhat
temperature (25 to 86) showed a good differentiation on the viscoelasticity of
gluten samples. It can be suggested that higher temperatures (66)a@5used

to investigate the gluten quality in depth.

The comparison between shear stress at 40 Pa and 100 Pa in creep and recovery
test showed that 100 Pa was more correlated with the dough mixing properties
than 40 Pa. This suggests that further study may be investigated the creep and

recovery test with higher shear stress to optimize shear stress.

Seven and six of commercial flour samples were analyzed in chapgedIIV. |
suggested increasing the number of samples in order to validate the finsimgs

small set of samples.

Based on the environmental and genetic background factors, the more data from
different crop years and varied genetic pool should be analyzed (chajter V)

order to formulate a better prediction.
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APPENDIX 1
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Table 1. List of abbreviations for parameters used

Tests Abbr. Units Parameters
FP % Flour Protein
Baking LV cnt Volumes of baked loaf measured at 10 min
LH mm Height of baked loaves
PH mm Height of loaves after proofing
OSP mm Increase in height of loaves in the oven during baking

SV cntlg  Specific volume of baked loaves
ViSc score Visual Score
BWA % Baking Water Absorption

Mixograph CMT Corrected Mixing Time
MST min Mixograph Stability
MTW mm Mixograph Tail Width
Farinograph WA % Water Absorption
DT min Development Time
ST min Stability Time

BT min Breakdown Time
SDS

Sedimentation SED ml Sodium Dodecyl Sulfate (SDS) sedimentation volume
Creep-recovery  J-Jr Pa Delta Compliance
RCY % % Elastic Recovery

Sep Separation time

TCC s Time Constant Creep

TCR s Time Constant Recovery
Extension Rmax N Maximum resistance to extension

Emax mm Extensibility at maximum resistance
Area  N/mm Work required to extend the dough to Rmax

Glutomatic Gl % Gluten Index
WG % Wet Gluten
Tensile test F N Force

WE N.cm  Work of Extensibility
RW N.cm Recoverable Work
DE Degree of Elasticity
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Table 2. Mean values of viscoelastic properties of gluten samples in eachatemge

in Chapter IlI
Samples  Temperature SeP J-Jr RCY TCC TCR
(C) (s) (Pa) (%) (s (s
Al 25 1.24 0.55 82.83 6.43 3.25
35 5.67 0.73 78.56 7.41 2.37
45 13.66 0.76 79.95 6.63 1.80
55 9.36 0.97 73.20 7.76 1.23
A2 25 1.93 0.43 83.19 5.40 2.53
35 1.60 0.46 81.49 6.14 2.57
45 11.40 0.74 78.77 6.22 1.57
55 6.80 1.11 70.15 9.36 1.35
A3 25 0.03 2.48 81.74 6.39 3.22
35 0.04 1.38 71.79 6.47 2.66
45 4.44 2.43 64.39 9.71 1.81
55 5.36 2.93 57.79 12.43 1.48
Bl 25 2.24 0.32 85.30 4.03 1.98
35 2.04 0.29 85.96 3.92 1.98
45 11.20 0.40 83.04 4.05 1.23
55 5.16 0.65 73.11 6.26 0.90
B2 25 2.75 0.28 82.65 5.32 2.32
35 8.95 0.37 81.42 5.28 1.69
45 9.56 0.56 75.00 7.49 1.43
55 11.00 0.65 71.11 8.72 0.92
B3 25 2.24 0.33 83.95 4.99 2.33
35 2.65 0.38 81.46 5.09 1.99
45 11.20 0.51 80.32 5.28 1.38
55 4.24 0.80 71.43 7.66 1.16
Stephens 25 0.05 2.59 72.61 15.17 6.92
35 0.05 3.12 70.81 14.04 5.91
45 0.83 4.46 64.92 15.05 3.86
55 0.40 5.95 58.09 16.99 2.98
Average 4.86 1.31 75.89 7.85 2.31
SD 4.28 1.41 7.87 3.63 1.38
Min. 0.03 0.28 57.79 3.92 0.90
M ax. 13.66 5.95 85.96 16.99 6.92
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Fig. 1. The schematic of tensile test on gluten from initial to fina¢ stdte calculation of

final to initial length ratio is shown below.

The initial length of gluten =5-1.3-1.3 = 2.4 cm

The length of gluten from initial to final = 5+6.35 = 11.35 cm

The length of gluten after gluten was stretched = 11.35-1.3-1.3 = 8.75 cm
Therefore, the ratio of the length of gluten after gluten was stttute the initial length

of gluten = 8.75/2.4 = 3.65 times
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