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Summary

The main objective of this study was to test therd<sEC 4000 analytical column (300
X 7.80 mm) against the BioSep-SEC s4000 narrow bolemn (300 x 4.60 mm) that
was used by most researchers up to now, for sepaait wheat gluten proteins, using
SE-HPLC. The relationship between protein fractiomsd a range of quality
characteristics were then determined. The trialkewenducted in the three production
areas of South Africa representing the dryland semminfall, dryland winter rainfall
and irrigated regions. These regions each havefgpealtivars developed for their
specific conditions. The Yarra-SEC 4000 analytmallmn yielded nine profile peaks
compared to the five of the BioSep-SEC s4000 nabore column. Highly significant
differences were found between the protein frastitor the irrigated region and the
winter rainfall cultivars. Very few significant dé@rences were seen for protein fractions
between cultivars in the dryland summer rainfalyjioa. The GLI%p correlated
positively with dough rheological characteristinscultivars of the irrigated region. The
UPP positively correlated with dough rheologicalgmaeters for cultivars of the irrigated
region. No significant correlations were observetileen UPP and dough rheological
characteristics in the dryland winter rainfall cudrs. The irrigated region cultivars
presented more significant correlations betweentepro fractions and quality
characteristics. Significant correlations were otg#d between SDSVOL and protein
fractions for the winter rainfall region cultivaido significant correlations were obtained
between SDSVOL and protein fractions for the ingghand dryland summer rainfall
cultivars. In this study it was observed that Ye&BEC 4000 analytical column can be

employed successfully in the separation of wheaieprs.

Key words: BioSep-SEC s4000 narrow bore column;liQueharacteristics; SE-
HPLC; Yarra-SEC 4000 analytical column.
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Chapter 1

General Introduction

Wheat(Triticum aestivum L) is one of the most important cereal crop in thelgvdt is
consumed by nearly half of the world population9@qGupta et al. 2008; FAOSTAT
2014). Wheat is a good source of proteins and grferghumans and can also be used
to feed livestock (Rakszegi et al. 2005; Guptd.€2@)8). Other uses of wheat are starch
and fermented drinks (Pomeranz 1988). Proteinsdanimature wheat grains make up
about 10-12% of the total grain. Wheat storagegamstmake up about 80-90% of the
total proteins (Shewry and Halford 2002; Branlardle2001; Veraverbeke and Delcour
2002). The wheat storage proteins are termed gl@érten is made up of two main
groups, glutenins and gliadins (Branlard et al.220Bianibelli et al. 2001). These two
groups have unique properties and unusual strissturieich allows wheat flour to be
processed into a wide range of products such aslpbn@odles, cake and biscuits (Gilbert

et al. 2000; Rakszegi et al. 2005). Gluten givasgtiats visco-elastic properties.

The gliadins are monomeric proteins while gluterares polymeric proteins (Gianibelli
et al. 2001). Glutenins are further grouped inghhinolecular weight (HMW) and low
molecular weight (LMW) subunits. The HMW glutenunoainits (GS) have been reported
to be a great source of variation (45%-70%) in @meeking performance despite
forming the minor group of flour proteins (Branlamdd Dardevet 1985; Payne 1987;
Shewry et al. 2001). The grain protein content (B@)vital quality parameter of wheat.
The balance between protein components and otber omponents such as starch,
lipids, pentosans and water are important in breaing. The PC is largely affected by
environment while the quality of proteins is affsttoy the genotype and environment
(Panozzo and Eagles 2000; DuPont and Altenbach)2G@iadins have been reported to
be more affected by environment while glutenins ehdeen reported to be non-
responsive to the environment (Panozzo and Eadlé8)2 According to Park et al.
(2006) high protein flour has high amounts of spegrotein fractions compared to

flours with low PC.

Bread wheat quality is a result of genetic and mmment interaction (Tlanu et al. 1996)
and PC as well have a large influence on breadimyaRiVeegels et al. 1996). The



functional end-use quality of wheat is largely irgfhced by variations in molecular size
distribution of proteins (Singh et al. 1990; Larnecand Békés 2000; Labuschagne et al.
2004; Ohm et al. 2009; Tsilo et al. 2010).

Various methods have been employed to separatet\whatins and determine their
contribution to wheat quality. These include reeephase-high performance liquid
chromatography (RP-HPLC) (Burnouf and Bietz 1984réhylo et al. 1992; Gao et al.
2010), asymmetrical flow field flow fractionatiomulti angle laser light scattering
(Lemelin et al. 2005), matrix assisted laser dasmmfionization time off flight and size
exclusion-high performance liquid chromatographyfe-8°LC) (Dachkevitch and
Autran 1989; Singh et al. 1990; Ciaffi et al. 1986rel et al. 2000; Schober et al. 2006;
Ohm et al. 2009).

SE-HPLC has been extensively used to separatemsated determine their correlation
with bread-making characteristics (Dachkevitch @udran 1989; Gupta et al. 1993;
Ciaffi et al. 1996; Labuschagne et al. 2004; Edwatdal. 2007). The technique provides
information on molecular size distribution withoc&using changes in the chemical
structure of proteins (Bietz 1986). The technicgipawerful, reproducible and has good
resolution (Bietz 1986), however, it is time consugn(Larroque and Békés 2000).
Effective identification of protein subunits withrbe effects on bread-making quality
can lead to improved wheat quality (Primard et091). The ability to improve wheat
quality through better knowledge and understanadihgs association with chemical

composition still remains a challenge (Békés e2@06).

This research was carried out to separate polyna@dcmonomeric proteins using SE-
HPLC and evaluate their relationship with bakingalgy characteristics. Specific

objectives were:

» to characterise HMW-GS in South African bread wieedtivars and assess their
influence on wheat quality

» to separate wheat proteins by SE-HPLC using a wabaye BioSep-SEC s4000
column

» to assess the potential of the Yarra-SEC 4000 acallycolumn for improved

wheat protein separation



* to evaluate the interdependence of wheat qualitgrpaters with molecular size
distribution
» to establish the major difference in the BioSep-3000 and Yarra-SEC 4000

analytical column in quantifying protein fractiomsbread wheat
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Chapter 2

Literature review

2.1 Storage proteins

2.1.1 Composition of wheat proteins

Wheat grains contain low amounts of protein randegveen 10-20% of dry weight
compared to legumes with an average of 20-40% iprof@ranlard et al 2001;
Veraverbeke and Delcour 2002). However, in termsarfd production wheat provides
large amounts of proteins; 200 million tonnes (mijch is three times more than the
amount of proteins produced by legumes used fod f@hewry and Halford 2002).
Wheat proteins are of great importance and confiegue properties of elasticity and
extensibility, which primarily lies in the seed iige proteins of the endosperm. These
unique properties play a major role in food prooesand result in end-use products,
which are a good source of energy (Veraverbeke @eltour 2002; DuPont and
Altenbach 2003).

Wheat endosperm proteins are primarily made uputég and form 80-85% of the total

wheat grain proteins (Branlard et al. 2001; Verbeke and Delcour 2002; Song and
Zheng 2007; Wieser, 2007). Gluten influences thigue visco-elastic properties of

dough. It contributes towards elasticity, extergibiand water absorption capacity
which influence flour quality (Branlard et al. 2Q(Rasheed et al. 2014). Gliadins and
glutenin together make up gluten, which determthesunique bread-making qualities.
The molecular structures and interaction of prateianfer visco-elastic properties to
dough (Wieser et al. 2006; Song and Zheng 200hétaket al. 2014).

First studies on separation of wheat proteins weperted by Beccarii in 1728 using a
water washing technique. They gave the name “glutethe water insoluble fractions
of grain. The alcohol extraction of proteins wastfdemonstrated by Einbof as stated by
Osborne in 1907 (Wrigley et al. 2006). Since th@sborne performed more extensive
studies on the separation of wheat proteins. Wiredeins were distinguished based on
their solubility in various solvents. Four majoogps of wheat proteins were established:
albumins soluble in water, globulins in dilute salisolutions, and prolamins soluble in

alcohol based mixtures and glutenins soluble inctsutions (Owusu-Apentene 2005).



2.1.2 Polymeric proteins (glutenin)

Glutenins are formed from a polymorphic mixturepaflymers bound by disulphide
(S-S) bonds. Glutenin is responsible for doughnsfite and elasticity that traps gases
during fermentation (Gianibelli et al. 2001; Wies¢mal. 2006). Glutenin can be divided
into two types: HMW- and LMW-GS based on their fracation by sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SD&EQNGianibelli et al. 2001; Wieser
2007). Glutenin can further be divided into foubgroups based on their sizes (A-, B-,
C- and D-) after S-S bond reduction and accordingjeéctrophoretic mobility on a SDS-
PAGE gel. The A group consists of HMW-GS with mailleec weight between 80 000-
120 000 Dalton (Da). The groups B, C and D are LNBS; where groups B and C have
molecular weights of 42 000-51 000 Da and 30 000 Da respectively. Group D, is
closely related to-gliadins (Payne et al. 1984; Thompson et al. 1994ffi et al. 1999;
Gianibelli et al. 2001).

The HMW-GS are encoded by genes situated on thg Byms of the group 1
chromosomes of the A, B and D genome. These gartes at theGlu-Al, Glu-B1 and
Glu-D1loci (Jones et al. 1982; Payne et al. 1984). l@uks consists of two genes which
are linked to HMW-GS x and y types. The x type esponds with the larger subunits
while the y type corresponds with the smaller sulsuGupta and MacRitchie 1994,
Wrigley et al. 2006; Gao et al. 2010). The LMW-G$ ancoded by genes situated on
the short arms of the group 1 chromosomes. Thesesgare positioned &iu-A3, Glu-

B3 andGlu-D3 loci (Payne et al. 1984; Brown et al. 1979, Giafliket al. 2001). Three
to five HMW-GS subunits are expressed in commonavloeltivars. The hexaploid
wheat contains a minimum of 1Bx, 1Dx and 1Dy sutsuiihe HMW-GS form a smaller
guantity compared to other glutenin components, thely play a unique role in
determining the elasticity (strength) of dough (@ieelli et al. 2001).

Dough strength is associated with HMW-GS and théeoubar weight distribution of
polymeric proteins. Absence of certain HMW-GS resut weaker dough. Alterations
in LMW-GS and gliadins also affect dough extend#ipi(Uthayakumaran et al. 2002).
The Glu-D1 subunits 5+10 was reported to have a larger infltaeon dough strength
thanGlu-D1 subunits 2+12 (Gupta et al. 1996). Dong et al9®)3eported significant

correlations of subunits 5+10 with most qualityihtites.



Some quality parameters have been associated &viidirc HMW-GS Glu-B1 andGlu-
D1 affect mixograph parameters and loaf volume (LWid &lu-D1 have a more
noticeable effect on the midline peak value (MPB)ahlard et al. 2001). Payne et al.
(1987) reported cultivars with 1 and 2* had higB&S-VOL.

The amino acid sequence of HMW-GS comprises oftlestear domains, unrepetitive
domains at the N terminus, a central domain thagpetitive and C terminal domain.
Much variation is found in the repetitive domairhiah is responsible for variation in
the size of the whole protein. The differences hie functionality of glutenins are
attributed to differences in structural domainse T terminal and central domain are
distinguished by the presence of most cysteins 80#105 and 480-700 residues for the
N terminal and central terminal respectively. Mimesidues occur at the C terminal (42
residues). Variation in the N terminal can be hbitiéd to substitutions, and
deletions/insertions. Variation in the repetitiventhin is based on three motifs,
hexapeptides and nonapeptide present both in xyayge subunits and tripeptides.
Structural predictions reveal anhelix in the C terminal and repeat@eturns in the
central domains (Bushuk and Rasper 1994; Wieser)20fhich contains high levels of

proline associated with gluten elasticity (Tathamd &hewry 1995).

2.1.3 Monomeric proteins (gliadins)

Gliadins are heterogeneous in nature. They ardesoigined polypeptides, extractable
in 70% alcohol (Gianibelli et al. 2001). Gliadinancbe fractionated into four classes:
alpha @), beta p), gamma’) and omegad) at low pH with SDS-PAGE (Gianibelli et
al. 2001; Wrigley et al. 2006). Wieser (2007) pregwd a new classification of gliadins;
®5-, o1-, 2-, o/p- and Y-gliadins. The difference betweertgliadins ando- and -
gliadins lies in aspartic acid, proline, methionitrgpsin, phenylalanine and tryptophan
guantities. Thew gliadins are deficient in cysteine and containramacids absent in
other gliadins. The-gliadins are distinguished by greater amountdugate, proline
and phenylalanine (Tatham and Shewry 1995; Giadnddedl. 2001; Wrigley et al. 2006),

which contribute about 80% of total amino acid desi (Wieser, 2007).

Gliadin molecular weights vary between 30 000-7@ @k (Woychik et al. 1961;
Gianibelli et al. 2001). Gliadins are controlleddsnes on the short arms of group 1 and

6 chromosomes. The genes on the group 1 chromosocces atGli-Al, Gli-B1 and



Gli-D1 loci and on group 6 chromosomes&#itA2, Gli-B2 andGli-D2 (Jones et al. 1982,
Brown et al. 1979; Wrigley et al. 2006). Variousdies revealed that the minority f
gliadins, the majority ofr-gliadins and all of the-gliadins are controlled by group 1
chromosomes while the minority af-gliadins, majority of gliadins and all of the
gliadins are controlled by group 6 chromosomes iBagt al. 1984). Gliadins constitute
the majority of glutenin proteins (Gianibelli et 2001). Gliadins polypeptides exist in
blocks and this makes it difficult to establish gentribution of individual gliadins. It
also has similar molecular weight than many LMW-&®units (Gianibelli et al. 2001,
Wrigley et al. 2006).

The amino acid sequences of gliadins are made thpe¥ structural domains; the central
domain flanked by the N terminal and C terminaleagTheo/p- and Y- gliadins have
high amounts of sulphur. Theéf gliadins have six cysteine remains, while Yhgliadins
have eight cysteine remains linked by intramolec8l&s bonds. The/p andY-gliadins
are classified by low amounts of glutamine andipeotompared to-gliadins. Theu/p
repetitive units are based on pentapeptides. Ther@inal, which is unrepetitive,
contains lower amounts of proline and glutaminenttize N terminal and cysteine
residues are conserved (Shewry and Tatham 199GeWg007). Gliadins have three
different structureso/p with a globular structurey- gliadins with extended structures
and o-gliadins with rod like structures (Bushuk and Rasp994). Recent studies on
secondary structure of gliadins reveafetlirns andu-helixes. The C terminal contains
considerable amounts afhelixes ang sheets (Shewry and Tatham 1990; Gianibelli et
al. 2001; Wieser 2007). Gupta et al. (1992) in wiuglthe relationships between protein
composition and functional properties of wheat ftimat wheat flour increase in gliadin
concentration with an incease in PC. Tthgliadins increased with nitrogen applications,
while Y-gliadins decreased (Wieser and Seilmeier 19983adidis have been reported to
reduce mixing time, dough strength and lower peadistance (Fido et al. 1997;
Uthayakumaran et al. 2002).

2.1.4 Albumins-globulins

Albumins and globulins are referred to as non-giyteoteins, which make up about
10-20% of total wheat flour proteins (Singh et2001; Singh and MacRitchie 2001).
They are found in the aleurone layer and embrydeims of solubility, aloumins are

soluble in water while globulins are soluble intgalorvat et al. 2015). Albumins and
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globulins have not been reported to have a gréaeimce on flour quality (Schofield and
Booth 1983; Gao et al. 2009). They have, howeveenkreported to have nutritional
value because they are high in required amino atidk as lysine and methionine. The
major parts of these proteins are enzymes invalvadetabolic activities (Singh et al.
2001; Tomic et al. 2016). The HMW albumins-globalihave a storage function.
Trypsin/alpha amylase serpins and methionine aentjor components and they have
an inhibitory effect on insects and fungi on seedrd) germination. In addition, they act
as food reserves for the embryo during germingtiborris 2002; DuPont and Altenbach
2003).

2.2 Grain characteristics

2.2.1 Vitreous kernels

Vitreousness is a quality characteristic relate®@and hardness of kernels (Eliasson
and Larsson 1993; Symons et al. 2003). Vitreouseé{srare glassy, high in PC and more
compact. Non-vitreous kernels are dull or flourydare considerably finer textured
(Gaines 1985; Bass 1988; Dowell 2000; Dowell e2@D6). Vitreousness is one of the
vital quality parameters used in the grading of wdtkat (Dexter and Matsuo 1981;
Dowell et al. 2006). Vitreousness is a heritabégt tralthough it is also affected by the
environment. Pomeranz and Williams (1990) repohigh temperature and nitrogen to
contribute to vitreousness. Appropriate agronomiacfices are essential, as they
influence PC, which is associated with vitreousn&swironment has been reported to
have more pronounced effects on vitreousness tbaptig factors (Greffeuille et al.
2006).

2.2.2Kernel hardness

Kernel hardness is a physical characteristic aategtiwith texture of the endosperm
(Bettge et al. 1995), and is often measured byraténg the resistance of the grain to
break when a force is applied to the kernel (Yarkisaaad Donelson 1983). The kernel
hardness is used to distinguish between wheavatdtand plays an important role in the
flour industry as it affects the milling, baking camuality of wheat. The physical
properties of wheat such as flour yield, flour dgnand starch damage, and water
absorption are affected by the texture of the epelos. Hard wheats require more energy

to crush and break into large particles with imneestarch damage. Damaged starch has
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high water absorption capacity. In contrast, sdfeat is easy to crush and produces flour
with a fine texture with less starch damage (Yarkiaaad Donelson 1983; Bass 1988;
Bettge et al. 1995).

Kernel hardness is controlled by one or two magmes located on chromosome 5DS.
The genes associated with kernel hardness ardyclodesd to the Ha locus coding for
puriondoline proteins (Yamazaki and Donelson 1¥&8sha et al. 2010). The Ha locus
contains genes the puriondoline a (Pin a) and pdabne b (Pin b). Hard wheat has
deletions or mutations present in either Pin ailmbRvhile soft wheat has the wild alleles
with both puriondolines present (Mattern 1988; Igesat al. 2012; Salmanowicz et al.
2012).

Positive correlation between starch damage andh gnardness was reported and
depended on genotype. Environment did not have sagwificant effects on grain

hardness (Kwasniewska-Karolak et al. 2011; Surna. &012). Bergman et al. (1998)
reported genetic correlation between kernel haslaasd flour yield that may be due to
close gene association of protein and softnesssgéarshall et al. (1986) and Ohm

(1998) also reported positive correlation betweemé&l hardness and flour yield.

2.2.3 Thousand kernel weight

TKW determines the weight of a thousand counteahédsrat 12% moisture content
(Blackman and Payne 1987; Posner and Hibbs 196d)isaa result of kernel size and
density (Koppel and Ingver 2008). Other factorshsas climate, infections and shape
contribute to TKW (Dziki and Laskowki 2005). Hartieg) time also has an impact on
TKW (Farrer et al. 2006), as kernels harvested wsee reported to have lower TKW
and kernels with lower density are inclined to héweer test weight (Czarnecki and
Evans 1986). Seeds showing high TKW usually hagh fiiour extraction and good

packing efficiency (Dexter and Matsuo 1981). Brokewl chipped kernels are excluded
when determining TKW (SAGL 2010).

Shefazadeh et al. (2012) reported a strong sigmificorrelation between TKW and grain
yield. They further stated that TKW and the numblespikes per unit area are a good
indicator of heat and drought tolerance becausseethraits could identify tolerant

genotypes. Chinnusamy and Khanna-Chopra (2003)rtezpaignificant correlation
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between grain weight and yield. Negative correfaibetween PC and TKW have been
reported by Pomeranz et al. (19&b)d Dowell et al. (2008).

2.2.4 Hectolitre mass

Hectolitre mass or test weight is the weight peregivolume of wheat, expressed as
kilogram per hectolitre. It is used for gradingafeat and provides a measure of density
and soundness of wheat (Fowler and de la Roche; X8Z&necki and Evans 1986;
SAGL 2010). Kernels should be found without anyr@f damage (Berman et al. 1996).
Hectolitre mass has a large influence on the t@mapon costs of wheat and is affected
by various factors such as agronomic practicestheeaand climate, fungal disease,
insect damage, and kernel shape (Dziki and Laskio2@£5). Test weight can also be
influenced by season and kernel hardness. Soungblantp kernels have higher test
weight and high flour yield. Lower test weights agsociated with lower density and
lower kernel mass (Czarnecki and Evans 1986). Midirehal. (1986) found significant
positive correlation between test weight and ngllineld, however weaker correlations
were reported for varieties at a particular siteoctoli and di Fonzo (1999) reported

positive correlation between kernel shape andwegiht.

2.3 Milling characteristics

2.3.1 Break flour yield

Break flour yield (BFY) is obtained when wheat gr& passed through a series of roller
mills and sieves (Prabhasankar et al. 2000). THer mmills begin by opening up the
wheat grain. The endosperm and germ are then segdram the bran (Campbell and
Webb 2001, Fang and Campbell 2003). Break floudygrecorded as a percentage of
the total wheat flour (Bass 1988). Break flour ss@ciated with kernel texture. Soft
textured kernels produce greater BFY (Gaines 19&ing 2010; Pasha et al. 2010). PC
negatively correlated with BFY (Gaines 1991). Valh and Smith (1997) found wheat
grains with high PC to be harder and to produce B#sY.

2.3.2 Flour extraction rate/flour yield

Flour yield can be defined as the quantity of flthat can be derived from a certain
amount of wheat and is expressed as percentaget &dd Evers 1994; Bass 1988). The
guantity of flour extracted is of considerable impace to markets, millers and

consumers. Consumers’ main priority is flour of aite colour, which does not contain
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non-endosperm materials. Flour yield relies on éffeciency of the reduction stage
during milling (Shuey et al. 1977). Genetic andismvmental factors also affect flour
yield (Marshall et al. 1984). Parker et al. (1988)nd three quantitative trait loci (QTL)
on chromosomes 3A, 5A and 7A to have a large inflfeeon flour yield. Ohm et al.
(1998) reported significant correlations betweesuifl yield, kernel hardness, kernel

density and hectolitre mass.

2.4 Rheological characteristics

2.4.1 Mixograph characteristics

The mixograph is widely used for testing the mixprgperties of dough, which are used
to determine end-use quality (Wik&tn and Bohlin 1996). The mixograph has also been
used to study the influence of additives and flmunstituents on dough behaviour during
the bread-making process. The technique required flour samples and is less time
consuming. However, it cannot be used to measuteraasorption due to its principle
to use some water (Shogren and Finney 1984; Wiksand Bohlin 1996).

The mixograph is a mixer with four moving pins tisatetch the dough between fixed
pins and the resistance is recorded as a curvenitt@gram. Mixogram properties are
dependent on plasticity, elasticity and visco-atétgtof dough mixing. The mixogram

provides information on the following parametersak time (dough development time,
DDT), ascending slope (dough development) andéseehding slope (tolerance to over

mixing and stability) (Walker and Hazelton 1996).

Neagu et al. (2009) reported five parameters suitabteube in breeding programmes
and predicting end-use quality. They are peak {imeing requirement), peak height
(dough strength), end width (extensibility) and akaown (stability). These
characteristics accounted for 91% of variation M. They further stated that other
parameters are a function of more than one mixmogegty. Initial slope is affected by
mixing requirements and dough strength. The endhwigeasures dough extensibility
and stability. The areas below and within the cumagécate mixing properties. Wik€tm
and Bohlin (1996) reported that the following figarameters could be used to predict
LV: build up (initial build up to maximum height &te top of the curve), peak time and
initial width, area below the mixogram curve an@dlpbeight and proteins. Peak time is

associated with build-up and water absorption. &hEameters contributed 92.8% of
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variation in loaf volume while build up alone acoted for 77% of variation in bread
volume. The mixograph mixing properties are usedthie industry to assess the
bread-making quality (Pefia 2000; Ngaet al. 2009). In South Africa, peak time is one
of the important mixograph parameter used by thestry (Miles et al. 2013).

Dong et al. (1992) found a significant positiveate&nship between mixing time and
mixing tolerance. Protein concentration was hightyrelated with LV and water
absorption was significantly correlated with LV ximg time and mixing tolerance. The
Glu-1 score was significantly correlated with LV and mix time. Cultivars with
Glu-D1 subunits 3+12 and 2+12 had significantly shortetimg times than cultivars
with subunits 5+10. Subunits 5+10 had the most isterstly positive influence on
guality characteristics.

The mixograph parameters; peak height, ascendigig amd total area under the curve
revealed highly significant positive correlationghwflour protein content (FPC). Peak
time showed positive correlation with descendingl@nthe width parameters as well as
area parameters (Miles et al. 2013). Peak heigbtagarelated with grain hardness. A
strong positive correlation was also observed betwmidline parameters and top
envelope parameters. Protein content was negatigelyelated with peak time
(Martinant et al. 1998). Mixograph bandwidth at Bhroorrelated with mixing tolerance
(Chung et al. 2001). Wiks€itm and Bohlin (1996) reported midline peak heightlme
peak width, midline time X height, and midline tinxewidth, to be related to grain
hardness. Pefia (2000) reported significant highetadrons between mixograph peak
height and LV. Flours with weak gluten are chanasgel by less mixing time and short

peak time compared to flours with strong glutery(ire 2.1)

Wi xirsgy Todew M:1-:vl

%

Figure 1.1, Mixograph for strong gluten flour. NO.1 and for weak
gluten flour, NO. I, (Wheat and flour testing methods, 2008)
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2.4.2 Farinograph

The farinograph is a dough mixing instrument thaasures and records resistance of
dough over time, developed by the mixing actioblatles. The resulting curve is called

a farinogram. The farinograph allows measurementpafameters such as water

absorption, dough stability, DDT and the weakerpogt. Measurements are done on
dough that has not been fermented (Walker and ktaz£996; Koppel and Ingver 2010).

Water absorption is an important parameter as otwshthe potential of the protein
network to absorb water and is directly associatét the finished products. Water
absorption shows the amount of water needed foglido reach a desired consistency
(500 Brabender units (BU) line), at the peak of theve or point of optimum dough
development. The curve height is influenced by R@G genotypes with high PC have
increased water absorption. Hard wheats were obdeos have high PC (Finney and
Shogren 1972; Van Lill and Smith 1997; Constantirale 2011). Farinograph water
absorption is also used in evaluating dough stherfiarch and gluten also affect water
absorption. In South Africa water absorption is aripnt in the release of the cultivars.
Water absorption values between 62-64% are acde@AGL 2010).

Dough development time is a point at which doug$ temched maximum consistency
and is able to retain gas, and is often referredstpeak time (Atwell 2001). Dough
stability indicates tolerance of dough to mechdmaiaing. Stability relates to the time
during which dough reaches maximum consistencyjstthe time difference in minutes
during which the top of the curve is above the BQDline (arrival time) and the curve
leaves the 500 BU line (departure time) (Atwell 2000well et al. 2008). A peak of

2.5-3.5 min is acceptable for South African wheat.

The o-gliadins and LMW albumins and globulins were reépdrto have positive
correlations with water absorption and softening dough (Farooq et al. 2014).
Significant correlations were reported between HNBS- and rheological
characteristics. Subunits 5+10, 13+16 and 7+9 wegerted to have the largest effect
on rheological characteristics including farinodraRandall et al. 1993). The presence
of subunits 2 and 9 shortened dough mixing time,mereased farinograph absorption
(Khan et al. 1989). Significant positive correlaisowere reported between HMW-GS

and farinograph water absorption (Wentzel 2010)inegraph water absorption
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increases as PC increases (Finney et al. 1987 gfawtl Kovacs 2004). Generally strong
gluten flour has higher water absorption, longexing and more tolerant than weak
gluten flour (Figure 2.2) (Wheat and flour testmgthods 2008)
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Figure 1.2 Farinograph for strong gluten, NO.1 and for weak gluten flour,
NO.2 (Wheat quality and carbohydrate research, 2015)

2.4.3 Alveograph

The instrument blows a thin sheet of dough intalabibe until it bursts. The dough sample
is prepared by mixing flour with a standardised salution. The resulting pressure is
recorded until the dough bursts. The graph obtainedlled an alveogram (Figure 2.3).
From the graph, information on parameters suctoagtiextensibility (L-value), dough
stability and tenacity (P-value), dough strength(&lue) and the relation between P and
L, expressed as a ratio (P/L-value), can be ohtaifibe L-value measures the distance
from the beginning of the curve to a point where tlough bubble bursts. This value
represents the ability of dough to rise. The W-galuhich is the area under the curve, is
associated with energy required to form dough. \Nhgalues range from 45 for very
soft to 400 for hard red wheat. The P-value isteelato resistance of dough to
deformation. A high P-value is related to high gtustrength and high water absorption
(Khattak et al. 1974; Walker and Hazelton 1996; &t001; Rees et al. 2007).

Certain HMW-GS have been reported to have a laffgeteon alveograph parameters.
Subunit 1 correlated significantly with the L-valseibunit 2 correlated with P-value and
P/L- value and subunit pair 5+10 correlated witraRd W-value (Blackman and Payne
1987; Hou et al. 1996). Flours with lawamylase activity have high resistance and the
L-value is low. Falling number significantly coragéd with L- and P/L-value. Gluten
deformation index significantly correlated with IR; and P/L-value. The rate of gluten

deformation is related to extension that occursnduiermentation (Codina et al. 2011).
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Codina and Paslaru (2011) reported that additiomakase of vital gluten results in
increase in P-value and decrease in extensibiithex. The balance between dough
viscosity and strength result into bread of a gquadlity flours with strong gluten are
have P-value, whereas those with weak gluten rawvéd°lvalue (Figure 2.3)

Strong gluten Mour Weak guten four

Figure 2.3 Alveograph for strong gluten flonr, NO.1 and for weak gluten flour,
NO.I (Wheat flour testing methods, 2008)

2.5 Baking related characteristics

2.5.1 Wet gluten content

Wet gluten content (WGC) is obtained after treatirfpur sample with sodium chloride

solution. Starch and other soluble componentsar®ved (Neufeld and Walker 1990).
Wet gluten is a rubbery material made of gliadind glutenins (Baslar and Ertugay
2011). It is used as a primary quality flour testmost countries due to its simplicity

(Atwell 2001). Differences in flour quality havedreassociated with gluten quantity and
guality. Significant correlations were reportedviletn WGC and PC (Simic 2006;

Surma et al. 2012). Ponte and Ingelin (1997) pdimtet that wheat exhibiting strong

gluten is resistant to over mixing and extensaailit

2.5.2 Loaf volume

Loaf volume is the final test used to determineatdrenaking quality. LV indicates the
ability of dough to retain gas during fermentati@hogren and Finney 1984). Water
absorption and mixing time affect LV. In order tbtan good LV, mixing time and
baking absorption must be optimised. LV increasds prolonged mixing time and high
water absorption (Roels et al. 1993). Hard whesdssaitable for good bread-making

because of their high water absorption potentiag tesult into bread with increased
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volume, (Blacman and Payne 1987). Bakers prefar fiich produces bread with large
LV (Rozylo and Laskowski 2011).

A linear association between PC and LV exists (Kbd@nd Ingver 2010) and several
studies confirm this significant correlation (Simmag 1989; Dong et al. 1992; Roels et
al. 1993). In a study by Rozylo and Laskowski (20th&y reported sedimentation index,
falling number and dough strength as the best gi@di of LV. Gluten proteins
influences bread-making quality and variation iatgh proteins resulted into most of the
differences in LV (Khatkar et al. 1996). Millar (@B) indicated that PC and the ratio of
HMW- to LMW-glutenin affected LV. Positive correlah between gliadins and LV
were reported by Dong et al. (1992) and a condider@mount of variation in LV could

be attributed to gliadins.

2.5.3 Sodium dodecyl sulphate sedimentation volume

Sodium dodecyl sulphate sedimentation volume (SDS\Mludes the acidification of
the flour water suspension with lactic acid contagnrSDS, a detergent. The lactic acid
causes the flour/water suspension to sink in tha fof sediment; the levels indicate the
gluten strength (Moonen et al. 1982; Krattiger aad/ 1991; Eckert et al. 1993).

Moonen et al. (1982) as well as Huang and Khan{L8ported SDSVOL as a good
technique in determining dough strength and breallimy performance of wheat flours.
Dexter and Matsuo (1977) reported SDSVOL to be aategfor comparing durum wheat
cultivars. Gupta and Shepherd (1990) reported SDS\® a good technique in
characterising endosperm proteins. Dhaka et aLARfeported significant correlations
between SDSVOL and PC. SDSVOL is widely accepted gsod tool in determining

the difference between PC and gluten quality (Adfet al. 1979; Carter et al. 1999).
Preston et al. (1982) reported a high correlatmefticient between SDSVOL and LV.

Varieties with PC less than 13% have shown highetations between SDSVOL and
farinograph DDT and extensigraph area (Prestoh @é082).

SDSVOL has the inability to differentiate betwe&org and medium quality wheat with
PC higher than 13% (Ayoub et al. 1993; Carter et1899). Higher SDSVOL are
associated with strong gluten strength while lowSSOL is associated with weaker
gluten (Carter et al. 1999; Eckert et al. 1993).
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2.6. Separation techniques

2.6.1 Size exclusion-high performance liquid chromagraphy

SE-HPLC is a valuable technique widely used fotgiroanalysis. Proteins are separated
on the basis of their molecular weight distributi@E-HPLC separates and evaluates
various characteristics related to molecular sig&itdution of proteins. Proteins in their
native and reduced state can be analysed usingpttisique. SE-HPLC can also be used
to characterise and compare isolated protein tastiOther biochemical analyses of
proteins are based on the reduction of S-S bondghwesults in loss of information
regarding structure, interaction and stability odtpin complexes. SE-HPLC has the
ability to keep large aggregates in their origisthdte. The technique is sensitive,
reproducible and easily automated (Bietz and Krd@94). The major drawback of the
technique is poor resolution after hundreds of ampms, although columns and
procedures are being improved all the time. Ohal.g2009) described SE-HPLC as a

complex procedure requiring a long time.

SE-HPLC can also be used to determine flour chamatts such as percentage of
unextractable polymeric proteins (%0UPP), percentaig@olymeric proteins (%PP),
percentage of monomeric gliadins (%MG), polymeriotgin in the flour (PPF), and
gluten to gliadin ratio (GLU/GLI). These parameteran be used as markers for
predicting bread quality. Studies reported sigalific positive correlations between
%UPP and end-use quality (Kuktaite et al. 2004)jcédage SDS extractable protein
positively correlated with dough extensibility (Zttpet al. 2008). Extraction of proteins
was reported to be variable, being proteins frorangt wheat flours proteins are less
extractable than those from weak flours. Singhle{1®90) introduced extraction of
proteins using 2% SDS at pH 6.9 by sonication. rAfienication, extractability of
proteins increased up to 100% within 30 sec, asd,amall wheat flour samples are
required (Singh et al. 1990).

Earlier, the extraction procedures yielded unstadotdein extracts which resulted in
reduction in percentage of excluded peaks duriaditst hour (Autran 1994). This could
be associated with the reducing effect of SDS tesulin slow disruption of non-
covalently bond large aggregates until more st8bfbonds are obtained. Extraction of

proteins at higher temperatures overcame the probfenstability, and resulted in more

20



stable elution curves (Dachkevitch and Autran 1988 use of 50% acetonitrile lead

to better resolution of proteins (Batey et al. 1991

SE-HPLC correctly distinguishes the three majorugso of wheat proteins namely,
glutenins, gliadins and albumins-globulins. Thehteéque has been used for evaluation
of baking quality. Ahmad et al. (2001) found sigeaht positive associations between
monomeric glutenin (insoluble fractions) and glradsoluble fractions). Polymeric
glutenin (insoluble fractions) was positively cdated with mixograph tail width, area
under the mixograph curve and extensibility. Theraf insoluble to soluble polymeric
glutenin was positively correlated with all qualigttributes and highly positively
correlated with mixograph peak development time ame@d under the mixograph curve.
Extensibility was significantly positively corrett with monomeric glutenin.
Labuschagne and Aucamp (2004) reported signifipasitive correlation between SDS
soluble gliadins and quality, especially LV irresfpee of the environment. However
Labuschagne et al. (2004) observed significanttnegeorrelation between gliadins and
bread-making quality, which indicated that both @gpe and environment influence
these relationships. The sonicated large polymprateins significantly positively
affected grain protein, flour protein and LV acrtsslocalities, however sonicated small
monomeric proteins negatively associated with gaaid flour protein (Labuschagne et
al. 2004).

Across localities both, non-sonicated and sonicdtactions, highly correlated with
SDSVOL, vitreous kernels and FPC and mixograph ldgweent time. Gliadins
significantly negatively correlated with qualityrdbutes (Labuschagne et al. 2004). Tsilo
et al. (2010) found positive correlations betwedi\W polymeric unextractable proteins
and dough mixing, strength and LV. The ratio of HMWextractable to extractable
polymeric proteins correlated with dough mixing pedies. The HMW polymeric
protein fraction significantly and positively colaited with kernel hardness, mixograph
water absorption and tolerance (Ohm et al. 2008ycdhtage insoluble polymeric
proteins positively correlated with mixing time, dapercentage soluble polymeric

proteins negatively correlated with mixing time iPat al. 2006).
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2.6.2 Reversed phase-high performance liquid chronbagraphy

RP-HPLC is a useful analytical technique used &pasation and characterisation of
proteins. The technique involves fractionation abtpins on the basis of their
hydrophobicity. Proteins with high hydrophobicitiyte faster than proteins with lower
hydrophobicity (Bietz 1986; Marchylo and Kruger 898The technique offers a wide
range of advantages, such as automation, highutésol power, reproducibility,
guantification and computerisation of different f@ia subunits. It also complements
other chromatographic and electrophoretic methods itadistinguishes samples
incorrectly identified using other techniques (Biet986; Cinco-Moroyoqui and
MacRitchie 2008), however, it cannot be used téetkhtiate between subunits with
similar hydrophobicity (Gao et al. 2010). The cotunning samples and the apparatus
is very high. The technique was first used to idgmiroteins associated with end-use
quality (Dong et al. 2009) and RP-HPLC is a us#éfol to identify variety (Marchylo
and Kruger 1988).

RP-HPLC was not an ideal technique for the separatf proteins until the introduction
of wide pore end capped spherical silica supportthe 1980’s. Superior resolution,
improved stability and reproducibility were obtainom wide bore columns (Bietz
1986; Wieser and Seilmeier 1998). The availabibfycolumns packed with silica
enabled separation of proteins by RP-HPLC (Bietk laruger 1994).

RP-HPLC has been used in various studies to predality of wheat because of specific
correlations of some specific peaks with qualitsepaeters. Sutton et al. (1989) used RP-
HPLC and found two HMW-GS correlated with LV. Hotvat al. (2012) reported
significant correlations betweengliadins and dough water absorption. HMW-GS were
significantly and positively correlated with DDT camvater absorption was negatively

correlated with albumin-globulin.

2.6.3 Sodium dodecyl sulphate—polyacrylamide gelesltrophoresis

SDS-PAGE fractionates proteins based on their niphihder an electric current. When
proteins are fractionated by SDS-PAGE, various ipatars such as molecular weight
and protein distributions among fractions can bem&ned. SDS denatures protein,
breaks down S-S bonds causing proteins to haveearlarrangement and also imparts a

negative charge to proteins (Singh et al. 1990).
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SDS-PAGE separation of proteins can be a useful toodetermining genetic
polymorphism and identifying wheat cultivars. AiteVariants vary in terms of mobility,
number and intensity and can be characterised [8BBGE (Benmoussa et al. 2000;
Nemati et al. 2012). Various studies on electropbigrhave shown variation in number
and mobility both in bread wheat and pasta wheedr(Brd et al. 1989; Lawrence and
Shepherd 1980). Zilic et al. (2011) used SDS-PAGEharacterise proteins from grain

of different bread wheat genotypes.
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Chapter 3

High molecular weight glutenin subunits in South Afican bread wheat cultivars

and their influence on bread-making quality characeristics

3.1 Abstract

This study investigated the influence of high malacweight glutenin subunits (HMW-
GS) on quality parameters of South African mediuandito hard red wheat. This was
done as a background for the following chapters reshg@igh performance liquid
chromatography analysis was used. The trial wadwtird in three different locations
representing dryland winter rainfall (Moorreesburng)gated (Vaalharts) and dryland
summer rainfall (Bethlehem) regions. Allelic vaiwais of HMW-GS of 51 genotypes
were investigated using sodium dodecyl sulphatggmoy/lamide-gel electrophoresis. A
total of 17 allelic variations were detected intimalrs from all three production regions
with three alleles o®LU-1A, ten onGLU-1B and four orGLU-1D. A total of 22 banding
patterns were identified. Analysis of variance floe dryland summer rainfall region
showed significant differences between genotype&safb characteristics except for
protein content. The cultivar Matlabas ranked hgfjlfer most quality characteristics.
Subunits combination 5+10 as the most prevalertifdW-GS present. For the irrigated
region, significant differences were observed amagenotypes for all quality
characteristics and the largest contributor toatemn was the genotypes for all quality
characteristics except for SDSVOL. Cultivar SST@3ed the highest for most quality
characteristics and subunits 1 and 2+12 were th&t pr@valent HMW-GS found in
cultivars cultivated in this region. Significantfdrences were observed among genotype
for all quality characteristics for the dryland wenrainfall region. Genotype contributed
the largest amount of variation for most charastes except for dough strength and
FPC. Cultivar Kwartel ranked the highest for mosalgy characteristics. A variety of
HMW-GS were seen among the genotypes in this emviemt. The HMW-GS were
found to have inconsistent effects on quality cbimstics and will probably not be

useful for quality selection in South African wheattivars.

36



3.2 Introduction

During the evaluation of new bread wheat cultiiarSouth Africa, the South African
Grain Laboratory (SAGL) has set strict quality stards. These are divided into primary
and secondary standards. The primary standardBxace and include characteristics
such as FPC, mixograph peak time (MPT), falling bham LV, farinograph water
absorption, alveograph strength (alvW) and alveggrstability to extensibility ratio
(alvP/L). All new lines are evaluated based onphmary standards. A new cultivar can
only be accepted if it has better yield, agronoinarad quality characteristics than

existing commercial cultivars in that area (SAGQ13).

Bakers and millers are interested in flour quaktyile growers are only interested in
yield. Quality is the suitability of flour for thend product that millers provide to the
processors and consumers (Maihot and Patton 1@8&sJand Kosina 2007). Wheat
quality is very complex and depends on variousofacsuch as rheological, baking,
milling and chemical composition (Pomeranz 1988nEy et al. 1987; Gianibelli et al.
2001). The end-use quality depends on protein gyantd quality, which is a function
of environment and genetic factors (Kent and Ex88#; DuPont and Altenbach 2003).
Wheat storage proteins form gluten, which has gelanfluence on bread-making
properties (Branlard et al. 2001; Gianibelli et2001). Certain protein subunits have
been correlated with quality of dough. Subunits ®#&ve been associated with dough
strength (Dong et al. 1992; Gupta et al. 1996; Edwat al., 2007), while Khatkar et al.
(1996) reported subunits 2+12 to have pronouncedtine effects on dough strength.
Subunits 7+8 in combination with 2* or 1 resultoetter MPTs and LV (Khatkar et al.,
1996).

The objective of this study was to identify HMW-G&parated by SDS-PAGE, and study
their contribution to wheat quality characteristics cultivars from three different
production regions in South Africa.

3.3 Materials and methods
3.3.1 Cultivars used
Medium hard to hard red wheat cultivars from theidteal Cultivar Adaptation Trials

conducted by the Agricultural Research Council -a$r@rain Institute, Bethlehem in
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South Africa were used in this study. The trialsreveonducted in three different

locations, which fall in three different productiareas:

* Dryland winter rainfall region (Moorreesburg): 1Rltivars were used which
included Kwartel, PAN3408, PAN3471, Ratel, SSTOBST027, SST047,
SST056, SST087, SST096, SST088 and Tankwa.

* Dryland summer rainfall region (Bethlehem): 17 malts were used which
included Elands, Gariep, Koonap, Matlabas, PAN3PA&N3120, PAN3161,
PAN3195, PAN3368, PAN3379, Senqu, SST316, SST354,387, SST356,
SST387 and SST398.

» lIrrigation region (Vaalharts): 22 cultivars wereedswhich included Buffels,
Duzi, Krokodil, PAN3471, PAN3478, PAN3489, PAN3493abie, SST806,
SST822, SST835, SST843, SST866, SST867, SST8758378STSST877,
SST884, SST895, Tamboti, Timbavati and Umlazi.

3.3.2 Trial design and locations

A randomised complete block design with three ogpéis was used. Each plot consisted
of five rows 5 m in length and spacing betweenrthes was 45 cm. For the dryland
summer and dryland winter regions a compound ifegtil4:2:1 (28) was applied at
planting time together with the seeds at a ra@0dfg nitrogen (N) h& The seeding rate
was 45-60 plants peranThe irrigated region (Vaalharts) received a coumabfertiliser
2:3:4 (28) and LAN (28) at a rate of 280 kg N:lh&or the winter rainfall region a
commercial fertilizer 4:1:1 was applied at 130 kgha’. A seeding rate of 250-300

plants per riwas used.

Global positioning system coordinates for eachtiocarainfall, planting and harvesting
dates are listed in Table 3.1. Pests and diseasesasntrolled when needed according
to good agricultural practices. Only the middlesthrows per plot were harvested in an
effort to avoid the side row effect.
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Table 3.1 Global positioning system coordinates, nafall, planting- and harvesting

time of the three production areas

Production regions Coordinates Rainfall Planting time Harvesting time
Location (Growing season)

Dryland summer rainfall 2809'18.67" S 362 mm Early July Early January
Bethlehem 2817'59.99" E 2012 2012
Dryland winter rainfall 338'60" S 313 mm Mid May End November
Moorreesburg 1840°0" E 2012 2012
Irrigated 2756'47.96” S Optimum Early May Mid November
Vaalharts 2448'12.001" E Irrigation 2012 2012

3.3.3 Quality measurements
All gquality analyses were done at the AgricultuRésearch Council-Small Grain

Institute’s quality laboratory in Bethlehem.

Break flour yield

BFY was determined according to American Assocmtb Cereal Chemists (AACC)
method 26-95 (AACC, 2000). Wheat samples were ¢mmdid 18 hours prior to milling
and milled on a laboratory pneumatic Buhler millL1202). The percentage of BFY

was determined according to Bass (1988).

Flour protein content
FPC was determined according to AACC method 46A38C0C, 2000). Crude protein
was determined by the combustion method using aQ.E€-2000. PC was calculated

as N x 5.7 expressed on 12% moisture basis.

Sodium dodecyl sulphate sedimentation volume

The AACC 56-70 approved method (AACC, 2000) wasdusedetermine SDSVOL.
Lactic acid was added to the flour sample and (B8\BOL values were recorded after
30 min.

Wet gluten content
AACC method 38-12A (AACC, 2000) was used, wher® @ flour sample was washed
with 2% NaCl and centrifuged.
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WGC (14% moisture basis) = Total wet gluten (g)6% 8

010% sample moisture

Mixograph

Mixograph development time was determined accortinipe AACC 50-40A method
(AACC, 2000). The PC (AACC method 46-30, 2000) amalsture (AACC method 44-
15A, 2000) of flour samples were determined befongixograph was performed as they
determine the amount of water to be added. A 36ug sample was weighed on a 12%
moisture basis and placed in the mixograph bowlteMaas added to the flour to form
dough. As the dough was mixed, the mixograph resmbedcurve on the graph paper. The
MPT was determined as time in minutes from theioryg the curve to the highest point

on the centre of the curve.

Alveograph

The approved AACC 54-30A method (AACC, 2000) wasdudMoisture content was
first determined according to method AACC 44-15Avadgraph analysis was done
using 250 g white flour and 2.5% NaCl solution veakled. The amount added was
according to the flour's moisture content. Chanasties used for this study were dough
extensibility (L-value) and dough stability (P-ve)u This was obtained by multiplying
the height of the curve with a correction factorlaf. The ratio between stability and
extensibility (P/L ratio) was also calculated. Dbwsirength (W-value) was determined
by dividing the W value by 6.54.

Loaf volume
The rapeseed displacement procedure was usecetonies LV according to AACC 10-
05 method (AACC, 2000).

Loaf volume adjusted to 12% protein basis

LV was determined on the corrected protein levehefcultivar. A correction factor of
40 cm3is used per 1% protein level differencesdjast the bread volume to 12% protein
basis, for example if a cultivar has a PC of 11@o¢ch3 will be added to the line’s bread

volumes and vice versa (SAGL, 2010)
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Sodium dodecyl sulphate polyacrylamide gel electrdyresis

One dimensional separation of protein subunits d@se according to Singh et al.
(1990). Electrophoresis was done on the Mighty $h&8E 250 (Hoefer instrument).

Wheat seeds were crushed to powder. Gliadins weraoted for 30 min in 1 ml of 50%

(v/v) propanol. Extracts were vortexed every 10 amd after 30 min it was centrifuged

for 1 min. The supernatant was then discarded.

Glutenin was extracted from the residue in 0.1 wilutson containing 50% (v/v)
propanol, 0.08 M Tris-HCI at pH 8.0 and 1% (w/vihibthreitol was added. The samples
were then vortexed and placed in a water batfi@p%or 30 min. The samples were
centrifuged for 5 min before the addition of 0.1sulution of 50% (v/v) propanol, 0.08
M Tris-HCI (pH 8.0) containing 1.4% (v/v) 4-vinyipgine and incubated for 15 min for
protein alkylation. The samples were centrifugedZanin before 0.1 ml aliquot from
the supernatant was transferred to a new tube ioorga0.1 ml, 2% (w/v) SDS, 40%
(w/v) glycerol, 0.02% (w/v) bromo-phenol blue an@®M Tris-HCI, pH 8.0.

Polyacrylamide gels were prepared as describedaleynimli (1970). The concentration
of the gel (T) and the cross linker (C) were deteed as %C = [(g Bis-Acrylamide / (g
Acrylamide + g Bis-Acrylamide)]*100, %T = [(g Acrgmide + g Bis-Acrylamide)/Total
volume] *100. The polyacrylamide gel comprised @f33% T, 1.5 Tris-HCI (pH8.8),
10% SDS (w/v) and 0.45% C while the stacking gehposed of 0.5 M Tris-HCI (pH
6.8), 10% SDS (w/v) 1.42% C and 3.04% T).

After running the gels they were stained with 6%vjwrichloroacetic acid and 0.01%
(w/v) Coomassie brilliant blue R250 and methanéb (@v).

3.3.4 Statistical analysis
The data was subjected to analysis of variance (#Nusing Agrobase Generation II
software (Agrobase 2015). The contribution of ggpetto total variation was calculated

from the sum of squares for genotype as a percermiipe total sum of squares.
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3.4 Results

3.4.1 Quality results of the dryland summer rainfal cultivars

Break flour yield

Genotypes revealed significant differences@Q@1) for BFY (Table 3.2). Gariep had the
highest BFY value followed by PAN3195 and PAN33BAN3379 had the lowest BFY
value. The grand mean was 22.20%. The averages/uBFY ranged between 18.67%
(PAN3379) and 25.97% (Gariep) (Table 3.3). Genotygréation contributed 92.31% of
total sum of squares (Table 3.2).

Flour protein content

No significant differences were found in FPC betwtee genotypes tested in this region
(Table 3.2). Matlabas ranked the highest followgdSenqu and PAN3118. SST347
ranked the lowest. FPC varied between 13.33% (SHT®415.67% (Matlabas). The
mean was 14.59% (Table 3.3).

Wet gluten content

Significant differences @ 0.01) were found in WGC among genotypes testedl€Ta
3.2). PAN3120 had the highest WGC value, followg@&BT398 and Koonap. PAN3161
had the lowest WGC value (Table 3.3). Genotyperdmted 80.93% of total variation
(Table 3.2). WGC varied between 38.90% (PAN316it) 48.73% (PAN3120) and the
mean was 43.29% (Table 3.3).

Sodium dodecyl sulphate sedimentation volume

Significant differences @0.01) were observed in SDSVOL between genotypabl€T
3.2). SST347 ranked the highest, followed by SST81d Gariep. PAN3379 ranked the
lowest. SDSVOL values varied between 74.00 ml (PAR and 93.67 ml (SST347)
(Table 3.3). Genotype contribution to total suns@fiares was 76.35% (Table 3.2).

Mixograph peak time

There were significant differences{(p.01) for genotypes for MPT among the cultivars
(Table 3.2). Senqu ranked the highest followed layp&s and Gariep, PAN3120 ranked
the lowest (Table 3.3). Genotypes contributed 8%.82total variation (Table 3.2). MPT
varied between 2.16 min (PAN3120) and 4.20 min ¢@&nThe grand mean was 3.08
min (Table 3.3).
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Table 3.2 Analysis of variance for quality charactastics for the three production areas cultivars

Dryland summer rainfall Irrigated region Dryland winter rainfall
Contribution Contribution Contribution
of genotype of genotype of genotype
SS to total SS to total SS to total
Characteristics Mean squares SS (%) R Mean squares SS (%) R Mean squares SS (%) R
Rep Genotype Rep Genotype Rep Genotype

BFY 174 13.85%* 92.31 0.94 0.2 9.05%* 92.89 0.93 0.63 8.013*** 95.61 0.97
FY 0.31 4.66** 91.11 0.92 0.57 3.59%** 82.79 0.84 1.34 2.99%** 68.22 0.74
FPC 1.65 1.14%8 36.45 0.43 0.29 3.35%* 79.02 0.80 3.25 2.42* B.2 064
WGC 7.86 18.69** 80.93 0.75 3.22 15.45%** 68.19 0.70 54. 19.61%** 77.94 0.81
SDSVOL 32.88 132.91% 76.35 0.79 13.88 71.29* 57.69 059 .19 32.26%** 77.94 0.75
MPT 0.23 0.849** 86.32 0.84 0.02 0.473*** 88.96 0.90 0D. 0.57** 89.16 0.90
alvP 103.61 545.17* 72.85 0.88 126.4 589.85%** 92.98 9. 18.08 264.43%** 84.88 0.84
alvL 0.43 5.51** 78.61 0.74 261.1 1387.85*** 82.19 0.84 9.75 732.61** 68.94 0.69
alvP/L 0.04 0.18** 70.25 0.81 0.02 0.13%** 93.85 0.95 0.00 0.09%** 82.12 0.83
alvw 18.58 159.03** 77.12 0.71 29.65 192.10*** 88.29 .9 5.35 46.58* 58.72 0.60
Lv 194.61 1264.03** 77.12 0.79 66.29 7337.54%= 7728 0.77 2031.25 3654.74* 71.00 0.78
LV12 1263.08 2924.56* 49.12 0.52 501.2 4220.84*** 26.63 0.73 342.25 3605.95* 54.66 0.56

BFY = break flour yield in %, FY = flour yield in %~PC = flour protein conten in %t, SDSVOL =sodidodecy! sulphate-volume in ml, WGC = wet glutenteot in %, MPT = mixograph peak time in min,

alvP=alveograph stability in mm, alvL = alveograpttensibility in mm , alvP/L = alveograph stability extensibility ratio, alvwW = alveograph strend®J, LV = loaf volume, LV12 = loaf volume adjusted12%
protein basis, Rep = replicationg Rcoefficient of determination, ** g 0.001, ** p< 0.01, * p< 0.05, NS = p>0.05
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Table 3.3 Measured quality characteristics for thalryland summer rainfall region cultivars

Cultivar BFY FY FPC WGC SDSVOL MPT alvP alvL alvP/L alvw Lv LV12
Elands 23.99 74.69 14.00 42.00 90.67 3.74 101.33 94.67 011 53.87 1025.00 943.67
Gariep 25.97 75.56 14.33 40.36 92.33 3.74 73.00 114.33 0.64 446.6 1025.00 938.33
Koonap 21.35 73.94 15.00 45.97 91.33 3.52 114.33 89.00 1.29 58.72 1023.33 904.67
Matlabas 22.48 74.59 15.67 43.21 92.00 3.24 104.67 110.67 0.95 65.49 1028.33 887.00
PAN3118 24.33 75.94 15.33 43.41 90.00 3.09 85.67 122.00 107 58.05 1013.33 888.00
PAN3120 21.07 73.18 14.67 48.73 77.33 2.16 103.33 89.67 1.16 48.67 1025.00 915.67
PAN3161 2351 76.65 14.00 38.90 92.00 3.31 110.67 102.00 10 1. 63.76 1010.00 938.00
PAN3195 24.36 77.29 15.00 45.18 87.33 2.82 73.33 124.67 0.61 46.38 3343. 816.67
PAN3368 24.35 76.58 14.67 43.86 83.33 3.39 81.33 141.67 0.58 65.09 1008.33 895.00
PAN3379 18.67 75.36 14.00 41.39 74.00 2.65 93.33 130.00 307 56.88 1010.00 931.33
Senqu 23.74 74.62 15.33 42.67 88.33 4.20 105.33 84.33 1.28 50.92 1025.00 894.33
SST316 19.70 73.34 14.33 41.93 90.67 2.98 96.33 103.67 309 52.95 1016.67 919.33
SST317 19.43 74.25 14.00 44.89 92.33 2.49 77.33 101.67 7 0.7 40.67 995.00 915.00
SST347 20.74 75.69 13.33 43.65 93.67 2.55 79.33 118.00 0.68 46.69 991.67 931.67
SST356 19.41 73.20 14.33 40.95 91.67 2.99 93.33 99.00 0.95 49.23 1001.67 912.33
SST387 22.35 73.87 15.00 41.83 75.67 3.04 78.00 123.00 3 0.6 47.45 995.00 868.33
SST398 21.95 74.88 15.00 46.93 78.33 2.54 84.67 114.33 4 0.7 49.54 1006.67 897.33
Mean 22.20 74.92 14.59 43.29 87.12 3.08 91.49 109.57 7 0.8 53.00 1008.43 905.69
LSD 0.95 0.63 1.31 2.48 5.95 0.40 8.38 16.28 0.20 7.89 18.31 52.40
Ccv 3.08 0.61 6.49 4.15 4.94 9.49 6.62 10.74 16.78 610.7 1.31 4.18

BFY = break flour yield in %, FY = flour yield in %PC = flour protein content in %, WGC = wet ghutmntent in %, SDSVOL = Sodium dodecyl sulphatirsentation volume in ml, MPT = mixograph peak time

in min, alvP = alveograph stability in mm, alvL lv@ograph extensibility in mm, alvP/L = alveogragthbility to extensibility ratio in mm, alvW = alegraph strength in 1QJ, LV = loaf volume, LV12= loaf volume

to 12% protein basisThe largest value in each column is indicated ild bo
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Alveogram stability

There were significant genotype differences: (201) for alvP values (Table 3.2).
Koonap had the highest alvP value, followed by PABIBand Senqu, and Gariep ranked
the lowest. Values ranged from 73 mm (Gariep) .33 mm (Koonap) and the mean
was 91.49 mm (Table 3.3). The genotypes contribi@85% to the total variation
(Table 3.2).

Alveogram extensibility

There were significant differences{(.01) in alvL values among the cultivars (Table
3.2). Cultivar PAN3368 ranked the highest followsdPAN3379 and PAN3195, while
Senqu ranked the lowest. AlvL values ranged betvg2e83 mm (Senqu) and 141.67
mm (PAN3368). The mean was 109.57 mm (Table 3.38ichwariation (78.61%), was
due to the genotypes (Table 3.2).

Alveogram stability to extensibility ratio

Significant differences §0.01) were found in alvP/L values among genotyjeble
3.2). Values ranged between 0.58 (PAN3368) and (K@9nap), the mean value was
0.87 (Table 3.3). Cultivar Koonap ranked the highedlowed by Senqu and PAN3120.
PAN3368 ranked the lowest (Table 3.3). The genatymatributed 70.25% to the total
variation (Table 3.2).

Alveogram strength

There were significant differences{(.01) in alvW values between genotypes (Table
3.2). Matlabas ranked the highest, followed by PB6Band PAN3161. SST317 ranked
the lowest (Table 3.3). Genotypes contributed 7. b2 total variation (Table 3.2). The
alvW values ranged between 40.6741D(SST317) and 65.49 1@ (Matlabas). The
grand mean was 53.0040 (Table 3.3).

Loaf volume

Significant differences 0.01) were observed among genotypes for LV (Ta&k2g.
Matlabas had the highest LV followed by Elands, i§ar PAN3120 and Senqu
(1025.00). PAN3195 ranked the lowest. LV rangeavben 1028.33 chA{Matlabas) to
943.33 cm (PAN3195). The grand mean was 1008.43 ¢Rable 3.3). Much variation
(77.12%) was contributed by the genotypes (Taldg 3.
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Loaf volume adjusted to 12% protein basis

Differences (g 0.05) were observed between genotypes (Table Blahds had the
highest LV12 value (943.67 A)nfollowed by Gariep (938.33 cihand PAN3161
(938.00 crm). PAN3195 (816.67 ciiranked the lowest and an average of 905.69 cm
was measured for all cultivars tested (Table 3[Be genotypes contributed 49.12% to
the total variation (Table 3.2).

3.4.2 HMW-GS for the dryland summer rainfall region cultivars

SDS-PAGE analysis revealed HMW-GS 1, 2* and nulGwJ-1A, 7+9, 7+8 and 17+18
on GLU-1B and 5+10 and 2+12 on theLU-1D. HMW-GS 5+10 were the most
frequently occurring subunits (Table 3.4). Elan@syiep, Senqu and SST356 had the
same subunit combination (1, 7+9 and 5+10). PAN3R20N3195, SST347 and SST387
had the same subunit combination (2*, 7+9, 5+18N®118, PAN3161 had the same
subunit combination (2*, 7+8, 5+10). Matlabas, S&73and SST398 had a null
expression aGLU-1A. SST317 and SST398 had the same subunit commngatidl,
7+9 and 5+10). Koonap differed @.U-1B (17+18) with Elands, Gariep, Senqu and
SST356 but had corresponding subunit§lat)-1A andGLU-1D (Table 3.4).

Table 3.4 HMW-GS of the dryland summer rainfall regon cultivars

ENTRY GLU-1A GLU-1B GLU-1D
Elands 1 7+9 5+10
Gariep 1 749 5+10
Koonap 1 17+18 5+10
Matlabas Null 7+8 5+10
PAN3118 2* 7+8 5+10
PAN3120 2% 7+9 5+10
PAN3161 2* 7+8 5+10
PAN3195 2% 7+9 5+10
PAN3368 2* 7+8 2+12
PAN3379 2% 7+8 2+12
Senqu 1 7+9 5+10
SST316 1 7+9 2+12
SST317 Null 7+9 5+10
SST347 2% 7+9 5+10
SST356 1 7+9 5+10
SST387 2% 7+9 5+10
SST398 Null 7+9 5+10
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3.4.3 Quality results measured for the irrigated rgion cultivars

Break flour yield

Genotypes showed highly significant differences Qp001) for BFY (Table 3.2). The
cultivar means for BFY varied between 18.04% (S®)&hd 23.94% (Buffels), the
grand mean was 21.10% (Table 3.5). Buffels rankechighest followed by Timbavati
and Umlazi. SST895 had the lowest BFY content.mbst variation was contributed by
genotypes (92.89%) (Table 3.2).

Flour protein content

There were highly significant differences<(p.001) in FPC among cultivars and the
contribution of genotype to the total variation wé&.02% (Table 3.2). FPC varied
between 10.33% (Timbavati and Umlazi) and 15% (&sjf(Table 3.5). The genotype
with the second highest FPC was Duzi (13.67%) Vedid by Krokodil, PAN3471 and
PAN3478 (11.67%).

Wet gluten content

There were highly significant differences<(@.001) between genotypes for WGC (Table
3.2). The averages for WGC varied between 29.86%4867) and 40.21% (SST822),
the grand mean was 34.19% (Table 3.5). SST822 dahkechighest followed by SST843
and Duzi. Genotypes contributed 68.19% (Table t&.2he total variation.

Sodium dodecyl sulphate sedimentation volume

There were differences<{.05) for SDSVOL among the cultivars. The SDSVQiigd
between 75.67 ml (SST877) and 94 ml (Umlazi) (T&. Umlazi ranked the highest
followed by Tamboti and Krokodil. SST877 ranked thevest and PAN3471 (78.67)
was second lowest. Genotypes only contributed B3%.68 total variation for this

characteristic (Table 3.2).

Mixograph peak time

Highly significant differences 0.001) were observed for MPT among cultivars (€abl
3.2). MPT varied between 1.61 min (SST876) and 8581843) (Table 3.5). The grand
mean was 2.23 min. SST843 had the highest MPT Jalleved by SST895 and
SST866. SST876 had the lowest MPT value and wasnaetl by Timbavati (1.97 min;
Table 3.5). Genotypes contributed 88.96% to tadailation (Table 3.2).
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Table 3.5 Measured quality characteristics for cuivars used in the irrigated region

Cultivar BFY FY FPC WGC SDSVOL MPT alvP alvL alvP/L alvw Lv LV12
Buffels 23.94 78.95 15.00 33.08 89.33 2.06 52.00 163.67 0.32 31.04 878.33 1009.00
Duzi 23.22 78.37 13.67 37.00 88.33 2.12 50.33 177.33 0.29 31.55 870.00 978.67
Krokodil 22.66 77.31 11.67 33.66 93.33 2.15 60.33 155.00 9 0.3 39.20 863.33 970.00
PAN3471 20.40 77.72 11.67 32.77 78.67 2.12 63.00 142.33 404 35.58 833.33 964.00
PAN3478 20.18 77.94 11.67 35.75 82.00 2.00 58.67 136.33 304 30.89 853.33 963.00
PAN3489 20.78 78.37 11.33 31.97 85.00 2.50 69.33 119.00 905 37.31 840.00 950.67
PAN3497 20.95 79.81 11.33 33.80 90.00 2.06 64.67 148.00 0.44 38.48 0915. 947.33
Sabie 22.25 77.16 11.33 34.46 90.33 1.99 66.00 158.00 204 41.54 998.33 947.00
SST806 19.39 78.73 11.33 32.85 90.33 2.37 62.67 164.67 9 0.3 39.60 920.00 945.33
SST822 20.47 74.53 11.00 40.21 84.67 211 63.33 170.33 0.38 40.27 983.33 933.33
SST835 19.69 79.15 11.00 32.83 83.67 2.01 58.67 157.00 8 0.3 33.74 881.67 931.67
SST843 18.68 76.32 11.00 38.28 89.33 3.69 113.67 90.67 1.27 63.71 1020.00 922.00
SST866 19.89 78.20 11.00 33.03 84.33 2.53 59.33 120.67 0 0.5 31.85 860.00 921.67
SST867 22.83 78.68 11.00 29.86 82.67 2.28 54.67 135.00 104 29.87 881.67 910.67
SST875 19.24 78.16 11.00 34.36 89.67 2.29 71.00 151.33 704 43.37 923.33 908.67
SST876 19.61 78.30 11.00 36.98 88.00 1.61 55.33 146.67 8 0.3 28.14 868.33 890.33
SST877 21.90 78.19 11.00 33.38 75.67 2.01 49.33 150.00 303 28.18 930.00 889.33
SST884 20.47 77.68 10.67 33.85 81.33 2.47 71.33 117.67 106 36.59 893.33 888.00
SST895 18.04 76.77 10.67 33.29 85.00 2.57 87.33 115.33 6 0.7 48.88 878.33 887.00
Tamboti 22.87 78.46 10.67 33.51 93.67 2.05 61.33 144.00 304 33.89 900.00 886.67
Timbavati 23.59 77.83 10.33 32.62 90.00 1.97 51.00 172.33 00.3 30.53 900.00 876.00
Umlazi 23.25 78.48 10.33 34.57 94.00 211 62.33 139.00 0.46 34.81 940.00 871.33
Mean 21.10 77.96 11.35 34.19 86.79 2.23 63.89 144.29 704 36.77 901.44 926.89
LSD 0.80 0.81 0.90 2.55 6.93 0.23 5.54 16.13 0.08 4.62 45.04 38.23
Ccv 2.75 0.75 5.78 5.43 5.82 7.55 6.31 8.14 12.04 9.15 3.64 3.00

BFY = break flour yield in %, FY = flour yield in %-PC = flour protein content in %, WGC = wet glhut®ntent in %, SDSVOL = sodium dodecyl sulphatéreentation volume in ml, MPT = mixograph peak time
in min, alvP = alveograph stability, alvL = alveagh extensibility, alvP/L = alveograph stabilityertensibility ratio, alvwW = alveograph strength/ E loaf volume, LV12 = loaf volume adjusted to 13%¥etein

contentThe largest value in each column is indicated i bo
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Alveogram stability

There were highly significant differences <(p001) between cultivars for this

characteristic. SST843 ranked the highest followedSST985 and SST884. SST877
ranked the lowest. The alvP values ranged betw2&34nm (SST 877) and 113.67 mm
(SST843). The grand mean was 63.89 mm (Table Gé&notypes contributed the most
(92.98%) to the total variation (Table 3.2).

Alveogram extensibility

There were highly significant differences<(p.001) in alvL values among genotypes
(Table 3.2). The alvL values ranged between 90.8/(85T843) and 177.33 mm (Duzi).
The mean was 144.29 mm. Duzi ranked the highdstfet by Timbavati (172.33 mm)
and SST822 (170.33 mm). SST843 had the lowest aalue followed by SST895
(115.33 mm; Table 3.5). Genotype contributed 82.1@%e total variation (Table 3.2).

Alveogram stability to extensibility ratio

There were highly significant differences<(p.001) between cultivars for alvP/L values.
Genotypes explained most of the total variation&9%; Table 3.2). The values varied
between 0.29 for Duzi to 1.27 (SST843). The measn @47 and SST843 had the highest
alvP/L value followed by SST895 (0.76) and SST8841). Duzi was followed by
Timbavati that had the second lowest alvP/L valieb(e 3.5).

Alveogram strength

Highly significant differences ¢ 0.001) were observed in alvW between cultivars
(Table 3.2). The alvW values ranged between 280#%J1(SST876) and 63.71 1@
(SST843) with a grand mean of 36.7741D (Table 3.5). SST843 ranked the highest
followed by SST895 and SST875. The most variati@s wontributed by genotypes
(88.29%) (Table 3.2).

Loaf volume

Highly significant differences 0.001) were observed in LV between cultivars. Much
of the total variation was due to genotypes (77.28%able 3.2). LV varied between
833.33 crd and 1020.00 cA(SST843). The grand mean was 901.44.@%$T843 had
the highest LV value followed by Sabie and SST&22N3471 had the smallest LV
value (Table 3.5).
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Loaf volume adjusted to 12% protein basis

Average values ranged between 1009.08 @uffels) and 871.33 cr(Umlazi) with a
grand mean of 926.89 éfTable 3.5). Genotypes differed highly significgr{fi< 0.001)
in LV12. Genotypes contributed 26.63% (Table 3o02he total variation.

3.4.4 HMW-GS of the irrigated region cultivars

The most frequently occurring subunit was@L{-1A) followed by 2+12 and 5+10
(GLU-1D). Buffels, Duzi, Sabie, Tamboti, Timbavati and W@ail showed the same
subunit combinations (2%, 17+18, 2+12) (Table 3i&pkodil differed atGLU-1B (7+9)
with Buffels, Duzi, Sabie, Tamboti, Timbavati anchlézi but had corresponding subunit
combinations aGLU-1A andGLU-1D. SST866, SST867, SST875, SST876, SST877,
SST884 and SST895 had the same subunit combin@tjoft8, 5+10) and PAN3471,
PAN3489 and SST822 had corresponding subuns Bt 1A andGLU-1D but differed

at GLU-1B. SST835 and SST843 had corresponding subunit catiins atGLU-1B
and GLU-1D but differed atGLU-1A where SST843 expressed 2*. PAN3478 and
PAN3489 had corresponding subunit combinatior{sLai-1A andGLU-1B but differed
atGLU-1D (Table 3.6).

Table 3.6 HMW-GS of the irrigated region cultivars

ENTRY GLU-1A GLU-1B GLU-1D
Buffels 2* 17+18 2+12
Duzi 2% 17+18 2+12
Crocodile 2* 7+9 2+12
PAN3471 1 749 (13+16) 5+10
PAN3478 13+16 2+12
PAN3489 13+16 5+10
PAN3497 1 7+8 (17+18) 2+12
Sabie 2% 17+18 2+12
SST806 7+5 2+12
SST822 1 13+16 (7+8) 5+10
SST835 1 748 2+12
SST843 2% 7+8 2+12
SST866 1 748 5+10
SST867 1 7+8 5+10
SST875 1 7+8 5+10
SST876 1 7+8 5+10
SST877 1 7+8 5+10
SST884 1 748 5+10
SST895 1 748 5+10
Tamboti 2% 17+18 2+12
Timbavati 2* 17+18 2+12
Umlazi 2* 17+18 2+12

SCultivars with segregating patterns on GLU-1B, @iynallele in parenthesis
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3.4.5 Quality results for the dryland winter rainfall region cultivars

Break flour yield

There were highly significant differences<(p.001) for BFY between genotypes (Table
3.2). SST047 ranked the highest followed by Ratdl 8ST027. SST087 had the lowest
BFY value. BFY ranged between 17.47% (SSTO087) @188 (SST047). The average
was 20.32% (Table 3.7). Genotypes contributed rteshe total variation (95.61%)
(Table 3.2).

Flour protein content

Differences were observed for FPC among cultivessQ.05; Table 3.2). The average
for this characteristic was 13.00%. The lowest RRle was 12.00% (Ratel and
SST096) and the highest 14.67% (SST047). SSTO4kdathe highest followed by
Kwartel, Tankwa and SST027 (Table 3.7). Genotymedributed 68.22% to the total

variation (Table 3.2).

Wet gluten content

Highly significant differences 0.001) were observed in WGC between cultivars. The
genotypes contributed 77.94% to the total variatidable 3.2). SST047 ranked the
highest followed by Kwartel and PAN3408. SST088 trelowest WGC value. Values
ranged from 35.12% (SST088) to 45.59% (SST047)thednean was 39.48% (Table
3.7).

Sodium dodecyl sulphate sedimentation volume

There were highly significant differences in SDSVQk 0.001) among the cultivars
tested. Most of the variation was due to genoty[&s94%) (Table 3.2). SDSVOL
ranged between 83.33 ml and 94.00 ml. SST096 am@&Sanked the highest followed
by Ratel and SSTO015 (93.33 ml). SST047 had the 4oW®SVOL value. The grand
mean was 90.89 ml (Table 3.7).

Mixograph peak time

MPT ranged between 1.88 min (Tankwa) and 3.49 iimaftel). The mean was 2.65
min (Table 3.7). There were highly significant(@.001) differences in MPT among the
genotypes and genotype contributed 89.16% to tiad wariation (Table 3.2). Kwartel
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had the highest MPT followed by PAN3408 and PAN34I#ie lowest ranked cultivar,
Tankwa, was followed by SST088 (2.26 min).

Alveogram stability

Highly significant differences 0.001) were observed in alvP among genotypes and
variation was due to genotypes (84.88%) (Table. I B¢ alvP ranged between 58.67
mm (PAN3408) and 91.33 mm (SST096). The mean wad #bm. The highest ranking
cultivar for alvP value was followed by Kwartel aRAN3471 (83.00; Table 3.7).

Alveograph extensibility

There were significant differences{(p.01) in alvL values among cultivars (Table 3.2).
An average alvL value was 120.33 mm and valuesacbgtween 86.00 mm (Tankwa)
and 134.67 mm (PAN3408). The highest ranked cultivas followed by SST015
(132.33 mm) and SST027 (131.00 mm; Table 3.7). Gpeccontributed 68.94% (Table
3.2) to the total variation.

Alveogram stability to extensibility ratio

Genotype showed highly significant differences Qpu001) for alvP/L values (Table 3.2).
The ratio ranged between 0.44 (PAN3408) and 0.98I'(96). This highest ranked
cultivar was followed by Tankwa (0.95) and PAN34D177; Table 3.7). The largest
variation for the measured alvP/L values was cbuated by genotype (82.12%) (Table
3.2).

Alveogram strength

There were differences<{®.05) in alvW values among the genotypes and 58 Gzhe
total variation was contributed by genotypes (TaBl2). The alvwW values ranged
between 38.43 1HJ (PAN 3408) and 52.14 *Q (Kwartel) and the mean was 45.69
10* J. Kwartel had the highest alvW value followed3§T047 and SST087 (Table 3.7).

Loaf volume

There were highly significant differences<(p.001) for LV among the cultivars (Table
3.2). LV varied between 926.67 érfTankwa) and 1030.00 énfKwartel). The mean
value was 977.08 cinThe highest ranked cultivar was followed by PAR84and
PAN3471 (Table 3.7). Much variation was due to ggpe (71.00%) (Table 3.2).
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Table 3.7 Analysis of variance for quality charactastics for the dryland winter rainfall cultivars

Cultivar BFY FY FPC WGC SDSVOL MPT alvP alvL alvP/L alvw Lv LV12
Kwartel 2151 72.72 14.33 41.89 93.00 3.49 83.00 125.33 0.67 52.14 1030.00 925.33
PAN3408 19.28 74.83 12.33 40.67 88.67 3.02 58.67 134.67 0.44 38.43 1021.67 988.00
PAN3471 18.86 75.79 13.00 39.44 91.67 2.96 83.00 110.00 7 0.7 47.35 1020.00 914.67
Ratel 22.66 73.82 12.00 38.25 93.33 2.87 74.00 125.67 905 45.06 1006.67 966.33
SST015 19.73 75.37 13.00 39.03 93.33 2.84 81.00 132.33 206 47.25 980.00 882.67
SST027 21.88 75.82 13.67 39.49 92.00 2.83 66.33 131.00 0.50 46.99 3368. 957.67
SST047 22.98 75.20 14.67 45.59 83.33 2.59 80.67 118.00 0.70 49.13 965.00 928.67
SST056 20.02 73.60 12.33 39.47 90.00 2.36 73.00 128.33 705 44.65 963.33 951.00
SST087 17.47 74.37 12.33 39.40 90.67 2.33 72.67 130.67 6 0.5 47.86 961.67 968.00
SST096 19.76 74.34 12.00 37.82 94.00 231 91.33 94.67 0.98 46.69 946.67 955.33
SST088 19.39 75.00 12.67 35.12 94.00 2.26 64.00 127.33 0.51 38.79 935.00 939.00
Tankwa 20.35 73.28 13.67 37.53 86.67 1.88 81.33 86.00 0.95 43.99 926.67 872.33
Mean 20.32 74.51 13.00 39.48 90.89 2.65 75.75 120.33 6 0.6 45.69 977.08 937.42
LSD 0.50 1.06 1.30 2.15 3.28 0.25 6.56 17.96 0.13 5.59 33.22 53.65
Cv 1.75 1.02 7.12 3.89 2.57 6.84 6.18 10.65 14.65 8.72 243 4.08

BFY = break flour yield in %, FY = flour yield, FP@ %, = flour protein contem %, t, WGC = wet gluten conteirt %, , SDSVOL = sodium dodecyl sulphate sedintétavolume in ml, MPT = mixograph
peak time in min, alvP = alveograph stability, alvlalveograph extensibility, alvP/L = alveographbsiity to extensibility ratio, alvW = alveograptrength, LV = loaf volume, LV12 = loaf volume adjed to 12%

protein contenfThe largest value in each column is indicated il bo
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Loaf volume adjusted to 12% protein basis

Differences (g 0.05) were observed between genotypes for LV1BI€Ta.2). PAN3408
ranked the highest followed by SST087 and Ratehtkia had the lowest LV12. The
grand mean was 937.42 ¢@and values between 988 tPAN3408) and 872.33 cn
(Tankwa) (Table 3.7). Genotypes contributed 54.86%he total variation (Table 3.2).

3.4.6 HMW-GS for the dryland winter rainfall region

The most frequently occurring subunit was 1 for@h&J-1A. SST096, SST088, SST047
and Ratel had the same subunit combinations (1, Z+B). Kwartel, SST027, SST056
had corresponding subunits@tU-1A andGLU-1D but differed atGLU-1B. SST087
and Tankwa have null expressionGitU-1A. PAN3471, SST015, SST087 and Tankwa
had different subunit combinations and differechfrthe rest of the genotypes (Table
3.8).

Table 3.8 HMW-GS for dryland winter rainfall region cultivars

ENTRY GLU-1A GLU-1B GLU-1D
Kwartel 1 7+9 5+10
PAN3408 2* 17+18 2+12
PAN3471 2% 17+18 (7+9§ 2+12 (5+109
Ratel 1 748 2+12
SST015 1 7+8 (13+16) 5+10 (2+129
SST027 1 13+16 5+10
SST047 1 7+8 2+12
SST056 1 13+16 5+10
SST087 Null 13+16 5+10
SST096 1 7+8 2+12
SST088 1 7+8 2+12
Tankwa Null 7+8 5+10 (2+12)

SCultivars with segregating patterns @hU-1B, primary allele in parenthesis

3.5 Discussion

Dryland summer rainfall region

There were highly significant differences betweendajypes for all characteristics except
for FPC. A large percentage of variation was coboted by genotypes in all
characteristics except for FPC (Table 3.2). Thigiagreement with previous studies
(Mamuya 2000; Marchylo et al. 2001; Edwards et2@l07; Miles 2010) where FPC

showed little variation contributed by genotypeswséver, it is worth noting that multi
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location testing was done in the other studiesciwhvas not done in this study.The
genotypes contained high FPC but variation in FP& welatively small, ranging
between 13.33% and 15.67%. (Table 3.3).

Matlabas ranked the highest for alvW values, LV BRE. It also had high alvP and alvL
values. Edwards et al. (2007) indicated that alalugs and alvW values are related to
FPC, this suggests that cultivars high in FPC male high alvwW and alvL values. The
genotypes in this location exhibited high alvL v@duwhich might be attributed to high
FPC as mentioned by Edwards et al. (2007). Kooaaged the highest in alvP/L and

alvP values.

The results obtained in this location demonstrgeubtypes having HMW-GS 5+10 to
be high in most quality attributes as observed withivars Matlabas, Koonap, Elands,
Gariep, PAN312, Senqu, and SST347. SST317 and 8SBB@ed the lowest in most
quality attributes, which might be due to the ralléle atthe GLU-1A locus. Carrillo et

al. (1990) and Weegels et al. (1996) indicatedttianull allele has a negative influence

on quality characteristics.

PAN3368, PAN3379 and SST316 were the only cultivaith subunits 2+12 on the
GLU-1D genome while all other cultivars had subunits 5¢T#ble 3.4). Matlabas had
subunits null, 7+8 and 5+10 (Table 3.4) and haditbkest alvW value. Subunits 5+10
and 7+8 have been reported to have a pronouncedt efi alvP and alvW values (Gupta
and MacRitchie 1994; Hou et al. 1996; Dumur e8l10). Cultivar PAN3368 ranked
the second after Matlabas in terms of alvW and $wdalinits 2*, 7+8, 2+12 and this
corroborates the findings of Khatkar et al. (19860 Koen (2006). They indicated
cultivars with 2*, 2+12 to have high alvW valueailtivars with low alvW values had
subunits 5+10.

Irrigated region

The largest variation of the measured charactesistias contributed by the genotypes
for all the characteristics except for LV12 (TaBI@). The greatest variation attributed
to the genotypes for FPC in this study is contriadycto previous studies (Mamuya 2000;
Edwards et al. 2007; Miles 2010). But it must bketainto account that multiple

locations were used in the other studies, whichveashe case in this study. FPC content
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varied between 10.33% and 15.00% and this indicligl variability in PC. SST843
ranked the highest for many quality characterigtitBT, alvP value, alvP/L value, alvW
value and LV,) but this cultivar ranked the lowkstalvL (Table 3.5).

SST843 contained subunits 2*, 7+8 and 2+12 (Taléle Bhatkar et al. (1996) reported
that cultivars containing subunits 2+12 in combwratvith subunit 2* produced stronger
doughs, and higher LVs. Gupta and MacRitchie (1944) reported that genotypes
possessing 7+8, and 1 or 2* to produce strongegliand acceptable peak times. Dumur
et al. (2010) also reported that 2+12 had pronadireféects on alvW values and it
increased alvP/L values. SST895 ranked second &m8% third after SST843 for alvW
value, alvP value and MPT. These two genotypesrstupattern was 1, 7+8 and 5+10.
Most cultivars with high means for measured quaditiributes had subunits 5+10
(cultivars SST884, SST843 and SST895).

Dryland winter rainfall region

Genotypes contributed the largest part of variatoorall the characteristics except FPC,
alvW values and LV12 (Table 3.2). FPC content \chbetween 12.00% and 14.67%.
FPC has been reported to be greatly affected bgrkieonment (Miles 2010; Edwards

et al. 2007). SST096 ranked the highest for alMBevand alvP/L value. Kwartel ranked

the highest for MPT, alvW value and LV. Kwartelalsad a high FPC of 14.33%.

Graybosch et al. (1993) reported that FPC had ammapact on alvW values and LV as
was observed with Kwartel. PAN3408 ranked the hsglfier alvL but ranked the lowest

for alvP/L, alvW and alvP values (Table 3.7).

Kwartel ranked the highest in most quality attrédsuand had subunits 1, 7+9 and 5+10
(Table 3.8). Branlard and Dardevet (1985), Gupth MacRitchie (1994) and Sadouki
et al. (2005) reported that genotypes with subusts0 had stronger dough than those
containing subunits 2+12. SST047 ranked second kftartel for alvW values and had
subunits 1, 7+8, 2+12. SST096 ranked the highesialfid® and alvP/L values and
comprised of subunits 1, 7+8, and 2+12. Dumur e{28110) reportedsLU-1D alleles
2+12 to have a large influence on dough strengtylting in increased alvP/L values,
as was observed with SST047 and SST096. Cultiharsi@ subunits 13+16 had greater
alvL (SST056, SST027, SST015 and SST087; Table &ldrh was in agreement with
what was reported by Branlard and Dardevet (19&5)ltivars with subunit 2*
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(PAN3408 and PAN3471) had higher LV, which was greement with what was
reported by Dong et al. (1992) and Khatkar etl#&196). SST088 and Tankwa performed

the poorest in quality attributes.

It is worth noting in this study that cultivars whihad subunits that have been reported
to negatively affect technological characteristansked the highest in most technological
characteristics. This was evident with Matlaba$hie null allele oiGGLU-1A, however,
cultivars like Tankwa and SST317 showed inferioffggenance. This might be due to
the null allele they carried dBLU-1A (Payne 1987; Weegels et al. 1996). For cultivars
with the same HMW-GS combination, different qualigsults were observed in one
location. Contrarily cultivars with different sultspairs showed similar quality results.
This indicates that quality is a result of manytdas. The bread-making quality is
affected by rheology, baking, the quantity and iyabf proteins. The genotype,
environment and GxE alters the composition of pna@d these makes dough quality a

complex phenomenon (Finney et al. 1987; GianebtHi. 2001).

In the irrigated region SST843, SST895 and SSTarkad the highest in most quality
characteristics, though they comprised of diffetsarding patterns, also for the dryland
winter rainfall region, Kwartel and SST047 rankeghlest in most quality characteristics
but differed in terms of subunit patterns. Randsllal. (1993) reported significant
negative correlations between the HMW-GS and quidiSouth African wheats. Gupta
et al. (1991) indicated that HMW-GS were not alleully account for variation in
quality in Australian wheats. The HW-GS accountaddss than 20% variation in bread

guality characteristics.

A total of 17 allelic variations were detected ith @ssessed genotypes in the three
production areas, three alleles for @ieU-Al locus, 8 alleles for th&LU-B1 locus and
four alleles for th&sLU-D1 locus. For the dryland and winter rainfall locagadheGLU-

1A expressed null, 1 and 2*.Yan et al. (2007), suh@29 hexaploid Tibetan landraces
and found the same three HMW-GS at@idJ-Al locus, as did Giraldo et al. (2010) in
Spanish wheat cultivars and Dessalegn et al. (2@i1gthiopian wheat cultivars,
Rodriguez-Quijano et al. (1998) in Portuguese lacées ofTriticum aestivum spp

vulgare, and Payne and Lawrence (1983) in a set of wheaitgees from Europe.

57



Although the null allele was found in the drylanghsner and winter rainfall regions
cultivars, it occurred at low frequencies. Fronotaltof 29 genotypes, it was only found
in five genotypes. The irrigated region cultivaadhsubunits 1 and 2*, which were
reported to have a more positive influence on gu#ian the null subunit (Cornish et al.
2006).

For GLU-1B, subunits 7+8 and 7+9 were the most common subimithe three
production regions. This was also observed in o8tadies (Sontag-Strohm, 1997;
Igrejas et al. 1999; Tarekegne and Labuschagne) 20R8GLU-B1 expressed the most
variation compared to the other two loci. Thisnsaiccordance with the findings by
Rodriguez-Quijano et al. (1998); Tarekegne and kabagne (2005) and Yan et al.
(2007).

For theGLU-1D locus the most prominent subunits were 5+10 flothaée production

regions. This is in agreement with reports of Gal@t al. (2002) in Slovak wheat
varieties and Wentzel (2010) in South African whadtivars. Subunits 5+10 have been
associated with good bread-making quality and Hseen used for selection of good
bread-making performance (Lukow 1989; MacRitchiale1990; Rodriguez-Quijano et
al. 1998; Kasarda 1999). For the irrigated regmuunits 2+12 occurred in higher
frequencies. High occurrences of subunits 2+12 wadse reported by Rodriguez-
Quijano et al. (1998); Yan et al. (2007) and Faingl.e(2009). Subunits 1, 2, 7+8, 7+9,

5+10 and 2+12 were present in all cultivars usdtiénthree different production areas.

In all three production areas a total of 22 bandiatferns were observed. The most
frequently occurring banding patterns were: drylanchmer rainfall 1, 7+9, 5+10 and 2,
7+9, 5+10 while for the irrigated region it was 2%,+18, 2+12; 1, 7+8, 2+12 and 1, 7+8,
5+10. For the dryland winter rainfall region it was 7+8, 2+12. This suggests low
variability in HMW-GS combinations in South Africdmead wheat cultivars. This might
be due to repeated use of good parental linesaperiod of time, causing a narrowing
of the genetic base. Subunits 1, 2, 7+8, 7+9, Sarid 2+12 were present in all three

production areas.

58



3.6 Conclusions

Low allelic variation was observed in the HMW barglpatterns in the three production
areas. The lowest allelic variation in the HMW-G8&smseen for th&LU-1A, andGLU-
1D locus for the three production areas. TdidJ-1B locus exhibited much variation
across the cultivars. The traditional tendency ofeding and selecting for traits
contributing to good bread quality might be a seu€ reduced variation in the HMW
banding patterns. For cultivars with the same siilpairs, different quality results were
observed, this confirms that dough quality is autesf many factors and it is a complex
phenomenon. The concentration and molecular sgteilmition affects dough quality.
The HMW-GS were not consistent predictors of goodlity. For the dryland summer
rainfall Matlabas ranked high for most quality isstites, while for the irrigated region
SST843 showed superior performance. For the drylsimterainfall region Kwartel
ranked high in rheological parameters. Therefoesdtcultivars can be selectecd for and

included in the breeding programmes.
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Chapter 4

Protein fraction separation by a narrow bore size eclusion-high performance
liquid chromatography column and the fractions reldionship with quality

characteristics in South African bread wheat cultivars

4.1 Abstract

Size exclusion-high performance liquid chromatogsadSE-HPLC) is a valuable
technique used in the separation of wheat prottesrding to their molecular weight
distribution. Associations between protein subuaggietermined by SE-HPLC using a
narrow bore column, and flour quality charactecstf various bread wheat genotypes,
representing medium to hard wheat, in three diffepeoduction areas in South Africa,
were studied. Significant associations between ladikolute and relative protein
fractions and between these fractions and quaditgrpeters were seen. However, more
significant correlations were seen between absolabees and quality characteristics.
The total gliadins showed significant relationshipigh flour protein content and wet
gluten content in all the locations. No significaaelationships were observed between
relative values of proteins and quality data foe tryland winter rainfall area. The
irrigated region showed more significant correlasidhan the other two regions. The
total gliadins and globulins-albumins in proteinglour showed significant relationships
with dough strength. In the dryland summer regiba,first principle component (PC1)
accounted for 66.43% of variation, with large pw@sitoadings from alveograph P-value
and loaf value, and negative loadings from alveplgextensibility. In the dryland winter
rainfall region PC1 accounted for 75.44% of thalteariation and alveograph stability
was the only characteristic that contributed pesiyi to PC1l and alveograph
extensibility had a negative value. In the irrightegion PC1 contributed 76.91% to total

variation, with loaf volume contributing the mostthis component.

4.2 Introduction

In many parts of the world wheat is among the nmopbrtant cereal crops (FAO, 2014).
Wheat can be used for a wide range of products.vlffeat grain constitutes about 8-
20% protein, which is divided into four major graupased on their solubility in various

solvents: glutenin, gliadin and albumins-globulig@utenin and gliadin together are
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termed gluten. Gluten makes up about 80% of tolelat/proteins (Gianibelli et al. 2001;
Horvat et al. 2015), while globulins-albumins makgsabout 15-25% (Hurkman and
Tanaka 2007). Gluten is responsible for visco-algsoperties of dough and is further
divided into monomeric gliadins and polymeric ghites. The polymeric glutenins are
of two forms namely HMW and LMW (Branlard et al.(%0 Gianibelli et al. 2001). The
molecular size distribution of proteins has a direffect on wheat end-use quality
(Gianibelli et al. 2001; Hurkman and Tanaka 208mumins and globulins play a major
role in enzymatic activities and contribute to treaking down of starch (Horvat et al.
2015). The contribution made by albumins and glimisuto end-use quality is poorly

understood.

Protein quality and quantity are the major deteemta of flour characteristics for
functional end-use quality (Gianibelli et al. 20@yshuk and Békés 2002). Various
studies have established significant correlatiaia/ben protein quality and flour quality
(Dachkevitch and Autran 1989; Gupta et al. 1993)usehagne and Aucamp 2004;
Labuschagne et al. 2004; Edwards et al. 2007). Badensibility and strength are
regarded as the major components affecting thalsliiy of flour for making good
quality bread (Bushuk and Békés 2002).

SE-HPLC is an important tool to study proteins lneit native state, allowing the

separation of proteins based on their moleculaghtedistribution (Dachkevitch and

Autran 1989; Gupta et al. 1993). Previous studismigu SE-HPLC indicated that

molecular weight distribution has a large influenocebread-making quality (Gupta et al.
1993; Ciaffi et al. 1996; Larroque and Békés 2008 technique is simple, reproducible
and has good resolution (Bietz 1986). The SE-HPh&heis of wheat proteins was first
demonstrated by Bietz (1986) using the TSK colurii@#-4000SW, TSK-3000SW and

TSK 2000SW. These columns sizes were 7.5 x 5001800 The results obtained were
reproducible, had good resolution and the colummgldc analyse proteins of high

molecular size. The columns could also withstangh hpressure and differentiate
between cultivars. However the columns were leddes{Bietz 1986; Bietz and Simpson
1992).

Complete extraction of proteins also remained dl@hge due to complex solubility of

wheat proteins. Singh et al. (1990) described tkieaetion of wheat protein after
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sonication. The wheat proteins became highly etdlde after sonication but couldn’t
guantitate proteins well (Bietz and Simpson 198 ce then major developments have
taken place in columns used in the separation &atvproteins (Larroque et al. 1997;
Bean et al. 1998). A narrow bore column (BioSep-S#000) was introduced by
Larroque and Békés (2000). Protein separation whis column is fast, highly
reproducible, and large numbers of samples cannlbéysed before replacement is
needed. It is sensitive and results in reducedfiszxic organic solvents (Larroque and
Békés 2000; Ohm et al. 2009). Ohm et al. (200Xhé&urstated that highly significant
correlations and repeatability between proteintfoas and quality were obtained with

the narrow bore column.

The objective of this study was to relate molecweaight distribution of proteins,
separated using a BioSep-SEC s4000 narrow borencohy SE-HPLC, with quality

characteristics of South African medium hard tadhvad wheat varieties.

4.3 Materials and methods
4.3.1 Cultivars used
See Chapter 3 (3.3.1).

4.3.2 Quality measurements
See Chapter 3 (3.3.3).

4.3.3 Size exclusion-high performance liquid chrontagraphy

Proteins from wheat flour samples were extractaagus two-step procedure according
to Gupta et al. (1993). The first step involvegastion of proteins soluble in SDS buffer
while the second step extracts proteins solublker atbnication in SDS buffer. For the
first extraction, 17 mg white flour sample was wed in triplicate; each sample was
suspended in 1.5 ml of 0.05 M SDS phosphate bfidr6.9). Samples were vortexed
briefly and then shaken for 10 min a1 The samples were then centrifuged at 10 000
rpm for 30 min to obtain a supernatant. The sugamdor each sample was filtered
through a 0.45 pm filter (Millipore Durapore memuedfilters) into a glass vial. These
samples were placed in a water bath for 2 min ¥€ 80 stop protease activity. It was

kept for routine HPLC analysis.
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For the second extraction the remaining pellet gaaspended in 1.5 ml of 0.05 M SDS
phosphate buffer (pH 6.9), vortexed briefly and isated using an ultrasonic
disintegrator for 30 sec, at amplitude 5, fittedhwa 3 mm exponential microtip. The
samples were centrifuged as indicated above andupernatant was filtered through
0.45 um filters (Millipore Durapore membrane fikgrThese samples were again placed

in a water bath for 2 min at 80 to stop protease activity.

Routine analysis was done using a BioSep-SEC sRi@@omonex narrow bore column
(300 x 4.6 mm). Separation of the proteins wasinbthin 30 min by loading 20 pl of

sample into an elution solution of 50% (v/v) acdidle and water containing 0.1% (v/v)

trifluoroacetic acid (TFA) at a flow rate of 0.2 min. Protein fractions were detected
at 210 nm using a UV/VIS photodiode array detector.

4.3.4 Protein fractions

The SE-HPLC fractions were partitioned into fivadtions measured at F1 (4.64-5.45
min), F2 (5.45-7.15 min), F3 (7.15-7.74 min), F47678.60 min) and F5 (8.60 min).
Fraction F1 constituted HMW, F2 LMW, R3 gliadins and F4/p and Y gliadins.

Fraction F5 contained albumins and globulins (Laueoet al. 1997; Samson et al. 2005).

The protein fractions were calculated based ongmeage of the respective areas relative
to the total HPLC area. In all cases the percestafjprotein fractions were determined
as percentage of total proteins based on flour htdigsis (absolute/%p) and percentage
proteins in the flour (relative/%fp) (Schober et2006; Ohm et al. 2010).

Absolute values were calculated using the followmmgnulas:

Percentage of large unextractable polymeric protein
LUPP =[(F1 insoluble) / (F1 soluble + F1 insoly#t&00

Percentage total unextractable polymeric proteins
UPP = [(F1 insoluble + F2 insoluble) / (F1 solubld-2 soluble + F1 insoluble + F2
insoluble)]*100
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Percentage high molecular weight proteins

HMW = [(F1 soluble + F1 insoluble) / (F1 solublé-2 soluble + F3 soluble + F4 soluble
+ F5 soluble + F1 insoluble + F2 insoluble + F3oioble + F4 insoluble + F5
insoluble)]*100

Percentage low molecular weight proteins

LMW = [(F2 soluble + F2 insoluble) / (F1 solubld=2 soluble + F3 soluble + F4 soluble
+ F5 soluble + F1 insoluble + F2 insoluble + F3oioble + F4 insoluble + F5
insoluble)]*100

Percentage total polymeric proteins

POL = [(F1 soluble + F2 soluble + F1 insoluble Hi#bluble) / (F1 soluble + F2 soluble
+ F3 soluble + F4 soluble + F5 soluble + F1 instdubF2 insoluble + F3 insoluble +
F4 insoluble + F5 insoluble)]*100

Percentage total gliadins

GLI =[(F3 soluble + F4 soluble + F3 insoluble +iR4oluble) / (F1 soluble + F2 soluble
+ F3 soluble + F4 soluble + F5 soluble + F1 instdub F2 insoluble + F3 insoluble +
F4 insoluble + F5 insoluble)]*100

Percentage total gliadins and globulins-albumins

GGA = [(F3 soluble + F4 soluble + F5 soluble) + (R8oluble + F4 insoluble + F5
insoluble) / (F1 soluble + F2 soluble + F3 solubl4 soluble + F5 soluble + F1 insoluble
+ F2 insoluble + F3 insoluble + F4 insoluble + RSdluble)]*100

Relative values were calculated as percentageeofitisolute protein fractions of the
flour, multiplied by FPC, divided by 100

4.4 Statistical analysis

Agrobase Generation Il (Agrobase, 2015) was usedtiorm ANOVA, correlations and
GenStat (Payne et al. 2008) was used to perfornpancipal component analysis (PCA)
on measured fractions and quality characteristics.
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4.5 Results
4.5.1 Size exclusion-high liquid performance chrontagraphy

Figures 4.1 and 4.2 are examples of SE-HLPC pwoiile¢he study.

Detector 1-210nm
1h3a

S .

dad

Figure 4.1 SE-HPLC profiles for the non-sonicated protein fi@ts.
1 =HMW, 2 = LMW, 3 =w-gliadins, 4 =a- - andY" gliadins, 5 = albumins-globulins

Detector 1-210nm
1h3as

Figure 4.2 SE-HPLC profiles for the sonicated protein fragtio
1 =HMW, 2 = LMW, 3 =e-gliadins, 4 =o- § andY’, gliadins, 5 = albumins-globulin
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4.5.2 Analysis of variance for absolute and relat& protein fractions in the cultivars
of the dryland summer rainfall region

Large unextractable polymeric proteins

Genotype contributed 27.65% to the total variatio,UPP (Table 4.1). The means
ranged between 44.21% (PAN3161) and 52.52% (PAN3@2ble 4.2).No significant
differences were observed in LUPP among the cufiivested (Table 4.1). PAN3120
was the cultivar with the highest LUPP followed $8T347 and PAN3118. PAN3161
had the smallest LUPP value.

Unextractable polymeric proteins

Genotype contributed 56.29% to the total variatimdPP. ANOVA revealed significant
differences (g 0.01) among the cultivars for UPP (Table 4.1).dsewas the cultivar

that ranked highest followed by PAN3120 and PAN3I2A8N3161 ranked the lowest.
The average UPP value was 46.42%, ranging betw2&8% (PAN3161) and 48.70%
(Senqu) (Table 4.2).

Total polymeric proteins

There were significant differences{(.01) between the cultivars for POL%fp, but no
significant differences were seen for POL%p (Tahkle). PAN3195 had the highest
POL%p value followed by Matlabas and PAN3118. S®IBad the lowest POL%p
value. PAN3379 (46.99%) was the cultivar that rahttee highest in POL%fp followed
by PAN3161 and PAN3195. SST356 had the smallest%fPLvalue (Table 4.2).
Genotype contributed 45.94% in POL%p and 55.26®01.%fp to the total variation
(Table 4.1). Values ranged from 6.97% (PAN3195).61% (SST356) for POL%p, with
a grand mean of 6.38%. Theand meaiior POL%fp was 43.77%. The POL%fp ranged
from 39.37% (SST356) to 46.99% (PAN3379) (Table.4.2

High molecular weight proteins

There were no significant differences in HMW%p &tidW%fp among cultivars (Table
4.1). SST387 had the highest HMW%p and HMW%fp vébllewed by Matlabas and
SST398 for both fractions. Gariep had the lowest\WW¥p value and Senqu had the
lowest HMW%fp value. HMW%fp ranged between 9.33%en@u) and 13.33%
(SST387), the grand mean was 10.90%.
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Table 4.1 Analysis of variance for protein fractiors in the protein and the flour for three different production areas

Regions Absolute (fractions in total protein) Relative (flour proteins)
Contribution Contribution
of of
genotype SS genotype SS
Characteristics Rep Cultivar to total SS (%) R Characteristics Rep Cultivar to total SS (%) R
Dryland LUPP 14.46 14.45NS 27.65 0.31
summer UPP 1.21 10.587** 56.29 0.57
rainfall POL%p 0.09 0.48NS 45.94 0.47 POL%fp 4.35 2.487* 55.26 0.58
Region HMW%p 0.001 0.09NS 42.95 0.43 HMW%fp 2.49 74NS 41.95 0.47
LMW%p 0.15 0.33* 54.42 0.56 LMW%fp 1.33 11.83*** 315} 0.70
GLI%p 0.58 0.38NS 43.18 0.51 GLI%fp 3.47 13.42%** 3.89 0.66
GGAY%p 0.92 0.61INS 45.16 0.54 GGA%fp 4.34 12.485* 55.26 0.58
Dryland LUPP 7.01 35.02* 57.39 0.60
winter UPP 271 17.12* 66.52 0.68
rainfall POL%p 1.32 1.09NS 45.12 0.55 POL%fp 23.25 15.83NS 79.42 0.28
region HMW%p 0.02 0.14* 52.87 0.54 HMW%fp 1.361 NS 48.49 0.50
LMW%p 1.03 0.80NS 46.00 0.57 LMW%fp 23.51 16.82NS 8.7 0.35
GLI%p 0.29 0.33NS 32.74 0.38 GLI%fp 18.84 13.32NS 3.42 0.42
GGA%p 0.66 0.45NS 2291 0.29 GGA%fp 23.26 15.83NS 22.09 0.28
Irrigated LUPP 33.15 181.486*** 70.57 0.77
region UPP 8.06 52.712%* 70.57 0.72
POL%p 0.08 0.73%** 78.75 0.80 POL%fp 0.11 11.697*+* 93.80 0.94
HMW%p 0.03 0.19%** 67.77 0.67 HMW%fp 3.65 8.333* 3a 0.52
LMW%p 0.08 0.41* 52.86 0.54 LMW%fp 10.23 19.274NS 4.91 0.47
GLI%p 0.14 1.08*** 77.24 0.78 GLI%fp 6.75 37.589*** 82.60 0.84
GGAY%p 0.09 1.07*%** 79.91 0.81 GGA%fp 0.11 11.761* 93.80 0.94

LUPP = large unextractable polymeric proteins, WRhextractable polymeric proteins, POL%p = absotatal polymeric proteins, HMW%p = absolute higblecular weight, LMW%p = absolute low molecular
weight, GLI%p = absolute total gliadins, GGA%p =salute total gliadins and albumen-globulins, POL%frelative total polymeric proteins, HMW%fp = relee high molecular weight, LMW%fp = relative low
molecular weight, GLI%fp = relative total gliadinfSGA%fp = relative total gliadins and albumins-gltihs, Rep = replications. SS= sum of squares **(p001, ** p< 0.01, * p< 0.05, NS = p>0.05.
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Table 4.2 Means for absolute and relative proteinr&ctions of the dryland summer rainfall region cultivars

Cultivar LUPP (%) UPP (%) POL%p POL%fp HMWo%p  HMW9%fp LMW%p  LMW9%fp GLI%p GLI%fp GGA%p GGA%fp
Elands 48.66 46.56 6.01 42.77 1.53 11.00 4.47 31.87 6.19 4.044 8.04 57.23
Gariep 47.66 45.49 6.09 42.98 1.41 10.00 468 33.01 5.99 2.304 8.07 57.01
Koonap 44.82 44.77 6.60 44.10 1.52 10.33 5.08 33.95 6.36 2.4% 8.36 55.90
Matlabas 45.85 46.24 6.95 44.68 1.83 12.00 5.12 32.93 6.19 9.833 8.60 55.32
PAN3118 49.93 45.24 6.88 45.50 1.67 11.00 5.21 34.47 6.08 0.2 8.24 54.50
PAN3120 52.52 48.64 6.50 44.12 1.63 11.00 487 33.04 6.15 41.74 248 55.87
PAN3161 44.21 42.38 6.38 46.33 1.50 10.67 4.88 35.45 5.51 0.044 7.40 53.67
PAN3195 49.42 48.21 6.97 45.82 1.71 11.00 5.25 34.56 6.04 39.80 8.23 54.18
PAN3368 47.71 46.27 6.49 43.81 1.57 10.67 4.92 33.24 6.43 3.23% 8.34 56.18
PAN3379 4957 4754 6.56 46.99 1.45 10.00 5.11 36.61 5.58 40.00 7.40 53.01
Senqu 49.20 48.70 6.35 4155 1.45 9.33 4.90 32.06 6.90 45.22 8.92 58.45
SST316 46.97 43.39 5.87 40.60 1.49 10.33 438 30.26 6.47 4734 8.59 59.40
SST317 49.39 47.52 6.24 44.67 1.63 11.67 461 32.99 6.29 4.954 7.74 55.33
SST347 50.57 48.11 5.95 44.15 1.49 11.00 4.46 33.09 5.87 3.5M4 7.52 55.85
SST356 49.25 4451 5.61 39.37 1.47 10.00 4.14 29.09 6.47 4541 8.64 60.63
SST387 4541 47.78 6.82 44.75 2.06 13.33 477 31.42 6.32 41.70 8.38 55.25
SST398 48.23 47.75 6.18 41.89 1.81 12.00 436 29.58 6.68 5.314 8.57 58.11
Means 48.20 46.42 6.38 43.77 1.60 10.90 478 32.80 6.21 2.624 8.19 56.23
LSD 5.87 2.78 0.72 3.02 0.33 10.90 0.50 2.24 0.64 2.62 0.77 3.02
cv 8.80 433 8.20 5.00 15.06 12.10 7.51 493 7.43 4.45 6.80 3.89

LUPP = large unextractable polymeric proteins, WRihextractable polymeric proteins, POL%p = absotatal polymeric proteins, POL%fp = relative tgpalymeric proteins, HMW%p = absolute high molecula
weight, HMW%fp = relative high molecular weight, MWop = absolute low molecular weight, LMW%fp = rélatlow molecular weight, GLI%p = absolute totalbgins, GLI1%fp = relative total gliadins, GGA%p
= absolute total gliadins and albumen-globulins AG#p = relative total gliadins and albumins-glomdj LSD = least significant difference, CV = coei#int of variation.
The largest value in each column is indicated iid bo
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For the HMW%p, the values obtained ranged betwe869%2 (SST387) and 1.41%
(Gariep), the grand mean was 1.60% (Table 4.2).0Gpe contributed 41.95% for
HMW0%fp and 42.95% for HMW%p to variation in thedwacacteristics (Table 4.1).

Low molecular weight proteins

The LMW%p ranged between 4.14% (SST356) and 5.2886NB195) with a grand

mean of 4.78%. LMW%fp varied from 29.09% (SST356)36.61% (PAN3379), the
grand mean was 32.80% (Table 4.2). ANOVA (Table 4Howed highly significant

differences (p 0.001) for LMW%fp and (g 0.05) for LMW%p among genotypes.
PAN3195 had the highest value for LMW%p followed B{N3118 and Matlabas.
SST356 had the lowest LMW%p value. PAN3379 rankesl ighest, followed by
PAN3161 and PAN3195 for LMW%fp. SST356 had the $esal MW%fp value (Table

4.2). The variation contributed by genotypes wa$®® for LMW%fp and 54.42% for
LMW©%p (Table 4.1).

Total gliadins

No significant differences were observed for GLI%Benotype showed highly
significant (p< 0.001) differences for GLI%fp. Genotypes contréuit63.79% for
GLI%fp and 43.18% for GLI%p to the total variatibfable 4.1). The average GLI%fp
was 42.62%, and ranged between 39.80% (PAN31951&a % (SST356). GLI%p
varied between 5.51% (PAN3161) and 6.90% (Senqgth) wigrand mean of 6.21%
(Table 4.2). SST356 was the cultivar with the hggh&LI%fp content followed by
SST398 and Senqu. PAN3195 had the lowest GLI%fpecdtnSenqu had the highest
GLI%p value followed by SST398, and SST316 and $618.47). PAN3161 had the

lowest GLI%p value.

Total gliadins and globulins-albumins

No significant differences were observed in GGA%dpere were significant differences
(p< 0.01) in GGA%fp among the cultivars evaluated.b{€a4.1). SST356 was the
cultivar with the highest GGA%fp content followegt BST316 and Senqu. PAN3379
had the lowest GGA%fp content. Senqu had the higB€A%p value followed by
SST356 and Matlabas. PAN3161 and PAN3379 had thesoGGA%p value (Table
4.2). Genotype contributed 55.26% for GGA%fp andL8% for GGA%p to the total
variation for these characteristics (Table 4.1)e ThGA%fp values ranged between
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60.63% (SST 356) and 53.01% (PAN 3379), with tldrmean of 56.23%. The grand
mean was 8.19% for GGA%p and varied between 8. &8 qu) and 7.40% (PAN3161
and PAN3379) (Table 4.2).

4.5.3 Analysis of variance for absolute and relaterproteins fractions in the cultivars

of the dryland winter rainfall region

Large unextractable polymeric proteins

ANOVA revealed significant differences{®.05) in LUPP among the cultivars (Table
4.1). SST056 had the highest LUPP value followedSI37087 and Kwartel. Ratel

(46.09%) had the smallest LUPP value (Table 4.3arge amount of variation was due
to genotypes (57.39%) (Table 4.1). The LUPP rarfgad 46.09% (Ratel) to 59.27%

(SST056) with a grand mean of 52.63% (Table 4.3).

Unextractable polymeric proteins

There were significant differences<(0.05) in UPP among cultivars. Genotypes
contributed 66.52% to the total variation (Tabl#)4SST087 was the cultivar with the

highest UPP content followed by SST056 and KwaRatel had the lowest UPP content.
The mean values ranged between 48.74% (Ratel)@ad% (SST087) and grand mean
was 53.33% (Table 4.3).

Total polymeric proteins

There were no significant differences in POL%p 8@l %fp among cultivars (Table

4.1). Tankwa was the cultivar with the highest PGih.%ontent followed by SST047 and
SSTO088. The average was 44.00% for POL%fp and dvdmddween 39.71% (SST087)
and 48.85% (Tankwa). SST047 had the highest POL&kge\followed by Tankwa and

Kwartel. POL%p varied between 6.73% (SST047) aB8%.(SST087). The grand mean
was 5.73% (Table 4.3). Genotypes contributed 79.4@24°OL%fp and 45.12% for

POL%p to the total variation (Table 4.1).
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Table 4.3. Means for absolute and relative proteifractions of the dryland winter rainfall region cultivars

Cultivar LUPP (%) UPP (%) POL%p POL%fp HMWo%p  HMW9%fp LMW%p  LMW9%fp GLI%p GLI%fp GGA%p GGA%fp
Kwartel 54.80 54.69 6.38 44.42 1.77 12.33 461 32.12 5.93 1.3% 7.98 55.58
PAN3408 54.19 54.50 5.49 43.99 1.45 11.67 4.04 32.35 5.11 0.964 6.99 56.01
PAN3471 50.09 54.17 5.68 44.36 1.61 13.00 4.07 31.76 5.39 2.084 7.13 55.64
Ratel 46.09 48.74 494 41.25 1.31 11.00 3.64 30.35 5.46  45.60 7.04 58.75
SSTO015 49.33 50.74 5.81 44.34 1.61 12.33 4.20 32.03 5.42 1.354 7.29 55.66
SST027 53.40 53.61 5.85 42.93 1.57 11.67 4.28 31.41 6.05 44.45 7.78 57.07
SST047 52.63 53.08 6.73 46.27 1.90 13.00 483 33.23 5.83 40.10 7.80 53.73
SST056 59.27 55.01 5.33 43.33 1.78 15.00 3.55 28.60 492 40.31 956 56.67
SST087 56.31 58.17 4.88 39.71 1.55 12.67 3.33 27.13 5.43 44.16 742 60.29
SST096 52.14 52.05 5.31 4353 1.67 14.00 3.64 29.84 5.37 4114 6.88 56.47
SST088 52.30 51.61 5.74 45.05 2.12 16.67 3.62 28.36 5.36 42.03 7.01 54.95
Tankwa 51.03 53.60 6.62 48.85 1.78 13.00 4.84 35.73 5.24 38.47 6.96 51.15
Mean 52.63 53.33 5.73 44.00 1.68 13.03 4.05 31.08 5.46 2.084 7.27 56.00
LSD 493 2.83 1.03 7.12 0.34 2.73 0.86 6.14 0.78 4.77 161 7.12
cv 6.68 3.78 12.84 11.54 14.55 14.93 15.07 14.10 1019  8.08 11.41 9.07

LUPP = large unextractable polymeric proteins, WRihextractable polymeric proteins, POL%p = absotatal polymeric proteins, POL%fp = relative tgpalymeric proteins, HMW%p = absolute high molecula
weight, HMW%fp = relative high molecular weight, MWP6p = absolute low molecular weight, LMW%fp = rélatlow molecular weight, GLI%p = absolute totalbgins, GLI%fp = relative total gliadins, GGA%p
= absolute total gliadins and albumen-globulins AG#p = relative total gliadins and albumins-glolmdj LSD = least significant difference, CV = coefnt of variation.
The largest value in each column is indicated i bo
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High molecular weight proteins
Genotypes contributed 52.87% for HMW%p and 48.4986 HIMW%fp to total

variation. No significant differences were observedHMW%fp. For the HMW%p
significant differences @0.05) were seen between genotypes (Table 4.1)0&SWas
the cultivar with the highest HMW%fp content folled/by SST056 and SST096. Ratel
had the lowest HMW%fp content. For the HMW%p SST8&ed the highest followed
by SST047, Tankwa and SST056. Ratel ranked theslof¥@ble 4.3). The grand mean
was 13.03% and varied between 11.00% (Ratel) an@7%6 (SST088) for the
HMW0%fp. The HMW%p varied between 2.12% (SST088) arll% (Ratel) with a
mean value of 1.68% (Table 4.3).

Low molecular weight proteins

LMW©%p varied between 3.33% (SST087) and 4.84% (WakThe grand mean was
4.05%. The average for LMW%fp was 31.08% and rargsdieen 27.13% (SSTO087)
and 35.73% (Tankwa). Tankwa ranked the highesbdtin fractions and was followed
by SST047 as second highest for both LMW%fp and L9dp\Vractions. SST087 had
the lowest LMW%fp and LMW%p values. (Table 4.3) Tédevere no significant

differences in LMW%fp and LMW%p between cultiva@enotypes contributed 28.27%
for LMW%fp and LMW%p 46.00% to the total variati¢hable 4.1).

Total gliadins

Cultivar SST027 ranked the highest followed by Kwhand SST047 for GLI%p.
SSTO056 had the lowest GLI%p value. Ratel was thigvau with the highest GLI%fp
content followed by SST027 and SST087. Tankwa \mascultivar with the lowest
GLI1%fp content (Table 4.3). Genotypes contribut&43% for GLI%fp and GLI%p
32.74% to the total variation. There were no sigaiit differences between cultivars for
GLI%fp and GLI%p (Table 4.1). The average GLI%fpswi2.08% and ranged between
38.47% (Tankwa) and 45.60% (Ratel) while the GLWaped between 4.92% (SSTO056)
and 6.05% (SST027), with a grand mean of 5.46%I€T4l3).

Total gliadins and albumins-globulins
The GGA%p ranged from 6.88% (SST096) to 7.98% (Kelawith a grand mean of
7.27%. The GGA%fp content ranged between 51.15%ki¥a) and 60.29% (SST087).

The grand mean was 56.00%. (Table 4.3). No sigmfidifferences were seen in
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GGA%fp and GGA%p among cultivars. Genotypes couatall 22.09% for GGA%fp

and 22.91% for GGA%p to total variation (Table 43$T087 was the cultivar with the
highest GGA%fp content followed by Ratel and SSTO2@nkwa had the lowest
GGA%fp content. Kwartel had the highest GGA%p valokowed by SST047 and

SST027, and SST096 ranked the lowest (Table 4.3).

4.5.4 Analysis of variance for absolute and relaterproteins fractions in the cultivars

of the irrigated rainfall region

Large unextractable polymeric proteins

ANOVA revealed highly significant differences<{(®.001) in LUPP content among
cultivars. Variation due to the genotypes was /hSTable 4.1). PAN3497 had the
highest amount of LUPP followed by SST843 and PAB®84ST876 had the smallest
amount of LUPP. The grand mean was 44.65% witheghanging between 29.07%
(SST876) and 54.70% (PAN3497) (Table 4.4).

Unextractable polymeric proteins

There were highly significant differences in UPKR (p001) between cultivars (Table
4.1). The UPP content ranged between 40.86% (SST@Bub57.77% (PAN3497), the
grand mean was 50.36%. PAN3497 had the highestr@nobWPP followed by SST843
and Buffels. SST876 had the lowest UPP value (Téldle A large amount of variation
was due to genotypes (70.57%) (Table 4.1).

Total polymeric proteins

There were highly significant differences<(f.001) for POL%fp and POL%p between
cultivars (Table 4.1). SST867 had the highest PQlfdlfowed by SST875 and Umlazi.

PAN3497 had the lowest POL%fp content. For POLY®T&!3, ranked the highest
followed by SST822 and Duzi. PAN3497 had the lowe&i%p value (Table 4.4).

Variation was largely due to the genotypes for be@®L%fp (93.80%) and POL%p

(78.75%) (Table 4.1). POL%fp ranged between 48.8888T867) and 41.35%

(PAN3489), the grand mean was 44.59%. The granchrioed?OL%p was 5.07%. The

POL%p value varied between 6.73% (SST 843) and4 @2AN3497) (Table 4.4).
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Table 4.4 Means for absolute and relative proteinr&ctions of the irrigated region cultivars

Cultivar LUPP UPP POL%p POL%fp HMW%p HMW%fp LMW%p L MW%fp GLI%p GLI%fp GGA%p GGA%fp
Buffels 51.40 54.55 453 42.49 1.01 9.67 3.57 33.52 452 4505 6.13 57.51
Duzi 39.42 46.58 5.39 45.02 1.82 15.33 3.67 30.50 3.85 44.77 6.59 54.98
Krokodil 45.38 48.49 457 42.15 1.06 10.00 3.48 32.10 472 3.874 6.28 57.85
PAN3471 51.79 53.39 476 43.58 0.99 9.00 3.74 34.19 4.67 5243 6.16 56.43
PAN3478 50.60 52.30 5.13 46.20 1.25 11.00 3.87 34.94 4.39 3.3% 5.97 53.80
PAN3489 53.63 53.00 4.48 41.35 1.16 10.67 3.29 30.35 4.86 2.774 6.36 58.65
PAN3497 54.70 57.77 4.44 40.95 1.05 10.00 3.45 31.84 4.70 42.37 6.39  59.05
Sabie 50.75 52.19 5.07 43.17 1.27 11.00 3.82 32.56 5.28 0.704 6.67 56.83
SST806 49.91 51.27 5.22 46.09 1.34 11.67 3.93 34.67 3.91 0.444 6.11 53.91
SST822 51.70 52.71 5.78 42.80 1.52 11.00 4.15 30.72 5.92 0.244 7.73 57.20
SST835 39.51 47.10 5.05 45.76 1.10 10.00 3.95 35.77 4.27 0.174 5.99 54.23
SST843 54.11 57.50 6.73 45.66 1.67 11.67 4.97 33.74 5.93 39.57 8.01 54.34
SST866 42.90 49.53 5.04 44.61 1.13 10.00 4.16 36.79 4.47 9.543 6.26 55.39
SST867 38.22 45.10 5.07 48.85 0.94 9.00 3.97 38.31 3.67 39.26 5.30 51.15
SST875 36.88 49.11 5.34 46.77 0.95 8.00 4.49 39.32 42 38.67 6.08 53.23
SST876 29.07 40.86 5.17 44.70 1.04 9.00 4.09 35.44 454 4537 6.39 55.30
SST877 29.32 43.30 474 43.06 0.86 8.00 3.75 34.07 4.43 8536 6.27 56.94
SST884 36.18 49.28 4.89 44.50 0.89 8.00 3.93 35.83 4.45 7236 6.11 55.50
SST895 48.78 53.56 5.22 44.66 1.20 10.00 412 35.19 4.76 6.473 6.47 55.34
Tamboti 44.62 49.90 4.89 45.48 1.11 10.00 3.82 35.55 4.03 5.383 5.86 54.51
Timbavati 39.50 4857 4.85 46.51 0.86 8.00 4.00 38.41 3.80 4834 5.57 53.49
Umlazi 43.99 51.97 5.15 46.64 0.95 8.67 3.53 32.25 4.07 6431 5.89 53.35
Mean 44.65 50.36 5.07 44.59 1.14 9.99 4.4 34.37 452 7 30. 6.3 55.41
LSD 7.27 4.47 0.42 0.85 0.29 2.74 0.58 462 0.54 2.62 500 0.85
cv 11.85 6.47 6.07 1.38 18.48 19.95 10.82 9.80 8.63 80 4. 5.73 1.12

LUPP = large unextractable polymeric proteins, WRihextractable polymeric proteins, POL%p = absotatal polymeric proteins, POL%fp = relative tgpalymeric proteins, HMW%p = absolute high molecula
weight, HMW%fp = relative high molecular weight, MWPo6p = absolute low molecular weight, LMW%fp = rélatlow molecular weight, GLI%p = absolute totalbgins, GLI%fp = relative total gliadins, GGA%p
= absolute total gliadins and albumen-globulins AG#p = relative total gliadins and albumins-glomdj LSD = least significant difference, CV = coeiffint of variation.

The largest value in each column is indicated iid bo
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High molecular weight proteins

There were highly significant differences for HMW%p< 0.001) and significant
differences (g 0.05) for HMW%fp (Table 4.1). Duzi ranked the hagh followed by
SST843 for both HMW%fp and HMW%p. SST806 rankeddtior HMW%fp, while
SST822 ranked third for HMW%p (Table 4.4). Genosymmntributed 50.14% for
HMW0%fp and 62.77% for HMW%p to the total variationthese characteristics (Table
4.1). For HMW%fp, the grand mean was 9.99%, avevahees ranged between 8.00%
and 15.33%. The HMW%p ranged from 1.82% (Duzi) t86@ (Timbavati and
SST877), the grand mean was 1.14% (Table 4.4).

Low molecular weight proteins

Significant differences between genotypes were obse(p< 0.05) in LMW%p. No
significant differences were observed in LMW%fp vibe¢n cultivars. (Table 4.1).
SST843 had the highest LMW%p value followed by SErand SST866. PAN3489
had the lowest LMW%p value. For the LMW%fp, SST8@Bked the highest followed
by Timbavati and SST867. PAN3489 ranked the low@stble 4.4). Genotypes
contributed 44.91% for LMW%fp and 52.86% for LMW%pthe total variation (Table
4.1) The LMW%fp content varied between 30.35% (PA8E to 39.32% (SST875)
with a grand mean of 34.37%. The average valueENB/N%p varied between 3.29%
(PAN3489) and 4.97% (SST843). The grand mean wi¥4l. (Table 4.4).

Total gliadins

There were highly significant differences<(p.001) between genotypes for GLI%p and
GLI%fp. (Table 4.1). Buffels had the highest amoohGLI%fp followed by Duzi and
Krokodil. Umlazi had the lowest GLI%fp value. FoL@bp, SST843 ranked the highest
followed by SST822 and Sabie. SST867 had the lovadeop value (Table 4.4).
Genotypes contributed 82.60% for GLI%fp and 77.24845L1%p to the total variation
(Table 4.1). The average values for GLI%fp rangetiveen 31.64% (Umlazi) and
45.05% (Buffels), the grand mean was 39.70%. ThE4plLhad a grand mean of 4.52%,
with the average values ranging between 3.67% (89T&nd 5.93% (SST843) (Table
4.4).
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Total gliadins and albumins-globulins

Highly significant differences ( 0.001) were observed in GGA%p and GGA%fp
among genotypes (Table 4.1). The grand mean wa8%®%t8r GGA%p, with the means
ranging from 5.30% (SST867) to 8.01% (SST843). BladA%fp content ranged from
51.15% (SST867) to 59.05% (PAN3497), the mean va4180. PAN3497 was the
cultivar with highest GGA%fp content, followed byAR3489 and Krokodil. SST867
had the smallest value. SST843 had the highest G¥e&tie followed by SST822 and
Sabie. SST867 had the lowest GGA%p value (Table Mdch variation was due to the
effect of genotypes (93.80%) for GGA%fp and 79.9¥b¥GGA%p. (Table 4.1).

4.5.5 Significant correlations between protein fratons and wheat quality
characteristics of the dryland summer rainfall, dryland winter rainfall and
irrigated regions’ cultivars

Dryland summer rainfall cultivars

Many of the protein fractions significantly negafiy correlated with quality
characteristics for the dryland summer rainfallticats (Table 4.5). LUPP correlated
significantly negatively with alvwW. UPP negativealgrrelated with alvw and alvP. UPP
positively correlated with WGC. POL%fp was negdtyvassociated with FY and
POL%p positively correlated with FPC, alvW, alvLdalVGC. POL%p negatively
correlated with LV12.

HMW0%fp negatively correlated with SDSVOL and MPT,MM/%p correlated
positively with FPC and WGC, and negatively conedbawith LV12. Highly significant
positive correlations were found between LMW%fp &Y as well as LMW%p and
FPC. Significant positive correlations were fourtveen LMW%p and BFY and highly

significant negative association was found with V1

GLI%fp negatively correlated with FY. GLI%p showsidnificant positive correlations

with FPC and WGC, and correlated negatively withdid LV12. GGA%fp negatively

correlated with FY, GGA%p correlated positively eviePC and MPT and negatively
with FY and LV12.
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Table 4.5 Significant correlations between proteiriractions and quality characteristics in the threeproduction areas’ cultivars

Dryland summer rainfall Irrigated region Dryland winter rainfall
Characterl Character2 Correlations Characterl hardcter2 Correlations Characterl Character2 orre@@tions
LUPP alvw -0.279* LUPP alvw 0.458*** LUPP LV12 0.329**
UPP alvw -0.404** alvP 0.384** UPP BFY -0.471*
alvP -0.309* alvP/L 0.298* POL%p FPC 0.702%**
WGC 0.293* SDSVOL 0.240* BFY 0.361*
POL%fp FY -0.418* MPT 0.315* LVv12 -0.434**
POL%p FPC 0.741** UPP alvw 0.532%** WGC 0.344*
alvw 0.336* alvP 0.489** MPT 0.421*
alvL 0.294* alvP/L 0.409*** HMW%p FPC 0.375*
LV12 -0.688*** MPT 0.411** LMW%p FPC 0.683***
WGC 0.308* POL%p FPC 0.913*** BFY 0.416**
HMW%fp SDSVOL -0.286* BFY -0.448*+* WGC 0.393*
MPT -0.323* FY -0.583*** MPT 0.381*
HMW%p FPC 0.552%** alvw 0.647** GLI%p FPC 0.598***
LV12 -0.553*** alvP 0.599*** BFY 0.354*
WGC 0.280* LV 0.617** WGC 0.341*
LMW%fp FY 0.483*** WGC 0.671** GGA%p FPC 0.608***
LMW%p FPC 0.647** MPT 0.523*** LVv12 -0.344*
BFY 0.330* HMW9%p FPC 0.583*** WGC 0.341*
LVv12 -0.577%* FY -0.304*
GLI%fp FY -0.396** alvw 0.355**
GLI%p FPC 0.700*** alvP 0.290*
FY -0.410** LV 0.276*
LVv12 -0.557*** LVv12 -0.251*
WGC 0.319* WGC 0.456***
GGA%fp FY -0.418* MPT 0.31*
GGA%p FPC 0.807*** LMW%fp WGC -0.249**
FY -0.410** LMW9%p FPC 0.572%*
LV12 -0.640%** BFY -0.453**
MPT 0.296*

LUPP = large unextractable polymeric proteins, WRihextractable polymeric proteins, POL%fp = refatiotal polymeric proteins, POL%p = absolute tpialymeric proteins, HMW%fp = relative high moleaul
weight, HMW%p = absolute high molecular weight, LNM#fp = relative low molecular weight, LMW%p = abst@low molecular weight, GLI%fp = relative totalagins, GLI%p = absolute total gliadins, GGA%fp
= relative total gliadins and albumins-globulin&G&%p = absolute total gliadins and albumen-glos)IBFY=break flour yield, FY=flour yield, FPC=floprotein content, WGC= wet gluten content, SDSVQidism
dodecyl sulphate sedimentation volume, MPT = miapbrpeak time, alvP = alveograph stability, alvlweagraph extensibility, alvP/L = alveograph exibilisy to stability ratio, alvW = alveograph streth, LV =
loaf volume, LV12 = loaf volume adjusted to 12%tein basis, *=g 0.05.**=p<0.01,***=p<0.00
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Table 4.5 (continued)

Dryland summer rainfall Irrigated region Dryland Summer rainfall
Characterl Character2 Correlations Characterl hardCter2 Correlations Characterl Character2 orre@@tions
LMW9%p FY -0.417%*
alvw 0.512%*
alvP 0.484***
Lv 0.401**
WGC 0.370**
MPT 0.384*
GLI%fp FY -0.029*
GLI%p FPC 0.772%*
BFY -0.393%**
FY -0.654***
alvw 0.626***
alvP 0.551***
Lv 0.499***
WGC 0.596***
MPT 0.349***
GGA%p FPC 0.940***
BFY -0.419%**
alvw 0.666***
alvP 0.557**
LV 0.582***
WGC 0.750%**
MPT 0.423**

LUPP = large unextractable polymeric proteins, WRihextractable polymeric proteins, POL%fp = refatiotal polymeric proteins, POL%p = absolute tpialymeric proteins, HMW%fp = relative high moleaul
weight, HMW%p = absolute high molecular weight, LN#fp = relative low molecular weight, LMW%p = absi@low molecular weight, GLI%fp = relative totalagins, GLI%p = absolute total gliadins, GGA%fp
= relative total gliadins and albumins-globulin&G&%p = absolute total gliadins and albumen-glos)IBFY=break flour yield, FY=flour yield, FPC=floprotein content, WGC= wet gluten content, SDSVQidism
dodecyl sulphate sedimentation volume, MPT = miapbrpeak time, alvP = alveograph stability, alvlweagraph extensibility, alvP/L = alveograph exibilisy to stability ratio, alvW = alveograph streth, LV =

loaf volume, LV12 = loaf volume adjusted to 12%tein basis, *=g 0.05.**=p<0.01,***=p<0.00
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Dryland winter rainfall cultivars

Significant correlations between protein fractiansl quality characteristics were limited
for the dryland winter rainfall region cultivarsgBle 4.5). LUPP significantly positively
correlated with LV12 and UPP significantly negalyweorrelated with BFY. No
significant correlations were found between prot&ibunits in POL%fp and quality
characteristics. POL%p correlated positively witRG;s BFY, WGC and MPT, and

correlated negatively with LV12.

HMW0%p correlated positively with FPC. LMW%p posgiy correlated with FPC, BFY,
WGC and MPT. GLI%p correlated positively with FPBEY and WGC. GGA%p
positively correlated with FPC and WGC, and negdyicorrelated LV12.

Irrigated region cultivars

Highly significant positive correlations were seagtween most characteristics in the
irrigated region (Table 4.5). LUPP correlated pwesly with alvWw, alvP, alvP/L
SDSVOL and MPT. UPP correlations were highly pwesitivith alvW, alvP, alvP/L and
MPT. POL%p correlated positively with FPC, alvwyR] LV, WGC and MPT, and
negatively correlated with BFY and FY.

The HMW%p correlated positively with FPC, alvw, RlvLV, WGC and MPT but
correlated negatively with FY and LV12. LMW%fp celated negatively with WGC.
The LMW%p correlated positively with FPC, alvWw, BlvLV, WGC and MPT but
correlated negatively with BFY and FY. GLI%fp cdated negatively with FY. The
GLI1%p correlated positively with FPC, alvWw, alvPy LWGC and MPT. The GLI%p
correlated negatively with BFY and FY (Table 4. Bhe GGA%p positively correlated
with FPC, alvWw, alvP, LV, WGC and MPT, and negaiwsith BFY.

4.5.6 Principal component analysis

Dryland summer rainfall region cultivars

Principle components with eigenvalues greater tharere considered significant. The

first four principle components had eigenvaluesatge than 1 (Table 4.6). The

cumulative variation explained by these four prateicomponents was 98.60%. The cut
off point was set for 0.3 for loading values. PCtaunted for 66.43% of the variation.

Eigenvectors for PC1 carried large positive weiglas alvP and LV and negative
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weights for alvL. PC2 explained 20.85% of the totatiation. Eigenvectors for PC2

carried large positive weights for LV, alvW andlalNPC3 acounted for 10.17% of the
total variation. In PC3 alvP and alvW carried lapgsitive weights while LV carried a

large negative weight. PC4 accounted for 1.15%eftotal variation and eigenvectors
for PC4 carried positive weights for POL%fp and LNMp, while GGA%fp, GLI%fp

and alvW carried large negative weights.

Table 4.6 Loadings of principal component analysisfor the measured

characteristics for the dryland summer rainfall region cultivars

Characteristics PC1 PC2 PC3 PC4
FPC 0.00 0.00 0.01 -0.02
GGA%p 0.00 0.00 -0.01 -0.08
GGA%fp 0.03 -0.03 -0.09 -0.48
GLI%fp 0.02 -0.04 -0.12 -0.38
GLI%p 0.00 0.00 -0.01 -0.06
HMW0%p 0.00 0.00 0.00 0.00
HMW%fp -0.01 0.01 -0.01 0.02
alvL -0.47 0.76 0.20 0.00
LMW%p 0.00 0.00 0.02 0.06
LMW%fp -0.01 0.03 0.10 0.45
LUPP -0.02 -0.03 -0.09 0.20
LV 0.75 0.55 -0.37 0.07
alvP/L 0.01 -0.01 0.01 0.00
MPT 0.01 0.00 0.00 -0.04
alvP 0.45 -0.18 0.70 0.04
POL%p 0.00 0.01 0.02 0.06
POL%fp -0.03 0.03 0.09 0.48
UPP -0.02 -0.02 -0.06 0.23
alvw 0.11 0.29 0.53 -0.28
Eigenvalue 33.50 18.30 12.10 3.00
Percentage variation 66.43 20.85 10.17 1.15
Cumulative variation 66.43 87.28 97.45 98.60

LUPP = large unextractable polymeric proteins, GRPextractable polymeric proteins, POL%fp = refatiotal polymeric proteins,
POL%p = absolute total polymeric proteins, HMW%fpetative high molecular weight, HMW%p = absolutgihmolecular weight,
LMW%fp = relative low molecular weight, LMW%p = afiste low molecular weight, GLI%fp = relative toglladins, GLI%p =

absolute total gliadins, GGA%fp = relative totalgins and albumins-globulins, GGA%p = absolutaltgtiadins and albumen-
globulins, FPC=flour protein content, MPT = mixoghapeak time, alvP = alveograph stability, alvLvesigraph extensibility,

alvP/L = alveograph extensibility to stability mtalvW = alveograph strength, LV = loaf volume
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The clustering (Figure 4.3) of wheat cultivars bardefined as an indication of cultivars
with similar characteristics. The biplot of PC1 imga PC2 depiced a close relatioship
between alvw, FPC, MPT and LV. LMW%p and LMW%fp, IBX%fp and POL%p were
also closely associated. Another close relationglap between GGA%p and alvL/P.
GLI%p, GLI%fp and GGA%p were also closely assoclatedeMW%p was closely
associated with HMW%fp.

The cultivars grouped as follows; PAN3379, PAN3&ah8 Gariep; SST316, PAN3161,
Elands; PAN3161, Koonap and Senqu. The HMW%p cated| positively with FPC,
alvw, alvP, MPT, FPC, WGC and LV but correlated ategly with LV and LV12.
Cultivar Matlabas was closely associated with MBY,and FPC. Cultivar PAN3195
was on the extreme negative end due to its low/aiv&lue. The alvW was placed at the
top of PC1 while on the downside is LUPP on theewe negative end, these two

characteristics were found to be negatively coreela

Principal components biplot (87.28%)
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Dryland winter rainfall region cultivars

AlvP was the characteristic that contributed puslti to PC1 while alvL contributed

negatively to PC1. PC1 accounted for 75.44% oftoked variation. PC2 accounted for
14.32% of the total variation. Characteristics a\alWP and alvL carried large positive
weights for PC2 while POL%fp, LMW%fp and HMW%fp ci&xd negative weights for

PC2 (Table 4.7).

Table 4.7 Loadings of principal component analysief measured characteristics for

the dryland winter rainfall cultivars

Characteristics PC1 PC2
FPC 0.01 0.03
GGA%p -0.01 0.03
GGA%fp -0.08 0.11
GLI%fp -0.03 0.07
GLI%p 0.00 0.02
HMW0%p 0.00 0.00
HMW%fp 0.01 -0.05
alvL -0.90 0.37
LMW%p 0.01 0.00
LMW%fp 0.06 -0.05
LUPP -0.05 0.00
alvP/L 0.01 0.00
MPT -0.01 0.03
alvP 0.42 0.78
POL%p 0.01 0.00
POL%fp 0.08 -0.11
UPP -0.02 0.00
alvw 0.05 0.47
Eigenvalue 7.00 2.50
Percentage Variation 75.44 14.32
Cumulative variation 75.44 81.76

LUPP = large unextractable polymeric proteins, GRPextractable polymeric proteins, POL%fp = refatiotal polymeric proteins,
POL%p = absolute total polymeric proteins, HMW%fpetative high molecular weight, HMW%p = absolutgihmolecular weight,
LMW%fp = relative low molecular weight, LMW%p = afiste low molecular weight, GLI%fp = relative toglladins, GLI%p =
absolute total gliadins, GGA%fp = relative totalgins and albumins-globulins, GGA%p = absolutaltgtiadins and albumen-
globulins, FPC=flour protein content, MPT = mixoghapeak time, alvP = alveograph stability, alvLvesigraph extensibility,
alvP/L = alveograph extensibility to stability mtalvW = alveograph strength.
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Three major distinct groups of cultivars could Hberitified on the biplot (Figure 4.4).
Group 1 (Kwartel and SST015), group 2 (SST087, R&8T056 and SST027) and
group 3 (PAN3408 and SST088). The characterisepamted into six major groups.
The first group contained GGA%fp and GLI%p, theosetgroup comprised of GGA%p,
alvW and GLI%p, the third group included FPC andllW%p and alvL/P formed the
fourth group. LUPP and UPP grouped together irfitteegroups. HMW%p, HMW%fp
and POL%fp also grouped together. The characteB8A%p and GLI1%p showed high
association with alvW. SST096 was closely assodiatieh LMW%p and alvL/P. This
cultivar also had the highest alvL/P value. Cultiiaankwa was closely related to

POL%p.
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Figure 4.4 Principal components biplot for protein fractions and quality

characteristics for cultivars of the dryland winter rainfall region
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Irrigated region

The characteristic that contributed most to PC1 Ww&s while alvP contributed
positively to PC2 and alvL contributed negativedyRC2. AlvL, LUPP, alvP, UPP and
alvW contributed positively to PC3. AlvL, alvP aatVW made a positive contribution
towards PC4 while LUPP contributed negatively tagaPC4. PC1, PC2, PC3 and PC4
contributed 76.91%, 18.25%, 3.05% and 1.09% tddtee variation respectively.

Table 4.8 Loadings of principal component analp$ithe measured characteristics for

the irrigated region cultivars

Characteristics PC1 PC2 PC3 PC4
FPC -0.01 -0.01 0.05 -0.02
GGA%p 0.01 0.01 0.02 0.01
GGA%fp 0.00 0.00 0.08 -0.11
GLI%fp -0.02 -0.01 0.22 -0.08
GLI%p 0.01 0.01 0.02 -0.01
HMW%fp 0.00 -0.01 0.09 0.01
alvL -0.03 -0.86 0.36 0.33
LMW%p 0.00 0.01 -0.01 0.03
LMW%fp\ -0.01 0.01 -0.12 0.15
LUPP 0.03 0.08 0.65 -0.53
LV 0.98 -0.12 -0.10 -0.09
alvP/L 0.00 0.01 0.00 0.01
alvP 0.14 0.45 0.37 0.57
POL%fp 0.00 0.00 -0.08 0.11
UPP 0.03 0.06 0.31 -0.24
POL%p 0.01 0.01 0.00 0.03
alvw 0.10 0.19 0.34 0.40
HMW%p 0.00 0.00 0.01 0.01
Eigenvalue 7.00 8.00 9.00 10.00
Percentage variation 76.91 18.25 3.05 1.09
Cumulative variation 76.91 95.16 98.29 99.38

LUPP = large unextractable polymeric proteins, GRextractable polymeric proteins, POL%fp = reatiotal polymeric proteins,
POL%p = absolute total polymeric proteins, HMW%fpetative high molecular weight, HMW%p = absoluigthmolecular weight,
LMW?%fp = relative low molecular weight, LMW%p = afisite low molecular weight, GLI%fp = relative togiladins, GLI%p =
absolute total gliadins, GGA%fp = relative totalgins and albumins-globulins, GGA%p = absolutaltgtiadins and albumen-
globulins, FPC=flour protein content, alvP = alvemgah stability, alvL= alveograph extensibility, BA. = alveograph extensibility
to stability ratio, alvW = alveograph strength, EMoaf volume.
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The first two PCs explained 95.16% of the totalataon. The biplot (Figure 4.5) of PC1
against PC2 loadings revealed that UPP, LUPP, alvB/P and alvW grouped together.
The rheological characteristics in this group datesl positively with UPP and LUPP.
LMW%p closely associated with GLI%p. HMW%p groupéagether with LV.
HMW0%p positively correlated with LV. GGA%fp was slely associated with FPC. The
cultivars formed six distinct groups, Sabie and &F SST806, Timbavati and SST877;
SST875, Umlazi, Tamboti and PAN3497; Buffels, SSH,8Krokodil SST867 and
SST876; PAN3489, STT866, PAN3479 and PAN3471, é8i0895 and SST884.

Principal components biplot (95.16%)
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Figure 4.5 Principal component bi-plot for quality characteristics and protein

fractions of the irrigated region

4.6 Discussion

The values for various rheological characteriséind protein fractions varied between
the cultivars of different production areas. In tinegated region UPP correlated
positively with alvWw, alvP, alvP/L and MPT. In coast to this, in the dryland summer
rainfall region, UPP showed negative correlationthwalvW and alvP. No significant
correlations were found between MPT, alvP/L and URR the dryland winter rainfall
region cultivars no significant correlations werown between UPP and rheological

characteristics. Significant positive correlatiagained in the irrigated region cultivars
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between UPP and rheological characteristics aagli@ement with the findings by Gupta
et al. (1993), where they found positive correlasibetween UPP and alvW in different
wheat sets and this led to the conclusion that tdPFbe a reliable biochemical indicator
for predicting alvW of wheat with different genetisackgrounds. Southan and
MacRitchie (1999) and Edwards et al. (2007) rembrsémilar findings that UPP
positively affected rheological characteristics.isTsuggests that UPP have a large
influence on alveogram attributes and can thusdwsel as a good predictor of dough
strength in the irrigated region breeding programiie POL%p correlated with alvW
for the dryland summer rainfall and irrigated regioMorel et al. (2000) reported that
POL in the flour was a poorer predictor for alvVanhPOL in the total PC.

For the irrigated region LUPP mostly correlatednwtihe quality characteristics alvW,
alvP, alvL/P, SDSVOL and MPT. For the dryland summanfall location LUPP
correlated negatively with alvw and alvP. Signifitgositive correlations between
LUPP and SDSVOL were observed in this study anek\atso reported by Labuschagne
et al. (2004). Weegels et al. (1996) stated thehduhe determination of SDSVOL, the
unextractable glutenin adds to sedimentation amsl dhuses the strong correlations
between SDSVOL and unextractable glutenin. LUPHtigel/ correlated with MPT,
which was in agreement with findings of Koen (2006)

Significant positive associations were found betw&OL%p, HMW%p, LMW%p,
GLI%p, GGA%p and LV in the irrigated region. Mkhaety (2014) reported significant
correlations between HMW, both in total protein amdhe flour, with LV. Dong et al.
(1992), Labuschagne and Aucamp (2004), and Weli2£H0), reported significant
correlations between GLI and LV, which corroboraths findings in this study.
Dachkevitch and Autran (1989) reported significeotrelations between F2 and LV.
Uthayakumaran et al. (2001) and Khatkar et al. 22G@ported that addition of total
gliadins caused increased LV. Huebner et al. (19@pprted significant positive
associations betweéft gliadins whilew, oo andp gliadins correlated positively with LV.
The relationship between protein fractions and EMargely dependent on the bread-
making procedure or solvents used (Hamada et 8R;1Qupta et al. 1992). Significant
correlations between protein fractions and LV waly found in the irrigated region. The
dryland summer and dryland winter rainfall regiatid not present any significant

correlations between protein fractions and LV.
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The irrigated region showed significant correlasitoetween GLI and dough rheological
characteristics. GLI1%p correlated positively witk\el, alvP, and MPT. Sozinov et al.
(1980) and Metakovsky et al. (1997) reported sigaift correlations between GLI and
alvW. However Khatkar et al. (2002) reported thadigon of total gliadins resulted in
lower dough strength and shorter mixing times. fRa@sicorrelations between GLI%p
and dough strength might be due to the LMW, as kietsky et al. (1997) and Gupta et
al. (1989) pointed out that there is a close gerietkage betweeGLU-3 andGLI-1. No
significant correlations were seen between GLI doalgh rheological characteristics in

the dryland summer rainfall and dryland winter fallrregion.

Negative correlations between HMW%fp and MPT foe tiryland summer rainfall
location is in agreement with Koen (2006), howelkabuschagne et al. (2004) and
Wentzel (2010) reported positive correlations betwélMW and MPT. No link was
found between POL%fp and quality characteristicthmirrigated region and dryland
summer rainfall regions, indicating that POL%fp didt contribute towards dough

quality.

More significant correlations were found betweepot@in fractions in the flour and
guality characteristics than protein fractionsatat proteins. Flour yield did not show
any significant correlations with protein fractiomsthe dryland winter rainfall region
cultivars. In the irrigated region, FY correlatedgatively with absolute values of
POL%p, HMW%p, GLI%fp, GGA%p and relative amountsGifl%fp. In the dryland
summer rainfall region FY negatively associatedw@tI| and GGA. Significant positive
correlations between GLI%p and WGC, corroborates fihdings by Schober et al.
(2006). Flour protein content highly positively melated with all the absolute protein
fractions. Highly significant positive correlatiobstween FPC and absolute amount of
HMW%p, LMW%p and GLI%p were also reported by Moetlal. (2000). However
weak correlation existed between HMW%fp, LMW%fp &ffeiC. This corroborates the
findings by Morel et al. (2000) where they foundakecorrelations between relative
proteins and FPC. Correlations between FPC andwbsGLI%p and GGA%p were
very high. This suggests that genotypes having RR@G will not produce high amounts
of HMW and LMW. The FPC rather increased with GhdaGGA (Bean et al. 1998).
The protein fractions that correlated positivelyhn-PC also correlated positively with

WGC. Similar results were found by Mkhatywa (201%he significant correlations
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between GGA%p and FPC and WGC contradicts findoiddkhatywa (2014) but is in

agreement with Morel et al. (2000). They found sgrpositive correlations between F5
and FPC. The HMW%p correlated with FPC. Park e(2006) observed significant
correlations between insoluble polymeric proteimd BPC. When the polymeric proteins
increased, the monomeric proteins decreased dtieetbuild up of storage proteins

(Labuschagne and Aucamp 2004).

The HMW%p in the irrigated cultivars correlated poely with alvW. This suggests

that increased dough strength is due to increadd@/¢bp. This is in accordance with
Mkhatywa (2014) where HMW polymeric proteins in f@os and in flour correlated
with alvW. Morel et al. (2000) reported significanbrrelation between absolute
insoluble F1 fractions and alvW. The HMW for botlyldnd summer rainfall and dryland
winter rainfall region cultivars did not show angrsficant correlation with alveogram
characteristics. LMW%p correlated positively wilk\&. This is in agreement with the
findings of Mkhatywa (2014). AlvW correlated witlbw polymeric protein for both

extractable and unextractable protein in flour,igating that LMW affects dough

strength. Gupta et al. (1993) and Ciaffi et al. 9@9 observed significant positive

correlations between SDS-insoluble polymeric priteind dough strength.

LMW©%p correlated negatively with BFY. This corrobtes findings of Mkhatywa
(2014). GLI%p and GGA%p correlated positively WBRY, this corroborates findings
of Mkhatywa (2014), however Wentzel (2010) repontedjative association between
albumin-globulins and BFY. Significant positive oalations between GLI%p and WGC
were observed in all the regions, this is in agre@mvith Schober et al. (2006). Morel
et al. (2000) indicated total gliadins (F4) to beg@od indicator of FPC and this
corroborates with results found in this study whéid%p positively correlated with
FPC and WGC in all three regions.

PCA reduces redundancy in data by projecting aaigiata of interrelated variables into
a small number of variables called principal comgua with Eigenvalues > 1 (Ahmad
et al. 2014; Janmohammadi et al. 2014). The cumelaariance amounted to 98.6%,
81.76% and 89.30% for the dryland summer raindiajiland winter rainfall and irrigated

region cultivars respectively. The PCA simplifiestal and makes it easy to ascertain
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what principal components represent (Martens anddvia 2001; Janmohammadi et al.
2014).

The biplot of PCs gives an overview of data. Itwhavhich characteristics are related
and which characteristics are most important ifed#ntiating between samples
(Tronsmo et al. 2003). Characteristics which aaegidl close to each other in the loading
plot show a relationship between them in the detgT3onsmo et al. 2003; Martens and
Martens, 2001). For the irrigated region, LUPP, UBRW, alvP and alvL/P grouped
close to each other and these characteristics latadepositively. This indicates the
influence of LUPP and UPP on dough rheological atigristics. For the winter rainfall
region, FPC and alvP grouped close together. Otharacteristics grouping close
together were GGA%p and GLI%fp and alvW, showirgg these protein fractions were
closely related to these alveograph characteristmsthe dryland summer rainfall region
MPT, alvW, LV and FPC grouped together, which ssggg that FPC influenced dough
rheological characteristics, as expected. GGA%p awB@ grouped together showing

positive association.

The PCA biplots can also indicate which cultivassaiate with which characteristics
and also the relationship between the cultivaradgéested. Cultivars exhibiting large
variation in the right direction can be selected ased for the breeding programmes
(Yan and Rajcan 2002). For the dryland summer adinégion PAN3368 was closely
associated with POL%p and POL%fp, while Matlabas @lasely associated with MPT,
LV and FPC. Matlabas contained high values fore@hgsaracteristics. This confirms
findings from previuos studies that cultivars whilgher FPC have longer mixing times
(Curic et al. 2001; Mastilovic et al. 2014). PANJ1ghowed an inverse relationship with
LV. SST356 inversely associated with LMW%p. For thigland winter rainfall region
Kwartel showed close association with alvW, whig&T®96 was closely associated with
LMW%p and alvL/P. Tankwa was closely associatechviROL%p while Ratel and
SSTO056 showed an inverse association with POL%prdckeristics close to the centre

of the biplot are insignificant and do not conttémuch to variation.

4.7 Conclusions
The objective of this study was to relate molecwagight distribution of proteins

separated using a BioSep-SEC s4000 narrow borencohy SE-HPLC, with quality
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characteristics of South African medium hard todha&d wheat varieties. The absolute
protein fractions highly significantly correlateditiv FPC in cultivars of all three
production areas. The GLI%p significantly correthteith alveograph parameters. The
irrigated region cultivars presented more significzorrelations between protein
fractions and quality data. The protein fractioepagated by the narrow bore column
significantly correlated with quality charactertsti The protein fractions separated by
the narrow bore column had specific relationshijith \guality characteristics and can
used to assess quality characteristics. The dryhanter rainfall region indicated little
differences between genotypes for the characiksistested, while the irrigated
programme presented more significant differenceswdmn genotypes for the
characteristics tested. Genotypes contributed madiotal variation of the measured
characteristics in all three locations, showingt tisglection for most of these
characteristics should be successful. It is, howedifficult to make good conclusions
from single trials, and these results should béfigdracross locations and seasons. It

will also shed light on genotype by environmengrattion for measured characteristics.
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Chapter 5

Evaluation of an ultra-high resolution analytical clumn for its potential to
improve separation of wheat protein fractions and he relationship of these
fractions with wheat quality characteristics in Souh African bread wheat

cultivars

5.1 Abstract

Wheat storage proteins play an important role gatbrmaking quality characteristics.
This study investigated the relationship betweentgin fractions, measured by size
exclusion-high liquid performance chromatographsing a newly released analytical
Yarra-SEC 4000 column and rheological charactegstietermined by alveograph and
mixograph, in various bread wheat cultivars. Theddrconsisted of cultivars developed
and grown in three different production areas @ tountry: dryland winter rainfall,
dryland summer rainfall and irrigated regions. Abs® (%p) and relative (%fp) protein
fractions showed association with dough rheolodpe linextractable polymeric proteins
(UPP) positively correlated with mixograph peakdifMPT) and alveograph strength
(alvWw) in the dryland summer region, however in tinggated region, UPP correlated
negatively with MPT and alvW. No significant coagbns for these characteristics were
observed in the dryland winter rainfall region. Tdiesolute protein fraction percentages
for total gliadins and total polymeric proteins sleal significant correlations with
rheological characteristics in the irrigated regiomhe dryland winter rainfall region
presented mostly negative relationships betweentejprofractions and quality
characteristics. The absolute low molecular wei@W%p) and the relative low
molecular weight (LMW%fp) fractions negatively aseded with alvW in the dryland
winter rainfall region, while in the dryland summainfall region LMW%p positively
correlated with alvW. For both the dryland wintaimfall and irrigated region, genotype
effects were significant for all protein subunithie Yarra-SEC 4000 analytical column
produced nine profile peaks. The significant défeces obtained between protein
fractions and their relationship with quality chaeaistics indicated that the Yarra-SEC
4000 analytical column is useful in the separatbwheat proteins.
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5.2 Introduction

Wheat is one of the most important crops consunydilimans and can survive under a
broad range of environments such as rain fed, ndyvwearm conditions. Production and
quality of wheat vary due to environmental congiidhat occur especially during the
grain filling stage (DuPont and Altenbach 2003)e ®nd-use quality of wheat flours is
mainly determined by endosperm proteins. (Weegded$. 4996). When water is added
to wheat flour, flour proteins interact with watBsrming a gluten network, comprises of
polymeric gluteni (HMW and LMW) and monomeric gliad that provides the visco-
elastic properties needed for bread-making (Tathach Shewry 1995; Branlard et al.
2001; Gianibelli et al. 2001).

Other factors that have been reported to influebhosad-making quality include
enzymatic activities and damaged starch, togetitbrwheat proteins. They have a large
influence on LV (Kuchel et al. 2006; Rozylo and kasski 2011). Loaf volume is
considered as the final procedure in assessingl lareality in many parts of the world
(Lever et al. 2005).

Efforts have been made to assess bread-making tigbteh wheat by investigating
percentages of UPP, HMW, LMW, GLI, GGA and theiiog, determined by SE-HPLC
(Dachkevitch and Autran 1989; Gupta et al. 199&ffCet al. 1996; Labuschagne and
Aucamp 2004; Edwards et al. 2007). These and ostedies found significant
correlations between SE-HPLC protein fractionslamedd-making quality (Dachkevitch
and Autran 1989; Gupta et al. 1993; Ciaffi et 89@,; Kuktaite et al. 2004; Labuschagne
et al. 2004; Schober et al. 2006; Edwards et &I720hm et al. 2009).

The use of SE-HPLC in wheat quality is difficuiithe consuming and very complex
(Ohm et al. 2009). However, a new wider bore, Y-&EC 4000 analytical column from
Phenomenex® has recently been released. The atédipenefits of using this column
are distinct separation of wheat protein fractidrse Yarra-SEC 4000 column has never
been used to determine protein fractions of Soutlc#n commercial wheat cultivars.
Therefore, the objectives of this study were td tbs ultra-high resolution analytical
column for its potential for improved separation wiheat protein fractions and to
correlate the molecular weight distribution of theBactions with wheat quality

characteristics.
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5.3 Materials and methods
5.3.1 Cultivars used
See Chapter 3, Section 3.3.1.

5.3.2 Quality measurement
See Chapter 3, Section 3.3.3.

5.3.3 Size exclusion-high liquid performance liquicchromatography

An ultra-high resolution size exclusion 3 um paetigltra-pure silica column that allows
for very high efficiency and resolution of protewmss used as stationary phase in this
experiment. The Yarra-SEC 4000 analytical colunperating at 3@ 27 min was used
with the Thermo Finnigd' Surveyor Plus (Thermo Electron, San Jose, CA) HPLC
system with PDA detector, equipped with ChromQWest.2 chromatography data

system for integration events.

The elution system consisted of A) deionised watefFA (0.1%, v/v); and B)

acetonitrile (ACN) (ROMIL-Sp8" acetonitrile 200 far UV) TFA (99.9/0.1%, v/v). The
linear elution gradient consisted of: 0 - 2 min 40A, 2 - 10 min 28% B, 10 - 40 min
56% B, 40 - 41 min 90% B, 41 - 45 min 90% B, 4%-+din 100% A, 46 - 55 min 100%
A. Flow rate was 1.0 ml mih

Protein extraction

Proteins were extracted following a two-step pracedy Gupta et al. (1993) described
in Chapter 4 (Section 4.3.3). The profiles obtaifrech SE-HPLC were partitioned into
nine peaks (as seen in Figure 5.1), F1 contains HM&F4 contains LMW, F5-F7 GLI
and F8-F9 contains GGA. These were used to cafctiat different protein fractions
based on percentage protein in the grain (rel&pg¢and percentage proteins in the flour
(absolute/%fp).

Protein fractions in total proteins (relative proteins)
Percentage of large unextractable polymeric protein
LUPP=[(F1 insoluble) / (F1 soluble + F1 insolulfjt@p0
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Percentage unextractable polymeric proteins

UPP= [(Flinsoluble + F2 insoluble + F3 insolubl&4 insoluble) / (F1 insoluble + F2
insoluble + F3 insoluble + F4 insoluble + F1 so&ubl F2 soluble + F3 soluble + F4
soluble)]*100

Percentage high molecular weight

HMW-= [(F1 insoluble +F1 soluble) / (F1 insolubleF2 insoluble + F3 insoluble + F4
insoluble + F5 insoluble + F6 insoluble + F7 indiéu+ F8 insoluble + F9 insoluble +
F1 soluble + F2 soluble + F3 soluble + F4 solubkb+soluble + F6 soluble + F7 soluble
+ F8 soluble + F9 soluble)]*100

Percentage low molecular weight

LMW= [(F2 insoluble + F3 insoluble + F4 insoluble)(F2 soluble + F3 soluble F4
soluble) / (F1 insoluble + F2 insoluble + F3 indn&u+ F4 insoluble + F5 insoluble + F6
insoluble + F7 insoluble + F8 insoluble + F9 indiéu+ F1 soluble + F2 soluble + F3
soluble + F4 soluble + F5 soluble + F6 soluble + g6fuble + F8 soluble + F9
soluble)]*100

Percentage total polymeric proteins
POL= [(F1 insoluble + F2 insoluble + F3 insolublé-4 insoluble) + (F1 soluble + F2
soluble + F3 soluble + F4 soluble) / (F1 insolubl&2 insoluble + F3 insoluble + F4

insoluble + F5 insoluble + F6 insoluble + F7 indd&u+ F8 insoluble + F9 insoluble +

F1 soluble + F2 soluble + F3 soluble + F4 solubkbisoluble + F6 soluble + F7 soluble
+ F8 soluble + F9 soluble)]*100

Percentage total gliadins

GLI= [(F5 insoluble + F6 insoluble + F7 insoluble)(F5 soluble + F6 soluble + F7
soluble) / (F1 insoluble + F2 insoluble + F3 indnu+ F4 insoluble + F5 insoluble + F6
insoluble + F7 insoluble + F8 insoluble + F9 indiéu+ F1 soluble + F2 soluble + F3
soluble + F4 soluble + F5 soluble + F6 soluble + d6fuble + F8 soluble + F9
soluble)]*100
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Percentage total gliadins and globulins-albumins

GGA=[(F5 soluble + F6 soluble + F7 soluble + F&bte + F9 soluble) + (F5 insoluble
+ F6 insoluble + F7 insoluble + F8 insoluble + F&dluble) / (F1 insoluble + F2
insoluble + F3 insoluble + F4 insoluble + F5 indiéu+ F6 insoluble + F7 insoluble +
F8 insoluble + F9 insoluble + Flsoluble + F2 sadublF3 soluble + F4 soluble + F5
soluble + F6 soluble + F7 soluble + F8 soluble +sBRible)]*100

Protein fractions in flour proteins

Absolute values were calculated as percentage ofeipr subunits multiplied by

percentage flour protein divided by 100.

5.4 Statistical analysis
Agrobase Generation Il (Agrobase 2015) was usedrialysis of variance, correlations

and GenStat (Payne et al. 2008) was used to pegdanuipal component analysis.

5.5 Results
5.5.1 Size exclusion-high performance liquid chromtagraphy
Figure 5.1 and 5.2 indicate examples of sonicatedn@n-sonicated SE-HPLC profiles

12| 3 516 7

Figure 5.1. SE-HPLC profile for the non-sonicated ptein fractions
1=HMW, 2-4=LMW, 5-7=GLlI, 8-9=globulins-albumins
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Figure 5.2. SE-HPLC profile for the sonicated proten fractions
1=HMW, 2-4=LMW, 5-7=GLlI, 8-9=globulins-albumins

5.5.2 Analysis of variance for absolute and relats/ protein fractions in the cultivars

of the dryland summer rainfall region

Large unextractable polymeric proteins

No significant difference was found in LUPP amoihg tultivars (Table 5.1). The
average value for LUPP was 68.68% and varied betw&e39% (SST317) and 81.28%
(SST316). SST316 ranked the highest for LUPP, ¥ald by Senqu and Koonap.
SST317 had the lowest LUPP value (Table 5.2). Ggest contributed 42.99% (Table

5.1) to the variation of this fraction.

Unextractable polymeric proteins

Genotypes revealed highly significant<(j®.001) differences for UPP (Table 5.1).
SST316 had the highest UPP value followed by SSEBE65ST347 and SST317 ranked
the lowest (Table 5.2). Genotypes contributed 68.T#able 5.1) of the total variation
for this fraction. The UPP varied between 50.82%T$17) to 63.12% (SST316). The
mean was 57.94% (Table 5.2).

Total polymeric proteins

There was no significant difference in POL%p andL®fp among the genotypes.
Genotype contributed 45.82% to POL%fp and 42.64%@.%p, respectively (Table
5.1). The POL%p ranged from 7.08% (PAN3118) to %3PAN3379), the mean was
6.47%. The POL%fp ranged from 38.52% (PAN3379)a836% (PAN3161).
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Table 5.1 Analysis of variance for protein fractiors in flour for all three production areas

Regions Absolute (proteins in total proteins) Relative (proteins in flour)
Contribution Contribution
of genotype SS of genotype SS
Characteristics Rep Cultivar  to total SS R Characteristics Rep Cultivar to total SS R
Dryland LUPP 49.53 125.15 42.99 0.45
summer UPP 3.16 30.20**  63.74 0.65
rainfall POL%p 0.8 0.6% 42.64 0.49 POL%fp 7.78 237 45.82 0.48
region HMW%p 0.05 0.0% 35.84 0.38 HMW%fp 2.61 5295 38.76 041
LMW%p 0.73 0.66* 48.66 0.55 LMW%fp 11.92 21.19* Ba. 0.55
GLI%p 0.37 4.1% 82.44 0.83  GLI%fp 2223  187.76**  86.29 0.88
GGAY%p 0.137 0.7% 43.69 045 GGA%fp 7.78 23M% 45.82 0.48
Dryland LUPP 170.94  93.65* 46.21 0.62
winter UPP 71.95 79.07* 49.5 0.56
rainfall POL%p 0.80 1.70%* 68.73 0.75 POL%fp 7.57 76.70%* 22.09 0.81
region HMW%p 0.01 0.08*** 87.54 090 HMW%fp 1.00 QA *+* 82.91 0.88
LMW9%p 0.64 1.16%* 63.96 0.70 LMW%fp 5.55 56.59** i) 0.77
GLI%p 0.51 1.76%** 86.11 0.91 GLI%fp 1.32 98.27**  91.5 0.92
GGAY%p 0.75 2.18%* 72.61 0.29 GGA%fp 7.57 76.70*  79.42 0.81
Irrigated LUPP 7.36 53.34%** 62.23 0.63
region UPP 123 24.10***  66.89 0.63
POL%p 0.22 1.73%** 84.94 0.86 POL%fp 2.8 88.88*** 093 0.91
HMW%p 0.01 0.06*** 86.14 0.87 HMW%fp 0.05 3.66%+* B86 0.9
LMW%p 0.17 1.25%** 84.82 0.86 LMW%fp 2.55 67.37**  90.28 0.91
GLI%p 0.01 1.59%* 87.79 0.88  GLI%fp 0.63 84.68**  96.27 0.96
GGA%p 0.01 2.00*** 15.40 0.85 GGA%fp 2.8 88.88*** 90.93 0.91

Rep=replications, LUPP = large unextractable polyorigroteins, UPP = unextractable polymeric praiePIOL%p = absolute total polymeric proteins, HMW&oabsolute high molecular weight, LMW%p = absolute

low molecular weight, GLI%p = absolute total gliasli GGA%p = absolute total gliadins and albumetnglios, POL%fp = relative total polymeric proteih#yIW%fp = relative high molecular weight, LMW%fp =

relative low molecular weight, GLI1%fp = relativetabgliadins, GGA%fp = relative total gliadins aalbumins-globulins. SS= sum of squares. *#®001, ** p< 0.01, * p< 0.05, NS = p>0.05.
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Table 5.2. Means for absolute and relative proteifractions of the dryland summer rainfall region cultivars

Cultivar LUPP (%) UPP (%)  POL%p POL%fp HMW9%p HMWB6E  LMW9%p LMW%(fp GLI%p GLI%fp GGA%p GGA%ip
Elands 65.45 58.03 6.13 43.66 0.73 5.00 5.40 3848  6.13 43.68 7.91 56.34
Gariep 70.85 58.95 5.86 41.30 0.68 4.67 5.19 3653  6.32 44.66 8.30 58.70
Koonap 72.46 60.36 6.84 45.79 0.72 4.67 6.12 4098  1.98 13.18 8.12 54.21
Matlabas 67.32 56.72 7.02 45.12 0.77 5.00 6.25 540.1 6.38 41.04 8.53 54.88
PAN3118 64.48 59.07 7.08 46.83 0.81 5.33 6.27 4150  6.14 40.64 8.04 53.17
PAN3120 61.29 52.99 6.49 4401 0.85 6.00 5.64 3826  6.56 4452 8.26 55.99
PAN3161 67.70 56.60 6.95 50.36 0.69 5.33 6.26 4537 523 38.00 6.83 49.64
PAN3195 67.35 53.89 6.95 4578 0.82 5.00 6.13 4038 622 40.93 8.24 54.22
PAN3368 70.37 59.98 6.49 43.77 0.87 6.00 5.62 37.89 653 44.03 8.34 56.23
PAN3379 72.19 58.59 5.39 38.52 0.64 433 4.75 3394 408 29.14 8.57 61.48
Senqu 77.04 59.67 6.71 43.94 0.68 433 6.03 39.49 65 6 4354 8.56 56.06
SST316 81.28 63.12 5.95 41.15 0.64 433 5.32 36.78  6.53 4518 8.51 58.85
SST317 51.39 50.82 6.53 46.73 1.38 10.00 5.16 3687  5.84 41.73 7.45 53.27
SST347 71.67 60.62 6.34 47.05 0.77 5.67 5.57 4131 582 43.23 7.14 52.95
SST356 68.10 61.68 5.90 41.41 0.79 5.67 5.11 3583  6.33 44.40 8.34 58.59
SST387 67.27 56.50 6.72 44.18 0.80 5.00 5.92 3897 654 43.02 8.48 55.82
SST398 71.38 57.33 6.62 44.92 0.96 6.33 5.66 3840  6.23 42.26 8.12 55.08
Mean 68.68 57.94 6.47 4438 0.80 5.45 567 38.89 85 5. 20.19 8.10 55.62
LSD 12.36 401 0.89 5.03 0.80 2.76 0.76 418 090 .095 0.96 5.03
cv 13.01 5.00 9.97 8.19 34.56 36.61 9.71 7.77 11.08 9.15 8.63 6.54

LUPP=large unextractable polymeric proteins, UPRxtractable polymeric proteins, POL%p= absolutal fevlymeric proteins, POL%fp=relative total polymeeproteins, HMW%p=absolute high molecular weight,
HMW%fp=relative high molecular weight, LMW%=absauow molecular weight, LMW%fp=relative low moleaulweight, GLI%p=absolute total gliadins, GLI%fpkative total gliadins GGA%p=absolute total
gliadins albumen-globulins, GGA%fp=relative totéibdins and albumins-globulins, LSD= least sigrfit differences, CV=coefficient of variation. Tlaedest value in each column is indicated in bold
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The mean was 44.38%. (Table 5.2). PAN3118 had ihleebt POL%p followed by
Matlabas and PAN3161 and PAN3195. PAN3161 (50.36&6) the highest POL%fp
followed by SST347 (47.05%) and PAN3118 (46.83%ANB379 had the lowest
POL%fp (Table 5.2).

High molecular weight proteins

The genotypes contributed 35.84% for HMW%p and &% Tor HMW%fp to the total
variation. There was no significant difference iMW%p and HMW%fp among
genotypes tested (Table 5.1). For the HMW%p SSTamKed the highest followed by
SST398 and PAN3368. SST316 and PAN3379 rankedaest. SST317 was the
cultivar with the highest HMW%fp content followed I5ST398 and PAN3120 and
PAN3368. SST316 Senqu and PAN3379 (4.33) had thedbHMW0%fp content. The
HMW0%fp content varied from 4.33% to 10.00% (SST3XHe mean was 5.45%, and
for HMW%p the values ranged between 0.64% (SST3idb RAN3379) to 1.38%
(SST317), the grand mean was 0.80% (Table 5.2).

Low molecular weight proteins

There were significant differences<{(j®.05) (Table 5.1) in LMW%p and LMW%fp
among genotypes. For the LMW%p the mean was 5.@78&oyalues LMW%p varied
from 4.75% (PAN3379) to 6.27% (PAN3118). LMW%fp tent ranged from 33.94%
(PAN3379) to 45.37% (PAN3161) and the mean was®B8.8Table 5.2). PAN3161
was the cultivar with the highest LMW?%fp contenltdaved by PAN3118 and SST347.
While for the LMW%p, PAN3118 ranked the highestlldaeed by PAN3161 and

Matlabas (Table 5.2). Genotypes contributed 51.76B0LMW%fp and 48.66% for

LMW09%p to total variation (Table 5.1).

Total gliadins

Highly significant differences 0.001) were found in GLI%fp among genotypes tested
and for GLI%p no significant differences were fousmmtiong genotypes tested (Table
5.1). Senqu ranked the highest followed by PAN3aR@ SST387 for the GLI%p.
Koonap had the lowest GLI%p value. Cultivar SSTB4E the highest GLI%fp value
followed by Gariep and PAN3120. Koonap had the kwgLI%fp value (Table 5.2).
Much variation was due to genotypes (86.29%) fol%fp and 82.44% for GLI%p
(Table 5.1). GLI%p ranged between 1.98% (Koonap)&65% (Senqu) with a mean of
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5.85%. The GLI%fp content ranged from 13.18% (Kgoria 45.18% (SST316) with
the mean of 40.19%. (Table 5.2).

Total gliadins and albumins-globulins

There were no significant differences in GGA%p &@A%fp among cultivars tested
(Table 5.1). For the GGA%p PAN3379 ranked highetiwed by Senqu and Matlabas.
PAN3379 had the highest GGA%fp followed by SST31@l &ariep. (Table 5.2).
Genotypes contributed 45.82% and 43.69% to théuatation for GLI%fp and GLI%p
respectively. PAN3161 had the lowest GGA%p and GEA¥alues. The GGA%p
ranged between 6.83% (PAN3161) and 8.57% (PAN33vi#),a mean of 8.10%. For
the GGA%fp the average was 55.62%, and ranged batw8.64% (PAN3161) and
61.48% (PAN3379) (Table 5.2).

5.5.3 Analysis of variance for relative and absolet protein fractions of the dryland
winter rainfall region

Large unextractable polymeric proteins

The average value was 51.36% and varied betweds?%b5(PAN3408) to 64.89%
(SSTO056) (Table 5.3). Genotypes were significawdifferent (< 0.05) for LUPP.
SSTO056 was the cultivar with the highest LUPP fokd by Ratel and SSTO15.
PAN3408 had the lowest LUPP value. Much variatiaas wlue to genotype (46.21%)
(Table 5.1).

Unextractable polymeric proteins

There were significant differences<(®.05) in UPP among genotypes (Table 5.1).
SSTO056 had the highest UPP value followed by Ratel SST027. Tankwa had the
smallest UPP content (Table 5.3). Genotypes carig49.50 % to the total variation
for this trait. (Table 5.1). The values varied frdth95% (Tankwa) to 60.34% (SSTO056)
and the mean was 45.79% (Table 5.3).
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Table 5.3 Means for absolute and relative proteinr&ctions of the dryland winter rainfall region cultivars

Cultivar LUPP (%) UPP (%) POL%p POL%fp HMW%p HMWgof LMW%p LMW%fp GLI%p GLI%fp GGA%p GGA%fp
Kwartel 50.02 44.86 5.80 42.65 0.91 6.67 4.89 35.95 541 39.84 7.79 57.35
PAN3408 45.52 44.68 7.08 49.05 1.14 8.00 5.93 41.06 5.03 35.08 7.28 50.95
PAN3471 52.79 44.97 5.53 46.14 0.66 5.67 4.87 40.65 4.68 39.03 6.45 53.86
Ratel 59.06 49.35 5.53 44.34 0.97 7.33 4.57 36.61 A15 40.97 6.94 55.66
SSTO015 52.84 46.42 5.65 44.09 0.81 6.33 4.84 37.77 5.25 40.97 7.17 55.91
SST027 49.92 46.88 5.77 39.72 0.93 6.33 4.84 33.29 6.18 42.89 8.76 60.28
SST047 49.20 43.14 3.71 28.27 0.53 4.00 3.17 24.18 3.08 23.48 9.40 71.73
SST056 64.89 60.34 5.53 40.56 0.73 5.33 4.79 35.20 5.81 42.60 8.10 59.44
SST087 49.24 42.09 5.58 43.81 0.75 6.00 4.83 37.94 5.29 41.45 7.17 56.19
SST096 47.50 42.66 4.99 40.69 0.71 6.00 4.28 34.90 5.68 46.31 7.28 59.31
SST88 49.59 43.10 5.38 43.67 0.70 6.00 4.67 37.97 .03 5 40.86 6.93 56.33
Tankwa 45.74 40.95 5.23 42.88 0.79 6.33 4.44 36.44 5.12 42.04 6.96 57.12
Mean 51.36 45.79 5.48 42.16 0.80 6.17 4.68 36.00 14 5. 39.63 7.52 57.84
LSD 8.75 8.15 0.78 4.26 0.10 0.65 0.73 4.07 0.43 96 2. 0.82 4.26
Ccv 12.15 12.70 10.23 7.21 8.50 7.47 11.09 8.07 6.01 5.32 7.78 5.26

LUPP=large unextractable polymeric proteins, UPRxtractable polymeric proteins, POL%p= absolutal fevlymeric proteins, POL%fp=relative total polymeeproteins, HMW%p=absolute high molecular weight,
HMW%fp=relative high molecular weight LMW%p=absaubw molecular weight, LMW%fp=relative low moleanlweight, GLI%p=absolute total gliadins, GLI%fplatéve total gliadins GGA%p=absolute total
gliadins albumen-globulins, GGA%fp=relative totibdins and albumins-globulins, LSD= least sigrfit differences, CV=coefficient of variation. Tlaedest value in each column is indicated in bold.
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Total polymeric proteins

Genotypes showed highly significant(p.001) differences for POL%p and POL%fp
(Table 5.1). PAN3408 had the highest POL%p valllevie@d by Kwartel and SST027.
SST047 had the lowest POL%p value. PAN3408 wascthigvar with the highest
POL%fp followed by PAN3471 and Ratel. SST047 hadolvest POL%fp value. (Table
5.3). The genotypes contributed 79.42% for POL%fg &8.73% for POL%p to total
variation (Table 5.1). For POL%fp ranged from 28@21SST 047) to 49.05%
(PAN3408). The mean was 42.16% while POL%p mearnsd/&rom 3.72% (SST047)
and 7.08% (PAN3408), with a grand mean of 5.45%lg@ &.3).

High molecular weight proteins

Genotypes showed highly significan&(p.001) differences for HMW%p and HMW%fp
(Table 5.1). The means for HMW%p ranged betweer8%.5SST047) to 1.14%
(PAN3408). The mean value was 0.80%. PAN3408 hadhtghest HMW%fp value
followed by Ratel and Kwartel. SST047 had the Iavirdd\W%fp value. The HMW%fp
content ranged from 4% (SST047) to 8% (PAN3408pl@&.3). Much variation was
due to the genotype for both HMW%fp (82.91%) and\N#p (87.54%) (Table 5.1).

Low molecular weight proteins

LMW%p varied between 3.17% (SST047) and 5.93% (P#083. The LMW%fp
ranged from 24.18% (SST047) to 41.06% (PAN3408k iean was 36.00% (Table
5.3). There were highly significant differences<(p.01) observed in LMW%p and
LMW%fp between genotypes (Table 5.1). PAN3408 tedhtighest LMW%fp content
followed by PAN3471 and SSTO088. SST047 had the s$oweMW%fp content.
PAN3408 ranked the highest followed by Kwartel @8N3471 for the LMW%p.
SST047 had the lowest LMW%p value (Table 5.3). Geeotypes contributed 75.99%
and 63.96% of total variation for LMW%fp and LMW%gspectively (Table 5.1).

Total gliadins

There were highly significant §0.001) differences in GL1%p and GLI%fp between the
genotypes (Table 5.1). Cultivar SST027 ranked igedst, followed by SST056 and
SST096 for GLI%p. SST047 had the lowest GLI%p valB8T096 had the highest
GLI%fp content followed by SST027 and SST056. SSTA4d the lowest GLI%fp
content. The GLI%fp average was 39.63% and rangead 23.48% (SST047) to 46.31%
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(SST096) and GLI%p ranged between 3.08% (SST04d)6a411% (SST027), with a
mean of 5.14% (Table 5.3). The contribution maddhgygenotypes was 91.50% and
86.11% for GLI%fp and GLI%p respectively (Table)s.1

Total gliadins and albumins-globulins

Highly significant (< 0.001) differences were found in GGA%p and GGA%ifpong
genotypes (Table 5.1). For mean values varied ffodb% (PAN3471) to 9.40%
(SST047) for GGA%p, with the mean of 7.52%. Therage for GGA%fp was 57.84%
and ranged between 50.95% (PAN3408) to 71.73% (8B 1T able 5.3). The genotypes
contributed 79.42% for GGA%fp and 72.61% for GGAYdpable 5.1). SST047 had the
highest GGA%fp followed by SST027 and SST056. PANSBHad the lowest GGA%fp.
SST047 had the highest GGA%p value followed by S3Ténd SST056. PAN3471
rendered the lowest GGA%p value (Table 5.3).

5.5.4 Analysis of variance for absolute and relatey/protein fractions in the irrigated
region cultivars

Large unextractable polymeric proteins

SST877 had the highest LUPP value, followed by S5Téhd Buffels. SST843 was the
cultivar with the lowest LUPP value (Table 5.4).efé&d were highly significant
differences (g 0.001) in LUPP between cultivars and genotypedritnried 62.23%
(Table 5.1) to the total variation. The LUPP variggtween 38.72% (SST 843) and
54.35% (SST 877). The mean was 48.66% (Table 5.4).

Unextractable polymeric proteins

There were highly significant §00.001) differences in UPP between cultivars (Table
5.1). SST877 had the highest UPP value, followe8%y876 and SST867. SST843 had
the lowest UPP value (Table 5.4). Much variatiors Wae to genotype (66.89%) (Table
5.1). The UPP content ranged from 39.83% (SST8#3p1t91% (SST877) with a mean
of 45.35% (Table 5.4).
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Table 5.4 Means for absolute and relative proteinractions of irrigated region cultivars

Cultivar LUPP (%) UPP (%) POL%p POL%fp HMW%p HMWgof LMW%p LMW%fp GLI1%p GLI%fp GGA%p GGA%fp
Buffels 53.10 43.45 4.03 37.82 0.66 6.00 3.37 42.98 5.32 49.89 6.63 62.18
Duzi 47.17 46.67 4.89 40.58 0.72 6.00 4.18 42.45 12 5. 42.82 7.09 59.42
Krokodil 47.21 43.39 4.71 43.45 0.78 7.33 3.94 a2.4 4.80 44.23 6.13 56.55
PAN3471 52.15 46.13 5.29 48.46 0.70 6.33 4.59 42.08 4.32 39.58 5.63 51.54
PAN3478 48.13 45.65 5.20 47.10 0.79 7.00 441 42.07 4.60 41.19 5.90 52.90
PAN3489 50.93 46.67 5.29 48.73 0.62 6.00 4.66 41.62 4.30 39.59 5.56 51.27
PAN3497 52.55 48.41 5.40 49.91 0.81 7.33 4.60 41.31 4.14 38.22 5.42 50.09
Sabie 48.30 46.38 5.68 48.39 0.83 7.00 4.85 41.29 57 4 38.93 6.06 51.61
SST806 52.12 46.36 5.62 49.54 0.85 7.67 4.78 41.03 4.20 37.05 5.72 50.46
SST822 46.48 47.23 6.37 47.15 1.01 7.33 5.36 40.48 5.42 40.12 7.14 52.85
SST835 53.92 47.53 5.28 47.86 0.99 9.00 4.28 40.01 4.31 39.01 5.75 52.14
SST843 38.72 39.83 6.70 45.43 1.10 7.67 5.60 39.93 6.14 41.67 8.04 54.57
SST866 48.09 46.25 2.93 25.95 0.46 4.00 2.47 39.75 2.35 20.79 8.37 74.05
SST867 51.66 48.82 4.96 47.82 0.81 8.00 4.15 39.65 3.92 37.79 5.41 52.18
SST875 48.21 41.93 5.61 49.13 0.99 9.00 4.62 38.82 4.27 37.31 5.81 50.87
SST876 52.63 49.40 5.36 46.40 0.91 8.00 4.45 38.53 4.68 40.48 6.20 53.60
SST877 54.35 49.91 5.25 47.60 0.87 8.00 4.38 37.98 4.30 39.02 5.77 52.40
SST884 48.72 4451 5.30 48.15 0.76 7.00 4.54 36.33 4.39 39.90 5.70 51.85
SST895 42.61 41.17 5.74 49.15 0.79 7.00 4.95 35.33 4.58 39.10 5.95 50.85
Tamboti 43.19 43.64 4.44 41.27 0.64 6.00 3.80 34.63 5.07 47.19 6.32 58.73
Timbavati 48.66 43.76 5.01 48.06 0.73 7.33 4.28 6481. 3.81 36.56 5.42 51.94
Umlazi 41.66 40.72 5.39 48.88 0.80 7.00 4.59 21.88 4.04 36.63 5.64 51.12
Mean 48.66 45.35 5.20 45.77 0.80 7.09 3.90 38.74 48 4. 39.41 6.17 54.24
LSD 5.46 3.34 0.52 2.85 0.10 0.62 0.44 2.57 0.45 74 1. 0.59 2.85
Ccv 8.18 5.36 7.27 4.53 8.74 6.37 7.32 4.83 7.40 232 6.93 3.82

LUPP=large unextractable polymeric proteins, UPRxtnactable polymeric proteins, POL%p= relativat@iolymeric proteins, POL%fp=absolute total polyim@roteins HMW%p-=relative high molecular weight,
HMW%fp=absolute high molecular weight LMW%=relatilenv molecular weight, LMW%fp=absolute low moleculaeight, GLI%p=relative total gliadins, GLI%fp=allate total gliadins GGA%p=relative total

gliadins albumen-globulins, GGA%fp=absolute totédjns and albumins-globulins, CV=coefficient afriation, LSD= least significant differences
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Total polymeric proteins

Genotypes contributed 84.94% to POL%p and 90.93®Qbu%fp for total variation.
Genotypes showed highly significant<(9.001) differences in POL%p and POL%fp
(Table 5.1). For the POL%p, SST843 ranked the lighalowed by SST822 and
SST895. SST866 ranked the lowest. PAN3497 had igfeest amount of POL%fp,
followed by SST806 and SST895. SST866 had the lpam®munt of POL%fp. The
POL%fp ranged between 25.95% (SST 866) and 49.5328M8497), the mean was
45.77%. The POL%p mean was 5.20%. The POL%p vaaedeen 6.70% (SST843) to
2.93% (SST866) (Table 5.4).

High molecular weight proteins

There were highly significant §00.001) differences in HMW%p and HMW%fp among
the genotypes (Table 5.1). The HMW%p ranged betvie46% (SST866) and 1.10%
(SST843). The mean was 0.80%.The average was 7#di0fte HMW%fp and values
ranged between 4.00% (SST866) and 9.00% (SST833B3I5 was the cultivar with the
highest HMW%fp followed by SST875 and SST876. S%Tid&d the lowest HMW%fp
value. For the HMW%p, SST843 ranked the higheigp@d by SST822 and SST835.
SST 866 had the lowest HMW%p value (Table 5.4). abgres explained 84.9%
(HMW%fp) and 86.14% (HMW%p) of total variation (Tialb.1).

Low molecular weight proteins

Highly significant differences §0.001) were found between cultivars for LMW%p and
LMW%fp (Table 5.1). The LMW%p varied between 2.4735T866) and 5.60% (SST
843) The LMW%fp average values ranged between 24.88ST 866) and 42.98%
(PAN3489). The LMW%fp mean was 38.74% and LMW%p mwas 4.40%. PAN3489
ranked the highest for LMW%fp followed by PAN3497daSST895. SST866 had the
lowest LMW%fp. For the LMW%p, SST843 ranked thehast followed by SST822
and SST895. SST866 ranked the lowest (Table 5.4)chMvariation was due to
genotypes for LMW%fp and LMW%p (90.28% and 84.82%ypectively) (Table 5.1).

Total gliadins

There were highly significant differences<(p.001) in GLI%p and GLI%fp among the
cultivars (Table 5.1). Cultivar SST843 ranked thghbst followed by SST822 and
Buffels for the GLI%p. Buffels had the highest Glif#6followed by Tamboti and
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Krokodil. SST866 had the lowest GLI%p and GLI%fdues. The average value was
39.41% and values varied from 20.79% (SST866) t83% (Buffels) for GLI%fp. The
GLI%p varied between 2.35% (SST866) and 6.14% (83);&he mean was 4.48%
(Table 5.4). Much variation was due to the genay(®6.27% for GLI1%fp and 87.79%
for GLI%p) (Table 5.1).

Total gliadins and albumins-globulins

The GGA%p mean was 6.17% and the values variedeeetV.41% (SST867) and
8.37% (SST866). The GGA%fp ranged between 50.09%N@297) and 74.05%
(SST866). The GGA%fp mean was 54.24%. SST866 hadhtghest amount of
GGA%fp followed by Buffels and Duzi. PAN3497 rankibe lowest (Table 5.4). Highly
significant differences @ 0.001) were found in GGA%p and GGA%fp among the
genotypes. The genotypes contributed 15.40% for @@And 90.93% for GGA%fp to

total variation. (Table 5.1).

5.5.5 Significant correlations between protein fratons and quality wheat
characteristics of dryland summer rainfall, dryland winter rainfall and the
irrigation areas

Dryland summer rainfall cultivars

UPP correlated highly significantly with MPT but gagively with WGC. POL%p
correlated positively with FPC, but negatively wittvV12. HMW%fp correlated
negatively with alvwW and alvP. HMW%p correlated itigsly with WGC but negatively
with alvP. LMW%fp correlated positively with BFY dnFY. LMW%p correlated
positively with alvW but negatively with LV12. GLI#%b correlated negatively with alvP
but positively with alvP/L. GGA%p correlated pogély with FPC but negatively with
LV12.

Dryland winter rainfall cultivars

POL%fp correlated negatively with BFY and WGC buspively with SDSVOL.
POL%p had a negative correlation with alvP but stibva positive correlation with
alvP/L. HMW%p correlated negatively with alvP. LMWgdhad a negative correlation
with BFY and WGC, but correlated positively with SBOL. LMW%p showed a
negative correlation with alvP and alvP/L. GLI%fprielated positively with SDSVOL
but negatively with WGC. GLI%p correlated positivelith the SDSVOL. GGA%fp
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correlated negatively with BFY, WGC, FPC and alVBBGA%p correlated positively
with WGC, LV, BFY, FPC and FY.

Irrigated region

LUPP correlated negatively with alvw, FPC, alvRsPdL, LV, and MPT. UPP had
negative correlations with alvw, alvP, alvP/L andP™M POL%p correlated positively
with alvw, alvP, LV, WGC and MPT, but negativelytwiBFY and FY. HMW%fp
correlated negatively with FPC, BFY and FY but gesly with WGC, MPT, LV,
alvP/L, alvP and LV12. HMW%fp correlated positivelyth alvP, LV, WGC, alvP/L
and negatively with FPC, BFY and FY. HMW%p correthpositively with alvwW. The
LMW%p showed positive correlations with alvP, LV,G& and alvP/L. GLI%p
correlated positively with FY but negatively with/®/, alvP, LV, WGC, and alvP/L.
GGA%p correlated negatively with FY, and LV12 buspively with alvW, alvP/L,
MPT, alvP, LV, WGC, FPC, and MPT (Table 5.5).
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Table 5.5 Significant correlations between proteiriractions and quality characteristics in the threeproduction areas

Dryland summer rainfall Dryland winter railifa Irrigated region
Characterl Character 2 Correlations Character 1 ractex 2 Correlations Character 1 Character 2 Gaivas
UPP alvw 0.279* POL%fp BFY -0.518** LUPP FY 0.398*
MPT 0.360*** alvw -0.347* alvw -0.492***
WGC -0.339* Lv -0.363* FPC -0.371*
POL%fp FY 0.286* WGC -0.449** alvP -0.506***
POL%p FPC 0.629*** FPC -0.407* alvL 0.304*
BFY 0.377* SDSVOL 0.468** alvP/L -0.477%*
LVv12 -0.561%** POL%p alvP -0.455** Lv -0.331*
WGC 0.303* SDSVOL 0.359* WGC -0.241*
HMW%fp alvw -0.288* alvP/L 0.388* MPT -0.456***
alvP -0.301* HMW9%p alvP/L -0.384* UPP FY 0.244*
HMW%p WGC 0.282* alvP -0.444* alvw -0.513**
alvP -0.286* LMW%fp BFY -0.585*** alvP -0.490%**
LMW%fp BFY 0.271* alvw -0.344* alvP/L -0.429***
FY 0.312* LV -0.402* MPT -0.450***
LMW%p LVv12 -0.563*** WGC -0.445* POL%fp LV12 0.244*
alvw 0.388** FPC -0.407* FPC -0.248*
GLI%fp alvP -0.395** SDSVOL 0.469** POL%p BFY -0.411%*
alvP/L 0.028* LMW9%p BFY -0.381* FY -0.485***
GLI%p alvP -0.290* alvP -0.432** alvw 0.602%**
FPC 0.284* SDSVOL 0.372* alvP 0.523**
LVv12 -0.296* alvP/L -0.367* Lv 0.559***
alvP/L -0.290* alvw -0.333* WGC 0.492%**
GGA%fp FY -0.284* GLI%fp Lv -0.370* MPT 0.253**
GGA%p LVv12 -0.546** WGC -0.664** FPC -0.630***
FY -0.340* SDSVOL 0.602*** HMW%fp LVv12 0.268*
FPC 0.667*** FPC -0.347* alvP 0.391***

LUPP=large unextractable polymeric proteins, UPRxtnactable polymeric proteins, POL%p=absolutel fptdymeric proteins, HMW%p=absolute high moleculgight, LMW%p=absolute low molecular weight,
GLI%p= absolute total gliadins, GGA%p=absoluteltgtedins and albumins-globulins, POL%fp=relatte¢al polymeric proteins, HMW%fp=relative high molgar weight, LMW%fp=relative low molecular weight,
GLI%fp= relative total gliadins, GGA%fp=relativettd gliadins and albumin-globulins, alvW=alveograginength, LV=loaf volume, LV12=loaf volume adjustéo 12% protein, MPT=mixograph peak time,
alvP=alveograph stability, alvP/L=alveograph exileitity to stability ratio, alvL=extensibility, WGEgluten wet content, SDSVOL=sodium dodecyl sulpisa@imentation volume, FY=flour yield, BFY=breatft
yield, FPC=flour protein content *=p0.05. **=p< 0.01, ***= p< 0.001
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Table 5.5 continued

Dryland summer rainfall

Dryland winter raififa

Irrigated region

Character 1 Character 2 Correlations Character 1 ardcter 2 Correlations Character 1 Character 2 e@oions
GLI%fp BFY -0.358* HMW%fp LV 0.584***
GLI%p SDSVOL 0.548** WGC 0.513***

WGC -0.422* FPC -0.617%**
GGA%fp BFY 0.517* alvP/L 0.293*
Lv 0.363* BFY -0.395%+*
WGC 0.449** FY -0.486***
alvw 0.347* HMW%p alvw 0.600***
FPC 0.412* LMW%p alvP 0.528***
GGA%p SDSVOL 0.362* LV 0.527***
WGC 0.576*** WGC 0.463***
Lv 0.610** MPT 0.260*
BFY 0.526** alvP/L 0.398**
FPC 0.526** GLI%fp BFY 0.301*
FY 0.610** GLI%p FPC 0.630*
FY -0.439***
alvw 0.480***
alvP 0.387**
LV 0.434
WGC 0.581**
alvP/L 0.312*
GGA%fp Lv12 -0.244*
FPC 0.248*
GGA%p FY -0.410***
alvw 0.347*
alvP/L 0.346*

HMW%p=absolute high molecular weight, HMW%fp=relati high molecular weight, LMW%p=absolute low moliecuweight, LMW%p=absolute low molecular weight Gtfp= relative total gliadins,

GGA%p=absolute total gliadins and albumins-glotmli@LI%p= absolute total gliadins, GLI%fp= relatiteal gliadins, GGA%fp=relative total gliadins aabumin-globulins, alvW=alveograph strength, LVaflo

volume, LV12=loaf volume adjusted to 12% proteirR M=mixograph peak time, alvP=alveograph stabitityP/L=alveograph extensibility to stability rat@lyL=alveograph extensibility, WGC=gluten wet osmtt
SDSVOL=sodium dodecyl sulphate sedimentation volurYe=flour yield, BFY=break flour yield, FPC=floyrotein content *=g 0.05.**=p< 0.01, ***= p< 0.001
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Table 5.5 continued

Dryland summer rainfall Dryland winter raififa Irrigated region
Character 1 Character 2 Correlations Character 1 Character 2 Correlations Character 1 Character 2 Correlations

GGA%p alvP 0.308*
LV 0.305**
LV12 -0.329*
WGC 0.527***
FPC 0.693***
MPT 0.410***
alvP/L 0.346**

GGA%p=absolute total gliadins and albumin-globulintg=loaf volume, LV12=loaf volume adjusted at 13#¥otein basis, MPT=mixograph peak time, alvP=sitgbilvP/L=alveograph extensibility to stabilitstio,
alvL=alveograph extensibility, WGC=gluten wet carttd=PC=flour protein content *=p0.05, **=p< 0.01, ***= p< 0.001.
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5.5.6 Principal component analysis

Dryland summer rainfall cultivars

The principal components with Eigenvalues gredtantl were used (Table 5.6). A cut-
off of 0.3 on the loadings was used to considerasttaristics of importance. The first
two principal components explained 78.64% of thalteariation in the dataset. PC1
accounted for 59.63% of the total variation andiedrlarge positive loadings for LV

and alvP, but carried large negative loading fet.aPC2 accounted for 19.01% of the
total variation and carried large positive loadifgsalvL and LV.

Table 5.6 Loadings of the measured characteristicen the first two principal

components in the dryland summer rainfall cultivars

Characteristics PC1 PC2
FPC 0.00 0.00
GGA%p 0.00 0.01
GGA%fp 0.01 0.07
GLI%fp -0.08 0.05
GLI%p -0.01 0.01
HMW%p 0.00 0.00
HMW%fp -0.01 -0.02
alvL -0.46 0.75
LMW%p 0.00 -0.01
LMW%fp 0.01 -0.05
LUPP 0.05 0.12
LV 0.75 0.54
alvP/L 0.01 -0.01
MPT 0.01 0.01
alvP 0.46 -0.20
POL%p 0.00 -0.01
POL%fp -0.01 -0.07
UPP 0.03 0.08
alvw 0.11 0.26
Eigenvalue 3.52 2.05
Percentage variation 59.63 19.01
Cumulative variation 59.63 78.64

LUPP=large unextractable polymeric proteins, UPRxtnactable polymeric proteins, POL%p=absolutel totdymeric proteins,
HMW%p =absolute high molecular weight, LMW%p=abselulow molecular weight, GLI%p=absolute total gir=]
GGA%p=absolute total gliadins, POL%fp =relative atotpolymeric proteins, HMW%fp=relative high moleaul weight,
LMW%fp=relative low molecular weight, GLI%fp=relat total gliadins, GGA%fp=relative total gliadintbamin-globulins,
LV=loaf volume MPT=mixograph peak time, alvP=alvemph stability, alvP/L=alveograph extensibility &iability ratio,
alvL=alveograph extensibility alvW= alveograph styth
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Dryland winter rainfall cultivars

A cut—off point of 0.3 was used to identify the mamportant characteristics. The

cumulative variation amounted to 78.64% (Table.3?)1 accounted for 59.63% of the
total variation. LV and alvP contributed positivétyPC1. PC2 accounted for 19.01% of

the total variation and alvL and LV contributed pioely to this principal component.

Table 5.7 Loadings of measured characteristics onhé first two principal

components of the dryland winter rainfall cultivars

Characteristics PC1 PC2
FPC 0.00 0.00
GGAY%p 0.00 0.01
GGA%fp 0.01 0.07
GLI%fp -0.08 0.05
GLI%p -0.01 0.01
HMW0%p 0.00 0.00
HMW%fp -0.01 -0.02
alvL -0.46 0.75
LMW%p 0.00 -0.01
LMW%fp 0.01 -0.05
LUPP 0.05 0.12
LV 0.75 0.54
alvP/L 0.01 -0.01
MPT 0.01 0.01
alvP 0.46 -0.20
POL%p 0.00 -0.01
POL%fp -0.01 -0.07
UPP 0.03 0.08
alvw 0.11 0.26
Eigenvalue 3.52 2.05
Percentage Variation 59.63 19.01
Cumulative variation 59.63 78.64

LUPP=large unextractable polymeric proteins, UPRxtnactable polymeric proteins, POL%p=absolutel tptdymeric proteins,
HMW0%p =absolute high molecular weight, LMW%p=abgeluow molecular weight, GLI%p= absolute total diias,
GGA%p=absolute total gliadin and albumins -globsilifPOL%fp=relative total polymeric proteins, HMW%fplative high
molecular weight, LMW%fp=relative low molecular \géi, GLI%fp=relative total gliadins, GGA%fp=relaivtotal gliadins
albumin-globulins, LV=loaf volume MPT=mixograph petime, alvP=alveograph stability, alvP/L=alveodrapxtensibility to
stability ratio, alvW=alveograph strength, alvL=ebgraph extensibility
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Irrigation region

The first principal components accounted for 76.3if%he total variation and carried
large positive loadings for LV. PC2 had a largeifpas loading for alvL and large
negative loading for alvP, and it accounted forOX8o0 of the total variation. The

cumulative variation explained by these two priatipomponents was 94.38%.

Table 5.8 Loadings of the measured characteristicen the first two principal
components for the irrigated cultivars

Characteristics PC1 PC2
FPC -0.01 0.01
GGAY%p 0.00 -0.01
GGA%fp -0.03 -0.01
GLI%fp 0.00 0.04
GLI%p 0.01 0.00
HMW0%p 0.00 0.00
HMW%fp 0.01 0.01
alvL -0.03 0.86
LMW%p 0.01 0.00
LMW%fp -0.02 0.01
LUPP -0.04 0.08
LV 0.98 0.11
alvP/L 0.00 -0.01
MPT 0.00 -0.01
alvP 0.14 -0.44
POL%p 0.01 0.00
POL%fp 0.03 0.01
UPP -0.02 0.05
alvw 0.10 -0.18
Eigenvalue 2.90 1.50
Percentage Variation 76.31 18.07
Cumulative variation 76.31 94.38

LUPP=large unextractable polymeric proteins, UPRxtnactable polymeric proteins, POL%p=absolutel tptdymeric proteins,
HMW%p=absolute high molecular weight, LMW%p=abselutow molecular weight, GLI%p=absolute total gliasli
GGA%p=absolute total gliadins, POL%fp=relative tofaolymeric proteins, HMW%fp=relative high moleculaveight,
LMW%fp=relative low molecular weight, GLI%fp=relat total gliadins, GGA%fp=relative total gliadintbamin-globulins,
Lv=loaf volume MPT=mixograph peak time, alvP=algeaph stability, alvP/L=alveograph extensibility sability ratio,
alvW=alveograph strength
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5.5.7 Principle component biplots

Dryland summer rainfall cultivars
The biplot (Figure 5.3) assesses relationshipsdmtwharacteristics and shows cultivars

with similar characteristics. Characteristics whatister together, are related in the data
set. The first two principal components accounted8.64% of variation in this location.
The biplot of PC1 against PC2 showed grouping$&RC, LV and MPT; GGA%fp and
GGA%p; GLI%fp and GLI%p; LUPP and UPP; HMW%fp antiA/%p; POL%fp and
POL%p, LMW%fp and LMW%p. The cultivars formed fodistinct groups: SST316,
Elands, PAN3161, PAN3120, Senqu and Koonap. SST&i¥ SST356 grouped
together, SST347 and SST387, PAN3379, PAN3118 ammike Matlabas could be
associated with MPT, LV, and FPC. PAN3368 coul@désociated with alvL. LMW%fp
and LMW%p showed an inverse relationship with PANR1
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Figure 5.3 Principal component biplot for protein fractions and quality

characteristics for the dryland summer rainfall cultivars
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Dryland winter rainfall cultivars

The first two principal components accounted flarge percentage (87.64%) of the total
variation. Cultivars that grouped together haveilaintharacteristics (Figure 5.4). The
biplot of PC1 against PC2 showed that Kwartel assed with MPT, Ratel closely
associated with HMW%p and PAN3408 closely relateith WAMW%fp. GLI%p
inversely related with Ratel while GGA%fp inverse®yated with SST096 and SST047.
The characteristics separated into five distinougs, the first group comprised of FPC
and alvW, the second group of alvP/L and alvPthivd group of LUPP, UPP, LMW%p
and GLI%fp, the fourth group of LMW%fp, POL%fp, P@lp and GGA%fp while
MPT, HMW%fp and LMW?%fp formed the fifth group. Tleeltivars formed two distinct
groups. One group comprised of SST027, SST087 &H0SG, the second group
comprised of PAN3408 and Kwartel (Figure 5.4).
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T [UOFRPELMWY R,/ LR orR@LYA

)
b o PAN B4AGS
(3] I
— 55
—
atel o HMWYR
o - 7.0
1

O
o

o Tankwa oKwhrtel

oS8T 096" /%
s
/

PC-1 (74.5%)

Figure 5.4 Principal component biplot for protein fractions and quality

characteristics of the dryland winter rainfall cultivars
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Irrigated region cultivars
The biplot (Figure 5.5) of PC1 against PC2 reveded Timbavati closely associated

with alvL, Sabie closely associated with LMW%fp athét Umlazi closely associated
with GLI%fp. GLI%fp inversely related with SST 8&hd SST895. PAN3489 closely
associated with GGA%p, and SST822 closely assaCiatgh POL%fp. The
characteristics grouped as follows: LUPP, UPP dwH;alvL and GLI%p; alvW and
GGA%fp; LMW%fp and POL%fp and MPT and alvP/L.
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Figure 5.5 Principal component biplot for protein fractions and quality

characteristics of the irrigated region cultivars

5.6 Discussion

In the dryland summer rainfall region, UPP posigveorrelated with alvwW and MPT,
which is in agreement with the findings of previ@ghors (Gupta et al. 1993; Bean et
al. 1998; Sadouki et al. 2005; Edwards et al. 200f)s confirms the contribution of
UPP to dough rheology and quality. However, atithigated region UPP correlated

negatively with rheological characteristics, whdibagree with these findings.
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In the irrigated region cultivars, GLI%p signifidin correlated with most quality
characteristics. The significant correlation repdrbetween GLI%p and dough quality
may be due to the LMW, as it has been reportedttie@at is a close genetic linkage
betweenGlu-3 loci of LMW andGli-1 of gliadins and have similar molecular weight.
This makes it difficult to determine whether théluence is due to LMW or gliadins
(Gupta et al. 1989; Payne et al. 1984; Gianibekile2001). Ahmad et al. (2001) did not
report any significant correlations between gliadamd quality characteristics. Fido et
al. (1997) reported that addition of all groupsgbédins yielded a decrease in dough
strength. Wang et al. (2008) confirmed thagliadins have an influence on dough
strength. Metakovsky et al. (1997) reported positelationships between gliadin alleles
and dough strength in French and ltalian wheativeut. Wentzel (2010) reported
significant correlations between large monomeritgins and alvW in South African
bread wheat and Mkhatywa (2014) reported significanrelations between-gliadins

in total proteins and alvW in South African wheaiftivars. The findings from this
research suggest that gliadins might contributeldagh strength. However further
investigations are necessary to establish wethet Gintributes to rheological

characteristics.

HMW0%p positively correlated with alvW in the irriggd region, this corroborates the
findings by several authors (Morel et al. 2000; @4l et al. 2005; Mkhatywa 2014).
Dachkevitch and Autran (1989) reported significeotrelations between the insoluble
F1 fraction and alvW. However in the dryland summamnfall region negative
correlations between HMW and alvW were found, thisontradictory to these findings.
The GLI%p positively correlated with FPC in the ldrnyd summer rainfall region and
irrigation region cultivars. This suggests absok#dractions as a good indicator of FPC,
which was also reported by Morel et al. (2000).dhgland winter rainfall cultivars,
GLI%fp negatively correlated with FPC which is a@alictory to these findings. More
significantly positive correlations were found betem GGA and FPC. Bean et al. (1998)
also reported that FPC increased with GGA. Morehlet(2000) found significant
association between F5 and GGA. Many protein foastithat correlated positively with
FPC showed positive correlations with WGC, thidgeates that variation of these protein
fractions has a direct influence on FPC and WGC.
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SDSVOL correlated significantly with POL, LMW and_Gop for the dryland winter
rainfall cultivars. Positive correlations betweelW and SDSVOL are in agreement
with reports by Gallia et al. (1996) and Wentz€l1Q). Weegels et al. (1996) indicated
that there is a good correlation between unextoéetglutenin and SDSVOL. Positive
correlations found between GLI%p and SDSVOL aretremtictory to a previous study
by Schober et al. (2006) where they reported tREB\BOL negatively correlated with

relative amounts of gliadins, the absolute amodittsiot reveal any correlations.

At the dryland winter rainfall region LMW, both iotal proteins and in the flour, were
negatively associated with alvW. This is contraaligtto the findings from previous
studies (Zhang et al. 2009; Wentzel 2010), howesadouki et al. (2005) reported
significant negative association between the abs@mounts of LMW and alvW. The
POL correlated with some quality characteristicghis study and this disagrees with
other authors (Gupta et al. 1993; Sadouki et ab52@vho reported no significant
correlations between relative total polymeric pirwdeand quality attributes. However,
Wentzel (2010) found significant correlations betwe POL and rheological
characteristics such as SDSVOL and alvP. This boraies the findings in this study.
The HMW©%fp positively correlated with alvP for theigated region cultivars, and
similar results were reported by Wentzel (2010) hutvas contradictory to what
Mkhatywa (2014) found that HMW in the flour and mos negatively correlated with
alvP. Ciaffi et al. (1996) reported significant i@ations between absolute insoluble
polymeric proteins and alvP. The HMW%fp for thagated region and HMW%p for
the dryland winter rainfall region positively colated with alvP/L and similar findings
were reported by Pefa et al. (2005) who found sggmt correlations between HMW
and alvP/L. Significant negative correlations beswésL1 and alvP/L for the dryland
summer cultivars were also reported by LabuschagdeAucamp (2004) and Mkhatywa
(2014).

For the dryland winter rainfall cultivars the fremts POL%p, LMW%p and GLI1%p were
negatively associated with LV, these protein sutsualso correlated negatively with
FPC, however, both GGA in the protein and in tlo&iflcorrelated positively with LV.
For the irrigation region cultivars, POL%fp coriteld positively with LV. Similar results
were reported by Gupta et al. (1992). The LMW%qtpasy correlated with LV, similar
findings were reported by Dachkevitch and Autra®8d). Weegels et al. (1996)
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indicated that glutenins in the flour associatetidvavith LV. The HMW%fp positively
correlated with LV. This agrees with the findingsToonsmo et al. (2003) where relative
HMW (sonicated) correlated with LV. Chaudhary et @016) reported significant
correlations between glutenin and LV. GLI has beemd to positively correlate with
LV for the irrigated region cultivars, this is igr@ement with Labuschagne and Aucamp
(2004); Park et al. (2006) and Chaudhary et all§2@ut contradictory to previous
findings (Khatkar et al. 2002; Ohm et al. 2010) r€mtions between protein subunits
and LV vary, depending on solvents or extractioocpdures used (Gupta et al. 1992,
Weegels et al. 1996). No significant correlatiorerevfound between protein fractions

and LV in the dryland summer rainfall region cuétig in this study.

The PCA is an important data reduction tool whitkeg information on trait association,
and the relationship between characteristics ardifsp cultivars, which makes it very
useful for breeding programmes (Tronsmo et al. 20@8ah and Al-Khateeb 2005;
Ahmad et al. 2014; Janmohammadi et al. 2014). Tt& &so presents the importance
of the largest contributors to the total variatigMartens and Martens 2001).
Characteristics that cluster together are relatddle those appearing on the opposite

sides of the biplot are negatively correlated (Brap et al. 2003).

In the dryland summer region FPC, MPT and LV clesietogether, while alvL was
placed on the upper left side of the biplot. AlvRhd alvP were plotted on the lower
right side of the biplot. For the dryland winterinfall region HMW%fp and MPT
clustered together, FPC and alvW clustered togetled alvP/L and alvP grouped
together.

For the irrigated region alvwW and GGA%p groupedetbgr while alvL and GLI%fp
grouped together. LUPP was plotted opposite alv\W @GA%p, while UPP plotted
opposite to MPT. Cultivars and characteristics Whace closely related suggest that the
cultivar expresses high levels of those charatiesiand such cultivars can be selected

as parents to improve such characteristics (YarRaujan 2002).

For the dryland summer rainfall region, cultivar tMbas closely associated with MPT,
LV and FPC, while for the dryland winter rainfadigion Kwartel was closely associated
with MPT and HMW%fp, while Ratel closely associateith HMW%fp, and PAN3408
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closely associated with HMW%p. For the irrigati@gion SST843 closely associated
with POL%p and LMW%p, while PAN3489 closely asstethwith SST866.

The first two principal components accounted for6486, 87.64% and 94.38% of total
variation for the dryland summer rainfall regiomryldnd winter rainfall region and
irrigation region, respectively. In all the locai the largest contributor to the total

variation was LV for PC1 while for PC2 it was alvL.

5.7 Conclusions

This study was carried out to assess the Yarra-8&@ analytical column as an
improved protein fraction separation tool. The hssindicated this column to be
efficient and stable in the separation of wheatgns. Highly significant differences
were found among the genotypes tested for the mblylainter rainfall and irrigated
region for the relative and absolute protein fiats. The UPP contributed most to dough
rheological characteristics in the dryland sumnaénfall region cultivars, however, in
the irrigation cultivars UPP contributed negativedydough quality characteristics. The
GLI%p contributed significantly to dough rheolodyatacteristics. This might be due to
some of the gliadins and LMW having the same mdégaumeights. Genotype effect was
significant for all protein subunits for the drythmvinter rainfall region and irrigated
region cultivars. Significant differences betweeatein fractions and their relationship
with quality characteristics indicate that the Ya8EC 4000 analytical column can be
used to separate and then assess the influenbe pfdtein fractions on bread-making
guality. This analytical column produced nine pifieaks. It is therefore important to
determine the relationship of each profile peakhwgjuality characteristics to assess

which peak contributes to quality, instead of ugintgl areas from the chromatograms.
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Chapter 6

A comparison of a narrow bore and analytical columnused in size exclusion-high
performance liquid chromatography, for the analysisof protein fractions of South

African bread wheat cultivars

6.1 Abstract

The narrow bore column (300 x 4.60 mm id, BioSe@$E000) was used up to now as
a standard column which separates gluten proté28 al 30 mint. The objective of this
study was to assess the Yarra-SEC 4000 analytdainn (300 x 7.80 mm, id) for its
ability to distinctly separate wheat proteins inadinflour samples, and its potential for
the evaluation of South African bread wheat quaiitythe early generations of the
breeding programmes. Precise early generationtgaieaf cross progenies is of great
importance to breeders, as this will cut down th&tx for quality breeding and the lines
with inferior traits can then be discarded earlyhie breeding programmes. When the F
values were considered, the Yarra-SEC 4000 analytatumn was shown to be superior
to the narrow bore column. Highly significant dif@ces were found between protein
fractions for the irrigated region and winter raithfegion cultivars, indicating the Yarra-
SEC 4000 analytical column to be more discrimiratiivan the narrow bore BioSep-
SEC s4000 column. Absolute protein fractions sepdray the narrow bore column were
highly significantly correlated with FPC with higheorrelation coefficients than the
Yarra-SEC 4000 analytical column. The Yarra-SECH&@alytical column yielded nine
profile peaks while the BioSep-SEC s4000 narrowebmolumn yielded five profile
peaks. This indicates that the analytical colunstimitly separated wheat proteins. Multi
location trial testing over years is required tyfassess the potential of the Yarra-SEC

4000 analytical column for quality analysis.

6.2 Introduction

Wheat is recognised as an important crop becausieeofiesirable and unique dough
forming characteristics which allows the crop topoecessed into a variety of products
which includes bread, biscuits, cakes, pizza, dtiapad doughnuts (Rakszegi et al.
2005; Dewettinck et al. 2008). It provides essémiidrients such as energy, protein and

vitamins. Globally it provides about a quarter oergy and proteins to the human diet

133



(Branlard et al. 2001). In terms of magnitude afduction among cereals, wheat is one
of the most important crops both globally (FAO, 20lLabuschagne et al. 2014) and in
South Africa (SAGL, 2013).

Wheat storage proteins reside in the endospermsiinage proteins are referred to as
glutens. The monomeric gliadins and polymeric glite form gluten (Shewry et al.
1995; Gianibelli et al. 2001) The gluten proteinkes up about 80% of wheat proteins
and gives dough visco-elastic properties (Brangdral. 2001). Based on electrophoretic
mobility, the polymeric glutenin can be separateid IHMW-GS and LMW-GS. The
HMW-GS have molecular weights between 70 000-140@ D@, held together by di-
sulphide bond. Genes coding for the HMW-GS are doan the long arm of group 1
chromosomes. The LMW-GS have molecular weights éetw30 000-50 000 Da and
the genes coding them are found on the short amgnooip 1 chromosomes (Payne et al.
1984; Gianibelli et al. 2001; Gao et al. 2010). HdW-GS and LMW-GS have been
reported to be important for their influence oresgth and elasticity of wheat dough
(Gianibelli et al. 2001; Gao et al. 2010). The dilies affect viscous properties of dough
(DuPont and Altenbach 2003).

The bread wheat quality in South African cultiversery good due to very strict quality
standards set by the Wheat Technical Committeerdbefommercial release (SAGL
2013.) The quality of wheat is the result of gené&ictors, however the environment and
the genetic and environment interaction also cbuates towards wheat quality (Kent and
Evers 1994; DuPont and Altenbach 2003). The indwece of wheat quality traits is
polygenic in nature and very complex. This makedifficult to select desired traits
suitable for bread-making quality (Gras and O’Bri&92; DuPont and Altenbach 2003).
This led to the development of various qualityddbiat can be used to assess the ability
of cultivars to meet specific requirements for loleys, producers, millers and bakers
(Atkins et al. 1965)

SE-HPLC has been used to evaluate bread-makingtyqudhriations in molecular
weight distribution of gluten proteins have beetaterd with wheat end-use quality
(Singh et al. 1990; Ciaffi et al. 1996; Bean et18198; Larroque and Békés 2000; Park
et al. 2006; Labuschagne and Aucamp 2004; Sadoaki2005; Ohm et al. 2009; Singh
and Singh 2013; Vensel et al. 2014). However tipieation of this technique has been
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difficult due to the time it takes to run the sae®lThe technique is not amenable to

analysis of large samples in breeding programmesratine industry (Ohm et al. 2009).

Due to the fact that bread-making quality is pohjigen nature, it is necessary to provide
plant breeders with precise information about esel-quality potential of single plants
in the early generations of the breeding programifies precise and accurate selection
of plant materials in early generations will desethe costs of quality breeding as lines
with undesirable traits can be discarded in the/epnerations; however, if a desirable
trait is lost or discarded, it cannot be recovarethe following generations (Shebeski
1967; Gras and O’Brien, 1992).

The objective of this study was to test the YarEBEES4000 analytical column for its
potential for more distinct separation of glutewtpms compared to the BioSep-SEC
s4000 narrow bore column used up to now.

6.3 Materials and methods

6.3.1Cultivars used

See Chapter 3 (Section 3.3.1).

6.3.2 Quality measurements
See Chapter 3 (Section 3.3.3).

6.3.3 Size exclusion-high liquid performance liquicchromatography
See Chapter 4 (Section 4.3.3) and Chapter 5 ($e61®3) for details

6.4 Statistical analysis
See Chapter 4 (Section 4.4) and Chapter 5 (Sestrfor details

The differences between the two columns used sdthidy are listed in Table 6.1.

135



Table 6.1 Differences between the two columns used

BioSep-SEC s4000 NarrowYarra SEC-4000

bore Analytical

Column hardware Standard 316 stainless st&thndard 316 stainless steel
column with stainless steel frits column with stainless steel frits

Dimensions 300 x 4.6 mm 300 x 7.8mm

Resin type Silica Silica

Particle size (um) 5 3

Pore size A 500 500

pH range 2.5-7.5 2.5-75

MW Range in native conditions 15K-1500K 15K-1500K

(Da)

Maximum backpressure (psi) 1500 1700

Typical efficiency (min no 25000 (for a 300 x 7.8 mm38000 (for a 300 x 7.8 mm

theoretical plates) column) column)

Maximum temperature’C) 50 50

According to Phenomenex® Capable of resolving lavy Column allow for very high
proteins efficiency and resolution

Price R23,634 (bought 12-11-15) R14,606 (bought3d-2)

Running conditions

Mobile phase Isocratic 50/50 (ACN/E) Isocratic 50/50 (ACN/H20)

Maximum flow rate 1.5 ml/min 1.5 ml/min

Maximum temperature 50°C 50°C

Detection 210 nm 210 nm

Run time 15 min 30 min

Guard cartridge Yes Yes

Source Phenomenex

6.5 Results

6.5.1 Size exclusion-high performance liquid chrontagraphy profiles

The BioSep-SEC s4000 narrow bore column yielded figaks in the profiles. Peakl
(F1) corresponded with the HMW, while the F2 coomsded with LMW, F3-F4
corresponded with gliadins, while F5 correspond&t globulin-albumins (Figure 4.1
and Figure 4.2). The Yarra-SEC 4000 analytical moiwyielded nine peak profiles; F1
corresponded with HMW, F2-F4 corresponded with LMW F5-F7 corresponded with
gliadins while F8-F9 corresponded with globulinbtahins (Figure 5.1 and Figure 5.2).
With the Yarra-SEC 4000 analytical column more [geakre obtained when compared
to the narrow bore column. When the narrow boreimool was used for LMW-GS
separation, only one profile peak was producedl|emhith the analytical column three
profile peaks were produced (F2-F4). In the cagbefjliadins, the narrow bore column
yielded two profile peaks (F3-F4), while the aniaigt column yielded three profile peaks
(F5-F7). For the globulins —albumins, the narrowebcolumn yielded only one profile
peak, while the analytical column yielded two ple@peaks.
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6.5.2 Analysis of variance for absolute proteins athe dryland summer, dryland
winter rainfall and irrigated region cultivars

The dryland summer rainfall region

When the SE-HPLC of protein fractions were sepdratsing the narrow bore and
analytical columns for the dryland summer raindaéla cultivars, the LUPP did not show
significant differences for either. The UPP wasigigant at p< 0.01 for the narrow bore
and non-significant for the analytical column. Hoe dryland summer rainfall region the
F ratios were significant at$0.01 for LMW%p and GGA%p and significant at0.05
for the narrow bore column. For the analytical cotuthe F ratios were only significant
for LMW%p at p< 0.05 and GLI%p at90.001 (Table 6.2)

The dryland winter rainfall

When the narrow bore column was used for the wirgefall region cultivars, the F
ratios were significant for only the LUPP and URP<(0.01 respectively). When the
analytical column was used the F ratios were dicamt at pc 0.05 for LUPP and UPP.
When the analytical column was used the F ratiose wsegnificant for all the protein
fractions. POL%p, HMW%p, GLI%p and GGA%p were sigaint at p< 0.001.
LMW©%p was significant at g 0.01. While for the narrow bore column HMW%p was
the only significant parameter at®.05 (Table 6.2).

The irrigated region

The LUPP and UPP showed significant differencedfiih columns at g 0.001. The
Yarra-SEC 4000 analytical column showed significaifferences for all protein
fractions at p< 0.001. F ratios for the BioSep-SEC s4000 narrove mmlumn were
significant for all the protein fractions; LMW%p waignificant at p< 0.01, while other

protein fractions were highly significant ak®.001 (Table 6.2).
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Table 6.2 Analysis of variance for absolute and rative protein fractions in the

dryland summer, winter rainfall and irrigated regio n cultivars

Absolute proteins Relative proteins
Narrow bore Analytical Narrow bore Analytical
column column column column

Regions Characteristics F-value F-value Charatiesis F-value F-value

Dryland  LUPP 0.8t¢ 157

summer  UPP 2.62** 3.66

rainfall POL%p 1.74¢ 1.66' POL%fp 2.61** 2.61**

region HMW%p 1.55¢ 1.18% HMW%fp 1.57¢ 1.32%¢
LMW%p 2.57** 2.18* LMW%fp 4. 52%%* 2.32*
GLI%p 1.78¢ 9.90*** GLI%fp 3.71%* 13.88***
GGA%p 0.61* 1.58° GGA%fp 2.61** 1.7%¢

Dryland LUPP 2.83* 2.40*

winter UPP 4.22% 2.43*

rainfall POL%p 2.0 5.42%** POL%fp 0.61¢ 8.29***

region HMW%p 2.31* 17.00%** HMW%fp 1.9% 13.86***
LMW9%p 2.13% 4.31* LMW%fp 0.88' 6.71%+*
GLI%p 1.08% 18.40%** GLI%fp 1.18% 22.12%*
GGA%p 0.6%¢ 6.36*** GGA%fp 0.61¢ 8.29%**

Irrigated LUPP 6.48*** 3.37%*

Region UPP 4.97%* 4.08***
POL%p 7.70%+* 20.67** POL%fp 30.67*** 12.12%**
HMW%p 4.34%** 17.91%** HMW%fp 2.10* 13.07***
LMW9%p 2.29* 19.22%+* LMW%fp 1.70%¢ 12.03***
GLI%p 7.07*** 52.53*** GLI1%fp 10.33*** 14.46%**
GGA%p 8.21%** 20.67** GGA%fp 30.63*** 10.98***

LUPP = large unextractable polymeric proteins, GRmextractable polymeric proteins, POL%p = rekatistal polymeric proteins,
POL%fp = absolute total polymeric proteins, HMW%petative high molecular weight, HMW%fp = relatikiigh molecular weight
LMW%p = relative low molecular weight, LMW%fp = lomolecular weight GLI%p = relative total gliadirGL1%fp = absolute
total gliadins, GGA%p = relative total gliadins athen-globulins, GGA%fp = relative total gliadingdaabumins-globulins*** g
0.001, ** p< 0.01, * p< 0.05, NS = p>0.05.

6.5.3 The analysis of variance for relative proteis of the dryland summer, dryland
winter rainfall and irrigated region cultivars

The dryland summer rainfall cultivars

The POL%fp was significant ak®.01 for the BioSep-SEC s4000 narrow bore column,
while POL%fp was not significant for the Yarra-SEQO0 analytical column. HMW%p
was not significant for both columns. LMW%fp wagrsficant at g£ 0.001 for the
narrow bore column and significant{®.05) when the analytical column was used. The
GLI1%fp was significant at g 0.001 for both columns. The GGA%fp was significant

p < (0.01) for the narrow bore column and non-sigatficfor the analytical column
(Table 6.2).

138



The dryland winter rainfall cultivars

When the BioSep-SEC s4000 narrow bore column wed ias the winter rainfall region
cultivars, the F ratios were non-significant. Wihiea Yarra-SEC 4000 analytical column
was used, the F ratios for POL%fp, HMW%fp, LMW%(pL_1%fp and GGA%fp were
highly significant at § 0.001 (Table 6.2).

The irrigated region cultivars

For the irrigated region cultivars, the F ratiogevhighly significant for all the protein
fractions at g 0.001 (Table 6.2). When the narrow bore column uwsegl, the F ratios
were significant for all the protein fractions egptdor the LMW%fp. The POL%fp,
GLI%fp and GGA%fp were significant ak@.001 while HMW%fp was significant at
p < 0.05.

6.5.4. Comparing the relationships between SE-HPL@rotein fractions separated
by the narrow bore and analytical columns for breadmaking quality
characteristics in the three production areas

The irrigated region cultivars

Flour protein content

When the Yarra-SEC 4000 analytical column was usgphificant but low negative
correlation was found between LUPP and FPC, howewercorrelations were found
when the BioSep-SEC s4000 narrow bore column wed (iBable 6.3). The POL%p
showed significant correlations with FPC for botilutnns, the narrow bore column
revealed highly significant positive correlatiotnga 0.001, while the analytical column
showed negative correlations a£9.001. When the Yarra-SEC 4000 analytical column
was used, POL%fp was negatively associated with &P&< 0.05 with low r values.
The BioSep-SEC s4000 narrow bore column demondtpaisitive correlation between
HMW%p and FPC; however, no significant correlatiessted with the Yarra-SEC
4000 analytical column. The HMW%fp correlated nagdy with FPC for the analytical
column at p< 0.001. The narrow bore column fractions did naivstany significant
correlations with quality characteristics. The LMW%orrelated with FPC for the
narrow bore column. The GLI%p showed positive datien with FPC for both
columns, the narrow bore column values were higiggificant at p< 0.001 with a larger
r value while the analytical column’s values weigngicant at p< 0.05. The GGA%fp
showed significant correlation with FPC ax®.05 for the Yarra-SEC 4000 analytical
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column. The GGA%p demonstrated significant coriehet for both columns at$0.001
(Table 6.3).

Alveograph strength

Highly significant (p< 0.001) correlations were seen between LUPP, URPaliwW
when using the BioSep-SEC s4000 narrow bore colamthYarra-SEC 4000 analytical
column, however for the analytical column, LUPP &P negatively correlated with
alvW. The POL%p correlated positively with alvW kiboth columns. The LMW%p
correlated significantly (g 0.001) with alvW when the narrow bore column wasdi
No significant correlations were obtained when éimalytical column was used. The
GLI%p correlated positively at § 0.001 with alvW when using both the BioSep-SEC
s4000 narrow bore column and the Yarra-SEC 4000/i@ce column. An r value of
0.626 was found with the narrow bore colums o001), while an r value of 0.480 was
obtained for the analytical column. The GGA%p claied positively with alvW when
both columns were used (Table 6.3).

Mixograph peak time

LUPP (p< 0.01) and UPP (g 0.001) correlated positively with MPT for the Beys
SEC s4000 narrow bore column. However when thea¥&EC 4000 analytical column
was used, negative correlations ad®01 between LUPP, UPP and MPT were seen.
The POL%p correlated positively{®.001) with MPT for both columns{®©.01). The
HMW0%p, LMW%p, GLI%p ( 0.001) and GGA%p ( 0.001) were positively
correlated with MPT with low r values for the BigB8EC s4000 narrow bore column.
For the Yarra-SEC 4000analytical column the MPTrelated positively with LMW%p
(p< 0.05) and GGA%p @0.001) although the values were quite low (TabB.6

Loaf volume

Significant negative correlations were seen betwa#aP and LV when the Yarra-SEC
4000 analytical column was used. The BioSep-SEQG4#@rrow bore column did not
show any significant correlations between the LW LV. Highly significant (p<
0.001) correlations were seen between POL%p andvh®h the narrow bore column
and analytical column were used. The HMW%p coreelgiositively with LV but the
r value was low when the narrow bore column wasiu3ée HMW%fp correlated
positively with LV at p< 0.001. When the Yarra-SEC 4000 analytical coluras wsed,
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HMWD0%fp positively correlated with LV. When the Bie-SEC s4000 narrow bore
column were used no significant correlations waseoled between HMW%(fp and LV.
The LMW%p correlated positively with LV atp0.01 when the narrow bore column
was used and at $ 0.001 when the analytical column was used. Wit ahalytical
column, LUPP was negatively correlated<(p.001) with LV. The GLI%p and GGA%p
correlated positively with LV when the narrow bem@umn and analytical columns were
used. The r values obtained when using the BioFp-<3l000 narrow bore column were
greater than those obtained when using the Yar@-8HB0 analytical column. They
were also highly significant atg0.001 (Table 6.3).

The dryland summer rainfall cultivars

Flour protein content

The POL%p correlated positively with FPC for botiuenns at p< 0.001 (Table 6.3).
The HMW%p and LMW?%p significantly correlated witRP€ for the BioSep-SEC s4000
narrow bore column ¢0.001). Both columns presented significant cotiahes between
GLI%p and FPC, the narrow bore column value wahlizigignificant (p< 0.001) with
greater r values, while the Yarra-SEC 4000 anai/tiolumn was significant at$0.05.
The GGA%p showed significant correlations with FR@< 0.001 for both columns

Alveograph strength

Negative correlations were obtained between alv/lasPP and UPP with low r values
for the BioSep-SEC s4000 narrow bore column. HowtheYarra-SEC 4000 analytical
column presented positive correlation between UiPPadvW at p< 0.05. The POL%p
correlated positively with alvw for the narrow barelumn. For the analytical column
HMW0%fp correlated negatively with alvW, althougtethvalue obtained was low, while
the LMW%p correlated positively at$0.01 with alvW (Table 6.3)
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Table 6.3 Significant correlations between proteiriractions and selected quality parameters

FPC alvw MPT Y
Parameters Narrow bore Analytical Narrow bore Analytical Narrow bore Analytical Narrow bore Analytical
column column column column column column column column
Irrigated LUPP NS -0.371** 0.458*** -0.492%** 0.315* -0.456** NS -0.331**
region UPP NS NS 0.532%** -0.513*** 0.411*** -0.450*** NS NS
POL%p 0.913*** -0.630*+ 0.647*** 0.602*** 0.523*** 0.253** 0.617* 0.559***
POL%fp NS -0.248* NS NS NS NS NS NS
HMW%p 0.583*** NS 0.355** 0.600*** 0.310** NS 0.276* NS
HMW%fp NS -0.617* NS NS NS NS NS 0.584***
LMW%p 0.572%** NS 0.512*** NS 0.384* 0.260* 0.401** 0.527***
LMW%fp NS NS NS NS NS NS NS NS
GLI%p 0.772%** 0.630* 0.626*** 0.480*** 0.349%** NS 0.499*** 0.434
GLI%fp NS NS NS NS NS NS NS NS
GGA%p 0.940*** 0.693*** 0.693*** 0.347* 0.423*** 0.410*** 0.582*** 0.305**
GGA%fp NS 0.248* NS NS NS NS NS NS
Dryland LUPP NS NS -0.279* NS NS NS NS NS
summer UPP NS NS -0.404** 0.279* NS 0.360*** NS NS
rainfall POL%p 0.741%** 0.629*** 0.336* NS NS NS NS NS
POL%fp NS NS NS NS NS NS NS NS
HMW%p 0.552*** NS NS NS NS NS NS NS
HMW%fp NS NS NS -0.288* -0.323* NS NS NS
LMW%p 0.647*** NS NS 0.388** NS NS NS NS
LMW%fp NS NS NS NS NS NS NS NS
GLI%p 0.700*** 0.284* NS NS NS NS. NS NS
GLI%fp NS NS NS NS NS NS NS NS
GGA%p 0.807*** 0.667*** NS NS 0.296* NS NS NS
GGA%fp NS NS NS NS NS NS NS NS

LUPP = large unextractable polymeric proteins, GRlhextractable polymeric proteins, POL%p = absotatal polymeric proteins, HMW% p= absolute higblecular weight, LMW%p = absolute low molecular
weight, GLI%p = absolute total gliadins, GGA%p -salute total gliadins, POL%fp = relative total polgric proteins, HMW%fp = relative high molecularige, LMW%fp = relative low molecular weight, GLI%f
= relative total gliadins, GGA%fp = relative totdladins albumin-globulins, , alvW = alveograptesigth, LV = loaf volume MPT = mixograph peak timeG= flour protein content ¥0.05.** p< 0.01, *** p< 0.001
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Table 6.3 continued

FPC alvw MPT LV
Parameters Narrow bore Analytical Narrow bore Analytical Narrow bore Analytical Narrow bore Analytical
column column column column column column column column
Dryland POL%p 0.702*** NS NS NS 0.421%** NS NS NS
winter POL%fp NS -0.407* NS -0.347 NS NS NS -0.363*
rainfall HMW%p 0.375* NS NS NS NS NS NS NS
HMW%fp NS NS NS NS NS NS NS NS
LMW%p 0.683*** NS NS -0.333* 0.381* NS NS NS
LMW%fp NS -0.407* NS -0.344* NS NS. NS -0.402*
GLI%p 0.598*** NS NS NS NS NS NS NS
GLI1%fp NS -0.347* NS NS NS NS NS NS.
GGA%p 0.608*** 0.526** NS NS NS NS NS 0.610***
GGA%fp NS 0.412* NS 0.347* NS NS NS 0.363*

POL%p=absolute total polymeric proteins, HMW%p=adbthigh molecular weight, LMW%p=absolute low nmltar weight, GLI%p= absolute total gliadins, GGAgapsolute total gliadins, POL%fp=relative total
polymeric proteins, HMW%fp=relative high moleculaeight, LMW%fp=relative low molecular weight, GLI¥trelative total gliadins, GGA%fp=relative totalaglins albumin-globulins, , alvW=alveograph stréngt

LV=loaf volume MPT=mixograph peak time, FPC=flquotein content *g 0.05.**p<0.01,*** p<0.001
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Mixograph peak time

MPT correlated negatively with the HMW?%fp, but pgos with GGA%fp for the
BioSep-SEC s4000 narrow bore column. For the Y&8E& 4000 analytical column, the
MPT only correlated with UPP at$0.001.

Loaf volume
LV did not present any significant correlationsiwgrotein fractions for both columns
used.

The dryland winter rainfall region cultivars

Flour protein content

When the BioSep-SEC s4000 narrow bore column wasl,uBOL%p significantly
correlated with FPC at § 0.001. No correlation was found when the Yarra-SBG0
analytical column was used. The POL%fp negativadyretated with FPC for the
analytical column. The LMW%p and GLI%p correlatedspively with FPC for the
narrow bore column at$ 0.001. The GGA%p correlated positively with FP€ lhoth
columns. For the narrow bore column correlationsewegly significant at p< 0.001,
while for the analytical column it was significaait p< 0.05. The GGA%fp correlated
with FPC for the Yarra-SEC 4000 analytical colunmhyaat p< 0.05 (Table 6.3).

Alveograph strength

No significant correlation was observed betweertginofractions and alvW for the
narrow bore column. The POL%fp, LMW%fp and LMW%pga&vely correlated with
alvW at  0.05 for the analytical column. GGA%fp correlatakitively with alvW at

p< 0.05 for the analytical column.

Mixograph peak time
The MPT correlated positively with POL%p and LMW%ith low r values of 0.421
and 0.381 for the narrow bore column. No significanrelations were observed between

protein fractions and MPT when the analytical cahwvas used.

Loaf volume
No significant correlations occurred between the &Ml protein fractions when the
BioSep-SEC s4000 narrow bore column was used. WheeWarra-SEC 4000 analytical
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column was used POL%fp and LMW%fp negatively cated with the LV with low r
values. The GGA%p positively correlated(p.001) with LV with a larger r value 0.610.
Also a significant positive correlation was seetwsen GGA%fp and LV (Table 6.3).

6.6 Discussion

All the absolute protein fractions correlated pwsily with FPC (p< 0.001) in all three
productions area cultivars with the BioSep-SEC #&4068rrow bore column. The FPC
had high correlations (0.70-0.94) with POL%p, GLI%pd GGA%p in all three
production area cultivars, except for GGA%p in Wiater rainfall region. The results
indicated that the quantitative variation in FPGwlae to GLI, GGA and POL. However
Ohm et al. (2009) found both HMW and GLI to haveajor influence on quantitative
variation in FPC. The results reported in this gtade in agreement with Park et al.
(2006), who reported significant positive corradasg between albumins-globulins and
gliadins in the flour, with FPC. Gupta et al. (199@ported significant positive
correlations between gliadins in the flour and FBR&uschagne and Aucamp (2004)
reported significant correlations between solubiadins and FPC. Bean et al. (1998)
reported significant correlations between FPC arstluble polymeric proteins in the

flour.

When the Yarra-SEC 4000 analytical column was ysexdein fractions both in the flour
and in the flour protein correlated with FPC. Hue winter rainfall cultivars the GLI1%p
negatively correlated with FPC, which is in agreetneith findings of Singh et al.
(1990). The GGA%fp and GGA%p for both irrigated andter rainfall cultivars showed
significant associations with FPC. This was algmwrted by Gupta et al. (1992) where
the albumins-globulins in the flour and proteinretaited with FPC. The results obtained
in this study indicated that absolute protein fi@att are a good indicator of FPC, as high
correlations were obtained between the absoluteipréractions and FPC when both
columns were used. These findings corroborate thidke of Ciaffi et al. (1996), where
they found that total protein was highly correlateith the absolute areas of individual
peaks. They further pointed out that peak 1, wkimtmesponds with the HMW, showed
lower correlation coefficients than peaks 2 andvBich correspond with monomeric
proteins. This is in agreement with what was foumdhis study. The correlations

obtained with the BioSep-SEC s4000 narrow boremoalwere higher than those for the
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Yarra-SEC 4000 analytical column. The POL%fp cated with FPC when both

columns were used, which has never been repored grevious studies.

When the narrow bore column was used, no significarrelations were seen between
LV and protein fractions for the dryland summemfail and dryland winter rainfall
cultivars. The absolute protein fractions corredatgéth LV in these location cultivars
when both narrow bore and analytical columns weeduGupta et al. (1992) reported
higher significant correlations between LV and pnotfractions in protein than protein
fractions in flour proteins in the flour, espegydibr the HMW. A significant correlation
between GLI%p and LV was also reported by Parkl.e(2806). Ohm et al. (2010)
reported positive correlations between LV and GMkhatywa (2014) reported
significant correlations between LV andgliadins in the flour. The LUPP negatively
correlated with FPC. This might be due to the negatorrelation between LUPP and
FPC. Labuschagne and Aucamp (2004) observed aiveegatrelation between LUPP
and LV. HMW%fp, LMW%p, GGA%p also correlated withVL The correlations
obtained between LMW%p and POL%p were highly sigaift (p< 0.001), however,
the correlations values were moderate. Gupta €1992) indicated that LV correlated
well with proteins in the flour when a long fermatibn cycle applied. The HMW%p and
LMW©%p correlated positively with LV. They also reped significant correlations
between glutenins in the flour and LV (Gupta efl@P2). Park et al. (2006) also reported
significant correlations between insoluble protéractions in the flour and LV.
Chaudhary et al. (2016) reported significant catiehs between HMW and LV.

The results obtained indicated that LUPP, UPP alktWi%p significantly (g 0.001)
affected alvwW when the BioSep-SEC s4000 narrow lmmiemn was used for the
irrigated region. This suggests that these prdtaitions obtained from the narrow bore
column can be used to assess flour strength. Om&fisant correlations between these
protein fractions and alvW have been reported bgroauthors. MacRitchie et al. (1991)
observed significant correlations between alvW iasdluble polymeric proteins. Gupta
et al. (1993) observed significant correlationsisstn UPP and alvW. Bean et al. (1998)
reported that the unextractable proteins left ia flour pellet correlated with dough
strength. Edwards et al. (2007) and Mkhatywa (20dd3$erved significant correlations
between the UPP in the flour and alvW. Cornish.€R806) indicated thabLU-1 alleles
had a greater effect on dough strength. Kuktaital.e(2004) and Pefa et al. (2005)
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indicated the contribution of HMW in dough strenglbhansson et al. (2001) observed
significant correlations between large UPP and tdaigength. The HMW%p correlated
highly significantly with alvW using the Yarra-SEADOO analytical column, indicating
that this column separated fractions which weresgap for predicting dough strength.
However, when the Yarra-SEC 4000 analytical colwas used, LUPP and UPP
negatively correlated with alvW. This was contraalig to previous reports by Gupta et
al. (1993), MacRitchie et al. (1991) and Morel et(2000). The LMW%p correlated
positively with alvW when both columns were used.l%p correlated positively with
alvW when the BioSep-SEC s4000 narrow bore coluras used, however, with the
Yarra-SEC 4000 analytical column, no significantretations were observed. This
suggests that the narrow bore column was moreiafticn separating GLI. Previous
studies indicated that the contribution of GLI teds alvW is due to close genetic
linkage betweelsLI-1 andGLU-3. Fido et al. (1997) pointed out that increased ghiad
concentration results in decreased dough strefgththe dryland summer rainfall area
the narrow bore column presented negative corosldietween LUPP, UPP and alvW.
However, UPP positively correlated with alvwW whée tanalytical column was used,
although the correlation coefficient was weak. @ingand winter rainfall area cultivars
presented negative correlations between LMW%p, LMW &nd alvW which is not in

agreement with previous studies (Dachkevitch anttadwu1989; Weegels et al. 1996).

For the irrigated region UPP, LUPP, POL%p, HMW%gngicantly correlated with
MPT when the BioSep-SEC s4000 narrow bore columa used, with moderate r
values. Koen (2006) reported significant correlatoeetween LUPP and MPT. Ohm et
al. (2008) and Zhang et al. (2009) reported sigaift correlations between MPT and
HMW, which was also found in this study. Park et @006) reported significant
correlations between MPT and UPP, which indicatescbntribution of large polymeric
proteins in MPT. Significant correlation between WNlp and MPT is in agreement
with Gupta et al. (1992) who reported positive etations between MPT and glutenins
in the flour, which corroborates the findings instistudy for the winter rainfall region
cultivars when the narrow bore column was used.%glpositively correlated with
MPT. This is contradictory to what was found bykat al. (2006), who indicated that
gliadins negatively correlated with MPT. When tharta-SEC 4000 analytical column
was used, LUPP and UPP negatively correlated wRi Mvhile the LMW%p correlated
positively with MPT. This corroborates findings4iiang et al. (2009). Ohm et al. (2009)
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indicated correlations between F2 and farinogragdikgime. For the dryland summer
rainfall region there were very few significant @ations between MPT and protein
fractions for both columns. HMW%fp negatively cdated with MPT for the narrow
bore column, which is contradictory to what wasorégd by Ohm et al. (2008; 2009).

When the ANOVA was performed, the F ratios for tharra-SEC 4000 analytical
column were comparable and superior to those fausidg the BioSep-SEC s4000
narrow bore column. This suggests that the analyticlumn was more discriminative
in the separation of proteins, with reduced errdtss column showed superiority for
both the winter rainfall and irrigated region; ¢wdirs with larger F ratios which were
significant at p< 0.001 for most characteristics. For the drylanchtmn’s cultivars,
neither column demonstrated much variation, asnfost parameters there were no
significant differences. For the absolute protebwth columns have shown superiority
for the irrigated region’s cultivars, but the anegl column was superior for the winter
rainfall region cultivars. Ohm et al. (2009), irststudy of SE-HPLC of wheat proteins
using a narrow bore column for evaluating breadingkuality of hard spring wheat,
found the BioSep-SEC s4000 narrow bore column §80®) to be more superior in the
separation of wheat proteins than the regular BieSEC s4000 (300 x 7.8) column.

6.7 Conclusions

The study assessed whether the Yarra-SEC 4000 tiaahlgolumn can distinctly
separate wheat proteins. More profile peaks ween sghen the Yarra-SEC 4000
analytical column was used which suggests thatcblismn separated protein fractions
accurately. The Yarra-SEC 4000 demonstrated sufigraver the BioSep-SEC s4000
column. Highly significant differences were obsehme protein fractions separated by
the analytical column. In order to have a bettedarstanding about the correlations
between protein fractions and quality traits, arogtudy should be done to include more
localities for testing over the number of yearsal@y is an end result of environmental
as well as genetic factors and their interactimnde the important to determine the
contribution made by environment, genetic and emvirent interaction which was not

done in this study because only single locatiotirtgs were available.
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Chapter 7

General conclusions

The Wheat Technical Committee regulates the wheality standards in South Africa.
Wheat quality is a complex of different charactiess It is determined by environment,
genetic factors and the interaction between the ®S@&ection for good bread-making
characteristics is very difficult due to the polpge nature of wheat quality. Gluten
proteins have been reported to significantly aftbet baking quality of wheat. In this
study little allelic variation was found among tH&W banding patterns foGLU-A1
andGLU-D1 loci in all the cultivars of the three differentgiens. TheGLU-B1 locus
exhibited the most variation. The HMW-GS as suchewWeund to be poor predictors of
quality characteristics, which lead to the follogimvestigations of polymeric and
monomeric fractions as predictors of baking qualitying a narrow bore, and a wide
bore column with SE-HPLC.

SE-HPLC analysis performed using a narrow bore roalishowed less significant
differences in the protein fractions among theicats of the three production regions
than when the analytic column was used. Significhffierences were observed for all
the absolute protein fraction values for the ingghregion cultivars. More significant
correlations were observed between absolute thativeeprotein values and quality data
in cultivars in all three production regions. Narsficant correlations were found
between relative proteins and quality charactessftor the dryland summer rainfall
cultivars. More significant correlations were obsel between protein fractions and
quality characteristics in the irrigated regiontimalrs compared to cultivars of the other
regions. The UPP correlated significantly with dogical parameters. The GLI
correlated with dough rheological parameters, winiight be due to some of the LMW
which have similar molecular weights with some QGLlIs difficult to establish whether
the contribution was due to GLI or LMW. The GLI%prelated with FPC and GWC in
all the locations. The cumulative variances obtifrem PCA were 98.60%, 81.76%
and 89.30% for the dryland summer rainfall, drylandter rainfall and irrigated regions

respectively.
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The results obtained from the Yarra-SEC 4000 aitalytolumn showed significant
differences in relative and absolute protein fi@tii between the genotypes for the
irrigated and dryland winter rainfall regions. Tlieyland summer rainfall region
presented little significant differences betweer tenotypes for both absolute and
relative protein fractions. Much variation was etnited by genotypes for the measured
traits for the irrigated region except for GGA%jor Elryland winter rainfall, genotypes
contributed much for the total variation for thesalute proteins, this indicates that
selection for these characteristics would be swfoksThe UPP correlated positively
with dough rheology for the dryland summer rainfagion cultivars. The irrigated
region cultivars showed negative relationships ketwUPP and dough rheological
characteristics. The GLI%p positively correlatedhwalvW for the irrigated region
cultivars. The cumulative variance attributed byAP@as 78.64%, 87.64% and 94.38%

for the dryland summer rainfall, dryland wintemfaill and irrigated regions respectively.

The results indicated that the Yarra-SEC 4000 dicalycolumn was better than the
narrow bore column in the separation of wheat pmetél he analytical column produced
nine profile peaks compared to the five producedh®ynarrow bore column. Due to
single location testing, it is difficult to makeda of conclusions from this study. Multi

location testing is necessary to determine locagitect within regions, and to study the
effect of season. This will also help to deternthmegenotype by environment interaction

for the measured characteristics.
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Appendix

Table 1 Descriptive statistics for the measured quidy characteristics in the cultivars of dryland summer rainfall, dryland winter rainfall

and irrigation regions

Dryland summer rainfall Dryland winter rainfall Irrigated region

Characteristics MIN mean MAX MIN mean MAX MIN mean MAX
BFY 18.17 22.20 26.75 16.80 20.32 23.36 17.86 21.10 24.68
FY 72.43 74.92 77.57 71.64 74.51 76.35 73.98 77.96 80.15
FPC 12.62 14.57 16.30 11.34 13.00 16.78 9.60 11.37 14.91
WGC 37.27 43.29 51.15 31.29 39.48 46.25 29.05 34.19 41.69
SDSVOL 70.00 87.12 95.00 80.00 90.89 95.00 72.00 7B6 96.00
MPT 1.93 3.08 4.50 1.81 2.65 3.59 1.44 2.23 3.92
alvP 66.00 91.49 118.00 57.00 75.75 96.00 46.00 8%3. 120.00
alvL 70.00 109.57 157.00 84.00 120.33 144.00 85.00 144.29 197.00
alvP/L 0.45 0.87 1.62 0.41 0.66 1.13 0.26 0.47 1.38
alvw 37.31 53.00 75.23 35.78 45.69 60.70 24.31 B6.7 66.06
LV 925.00 1008.43 1030.00 895.00 977.08 1030.00 .0WBO 901.44 1030.00
LV12 778.00 905.69 996.00 836.00 937.42 1000.00 .G8D3 926.89 1036.00

BFY = break flour yield, FY = flour yield, FPC =aflir protein content, WGC = wet gluten content, SD&\= Sodium dodecyl sulphate sedimentation-voluaiel. = alveograph extensibility in mm, alvP/L =
alveograph stability to extensibility ratio in medyP = alveograph stability in mm, alvW = alveodragtrength in 10J, LV12= loaf volume on 12% flour protein basis, EVoaf volume, MPT = mixograph peak time,
MIN = minimum, MAX = maximum.
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Table 2 Descriptive statistics for measured proteiriractions in the cultivars of dryland summer, dryland winter rainfall and irrigation

regions separated by the BioSep-SEC s4000 narrowreocolumn

Dryland summer rainfall

Dryland winter rainfall

igated region

Characteristics MIN Mean MAX MIN Mean MAX MIN Mean MAX
LUPP 27.21 48.20 55.55 45.22 52.63 70.91 12.78 544.6 57.95
UPP 40.85 46.42 52.35 48.48 53.33 61.03 30.88 50.36 60.61
POL%p 5.24 6.38 7.85 4.67 5.73 9.24 4.34 5.07 6.98
POL%fp 38.08 43.77 53.61 38.87 44.00 68.72 40.83 5314 49.18
HMW%p 1.26 1.60 3.04 1.24 1.68 2.35 0.75 1.14 2.89
HMW%fp 9.26 10.97 18.73 10.56 12.93 20.73 7.53 20.0 25.52
LMW%p 3.86 4.78 5.76 2.35 4.05 6.92 2.30 3.90 5.11
LMW%fp 28.04 32.80 39.80 20.74 31.08 51.47 20.08 334 41.10
GLI%p 5.17 6.21 7.32 3.45 5.46 6.75 2.59 4.52 6.01
GLI%fp 37.21 42.62 50.23 25.65 42.08 46.16 22.86 739 46.38
GGA%p 6.44 8.19 9.58 4.20 7.27 8.95 5.16 6.30 8.30
GGA%fp 46.39 56.23 61.92 31.28 56.00 61.13 50.82 455 59.17

MIN = minimum, MAX = maximum, LUPP = large unexttable polymeric proteins, UPP = unextractable peymproteins, POL%p = absolute total polymerictgiress, POL%fp = relative total polymeric proteins,
HMW?0%p = absolute high molecular weight, HMW%fp $atéve high molecular weight, LMW%p = absolute lawlecular weight, LMW%fp = relative low moleculaeight, GLI%p = absolute total gliadins, GLI%fp

= relative total gliadins, GGA%p = absolute totéadins and albumen-globulins, GGA%fp = relativeataliadins and albumins-globulins.
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Table 3 Descriptive statistics for protein fractiors in the cultivars of dryland summer, dryland winte rainfall and irrigation regions

measured by Yarra-SEC 4000 analytical column

Dryland summer rainfall

Dryland winter rainfall

igated region

Characteristics MIN Mean MAX MIN Mean MAX MIN Mean MAX
LUPP 17.09 68.68 99.84 31.71 51.36 84.16 32.90 648.6 62.11
UPP 42.02 57.94 64.49 37.76 45.79 80.81 37.49 45.35 51.19
POL%p 3.59 6.47 8.12 3.56 5.48 8.61 2.79 5.20 7.09
POL%fp 26.18 44.38 57.98 28.00 42.16 56.79 25.89 L) 50.52
HMW%p 0.42 0.80 2.61 0.50 0.80 1.23 0.44 0.80 1.19
HMW%fp 3.07 5.50 18.82 4.03 6.16 8.70 3.90 7.03 59.1
LMW9%p 0.42 0.80 2.61 3.05 4.68 7.38 2.33 4.40 5.90
LMW%fp 23.11 38.89 52.17 23.93 36.00 48.67 21.68 .738 43.49
GLI%p 1.83 5.85 7.26 291 5.14 6.57 2.25 4.48 6.34
GLI%fp 12.91 40.19 49.04 23.31 39.63 46.92 20.54 .4B9 50.20
GGAY%p 5.88 8.10 10.14 6.08 7.52 10.38 491 6.17 18.8
GGA%fp 42.02 55.62 73.82 43.21 57.84 72.00 49.48 2564 74.11

MIN = minimum, MAX = maximum, LUPP = large unexttable polymeric proteins, UPP = unextractable pegmproteins, POL%p = absolute total polymerictgiress, POL%fp = relative total polymeric proteins,
HMW0%p = absolute high molecular weight, HMW%fp Hatéve high molecular weight, LMW%p = absolute lawlecular weight, LMW%fp = relative low moleculaeight, GLI%p = absolute total gliadins, GLI%fp

= relative total gliadins, GGA%p = absolute tothdins and albumen-globulins, GGA%fp = relativeataliadins and albumins-globulins.
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