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Abstract:

Storage proteins in wheat (Triticum aestivum L,) have major roles in baking quality characteristics.
Baking quality improves with increased flour protein content. However, for a given protein content,
variation among wheat cultivars for baking quality is a function of the qualitative nature of protein. The
objective of this study was to determine which gliadin and glutenin subunits are correlated with
breadmaking characteristics in winter wheat.

Twelve elite international winter wheat cultivars were planted in complete randomized block field
experiments with four replicates in 2 locations and 2 years. Samples were analyzed for baking quality
characteristics. Gliadin and glutenin proteins were analyzed on RP-HPLC using a gradient from 25% to
50% acetonitrile with the presence of 0.1% triflouroacetic acid over 55 minutes.

The results show significant differences among cultivars for all measured baking quality traits, flour
protein content, and total gliadin and glutenin chromatogram areas. Loaf volume increased with
increasing flour protein content, but the cultivars differed in the loaf volume response to increasing
protein contents. This suggested that other factors affected the loaf volume.

Total area of peaks eluted during 10 minute intervals were used in linear regression analysis with
baking quality traits. The 3 gliadin peaks eluted between 30 and 40 minutes were positively correlated
with loaf volume (r=0.88), crumb score (r=0.87), and farinograph and mixograph absorption (r=0.59).
Gliadin peaks eluted at 44 minutes were negatively correlated with baking quality traits (range of
r=-0.24 to -0.57).

Glutenin subunits eluted from 20 to 30 minutes were positively correlated with loaf volume (1=0.86),
crumb score (r=0.83), farino-graph and mixograph absorption (r=0.64), and peak time (r=0.52).
Glutenin subunits eluted at 42 minutes were positively correlated with dough stability (r=0.58).

The positive and the negative correlation of some of the gliadin and glutenin subunits suggest the
potential usefulness of these subunits for prediction of baking quality and selection of high quality
wheats. The results show also that not all gliadin and glutenin subunits are needed for good baking
quality. This indicates the possibility of improving the nutritional quality of wheat by increasing
albumin and globulin fractions of protein at the expense of certain gliadins and glutenins.
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ABSTRACT

Storage proteins in wheat (Triticum gestivum L,) have major
roles in baking quality characteristics. Baking quality improves with
increased flour protein content. However, for a given protein
content, variation among wheat cultivars for baking quality is a
function of the qualitative nature of protein. The objective of this
study was to determine which gliadin and glutenin subunits are
correlated with breadmaking characteristics in winter wheat.

Twelve elite international winter wheat cultivars were planted
in complete randomized block field experiments with four replicates in
2 locations and 2 years. Samples were analyzed for baking quality
characteristics. Gliadin and glutenin proteins were analyzed on RP-
HPLC using a gradient from 25% to 50% acetonitrile with the presence
of 0.1% triflouroacetic acid over 55 minutes.

The results show significant differences among cultivars for all
measured baking quality traits, flour protein content, and total
gliadin and glutenin chromatogram areas. Loaf volume increased with
increasing flour protein content, but the cultivars differed in the
" loaf volume response to increasing protein contents. This suggested
that other factors affected the loaf volume.

Total area of peaks eluted during 10 minute intervals were used
in linear regression analysis with baking quality traits. The 3
gliadin peaks eluted between 30 and 40 minutes were positively
correlated with loaf volume (r=0.88), crumb score (r=0.87), and
farinograph and mixograph absorption (r=0.59). Gliadin peaks eluted
at 44 minutes were negatively correlated with baking quality traits
(range of r=-0.24 to -0.57).

Glutenin subunits eluted from 20 to 30 minutes were positively
correlated with loaf volume (r=0.86), crumb score (r=0.83), farino-
graph and mixograph absorption (r=0,64), and peak time (r=0.52),
Glutenin subunits eluted at 42 minutes were positively correlated with
dough stability (r=0.58).

The positive and the negative correlation of some of the gliadin
and glutenin subunits suggest the potential usefulness of these
subunits for prediction of baking quality and selection of high
quality wheats. The results show also that not all gliadin and
glutenin subunits are needed for good baking quality. This indicates
the possibility of improving the nutritional quality of wheat by
increasing albumin and globulin fractions of protein at the expense of
certain gliadins and glutenins.




INTRODUCTION

Wheat representé a major source of ﬁfotein for both humans and
animals despite a deficiency of some essential amino acids (mainly
lysine). Storage.proteins make major contributiong'tq millingz dough
formation, and baking characteristics of wheat flour. Baking quality
‘improves with increased grain protein. However, for a certain protein
percentage, variation -of baking quality among wheat‘cultivars is a
function of the,qualitative nature of gliadin and glutenin composi-
tions. Understanding thé roles of gliadin and glutenin.subunits in
- baking quality characteristics could be useful for prediéting quality
and breeding for improved wheat cultivars.

Many types of analyses are available to predict baking quality
kmixqgraph, farinograph, and SDS-sediméntation‘meghod). None of these
analyses can be used in early'generation selection for baking quality
because of the requirement of lgfge quantitieé of seed. Prediction of
baking quaiity by gliadin and glutenin subunits could eliminate ;hese
problems. |

‘Improving wheat béking quality'through piant breeding requires
an inéreased understanding of the bioéhemical functions of gliadin
and glutenin subunits in dough formation and baking qu%lity. The

objective of this study was to determine which gliadin and glutenin
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subunits are correlated with breadmaking characteristics in winter

wheat.




LITERATURE REVIEW

Protein Content

Wheat protein could be fractionated by sequential'egtractioﬁ with
differen£ solvents. Osborne (1907) divided wheat proteins on the
basis of solubility into four classes: albuming, soluble in water;
globulins, soluble in éalt solution; gliadin, soluble in 70% ethanol:
and glutenin, sqluble in-acids‘ér alkali. These solubility classes
are. still used‘to differentiate the four classes. Albumins and
globulins are mainly enzymes, rich in essential amino acids (e.g.,
lysine). Gliadin and glutenin are the storége prdteins and serve as a
soufce of nitrogen and amino acids for the germinating seedling. .They
are high in glutamine and proline, but low in lysine (Kasarda et al.,
1976). | |

Baking'quality studies, using flour constituents which have been’
separatéd énd reconstituted into aough, indicate that wheat proteins
have major roles in breadmaking quality. Hoseney et al. (1969a)
observed that éd@ition of water soluble proteins from good or poor
\baking quality wheat flours did not alter the baking properties of
standérd flour. They goncludgd albumin and globulin.fréctions were
‘not involved in breadmaking performance of wheats. Most of the
present knowledge of the biocheﬁistry and genetics of endosperm

proteins resulted from electrophoresis analyses, which separate
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proteins on the bases of size, éharge and molecular weight of
proteins. Elec;rophoresis can be combined into two-dimensional
methods of high resolving power (Wrigley and Shephefd, 1973,
Lafiandra and Kasarda,'1985)t Reéently, Reversed-Phase Highj
Performance Liquid Chromatography (RP-HPLC) has been introduced for
cereal protein analyses (Bieté; 1983; Burnouf and Bietz, 1987).
RP-HPLO; which separates protein subunits on the basis of surface

hydrophobicity éombines speed, sensitivity, and high resolving power.

Gliadin Subunits and Baking Quality

Gliadin is the prolamine fraction of the wheat grain. It
consists of a mixture of pfotéinfcbmponents with similar composition
. which is soluble in 70% ethanol. -Jones et al. (1959) uged electro-
phoresis to demonstrate the héLerogeneity of gliadin. They found that
gliadin consists of several subunits. They divided gliadin proteins
into four arbitrary groupé of subunits designated a=, f—, y—, and
w-gliadin based on their mobility on the gel. Hoseney et al. (1969b)
reported that reconstitution of glutenin fractions of good-quality and
poor quality wheats with a fixed gliadin-rich fraction controlled
léaf volume.

Recent electrophoresis studies reported possible relationships
between gliadin subunits and breadmaking characteristics. Wrigley et
~al. (1981) found that certain‘gliadin bands Were.significantly
assoclated with baking quaiitf. Branlard and Dardevet (1985a)

. reported that 18 electrophoresis bands were corfelated significantly:
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(10 p;sitively and 8 negatively) with baking’quality techndlogical
criteria.
Huebner and Bietz (1986) uséd RPyHPLC to demoﬁstrété that late-

eluting gliadin Subuﬁit; were. inversely associated With baking |
' éuality.  They spééulated'that gliadin may be'linked.to glutenin
'spﬁuﬁits coded:by géneé on'thé samé chromosomes and may serve as
‘marker;.of'quality. Bieté and Burnouf (1985) used RP;HPiC of gliadin
"extracted from nulliéomiq—tetrasomic'1ines of Chinese Spring and found
that ‘all gliadin ;ﬁbunits érelcontrolled_by genes on the short arms of

group 1 and group 6 chromosomes.

Glutenin Subunits and Baking Quality

Glutenin is made up of high molecular weight polymers
consisting of- a large number of gubunits joined through disulfide,
hydrogen, and hydrophobic bohdg. It constitutes about 40% of the
total endosperm proteins. Glutenin is difficult to study in its
native form. It is insoluble'iﬁ water, diluted sal; solutions, or 70%
ethanol. To solubilize glutenin it is necessary to disrupt non-
covalent bondg with denaturants (urea), and to cleave and stabilize
disulfide bonds througﬁ reduction and alkyiation (Bietz, 1985).

Glutenin subunits play important roles in breadmaking charac-
teristics in wheats. Significant differences among wheat cultivars in
glutenin subunit composition were reported by Huebner (1970), Bietz
and Wall (1972), Orth and Bushuk (1973a), and Payne et al. (1979).

Huebner (1970) and Orth and Bushuk (1973a) found no obvious
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correlation between glutenin subunit composition and breadmaking

characteristics. Orth and Bushuk (1973b) reported that bread wheat

cultivars contained glutenin subunits of high molecular weight which

were absent iﬁ durum wheats. They concluded that the preseﬁce of
these subﬁnits is not the only factor that controls baking quality,
since alllbread wheats contained them fegardless of éﬁaiity, but they
appear to be necessary for the.duality. Orth and Bushuk (1974)
analfzed glutenin'of nullisomic-tetraéomic lines of Chine;e Spring
wheat and showed that four of the gluteﬁin subunits are coded by genes
on the long arm of chromosomeilD. Huefner and Wall (1976)'obsefved
that dough strength was related to the total amounf.of gluteniq.
Higher correlation was obtained between dough strengtﬁ and'high
molecular weight subﬁnits éf glutenin. It was established that the
high molecular weight glutenin subunits are associated with dough
formatioﬁ~and breadmaking characteristics in wheats (Payne et al.,
1979; Burnouf 'and Boariquet, 1980; Payne et al., 1981{ Branlard and
Dardevet, 1985b; Payne et al., 1987’.

Burnouf and Bietz (1984) described a RP-HPLC technique to

separate high molecular weight glutenin subunits on the basis of

' their hydrophobicity. They demonstrated that the RP-HPLC is a

-

valuable complement to other chromatographic and electrophoretic
methods for analysis- of glutenin subunits. Using RP-HPLC technique,
Huebner and Bietz (1985) found that the high molecular weight subunits

of glutenin eluted between 18 and 28 minutes were associated with good




7
baking ‘quality. Branlard and Dardevet (1985b) found that the quantity

of 4 HMW subunits was positively correlated with baking quality.




. MATERIALS AND METHODS

Cultivars

Twelve cultivars selected from International Winter Wheat

Nurseries were used in this study. These cultivars originated from

five countries (Table 1) and represent three different classes of

wheats: Hard Red Winter Wheat (HRWW), Soft Red Winter Wheat (SRWW),

and Soft White Winter Wheat (SWWW).

Table 1. Names, origin, and classes of cultivars.

Cultivar ‘ Origin Class’
Atlas-66 ‘ USA, IN SRWW
Odessa-4 USSR HRWW
Redwin : USA, MT - HRWW
NE7060 USA, NE HRWW
Bezostaya 1 " USSR HRWW
Doina Romania SRWW
Adams Austria HRWW
WWP4394 Austria HRWW
Blueboy ' USA, NC SRWW
Houser ’ USA, NY SWWW
Alcedo . E.Germany HRWW
Centurk USA, NE HRWW

Experimental Design

The twelve cultivars were grown at Bozeman and Huntley, Montana

in 1986, and Bozeman and Fort Ellis, Montana in 1987.

Randomized
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complete block field experiments with four replicates were planted in
all four location/year environmenté. Plots consisted of six rows
2.5 m long and 30 cm apart. The éénter fqur rows were harvested for
?ield and baking quality analysis. Sufficient grain was obtained from

each experimental plot in all environments.

Flour Quality Analvyses

Grain samples, tempere& overnight to '16% moisture for hard
wheats and(14% moisture for soft wheats, were milled With a Buhler
Laboratory mill (AACC, 1983 method 26-i0). Flour quality analyses
ingluding flour yield, flour protein, farinograph, and baﬁing analyses
were determined in the Cereal Qﬁality Laboratory, Mont;na State
University, Bozeman, MT. Approved methods of AACC were used for flour
ash (AACC, 1983 method 08-12), férinograph (AACC, 1983 method 54-21),
and straight-dough methoa of baking qualit& analysis (AACC,11983
method 10-10B). Grain protein and flour protein content were deter-
mined using Near Infrared Reflectance (NIR) (Williams, 1979).
The following daﬁa weré recorded for each experimental plot:
- Grain protein (%), flour protein (%), flour yiéld C% of grain),
flour ash (%) - expressed as~percent of thé dry weight.
- Water absorption (ml) - the amount‘of watgr-required to center
the farinograph curve on the 500 B.U. line.
- Mixing time (minutes) - the time needed to bring the dough to
thé'optimum consistency. |

- Loaf volume (cc) was measured using the rape seed displacement.
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- Crumb score was determined on a scale from 1 to 10 (1L = poor
and'10 = excellent) By visual comparison with standard (loaves

baked from commerciai bakery flour Mello Judith).

- Peak time (minutes) or dough development - the time from the

first addition of water to the dough’s maximum consistency.
- Stability (minutes) - the time that the dough stays at the

maximum consistency befofe signs of breakdown. /
- Valorimeter value (VAL) - empirical quality -score based on the

dough development time and tolerance to mixing.

Gliadin Extraction

Gliadins were extracted from 25 mg flour samples with 70% (V/V)
aqueous ethanol (Hpebner and Bietz, 1985). Extraction time was
60 minutes at room temperature with periodic: agitation. Following
‘extraction, samples. were centrifuged at 19,000 g for 5 minutes. The

clear supernatant (20 pl) was used in the RP-HPLC analysis.

Glutenin Extraction

Glutenins were extracted and prepared for the RP-HPLC analyses_
" as described by Burnouf and Bietz (1984). After the extraction of
gliadins, dried peliets remaining from 25 mg flour samples were
suépended in 750 gl of a medium containipg‘0.05 M Tris plus 8 M urea
adjusted td pH 7.5 with nitric acid. Glutenins were reduced with

0.1% dithiothreitol for 2 hours at room temperature with 6ccasional

shaking. Glutenins were alkylated with iodoacetamide for 2 hours.
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Reduced-alkylated glutenins were centrifuged at 19,000 g, and 20 pl of

the clear supernatant were injected into the RP-HPLC.

RP-HPIC Analysis

éévérsed-Phase High Performanée Liquid Chromatégraphy (RP-HPLC)
was used to separate both gliadin and glutenin suﬁqnits. RP-HPL? was
‘described by Bietz (1983). For all analyticél separations a 250 x
4.5 mm SyﬁChropak‘RP-P (C18) column was used. : Linear. gradients were
.generated from two solvents: solvent A was HPLC grade water containing
0.1% trifluoroacetic acid (TFA), and solvent B was acetonitrile (ACN)
containing 0.1% TFA. Prdtqin subunits weré eluted with linear
gradient from 75% A and 25% B to 50% A and 50% B over 55 minutes with
lml/min: flow rate. The column éemperaturé was maintained at‘70°C
using a water bath.. Eluted comfonents were detected.at wave length of

210 nm.

‘Statistical Analyses

Analyses of variance weré'computed for all traits combined over.
environments. The pooled mean square error was used'to test ‘the
ccultivar mean équares and cultivar x environment interactions

:
(McIntosh, 1983).. Since gliadin and glutenin subunité were detected
at 210 nm wave length, which detects the carbonyl group of the peptide
bonds, the areas under the peaks should reflect the amount of protein

subunits (Bietz, 1983). The cultivar means of gliadin and glutenin

‘' peak areas over four replications (n = 48) were used in linear
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regression analyses with baking quality traits (Huebner and Bietz,

1987; Hobbs ‘and Mahon,1982) .
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RESULTS AND DISCUSSION

Growing conditions differed among location/year environments. At

the Huntley location, moisture stress occurred early in the 1986

growing season reducing yield and grain protein quality. This was
reflected in poor baking quality. At the Fort Ellis location (1987)
severe lodging and disease resulted in réduced yield and grain
protein. Several lodging and disease resistant'cult&vars gave very
high yields. At the Bozeman lécation the envirommental conditions
were ideal for wheat growth iﬁ both 1986‘and 1987. The soil fertility

. was high and water stress occurred only late in the growing season.

Protein Content and Baking Quality

The analysés of variance ghowed highly significant differences
among cultivars for all baking quality traits. Significant cultivar x
venvirohment interactions weré also observed. However, the cultivar
mean squares were much lérger‘than cultivar x environment interaction
mean sqﬁares (Table 7 and 8, Appendix). Significént differences among
:the environments for baking quality traits were observed. Cultivar
grain and flouf protein yaried wiﬁh location/year environments.

Correlations between milling and‘baking quality traits are shown
in Table 2. Water absorption was positively correlated with flour

yield, flour protein, grain protein, and test weight. This suggests
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Table 2. Correlation coefficients (r) between milling and baking
quality traits of winter wheats combined over.environments.

Flour Flour Grain Flour Test

~ Traits yield' protein protein ash weight
Absorption.
Mixograph .73**‘ L67%x% L53%% ns - L69%%
Farinograph . LTh%% LT3 .58%% ns L67%%
-Mixing time 30% ' ns -.26% ns ns
Loaf volume | ‘ns LT T .83%% ns L37%
Crumb score ' ns L7 3%% LT9%% ns .26%
Peak- time L51%* LA 8w .39% ns ns
" Stability AT .28% ns - ns ns
VAL o 52k L 4T .36% ns ns
K hk =

Significant at P<0.05 and P<0.0l, respectively.

ns Not significant.

that factors in addition to flour and grain protein affect water
absorption.

Protein content in the graiﬁ and the flour were positiveiy
correlated with-ﬁost of the quality traits. érain protein plays a
major role in determining thé baking characteristics in wheats.
Although loaf volume aﬁd crumb score were highly correlated with
protein content, percent flour ash was not correlated with any of the
baking quality traits. The positive correlation of protein content in
thé grain and the flou; with loaf volume (r = 0.83 and 0.77) supports
other researph which showed protein affects baking quality in wheat
(Hoseney et al., 1969b; Orth and Bushuk, 1972: Wall, 1979)._ However,

at a given level of protein content variation among cultivars for
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baking quality was observed. For example, the plot of percent flour
protein for three different cultivars with loaf volume illustrates
the positive correlation between loaf volume and percent protein
(Figure 1). At 14% flour protein the three cultivars had different
loaf volumes. The response of loaf volume (and other baking quality
traits) to increasing protein contents is different among cultivars.

This could be due to the quality of the proteins in these cultivars.

15 - Atlas—66
Odessa—4
14 4
£
c 13 4
)
4
Q
5
Q
T 124
11 -
10 T T h }

LI | | - ==
600 700 800 200 1000 1100 1200
Loaf volume (cc)

Figure 1. The relationships of loaf volume and percent flour protein
of three winter wheat cultivars.
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Gliadins and Baking Quality

An example of a RP-HPLC chromatogram of gliadin from the cultivar
WWP 4394 is shown in Figure 2. Most of the gliadin subunits were
eluted between 20 and 40 minutes (72 to 85% of total gliadin). Thirty
to forty distinct major and minor (poorly resolved) peaks were
observed. The gliadin peaks eluted at different time depending on
surface hydrophobicity. Similar resolutions and gliadin distributions
were reported by Bietz (1983) and Burnouf and Bietz (1987). Quantita-
tive and qualitative differences among cultivars for gliadin composi-
tion were found. The gliadin composition is cultivar specific, and

could be used for identifying wheats suitable for baking quality.
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Figure 2. RP-HPLC chromatogram of gliadin of winter wheat cultivar
WWP4394. The extraction and RP-HPLC analysis are as
indicated in materials and methods.
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Cultivar identification by gliadin compositioﬂ has been reported by
Wrigley et al. (1982) and Burnouf and Bietz (1987).

The‘gliadin chromatogram was dividéd into 5 intervals (indicated
by dottéd iines in Figure 2) in order éo find which gliadin subunits
are correlated with baking quality; The sum of all subunits eluted in
these intervals was used in the linear regression analysis with baking

quality traits. Correlation between gliadin subunits. eluted in five

time intervals and baking quality traits are shown in Table 3.

Table 3. Correlation coefficients (r) between quality traits
and gliadin subunits of 12 winter wheat cultivars combined
over environments. ’

Gliadin subunit elution time (min)

Total ’

Traits © gliadin 0-10 10 -20 20-30 30-40 40-60
Absorption

Mixograph .58 ns ns .30% .57%% . 30%

Farinograph ' L6h4%% ns ns .53%% .59%% ns
Mixing time -.44** ns ns ns ns - 48%%
Loaf volume . L 63%% ns L27% L24% L65%% .39%
Crumb score .56%% ns .26% ns LELEk .32%
Peak time ns ns ns “3h% L3L1* ns
Stability ns ns ns ns ns -.33%
VAL ns ns ns .24% ns -.29%
Flour yield -.30% ns - .ns , .30%* ns =L 54%%
Ash (%) " ns " ns né ' ns ns ns
*,%% = Significant at P<0.05 and P<0.01, respectively.

ns

Il

Not significant.
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Total gliadin chromatographic area was positively correlated with
absorption, léaf volume; and crumb score, but negatively correlated
With‘mixing time and flour yield.

Gliadin subunits eluted between 20 and 30 minutes were signifi-
cantly correlated with most of thg baking quality traits, except
mixing time, crqmb score, and stability. However, the correlation
'coefficients were too low for predictive purposes. High positive
correlations were noted between gliadin subunits eluted at 30-40
minute interVals and loaf volume and crumb score (r = 0.65 and 0.61
respectively). On the other hand, gliadin subunits eluted at 40-60
minute interval were negatively correlated with mixing time, mixing
stability, valorimeter wvalue (VAL), and flour yield (Table 3).
Gliadin subunits eluted at the 0-10 and 10-20 minute intervals were
not correlated with baking quaLity. This suggested that gliadin
subunits could be divided into three groups: the first group consisted
of subunits that were positively correlated with the baking quality
‘(subuniﬁs eluted at 20-30 and 30-40 minute intervals); the second
group included the subunits that were negatively correlated with
baking quality (subunits eluted at 40~60'minute interval); and the
third group included subunits tﬁat were not correlated with the baking
quality (subunits eluted at 0-10 ana 10-20 minute intervals). The
positive and negative correlations of gliadin subunits and baking
quality could be explained by either one of the following hypotheses:
(1) the genes coding fo; these gliadin subunits could be linked to

f
‘genes that code for other quality controlling proteins (glutenins).
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It has been shown that some glutenin subunits (low ﬁdlecular weight
subunits) are coded by genes on the short arms of homoiogous group 1
chfomosomes, where most of the genes coding for gliadin subunits afe
1ocated (Bietz and Burnouf, 1985). (2) The correlations between the
amount of gliadin subunits aﬂd baking quality could be due to causal
relationships. Subunits that correlated positively may play a
favorable role in detérmining-baking quality, and subunits that
negatively correlated may have unfavorable roles in baking quality.
Various gliadin subunits could have different roles in dough formation
and baking quality depending on the compositions, conformational
structure, and iﬁteraction of these gliadin subunits. It has been
demon;trated that gliadin subunits could be aggregated to form
microfibrillar sﬁructure'invblving only secondary forces (hydrogen,
ionic, and hydrophobic bonds) (Bernardin, 1975; Kasarda et al., 1976).
Thﬁs, éliadin subunit interactions may/be reflected in the performance
of the dough and in baking characteristics.

-Gliadin subunits associated with baking quality were eluted in
three time. intervals. As a resﬁlt, the study was then focused on the
subunits eluted in these three intervals. The correlation of each
individual subunit eluted in these three intervals with baking quality
traits was examined. Table 4 shows the correlation of these subunits
with milling and baking quality traits. Among the gliadin subunits
eluted at 20-30 minute interval, subunit 29 was significantly corre-
lated with seven of ﬁine mil¥ing and baking quality traits.l In the

30-40 minute interval, gliadin subunits 35, 37, and 39 were found to
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be highly correlated with baking quality. Gliadin subunit 44 had a
significant relationship with eight of the nine milling and baking

quality traits.

Table 4. Correlation coefficients (r) between baking quality
traits and gliadin subunits of winter wheats combined
over environments.

Gliadin subunit elution time (min)

Traits 29 35 37 39 Total 44
35+37+39
Absorption )
Mixograph  .50%%  .S7%%  50%k  43%%  58%% . 53w
Farinograph SO%% . Shwkx  S0%k  SI¥k . 5O%x - 57
Mixing time -.37% ns ns ns ns ns
Loaf volume . J65%% A%k BO%% . B4%k 88k - 26%
Crumb score . 58%* NIEE .81%% . 83%% .87 - 24%
Peak time 26% . 37% ALk 37% 44k % - 38%
© Stability = .  ns© . . .29% - .26% ns .28% - 27%
vAL-© 0 ns LO%E. LL%E C LO%E L8k - 45%x
Flour yield L26% 4w ns ns 31% S48k
*,%% = Significant at P<6.05 and P<0.01, respectiveiy.

ns

It

Not significant.

The gliadin subunit eluted at 29 minutes was positively corre-
1ated‘with absorption, loaf volume and crumb: score, and negatively
corrélated with mixing time. This indicated that gliadin subunit 29
has an important influence on baking quality. Gliadin subunits 35,
37, and 39 were positively correlated With most of-the baking quality

traits, except mixing time (Table 4). High correlations occurred
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between these three subunits and loaf volume (r = 0.88) and crumb
score (r = 0.87). The subupit‘eluted at 44 minutes was neéatively
correlatea wifh most of the:béking quality traits. These results
suggested that prediction of baking quality could be achieved by
examining theée'gliadin subunits. The positive and negative correla-
tions of some of the gliadin subunits suggested their usefulness in
breeding for high quality wheats. Eariy generation selection for
1ines-having ﬁigh amounts of gliadin subunits 29, 35, 37; and 39, ‘and
selection against lines having high amounts of gliadiﬁ subunit 44
should be uséful in improving breadmaking quality in wheat.

For comparison, the gliadin chromatograms of three winter wheat
cultivars varying in baking quality are shown in Figure 3. The loaf
volume increéased with increasing amounts of gliadin subunits 35-40
indicated by dotted lines in Figure j. However, loaf volume was

. /
inversely associated with the amount of subunit 44, indicated by
arrows in Figure 3.

Comparing these results with those reported in the literature
is difficult due to differgnt techniques used to separate protein
subunits. However, the positive relationshib‘of gliadin suBunits
with baking quality charaééeristics has been reported (Hoseney et
al., 1969¢c, and Branlard and Dardevet, 1985a). The negative effect
of some gliadin subunits also was reported (Branlard and .Dardevet,
1985a, and Huebner and Bietz, 1986) .

Protein content of wheat cultivars varied across the

environments. The total chromatographic peak areas decreased with
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Figure 3. RP-HPLC chromatograms of three wheat cultivars varying in

baking quality: (A) Houser, (B) Odessa-4 (C) NE7060,
their loaf volumes (cc), and area under the curve of total
gliadin and subunits 35-40 and 44.
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'decreasing protein contents. ' This was reflected by the.Baking quality

characteristics in different environments. The relationship-of

gliadin subunits 35-40 and loaf volume at four different environments

is shown in Figure 4. A close associlation between .gliadin subunits

' 35-40 and loaf volume was observed in every environment. The correla-

tions between gliadin~subﬁnits and baking quality traits were similar
among'the four énvironments. for example, the correlation between
gliadin subunité 35-40 and 10a£ volume.were r =0.82, 0.93, 0.95, and
0.89 in Bozemén 86, Huntley,‘Bozeman 87, and Fort ﬁllis, respectively.
The correlations between gliadin subunits 35-40 and loaf volume
(r = 0.88, Table 4) uéing tﬁe twelve cultivar means in all four
environménts (n = 48) wefe similar. This suggested that gliadin
subunité could be used to predict this aspect of baking quality in any
environment. |

Each of the baking quality criteria was- examined by multiple
regression’analysis, taking gliadin subunits as independent
variables. Using loaf volume as dependent variable and gliadin
subunits 27, 37, and 39 as independent variabies accounted for 77% of
the variation of loaf volume among cultivars. Using crumb score as
the dependent variable and subunits 35, 37,and 39 as independent

variables accounted for 78% of the variation. The RZ values for the

N ’

other baking quality traits ranged from 18% to 52% when 2 or 3 gliadin

subunits were included in the regression. Some of the gliadin

’

subunits were correlated with each other. As a result, adding more

I
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gliadin subunits to the multiple regression did not significantly

increase R2 (data not shown).

Glutenins and Baking Quality

Significant differences among cultivars for total glutenin were
‘\.detected (Table 11 and 12, Appendix). Significant cultivar x environ-
ment interactions were also observed due to the diversity of the
_environments. However, the cultivar mean.squareg were 3 to 10 times

. larger than the cultivar x environment interactions. Visual examina-
tion of the RP-HPLC chromatégrams of glutenin from 12 cultivars
varying in baking quality showed major quantitative and qualitative
differences in glutenin subunit composition and distribution. This
suggested that glutenin composition could be used for cuitivar
identifications.

An example of a RP-HPLC chromatogram qf glutenin is shown in
Figure 5. Twenty-six to.twenty-eight major and minor peaks were
observed in the 12 cultivars. The elution time distribution of
glutenin peaks was distinct and different from gliadin. Two distinct
groups of peaks were eluted at different times. The first group of
méjor peaks was eluted between 20 and 30 minutes (26% of total
glutenin), and the second group of major peaks was eluted -between 40
and 50 minutes (54% of total glutenin). Similar resolution and
distribution of glutenin peaks have been reportea by Huebner and
ﬁietz (1985) and Burnouf and Bietz (1984). Burnouf and Bietz (1984)

fpund four early eluted glutenin subunits coded by genes located on
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Figure 5. RP-HPLC chromatogram of glutenin from wheat cultivar
Redwin.

the long arms of chromosomes 1D and 1B. They concluded from the
SDS-PAGE analysis that these subunits (eluted between 10-30 minutes)
corresponded to the high-molecular-weight subunits. They also found
that the late-eluting subunits (eluted between 35-60 minutes) were the
low-molecular-weight subunits and are regulated by genes on the short
arms of homologous group 1 chromosomes. The early elution time of
high-molecular-weight subunits indicated that these subunits have

lower surface hydrophobicities than the low-molecular-weight subunits.
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The RP-HPLC glutenin chromatogram could be divided into four time
intervals (see dotted lineg as exemplified in Figure 5). The areas
under the curve for all subunits eluted‘in each interval were summed
and used in linear regression analyses with all baking quality
traits. These quantitative determinations are Eased on peptide bond
absorbance at ; wave length of 210 nm and give a fairly accurate
determination of the amount of glutenin subunits (Huebner and Bietz,
1985). Quantification based on absorbance at 210 nm is less dependent
on specific amino acids than is the absorbance at 280 or 254 nm. The
correlations Bétween glutenin,subﬁnits and baking quality are shown in
Table 5. Total chromagographic areas of glutenin were positively
correlated with most baking quality traits indicating the general
importance of glutenin for baking quality. Glutenin subunits eluted
between 0 and 20 minutes and 30 and 40 minutes showed very low
association with baking quality traits (Table 5). Subunits eluted at
these two time intervals afe of lesser quantity and have little affect
on the baking quality.

Glutenin subunits eluted bétween 20 and 30 minutes and 40 and 60
minutes were significantly correlated with most of the baking quality
traits. High positive correlations between subunits eluted at the
20-30 minute interval and loaf volume (r=0.86) and crumb score
(r = 0.83) were observed. High positive correlations were also found
between subunits eiuﬁed at 40-60 minute interval and peak time
(r = 0.55), stability (r = 0.58), and VAL (r = 0.66). Mixing time and

percent ash showed almost no correlations with most of the glutenin
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Table 5. Gorrelaﬁion'cpefficients (r) between baking quality’
traits and glutenin subunits of winter wheats combined
over environments. '

Glutenin subunit elution time (min)

Total

Traits glutenin 0-20 -20-30 30-40 40-60
Absorption

Mixograph . 65%% . .30% Bl 40%* 42k

Farinograph . 60% ns . Bl .30% L49%
Mixiﬁg time " ns ns ns .~ ns .25%
Loaf volume . T Tx* .30%* .86%% .50%% ATk
Crumb score  .75%% 26% 83w 5% 49w
Peak time ' L49%% ns © L 52%% ns .55**
Stability L40%* ns : .30* ns .58%*
VAL 56 ns  .53% ns 66K
Flour yield .38% L 24% C.33% .28% .25%
.Ash (%) ns ' ns ns ns ' ns
*,%% = Significant at P<0.05 and P<0.01, respectively.

ns

Not significant.

‘subunits.  These results suggested two groups of glutenin subunits are
associated with baking quality. The first group was eluted at the
20-30 minute interval. These are the high-molecular-weight subunits
of glutenin. The second group eluted at 40-60 time interval were the
low-molecular-weight subunits of glutenin. Similar results using
quantification of stained elecérophdretic gels were reported by Payne
- et al. (1981) aﬁd Branlafd and Dardevet (1985a). They concluded that
high-molecular-weight subunits of glutenin were positively associated

with baking quality. The importance of high-molecular-weight subﬁnits
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6f glutenin for the baking quality was also reported by Huebner and
Bietz (1985), who used RP-HPLC analysis.

Mixing time was not siénificantly correlated with glutenin
subunits eluted between 0 and 40 minutes and correlated with glutenin
subunits eluted between 40 and 60 minutes (r = .25) (Table 5). These
results are in contrast with those reported by Huebner and Bietz
'(1985). They found high-molecular-weight subunits were positively
‘associated with mixing time.

The present study showed two groups of glutenin subunits: one
‘group (eluted at 20-30 minute interval) was found to be associated
with loaf volume and crumb score, and the other group (eluted at 40-60
time interval) was associated with peak time and dough stability. The
cbrreiatioﬁ of‘in&ividual subunits eluted in these two intervalslwith
éll baking quality traits waé'examined (Table 6). Glutenin subunits
that‘showéd high correlation with baking qualitf are reported.
Subunits that were not significantly correlated were eliminated. Five
major peaks which corréspond'to high-molecular-weight\subunits of
glutenin were found. One subunit‘Was eluted af 16 minutes and the
other four subunits wefe eluted between 20 and—30 minutes. Similar
elution time and distribution of four high-molecular-weight glutenin
subunits were .reported by Burnouf and Bietz (1985). All five

’individugl HMW subunits of glutenin (eluted at 16, 21, 24, 26, and 27
@inutes) were positively correlated with most baking quality kraits
(Table 6) indicating their importance for breadmaking characteristics

ih winter wheats.




30

Table ‘6. Correlation coefficients (r) between baking quality
‘traits and glutenin subunits of winter wheats combined
over environments. :

Glutenin subunit elution time (min)

Traits 16 - .21 26 - 26 27  Total 42
Absorption
' Mixograph 68%k 3%k 40k 73kk  52%% 72%* ns
Farinograph 58k 69%k  47%k  70%% .50%%  73%% ns
Mixing time \ ns ns: ‘ns - ns ns  ns  .27%
Loaf volume Thww L GLat 78k% 6%k 6O%k 83wk L 32%
Crumb score L68%%  55%% | 77%% 55%% | Jl%xk 78%%  33%
' Peak time 4% Shwx L 38%  52%k L 48%%  S4%k 33
Stability ns  ns L29% L37* ns L29% L52%%
VAL 35% 47wk Laldk S1Ek 43%% 52%% 40%%
Flour yield ’ LT %% L48%k ns © 60%% ns L6%% s
Ash (%i ns ns ns ns ns ns ns
*"k* =

Significant at P<0.05 and P<0.0l, respectively.
Not significant.

ns

High correlations were observed between the total of:HMW
subunits of glutenin and absorption (r = 6.73);'1oaf volume (r = 0.83)
and crumb score (r = 0.78)-. The élutgnip subunit eluted at 42 minutes
(low molecular subunits) was significantly correlated with 6 of 10
baking quality traits. The correlations of subunit 42 with loaf
volume and crumb score were lower than the correlations with stability

~and VAL (Table 6). These results suggested that low molecular weight
subunits play important roles in dough stability, while high molecular
weight subunits have a major role in determining both the dough

stability and loaf volume.




31

GLUTENIN
Loaf volume Total 20-30
017 A 724 662.4  157.6
0 ] 1 ] :L i : | LD 1 ] ] 1 ]
0.1
B so0.6 827.7  245.7
o
P
. AR
‘1: 5 §
0 T T T t r—F T T T T T =
C 1035 1100.0  381.6
0'1-
0 T T T g T ] T T T T T T 1
0 10 20 30 40 50 60
MINUTES

Figure 6. RP-HPLC chromatograms of three winter wheat cultivars
varying in baking quality: (A) Houser, (B) Odessa-4, and
(C) NE7060, their loaf volumes (cc), and area under the
curve of total glutenin and subunits 20-30.
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Figure 6 shows the chromatograms for glutenin from three selected
wheat cultivars varying in breadmaking characteristics. (Gliadin
chromatograms from these three cultivars were shown in Figure 3.) The
loaf volgme and other baking quality traits increased with increasing
amounts of glutenin subunits eluted between 20-30 minutes (between the
dotted lines). The correlation between the amount of high molecular
weight subunits of glutenin and baking quality traits suggested that
these subunits may have favorable roles in determining the baking
quality in wheats (Table 6). The exﬁlanation of these positive
relationships depends on the composition and amino acid sequences of
‘glutenin subunits and on their conformational (three dimensional)
structures. Various models and theories have been suggested to
explain the molecular basis of the involvement of glutenin in dough
formation and breadmaking characteristics (Bernardin and Kasarda,
1973; Wall, 1979). All of these models and theories emphasized the
importénce of both intersubunit diéulfide bonds and ﬁon-covalent
(hydrogen and hydrophobic) bonding.

The results of this study indicated quantities of high molecular
weight glutenin subunits of different cultivars were positively
associated with breadmaking quality in winter wheats. This suggested
that high molecular subunits of glutenin could be used for prediction
of baking quality. Because the RP-HPLC analysis requires very small
flour samples, predication of quality couid be achieved in early
generations. Breeding for superior breadmaking quality wheat could be

achieved by selecting wheat lines with a large amount of high




33
molecular Weightvsubunits of glutenin. Progeny having poor baking -
iquéiity (small amount of HMW subuﬁifs) could be eliminated in early
generations.- |
The results also show low non-significant correlations between

the high molecular weight sﬁbunits and mixing times. This indicated
that sélecfing for increased HMW subunits of glutenin would not change
the mixing times significantly.. Long mixing ?ime is not associated
with good baking quality. High loaf volume and crumb score are
important breédmakiﬁg quality characteristics. A low crumb score
indicates the presence of thick cell walls and large holes which
reduce the quality éf the bread. The high positive correlations of
lgaf volume and crumb score with HMW subunits of glutenin could be
~ used for predicting these two impértant quality traits.

.' The relationships of glﬁtenin subunits and baking quality traits
were similar in all four environments. For example, the correlations
of HMW glutenin subunits 20-30 were r = 0.78, 0.93, 6.87, and 0.92 in
:Bozeman 86, Huntley, Bozeman 87, and Fort‘Ellis, respectively. The
correlations of HMW qutehin subunits 20-30 with loaf volume

(r = 0.86, Table 5) using twelve cultivar means in all four environ-
ments (n = 48) were similar.

Each of the baking quality criteria was used in multiple

regression analyses with glutenin subunips as explanatory

variables. Using loaf volume as dependent variable and glutenin
subunits-16 and 24 as independent variable accounted for 75% of total

variation of loaf volume among cultivars. Using crumb score as
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" dependent variablé and glutenin subunits 16, 24, and 27 as independent
variables accodﬁted for 72%‘of the variation of crumb score among
cultiVa?s. The R2 values for the other baking quality tréits ranged
ffom 44% to 56% when 2 or 3 glutenin subunits were included in the
regression (data not shown). Adding more subunits to the regression

did not significantly increase R2,
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SUMMARY

The results of this study corroborated the important role of
protein content in baking quality in wheat shown in other studies.
However, cultivars with the same percent protein differed in their
baking quality characteristics. This suggested that the qualitative
aspects of cultivar grain protein are important for determining baking
quality.

The quantitative and qualitative differences among cultivars for
gliadin subunit composition and distribution suggest that gliadin
could be used for cultivar identification. The positive and the
negatiye correlation of some gliadin subunits suggested their useful-
ness in predicting and improving wvarious baking quality.traits in
wheat. Breeding for high quality wheat could be achieved by early
generation selection of progeny having high amount of gliadin subunits
eluted at 29, 35, 37, and 39 minutes, and imposing selection pressure
against progeny héving high amounts of the gliadin subunit eluted at
44 minutes.

This study also identified high molecular weight subunits of
glutenin associated with breadmaking quality in winter wheats. Wheat
cultivars varied in amounts of glutenin subunits.The positive correla-
tion pf glutenin subunits eluted at 20-30 minute interval with baking

quality indicates their importance for baking quality. These subunits
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could be used for predicting flour quality and as screening tools in
breeding for high quality wheat.

Both gliadin and glutenin subunits were important for baking
quality in wheats. Dough formation and baking quality characteristics
are primarily determined by the interaction of subunits of gliadin and
glutenin positivély correlaged with baking quality. Therefore, both

' gliadin and‘glutenin subunits correlated with baking quality should be
considered in breeding programs for improving béking quality in winter
wheat.

The gliadin subunits that positively correlated with baking
quality (subunits eluted at 29, 35, 37,and 39 minutes) constitute only
40.1% of total gliédins. The rest of the gliadins (59.9%) were either
negatively correlated or not correlated with baking quality. Glutenin
subunits that correlated with béking quality (;ﬁbunits elutéd at 16,
21, 24, 26, 27, and 42 minutes) constitute only 46.1% of total
glutenin. The rest of glutenin (53.9%) were not correlated with
baking quality. This indicates that all the gliadin and glutenin
subunits are not needed for good baking quality. This suggests the
.possibility of increasing albumin and globulin fractions at the
expense of specific gliadins and'glutenins to improve the nutritional

quality of wheats.
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Table 7. Mean squares of grain yield, grain protein, and milling
quality traits of 12 winter wheat cultivars combined over
environments.

Grain Grain Flour Flour Flour
Source d.f. yield protein yield protein ash VAL
Environ. 3 32668000 67.4 140.7 49.92 0.035 2936.2
*% *% *% % * *k
BLK/ENV 12 1525600 5.87 7.7 1.15 0.0055 41.6
Cultivar 11 8303000 34.47 552.4 33.46 0.0075 3994.8
% *k * *% * Ckk
CxE 33 2862100 3.46 30.8 2.37 0.0027 215.7
* % %% % ns Tk
Error - 132 365230 0.44 3.9 0.18 0.0027 15.3

*,%% = Significant at P<0.05 and P<0.01, respectively.

Table 8.

Mean squares of baking éuality traits of 12

cultivars combined over environments.

winter wheat

Absorp. Mixing Loaf Absorp. Peak

Source d.f. (mix.) time  volume Score farin. time Stability
Environ. 3 106.0 3.6 219460 20.9 228.6 429.8 1015.7

*% Sk ok % *k *sk *k
BIK/ENV 12 2.5 0.05 9134 0.48 7.4 1.8 5.3
Cultiv. 11 180.0 8.8 151120 18.38 450.8 525.8 1053.1

Xk *k *k *k *% % *k
CxE 33 8.9 0.58 13065 1.43 9.9 81.3 109.6

ik ek *% *% *k = *%
Error 132 0.82 0.04 = 941 0.13 1.5 1.6 4.6

** = Significant at P<0.0l.
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Mean squares of gliadin subunits (eluted in 5 time

Table 9.
intervals) of 12 winter wheat cultivars combined over
environments. '
Gliadin subunit elution time (min)
Total
Source d.f. gliadin 0-10 10-20 20-30 30-40 40-60
Environ. 3 2632600 155.6 3751 116900 474130 670090
S *x *% *k *% *k
BLK/ENV 12 23333 3.3 105 3903 9085 1386
Cultiv. 11 1024900 50.2 2335,6 150700. 278690 53424
Sk e % K% S Fek
CxE 33 100370 17.3 1284 32138 36420 30777
’ *% - *¥k *¥ *% *¥ *k
Error 132 8031 1.9 47.3 1558.6 2240.4 769

*% = Significant at P<0.0l.

Table 10. Mean squares of gliadin subunits (correlated with bread-
making characteristics) of 12 winter wheat cultivars
combined over environments.

. Gliadin subunit elution time (min)
29 35 37 39 Total 44

Source d.f. 35437439

Environ, 3 38617  4590.2 39454 23731 119830 1037.1

*k % ok *% ' Kk *k

BLK/ENV 12 - 642 302.2 263 102 1090 64.8

Cultiv. 11 12137 11638 11698 11971 74969 6174.6

: *k %% *% % ok *%

C x E 33 1883 1954.6 4147 5013 10711 451.1

*k %k K Fk o % *k

Error - 132 206 ° 103.0 95 76 364 42.5

*% = Significant at P<0.01l.
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Mean squares of glutenin subunits (eluted in 4 time

Table 11.
intervals) of 12 winter wheat cultivars combined over
environments.
/
Glutenin subunit elution time (min)
Total _
Source d.f. glutenin 0-20 20.5-30 30.5-40 40.5-50
Environ. 3 911830 45644 101780 137750 434930 ‘
*% K% *% *% x%
BILK/ENV 12 26369.6 329.6 3251 1101.8 14763.9
Cultiv. 11 309240 690.9 32704 15797 " 105440
*% ok *k Xk *k
Cx E 33 49854 269.7 3085.6 5058.2 22212
*% *k *k *% *%
Error 132 4698.6 - 91.1 430.7 694.5 3134.1

*% = Significant at P<0.01.

Table 12. Mean squares of glutenin subunits (correlated with baking
quality) of 12 winter wheat cultivars combined over
environments. '

Glutenin subunit elution time (min)
Source d.f. 16 21 24 26 27 42
Environ. 3 7209.9  7328.9 7013.3 5344.7 2170.8 7518.5
' % *% ok *% *x *
BLK/ENV 12 158.1 96.7 398.2  282.9 109.9 916.5
Cultiv. 11 1328.3  2690.6 2191.1 2745.9 3139.6 40497
*% S *k *X %k Fk
CxE 33 144.0 307.5 733.8 360.0 143.8 4540.4
%k Xk *k *k *¥ *k
"Error 132 29.7 38.3 60.6 50.4 34.2  266.8

*,%% = Significant at P<0.05 and P<0.01l, respectively.
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Table 13.
means of 12 winter wheat cultivars combined over
environments.

Flour Flour Grain Grain Flour

yield protein yield protein Ash
Cultivar % kg/ha
Atlas-66 55.1 13.0 3476 16.5 0.43
Odessa-4 66.0 13.0 5396 14.7 0.40
Redwin 67.2 "12.6 4577 14.2 0.40
"NE7060 67 .4 13.3 5487 15.4 0.42
Bezos, 1 67.8 11.3 4895 13.2 0.37
Doina 55.1 11.1 5388 13.9 0.37
Adams 68.5 11.1 6194 13.1 0.39
WWP4394 62.6 12.6 6109 14.4 0.40
Blueboy 54.0 9.8 5155 12.2 0.37
Houser 54.3 8.5 5657 11.0 0.36
Alcedo 64.9 10.7 5332 12.7 0.37
Centurk 64.7 11.7 4957 13.5 0.38
Means 62.4 11.6 5218 13.7 0.39
C.V. 3.2 3.7 11.6 4.8 13.4
LSD.05 1.4 0.3 422.6 0.5 0.04
LSD.01 1.8 0.4 550.4 0.6 0.05




Table 14.

47

Baking quality trait means of 12 winter wheat cultivars

combined over environmepts.
Mixing Loaf Peak .
time volume Crumb Absorb. time Stabil.
Cultivar min. ce score ml min. min. VAL
Atlas-66 1.6 1015 5.9 59.7 5.5 .0 52.6
Odessa-4 1.4 801" 3.4 66.2 5.1 4.0  43.7
Redwin 2.5 932 - 5.4 66 .4 15.3 22.6 79.5
NE7060 2.9 1037 5.8 67.7 20.5 20.0 86.4
Bezos. 1 3.1 785 3.2 64.9 14.1 23.5 75.1
Doina 2.2 788 3.3 53.6 3.3 6.7 45.7
" Adams 2.5 813 3.4 62.0 6.4 15.8 58.7
WWP4394 1.4 880 _ 4.2 64.1 4.9 .6 - 45.2
Blueboy 1.9 834 3.8 55.0 3.0 .7 45.1
Houser 2.0 724 2.8 52.2 2.1 .3 37.4
Al;edo 3.7 775 " 3.3 .58.9 10.1 21.5 64.9
Centurk 3.0 874 4.3 64,2 6.9 17.1 62.0
Means 2.3 855 4.1 61.3 8.1 12.7  58.0
C.V. 8.5 .4 8.8 2.0 15.6 16.9 6.7
1SD.05 0.1 21 0.2 0.9 0.9 1.5 2.7
1LSD.01 0.2 28 0.3 1.1 1.1 9 3.6
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" Table 15. Gliadin subunit means of 12 winter wheat cultivars combined
over environments.

Gliadin subunit elution time (min)

' Total
Gultivar Gliadin - 0-10 10-20 20-30 © 30-40 40-60
Atlas-66 1667 10.5+ 38.3 476.2 896.2 2642.8
' 0.6@ 2.3 28.6 53.6 14.5
Odessa-4 1710 5.7 40.4 586.8 768.6 308.6
- , £ 0.3 2.4 34.3 44.9 18.0
Redwin 1509 8.4 30.7 - 512.2 733.9 ~  222.8
0.6 2.1 33.9 48.6 14.6
NE7060 1574 6.6 31.8 414.7 880.2 240.0
' 0.4 2.0 25.9 55.9 15.3
Bezos. 1 1337 7.3 26.7 356.2 761.5 184.5
‘ 0.5 2.0 26.3 " 57.0 13.8
Doina 1421 8.9 30.0 394.1 754.2 234.1
0.6 2.1 27.3 53.2 16.5
Adams 1312 6.4 25.7 329.2 729.8 220.8
0.5 2.0 '25.0 55.7 16.8
W WP4394 1705 5.1 67.6 468.5 814.3 348.5
. 0.3 3.9 27.5 47.7 20.4
Blueboy 1146 10.1 31.1 305.4 5422 256.0
_ 0.9 2.8 26.1 48.0 22.0
- Houser 942 5.9 22.4 260.2 463.5 191.2
0.6 . 2.4 27.3 49.3 20.7
Alcedo 1095 8.6 45.9 358.3 540.0 142.8
| 0.7 4.2 32.7 49.3 13.1
Centurk 1243 6.6 33.4 310.6 699.1 193.3
0.5 2.7 24.9 56.5 15.3
Means 1388 7.5 35.3 396.0 714.1 226.7
0.6 2.6 28.2 51.9 16.3
G.V. 6.5 18.4 . 19.5 10.0 6.6 12.2
1LSD. 05 62.7 1.0 4.8 27.6 331 '19.4
LSD.01 81.6 1.2 6.3 35.9 43.1 25.2

" + = Area under the curve (relative units) X 1000
@ = % of total area
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Table 16. Gliadin subunit means of 12 winter wheat cultivars
combined over environments.
Gliadin subunit elution time (min)
Cultivar 29 . 35 37 39 Total b4
35437439

Atlas-66 177 .9+ 114.3 ~ 217.3 207.2 538.9 79.7
Odessa-4 165.1 116.3 171.0 123.8 411.1 46.8
Redwin 144 .4 102.3 188.9 172.7 463.9 48.2
NE7060 143.9 162.9 169.9 171.7 504.5 37.3
Bezos., 1 138.6 117.7 149.0 158.2 424.9 49.7
.Doina 150.3 125.5 152.6 147.7 425.8 72.9
Adams 118.1‘ 145.8 172.7 171.4 490.0 60.1
WWP4394 131.0 134.0 132.2 142.5 408.7 73.6
Blueboy 100.5 94.1 136.9 152.5 383.5 58.1
Houser 87.2 60.1 126.6 111.6 299.0 102.2
.Alcedo 113.3 88.1 129.5 115.4 333.0 86.9
Centurk 101.5 109.4 153.9 161.2 424 .5 45.8
Means 131.0 114.3 158.4 153.0 425.6 63.4
C.V. 10.9 8.9 6.1 5.7 4.5 10.3
LSD. 05 10.0 7.1 6.8 6.1 13.3 4.6
LSD.01 13.1 9.2 8.9 7.9 17.4 5.9

+ = Area under the curve (relative units) X 1000.
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Table 17. Glutenin subunit (areas under the curve) means of 12
winter wheat cultivars combined over 4 environments.
Glutenin subunit elution time (min)
Total

Cultivar glutenin 0-20 20-30 30-40 40-60
Atlas-66 1041.0 40.5+ 278.8 188.2 540.9
: 4.0@ 1 26.7 18.3 51.8
Odessa-4 865.2 46.8 245.7 147.6 442 .6
- 5.7 28.9 15.3 50.0
Redwin 1149.0 37.0 278.1 174.7 651.8
’ 3.5 24.1 15.3 56.4
NE7060 1100.0 53.4 329.3 176.9 543.6
4.8 29.8 15.4 50.3
Bezos. 1 - 983.6 42.7 242 .4 158.0 547.1
4.3 24,4 16.0 56.1
Doina 883.9 36.5 216.7 160.1 458.6
4.1 24.5 18.6 51.2
Adams 895.3 36.3 213.6 114.1 531.2
4.1 23.9 12.7 59.4
WWP4394 900.3 4i 4 257 .6 173.3 424.6
4.8 28.8 18.9 47.3
Blueboy "758.0 36.4 199.2 98.7 427 .2
5.1 26.1 12.9 56.2
Houser 662 .4 27.1 157.6 99.7 376.1
4.0 24,2 15.4 56.0
Alcedo 842.2 37.3 200.7 160.6 444 .9
4.5 23.7 ©19.7 52.2
Centurk 995.0 41.0 242 .4 120.3 591.2
3.9 24.3 11.7 60.0
Means 923.0 39.9 238.5 147.7 498.3
4.4 25.8 16.0 54.0
C.V. 7.4 23.8 8.7 7.8 11.2
LSD.05 47.9 6.7 14.5 18.4 39.1
LSD.01 62.4 8.7 18.9 24.0 51.0

+ = Area under the curve (relative units) X 1000.

]
|

= % of total area.
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Table 18. Glutenin subunit means (areas under the curve) of 12
winter wheat cultivars combined over environments.

Glutenin subunit elution time (min)

Cultivar 16 91 24 26 27 42

Atlas-66 ~  47.84+  33.83 9. 44 50.90 43.26  185.2
Odessa-4 47.37 48.00 70.36 72.84 39.27 86.1
Redwin 53.46 53.09 80.15 77.91 51.83  238.0
NE7060 64.13 68.04 90.35 94 . 46 52.25  169.9
Bezos. 1 " 46.59 42.79 66.85 69.33 38.90  218.7
Doina 37.78 29.43 64,.88 63.91 19.54  193.8
Adams 38.80 32.32 78.29 69.79 10.69  224.4
WWP4394 41.38 44,70 75.32 73.63 40.26  105.5
Blueboy  34.46 34.37 58.37 52.39 27.73  143.5
Houser 30.84 19.11 60.31 46 .14 20.81  137.1
Alcedo 37.37 37.61 60.71 64.84 12.08  114.7
Centurk 46.31 29.01 77.95 68.21 40.42  203.0
Means 43.86 39.36 73.16 67.03 33.84  168.

C.V. 12.42 15.72 10.64 10.59 17.28 9.

LSD.05 3.81 4,33 5.44 4.96 4.09 11.

LsSD.01 4.96 5.64 7.09 6.46 5.33 14,

+ = Area under the curve (relative units) X 1000.
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Table 19. GCorrelation coefficients (r) among baking quality traits
of 12 winter wheat cultivars combined over environments.

Mixing Loaf Crumb Absorp. Peak

Traits time volume score (far.) time Stability VAL
Absorp. (mix) ns L51%w L45%% .90%* Lhbkx .38* LATx%
Mixing time ns ns ns ATR% LI5%% gk
Loaf volume L97%% L5l .39% . ns L4 Q%%
Crumb score A6k .39% .25% A3k
Absorp. (far.) L56%% .38% .56%%
Peak time LT h%% _§3**
Stability L8 7%%
* %k =

) Significant at P<0.05 and P<0.0l, respectively.

]
7]
|

= Not significant.
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Table 20. Correlation coefficients (r) of gliadin and glutenin
subunits and flour and grain protein contents of 12 winter
wheat cultivar means grown in four enviromments (n = 48).

Gliadin and S Flour Grain
glutenin subunits protein protein
Gliadin
Total 0.83 ** 0.83 *%
Subunit 29 0.78 ** 0.83 *%
Subunit 35 0.72 *% 0.65 *=*
Subunit 37 0.62 ** 0.71 **
Subunit 39 0.71 *=* 0.77 **
Total 35437439 0.78 *x% 0.81 *x*
Subunit 44 -0.33 * -0.18 ns
Glutenin
Total 0.84 #** 0.78 **
Subunit 16 0.69 ** 0.63 **
Subunit 21 0.72 #* ©0.62 %%
Subunit 24 0.74 *% 0.77 **
Subunit 26 0.74 ** 0.61 #*
Subunit 27 0.67 % 0.63
Total 0.86 =% 0.79 *%
Subunit 44 0.19 ns 0.22 ns
xR =

Significant at P<0.05 and P<0.0l, respectively.

ns Not significant.

I




MONTANA STATE UNIVERSITY LIBRARIES

LA

3 1762 10051944 4




