GRAIN QUALITY

Relationships Between Polymeric Glutenin
and the Quality Characteristics for Seven Common Wheats
(Triticum aestivum) Grown in the Field and Greenhouse

LATIFA EL HADDAD,' THIERRY AUSSENAC,' JEAN-LUC FABRE,"? and AHMAD SARRAFI?

ABSTRACT

Seven common wheat cultivars were grown under greenhouse and
field conditions. Sodium dodecyl sulfate (SDS) extraction and size ex-
clusion high-performance liquid chromatography (SE-HPLC) were used
to separate proteins according to size (pF1-pF5 and pFi). The techno-
logical parameters such as alveograph index (W, B G) and Zeleny vol-
ume (Z) of each genotype for each agronomic condition were measured.
A high genetic variability was observed for all parameters. Differences
between the two agronomic conditions were significant for most parame-
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ters, however, the interactions between genotype and agronomic condi-
tions were significant only for a few protein fractions. The amount of
certain polymeric glutenin classifies the genotypes in the same way as
quality criteria (Zeleny and alveograph) do. The ratio of the amount of
soluble polymeric glutenin excluded by column of SE-HPLC (pF1) to
the amount of non-excluded ones (pF2) divides genotypes into two
groups, one with HMW-glutenin subunits 5+10 and the other with
HMW.-glutenin subunits 2+12 (Glu-D1 allelic composition).

Glutenins, which are one of the main constituents of the gluten,
appear to have an important effect on the technological quality of
common wheats (Shewry et al 1992, Melas et al 1993). The rela-
tionship between the composition of high-molecular-weight glu-
tenin subunits (HMW-G) and certain technological parameters
was first established by Payne et al (1987). Kolster (1992) re-
ported on the variability in the quantity of glutenins in different
wheat varieties grown under variable agronomic conditions. He
showed the influence of the amount of some HMW-G subunits on
the technological quality of various genotypes. It is difficult to
quantify polymeric protein by sodium dodecy! sulfate polyacry-
lamide gel electrophoresis (SDS-PAGE) (Kolster et al 1992). Re-
versed-phase high-performance liquid chromatography (RP-
HPLC), developed by Bietz (1983) for wheat proteins, is far more
precise for quantification (Bietz et al 1992, Lew et al 1992) and
allows the study of this source of variability at the intervarietal or
intravarietal level. The amount of some polymeric glutenin ap-
pears to be correlated with gluten baking strength (W and P al-
veograph indexes) and with loaf volume (Dachkevitch and Autran
1989). Size-exclusion high-performance liquid chromatography
(SE-HPLC) (Bietz 1984) allows the quantification of the poly-
mers solubilized by SDS. Huebner and Bietz (1985, 1986)
showed that the ratio of the excluded polymers (>800 kDa) to the
soluble protein fraction was directly related to the mixing time.
Autran (1987) also reported that the ratio of calibrated polymers
to the soluble protein is related to the baking score. The impor-
tance of the glutenin for quality has also been shown by Singh et
al (1990, 1991) and by Gupta et al (1992). Both found correla-
tions between the total quantity of polymers and the technological
parameters linked with the mixing. Gupta et al (1993) reported
that the characteristics of the dough were affected more by the
SDS-insoluble proteins than by the total polymeric proteins. So, it
is possible that the different ways polymeric proteins rely on cul-
ture conditions and induce technological quality variations.

Dachkevitch et al (1989) found a negative correlation between
the studied polymers and the technological quality parameters
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using SDS extraction and ignored the insoluble polymers. Singh
et al (1990) reported the opposite result using a complete ultra-
sonic extraction of the polymeric glutenin. They showed a posi-
tive correlation between glutenin and technological parameters.
The difficulty in extracting and assessing polymers may explain a
positive or a negative correlation between polymeric glutenin and
quality. _

To evaluate the genetic variability and the influence of envi-
ronmental factors (temperature and water disponibility) on the
polymerization phenomena, we studied the distribution of three
different types of polymers (SDS-insoluble, SDS-soluble but non-
calibrated by SE-HPLC, and SDS-soluble and calibrated by SE-
HPLC) in seven varieties of common wheat with very different
bread quality characteristics, grown under two conditions.

MATERIALS AND METHODS

Plant Material

Seven common wheat cultivars (all used for bread production
in France) were grown in the field and greenhouse. Plants were
not irrigated in the field but were irrigated once a week in the
greenhouse. Greenhouse temperatures were higher than field
ones, especially during the post-anthesis period. Plots consisted
of four 1.5-m rows in the greenhouse and 10 1.5-m rows in the
field. Plants were at 10-cm intervals with rows spaced 25 cm

- apart. The experimental design was a randomized complete block

with four replications. The technological quality and HMW-G
subunits compositions of cultivars is presented in Table L.

Sample Preparation, Bread Quality, and Nitrogen
Determination

Plants were harvested at maturity. Grain samples (20
g/cultivar/replication) were milled in a Janke A10 grinder fitted
with a 200-pum screen and the remainder sample was used for the
alveograph and Zeleny tests (Afnor 1991). The total nitrogen
content of the flour and of the insoluble nitrogen fraction (Fi)
were determined by a Perkin-Elmer PE 2410 series II analyzer;
100-mg sample dried at 80°C for 12 hr was used for each test.
The protein content (mp) was calculated using 5.7 as the factor to
convert N to protein (Tkachuk 1966).

SE-HPLC Analysis
Flour samples (240 mg) were stirred for 2 hr at room tempera-
ture (25°C) with 30 ml of the 0.1M sodium-phosphate buffer (pH



6.9) containing 2% SDS (w/w). Extraction was followed by the
denaturation of enzymes (5 min at 90°C) (McDonald et al 1964)
and by centrifugation at 10,000 x g for 30 min at 15°C. The su-
pernatant (soluble fraction) was then filtered through a nylon fil-
ter (0.45 um) and subjected to SE-HPLC analysis. The HPLC
system consisted of a LDC/Milton Roy ConstatMetric 3000
pump, which delivered the eluant (0.1% SDS phosphate buffer,
pH 6.9) with a 0.7-ml output and a 200-psi pressure, an injection
loop of 20 pl, and a TSK G4000 SW (7.5 mm x 300 mm, 450 A)
column with a TSK 3000 SW (7.5 mm x 75 mm) guard column.
The detection was made by an ABI 1000 Diode array detector
(210 nm). The chromatograms were analyzed by the Lab-Calc IT
software (Galactic Industries Corporation). The chromatograms
(Fig. 1) were divided into five peaks (the elution pattern SE-
HPLC of all genotypes studied is presented in Fig. 2). The first
fraction (F1) corresponded to large polymeric glutenin, which
was eluted at the void volume. Fraction 2 (F2) consisted of
smaller polymers of glutenin that were calibrated by the column.
Fractions 3 and 4 (F3 and F4) corresponded essentially to mono-
meric proteins: gliadins and salt-soluble proteins (albumins and

TABLEI
Technological Characteristic and the Allelic Types
of High-Molecular-Weight Glutenin Subunits in Wheat Genotypes

French Glutenin Band
C.T.PS. Miller Union
Genotype  Classification® Appreciation gluAl glu Bl glu DI
Qualital A Improver 2% 7-9 5-10
Recital B1 Good 2% 6-8 5-10
Capet B1 Good - 7-9 5-10
Soissons B2 Good 2% 7-8 5-10
Goelent B2 Good - 6-8 5-10
Thesee B2 Poor - 6-8 2-12
Apollo® D2 Poor - 6-8 2-12

2 Classification by the French Permanent Technical Committee for Plant
Selection. Group A contains the improver bread, group B (subgroup B1 and
B2) contains the good breadmaking varieties, and group D (subgroup D1
and D2) contains the poor breadmaking varieties.

b Variety with wheat/rye (1BL/1RS) translocation.
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Fig. 1. Typical elution pattern of unreduced common wheat proteins
extracted by phosphate-sodium dodecyl sulfate buffer. Arrows indicate
the positions of three reference proteins. Five chromatographic fractions
correspond to different sizes of proteins F1 to F5 (See materials and
methods for description of fractions).

globulins), respectively. Fraction 5 (F5) was supposed to contain
protein precursors. The apparent molecular weight of major peaks
was estimated by calibrating the column with four unreduced
protein standards, thyroglobulin (669,000), bovine serum albumin
(66,000), chymotrypsin A (25,700), and cytochrome C (11,700).

The percentages of the five fractions (F1-F5) were obtained by
dividing the specific area of the fraction by total area of SE-
HPLC chromatogram. The quantity of protein in each fraction per
100 mg of kernels (pF1-pF5) was calculated after determining the
quantity of protein in insoluble fractions (Fi) and in the grain (mp).

A highly significant correlation was found between the esti-
mated soluble proteins quantity determined by SE-HPLC chroma-
togram and the total amount of protein obtained through the ni-
trogen analyzer (r = 0.85***, n = 56). This correlation allows the
calculation of many useful sums or ratios, for instance the total
glutenin, pF1 + pF2 + pFi, or the ratio of soluble glutenin to in-
soluble ones, (pF1 + pF2)/pFi.
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Fig. 2. Elution pattern size-exclusion high-performance liquid chroma-
tography (SE-HPLC) of the seven genotypes studied (Apollo, Capet,
Goélent, Qualital, Récital, Soissons, and Thésée).
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