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Durum or macaroni wheat (Triticum turgidum L. var. durum) is
an important crop used for the production of pasta, couscous, and
in some areas of the world, various types of bread (Quaglia
1988). Durum wheat occupies approximately 20-30 million hec-
tares worldwide, spread over many countries, accounting for 8%
of total world wheat production (Bozzini 1988). More than half
of the total cultivation lies in the Mediterranean area including
southern Europe, North Africa and Southwest Asia, where
tetraploid wheats were domesticated around 10,000 to 15,000 BC
(Bozzini 1988, Srivastava et al 1988).

The annual world durum wheat production in a three-year
period (1991-93) was estimated to be 25.6-34.4 million metric
tons (International Wheat Council, London). Historically, the
yield level of durum wheat is =80% of bread wheat, which has
been attributed partly to less favorable crop- growing environments
and management practices (Srivastava et al 1988). However, new
high yielding semidwarf durums have been produced that have
yield potential equal, or even superior to the highest yielding
bread wheat in some areas (Breth 1975). As the price of durum is
often higher than that of bread wheat, it is a promising and viable
alternative crop.

Currently, there are large markets for durum wheat grown in
traditional areas, both for domestic consumption and for export to
developing countries where there is a greater demand for food due
to increasing populations and improving standards of living.

During the last two decades, many advances have been made in
our understanding of the chemical and molecular basis of func-
tional quality of durum and bread wheats (reviews by Pomeranz
1971, Payne 1987, Shepherd 1988, MacRitchie et al 1990, She-
wry et al 1992, Henry and Ronalds 1993). There has been consid-
erable research on the seed endosperm components affecting
pasta quality of durum wheat, particularly in illustrating the require-
ments in terms of dough rheology, physiology, biochemistry, and
processing technology (reviews by Dick 1985, Finney et al 1987,
Dick and Matsuo 1988, Cubadda 1989, D’Egidio et al 1993b).

On the other hand, very little work has been done on
determining quality requirements of durum wheat used for bread,
couscous, and other food products (review by Boyacioglu and
D’ Appolonia 1994b). In the present review, we shall consider the
research undertaken on producing durum wheats with improved
baking quality and will discuss the various genetic approaches
that could be used to breed durum with modified dough quality.
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In particular, we will describe recent attempts to improve the
strength of durum doughs by transferring chromosome 1D of
bread wheat, or parts of it, into durum wheats.

DURUM WHEAT AND BREAD WHEAT GLUTENS:
A COMPARISON OF PASTAMAKING AND
BREADMAKING QUALITY

Durum is a cultivated tetraploid wheat with genomes AABB
[2n = 4x = 28], and its endosperm has the hardest texture of all
wheats. The kernels are also larger and more vitreous than those
of bread wheat. The durum endosperm contains about twice the
concentration of xanthophylls or luteins (not carotene) pigments
when compared to that of bread wheat (Sims and Lepage 1968,
Boyacioglu and D’Appolonia 1994a). Unlike bread wheat,
durums are grown solely for human food, and many different
kinds of food products are available. These include pasta (spa-
ghetti, lasagna, elbow macaroni) used worldwide, and some other
regional foods, such as couscous, bulgur (or burghul), frekeh,
puffed cereals, hot cereals, desserts, single- and two-layered flat
bread, leavened bread, and noodles (review of Dick and Matsuo
1988). In the regions of West Asia and North Africa, =15% of the
durum wheat is consumed in the form of pasta products; 50% is
processed into single- and two-layered flat breads and the
remainder is used for leavened breads. For example, in Syria,
Lebanon, Jordan, and Egypt, durum flour is widely used alone or
blended with other flours to produce these flat breads (Williams
et al 1984, 1988; Williams 1985). In other areas of the world, the
durum grain produced is used solely for pasta production domes-
tically, with the surplus being exported (Bozzini 1988). In con-
trast, in the Mediterranean countries, durums are widely used in
breadmaking with a long history tracing back to 500 BC (Quaglia
1988).

Wheat quality is a very broad term, and its definition depends
on whether it is being assessed for nutritional or processing pur-
poses. In the present context, the term “quality” refers to the
functional properties of a given product. Flour technological or
processing quality and dough rheological or dough handling
properties will be treated as synonymous, whereas semolina/flour
milling and nutritional quality of the end-product are not dis-
cussed further.

Pastamaking Quality

Durum wheat has been used traditionally for pastamaking and
cooking quality is one of the most important criteria in assessing
the quality of durum semolina for this purpose. Cooking quality
is determined by two independent parameters: viscoelastic behav-
ior (particularly firmness after cooking) and the surface condition
of the cooked pasta (D’Egidio et al 1982, 1993b; Dexter et al
1983; Feillet 1984; Autran et al 1986). This review will focus on
the first property, gluten viscoelasticity.
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Assessment of quality can be predicted by rheological tests (such
as the farinograph or alveograph), but the experimental pasta-
making test followed by a proper assessment of the finished
products (such as taste panels) is the most reliable assessment of
quality (Cubadda 1988). Recently, it was claimed that this can
also be empirically predicted by objective experiments (D’Egidio
et al 1993a,b).

Traditionally, durum wheats have been thought to have superior
pastamaking quality compared to that of bread wheats: cooked
pasta from durum maintains good texture, resists surface disinte-
gration, and retains firm structure or al dente consistency, charac-
teristics not evident in pasta from bread wheat flours (Cubadda
1989). Generally bread wheat gluten is considered to be too
strong for pastamaking, giving dough that is “too tough” for spa-
ghetti (Walsh and Gilles 1971). However, bread wheat flour pos-
sessing high protein and strong and elastic gluten with superior
theological characteristics could be acceptable for producing
pasta (Cubadda 1993). Nevertheless, strong gluten alone is not
sufficient to determine good cooking quality (Dexter et al 1980)
because many other factors are known to affect the physical prop-
erties required for pasta quality. These include surface stickiness,
cooking tolerance, water absorption, degree of swell and solid
loss to the cooking water, protein quantity, and quality (Dexter et
al 1981, 1983).

Breadmaking Quality

A good breadmaking flour requires strong gluten that is capa-
ble of producing an extensive viscoelastic matrix during dough
formation, and that has good physical handling properties, such
as high resistance to extension (R,,,;) and moderate extensibility
(L) as measured by the extensigraph (review by MacRitchie
1984). A large Ry value provides a nonsticky and elastic dough
whereas greater L values will result in a larger loaf during the
baking process. Although various rheological tests are used to
indicate the potential of wheat flour for breadmaking, a baking
test is still considered to be the final and most reliable test.

The utilization of durum wheats for breadmaking was recently
reviewed by Boyacioglu and D’Appolonia (1994b). They sug-
gested that while the search for suitable breadmaking durums
started at the beginning of this century, little progress was made
until the 1950s because of the generally weak dough produced by
these wheats. Since 1950, several attempts have been made to use
blends of durum and bread wheat flours to produce bread with
acceptable loaf volume (Harris and Sibbitt 1950, Harris et al
1952, Prabhavathi et al 1976). However, the results from using
durum wheat alone for breadbaking have been inconsistent
(Prabhavathi et al 1976, Bakhshi and Bains 1987).

The development of durums with strong gluten in Canada,
Italy, and the United States during the 1980s raised the prospect
of using durums directly for breadmaking. Dexter et al (1981)
reported that some Canadian durum cultivars approached accept-
able quality for breadmaking, being equivalent to weak hexaploid
wheats in their baking performance. In Italy, Boggini and his
colleagues (Boggini and Pogna 1989, Boggini et al 1994a) found
that durum varieties with poor breadmaking quality are also poor
for pastamaking. They concluded that to obtain durum semolina
for a better breadmaking, it would be necessary to have varieties
with gluten that is less elastic and more extensible.

While some Italian cultivars (Capeiti and Appulo) were found
to have better breadmaking quality than others (Boggini and
Pogna 1989), they did not include local commercial bread wheats
in these tests for a comparison. In the United States, many
durums of various sources have been tested for baking
performance since the late 1970s and, in general, they had
inferior breadmaking quality (Josephides et al 1987, Dick 1988,
Boyacioglu and D’ Appolonia 1994a).

Although durum flours usually produce a smaller loaf volume
than those from bread wheats, the durum bread has a yellowish
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color, a characteristic taste and smell, a fine and uniform crumb
structure, and more prolonged shelf-life, all of which appeal to
some customers. Durum bread has also been reported to be less
toxic for those who suffer from intolerance to wheat gluten
(celiac disease) (Troncone and Auricchio 1991). The stronger
durums, when blended with weak and soft wheats or triticale,
were reported to give flour mixes with improved breadmaking
quality (Prabhavathi et al 1976, Bakhshi et al 1989, Boggini and
Pogna 1990).

Rheological and Technological Property Differences Between
Durum and Bread Wheats

The semolina/flour from durum wheats generally has higher
protein content, and higher wet- and dry-gluten content than
bread wheat, but a much lower sodium dodecyl sulfate sedimen-
tation (SDSS) value; hence, durum wheats tend to be much
poorer in gluten strength (see reviews of Finney et al 1987, Dick
and Matsuo 1988, Boyacioglu and D’ Appolonia 1994b). In far-
inograph tests, durum flours generally give higher water absorp-
tion values than bread wheat flours, due to higher levels of starch
damage during milling, but they show shorter dough development
time and a high mixing-tolerance index (Bakhshi and Bains 1987,
Boyacioglu and D’Appolonia 1994a). Durum wheats have been
classified as having poor breadmaking quality potential on the
basis of farinograph and mixograph tests (Boyacioglu and
D’Appolonia 1994a), which is consistent with the views of others
(review by Finney et al 1987). Also, durum flours have shown
inferior rheological properties compared to bread wheat flours
when evaluated by alveograph and extensigraph tests (Matsuo
and Irvine 1970, Bakhshi and Bains 1987, Boyacioglu and
D’ Appolonia 1994a). All of these rheological characteristics indi-
cate that durum gluten is, in general, very weak and inelastic
when compared to bread wheat dough (Dick 1981, 1985; Feillet
1988; Boyacioglu and D’ Appolonia 1994a).

A dough can be firm but if it lacks elasticity or springiness the
product is doughy or pasty. Durum doughs have been described
as “mushy” or “firm” but not “tough” (Walsh and Gilles 1971).
The durums with low gluten strength usually exhibit more vis-
cous and less elastic dough than bread wheat flour (Bakhshi and
Bains 1987, Boyacioglu and D’Appolonia 1994b). Others
claimed the opposite (Boggini et al 1994a; Pasqui et al 1991, 1994).
Some modern durum cultivars produce doughs with increased
elasticity and are, consequently, more suitable for breadmaking,
but these are still not as strong as bread wheats (Bakhshi and
Bains 1987), resulting in reduced loaf volume (Quick and
Crawford 1983, Dexter et al 1994). Quaglia (1988) concluded
that to make leavened bread from durum flour, the durum
semolina-flour should have <70-75% starch damage, a protein
concentration of >13% (dmb), a gluten quality value of >17 as
determined by the Berliner method for the proteolytic activity,
and an alveograph P/L ratio >1.5 and energy (W) value of =200.
Milatovic and Mondelli (1991) also pointed out that wheat flours
with an alveograph P/L value of 0.8-2.0 generally produced a
reasonable pasta or bread product. Recent results of Ciaffi et al
(1995) suggested that durums with increased dough strength
(from introducing the active dicoccoides Glu-Al genes) usually
have exceptionally high gluten strength (measured by
alveographic indices W and P), which appeared to be very prom-
ising for breadmaking. These results were in contrast with those
of Pasqui et al (1991, 1994), as they suggested that durum doughs
with lower alveograph W and P/L values gave higher loaf volume
and a softer crumb.

Although it is universally accepted that breadmaking requires
strong and extensible gluten, the strength requirements for pas-
tamaking are less clearly defined. It appears from the literature
that good pastamaking quality requires only the dough strength
(as measured by the gluten’s elastic recovery [R] of the viscoelas-
tograph [Damidaux et al 1978]; alveographic indices W and P; or






