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Abstract: Durum wheat (Triticum turgidum L. var. durum) is the only tetraploid species of wheat of commercial importance that is widely
cultivated today. Durum wheat (Triticum turgidum durum, 2n = 4x = 28, genome AABB) has long remained an important food resource for
human diets. It is used in different parts of the world for several food products, such as pasta, couscous, unleavened bread, bulgur, and mote,
among others. It is preferred for the production of pasta or macaroni products; mainly because of its elevated level of yellow pigments and
appropriate protein and gluten characteristics. It has been well established in durum wheat that protein quantity and gluten quality are
widely responsible for the so-called al dente pasta cooking characteristics, whereas yellow pigments are effective on the color of pasta
products. Even though durum wheat grain is used to produce various products, the acceptability of a variety is greatly influenced by its

quality characteristics.
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1. Introduction

Durum wheat (Triticum turgidum L. var. durum) is the
only tetraploid species of wheat of commercial
importance that is widely cultivated today [1]. Despite its
lower growing area and lower annual production
compared to hexaploid wheat (Triticum aestivum, 2n = 6x
= 42, genome AABBDD), durum wheat (Triticum turgi-
dum durum, 2n = 4x = 28, genome AABB) has long
remained an important food resource for human diets. It is
used in different parts of the world for several food
products, such as pasta, couscous, unleavened bread,
bulgur, and mote, among others [2]. These products
constitute the main staple food in North Africa and for
many world areas. These uses are mainly due to its unique
qualities such as its hardness, high protein content, and
gluten strength. Durum wheat (Triticum durum) is
preferred for the production of pasta or macaroni
products; mainly because of its elevated level of yellow
pigments and appropriate protein and gluten
characteristics [3]; [4]; [5]. The annual durum wheat
production is currently approximately 36 million tons per
year. However, as the world population is predicted to
rise to 9.1 billion by 2050 [6], which is 34% higher than
the current population size, breeding cereals, including
durum wheat, with improved vyield and quality
performance has become urgent and relevant. It has been
well established in durum wheat that protein quantity and
gluten quality are widely responsible for the so-called al
dente pasta cooking characteristics, whereas yellow
pigments and such oxidative enzymes as lipoxygenase
(LOX), polyphenol oxidase (PPO), and peroxidase (POD)
are effective on the color of pasta products [5]; [7].
Durum wheat is the main cultivated cereal crop in
Mediterranean area, covering up to 2/3 of total world
Durum wheat is one of the oldest cultivated plants in the
world and is grown mainly in the middle and near East
region and North Africa, which are considered the centers
of origin and diversification of this crop [12]. Based on
archeological evidence it is generally accepted that durum
wheat was domesticated at least 2000 years before bread

production [8]; [9]). Durum wheat is cultivated on 17
million ha worldwide and represent around 8% of the
total wheat area and 6% of the wheat production [10]. It is
mainly grown in West Africa (4.5 million ha) and North
Africa (3.3 million ha). In Ethiopia it is the fourth
important cereal crop after Teff (Eragrostis tef), Maize
(Zea mays) and Sorghum (Sorghum bicolor) in area
coverage and total production. Grain quality is well
known as one of the most interesting breeding objectives
in Mediterranean countries. It still has great importance in
wheat markets because of the increased demand by
consumers for high-quality end-products of durum wheat
such as pasta, couscous and burghul. The performance of
many quality characteristics depends greatly on
environmental conditions, which result in differential
expression of grain quality from site to site. In fact, grain
protein content, perhaps the most important quality
feature for wheat, is known to be influenced by climatic
parameters, cultivar, nitrogen fertilizer rate and time of
nitrogen application, residual soil nitrogen and available
moisture during grain filling [11]). Durum wheat (DW)
grain is used to prepare various products in different parts
of the world. The acceptability of a new durum wheat
variety is greatly influenced by its quality characteristics.
The products of durum wheat generally require large
vitreous kernels with high protein, good yellow pigment
and strong to medium-strong gluten. Thus, the objective
of this paper is to review the works done so far globally as
well as nationally on breeding durum wheat for quality
traits.

2. Breeding Durum wheat for Quality Traits

2.1 Origin and Distribution of Durum Wheat

wheat [13] during the late Mesolithic period and the early
Neolithic age [14]. The adaptation of durum wheat largely
overlaps that of bread wheat, but is less widely grown
[15]. On the other hand, durum wheat is better adapted to
Mediterranean dryland than bread wheat. Wheat was
actually the favorite cereal of ancient Mediterranean
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civilizations, and has since then remained a key element
in the diet of the region, where bread is a vital and sacred
product of intertwined religious practices and cultural
dimensions. Ethiopia is the largest producer of durum
wheat in sub-Saharan Africa. It is, in fact considered to be
the center of genetic diversity for this type of wheat [12].
It is probably safe to state that durum wheat originated in
the Middle East, where it is still produced and consumed
in substantial quantities. Durum wheat was introduced to
the New World in 1527, when it was brought to
Argentina, but did not become an important crop until the
beginning of the present century [16]. Durum wheat,
Triticum turgidum ssp. durum, is a tetraploid species
whose genome is genetically very close to that of its
progenitor, wild emmer wheat, Triticum turgidum ssp.
Dicoccoides (2n=4X=28, Genome BBAA) [17]. The F1
hybrid between these two species is fully fertile and
cytological analysis show that in most accessions of
emmer wheat, chromosomes show full pairing with
durum wheat. The first step in durum evolution was the
domestication of wild emmer wheat through the loss of
fragility of the spike, namely of its disarticulation into
spikelets, the basic dispersal units ([17]; [18]. Durum
wheat (Triticum turgidum L. var. durum Desf.) is grown
on 10% of the world’s wheat area. It occupies about 11
million ha in the Mediterranean basin. Rainfall and
temperatures in Mediterranean dry land areas show large
and unpredictable fluctuations within and across cropping
seasons. There are some present-day geopolitical
concerns to take into account when considering durum
wheat dynamics. Firstly, it must be stressed that durum
wheat represents only a very small fraction of world
wheat production. It accounts for around 40 million tons
(Mt) of the 700 Mt produced globally, which is just over
5%. Secondly, it must be specified that all of the world’s
durum wheat output is consumed by human beings, two-
thirds of whom are in the Mediterranean area.
Distribution areas of related wheat species are
continuously reducing. So collecting, replenishing,
reproducing, studying and maintaining those species
living, being a constant supply for breeding are important
to preserve biodiversity resources and future food
security. It is obviously not feasible to gather again
Vavilov’s or Kihara’s wheat biodiversity collections of
tetraploid wheats, even after following the routes of their
expeditions. Nature has not spared the biodiversity
existing in their times, and this emphasizes the
significance of reasonable maintenance of the maximally
possible biodiversity presently stored in gene banks.

2.2 Uses of Durum Wheat

Durum wheat use is largely concentrated in the European
Union, particularly Italy, followed by North Africa and
the Middle East [19]. European and American countries
almost totally use durum wheat for pasta products,
whereas in the Middle East and North Africa, local bread
making accounts for about half of the consumption and
about equal shares are used for pasta, couscous (small
balls of semolina steamed and prepared in a similar
manner to rice), burghul and frekeh or consumption as
feed [20]. Durum wheat is also used in the preparation of
two-layered breads, known by various names in different
countries such as, khobz, baladi and shami; single-layered
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breads, such as tannour, saaj, mountain bread, markouk
and mehrahrah. Another durum-based product, frekeh, is
green, dried, parched wheat, ground into coarse particle
size and steamed like rice. Therefore, although durum
wheat as a class might be considered a minor crop
compared to common wheat, the diets of millions of
people in the Middle East and North Africa are based on
durum wheat [21]. Wheat is always associated with
everyday human food uses. The major use of durum
wheat is for pasta production, particularly in the European
and North American countries, whereas in other areas,
such as the Middle East and North Africa, it is also used
to make couscous, and for baking various types of bread
([5D. In Iltaly, Pasta can be made with durum wheat
semolina and water only, according to the Italian Law No.
580, 1967. Today it is used in several ways in food: pasta,
noodles, rolls, breads, biscuits, cakes, crackers, cookies,
steamed bread, doughnuts, muffins, pancake, flat bread
and chapattis, macaroni, spaghetti, pizza and many other
products. Wheat straw is used for livestock bedding

2.3 Nutritional Value of Wheat

Globally, there is no doubt that the number of people who
rely on wheat for a substantial part of their diet amounts
to several billions. Therefore, the nutritional importance
of wheat proteins should not be underestimated,
particularly in less developed countries where bread,
noodles and other products (e.g. bulgar, couscous) may
provide a substantial proportion of the diet. Wheat
provides nearly 55% of carbohydrate and 20% of the food
calories. It contains carbohydrate 78.10%, protein
14.70%, fat 2.10%, minerals 2.10% and considerable
proportions of vitamins (thiamine and vitamin-B) and
minerals (zinc, iron). Wheat is also a good source of
traces minerals like selenium and magnesium, nutrients
essential to good health [22]. Wheat grain precisely
known as caryopsis consists of the pericarp or fruit and
the true seed. In the endosperm of the seed, about 72% of
the protein is stored, which forms 8-15% of total protein
per grain weight. Wheat grains are also rich in
pantothenic acid, riboflavin and some minerals, sugars
etc. The barn, which consists of pericarp testa and
aleurone, is also a dietary source for fiber, potassium,
phosphorus, magnesium, calcium, and niacin in small
quantities.
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Table 1 Composition of wheat products per 100g edible portion@.

@Data taken from Food Standard Agency (2002); lunits in g; 2units are mg; 3units are pg; *values are estimates;
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\é\é?;at 267 |92 47+ 287 | 160%1 | 220 201 072 45 ?
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2.4 Breeding for Quality Trait

Grain quality is well known as one of the most interesting
breeding objectives in many developed countries because
of the increased demand by consumers for high-quality
end products of durum wheat. Durum wheat is used for a
variety of food products, such as pasta, bread, couscous,
burgur, etc. It has an amber, vitreous kernel and produces
a yellow milling product. Today, the most challenging
task for wheat breeders is not only to increase grain yield
[23] but also to improve the grain quality for end products
to meet the requirement of ever increasing population.
Wheat quality becomes a major target in wheat breeding
program for the world wheat trade [24]. Durum wheat
quality is considered as a multidisciplinary concept.
Quality aspects are defined according to the user’s
category. Protein content, test weight and grain moisture
are important for commercial transactions; however, grain
yield and stability are interesting aspects for the farmers.
Quality refers to the desirability of the product and may
include various physical and chemical aspects depending
on the intended purpose. The factors that influence the
wheat grain quality have been broadly classified in two
groups- physical and chemical characteristics. The
physical characters include grain appearance score, kernel
or grain hardness, vitreousness of kernel, 1000-kernel
weight, hectoliter weight (test weight), kernel size and
shape whereas the chemical characters are protein
content, protein quality and sedimentation test.

2.4.1  Physical Quality Characteristics

2.4.1.1. Kernel vitreousness

Kernel vitreousness is considered as an important quality
factor because it is associated with semolina yield and
protein content [25]; [26]. Vitreousness is an important
international grading attribute in assessing the quality of
durum wheat. Higher vitreousness indicates higher
protein content, a harder kernel, coarser granulation,
during milling higher yield of semolina, superior pasta
colour, improved cooking quality, and opportunity for
premium prices [27]. Higher incidence of grains with
yellow berry (starchy kernels) reduces semolina yield as
they -pulverize more readily. Kernel vitreousness is a
measure of the kernel protein level, color and semolina
granulation. Vitreous kernels have a shiny, translucent
appearance, a good protein level (>12%), and coarse

semolina granulation. Vitreousness is mainly affected by
nitrogen and water availability, and humid environments
reduce the percentage of vitreous grains and increase the
incidence of black point [28]. Vitreousness is an
important factor in milling. Non vitreous kernels are those
that are starchy, partly starchy, severely damaged, broken,
or from wheats of other classes [25]. The report of [29])
indicated that as starchy kernel content increased, milling
yield was not affected but the proportion of flour
increased..

2.4.1.2. Kernelsize

Kernel size is the best index for potential semolina yield.
The finding of [29], reported high correlation between
milling yield and grain size. With large kernels a greater
milling yield is expected due to a greater ratio of
endosperm to bran. The 1000-kernel weight is a measure
of average kernel size. A greater milling yield is expected
with larger kernels because the ratio of endosperm to bran
should be greater. ([25]); [29]) reported that milling yield
was affected only when the kernels fell below a certain
size. Kernel weight is the best single index of potential
semolina yield and should be considered an important
factor in assessing durum wheat Ash content. Ash content
is another important factor in the assessment of semolina
quality. High ash content can produce a duller semolina
color because of the presence of high-ash outer-
endosperm particles [30]. Detailed studies have shown
that the least refined streams produce a product that is
browner and duller [29]. Therefore, semolina extraction
rate is negatively correlated to spaghetti brightness. The
ash content of endosperm taken from the centre of the
grain can be as low as 0.6%, compared with durum flour
taken from the area of the grain adjoining the aleurone
layer of the bran skin which can be as high as 1.5%.

2.4.1.3. Pre-harvest Sprouting

Durum wheat is extremely susceptible to preharvest
sprouting when there is extended moisture during harvest.
Sprout damaged kernels may reduce the grade of the
durum wheat sample. Marketability and kernel
vitreousness of durum grain are affected by the amount of
preharvest sprouting in a sample. The presence of some
fungi often associated with preharvest sprouting may
detract from the appearance of the semolina or pasta. Pre-
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harvest sprouting is one of the major abiotic constraints
influencing the production of high quality grain. Pre-
harvest sprouting results in reduction of functional grain
quality and economic value by impacting test weight,
vitreousness, soundness and processing quality [31]. Pre-
harvest sprouting is also accompanied by an increase of a-
amylase activity, with a reduction in processing grain
quality due to partial starch digestion. Higher a-amylase
activity is detectable in flour milled from sprouted wheat
grain when compared to non-sprouted grain [32].

2.4.1.4. Grading

Wheat class and physical condition are the most important
factors determining wheat milling potential and end-
product quality [33] and [34]). Depending on the intended
end-use, a wheat class may be hard or soft, high protein or
low protein, strong gluten or weak gluten [35].
Accordingly, most wheat producing countries have
grading and classification systems in place. An effective
grading and classification system assigns and preserves
the commercial value of wheat parcels on the basis of
processing potential, while also satisfying producers by
giving the best possible return. Grade specifications are a
response to the durum wheat millers’ requirements. These
grades are a measurement of quality based upon the test
weight, and other physical characteristics of a durum
wheat sample such as damaged kernels, defects, dockage,
foreign material, heat damaged kernels, other grains, and
shrunken and broken kernels. Moisture content
determination provides a basis for comparison of grading
factors such as test weight. If the grain moisture content is
above 14%, it is more likely to heat up in the storage bin
and/or undergo bacterial contamination and insect
infestation. A safe moisture level at which to harvest is
from 10-12.5%.Hard vitreous kernels (HVK), an
important grading specification in durum wheat because it
is associated with hardness and semolina yield, is a
tedious visual procedure (ICC 1999).The result found
from the work of [27] indicated that the whole grain NIRS
classified obviously vitreous and non-vitreous durum
wheat kernels in perfect agreement with grain inspectors.
However, he correctly classified only 75% when more
difficult-to-classify kernels were present.

2.4.2. Chemical characteristics

2.4.2.1. Breeding for Protein content

Grain protein content is one of the most important factors
determining pasta and bread-making quality, and is also
important to human nutrition [36]. High grain protein is
valued in export markets desiring good end-use quality.
Thus, high grain protein content is a primary target for
hard common wheat and durum wheat breeding-
programs.Protein content is one of the most important
qualities to be considered in durum production. Pasta
quality is principally determined by protein content and
gluten strength. As protein content increases, the
rheological properties of durum wheat and the
overcooking tolerance of the pasta are also often
improved. Protein content and gluten strength play the
major role in determining pasta making quality. In
particular, durum wheat cultivars with strong gluten and
good viscoelastic properties have been shown to be
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essential to produce pasta with superior cooking
characteristics.A grain protein content greater than 13% is
commonly desired for high quality pasta, while protein
levels below 11% produce pasta of inferior quality.
Cooking quality of spaghetti and burgur and bread
characteristics are related to both quantity and, mainly,
quality of the proteins present in the durum wheat
endosperm. Protein content is a complexly inherited trait
and varies more because of the environments than
because of genetics. Grain protein content expression can
be strongly influenced by environmental effects, such as
soil fertility, rainfall or temperature [37]. As well, grain
protein content can be influenced by other physiological
factors, such as, nitrogen uptake, assimilation, and
remobilization from leaves and stems to the grain during
grain filling [37]. Grain protein content can be increased
by nitrogen application, and the development of cultivars
with genetically superior grain protein content. Grain
protein content is negatively correlated with grain yield.
Selection for high protein usually results in low yield
[38]. The proteins of wheat are divided into four classes
based on solubility. The gliadins and glutenins are the
important components influencing the processing and
end-product quality of durum wheat. Protein content is
influenced more by the environment than by the
genotype. Crop rotations, especially with legumes,
nitrogen fertilizers, and selection of higher-protein
cultivars are helpful for improving the protein content of
durum wheat. Durum wheat is generally used to produce
pasta products that include various shapes and sizes of
macaroni, spaghetti, flat or corrugated sheets used in
lasagna and noodles, and other pasta shapes developed
from extrusion of dough through a die. Other products
produced from durum wheat include leavened and
unleavened bread, couscous, burghul and frike. These
diverse products require different quality characteristics,
however, all require minimum level of protein, high
milling yield, yellow flour color and moderately strong
gluten. Durum technological properties are determined on
the basis of cooking characteristics of the pasta it
produces, where cooking quality is the capacity of the
cooked product to maintain good texture and not become
mush or a sticky mass, and to maintain a correct firmness
after some overcooking. So, in general good cooking
quality is related to a high level of protein and gluten
content or an intermediate content of protein but high
gluten quality [39]. Wheat protein content higher than
13% was reported to yield a satisfactory final product,
whereas protein content lower than 11% gave a very poor
product. Under severe drought conditions the grain tends
to be shriveled with low starch accumulation and
therefore a relatively high content of bran and nitrogen
are obtained. Using 171 Mediterranean landraces, [40]
reported a protein content mean of 10.9 under irrigated
conditions and 12.4 under dryland conditions. An increase
in grain nitrogen concentration would normally be
expected to result in increases in the proportion of
vitreous  grains, sedimentation  volumes, gluten
concentration and dough strength [41].

2.4.2.2. Breeding for Protein Quality
Protein quality is just as important as protein quantity in
producing durum wheat; however, it is not easily
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predictable and is poorly understood. The durum protein
quality determines both the cooking performance and the
quality of the cooked spaghetti. High quality pasta begins
with good quality grain. The protein content and the
gluten quality are the most important variables in
determining the pasta cooking quality ([39; [42]). Good
quality cooked pasta maintains a good texture, being
resistant to surface starch leaching and stickiness, and
retains a firm structure of “al dente” consistency. The
Bright Yellow color of semolina is an important factor in
high quality pasta manufacturing. This color is the result
of the natural carotenoid pigments present in the kernel
[30]. Protein quality depends on quality of:

A. Gluten C. Glutenin
B. Gliadin D. Glutenin to gliadin ratio
A. Gluten

Gluten quality is a quality factor that influences pasta-
cooking quality. Grain protein content and gluten quality
both have been studied [43], and are considered as the
most important factors for determining the cooking
quality of pasta products [39], and affecting the
rheological properties of semolina dough [44]. Unique
properties of wheat flour is that when in contact with
water, its water and dilute salt protein forms, a visco-
elastic protein mass known as gluten. Gluten is obtained
after soluble proteins and starch are removed by washing
the dough in an excess of water. Gluten, comprising
roughly 78 to 85 % of total endosperm protein, is a very
large complex composed of mainly polymeric and
monomeric proteins known as glutenins and gliadins,
respectively. Gluten is a complex mixture of gliadins and
glutenins. It was shown that y-gliadin bands 45 and 42
were coded for by allelic genes on chromosome 1 BS
(Joppa and Williams, 1983). [45] showed that genes
coding for y-gliadin bands 45 and 42 were tightly linked
to genes coding for glutenin subunits LMW-2 and LMW-
1, respectively. They concluded that the observed
associations with gluten strength are more likely cabuys e
LdM W-2 glutenin subunit than y-gliadin band 45.

B. Gliadins

Gliadins are heterogenous monomeric proteins which are
separated into groups on the basis of their mobility on
electrophoresis at low pH, and responsible for gluten
plasticity (extensibility) [46]. Different groups of gliadins,
in order of increasing mobility, are the w-gliadins,y, B,
and a-gliadins [46]. Gliadins are low molecular weight
(LMW) storage proteins that are rich in sulphur. Gliadins
are heterogenous monomeric proteins which are separated
into groups on the basis of their mobility on
electrophoresis at low pH, and responsible for gluten
plasticity (extensibility) [46]. Most of the early quality
studies focused on gliadins because they are easier to
extract than glutenins by gel electrophoresis. The gliadin
fraction is not affected by protein content, growth
conditions, sprouting, dusting or grain fumigation, or heat
treatment that is great enough to destroy baking quality.

C. Glutenin

Glutenins are known as the biggest polymers in nature
[47]. Glutenins consist of polypeptides aggregated by
disulfide bonds [48]. Glutenins have high levels of
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glutamine and proline with low levels of charged amino
acids [49], and appear to be largely responsible for gluten
elasticity [50]. Intermolecular disulfide bonding occurs
toward the end of the chains on polymeric proteins, so in
effect, the glutenin molecule is linear [51]. The glutenin
fraction consists of high molecular weight polymers
stabilized by inter-chain disulphide bonds [52]. On the
basis of their mobility in SDS-PAGE, the single
monomers are usually classified into two groups, the high
molecular weight subunits of glutenin (HMW-GS) and
the low molecular weight subunits of glutenin (LMW-GS)
[53]. The total amount of glutenin subunits and the
presence of certain subunits have shown to be associated
with superior rheological characteristics of gluten, such as
elasticity and dough strength [52].

2.4.2.3. Breeding for Semolina Quality

Yellow Pigment Content

Yellow pigments are responsible for the color of
semolina, which is an important end-use quality trait in
international markets [5]. Semolina color of durum wheat
is an important quality criterion with regards to pasta
production. Yellow amber color is preferred, due to
increased global competition in pasta market, so color has
become more important trait in durum wheat breeding
programs [54]. Yellow pigment content of durum wheat
endosperm is comprised primarily of carotenoids (lutein,
zeaxanthin and B-cryptoxanthin) [55]. Carotenoid
pigments contribute the bright yellow color of durum
wheat semolina, mainly comprising lutein in a non-
esterified form [56]. Carotenoids are antioxidant
compounds that help to reduce the oxidative damage to
biological membranes by scavenging peroxyradicals [5].
Carotenoids also play an important role in human health.
Lutein, zeaxanthin and B-cryptoxanthin account for
almost 85% of total carotenoids in wheat and are related
to prevention of age-related macular degeneration of the
eye and cardiovascular disease [57].

SUMMARY AND CONCLUSION

Nowadays, increasing the grain quality of wheat is one of
the major breeding objectives of the breeder in addition to
increasing the quantity (yield) of the crop. Quality refers
to the desirability of the product and may include various
physical and chemical aspects depending on the intended
purpose. Quality aspects are defined according to the
user’s category. Protein content, test weight and grain
moisture are important for commercial transactions;
however, grain yield and stability are interesting aspects
for the farmers. The factors that influence the wheat grain
quality have been broadly classified in two groups-
physical and chemical characteristics. The physical
characters include grain appearance score, kernel or grain
hardness, virtuousness of kernel, 1000-kernel weight,
hectoliter weight (test weight), and kernel size and shape
whereas the chemical characters are protein content,
protein quality and sedimentation test. Grain protein
content is one of the most important factors determining
pasta and bread-making quality, and is also important to
human nutrition. High grain protein is valued in export
markets desiring good end-use quality.
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