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ABSTRACT 

 Triticale grains had slightly lower contents of fats (2.09%), proteins 
(13.05%), moisture (10.51%), than those of wheat (2.74, 13.68 and 
10.94%) respectively. While the ash and total carbohydrate are higher in 
triticale grains (1.72% and 83.14%) than those of wheat grains (1.51% 
and 82.07%),. Wheat flour had higher contents of proteins (11.30%), 
carbohydrates (86.37%) than those of triticale (9.3% and 85.45% 
respectively). While triticale flour had higher contents of ash (1.04%), 
fats (1.93%), crude fiber (2.28%) than those of wheat flour (0.58%, 
0.90% and 0.85%, respectively). Slight differences were found between 
different estimated parameters in irradiated grains (2.5, 5, 7.5kgy) before 
and after storage for 6 months. The farinogram parameters of the flours 
with the different levels of the triticale flour, water absorption values 
decreased from 61.51 to 59.1% for triticale and flour blend. The 
maximum resistance (Bu) of the blend contained 10% triticale flour and 
90% wheat flour was 665 and decreased by increasing the triticale flour 
ratio in the blends to 20% then the maximum resistance increased to 900. 
The extensibility (mm) value was increased from 105 at 10% triticale 
flour to 130 at 20% triticale flour then decreased to 95 at 40% triticale 
flour. γ-irradiation of different blends caused an increase in extensibility 
value. The general appearance, crust color and taste of the bread (10% 
triticale and 90% wheat) were given very good score.  
Key words: Triticale, wheat, γ- rays, chemical composition, rheological 

characteristics, sensory evaluation.           
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INTRODUCTION 

Rapid increases in world population demand is concomitant with 

the increases of food production, particularly of cereal grains, the main 

source of nutrients for both humans and animals. However, further 

increases in cereal production must occur while preserving the 

environment and natural resources. Therefore, production increases 

must come mainly from enhancing the yield potential of new crops and 

not from expanding the global cultivated area. Triticale (X Triticosecal 

wittmack), the product of wheat and rye hybridization, has 

demonstrated high yield potential even under marginal growing 

conditions and could be a very attractive alternative for raising cereal 

production globally. Unfortunately, recent estimates (FAO, 2003) 

indicate that the area sown with triticale worldwide is approximately 3 

million ha, slightly higher than a decade ago. Despite the high 

productivity of triticale, global production is increasing slowly, and the 

crop has not yet become well established in local or world markets. The 

main reason for the lower-than-expected production is that triticale, a 

good source of protein and energy (Hill, 1991), is used mainly for 

animal feed but very little for human consumption. 

Triticale could become a major crop if, in addition to its use as a 

feed grain, it was cultivated on a large commercial scale for human 

consumption.  

The physical characteristics and proximate chemical 

composition of triticale grain are in general intermediate between its 

two parent species. Triticale’s properties for milling and baking, the 

two main uses of its parent species, have been widely examined. Its 

potential utilization in malting and brewing has also been studied. 
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Triticale can be milled into flour using standard wheat or rye 

flour-milling procedures (Kolkunova et al., 1983 and Weipert, 1986). 

However, the wheat milling process is more suitable for obtaining 

maximum triticale flour extraction rates. Several investigators obtained 

triticales possessing improved grain shape and plumpness have flour 

yields equal or closer to those of wheat (Amaya, et al, 1986; Macri, et 

al, 1986; Ullah, et al, 1986 and Saxena et al., 1992). At low ash 

content, semi-hard and soft triticales show higher flour extraction rates 

than do hard triticales, which in this sense resemble durum wheat more 

than bread wheat (Amaya et al., 1986 and Saxena et al., 1992). 

This investigation was undertaken to study the general analysis 

and chemical components of triticale and wheat and their flours, 

rheological properties of their flours and bread making from mixed 

flours at different ratios from triticale and wheat. 
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REVIEW OF LITERATURE 
 

1. Triticale 

Triticale (X Triticosecale Wittmack), a human-made crop, is a 

hybrid small grain produced between wheat and rye. The name 

‘‘triticale’’ is an international crop name, with variations in 

pronunciation to suit the local language and dialect and is derived from 

the combination of the scientific classifications of the two genera 

involved, that is, wheat (Triticum) and rye (Secale). The triticale 

hybrids are all amphidiploid, which means the plant is diploid for two 

genomes derived from  different species, in other words triticale is an 

allotetraploid. It is produced by doubling the chromosomes of the 

sterile hybrid that is produced using conventional plant breeding 

hybridizing techniques between wheat and rye. In earlier years most 

work was done on octoploid triticale; however, different ploidy levels 

have been created and evaluated over time. The octoploids showed 

little promise, but hexaploid triticale was successful enough to find 

commercial application (Mergoum et al., 2004). 

Triticale cultivars, grown for forage as well as for grains, can be 

classified into three basic types: spring, winter, and intermediate 

(facultative). Spring types exhibit upright growth and produce much 

forage early in their growth. They are generally insensitive to 

photoperiod and have limited tillering. Winter types are generally 

planted in the fall, but also can be planted in the spring in some 

situations. Winter types have prostrate type of growth in the early 

stages of development. In general, winter types yield more forage than 

spring types mainly due to their long growth cycle. Intermediate 
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(facultative) types, as the name implies, are intermediate to spring and 

winter types (Mergoum et al., 2004 and Salmon et al., 2004). 

Triticale, now a well-established crop internationally, is used for 

food, feed (monogastrics and ruminants), grazed or stored forage and 

fodder, silage, green-feed, and hay. In recent years, triticale has 

received attention as a potential energy crop and research is currently 

being conducted on the use of the crop biomass in bioethanol 

production. Interest in triticale has developed around two areas of 

potential use for the grain and its use as forage crop (Mergoum et al., 

2004). 

The first area of interest is for use as a feed grain because it has 

proven to be a good source of proteins, amino acids, and vitamin B. 

The protein content of triticale lines has ranged from 10% to 20% on a 

dry weight basis, which is higher than wheat. The amino acid 

composition of the protein is similar to wheat, but may be slightly 

higher in lysine (Myer, 2002 and Boros, 2002).  

The second area of interest for triticale grain is in developing it 

as a food grain cereal that would exhibit unique baking traits. As a food 

grain, triticale has also been recognized as a hardy crop capable of 

helping combat world hunger. Triticale has potential in the production 

of bread and other food products such as pasta and breakfast cereals 

(Pena, 2004). Protein is higher than that of wheat although the glutein 

fraction in less. 

Triticale can act as a soil improver, as its extensive root system 

binds erosion-prone soil and provides a good substrate for conversion 

into subsoil organic carbon by soil microbes (Salmon et al., 2004) 

Scientists and producers are interested in triticale because it is 

well adapted to harsh environmental conditions of high elevation, acid 
 ٤



soil, salinity and aluminum toxicity, drought, and waterlogged soils 

(Mergoum et al., 2004). Triticale also has greater tolerance to common 

wheat diseases than wheat (Horlein and Valentine, 1995). Triticale 

grain also is high in essential amino acids, which makes it more 

nutritionally valuable than wheat, although the baking quality is 

inferior to that of bread wheat (Horlein and Valentine, 1995). 

Therefore, triticale is a promising crop and a valuable genetic resource 

for transferring (‘‘bridge’’) desirable genes, particularly disease-

resistance genes, from rye to wheat. 

Salmon et al. (2002) discussed the importance of the high 

dietary fiber in triticale. High fiber content in food helps regulate blood 

glucose which is an advantage for individuals who are diabetic. 

Insoluble fiber assists in maintaining colon health and soluble fiber 

assists in reducing glucose release and absorption there by controlling 

blood cholesterol. In the same study, the lipid content of triticale was 

found to be significantly higher than in wheat. This is very important 

since components of the lipid fraction can have antioxidant activity and 

result in metabolic regulation of cholesterol. 

2. Chemical composition  

The chemical composition of triticale grain is essential for 

determining its potential end-uses. The nutritional aspects of grain 

composition are perhaps most important for feed uses of triticale, but 

the functionality of its grain components is critical for the manufacture 

of food products (particularly processed foods). 

The proximate chemical composition of triticale grain is closer 

to that of wheat than rye, except for free sugar content, which is higher 

than that of wheat and closer to that of rye. The wheat-like composition 
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of triticale is most likely due to the fact that it received two genomes 

from wheat and only one from rye. 

It was found that spring triticale contained protein (10.3-15.6%), 

starch (57-65%), crude fibres (3.1-4.5%), free sugars (3.7-5.2%), ash 

(1.4-2.0%) (Bushuk and Larter, 1980; Penaٌ and Bates, 1982; Johnson 

and Eason, 1988). 

Winter triticale contained proteins (10.2-13.5%), starch (53-

63%), crude fibre (2.3-3%), free sugars (4.3-7.6%), ash (1.8-2.9%) 

(Heger and Eggum, 1991). 

Spring wheat contained proteins (9.3-16.8%), starch (61-66%), 

Crude fibres (2.8-3.9%), free sugars (2.6-3%), ash (1.3-2%) Bushuk 

and Larter, 1980; Peaٌ and Bates, 1982 and Johnson and Eason, 1988). 

Winter wheat contained, proteins (11-12.8%), starch (58-62%), 

crude fibres (3-3.1%), free sugars (2.6-3.3%), ash (1.7-1.8%) (Heger 

and Eggum, 1991). 

Zacarías et al. (1982) analyzed six varieties of triticale and two 

varieties of wheat flours for their proximal composition. The protein 

content of triticale flours ranged from 7.2 to 11.0%, and that of wheat 

flours, was 10.8 and 10.9%. The biological quality of Tca 8-74, 

measured as PER in Wistar rats, was 1.14, while that of commercial 

wheat flour was 0.85 (P less than 0.05). Amino acid supplementation of 

triticale flour with 0.2% L-lysine or 0.4% DL-threonine did not 

improve the biological quality of the protein. Supplementation with 

both amino acids, however, significantly improved both weight gain 

and PER. The value for the latter was 2.59 as compared to 2.62 for the 

standard casein diet. A panification assay was carried out using 

triticale, wheat and triticale: wheat blends in the following proportions: 

1:0; 3:1; 1:1; 1:3; 0:1 (w/w) and all of the breads were tested for their 
 ٦



PER in rats. The PER for wheat bread and triticale bread was 1.05 and 

1.25, respectively. None of the breads made from the wheat and triticale 

blends improved its protein quality beyond that of the wheat or triticale 

breads. The results of this study indicated that triticale has a better protein 

quality than wheat; furthermore, it may be used either alone or mixed with 

wheat in panification without affecting its protein value. 

3. Amino acids 

One of the traits that initially made triticale attractive as a crop 

was its good protein nutritional value, particularly its high (for a cereal) 

lysine content, the main limiting amino acid in cereal grains (Kies and 

Fox, 1970 and Villegas et al., 1970). The high lysine levels found in 

the high-protein, shrivelled grain of early triticales have also been 

found in the plumper grain of cultivars that nonetheless showed lower 

protein contents (Johnson and Eason 1988; Mossé, et al., 1988 and 

Heger and Eggum, 1991). Actually, lysine content has generally been 

found to be higher when protein content is low (Mossé, et al., 1988). 

The amino acid compositions of triticale and wheat varieties are 

shown in Table (1), as mentioned by Varughese et al. (1996). 
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Table 1. Amino acid composition of triticale and wheat varieties. 

 Triticale   Wheat  Amino 

acid Dua  Towan UH 116 Lasko Lasko Caton Caton  Selekta  
Protein 11.1 12.9 12.2 9.7 13.4 8.6 13.2 13.7 
(N x 
5.7) 

        

Gly - - - 4.4 4.2 4.4 4.0 - 
Ala - - - 4.3 3.8 3.9 3.6 - 
Val 4.7 4.6 4.4 4.9 4.6 4.6 4.4 3.6 
Leu 6.6 6.4 6.0 6.4 6.4 6.8 7.0 6.5 
Ile 3.6 3.6 3.3 3.9 3.7 3.5 3.7 3.4 
Ser - - - 4.5 4.5 4.8 5.4 - 
Thr 3.4 3.3 3.0 3.5 3.2 3.2 3.2 2.8 
Tyr 3.1 3.0 2.9 2.9 3.2 3.1 3.3 3.4 
Phe 4.5 4.6 3.9 4.4 4.6 4.4 4.8 4.8 
Trp - - - 1.2 1.2 1.2 1.1 - 
Pro - - - 9.0 10.2 9.3 10.2 - 
Met 1.7 1.7 1.8 1.9 1.6 1.8 1.5 1.9 
Cys/2 2.5 2.6 2.6 2.7 2.6 2.6 2.6 1.9 
Lys 3.4 3.1 3.2 4.0 3.4 3.4 2.7 2.8 
His 2.3 2.3 2.5 2.3 2.2 2.4 2.3 2.5 
Arg 5.3 5.1 4.5 5.5 5.0 5.2 5.0 4.7 
Asp - - - 6.8 5.9 5.5 5.0 - 
Glu  - - - 25.2  26.8  25.9  30.6  - 

 

4. Proteins  

Triticale’s protein content is 10.0 to 16.0 percent and its NaCl-

soluble protein (albumins plus globulins) content is higher than that of 

wheat. The proportion of storage proteins (NaCl-insoluble) is lower in 

triticale than in wheat. Storage proteins interact to form gluten in 

wheat. Gluten quantity and quality are responsible for dough 

viscoelastic properties, which enable the production of a large variety 

of leavened and unleavened breads. The storage protein (NaCl-

insoluble) content of triticale is considerably lower than that of wheat, 

and only part of it forms gluten. In triticale, the portion of storage 

protein that does not form wheat-like gluten was inherited from rye. 

These differences in the amount and composition of storage proteins 
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are the main factors responsible for the inferior bread-making quality of 

triticale as compared to wheat. Triticale bread-making dough shows 

deficient viscoelasticity and poor handling properties, and yields breads 

with low loaf volumes and compact crumb. 

Triticale shows genetic variability for gluten content and gluten 

quality (Macri et al., 1986; Penٌa and Balance, 1987; Pena et al., 1987 

and Penٌa et al., 1998). There is a variability in gluten content and 

bread-making quality characteristics of two sets of triticale lines of 

contrasting bread-making quality and bread making quality variability 

at similar gluten content. In addition to gluten quantity, gluten quality 

is a major factor influencing the bread-making quality of triticale. 

The highest gluten content in triticale is still 20 to 30 percent 

below that of wheat, a situation that is difficult to improve substantially 

with the present gene pool of triticale. However, further improvements 

in gluten quantity and quality through chromosome transformation 

seem feasible. Lukaszewski and Curtis (1992) induced translocations in 

triticale genotypes involving bread wheat chromosome 1DL, which 

carries genes encoding for high molecular weight subunits of glutenin 

that contribute greatly to bread-making quality, and triticale group 1 

chromosomes. Quality evaluations of triticales carrying the 1DL gene 

pool (particularly the 1R.1D translocation) indicate that gluten quality 

in triticale can be further improved (Lukaszewski, 1998). 

Triticale has a lower susceptibility to diseases and pests which 

attack rye and wheat and this reduces the need of chemical protection 

against harmful agents (Pejin et al., 2009). The nutritional value of 

triticale is close to that of wheat and rye. Triticale flours have been 

found suitable for the manufacture of products like cookies and 

crackers (Aguirre et al., 2002; León et al., 1996 and Pérez et al., 2003). 
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Triticale flours have similar values of free sulfhydryl groups than those 

reported in wheat (León et al., 1996). Although triticale can be a 

suitable grain for human diet, the overall food market for triticale has 

remained very small (Salmon et al., 2008). An important factor that 

makes triticale suitable to be studied in terms of biodegradable films is 

that its production for this use purpose provokes less ethical concerns 

than the non-food use of bread cereals like wheat. 

Aguirre et al. (2011) developed triticale flour proteins based on 

solubility in water, water vapor permeability (WVP), and mechanical 

properties of triticale films were presented. The effects of thermal 

treatments and glycerol concentration were also evaluated. WVP values 

were in the range 010- 4.22x10-10gm-1s-1Pa-1. Tensile strength (TS) and 

percentage of elongation (% E) were in the range 2.9-0.20 MPa and 

250e110%, respectively. Total soluble matter (TSM), WVP, and % E 

decreased with the increase in the curing temperature. More plasticized 

films presented greater TSM, WVP, % E and lower values of TS. At a 

giving temperature (T) and glycerol concentration, an increase in 

relative humidity (RH) resulted in higher values of TSM, WVP, %E 

and lower TS values. It was observed that in films with the same 

treatments and conditioning, WVP increased with the increase in 

measurement temperature. Triticale proteins showed suitable film-

forming capacity for the formulation of biodegradable films. 

 

 

 ١٠



5. Grain milling 

Triticale can be milled into flour using standard wheat or rye 

flour–milling procedures (Kolkunova et al., 1983 and Weipert, 1986). 

However, the wheat milling process is more suitable for obtaining 

maximum triticale flour extraction rates, mainly because rye flour 

milling precludes the use of smooth rolls (smooth rolls tend to flake rye 

middlings due to their high pentosane content) thus reducing flour 

extraction rates. Early triticale lines tended to produce low flour yields 

due to long grains with a decrease and incomplete plumpness, which 

made it difficult to obtain high extraction rates of low – ash flours. 

More recent triticales possessing improved grain shape and plumpness 

have flour yields equal or closer to those of wheat (Amaya et al., 1986; 

Macri et al., 1986; Ullah et al., 1986 and Saxena et al., 1992). At low 

ash content, semi-hard and soft triticales show higher flour extraction 

rates than do hard triticales, which in this sense resemble durum wheat 

more than bread wheat (Amaya et al., 1986 and Saxena et al., 1992).  

One way to improve the milling performance of triticale is to 

mill wheat-triticale grain blends, as suggested by Pena and Amaya 

(1992). These authors found that blending wheat and triticale grains in 

a 75:25 ratio prior to milling produces flour yields equal to those of 

wheat milled alone. Although blending wheat and triticale may not be 

desirable when there is no shortage of wheat, it may be acceptable in 

countries aiming to reduce wheat imports. The milling quality of 

triticale should not be a constraint when it is used to produce whole 

meal and high-ash flour baking products. 
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6. Rheological characteristics of composite flours  

The mechanical and rheological properties of the dough exert 

promising effect on the overall quality of baked products (Blokshma 

and Bushuk, 1988). The arrangement and interaction of constituents 

(especially proteins) and the structure of materials are the responsible 

factors affecting the rheological properties (Bushuk, 1985). The final 

product quality depends upon the dough rheology taking place during 

the processing of the constituents (Lindahl, 1990). 

The nature of ingredients, their proportions, mixing time and 

beating conditions are responsible for the quality of batter which finally 

determines the baked product quality (Baixuli et al., 2007). The dough 

rheological properties are influenced by the structure of the aggregates 

and their tendency to interact with each other. Quality and quantity of 

the proteins affect the water absorption capacity of the dough (Finney, 

1984). The farinograph or mixograph are two most common methods 

used for measuring the rheological properties of dough during mixing 

(Mani et al., 1992). The mixing of flours results in the hydration which 

leads to the formation of gluten matrix. During mixing process, air is 

also incorporated into the dough system (Bushuk, 1985). The 

mixograph provides an indication of the mixing requirements of flour 

(Hoseney and Finney, 1974). The peak height depends on the gluten 

content of the wheat flour. The wheat variety Barani-83 of Pakistan 

showed higher gluten contents which resulted in the increase of peak 

height (Anjum and Walker, 2000).  

The rheological properties of the composite flours are 

significantly affected as the level of replacement of cottonseed flour in 

the wheat flour was enhanced (Bajwa, 1997). Similarly 10% 
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replacement of the defatted peanut flour in the wheat flour altered the 

water absorption capacity and extensibility of the dough mix (Rao and 

Vakil, 1980), while no significant effect on the peak height and mixing 

time was observed with the 10% addition of cotton seed flours in the 

two different types of wheat flours (Rasool, 2004). More water 

absorption with sticky dough is observed, as the fiber content of 

chapattis was increased and the mixing time of the dough was 

decreased (Ahluwalia and Kuar, 2001). Addition of cottonseed, peanut, 

safflower and soy flour in wheat reduced the mixing tolerance while 

increase in the water absorption was observed (Mathews, 1972). 

Rheological properties of wheat flour dough are of primary 

importance for successful manufacturing of bakery products (Amemiya 

and Menjivar, 1992 and Addo et al., 2001). The rheological properties 

of the dough change greatly during mixing and cooking where the 

starch granules and gluten proteins undergo structural changes via 

protein_protein and protein_carbohydrate interactions (Spies and 

Hoseney, 1982; Chinachoti et al., 1991 and Lim et al., 1992). Changes 

in rheological properties of wheat flours had been measured by dough 

testing instruments, such as farinograph, amylograph, mixograph and 

falling number. Mixograph studies revealed a range in the dough-

mixing strength among cultivars released during the past few decades 

(MacRitchie and Lafiandra, 1997 and Finney and Bains, 1999). 

The water absorption of composite flour containing 10% 

chickpea flour decreased significantly from 68.40% at (0 day) to 66.5 

% (60days) as a function of storage time (Shahzadi, 2004). Flaxseed 

mucilage is composed of mainly polymeric carbohydrates while 

galacturonic acid, rhammose, galactose, fructose, glucose are also 
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present in small quantities. It can help to improve the water absorption 

characteristics of the dough. The flaxseed may function as natural 

additive that retards the staling of the bread (Pohjanheimo et al., 2006) 

as its gum possesses excellent water binding capacity and technological 

benefits (Konecsni et al., 2005). The farinographic studies of bread 

prepared from wheat flour replaced with flaxseed flour  5, 10, 15, and 

20% showed that water absorption, dough development time and 

mixing tolerance index increased as the amount of flaxseed flour 

increased, while dough stability decreased at 10, 15 and 20% of 

flaxseed flour supplementation. The addition of 15 and 20% levels of 

flaxseed flour showed a decrease in the dough extensibility. The 

doughs containing 10, 15 and 20 % flaxseed flour exhibited resistance 

to extension comparable to that of control dough containing no flaxseed 

flour (Koca and Anil, 2007). 

Upadhyay et al. (2011) described the change in rheological and 

microstructural properties of wheat flour dough as a function of water 

and yeast content, and with addition of hydrocolloids. The rheological 

properties vary with the size of the bubbles and measurements were 

made on controlled shear/stress rheometer. Confocal laser scanning 

microscope (CLSM), accompanied with image analysis technique, was 

used to obtain microstructure of the dough. It was found that with an 

increase in water content the moduli values decreased and the mean 

bubble diameter increased. As concentration of yeast increased, the 

bubbles became smaller and the moduli values increased. Addition of 

hydrocolloids like sodium alginate and xanthan gum led to increased 

moduli values and generally caused the bubbles in the dough to shift 

towards narrower distributions. An inverse relation between bubble 

size and storage modulus is found. 
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7. Bread making properties  

Bread dough exhibits viscoelastic behavior, combining the 

properties of a purely viscous fluid and an elastic solid. Flour, water 

and yeast are essential ingredients in making dough. Each ingredient 

plays an important role in defining the structure and rheological 

properties of bread. The main components of the flour, such as the 

gluten and starch, clearly have a massive influence on the properties of 

the final product, but the presence of gas cells within the bread is also 

essential. The size and number of gas cells can vary greatly between 

bread types, and will change the sensory properties of the bread. For 

example, a standard thin loaf is characterized by numerous small gas 

cells, whereas baguette-type bread typically has fewer, larger gas cells 

(Wilde, 2003).  

Over fermented dough with its large cells, gives the baked item 

a moth eaten appearance and a coarse texture. Under fermented dough, 

in which the carbon dioxide was not properly distributed, results in a 

very dense loaf with thick cells, low volume, and a tough crust (Brown, 

2008). Dough aeration did not affect the rheology (Chin et al., 2009) of 

the static dough through physical presence of gas bubbles following 

mixing, but also affects the development of its rheological properties 

within the mixer, as the gas bubbles affect the rate of work input that 

develops the dough and the turnover of air that supplies oxygen to 

facilitate this development (Chin et al., 2005).  

Ozkoc et al. (2009) suggested that the addition of gums may 

influence the stability of gas bubbles by forming a thick layer on their 

surface and reducing the opportunity for coalescence of individual gas 

cells. Thus, each bubble remains a separate, discrete identity, resulting 

in a ‘stable morphology’. 
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The quality of the baked product was dependent on the protein 

content, loaf volume, crumb grain quality and texture of bread. Bread 

crumb comprises a network of gas cells that originate from gas bubbles, 

initially introduced into the dough during mixing. The final gas volume 

of bread can be over 70% of loaf volume and the size and number 

density of the gas cells can vary, resulting in huge differences in the 

texture and sensory properties of the final product (Scanlon and Zghal, 

2001). Crumb grain evaluation is based on several criteria like cell size, 

cell shape, cell wall thickness, etc. Several factors like air incorporation 

during dough mixing, mechanical handling of the dough and alteration 

of the gas–liquid interface by additives may affect the crumb grain of 

the product (Hayman et al., 1998). 

Seguchi et al. (1999) blended wheat flour with triticale flour and 

baking tests were performed. When 18.3% of triticale flour was blended 

with wheat flour, the greatest bread height (mm) and specific volume 

(cm3/g) were obtained. Triticale flour was fractionated into water soluble, 

gluten, prime starch, and tailings by acetic acid (pH 3.5) fractionation. 

Baking results indicated that only the water soluble fraction produced the 

same baking performance as the original triticale flour. Several types of 

triticale flour were blended with wheat flour, and the breadmaking tests 

and amylase activities were compared. Baking results appeared to be 

related to -amylase activity of triticale flour. 
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Doxastakis et al. (2002) added full fat lupin, soya and triticale 

flour to a medium strength wheat flour. The added flour was used to 

replace 5 and 10% w/w of wheat flour. The effects of lupin, soya and 

triticale flour supplementation on physical dough properties, such as 

water absorption capacity, dough development time, dough stability, 

crumb, porosity and bread structure and quality characteristics were 



studied. Lupin and soya flour, at 5 and 10% substitution levels, 

increased the stability and the tolerance index of the dough. The 

volumes of the breads decreased as the level of lupin and soya flour 

increased due to the dilution of the gluten structure by the added 

protein. In the case of triticale substitution, the volumes of the breads 

increased as the level of triticale flour increased due to the fortification 

of the gluten structure by the gluten added. Nevertheless, substitution, 

at 5 or 10%, gives parameter values at least as good as the control 

sample and produced an acceptable bread, in terms of weight, volume, 

texture and crumb structure. 

Ramírez et al. (2003) studied the triticale lines characterized a 

wide range of hardness, which presented correlation with baking 

quality parameters such as damaged starch and solvent retention 

capacity. All of the triticale lines contained friabilins on the starch 

granules. However, the correlation between hardness and friabilin 

content was not observed, suggesting that these proteins would not be 

directly involved in grain texture determination of triticale. 

Consequently, friabilin content did not possess any relation with cookie 

quality in triticale flours, but it could be related to breadmaking quality 

because it has a positive correlation with the sodium dodecyl sulfate 

sedimentation index. 

Serna-Saldivar et al.  (2004) evaluated the potential of triticale 

as a partial or total substitute for wheat in flour tortilla production by 

different mixtures of triticale and wheat flours were tested in a typical 

hot-press formulation. Both grains yielded similar amounts of flour. 

Wheat flour contained 1.5% more crude proteins, 1.6× more gluten, 

and produced stronger dough than triticale. 
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Coskuner and Karababa (2005) studied the effect of different 

levels of triticale flour on the rheological and sensory characteristics of 

a range of Turkish flat breads made with blends of triticale with two 

bread wheat cultivars (Kınacı 97 and Dagˇ das¸ 94). Wheat flour was 

replaced with triticale flour at 20, 40, 50, 60 and 80% levels. Bread 

samples were tested for shape and symmetry, crust colour, crumb 

colour and structure, mouth-feel, taste and aroma and flexibility. All 

bread types had high overall sensory scores and they were considered 

acceptable. Analysis of variance (ANOVA) and principal component 

analysis (PCA) showed that Dagˇ das¸ 94 and Triticale blends are more 

suitable than Kınacı 97 and Triticale blends for bazlama, yufka and 

lavash production. Results show that Triticale-wheat flour blends can 

be successfully used for the production of flat breads. Dough and 

sensory properties of triticale-wheat flour blends were highly cultivar 

specific and dependent on blend proportion. 

Peña and Amaya (1992) determined and compared the milling 

and baking performances of wheat (Triticum aestivum L)/triticale ( x 

Triticosecale Wittmack) grain blends (W /TCL-GB), with 25 or 50% 

triticale in the blend, were determined and compared with those of the 

two wheat and the two tritcale composite samples included in the W 

/TCL-GB. The milling performance of the W /TCL-GB resembled the 

wheat more than the triticale samples; therefore, the wheat/triticale co-

milling practice appears to be a good procedure to improve the milling 

performance of triticale. Bread loaf volume values for the W /TCL-GB 

flours were significantly higher (at 5% level) than those of the two 

triticales. When wheat of good breadmaking quality was used in the W 

/TCL-GB, up to 50% triticale could be substituted for wheat in the GB 

to produce flours with acceptable breadmaking quality. 
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Yaseen et al. (2007) evaluated triticale flour by a partial 

substitute for wheat flour in Egyptian balady bread and biscuit 

production. Effects of chemical, rheological and baking properties of 

wheat and triticale flours on bread and biscuit quality were examined. 

Wheat flour was partially replaced by triticale flour at ratios of 20, 30, 

40, and 50%. Water absorption, mixing tolerance index and dough 

weakening increased but dough development time and stability 

decreased by increasing the level of triticale flour. The substitution of 

wheat flour with triticale at different levels minimized extensibility and 

dough energy. Triticale flour had a lower falling number than wheat 

flour, indicating higher amylase activity. Baking properties and sensory 

evaluation tests showed that 50% of wheat flour could be replaced with 

triticale flour still providing a good quality of Egyptian balady bread 

and biscuits. Alkaline water retention capacity as an indicator for 

staling test revealed that wheat bread was better than wheat-triticale 

bread regarding freshness. 

Naik et al. (2009) investigated four bread wheat (PBW-138, 

PBW-299, PBW-343 and PBW-373), two durum wheat (PDW-215 and 

PDW-233) and two triticale cultivars (TL-419 and TL-1210) for 

physicochemical, milling and dough-handling properties for predicting 

end-use quality. Physical properties of durum wheat (PDW-215) and 

bread wheat (PBW-138, PBW-299 and PBW-343) cultivars were better 

than other wheat, durum and triticale cultivars. The compositional 

analysis revealed nonsignificant differences between the different 

cultivars; however, starch observed significant variation for different 

varieties. Particle size distribution indicated that triticale flours showed 

lower particle size than wheat and durum wheat. Dough-handling 

studies revealed triticale flours to be the weakest, while bread wheat 
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flours were observed to be intermediate between durum and triticale. 

Among all the varieties, the bread wheat (PBW-138) variety was 

observed to be best, followed by PDW-215 durum wheat variety. 

Strong correlations were observed between physicochemical and 

dough-handling parameters, which can be used as quality parameter for 

suitable end-use. 

Jonnala et al. (2010) found that introduction of high molecular 

weight glutenin subunits (HMW-GS) from the Glu-D1d locus of wheat 

into triticale restores the genetic constitution of high molecular weight 

glutenin loci to that of wheat and subsequently improves the 

breadmaking quality of triticale. One means of achieving such 

restoration of the genetic constitution is through the use of translocation 

lines. They studied  the performance of translocations 1A.1D and 

1R.1D with HMW-GS 5+10 and 2+12 in terms of physical dough tests 

and baking quality using four different sets of triticale lines, GDS7, 

Trim, Rhino, and Rigel. In general, significantly lower milling quality 

(flour yield), very low mixing times with lower loaf volume were 

typical of all the triticales studied except 1A.1D 5+10 lines, when 

compared to hard wheat flour (Pegaso). Among the lines studied, 

significantly higher loaf volume, mixograph dough development time 

(MDDT), and maximum resistance to extension (Rmax) were observed 

with 1A.1D 5+10 lines indicating that translocation of the Glu-D1d 

allele with HMW-GS 5+10 was beneficial in terms of improving the 

quality attributes. Although pure triticale flour from these lines did not 

possess the functional characteristics for good quality bread, the 

translocation 1A.1D that contains HMW glutenin subunits 5+10 

showed significant improvement in quality characteristics, and could 

reasonably be expected to yield commercially satisfactory bread loaves 
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when combined with bread wheat flour. Significantly higher UPP, 

Rmax, and MDDT values along with a lower gliadin-to-glutenin ratio 

in 1A.1D 5+10 of GDS7 and Rigel sets indicate that the molecular 

weight distribution was shifted to higher molecular weights, resulting 

in greater dough strength associated with 5+10 subunits. 

Triticale flour significantly reduced optimum water absorption 

and mix time of blends. Flour tortillas with 100% triticale absorbed 8% 

less water and required 25% of the mix time of the control wheat flour 

tortilla. The yield of triticale tortillas was lower than the rest of the 

tortillas due to lower moisture content and water absorption. Triticale 

dough balls required less proofing and ruptured during hot pressing, 

thus producing defective tortillas. The 50:50 flour mixture produced 

doughs with acceptable rheological properties and good quality 

tortillas. Addition of 1% vital gluten to the 75:25 triticale-wheat flour 

mix or 2% to the 100% triticale flour significantly increased water 

absorption and mix time and improved dough properties and tortilla 

yields. Textural studies indicated that increasing levels of triticale flour 

reduced the force required to rupture tortillas. For all tortilla systems, 

rupture force gradually increased, and extensibility decreased during 

seven days of storage at room temperature; the highest rate of change 

occurred during the first day. Sensory evaluation tests indicated that 

triticale could substitute for 50% of wheat flour without affecting 

texture, color, flavor, and overall acceptability of tortillas. For 

production of 100% triticale flour tortillas, at least 2% vital gluten had 

to be added to the formulation (Serna Saldivar et al., 2004). 

Kara et al. (2010) carried out a research to determine the 

advantages of mixed cropping of bread wheat (BW) and triticale (T) 

compared to pure cropping, during three cropping years, under the East 
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Mediterranean Region of Turkey. Bread wheat and triticale mixtures 

were arranged in a ratio as 100:0, 80:20, 60:40, 40:60, 20:80 and 0:100. 

Sowing rates were 550 seeds m2 for all plots. According to the results, 

grain weight per head (GW H-1), grain number per head (GN H-1), 

ratio of grains in mixed cropping (RGMC) of BW, protein ration (PR) 

and dry gluten (DG) amount of products were significantly decreased 

by increasing of plants in the mixed cropping plots, compared to pure 

cropping of BW. Triticale was the highest yielding (9250 kg ha1) 

component of mixed cropping. Contributions of triticale plants were 

also significant for grain yield of mixtures. In addition, relative yield 

total (RYT) and indices of inter-specific competition (Rbwt and Rtbw) 

indicated that, mixed cropping of BW and T did not possess any 

advantages for GY over the pure cropping of triticale. 

Vaca-Garcia et al. (2011) evaluated the effect of partial 

substitution of nixtamalized corn flour for triticale flour in functional 

properties of dough and tortillas was studied by seven blends of refined 

triticale and nixtamalized corn flour (NCF) were tested in a traditional 

process of tortilla production. Triticale flour significantly reduced 

water absorption of dough, tortillas cooking time and yield. NCF-

Triticale flour blends for making tortillas using water to 80 _C 

improves the consistency and cohesiveness of dough. A mix containing 

more than 25 g of triticale flour per 100 g of flour develop inadequate 

adhesiveness of the dough, which is inconvenient when using the 

manual press. The extensibility of tortilla blends was lower than pure 

NCF tortillas. The advisable proportion for triticale flour used as a 

partial substitute of nixtamalized corn flour was 100 g kg-1 (flavor, 

color, texture and an acceptable adhesiveness). 
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8. Effect of gamma-ray irradiation 

In recent decades, use gamma irradiation in agricultural products 

(e.g. cereals, dehydrated vegetables, meat, seafood) to sterilize and 

control pests to prolong shelf-life and reduce health hazards has 

increased (Lutter, 1999). Irradiated foods have been confirmed to be 

wholesome and nutritionally adequate and safe for human consumption 

even with doses above 3 kGy (FOA, 1991 and 1999).   

Aguirre et al. (2006) evaluated the effects of radiation 

conditions and nitrogen (N) availability on triticale. The relationship 

between shading (S) and N supply and their effect on the industrial use 

of triticale flour were studied. Incident radiation/shade conditions 

affected all the parameters measured. Nitrogen supply influenced yield, 

protein content, sodium dodecyl sulphate-sedimentation index (SDS-

SI), alkaline water retention capacity (AWRC), cookie factor and 

diameter of four cookies (D4C). The proportion of proteins of high 

molecular weight was increased with nitrogen supply and pre-anthesis 

shade, while post-anthesis shade increased proteins of lower molecular 

weight. The interaction between variety and N supply was significant 

for yield, SDS-SI and AWRC. Only yield and specific weight were 

affected by N × S interaction. Significant effects of the interaction of 

variety, N supply and shade conditions were observed for specific 

weight. 

Previous investigations (Yu and Wang, 2006; and 2007) have 

shown that gamma irradiation may change the structure of large 

molecules (e.g. starch, protein and fat) and influence the drying 

characteristics and nutritional quality of wheat. That change in 

molecules’ structure can also affect the enzymatic chemiluminescent 

reaction (Diehl, 1990). 
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Wang and Yu (2009) performed ultra-weak luminescent analysis 

as a new way to detect the irradiation dose and the vigour of irradiated 

wheat. Wheat grain and wheat flour were used in this research for ultra-

weak luminescent analysis. The experimental data showed that the 

bioluminescence intensity of wheat grain sample was different with 

increasing storage time and increasing dose, and a similar trend was 

appeared in the germination rates of irradiated wheat grain. It was 

found that the differences in bioluminescence intensities and 

germination rates of irradiated wheat grain at different doses and 

storage times were due to the effect of irraditation on the wheat embryo 

and self-repair during storage. As a result, ultra-weak luminescent 

analysis cannot be used to detect the irradiation dose of irradiated 

wheat, but it can be used to determine vigour. Experiments showed that 

the irradiation dose had a highly significant effect on the 

bioluminescence intensities of wheat flour when cane sugar was added.  

Gamma irradiation is a new processing method for post-harvest 

grain to sterilize and control pests as mentioned by Lutter (1999). The 

irradiated foods are confirmed to be wholesome and nutritionally 

adequate and safe for human consumption (FAO, 1991 and 1999). At 

present, technique of gamma irradiation is permitted for various food 

products in more than 40 countries (Lutter, 1999). However, in several 

other countries, bans or no regulations prevail, i.e. there is no uniform 

legislation. The reason for that is mainly, the effects of gamma 

irradiation on qualities of food products were not entirely investigated. 

It had been testified that, the use of gamma irradiation on cereal grain 

also could result in quality alteration because of change in the molecule 

structure of some of its components. The previous investigations (Yu 

and Wang, 2006 and 2007) showed that the amylase activity of rice 
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was decreased and its gel consistency and gelatinization temperature 

were increased with the increasing irradiation dose. Is this case gamma 

irradiation generates free radicals and is capable of hydrolyzing 

chemical bonds, thereby cleaving large molecules into smaller 

fragments of dextrin, such as proteins (Pinto et al., 2004 and Lee et al., 

2005) and fat (Kwon et al., 2000 and Seisa et al., 2004). However, the 

effects of gamma irradiation before wheat drying on the 

physicochemical properties of wheat flour and especially the starch 

granule structure of wheat grain were few studied. 

Wang and Yu(2009a) studied the effect of gamma irradiation on 

the physicochemical properties of flour and starch granule structure of 

wheat to non-irradiated wheat. The moisture content of wet gluten and 

titratable acidity of wheat flour were significantly affected by gamma 

irradiation. This treatment also destroyed the starch granules of wheat 

grain and their breakage augmented as the dose of gamma irradiation 

increased, apparently resulting in the increase of small starch granules. 

Probably, these results were due to the disruption of large molecule, 

such as proteins, lipids and starch. The irradiated wheat flour for RVA 

pasting properties (flour viscosity) was also evaluated. Besides the 

difference in RVA profile, starch pasting curves showed a considerable 

decrease for six main parameters as gamma irradiation dose at different 

velocity increased. 
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Teixeira et al. (2012) determined the influence of gamma 

radiation on technological characteristics of wheat (Triticum sativum) 

flour and physical properties of pan breads made with this flour. The 

bread for mulation included wheat flour, water, milk, salt, sugar, yeast 

and butter. The -amylase activity of wheat flour irradiated with 

1,3 and 9 k Gyina Gammacell 220 (AECL), one day, five days and 



one month after irradiation was evaluated. Deformation force, 

height and weight of breads prepared with their radiated flour were 

also determined. The enzymatic activity increased reduction of 

falling number time as radiation dose increased, their values being 

397s (0 kGy), 388s (1 kGy), 343s (3 kGy) and 293s (9 kGy) 

respectively, remaining almost constant over the period of one month. 

Panbread sprepared with irradiated wheat flour showed increased 

weight. Texture analysis showed that bread made of irradiated flour 

presented an increase in maximumde formation force. The results 

indicate that wheat flour ionizing radiation process in gmay confer 

increased enzymatic activity on bread making and depending on the 

irradiatin dose, an increase in weight, height and deformation force 

parameters of pan breads made of it. 

Darfour et al. (2012) determined the physical, proximate, 

functional and pasting properties of flour obtained from gamma 

irradiated cowpea. Four cowpea cultivars were irradiated with gamma 

radiation at dose levels of 0.25, 0.5, 0.75, 1.0 and 1.5 kGy with the 

unirradiated cultivars serving as controls. The samples were hammer 

milled, sieved and stored at 41oC for analysis. Physical, proximate, 

functional, pasting properties were determined using appropriate 

methods. In general, the irradiation dose applied to cowpea for insect 

control did not significantly affect the physical and proximate 

properties of the flour. However, significant increase (p<0.05) was 

achieved in paste bulk density, water and oil absorption capacities, 

foam capacities and least gelation concentrations of flour in general, 

which may be attributed to the irradiation. The radiation reduced the 

swelling power and water solubility index significantly. The peak 

temperature, peak viscosity and setback viscosity of the pastes were 
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significantly (p<0.05) reduced while break down viscosity was 

significantly (p<0.05) increased by the radiation. It was established that 

the doses used on cowpea affected both the functional and pasting 

properties of the flour. 

Lu et al. (2012) found that gamma-irradiation of potato tubers at 

a dosage of 0.1 kGy induced some degradation of starch molecules, 

resulting in earlier swelling of starch granules, and greater extents of 

amylose and total carbohydrate leaching.  
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MATERIALS AND METHODS 

1. MATERIALS  

a. Triticale 

One variety of triticale (Sakha 53) grains was obtained from 

Sakha Agric. Research Center, Kafr El-Shiekh.             

b. Wheat 

One variety of bread wheat (Sakha 69) was obtained from Sakha 

Agric. Research Station Wheat Research Dept., Field Crops Research 

Institute, Agric. Research Center. 

c. Yeast 

The type of yeast used in this study was fresh Saccharomyces 

cerevisiae baker's yeast obtained from local market. 

d. Salt 

Sodium chloride was obtained from local market and used at 1% 

(w/v) level.  

2. METHODS  

a. Technological characteristics of grains 

(1) 1000 kernels weight 

Triticale grains were carefully cleaned and broken grains and 

extraneous matter, were discarded. Thousand grains weight was 

determined according to Zink (1935). 

2. Specific weight 

Grain density was carried out by using a graduated cylinder (250 

ml) which was tarred and gently filled with a quantity of the extrudate 

the bottom of the cylinder was repeatedly tapped gently on a laboratory 

bench until there was no further reduction of sample volume and 
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weights were recorded and used to calculate the weight of sample until 

volume (kg/100l) as described by Park et al. (1993).  

3. Vitreousity determination 

Some kernels taken randomly were cut at the middle of the 

kernel and vitreousity  of grain was determined under binocular (ten 

kernels were taken for each determination) following the procedure of 

A.A.C.C (2000). 

4. Preparation of Bread (Straight dough) 

The formula used for preparation of Egyptian bread was as 

follows: 

1. Flour  100g 

2. Water (80 – 90%) 

3- Salt 1% 

 

Yeast was added according to the aforementioned substances, 

thoroughly mixed by hand for 4 min, the dough was completely mixed 

in a laboratory mechanical mixer (1000 rpm) for 15 min and then the 

dough was allowed to stand for 15 min in the fermentation cabinet. The 

fermentation temperature was adjusted at 30 ± 2O C and relative 

humidity of 80 – 85%. Then, the dough was cut into pieces (100 g 

each). The pieces were placed in the fermentation cabinet for 15 min. 

After incubation, the loaves were proofed for 90 min and then baked in 

an experimental oven (locally manufactured) at about 400-500o C for 

1–2 min. 

The baked loaves were directly kept after cooling at room 

temperature, weighed and their physical and chemical properties were 

determined using the traditional methods as follows. 
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b. Chemical composition 

 1. Moisture  

Finely ground sample (2g) was dried to constant weight in an 

oven at 130oC till constant weight according to A.O.A.C (2000). 

 2. Ash 

A known weight of ground sample (2g) was ignited in muffle 

furnace at 550 oC till a constant weight was reached (A.O.A.C, 2000). 

 3. Crude proteins  

The crude protein was determined using Kjeldahl method as 

follows. A sample (1g) was digested with concentrated sulphuric 

acid (25ml, 0.1 N) in the presence of a catalyst mixture 

(anhydrous potassium sulphate and copper sulphate in the ratio of 

9:1, respectively). After digestion and cooling, the solution was 

treated with an excess of sodium hydroxide solution (50 ml., 50% 

w/v). The ammonia was received into boric acid (50 ml., 2.427 N) 

and titrated with sulphuric acid (0.1 N standard solution) A.A.C.C. 

(2000). 

x100
(g) Sample

7)xNx14.006V(V
Nitrogen % bs   

Vs= Actual determination in ml. of H2SO4. 

Vs= Blank determination in ml. of H2SO4. 

N= Normality of H2SO4. 

% Crude proteins = % nitrogen x 5.7 

4. Crude lipids 

   Crude fat was determined by extraction with hexane for 24 

hours in a soxhlet apparatus, the solvent was removed by distillation in 
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rotary evaporator and the residue crude fat was weighted A.O.A.C 

(2000). 

5. Crude fibers 

 Crude fiber was determined according to the method described 

by A.O.A.C (2000). A known weight of the ground sample (2g) was 

mixed with sulphuric acid (200 ml, 1.25 N). The mixture was boiled 

under reflux condenser for 30 mintues and filtered through a goach 

crucible provided with asbestos mat, then thoroughly washed with 

distilled water. The residue and the asbestos were bolied with aqueous 

sodium hydroxide solution (200 ml, 1.25 N) for 30 minutes, and then 

filtered through a goach crucible as described above. The residue was 

washed with distilled water then dried at 60oC overnight to a constant 

weight which subtracted from the weight of sample to give the crude 

fiber content.  

6. Total and available carbohydrates  

    Carbohydrate content was calculated by difference: 

- Total carbohydrates=100 (crude proteins + crude lipids + ash). 

- Available carbohydrates=100-(crude proteins + crude lipids + 

crude fibers + ash).  

c. Grain milling  

  Triticale was milled in a laboratory mill (1KA-Laboratechnic, 

Janke and Kunkel type: MFC, Germany) to obtain triticale flour.  

 

d. Rheological properties 

1. Farinograph test  

Farinograph test was carried out according to A.A.C.C. (2000) 

to determine the water absorption, arrival time, stability time, dough 

development time and dough weakening of wheat flour. Three hundred 
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grams of flour (14% moisture base) were placed in the farinograph 

bowl; the burette was filled with water at room temperature, and was 

set at zero adjustment. The machine was set at low speed (32 

cycles/min) and run for one minute until zero-minute line was reached. 

Water was added immediately to the side of the bowel from the burette, 

nearly to the volume expected to be the right absorption of flour. When 

the dough was beginning to form, sides of the bowel were scraped 

down. When the mixing curve leveled at a value larger than 500 

Brabender units (B.U.), more water was added and the bowel was 

covered with a glass plate to prevent evaporation. Subsequent titration 

was continued to adjust the absorption curve at 500 B.U. For final 

titration the total volume of water was added within 25 seconds after 

opening burette's stopcock. An absorption value was corrected to the 

nearest 0.1 % and was calculated on 14% moisture basis by means of 

the following equation. 

3

300)Y(X
%Absorption




 

Where X = ml of water required to produce curve with 

maximum consistency entered on 500 B.U. line.  

Y = grams of flour equivalent to 300 gram 140/0 moisture basis. 

2. Extensograph test  

Extensograph test was carried out on wheat flour of 82% 

extraction rate) to determine energy (cm2), extensibility (mm), 

maximum resistance to extension (B.D) and proportional number 

according to the method described in the A.A.C.C. (2000) which could 

be summarized as follows. A normal run of Farinograph was made in 

order to estimate the water absorption capacity of the flour. The 

distilled water containing 6 grams of salt was added to 300 grams of 
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flour (on modified moisture base 14%) to form dough having 

consistency of 500 B.U. The ingredients were then mixed for one 

minute and the mixing was stopped after 5 minutes of rest, mixing was 

resumed and continued until the full development time of the 

farinograph. When mixing was completed dough of 150 grams was 

scaled off and was given 20 revolutions in the extensograph rounder.  

The dough ball was carefully centered on the shaping unit and 

rolled into a cylindrical test piece, which was then clamped in "a highly 

greased dough holder and stored in humidified chamber for testing. The 

remainder of the dough in the Farinograph mixer was used for replicate 

tests. After rest period of nearly 45 minutes from the shaping operation, 

the tested sample was placed on the balance arm of the extensograph 

and pen was adjusted horizontally on zero line on chart. At exactly 45 

minutes from the end of the shaping operation, the stretching hook was 

started. It was stopped when the test piece broke. After that, the dough 

was removed from its holder, reshaped and allowed a rest period of 45 

minutes, and then stretched again. By repeating this procedure, the 

dough was tested at 45 minutes, 90 minutes and 135 minutes total time. 

For evaluating the results of the extensograph tests the following 

measurements were made on the extensograph of the test period of 135 

minutes: resistance to extension, extensibility and area under curve 

(energy cm2). 

e. Bread baking techniques 

f. Sensory evaluation   

Each type of balady bread was evaluated by ten panelists from 

the Staff of the Cereal Technology Science Section (Atomic Energy 

Commission). The scoring scheme was as follows: 
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General appearance             0 – 15 score 

Crust color                           0 – 15 score 

Crumb color                         0 – 15 score 

Distribution of crumb          0 – 15 score 

Crumb texture                      0 – 20 score  

Flavor 0 – 20 score 

Total score   0 – 100 score 

Visual scoring of all bread was done on a numerical basis 

ranging from 1 – 10. The average score for each quality attribute was 

converted to a descriptive category, according to the following:  

Very good 90 – 100 (III) 

Good 80 – 89 (II) 

Satisfactory 70 – 79 (I) 

Questionable less than 70 (0) 

The determined traditional quality attributes of balady bread 

were:  

General appearance: This is one of the most important properties 

of loaf. Consumers are attracted to a bread loaf which is large in 

volume and diameter, and of well separated layers. 

Crust color: The color of the crust is mainly influenced by the 

ingredients and the fermentation process and intensity of Maillard 

reaction. The color varies from dull light brown to shiny golden brown. 

Texture: Texture refers to the evenness of vesiculation and the 

uniformity of the hole size distribution in the crumb of the loaf.  

Flavor (odor): Odor is not a quality attribute which can be standardized 

and not influenced by the ingredients. This property depends basically 

on the type of fermentation, handling and the method of baking. Each 
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district or region has its own ideas and preference. Odor judgment is 

purely subjective. 

g. Storage tests  

was stoppered and shaked until all flour become wet, then the 

mixture was left for 20 min with shaking every 5 minutes. The contents 

were then centrifuged at 2500 xg. for 15 min. After centrifugation, the 

supernatant was decanted and the precipitate was left for 10 min at 45 

angle (to get rid of free water). The experiment was duplicated and 

average gain of the two runs was multiplied by 20 (to give alkaline 

water retention capacity in percent).  

h. γ-Irradiation for triticale grains  

Triticale grains were irradiated using γ-ray (2.5 KGy, 5 KGy, 

7.5 KGy).  The irradiated grains were analyzed before storing and after 

storing for 6 months. 

 

i. Statistical analysis  

The results of chemical composition for flours and bread were 

statistically analyzed using the methods described by Snedecor and 

Cochran (1980). 
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RESULTS AND DISCUSSION 
 

Triticale production is gradually increasing in agriculture due to 

spreading of new improved cultivars. There are a number of researches 

indicate that triticale and bread wheat cultivars may be used for flour 

production by mixing at different ratios. The use of triticale in bread 

making seems more feasible in wheat-triticale flour blends. 

The triticale have some variations in technological properties of 

grains and flour when compared to wheat as well as comparison 

between Sakha (53) Tritical and wheat Sakha (69). In this work, the 

physiochemical characteristics, chemical composition and rheological 

properties of triticale and wheat grains and their flours and breads were 

studied throughout this thesis. The obtained results are shown under the 

following titles. 

1. Physicochemical characteristics 

Data presented in Table (2) show that 1000-kernels weight in 

wheat (36.93g) was higher than that of triticale grains (32.96g). This 

result is in agreement with that found by Naik et al. (2009) who found 

that durum wheat cultivar PDW-215 showed the highest amount 

(48.53g) compared with triticale (39.95g). The vertrousity in wheat 

(61.12%) was higher than that in triticale (45.67%). 

The hectoliter weight (kg/hl) was higher in triticale grains 

(78.77kg/hl) than that in wheat grains (77.25kg/hl). This result is in 

disagreement with that found by Naik et al. (2009) who found that 

durum wheat cultivars PDW-215 has the highest amount (83.99kg/hl) 

compared with triticale (68.94 kg/hl). The vitreousness percentage in 

triticale grains was lower than that in wheat grains as reported by 

Bushuk and Larter (1980). 
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Table 2.Technological characteristics of triticale and wheat grains. 

Sample  
 
Test  

Triticale Wheat 

1000 Kernels (g) 32.96 36.93 
Vetrousity (%) 45.67 61.12 
Hectoliter(Kg/hl) 78.77 77.25 

 

The extraction percent presented in Table (3) indicates that it 

was 55.98%, 34.53%, 9.49% for flour, bran and shorts, respectively in 

triticale while in wheat it was 63.89%, 27.22% and 8.89% respectively. 

It is clear that the extraction percent for wheat flour was high while 

wheat brain and shorts were lower than those of triticale.  

Table 3. Extraction ratios of triticale and wheat grains. 

Sample 
 
Component 

Triticale Wheat 

Flour (%) 55.98 63.89 
Bran (%) 34.53 27.22 
Shorts (%) 9.49 8.89 

 
2. Chemical composition of grains 

The chemical composition of triticale and wheat grains is shown 

in Table (4). There were little differences between wheat and triticale in 

chemical composition of grains. Triticale grains had slightly lower 

contents of fats (2.09%), proteins (13.05%), moisture (10.51%), than 

those of wheat (2.74, 13.68 and 10.94%), respectively. While the ash 

and total carbohydrates were higher in triticale grains (1.72% and 

83.14%) than those of wheat grains (1.51% and 82.07%). 

These results are in agreement with those found by Khan and 

Rashid (1987) who found that triticale grain contained 14.1% proteins, 

2.6% fats and 2% ash compared with wheat; 11.2%, 2.2 and 1.6, 

respectively. These results are in harmony with those of Macri et al. 
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(1986) who mentioned that triticale grains had lower protein content 

than wheat grains. While, Lorenz et al. (1972) mentioned that triticale 

grains were generally higher in proteins than the wheat. 

Table 4.Chemical composition of triticale and wheat grains. 
Component   Triticale grains 

(%) 
Wheat grains 

(%) 
Moisture (FW basis) 10.51  10.94 
Crude proteins (DW basis) 13.05  13.68  
Total fats (DW basis) 2.09  2.74  
Total carbohydrates (DW basis) 83.14  82.07  
Ash (DW basis) 1.72  1.51  
 
3. Chemical composition of triticale and wheat flours 

Chemical composition of triticale and wheat flours is shown in 

Table (5). Wheat flour had higher contents of proteins (11.30%) and 

carbohydrates (86.37%) than those of triticale (9.3% and 85.45%, 

respectively). While triticale flour had higher contents of ash (1.04%), 

fats (1.93%), crude fiber (2.28%) than those of wheat flour (0.58%, 

0.90% and 0.85%, respectively).  

 These results are different from those of Naik et al. (2009) who 

found that triticale flour contained 12.37% and 1.07% compared with 

durum wheat (11.57% and 0.74%) proteins and ash, respectively. 

 Also, Yaseen et al. (2007) found that triticale flour contained 

10.02%, 9.37%, 1.19% and 0.75% compared with wheat flour 12.77%, 

11.23%, 1.77% and 0.96% moisture, proteins, fats and ash, respectively. 

Lorenz et al. (1972) mentioned that the wheat flour had a higher 

protein content than the triticale flour as found in the present results. 

Pena and Balance (1987) found 11.3%, 0.56% and 0.64% compared 

with wheat flour content of 12.6%, 0.46% and 1.13%, proteins, ash and 

fats, respectively. 
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Table 5. Chemical composition of wheat and triticale flour. 
Component  TF 

(%) 
WF 
(%) 

Moisture (FW basis) 12.52 12.25 
Ash (DW basis) 1.04 0.58 
Crude proteins (DW basis) 9.30 11.30 

Crude fats (DW basis) 1.93 0.9 

Crude fibers (DW basis) 2.28 .085 

Available Carbohydrates (DW basis) 85.45 86.37 
TF= triticale flour ,  WF= wheat flour 
 

4. Chemical composition of different blends of triticale and wheat 
flour 

Different blends were prepared from wheat and triticale flour at 

different ratios (10, 20, 40% triticale with 90, 80, 60% wheat) and their 

proximate analysis before and after storing are shown in Tables (6,7). 

It is clear that the different proximate parameters are an 

intermediate between those of pure flour depending on the quantity of 

every flour. Then, the rheologocal properties of the different blends are 

more important for bread making. 

5. Effect of storing on γ-irradiated triticale grains 

Data in Table (8) show that there were slightly differences 

between different estimated parameters in irradiated grains (2.5, 5, 7.5 

KGy) before and after storing for 6 months. These results are different 

from those of Wang and Yu (2009) who investigated the effect of 

gamma-ray irradiation on the physicochemical properties of the flour 

and starch granule structure of wheat. They found that the irradiation 

dose induced a highly significant effect on wet gluten content (WGC) 

and moisture of wet gluten content (MCGC), but had no effect on dry 

gluten content (DGC). 
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Table 6. Chemical composition of wheat flour - triticale flour blends 
Blend 

mixture 
Moisture Ash Crude 

proteins 
Crude 

fats 
Crude 
fibers 

Available 
carbohydrates 

W1T0F 12.28 0.63 11.20 1.003 0.994 86.17 
W1T1F 12.21 0.63 11.11 1.002 0.993 86.26 
W1T2F 12.14 0.64 11.10 1.012 0.991 86.25 
W1T3F 12.11 0.63 11.00 1.00 0.99 86.38 
W2T0F 12.25 0.67 10.90 1.106 1.136 86.18 
W2T1F 12.23 0.67 10.81 1.102 1.125 86.29 
W2T2F 12.22 0.65 10.75 1.101 1.120 86.38 
W2T3F 12.11 0.67 10.70 1.10 1.11 86.38 
W3T0F 2.36 0.93 10.50 1.322 1.26 85.99 
W3T1F 12.34 0.92 10.30 1.321 1.24 86.22 
W3T2F 12.31 0.92 10.10 10.310 1.22 86.22 
W3T3F 12.26 0.91 10.10 1.300 1.21 86.49 

TF=Triticale flour ,  WF=Wheat flour 
W1=10%triticale flour + 90% wheat flour 
W2=20%triticale flour + 80% wheat flour 
W3=40%triticale flour + 60% wheat flour 
T0=Triticale flour fresh 
T1=Triticale flour coefficient of gamma dose of 2.5 KGy 
T2= Triticale flour coefficient of gamma dose of 5 KGy 
T
 3= Triticale flour coefficient of gamma dose of 7.5 KGy 

Table 7. Chemical composition of wheat flour - triticale flour  blends 
after storage for 6 months. 

Blend 
mixture 

Moisture Ash Crude 
proteins 

Crude 
fats 

Crude 
fibers 

Available  
carbohydrates 

W1T0sF 11.94 0.14 10.55 0.71 0.92 87.68 
W1T1sF 11.93 0.014 10.54 0.80 0.91 87.73 
W1T2sF 11.91 0.013 10.52 0.78 0.98 87.70 
W1T3sF 11.90 0.014 10.50 0.93 0.87 87.86 
W2T0sF 12.124 0.69 10.54 0.90 1.034 86.83 
W2T1sF 12.122 0.69 10.53 0.89 1.021 86.80 
W2T2sF 12.110 0.69 10.43 0.85 1.011 87.01 
W2T3sF 12.100 0.69 10.40 1.152 1.00 86.39 
W3T0sF 12.498 0.78 10.59 1.141 1.08 86.49 
W3T1sF 12.471 0.78 10.53 1.130 1.27 86.29 
W3T2sF 12.450 0.78 10.50 1.120 1.23 86.37 
W3T3sF 12.410 0.78 10.49 1.87 1.11 85.75 

TF=Triticale flour ,  WF=wheat flour 
W1=10%triticale flour + 90% wheat flour 
W2=20%triticale flour + 80% wheat flour 
W3=40%triticale flour + 60% wheat flour 
T0s=Triticale flour fresh after storage 6 months 
T1s=Triticale flour coefficient of gamma dose of 2.5 KGy after storage for 6 months 
T2s= Triticale flour coefficient of gamma dose of 5 KGy after storage 6 months 
T3s= Triticale flour coefficient of gamma dose of 7.5 KGy after storage 6 months 
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No significant effect of the gamma irradiation on the ash content 

of wheat flour was observed. Generally, potassium, phosphorus, 

magnesium, and other minerals, are the main components of ash and 

probably they are not affected by this treatment (Ciesla and Eliasson, 

2003; Pinto et al., 2004 and Seisa et al., 2004).  

The disruption of protein molecules caused by irradiation can 

only induced, however, it did not affect the amount of proteins (Pinto et 

al., 2004; Lee et al., 2005). The current experiment confirmed this 

result. In fact, the anova analysis showed no significant effect both on 

the protein content of non-irradiated and irradiated wheat flour 

applying different doses of -irradiation. 

Teixeira et al. (2011) showed that ionizing radiation at the doses 

applied in this study were 1, 3 and 9 KGy, generated changes in the 

characteristics of the assayed flours. The enzymatic activity was not 

adversely affected by radiation. When radiation dose was increased, 

there was an increase in enzymatic activity -less time of falling 

number- apparently as a result of the breakdown of starch chains. This 

facts beneficial for bread baking purposes. Irradiated wheat flour also 

induced changes in some physical properties of pan breads made of it. 

In the present research, the whole grains were unaffected by γ-

irradiation, this finding due to the hard shell of it the grain, which 

making the penetration of the γ –rays more difficult than the flour. 

While, other investigators irradiated the flour which may be 

more sensitive to irradiation. 
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Table 8. Effect of storage irradiated on triticale grains. 

Before storage for 6 
months 

After storage for 6 
months 

Component  

T1F T2F T3F T1sF T2sF T3sF 
Moisture (%) (Fwb) 12.24 12.12. 12.08 15.1 14.82 14.8 

Ash (%) (Dwb) 1.05 1.04 1.03 0.30 0.32 0.16 
Crude proteins (%) (Dwb) 9.32 9.42 9.01 9.25 9.17 9.45 
Crude fats (%) (Dwb) 1.57 1.76 1.70 1.87 1.02 1.06 
Crude fibers (%) (Dwb) 2.08 2.01 2.01 2.06 2.02 2.79 
Available Carbohydrates (%) 
(Dwb) 

85.92 85.77 86.25 84.37 86.49 86.54 

T1=Triticale flour coefficient of gamma dose of 2.5 KGy 
T2= Triticale flour coefficient of gamma dose of 5 KGy 
T3= Triticale flour coefficient of gamma dose of 7.5 KGy 
T1s=Triticale flour coefficient of gamma dose of 2.5 KGy after storage for 6 months 
T2s= Triticale flour coefficient of gamma dose of 5 KGy after storage 6 months 
T3s= Triticale flour coefficient of gamma dose of 7.5 KGy after storage 6 months 

 
6. Dough rheological properties 

The dough rheological properties were examined with the 

Brabender Farinograph, according to the constant flour weight 

procedure. The results were expressed as: flour water absorption 

(FWA) which is the amount of water that the flour can absorb until the 

dough consistency reaches 500 Brabender Units (BU), dough 

development time (DDT) which is the time required for the curve to 

reach its maximum height (i.e., 500 BU), dough stability (St.) which is 

the time needed before the dough consistency starts to decline from 500 

BU line and the degree of softening (DS) which is defined as the 

difference (in BU) between the line of the consistency and the medium 

line of the torque curve, 12 min after weakening begins. This provides 

information about the dough’s stability. 

Extensograph measurements provide useful information about 

the viscoelastic behavior of dough. 
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7. Farinograph properties 

a. Farinograph properties before storage for 6 months 

The Farinogram parameters of the flours with the different 

levels of the triticale flour are represented in Table 9 and Figs. (1, 2 and 

3). While supplementation level of triticale increased, water absorption 

values decreased from 61.51 to 59.1% for triticale and flour blend. 

The water absorption value of 10% triticale flour and 90% wheat 

flour was the highest. Water absorption increased with increasing levels 

of wheat flour in the samples. 

The dough development time of blends was determined. Slight 

differences were observed between different samples. The stability 

value of the 10% triticale flour and 90% wheat flour blend, decreased 

from 9 min. to 2                                                   min. 

However, in this study supplementation with triticale flour 

resulted in higher dough stability time at lower levels. The degree of 

weak values increased from 400 to 430 Bu with increasing triticale four 

ratio. 

b. Farinograph properties after storage for 6 months 

Results of Farinograph properties after storage for 6 months are 

shown in Table (10) and Figs. (4,5,6). It is clear that the obtained 

results after 6 months of storage period were nearly the same as those 

before storing. 
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Table 9. Farinograph properties of (wheat-triticale) flour blends dough. 

TF=Triticale flour ,  WF=Wheat flour 
W1=10%triticale flour + 90% Wheat flour 
W2=20%triticale flour + 80% Wheat flour 
W3=40%triticale flour + 60% Wheat flour 
T0=Triticale flour fresh 
T1=Triticale flour coefficient of gamma dose of 2.5 KGy 
T2= Triticale flour coefficient of gamma dose of 5 KGy 
T3= Triticale flour coefficient of gamma dose of 7.5 KGy 

Triticale flour 10%+wheat flour 90% Triticale flour 20%+wheat flour 80% Triticale flour 40%+wheat  flour 60%  
Test  

 
W1T0F W1T1F W1T2F W1T3F W2T0F W2T1F W2T2F W2T3F W3T0F W3T1F W3T2F W3T3F 

Water 
absorption 
(%) 

61.5 61.1 61.1 61.1 59.1 59.1 59.1 59.1 58.3 59.2 59.2 59.1 

Arrival Time 
(min) 

2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.00 

Development 
time 

3.5 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 2.5 

Stability (min) 9.00 12.5 12.5 
425 

12.5 
440 

5.5 
440 

3.00 
440 

8.00 
460 

3.00 
440 

2.00 
400 

1.5 
400 

2.5 
430 

1.5 
430 Degree of 

weakness (Bu) 
400 420 



 

 

 

 

 

 

 

 

 

 
Triticale flour coefficient of gamma dose of 2.5 KGy Triticale flour fresh 

 

 

 

 

 

 

 

 

 

 

 
Triticale flour coefficient of gamma dose of 7.5 KGy 

 
Triticale flour coefficient of gamma dose of 5 KGy

 

 

 

Fig. 1. Farinograph of 10% triticale flour and 90% wheat flour before storage. 
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Triticale flour coefficient of gamma dose of 2.5 KGy 

 
Triticale flour fresh

 

 

 

 

 

 

 

 

 

 Triticale flour Coefficient 
of gamma dose of 5 KGy 

Triticale flour Coefficient 
of gamma dose of 7.5 KGy 

 

 

 

 

Fig. 2. Farinograph of 20% triticale flour and 80% wheat flour before storage. 
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Triticale flour fresh Triticale flour coefficient of gamma dose of 2.5 KGy 

 

 

Triticale flour coefficient of gamma dose of 7.5 KGy Triticale flour coefficient of gamma dose of 5 KGy

Fig. 3. Farinograph of 40% triticale flour and 60% wheat flour before storage. 
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Table 10. Farinograph properties (wheat-triticale) flour blends dough after 6 months 
 

Triticale flour 10%+wheat flour 90% Triticale flour 20%+wheat flour 80% Triticale flour 40%+wheat flour 60% Test  
W1TsF W1T1sF W1T2sF W1T3sF W2TsF W2T1sF W2T2sF W2T3sF W3TsF W3T1sF W3T2sF W3T3sF 

Water 
absorption 
(%) 

61.5 61.1 61.1 61.00 61.5 61.8 61 61 61.5 59.3 57.3 57.3 

Arrival 
Time (min) 

2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 

Development 
time 

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

Stability 
(min) 

4.0 2.5 1.5 7.0 6 10 11 11 1.5 7 3.5 3.5 

Degree of 
weakness 
(Bu) 

460 430 370 750 360 410 430 430 290 400 410 430 

TF=Triticale flour ,  WF=Wheat flour 
W1=10%triticale flour + 90% Wheat flour 
W2=20%triticale flour + 80% Wheat flour 
W3=40%triticale flour + 60% Wheat flour 
T0s=Triticale flour fresh after storage for 6 months 
T1s=Triticale flour coefficient of gamma dose of 2.5 KGy after storage for 6 months 
T2s= Triticale flour coefficient of gamma dose of 5 KGy after storage for 6 months 
T3s= Triticale flour coefficient of gamma dose of 7.5 KGy after storage for 6 months 
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Triticale flour fresh Triticale flour coefficient of gamma dose of 2.5 KGy 

Triticale flour coefficient of gamma dose of 7.5 KGy Triticale flour coefficient of gamma dose of 5 KGy

Fig. 4. Farinograph of 10% triticale flour and 90% wheat flour after storage. 
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Triticale flour coefficient of gamma dose of 2.5 KGy Triticale flour fresh

Triticale flour coefficient of gamma dose of 7.5 KGy Triticale flour coefficient of gamma dose of 5 KGy

Fig. 5. Farinograph of 20% triticale flour and 80% wheat flour after storage. 



 

Triticale flour coefficient of gamma dose of 2.5 KGy Triticale flour fresh

Triticale flour coefficient of gamma dose of 5 KGy Triticale flour coefficient of gamma dose of 7.5 KGy 

Fig. 6. Farinograph of 40% triticale flour and 60% wheat flour after storage. 
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8. Extinsograph properties 

a. Extensograph properties before storage for 6 months 

 The effect of addition of 10%, 20% and 40% triticale flour to 

wheat flour on extensograph parameters were studied and the obtained 

results are shown in Table (11) and Figs. (7,8,9). 

The maximum resistance (Bu) of the blend contained 10% 

triticale flour and 90% wheat flour is 665 and decreased by increasing 

the triticale flour ratio in the blends to 20% then the maximum 

resistance increased to 900. Data in Table (11) show also the effect of 

γ-irradiation on different blends. In general, the γ-irradiation decreased 

the maximum resistance. Except that of the blend contained 20% 

triticale dough showed slight increase. The maximum resistance data 

(Table 11) show the extensibility (mm) of the different blends. It is 

clear that it decreased with increasing titicale flour ratio. γ-irradiation 

caused a slight increase in the blends contained 10 and 20% while, no 

variations were observed in the blends contained 40% triticale dough. 

The blends energies were determined. It was found that the 

value was increased with increasing triticale dough ratio. 

 



  Table 11. Extensograph properties of (wheat-triticale) flour blends dough. 
Triticale flour 10%+wheat 

flour 90% 
Triticale flour 20%+wheat 

flour 80% 
Triticale flour 40%+wheat 

flour 60% 
Test  

W1T0F W1T1F W1T2F W1T3F W2T0F W2T1F W2T2F W2T3F W3T0F W3T1F W3T2F W3T3F
Maximum 
resistance 
(Bu) 

665 585 580 580 520 520 565 570 900 740 540 590 

Extensibility  
(mm) 

110 110 130 130 90 105 100 100 85 85 85 85 

Energy 
 (cm2) 

95 95 98 85 98 60 71 103 100 75 58 81 

TF=Triticale flour ,  WF=Wheat flour 
W1=10%triticale flour + 90% Wheat flour 
W2=20%triticale flour + 80% Wheat flour 
W3=40%triticale flour + 60% Wheat flour 
T0=Triticale flour fresh 
T1=Triticale flour coefficient of gamma dose of 2.5 KGy 
T2= Triticale flour coefficient of gamma dose of 5 KGy 
T3= Triticale flour coefficient of gamma dose of 7.5 KGy 
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Triticale flour coefficient of gamma dose of 2.5 KGy Triticale flour fresh

Triticale flour coefficient of gamma dose of 7.5 KGy Triticale flour coefficient of gamma dose of 5 KGy

Fig. 7. Extensograph of 10% triticale flour and 90% wheat flour before storage. 
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Triticale flour coefficient of gamma dose of 2.5 KGy Triticale flour fresh

Triticale flour coefficient of gamma dose of 7.5 KGy Triticale flour coefficient of gamma dose o 5 KGy

Fig. 8. Extensograph of 20% triticale flour and 80% wheat flour before storage. 



 

 

Triticale flour coefficient of gamma dose of 2.5 KGy Triticale flour fresh 

Triticale flour coefficient of gamma dose of 5 KGy Triticale flour coefficient of gamma dose of 7.5 KGy 

Fig. 9. Extensograph of 40% triticale flour and 60% wheat flour before storage. 
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b. Extensograph properties after storage for 6 months 

Table (12) and Figs. (10, 11, 12) show the different 

extensograph parameters after storing for 6 months and γ-irradiation of 

different blends. 

It is clear that the maximum resistance values were decreased 

(350, 440 and 370 Bu) with those of the blends before storage (665, 

520 and 600 Bu) at 10, 20 and 40% triticale flour ratio in blends, 

respectively. Gamma irradiation caused an increase in the maximum 

resistance (Bu) of the different blends.  

It is clear that the extensibility (mm) value was increased from 

105 at 10% triticale flour to 130 at 20% triticale flour then decreased to 

95 at 40% triticale flour. γ-irradiation of different blends caused an 

increase in extensibility value.  

It was also found that energy value was increased from 55 (10% 

triticale flour) to 80 (20% triticale flour) then decreased to 44 (40% 

triticale flour). In general, γ-irradiation increased the energy for 

different blends. 

 

 

 

 

 

 

 

 



Table 12. Extenso graph properties of (wheat-triticale) flour blends dough after 6 months. 
Triticale flour 10%+wheat flour 

90% 
Triticale flour 20%+wheat flour 

80% 
Triticale flour 40%+wheat flour 

60% 
Test  

W1TsF W1T1sF W1T2sF W1T3sF W2TsF W2T1sF W2T2sF W2T3sF W3TsF W3T1sF W3T2sF W3T3sF
Maximum 
resistance 
(Bu) 

350 770 770 800 440 800 800 800 370 650 650 775 

Extensibility  
(mm) 

105 120 145 145 130 140 135 174 95 120 100 100 

Energy 
(cm2) 

55 147 178 204 80 174 170 178 44 143 80 93 

TF=Triticale flour ,  WF=Wheat flour 
W1=10%triticale flour + 90% Wheat flour 
W2=20%triticale flour + 80% Wheat flour 
W3=40%triticale flour + 60% Wheat flour 
T0s=Triticale flour fresh after stored 6 months 
T1s=Triticale flour coefficient of gamma dose of 2.5 KGy after storage for 6 months 
T2s= Triticale flour coefficient of gamma dose of 5 KGy after storage for 6 months 
T3s= Triticale flour coefficient of gamma dose of 7.5 KGy after storage for 6 months 
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Triticale flour fresh Triticale flour coefficient of gamma dose of 2.5 KGy

Triticale flour coefficient of gamma dose of 5KGy Triticale flour coefficient of gamma dose of 7.5 KGy

Fig. 10. Extensograph of 10% triticale flour and 90% wheat flour after storage. 



 

Triticale flour fresh Triticale flour coefficient of gamma dose of 2.5 KGy 

Triticale flour coefficient of gamma dose of 7.5 KGy Triticale flour coefficient of gamma dose of 5 KGy

Fig. 11. Extensograph of 20% triticale flour and 80% wheat flour after storage. 
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Triticale flour fresh Triticale flour coefficient of gamma dose of 2.5 KGy

Triticale flour coefficient of gamma dose of 5 KGy Triticale flour coefficient of gamma dose of 7.5 KGy

Fig. 12. xtensograph of 40% triticale flour and 60% wheat flour after storage. 



9. Sensory evaluation  

Data in Table (13) show the results of breads from different 

triticale and wheat flour blends before storage. The general appearance 

of the bread (10% triticale and 90% wheat) had very good appearance. 

There were a significant differences between  breads of blends 10% 

triticale and 90% wheat and breads of blends 40% triticale and 60% 

wheat, while insignificant differences were noticed between breads 

20% tritiacle and 80% wheat and other blends. 

Also, data in Table (13) show the results of breads produced 

from different triticale and wheat flour blends after storage. It is clear 

that breads stored for 6 months elicited the same variation trends as in 

breads before storing. 

Data in Table (13) show the results of breads produced from 

different triticale and wheat flour blends before storage. The general 

crust color of the bread 10% triticale and 90% wheat had very good 

Crust color. There were a significant differences between  bread blends 

of 10% triticale and 90% wheat and bread blends of 40% triticale and 

60% wheat. On the other hand, insignificant differences between breads 

produced from (20% tritiacle and 80% wheat) and other blends were 

recorded. 

Also, data in Table (13) show the result of breads produced from 

different triticale and wheat flour blends after storage. It is clear that 

breads after storage for 6 months had the same variation trends as in 

breads before storage. 

Data in Table (13) show the result of breads produced from 

different triticale and wheat flour blends before storage. The general 

taste of the bread produced from 10% triticale and 90% wheat blend 

was given very good score taste. There were significant differences 

between  breads of blends 10% triticale and 90% wheat and breads of 
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blends 40% triticale and 60% wheat. On the contrary, there were 

insignificant differences between breads obtained from 20% tritiacle 

and 80% wheat blend and other blends. 

Also, data in Table (13) show the result of breads from different 

triticale and wheat flour blends after storage. It is clear that breads after 

storage for 6 months had the same variation trends as in breads before 

storage. 

Data in Table (13) show the result of breads produced from different 

triticale and wheat flour blends before storage. In general, odour of the 

bread produced from 10% triticale and 90% wheat blend  was given very 

good odour. There were significant differences between breads produced 

from of blends 10% triticale and 90% wheat and breads of blends 40% 

triticale and 60% wheat. However, insignificant differences were found 

between breads 20% tritiacle and 80% wheat blend and other blends. 

Data in Table (13) show the result of breads produced from different 

triticale and wheat flour blends after storage. It is clear that breads stored for 

6 months had the same variation trends as in breads before storage. 

Data in Table (13) show the results of breads produced from 

different triticale and wheat flour blends before storage. The general 

distribution of crumb of the bread produced from 10% triticale and 

90% wheat blend was given very good score. There were significant 

differences between  breads of blends 10% triticale and 90% wheat and 

breads of blends 40% triticale and 60% wheat. In general there were  

insignificant differences between breads produced from 20% tritiacle 

and 80% wheat blend and other blends. 

Results in Table (13) show the characteristics of breads 

produced from different triticale and wheat flour blends after storage . 

It is clear that breads stored for 6 months had the same variation trends 

as in breads before storage. 
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Table 13. Analysis of sensory evaluation of breads as affected by triticale 
flour mixed with wheat flour. 

Samples 
Appearance 

(20) 

Crust 
color  
(20) 

Taste  
(20) 

Odor 
(20) 

Distribution 
of crumb 

(20) 
W1T0F 
W1T1F 
W1T2F 
W1T3F 

18.6+1.2a 

18.4+1.1ab 

18.1+1.4a 

18.0+1.2ab 

18.5+1.1a 
18.3+1.2ab 

18.1+1.3a 

18.1+1.2ab 

18.6+1.1a 
18.5+1.2ab 

18.3+1.3a 

18.2+1.2ab 

18.8+1.1a 
18.7+1.2ab 

18.2+1.3a 

18.1+1.2ab 

18.7+1.1a 
18.4+1.2ab 

18.2+1.3a 

18.3+1.2ab 
W2T0F 
W2T1F 
W2T2F 
W2T3F 

17.8+1.1ab 

17.8+1.3ab 

17.3+1.1ab 

17.2+1.4b 

17.7+1.2ab 

17.6+1.1ab 

17.5+1.2ab 

17.1+1.5b 

17.9+1.2ab 

17.8+1.1ab 

17.5+1.2ab 

17.2+1.5b 

17.7+1.2ab 

17.5+1.1ab 

17.4+1.2ab 

17.2+1.5b 

17.8+1.2ab 

17.5+1.1ab 

17.6+1.2ab 

17.3+1.5b 
W3T0F 
W3T1F 
W3T2F 
W3T3F 

17.2+1.2b 

17.0+0.9b 

16.8+1.2b 

16.7+1.1b 

17.3+1.2b 

17.1+0.8b 

16.9+1.1b 

16.8+1.3b 

17.5+1.2b 

17.3+0.8b 

16.7+1.1b 

16.5+1.3b 

17.3+1.2b 

17.2+0.8b 

16.7+1.1b 

16.6+1.3b 

17.4+1.2b 

17.2+0.8b 

16.8+1.1b 

16.7+1.3b 
W1TsF 
W1T1sF 
W1T2sF 
W1T3sF 

18.5+1.3a 

18.4+1.2ab 

18.2+1.1ab 

18.0+1.3ab 

18.6+1.3a 

18.3+1.1ab 

18.1+1.1ab 

18+1.3ab 

18.5+1.3a 

18.3+1.1ab 

18.2+1.1ab 

18.1+1.3ab 

18.7+1.3a 

18.4+1.1ab 

18.2+1.1ab 

18.1+1.3ab 

18.5+1.3a 

18.4+1.1ab 

18.2+1.1ab 

18.3+1.3ab 
W2TsF 
W2T1sF 
W2T2sF 
W2T3sF 

17.8+1.2ab 

17.6+1.1ab 

17.3+0.9ab 

17.1+1.2b 

17.7+1.3ab 

17.6+1.1ab 

17.5+1.0ab 

17.2+1.1b 

17.9+1.3ab 

17.6+1.1ab 

17.5+1.0ab 

17.3+1.1b 

17.8+1.3ab 

17.6+1.1ab 

17.4+1.0ab 

17.2+1.1b 

17.8+1.3ab 

17.7+1.1ab 

17.6+1.0ab 

17.3+1.1b 
W3TsF 
W3T1sF 
W3T2sF 
W3T3sF 

17.0+1.1bc 

16.6+1.2bc 

16.1+0.8bc 

15.8+1.1c 

17.1+1.3bc 

16.8+1.2bc 

16.5+1.3bc 

15.9+1.1c 

17.3+1.3bc 

16.7+1.2bc 

16.5+1.3bc 

15.8+1.1c 

17.1+1.3bc 

16.8+1.2bc 

16.5+1.3bc 

15.7+1.1c 

17.2+1.3bc 

16.7+1.2bc 

16.6+1.3bc 

15.8+1.1c  
L.S.D 1.32 1.22 1.31 1.5 1.42 

TF=Triticale flour ,  WF=Wheat flour 
W1=10%triticale flour + 90% wheat flour 
W2=20%triticale flour + 80% wheat flour 
W3=40%triticale flour + 60% wheat flour 
T0=Triticale flour fresh 
T1=Triticale flour coefficient of gamma dose of 2.5 KGy 
T2= Triticale flour coefficient of gamma dose of 5 KGy 
T3= Triticale flour coefficient of gamma dose of 7.5 KGy 
T0s=Triticale flour fresh after storage 6 months 
T1s=Triticale flour coefficient of gamma dose of 2.5 KGy after storage for 6 months 
T2s= Triticale flour coefficient of gamma dose of 5 KGy after storage 6 months 
T3s= Triticale flour coefficient of gamma dose of 7.5 KGy after storage 6 months 
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SUMMARY 

The physiochemical characteristics, chemical composition and 

rheological properties of triticale and wheat grains and their flours and 

breads were studied throughout this thesis. The obtained results could 

be summarized as follows: 

1. 1000-kernels weight in wheat (36.93g) was higher than that of 

triticale grains (32.96g). 

2. The vitreousity   in wheat (61.12%) was higher than that in triticale 

(45.67%). 

3. The hectoliter weight (kg/hl) was higher in triticale grains 

(78.77kg/hl) than that in wheat grains (77.25kg/hl). 

4. Triticale grains have slightly lower contents of fats (2.09%), proteins 

(13.05%), moisture (10.51%), than those of wheat (2.74, 13.68 and 

10.94%), respectively. While the ash and total carbohydrates were 

higher in triticale grains (1.72% and 83.14%) than those of wheat 

grains (1.51% and 82.07%). 

5. Wheat flour had higher contents of proteins (11.30%), carbohydrates 

(86.37%) than those of triticale (9.3% and 85.45% respectively). 

While triticale flour had higher contents of ash (1.04%), fats 

(1.93%), crude fibers (2.28%) than those of wheat flour (0.58%, 

0.90% and 0.85% respectively).  

6. Proximate chemical analysis values of different blends (10, 20, 40% 

triticale with 90, 80, 60% wheat) were an intermediate between 

those of pure flour depending on the quantity of every flour. 
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7. Slight differences were found between different estimated 

parameters in irradiated grains (2.5, 5, 7.5 KGy) before and after 

storage for 6 months. 

8. The whole grains were unaffected by γ-irradiation, this finding due 

to the hard shell of the grain, which making the penetration of the γ 

–rays more difficult than the flour. 

9. The determined water absorption values decreased from 61.51 to 

59.1% for triticale and flour blend. 

10. The water absorption value of 10% triticale flour and 90% wheat 

flour was the highest. Water absorption increased with increasing 

levels of wheat flour in the samples. 

11. The dough development time of blends was determined. Slight 

differences were observed between different samples. The stability 

value of the 10% triticale flours and 90% wheat flour blend, 

decreased from 9 min. to 2 min. 

12. Supplementation with triticale flour resulted in higher dough 

stability time at lower levels. The degree of weakness values 

increased from 400 to 430 Bu with increasing triticale four ratio. 

Results of Farinograph properties after storage for 6 months were 

nearly the same as those before storage. 

The maximum resistance (Bu) of the blend consists of 10% triticale 

flour and 90% wheat flour is 665 and decreased by increasing the 

triticale flour ratio in the blends to 20% then the maximum resistance 

increased to 900.  
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In general, the γ-irradiation decreased the maximum resistance. 

except that of the blend comprised of 20% triticale dough exhibits 

slightly increase. 

The extensibility (mm) values of the different blends. Were 

decreased with increasing titicale flour ratio. γ-irradiation caused a 

slightly increase in extensibility of the blends and decreased with 

increasing titicale flour ratio. γ-irradiation caused a slight increase in the 

blends contained 10 and 20% while, no variations were observed in the 

blends contained 40% triticale dough.  

Extensograph parameters after storage for 6 months and γ-

irradiation of different blends were estimated and the maximum 

resistance values were decreased (350, 440 and 370 Bu) with those of 

the blends before storage (665, 520 and 600 Bu) at 10, 20 and 40% 

triticale flour ratio in blends, respectively. Irradiation caused an increase 

in the maximum resistance (Bu) of the different blends. Extensibility 

(mm) value was increased from 105 at 10% triticale flour to 130 at 20% 

triticale flour then decreased to 95 at 40% triticale flour. γ-irradiation of 

different blends caused an increase in extensibility value.  

The general appearance of the bread (10% triticale and 90% 

wheat) was given very good score. There were a significant differences 

between breads propared from blends 10% triticale and 90% wheat and 

breads of blends 40% triticale and 60% wheat, while insignificant 

differences were recorded between breads 20% triticale and 80% wheat 

and other blends. Breads stored for 6 months had the same variation 

trends as in breads before storing. 
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The general crust color of the bread produced form a blend 

consists of 10% triticale and 90% wheat was given the very good  score 

.Crust Color breads after storage for 6 months had the same variation 

trends as in breads before storage.  

The general taste of the bread obtained from 10% triticale and 

90% wheat blend was given  very good taste. There were significantly 

differences between  breads of blends 10% triticale and 90% wheat and 

breads of blends 40% triticale and 60% wheat. On the contrary, there 

were insignificant differences between breads obtained from 20% 

tritiacle and 80% wheat blend and other blends. 
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 الملخص العربي  

 لمعامله بأشعه جاما آيميائيه طبيعية علي حبوب الترتيكال اسهدرا

 ٢٫٥(تناولت الرسالة استخدام دقيق الترتيكال والذي تم معاملته بأشعة جاما بجرعات              

دي بهدف                )٧٫٥؛٥؛ ز البل آيلو جراي بغرض حفظ الحبوب استخدم هذا الدقيق في صناعه الخب

س   دقيق الم ه ال ل آمي سب       تقلي ح بن ق القم ع دقي ه م ال بخلط ق الترتيك تخدام دقي م اس تخدمة وت

  ترتيكال% ٤٠؛%٢٠؛%١٠

ح   ق القم وب ودقي ن حب ل م ه لك ه والريولوجي ه  والكيميائي ديرات الفيزيائي م التق د ت ولق

  والترتيكال 

ح    ي القم ه ف ف حب ان وزن االل م ٣٦٫٩٣(فك ال  )  ج ن الترتيك ي م م٣٢٫٩٦(اعل )  ج

ي القم  ه ف ال %) ٦١٫١٢(ح وآانتالزجاجي ن الترتيك ي م ت  %). ٤٥٫٦٧(اعل ا آان بينم

ال  ي الترتيك وليتر ف م٧٨٫٧٧(الهيكت وليتر/  آج ح ) هيكت ن القم ي م  ٧٧٫٢٥(اعل

  ).هيكتوليتر/آجم

ال                وب الترتيك وبتقدير الترآيب الكيميائي لكل من حبوب القمح والترتيكال وجد ان حب

دهون        ن ال وي م ي المحت ئيله ف سبه ض ل بن روتين %) ٢٫٠٩(اق %) ١٣٫٠٥(الب

  علي الترتيب%) ١٠٫٩٤و٢٫٧٤،١٣٫٦٨(بينما آانت في القمح%) ١٠٫٥١(والرطوبه

ه           سكريات الكلي اد وال ا من الرم ي في محتواه ال اعل وب الترتيك  ١٫٧٢(بينما آانت حب

  علي الترتيب %) ٨٢٫٠٧ و١٫٥١(علي الترتيب وآانت في  حبوب القمح %) ٨٣٫١٤و

ي                  وبتقدير الترآيب الكيميائي ف    ان دقيق القمح اعل ال والقمح آ ي آل من دقيق الترتيك

روتين  ي الب درات، %)١١٫٣(ف ال   %) ٨٦٫٣٧(الكربوهي ي الترتيك ت ف  ٩٫٣(وآان

اد     %)٨٥٫٤٥و ي الرم ي ف ال اعل ق الترتيك ان دقي ا آ ب بينم ي الترتي دهون ،%) ١٫٠٤(عل ال

  لترتيبعلي ا %) ٠٫٨٥ و٠٫٩٠ ،٠٫٥٨(وآانت في القمح  %) ٢٫٢٨(وااللياف%) ١٫٩٣(

ه     ات المختلف ائي للخلط ل الكيمي ائج التحلي ت نت ع  % ٤٠و١٠،٢٠(وآان ال م ترتيك

ه من اشعه            ) قمح علي الترتيب  % ٦٠ و ٩٠،٨٠ وجد اختالفات نوعا ما بين المعامالت المختلف

   شهور٦علي حبوب الترتيكال قبل وبعد التخزين لمده ) آيلو جراي٧٫٥و٥ ،٢٫٥(جاما



اقص         وعند قراءات الفارينوجراف لل    خلطات المختلفه وجد ان نسبه امتصاص الماء تتن

  بزياده نسبه دقيق الترتيكال % ٥٩٫١ الي ٦١٫٥من 

ل من                         ه ق ات فان ا الثب ه ام ين الخلطات المختلف  ٩لم يالحظ اختالفات في زمن العجن ب

  %٤٠ الي ١٠ دقيقه بزياده آميه الترتيكال في الخلطات من ١٫٥دقيقه الي 

ن  ضعف م ه ال ي ٤٠٠وزادت درج ي  ٤٣٠ ال ال ف ق الترتيك سبه دقي دربزياده ن  برابن

  العينات

   شهور آانت النتائج قريبه جدا بالمقارنه قبل التخزين٦وبعد التخزين لمده 

يط         ه للخل سوجراف آانت اقصي مقاوم ارات االآستن ال و % ١٠في اختب % ٩٠ترتيك

ح  يط  ٦٦٥قم ي الخل د ف ال و% ٢٠ برابندروتزي ي  % ٨٠ترتيك ح ال دربينما  برا٩٠٠قم بن

د التخزين         سوجراف بع ائج االآستن المطاطيه تقل بزياده نسبه الترتيكال في الخلطات وآانت نت

ده  ه٦لم صي مقاوم هورآانت اق در٣٧٠ و٣٥٠،٤٤٠( ش  ٦٠٠ و٦٦٥،٥٢٠(و) برابن

  ترتيكال علي الترتيب % ٢٠ و١٠في الخلطات )برابندر

ن   ه م يط ١٠٥وزادت المطاطي ي الخل ي  % ١٠ ف ال ال يط  ١٣٠ترتيك ي الخل  % ٢٠ف

يط      ٤٥ترتيكالويصل   اتج          % ٤٠ في الخل ز الن ي الخب ارات الحسيه عل اجراء االختب ال وب ترتيك

   .قمح % ٩٠ترتيكال و% ١٠وجد ان افضل النتائج ظهرت في الخلطه 
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 المستخلص العربى

بأجراء التحليل الكيميائي علي حبوب الترتيكال وجد انه اقل في محتواها من  
، ٢٫٧٤(، من القمح )٪١٠٫٥١(والرطوبه%) ١٣٫٠٥(بروتين،%) ٢٫٠٩(الدهون
في حين أن الرماد والكربوهيدرات الكلية أعلى في . على التوالي) ٪١٠٫٩٤ و ١٣٫٦٨

٪ و ١٫٥١(حبوب القمح من تلك التي من ) ٪٨٣٫١٤٪ و ١٫٧٢(حبوب الترتيكال 
٨٢٫٠٧٪.(  

والكربوهيدرات ) ٪١١٫٣٠(وآان دقيق القمح اعلي في محتويات البروتينات 
في حين آان ). ٪ على التوالي٨٥٫٤٥٪ و ٩٫٣(بالمقارنه بدقيق الترتيكال ) ٪٨٦٫٣٧(
، واأللياف )٪١٫٩٣(، والدهون )٪١٫٠٤( محتويات الرماد دقيق الترتيكال اعلي في[

 ).٪ على التوالي٠٫٨٥٪ و ٠٫٩٠٪، ٠٫٥٨(بالمقارنه دقيق القمح ) ٪٢٫٢٨(الخام 
آما وجد اختالفات طفيفه في الترآيب الكيميائي للحبوب بأختالف المعامالت 

 وذلك قبل التخزين وبعده )  آيلو جراي٧٫٥ و٥ ،٢٫٥(االشعاعيه بأشعه جاما 
يكال وجد ان ترت% ) ٤٠ و٢٠ ،١٠(ومع قراءة الفارينو جراف للخلطات المختلفه 

وآان اقصي  % ٥٩٫١ الي٦١٫٥امتصاص الماء قل بزياده نسبه دقيق الترتيكال من 
% ٢٠ في الخلطه ٩٠٠ برابندر وزادت الي ٦٦٥ترتيكال % ١٠ثبات في الخلطه 

 ٢٠ و١٠ برابندر في الخلطات ١٣٠ برابندر الي ١٠٥وزادت المطاطيه من . ترتيكال
  ترتيكال % ٤٠ابندر في الخلطه  بر٩٥ترتيكال علي الترتيب وآانت % 

 قمح% ٩٠ترتيكال و% ١٠وبالنسبه الختبارات الحسيه آانت افضل الخلطات 
، الصفات الريولوجية، الترآيب الكيميائي، اشعة جاما، قمح، ترتيكال :الكلمات الدالة

 االختبارات الحسية                     
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