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ABSTRACT 
 

Physical, rheological and baking properties of bread "Shamy", prepared from 
gamma-irradiated Egyptian wheat flour up to 25 KGy as one of common types of 
bread in Egypt, were studied and the acceptability of bread was evaluated by 
sensory tests. All amylo-, farino-, and extensograph characteristics and also sample 
pH showed significant decrease as irradiation dose increased. Such results could be 
explained in terms of loss of unique elastic and cohesive properties of wheat gluten 
and starch damage upon increment of radiation dose. The improvement in 
properties of bread, baked from flour irradiated up to 7.5 KGy, could be explained 
on the basis of a simulation in gas production during dough fermentation due to 
increase in starch degradation products. However, bread, prepared from wheat 
samples irradiated above 7.5 KGy, exhibited significantly lower values of acceptance 
because of physico-chemical changes in both starch and gluten. 
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INTRODUCTION 

    
   Gamma irradiation is a physical technique for cereal preservation that seems to have potential to 
protect grains from insect infestation and microbial contamination during storage. Beside this 
protective role, gamma irradiation also has important effects on various quality criteria of cereal 
grains such as rheological properties, dough properties and baking quality due to starch 
polymerization, protein degradation and the creation of small molecular products (1,2), resulting in 
decreased viscosity or cross-linking (3,4) that are taking place under influence of gamma irradiation. 
    
     On the basis of investigations on the use of ionizing radiation for more than 30 years, the Expert 
Committee of FAO/IAEA/WHO, has concluded that food irradiated with doses of gamma rays up to 
10 KGy is safe and the investigations of toxicity, carcinogenity, and antigenity is not necessary (5). 
    
     Therefore, the proper use of this technique can improve the quality and prolong the shelf-life of 
wheat flour products, since the functionality of an individual biopolymer in foods may be affected by 
its interaction with other food components (6). 
    
     The objective of this study was to evaluate the physical, rheological and baking properties  of 
wheat flour exposed to gamma irradiation up to 25 KGy and to determine the acceptability of the 
resulting bread using organoleptic tests. 
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MATERIALS AND METHODS 
 

Material and Irradiation 
 
     The material of this study was Egyptian wheat flour of 82% extraction. It was brought from Faculty 
of Agriculture–Cairo University. The moisture content of the wheat flour was 11.5%. Flour samples 
were divided into different lots of 1Kg,, then packed in polyethylene bags and hermetically sealed. 
Samples 

     were exposed to increasing doses of 0.1, 1, 5, 7.5, 10, 15, 20 and 25 KGy respectively. The 
treatment was performed in a Cobalt-60 Gamma Cell (Gamma chambers 4000A) located at the 
National Centre for Radiation Research and Technology (NCRRT), Cairo, Egypt with a dose rate of 
38.2 Gy/min. at the time of the experiment.  

Pasting Properties of Irradiated Wheat Flour Suspensions. 
 
     Viscosity measurements were performed using Brabender Type amylograph (Brabender Duisburg 
A/RH type A.S.I Germany). Flour mass portions, equivalent to 80 g of flour were suspended in 450 ml 
of distilled water. Each suspension was homogenized for 2 min. and was uniformly heated from 30 to 
95oC with a constant temperature rise of 1.5 oC/min., held at 95oC for 15 min., cooled at a constant rate 
1.5 oC/min. from 95oC to 50oC and held at  50oC for 30 min. Gel temperature, corresponds to 20 BU, 
peak temperature and peak viscosity were determined from amylograph curves. The ratio of maximum 
viscosity for the irradiated sample to that for the control sample (∆ηmax.) was calculated. Breakdown 
and setback ratios and consistency were also calculated.  
 
pH Measurements of Irradiated Flour Suspensions 
 
     pH of each flour suspensions was determined using digital pH meter (Hanna Inst., HI9025c). Flour 
samples were prepared by suspending 1 gm of flour in 25 ml. of distilled water at 25 oC and agitating 
for 5–10 min. 
 
Dough Characteristics  
 
1. Dough Stability and Tolerance 

     Brabender farinograph was used and the corresponding readings were calculated from farinogram 
according to AACC (7): water absorption [%], arrival time [min.], dough development time [min.], 
dough stability [min.], tolerance index [BU] and dough weakening[BU]. 

 
2. Dough Extensibility 

     Dough was tested by extensograph according to AACC (7)., and used to measure the following: 
dough extensibility [mm], dough resistance to extension [BU], ratio between resistance and 
extensibility (proportional number). 

Preparation of Shamy Bread 
 
     To 100 gm of control or irradiated wheat flour samples, the following ingredients were added : 1.5 
gm NaCl, 5 gm sugar, 0.5 gm active dry yeast, 0.1 gm scarlic acid and water as needed to produce a 
dough of a definite consistency. The mixture was mixed in a special mixer for 8 min., then fermented 
for 30 min. at 50 oC under relative humidity 85%. The dough was divided into 165 gm pieces. The 
dough pieces were left for 15 – 20 min. for second fermentation at 50oC, and then flattened to 2 cm 
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thickness and left to ferment again for 45 min. under the same conditions. The loaves were baked at 
500oC for 1 min. and allowed to cool at room temperature for 20 min. 
Sensory Properties of Shamy Bread 

     The baked shamy bread loaves were evaluated sensorily by a panel of seven experienced panelists. 
The quality scores of bread were determined according to (8), with some modification, as follows: 
general appearance and separation of layers for (0-20), roundness and distribution of crumb for (0-15), 
crust color and odor for (0-15).  

 
Statistical Analysis 

     All measurements were made in duplicates. The data were statistically evaluated  by the one-way 
analysis of variance procedure (ANOVA) (factor: irradiation level), followed by the least significant 
difference test to compare mean values. The level of significance used was 95 %. 

 
RESULTS AND DISCUSSION 

 
Pasting Properties 
 
     The amylograph characteristics of wheat flour suspensions with different gamma radiation doses up 
to 25 KGy are presented in table 1. The comparison of selected amylograms obtained for the samples 
irradiated applying various doses are shown in Fig.1. As expected all amylograph characteristics 
showed a significant decrease as the radiation dose increased. The decrease was significantly noticed 
after 0.1 KGy (fig. 1). The results were in agreement with the pervious reports of the effects of 
irradiation on pasting viscosities of various flours and starches (3, 4, 9, 10, 11,12). Results also suggest 
that irradiated wheat flour can be detected on the basis of amylograph characteristics. Among the 
amylograph characteristics, maximum viscosity was the key parameter which differentiates irradiation 
(fig.1). The reduction of viscosity in irradiated flour could be explained by free radicals created by 
gamma irradiation that are responsible for molecular changes such as uncoiling of starch chains and 
fragmentation by the breaking of hydrogen bonds in starch molecules (13). Protein content in the flour 
sample also influences flour gelatinization. Consequently, depolymerization and/or disaggregation of 
some globular proteins of wheat flour, which occur under influence of gamma irradiation, participates 
in the total change in viscosity taking place during irradiation (1,14). These changes may affect the 
physical and rheological properties of flour, thus decrease the viscosity. 
 

Table 1. Amylograph Characterisitics of Wheat Flour irradiated with  
gamma-radiation doses up to 25 KGy. 

Dose 
(KGy) 

Tg 
( oC) 

TP 
( oC) ∆η1 (H/P) (C/P) (C/H) (C – H) 

(BU) 
0 66 92.25 1.00 0.68 1.12 1.63 740 

0.1 59.25 84 0.56 0.32 0.94 3.17 630 
1.0 57.75 82.5 0.54 0.31 0.94 2.97 590 
5.0 58.5 81 0.38 0.24 0.79 3.31 370 
7.5 62.25 84 0.19 0.23 0.44 1.87 70 
10 63 84 0.13 0.25 0.52 2.08 65 
15 59.25 81 0.17 0.22 0.42 1.92 60 
20 60 66 0.11 0.26 0.58 2.20 60 
25 61.5 67.5 0.11 0.23 0.50 2.22 55 
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Tg = Gel Temperature, TP =  Paste Peak Temperature, ∆η1 = (ηmax/ηmax(control)),  (H/P) = Breakdown 
Ratio, (C/P) =Setback Ratio, (C/H) = Total setback ratio,  (C-H) = Consistency 

 
Fig. (1): Representative amylograph pasting properties curves for unirradiated and 

irradiated wheat flour samples. 
 
pH Measurements of Irradiated Flour Suspensions. 
 
   Starch radiopolymerization (acids, monosaccharides, the other small molecular products) resulting 
from irradiation involves a gelatinization occurrence at essentially lower temperature range (15). It is 
confirmed in the present work that the acidity increases with increasing radiation dose (Fig. 2) causing 
a decrease of gelatinization temperature. Sokhey and Chinnaswamy (16) reported similar results 
indicating that the breakdown of glycosidic linkages by the action of free radicals, induced by 
irradiation, may cause an increase in the starch acidity inducing COOH formation. 
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Fig.(2): Relationship between gamma–irradiation dosages and pH of 
suspension of wheat flour samples 

Dough Characteristics  
 
1. Dough Stability and Tolerance 
 
   Farinograph and extensograph are important tools to give information about dough stability and 
baking quality. Table 2 shows the effect of increasing radiation dose on the farinograph data of flour 
samples. Selected faringrams, obtained for the samples irradiated applying various doses, are shown in 
Fig. 3. It is noticed that water absorption increased with increasing radiation dose. This could be due to 
the increase of starch damage level (decreasing in dextrin chain length) and level of soluble pentosans 
(17, 18). 
  Also, dough stability, mixing tolerance requirements and the arrival time decreased as the radiation 
dose increased. Generally, significant reduction of the tail section width (right side of farinograph) of 
wheat flour irradiated at radiation dose 10 KGy and higher indicates the weakness of these irradiated 
samples compared with the control ones (Fig. 2). The weakening effect on the mixing properties is 
related to the partial breakdown of dough protein and starch as a result of the action of irradiation. It 
could be concluded that as the radiation dose increased beyond 10 KGy, the tolerance to mixing 
becomes poorer, and therefore is expected to have poorer gas retention and become unbakable. 

 
Table 2. Farinograph parameters of wheat flour samples irrradiated with different gamma-

irradiation doses 

WA = Water Absorption, AT = Arrival time,  DDT = Dough Development time, DS = Dough Stability, 
DTI = Dough tolerance index, DW = Degree of Weakening  

 
2. Dough Extensibility 
 
   Table 3 summarizes the data obtained from extensograms and selected extensograms, obtained for 
the samples irradiated applying various doses are shown in  Fig. 4. Generally the results show that the 
loss in dough quality, which involved a decrease in extensibility, and a decrease in resistance, 
definitely reflected an interference with the normal development of gluten protein network. As the 
level of irradiation dose was increased, the samples lost the unique elastic and cohesive properties of 
wheat gluten, and the gluten was so denaturized resulting in the disability of dough prepared from the 
sample (1, 19). 

Dose 
(KGy) WA (%) AT 

(min) 
DDT 
(min) 

DS 
(min) 

DTI 
(BU) 

DW 
(BU) 

0 55.7 1.0 1.5 2.0 100 120 

0.1 55.5 0.8 1.5 2.5 110 130 

1 56.9 0.8 1.3 2.5 110 130 

5 55.0 0.7 1.3 3.0 100 120 

7.5 57 0.8 1.1 3.5 100 110 

10 57.8 0.7 1.0 2.0 120 140 

15 57.7 0.6 1.0 2.0 80 110 

20 58.7 0.6 1.0 1.5 110 140 

25 62.2 0.5 1.0 0.7 180 210 



The Second All African IRPA Regional Radiation Protection Congress 22-26 April 2007 Ismailia Egypt 
 
 

 

   Thus, rheological measurements serve as indices which when properly interpreted, enhance the 
probability of satisfactory end-performance. It is apparent that the ultimate criteria of quality of flour 
are its conformance to chemical and physical requirements plus certain standards as established by a 
performance test. 

 

Fig. (3): Representative Farinograms of wheat flour irradiated with gamma – 
irradiation doses (0, 5, 10 & 25 KGy respectively). 

 
 

Table 3. Extensograph parameters of wheat flour samples irradiated with different 
gamma-irradiation doses. 

 

Dose 
(KGy) 

Dough 
Extensibility 

(E) (mm) 

Dough Resistance 
to extension  

(R) (BU) 

Proportional No. 
D = R/E 

0 125 700 5.6 

0. 1 120 610 5.1 

1.0 120 600 5.0 

5.0 115 590 5.1 

7.5 120 580 5.2 

10 110 555 5.05 

15 100 410 4.1 

20 90 240 2.7 

25 90 205 1.8 
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Fig. (4): Representative Extensograms of wheat flour samples irradiated with gamma – 
irradiation doses of (0, 5, 10 & 25 KGy respectively). 

 
 
Sensory Properties of Shamy Bread 
 
   Table 4 represents the characteristics of bread made from wheat flour irradiated at different 
radiation doses. Some selected loaves obtained from these tests are shown photographically in Fig.5. 
Results show that the quality of wheat flour could be greatly improved by ionizing radiation. 
Concerning the evaluation of organoleptic characters of bread as judged by the panelists, all samples, 
irradiated up to 7.5 KGy, are accepted. Zaeid and co-workers (20) showed that bread prepared from 
irradiated flour up to 8 KGy was accepted. The radiation-induced improvement in breadmaking 
quality could be explained due to an increase in gas production due to radiation-produced fermentable 
degradation products (21). Therefore, using dose up to 1 KGy can be recommended to avoid 
infestation or pathogenic infection. Whereas, high doses (5 –7.5 KGy) can be used for eliminating 
mycotoxins. 
   The characteristic unpleasant odor of the gamma irradiated samples occurs at 10 KGy and higher 
doses, named to Basic Flavor Descriptive Language, as “rotten”. The “rotten” off-flavor is described 
as unfresh or even decay. Warchlewski and co-workers (22) suggested that gamma irradiation can 
increase the formation of the volatile degradation products of amino acids and proteins, as well as their 
interaction with reducing sugar due to obtaining the ultimate radiation–induced breakdown products of 
starch. Thus, the strong disagreeable odor in bread may partially be attributed to considerably high 
free valine content in wheat flour at dose beyond 10 KGy. 
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Table 4. Sensory evaluation of bread loaves baked from wheat flour samples irradiated with 
different gamma-radiation doses. 

Any two means with the same letter in the same treatment (row), were not significantly different at 95% level of 
probability.  
Acceptance: Less than 70 = Questionable (Q); (70 – 79) = Satisfactory (S); (80 – 89) = Good (G);     (90 – 100) 
= Very good (V) 
 

 
Fig. (5): Photographs of selected bread samples baked from wheat flour irradiated with 

different gamma – irradiation doses. 
 

Property Control 0.1  
KGy

1.0  
KGy

5.0  
KGy

7.5 
 KGy

10  
KGy

15  
KGy 

20  
KGy 

25  
KGY

General appearance (20) 16.2 12.4 12.1 13.1 15.9 10.8 9.8a 9.7a 8.3a 

Separation of layers  (20) 16.5 13.6 14.7 13.3 16.1 13.0 11.9b 11.3b 11.0b 

Roundness (15) 12.4 10.9 11.1 10.4 11.8 10.6 8.2 6.5 6.2 

Distribution of crumb (15) 13.0 11.5 11.7 11.8 12.7 10.5 9.6 9.1 8.4 

Crust color (15) 13.1 11.2 11.5 11.2 12.5 8.4 7.7 7.1 6.9 

Odor  (15) 11.6 10.5 10.9 10.6 11.1 8.2 7.8 7.3 7.1 

Total score (100) 82.8 70.1 72 70.4 80.1 61.5 55 51 47.9 

Acceptance G S S S G Q Q Q Q 
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   These changes in baking performance are attributed to denaturation of flour protein. Dahle (23) 
showed that denaturation of wheat protein at higher gamma radiation dose would strongly influence 
bread baking performance of the flour and would be resulted in the loss of volume of bread baked 
from those irradiated flours. The lower values of acceptance of crumb color in irradiated samples may 
be due to lower carotenoid pigment Xanthophyll content as the radiation dose level increase (24). 
 

CONCLUSION 
 

   The effect of gamma irradiation dose up to 25 KGy on the physical dough and baking properties of 
Egyptian wheat flour were reported. Results showed weakening of dough mixing properties and lower 
dough strength as the radiation dose increased. However, a decrease of all amylograph characteristics, 
that tend to be more pronounced at 10 KGy and higher doses indicating physico-chemical alteration of 
both starch and gluten components, is suggesting that the detection of irradiation dose through 
Brabender viscoamylograph was possible for food containing high amounts of starch such as cereals. 
   Results concerning the effects of irradiation on dough and breadmaking properties showed that the 
baking quality of wheat flour samples exposed to gamma irradiation up to 7.5 KGy could be greatly 
improved. This could be explained on the basis of a simulation in gas production during dough 
fermentation due to increase in starch degradation products. 
   Concerning, the evaluation of organoleptic characters of bread as judged by the panelists, all 
samples irradiated up to 7.5 KGy were accepted. These data were similar to that of Zaeid and co-
workers (20). Therefore, using 1KGy can be recommended for keeping quality of wheat flour to avoid 
the infestation or pathogenic infection. Whereas high doses (up to 7.5 KGy) can be used to reduce 
growth of fungi and concentration of mycotoxins  
   Due to the high consumption of wheat flour, which is expected to increase in the near future, gamma 
irradiation will provide a basis for good quality control as well as extending the shelf-life of a very 
important food product 
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