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ABSTRACT 

The action of some improvers such as hydrated wheat bran, gluten powder, ascorbic acid or 
permeate powder were analyzed to determine their effects on dough characteristics the quality of flat 
and pan bread made using whole wheat meal Sakha 93 (control1), whole wheat meal flat or pan bread 
made using hydrated wheat bran (control2), gluten powder and control2 (S1), ascorbic acid and control2 

(S2), permeate powder and control2   (S3). The results showed that S3 sample recorded the highest content 
of crude protein, ether extract, ash and crud fiber, while it recorded  the lowest content of nitrogen free 
extract flowed by S2 sample. The rheological properties of dough samples were determined by 
Farinograph, Extensograph and glutamic perten. The addition of ascorbic acid and permeate powder to 
S2 and S3 sample increased dough stability and decreased dough weakening comparing with control 
samples. Also, the resistance to extension of S2, S3 was increased and extensibility was decreased 
comparing with control samples. For gluten analysis, S3 sample recorded the highest content of gluten. 
The results of sensory characteristics of flat bread showed that there were significant differences 
between control and other samples, S2 and S3 Samples were the most ideal sample in flavor, chewiness 
and taste. Organoleptic evaluation of pan bread samples showed that there were significant differences 
between control samples and other samples for all parameters, while there were significant differences 
between S2 and S3   sample for crust color, distribution of crumb and general appearance of pan bread 
samples. Also S3 pan bread sample recorded the highest value of volume and specific volume followed 
by S2 sample. The data revealed that a decrease in the alkaline water retention capacity (AWRC) took 
place with increasing the storage period of flat and pan bread samples (S3 and S2), compared with control 
value. Ascorbic acid and permeate powder was most effective for improving sensory and physical 
properties of both flat and pan bread. In addition it can help extend the shelf life by delaying bread 
staling and inhibiting mold spoilage.    
 
Key words: Whole wheat flour, Sakha 93, hydration wheat bran, gluten powder, ascorbic acid,                           
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Introduction 

Most consumers prefer products of refined white flour to whole grain products, because they 
perceive the textural properties of whole grain products as less attractive. Bran characteristics of whole 
wheat flour have a great negative effect on the quality of whole wheat bread (Noort et al. 2010). To 
meet consumers’ health requirements, breads with added nutritional compounds are now expanding 
(Poınot et al., 2009). However, the daily consumption of whole grain and high fibre products is desired 
to be significantly higher for the health reasons (Shenoy and Prakash 2002; Lasekan et al., 2011 and 
Sullivan et al., 2011). The consumption of whole grain products can be stimulated by improving their 
perceived attractiveness. Hence, the inclusion of some materials such as malt flour, rosehip, cephalaria, 
and vital gluten in the dough formulation can be considered to improve the quality of whole wheat 
bread.  

The development of baking technology is a phenomenon that has had a great impact on the food 
industry, and has increased the acceptance of food by the consumers (Asghar et al., 2011 and Eddy et 
al., 2007). The use of different additives such as emulsifiers, oxidants and enzymes to improve the 
quality of bread is nowadays common practice (Nanditha and Prabhasankar, 2009; Asghar et al., 2011 
and Barrera et al., 2015).  

The dough improver has been used to improve all aspects of the bread and give bakers the required 
tolerance and flexibility during all stages of the baking process: mixing, fermentation, baking and shelf 
life Hrušková and Novotná, 2003. A previous study by Brennan (2006) illustrated that dietary fiber has 
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many beneficial effects on human health: for example, decreased intestinal transit time, reduction of 
blood cholesterol.  

Bran is rich in polysaccharides which can bind water on a molecular level through formation of 
hydrogen bridges (Chaplin 2003).  
The negative effect of wheat bran addition on bread has been attributed to a number of factors including 
dilution of gluten proteins, although this factor is also dependent on the gluten quality of the flour being 
used (Noort et al., 2010 and Hemdane et al., 2015).  

Wheat bran associated polyphenol oxidases are involved in the darkening of wheat products due 
to their oxidative effect on endogenous phenols. The actual levels of polyphenol oxidases found in 
wheat bran may cause loss of both organoleptic quality and nutritional value of whole-meal products 
(Soysal and Söylemez 2004).  

Hemdane et al. (2015) reported that presoaking bran in a limited amount of water gives higher 
loaf volumes compared to bread containing untreated bran, especially if high bran concentrations are 
added. They suggested that the slow rate of water uptake by coarse bran during mixing is an important 
cause of its deleterious effect in bread making. Adding bran that is already saturated with water could 
overcome this deleterious effect.  

Technological wheat quality is one of the key factors when considering which improver should 
be used. For better acting, dough improvers are often consisted of oxidizing and reducing agent. 
Oxidizing agent such as L-ascorbic acid (E300) increased dough strength by oxidized sulfhydryl groups 
(-SH) to disulfide bond (S-S). Oxidation generally affects the resistance and extensibility of dough. Its 
effect can be clearly demonstrated by extension tests measured by the extensograph or the alveograph 
(Šimurina et al., 2002).  

Ascorbic acid effect on gluten and dough is to reduce extensibility and increase elasticity, giving 
beter volume, shape, and finer and more uniform texture to the finished breads Cauvain 2015. It is 
applied in pan bread from 50 to 200 ppm (flour basis) levels.  
A number of applications for whey-permeate have been developed in an effort to overcome the problem 
of its disposal. Permeate could be added as an ingredient to existing types of food supplements for 
moderately malnourished children. In baked products, whey permeate can offer many benefits, such as 
enhancing surface browning and which not only improve appearance but also imparts a pleasant 
caramelized flavor, moisture retention and development of a tender crumb structure. Whereas, Lactose 
content dictates permeates ability to improve the texture of baked products, affect their appearance and 
color. Permeate is also good source for electrolytes such as calcium, potassium, sodium, magnesium 
and phosphorus (Marhamatizadeh et al., 2012 and Udovicic et al., 2013).  

Bread supplies a significant portion of the nutrients required for growth and health maintenance 
since it is the sources of proteins, vitamins, minerals, fibre and complex carbohydrates (Tarzi and 
Ardebili, 2013).  

The aim of this study is improving the quality characteristics of flat and pan bread by using 
different improvers, such as hydration wheat bran, gluten powder , ascorbic acid, permeate powder .The 
effect of their improvers on the rheological characteristics and quality characteristics of produced bread 
was also studied 

 
Materials and Methods 
 
Materials 

Egyptian wheat grains (sakha 93) was obtained from Field Crops Dept., Agr. Res. Center, Giza, 
Egypt. Permeate used in the flat bread making was obtained from Al-Alamia for Modern Industries Co., 
1st industry area, building 43, 6th of October, Giza, Egypt, gluten powder and ascorbic acid were 
obtained from Chemtech International for food and technology industries 6th of October - Juhayna 
Square - Giza, Egypt, instant active dry yeast, crystal white sugar, sodium chloride, corn oil, were 
purchased from the local market. 
 
Analytical methods 

Protein, ash, crude fiber and fat contents were determined according to the methods described in 
A.O.A.C. (2010). Nitrogen free extract (NFE) content was calculated by difference. Minerals content, 
i.e., Na, Ca, Mg, P and K were determined in the diluted solution of ash samples by using the atomic 
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absorption spectrophotometer (3300 Perkin-Elmer) as described in A.O.A.C. (2010). Lactose was 
determined in permeate powder by high perphormance liquid chromatography (HPLC) Hewlett Packard 
1040A HPLC detection system as described by Jeon et al.,(1984). 
  
Methods 
 
Methods of Processing: 

Wheat grains (sakha93) were manually cleaned, ground in a laboratory mill (Athelzion, HZ: 50, 
H: I, V: 220, Italy). 

  
 Method of wheat bran hydration   

Whole grain meal 1Kg was sieved on 60 meshes, the separated bran was weighted (183g) into a 
muslin bag with a draw string. The closed bag was suspended in an excess of water (1666 ml.) at room 
temperature 25oc ±2 for 1 h to allow water absorption and agitated frequently during suspension. The 
bran removed from water, the wet bran was weighted (333.2g) and the moisture of bran was determined 
before (8.98%) and after hydration (56.56%), transferred into the dough mixer with the other baking 
ingredients as described by Nelles et al. (1998).  

 
1. Preparation of whole wheat formula : 

 
Table 1: Formulae of the flat bread 

 Control (1) Control (2) S1 S2 S3 

Whole wheat meal (g) 1000 817 817 817 817 
Gluten powder (g) - - 1 1 1 
Before hydrated bran (g) from 1kg Whole wheat meal  1000 183 183 183 183 
After hydrated bran(g) from 1kg Whole wheat meal - 333.2 333.2 333.2 333.2 
L-ascorbic acid (mg) - - - 15 - 
Permeate   powder (%) - - - - 1.5 
Kneading water (ml) 1120 1000 1016 1030 1060 

Control(1):(whole wheat meal), Control (2): whole wheat meal (hydrated bran), S1:(Control 2)+ gluten, S2:(Control 2)+ gluten + 
ascorbic acid, S3:(Control 2)+ gluten + permeate. 
 

Table 2: Formulae of the pan bread 

 Control (1) Control (2) S1 S2 S3 

Whole wheat meal (g) 1000 817 817 817 817 
Gluten powder (g) - - 1 1 1 
Before hydrated bran (g) from 1kg Whole wheat meal  1000 183 183 183 183 
After hydrated bran(g) from 1kg Whole wheat meal - 333.2 333.2 333.2 333.2 
L-ascorbic acid (mg) - - - 15 - 
Permeate   powder (%) - - - - 1.5 
Kneading water (ml) according to Farinograph water absorption 73 57 57.5 57.7 60.5 

Control (1):(whole wheat meal), Control (2): whole wheat meal (hydrated bran), S1:(Control 2)+ gluten, S2:(Control 2)+ gluten + ascorbic acid, 
S3:(Control 2)+ gluten + permeate. 

 
Rheological properties 
 

 Rheological properties of dough were evaluated using farinograph and extensograph according 
to the standard A.A.C.C. methods No. 54-10 and 54-21 (2000), respectively. Farinograph test was 
carried out to determine the effect of different improvers on dough rheology, parameters measured were 
water absorption (%), Arrival time (min), dough development time (min), dough stability (min), and 
Dough weakening (B.U). Extensograph test was carried out to determine the effect of different 
improvers on dough rheology, parameters measured were: Resistance to extension(R) (B.U), 
Extensibility (E) (mm), Proportional number (R/E) and Energy (Cm2). 
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Glutomatic Wet and Dry Gluten 
 
Physico-chemical methods: 

Wet and dry gluten were determined according to the method outlined in A.A.C.C. (2000) as flows: 
A 10g sample was weighed and placed into the glutomatic washing chamber on top of the polyester 
screen. The sample was mixed and washed with 2% salt solution (NaCl) for 5 minutes. At the end of 
the wash cycle, the wet gluten was removed from the washing chamber, placed in the centrifuge holder, 
and centrifuged for 1 min, at 6000 rpm. The residue retained on top of the screen and through the screen 
was weighed to get total gluten. Wet gluten content results were expressed as a percentage. It was then 
dried in a heater at 150oC for 4 min. to give the dry gluten. Determination of wet, dry, and gluten index 
was as follows: 
Wet gluten content (%) = Wet gluten weight x 10 
Gluten index = (wet gluten remaining in the sieve (g) / Total gluten) x100. 
Dry gluten content (%) = Dry gluten weight x 10. 
 
Processing of whole wheat flat bread: 

Whole wheat flat bread was processed using the following procedures:- 
According to Yaseen et al. (2007). Bread was prepared by mixing whole wheat meal Sakha 93, instant 
active dry yeast (1%), sodium chloride (1.5%) and water then or and mixed about 6 min to form the 
needed dough. The dough was left to ferment for 1 h at 30ºC and 85% relative humidity, then divided 
into 150 g pieces. The pieces were arranged on a wooden board that had been sprinkled with a fine layer 
of bran and left to ferment for about 45 min at the same temperature and relative humidity. The pieces 
of fermented dough were flattened to about 20 cm in diameter. The flattened loaves were proofed at 30-
35ºC and 85% relative humidity for 15 min and then were baked at 400-500ºC for 1-2 min. The loaves 
of bread were allowed to cool on racks for about 1 h. 
 
Processing of whole wheat pan bread: 

The straight dough method for pan bread production was carried out according to the method 
described by (A.A.C.C., 2002).Bread dough was prepared by mixing all ingredients in the mixer bowl 
for 2 min, fermented dough was left to rest for 20 min at 28- 30o C (first proofing) then the dough was 
divided into 150 g piece. The pieces were hand moulded and placed into pans for final proofing at 32- 
35o C and 80- 85 % relative humidity in fermentation cabinet for 60 min. Dough was baked in 
electrically oven at 210- 220o C for 15- 20 min. After baking, loaves were separated from the metal pan 
and allowed to cool at room temperature before sealed in polyethylene bags to prevent moisture loss 
then stored at room temperature (25± 2o C).  
 
Sensory evaluation of whole wheat flat bread  

Sensory evaluation of whole wheat meal flat bread loaves was conducted for the freshly baked 
breads by 10 semi-trained panelists from the staff (male and female) aged from 25 to 60 years old from 
Food Technology Research Institute, Agriculture Research Center, Egypt according to Mousa et al. 
(1979). The ideal scores were as follows: crust color, 5; crust characteristics, 6; crumb color, 5.5; crumb 
grain and texture, 7.5; flavor and taste, 5; and chewiness, 5. These Avgs were scored on a scale of 1–
10. The panelists were asked to give these Avgs for the optimum level of each character and to record 
the negative or positive deviation of each character on the scale. Triplicate samples were evaluated for 
each bread sample. 
 
 Sensory evaluation of whole wheat pan bread: 

Pan bread was evaluated for its sensory characteristics by ten panelists from the staff of the Cereal 
Technology Research Section, Agric. Res. Center. The scoring scheme was established according to 
the method described by A.A.C.C. (2000) as follows: crust color (15), distribution of crumb(15), crumb 
color(15), taste (20), flavor(20) , General appearance(15) and total score (100).      
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Physical properties:  
 
Specific volume of pan bread 

The weight of pan bread loaves was determined after cooling. Bread loaf volume was measured 
by rape seed displacement method as described by A.A.C.C. (2002). Specific volume (cm3)/ g of bread 
were calculated by dividing volume of the loaves (cm3) by their weight (g). Density g/ (cm3) of bread 
were calculated by dividing weight (g) by their volume of the loaves (cm3). 
 
Determination of bread staling 

Flat and pan bread staling was determined by using Alkaline water retention capacity (AWRC 
%) as follows: 

 The staling rate of  bread samples was determined by alkaline water retention capacity method 
as described by kitterman and Rubanthalar (1971), as follow : The staling rate of bread was determined 
at zero, 1, 2, 3, 4, 5, and 6 days of storage time. Bread was cut into small pieces and dried in an electric 
oven at 50o C over night, then ground to pass through 60 mesh stainless steel sieve. Five grams of dried 
bread sample were placed into a 50 ml dry plastic centrifuge tube. Then, 25 ml of NaHCO3 solution (8.4 
g Sodium bicarbonate dissolved in one liter distilled water) were added. The tube was stoppered and 
shaked until all baked products became wet. Then, the mixture was left for 20 min with shaking every 
5 min. The contents were then centrifuged at 1000 rpm for 15 min. After centrifugation, the supernatant 
was decanted and the precipitated was left for 10 min. at 45o angel to get rid of free water. The 
percentage of the absorbed alkaline solution to 5 g of baked bread was calculated as follows: 

% AWRC= W2 - W1 × 100 
        Ws 

W1 = Weight of empty tube 
W2=Weight of tube with sample after centrifugation 
Ws = Weight of sample. 
 
Evaluation of shelf life of whole wheat meal bread 

Whole wheat meal flat and pan bread were packaged in polyethylene bags and stored at room 
temperature (25- 30oC). Bread were examined daily for visible yeast and mold growth as reported by 
Del Nobile et al. (2003).  
 
Statistical analysis 

 Data were expressed as the means ± SD. Statistical analysis was carried out using one - way 
analyses of variance, ANOVA (Rao, and Blane, 1985). 
 
Results and Discussion 
 
Chemical Characteristics and mineral analysis: 

The obtained results in Table (3) indicated that permeate powder contained highest values of ash 
and lactose (7.90 and 82 %, respectively), while whole wheat meal (control1) contained ash 1.65% and 
80.44% of nitrogen free extract, respectively. While S3 sample had highest values of protein, ether 
extract, ash and crude fiber content (12.31, 2.56, 1.75 and 3.85 %, respectively) and lowest values of 
nitrogen free extract content (79.63%).This results are closed to Mohie et al. (2011) who reported that 
whole wheat meal sakha 93 contend 13.30% Crude protein, 2.52 % ether extract, 1.51% ash, 1.69 % 
Crude fiber and 80.97% nitrogen free extract. Also the results are in agreement with US Dairy Export 
Council (2011) ,those reported that the approximate dry weight composition of permeate is 65 to 85% 
lactose, 8 to 20% ash or minerals, 3 to 8% protein, and less than 1.5% fat . Nahla et al. (2015) reported 
that the ash content  of  permeate in the range 7.16- 7.81% , protein content in the range 3.75-4.69% 
and lactose content in the range 86.1-88.3%. 

Also, from the same table, it could be seen that, permeate powder had the highest value of Na, 
K, Ca, Mg and P (979, 2248,432, 100.1 and 718 mg/100 g, respectively). While whole meal Sakha93 
had (131.230, 31.890, 75.120, 25.210 and 195.300 mg/100g of Na, K, Ca, Mg and P, respectively. 
Permeate is also good source for electrolytes such as calcium, potassium, sodium, magnesium and 
phosphorus (Marhamatizadeh et al., 2012 and Udovicic et al., 2013). 
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Table 3: Chemical characteristics of whole wheat meal flour Sakha93 with some improvements (% on 
dry weight basis). 

Constituent 
% 

Control (1) Control (2) S1 S2 S3 
Permeate  
powder 

Crude protein 11.65±0.029 11.58±0.017 12.14±0.144 12.21±0.013 12.31±0.023 4.98±0.011 

Ether extract 2.51±0.006 2.50±0.173 2.53±0.012 2.52±0.012 2.56±0.009 0.02±0.003 

Ash 1.65±0.026 1.62±0.015 1.68±0.015 1.64±0.015 1.75±0.026 7.92±0.032 

Crude fiber 3.75±0.029 3.68±0.017 3.78±0.058 3.65±0.058 3.85±0.058 0.10±0.009 
Nitrogen free  
extract * (NFE) 

80.44±0.154 80.02±0.012 79.87±0.012 79.88±0.012 79.63±0.058 86.98±0.006 

Lactose      82 
Minerals content (mg/100g) 

Na 131.230 130.520 142.530 143.680 150.230 979 
K 31.890 31.860 35.120 35.090 56.320 2248 
Ca 75.120 75.119 76.343 76.380 79.890 432 
Mg 25.210 25.205 29.882 29.899 30.762 100.1 
P 195.305 195.300 196.840 196.750 197.620 718 

  Means of triplicate ±SD. *NFE:  Calculated by difference. Control (1):(whole wheat meal), Control (2): whole wheat meal 
(hydrated bran),S1:(Control 2)+ gluten, S2:(Control 2)+ gluten + ascorbic acid, S3:(Control 2)+ gluten + permeate. 
 

Rheological properties of whole meal dough made using the improvers: 
 The rheological methodology is helpful in the research of dough properties and to determine the 

characterization of dough. Mixing of wheat flour with water allows the activation of viscoelastic gluten 
network- which determines the quality of the final product (Hadnađev et al., 2011). The farinogram 
analysis indicated that the whole wheat meal had 73% water absorption, 1 min arrival time, 2 min 
development time, 4 min dough stability and 110 B.U dough weakening summarized in Table 4.  
 
Table 4: Effect of some improvements on rheological properties of whole wheat meal doughs Sakha 93. 

Parameters dough samples Control (1) Control (2)  S1  S2 S3  
Farinograph 

Water absorption (%) 73 57 57.5 57.7 60.5 
Arrival time (min) 1 1.5 1.5 2.5 3 

Dough development time (min) 2 2 2.5 3.5 4 
Dough stability ( min) 4 4 4.5 6 9.5 
Dough weakening (B.U) 110 100 80 50 40 

Extensograph 
Resistance to extension(R)(B.U)  150 170 360 420 610 
Extensibility (E) (mm)  90 100 85 85 140 
Proportional number (R/E) 1.66 1.70 4.23 4.94 3.36 
Energy (Cm2) 25 29 36 42 90 

Gluten 
Wet  gluten (%) 25.78 25.75 30.34 30.36 33.12 
Dry  gluten (%) 9.50 9.30 9.20 9.50 10.50 
Gluten index 88.38 90.20 93.61 94.11 94.54 

Control (1):(whole wheat meal), Control (2): whole wheat meal (hydrated bran),S1:(Control 2)+ gluten, S2:(Control 2)+ gluten 
+ ascorbic acid, S3:(Control 2)+ gluten + permeate. 

 
From the obtained data it could be observed that the samples of wheat meal (control(2) , S1, S2 and 

S3) had lower water absorption 57, 57.5, 57.7 and 60.5% respectively compared to control(1) 73%, this 
is due to hydration of wheat bran.Also, from the same Table, it could be noticed that the S1 sample had 
highest arrival time 1.5 min, dough development time 2.5 min and dough stability 4.5 min compared to 
control(1). Hemdane et al. (2016) reported that a first approach to counteract the deleterious effect of 
bran in bread making involves the use of flour with high protein content, addition of water, processing 
adjustments, and addition of bread improvers, such as surfactants, enzymes, and commercial gluten. 
These improvers strengthen the gluten-starch matrix and improve fermentation stability, which 
ultimately results in increased gas retention and dough expansion. Results also showed that dough 
stability of wheat meal (control(1,2) was 4 min , while sample S1 recorded 4.5 min, while the samples S2 
and S3 recorded higher values (6 and 9.5 min, respectively). Concerning to the dough weakening, it 
could be noticed that the dough  samples control(2), S1, S2 and S3 which containing improvers , had an 
decrease values 100, 80, 50 and 40 B.U. respectively compared to control(1) 110 B.U. These results are 
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in accordance with (Joye et al. 2009 and Koehler 2003) who reported that the ascorbic acid acts as 
oxidizing agent and helps in the formation of additional disulfide bridges with the sulfur containing 
amino acids of gluten.Since ascorbic acid or dehydroascorbic acid oxidized SH groups of gluten 
molecules as reported previously gluten molecules seemed to become more rigid and hydrophobic than 
without the additives. The improved action of ascorbic acid is due to rapid oxidation of reduced 
glutathione in the flour. In this way, there are minimized -S-S-/-SH interchange reactions by disulphide 
bridges of gluten structure (these reactions can depolymerize proteins gluten and thin dough). (Grosch 
and Wieser, 1999). 

Data presented in Table (4) show the effect of different additives added to whole wheat on 
extensograph parameters. From these results, it could be observed that, the extensibility (E) of dough 
produced from (S1 and S2) was decreased compared with dough produced from 100% wheat flour, these 
results are in agreement with   Udovicic et al. (2013) they reported that lactose gives amore elastic dough 
and increases bread volume, lactose also improves kneading characteristics and improves stability and 
gas retention. Concerning the resistance to extension (R) of dough, most treatments which contained 
hydrated wheat bran and gluten powder S1, hydrated wheat bran , gluten powder with ascorbic acid S2 

and hydrated wheat bran , gluten powder with permeate S3 were higher. This may be due to more 
hydrogen bonds in gluten-carbohydrate complex of dough, which reinforces the dough resistance. In 
the same time, the proportional number (R/E) of dough increased with the addition of different 
improvers compared to control(1,2) . Also, from the same Table, it could be noticed that the energy values 
of dough prepared from different treatments (S1,S2 and S3) were increased compared with energy values 
of dough produced from whole wheat meal control(1). Bran is rich in polysaccharides which can bind 
water on a molecular level through formation of hydrogen bridges, these mechanisms contribute to 
water uptake by bran in the case of unconstrained hydration (Chaplin 2003). 

 Oxidizing agent such as L-ascorbic acid (E300) increased dough strength by oxidized sulfhydryl 
groups (-SH) to disulfide bond (S-S). Oxidation generally affects the resistance and extensibility of 
dough. Its effect can be clearly demonstrated by extension tests measured by the extensograph or the 
alveograph (Šimurina et al. 2002). 

In the gluten analysis, sample S3 showed highest and better results than all samples. The presence 
of proteins is another important factor determining the quality of the flour or mixtures (Dua et al., 2009 
and Enriquez et al., 2003). This is because there is a direct correlation between protein percentage and 
gluten formation (Malomo et al., 2011), which finally affects bread quality (Mirsaeedghazi et al., 2008).  
  
Organoleptic evaluation of flat bread 

Organoleptic evaluation of fresh flat bread samples presented in Table(5).From the obtained data 
in Table 5, Sample S2 and S3  was the most ideal sample in Crust characteristics followed by S1 and 
control(2) , Sample S3 was the most ideal sample followed by S2 in crumb color(4.83 , 4.67 ) and grain 
and texture (6.45 , 6.36 ) values respectively, there was a significant difference between S3 sample bread 
and control(1,2) in all parameters. Sample S2 and S3 was the most ideal sample in flavor and taste (4.34, 
4.28) and chewiness (4.35, 4.32) values respectively. In flat breads, for instance, where loaf volume is 
of minor importance, crumb texture quality also decreased by incorporation of wheat bran, and a darker 
crumb color can be noticed (Majzoobi et al. 2013). 
 
Table 5: Organoleptic evaluation of flat bread with some improvements  

Characteristics 
Crust  
color  

Crust 
characteristics  

Crumb  
color  

Grain and 
texture 

Flavor and 
taste  

Chewiness    

(5) (6) (5.5) (7.5) (5) (5) 
Control (1) 3.19±0.100d 4.39±0.480d 4.20±0.036d 4.93±0.139e 3.68±0.469b 4.08±0.165b 
Control (2) 3.38±0.366c 4.92±0.163c 4.22±0.073d 5.18±0.039d 3.68±0.433b 4.08±0.061b 

S1 3.72±0.4752b 4.65±0.035b 4.26±0.030c 5.44±0.104c 3.85±0.030b 4.08±0.058b 
S2 4.18±0.243a 5.49±0.030a 4.67±0.032b 6.36±0.072b 4.28±0.053a 4.32±0.046a 
S3 4.42±0.029a 5.55±0.031a 4.83±0.043a 6.45±0.031a 4.34±0.032a 4.35±0.087a 

Means in the same column with different letter are significantly different (P ≤ 0.05). 
Control (1):(whole wheat meal), Control (2): whole wheat meal (hydrated bran),S1:(Control 2)+ gluten, S2:(Control 2)+ gluten + 
ascorbic acid, S3:(Control 2)+ gluten + permeate. 
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Organoleptic evaluation of pan bread 
Organoleptic evaluation of fresh pan bread samples presented in Table (6). The results show a 

significant difference in taste and flavor between control (1,2) bread sample and S2 and S3  samples. It is 
obviously that the addition ascorbic acid and permeate powder to whole wheat meal enhanced taste and 
odor characteristics of pan bread. These results are in accordance with shogren et al. (2003), they 
reported that addition of ascorbic acid significantly increased yeasty flavor, suggesting that ascorbic 
acid acted as a leavening aid, perhaps by oxidizing and strengthening the wheat gluten. The oxidizing 
power of ascorbic acid in breads (Sidhu et al. 2001) is thought to be due to the formation of 
dehydroascorbic acid, on exposure of ascorbic acid to oxygen. 

Generally, from the results presented in Table (6), there were a significant differences (P≤ 0.05) 
were noticed between control sample and samples containing improvers (S1, S2 and S3) for all  
characteristics of  pan bread. On the other hand, there were non- significant differences (P≤ 0.05) 
between S2 and S3 for crust color, distribution of crumb and general appearance of pan bread. 

 
Table 6: Organoleptic evaluation of pan bread with some improvements. 

Characteristics 
crust color 

(15) 

Distribution 
of crumb 

(15) 

crumb color 
(15) 

Taste 
(20) 

Flavor 
(20) 

General 
appearance 

(15) 

Total score 
(100) 

Control(1) 12.68±0.50b 13.15±0.37b 13.07±0.78b 17.53±1.05c 17.75±0.5b 12.03±0.33c 86.20±0.98d 

Control(2) 14.25±0.50a 13.45±0.53b 13.43±0.61b 17.98±0.25bc 17.93±0.28b 13.03±0.74b 90.05±1.81c 

S1 14.00±1.16a 14.00±0.82ab 14.00±0.82ab 18.00±0.82bc 18.00±0.82b 14.25±0.50a 92.25±1.70bc 

S2 14.50±0.58a 14.50±0.57a 14.25±0.95ab 18.75±0.50ab 18.00±0.82b 14.25±0.96a 94.25± 2.21b 

S3 14.50±0.57a 14.50± 0.58a 14.75±0.50a 19.75±0.50a 19.25±0.95a 14.25±0.50a 97.00± 1.41a 

 Means in the same column with different letter are significantly different (P ≤ 0.05). 
 Control (1):(whole wheat meal), Control (2): whole wheat meal (hydrated bran),S1:(Control 2)+ gluten, S2:(Control 2)+ gluten 
+ ascorbic acid, S3:(Control 2)+ gluten + permeate. 
 

The results showed that, such as enhancing surface browning and which not only improve 
appearance but also imparts a pleasant caramelized flavor, moisture retention and development of a 
tender distribution of crumb. Whereas, Lactose content dictates permeates ability to improve the texture 
of baked products, affect their appearance and color. Its unique volatile flavor-binding and enhancing 
properties are particularly useful in bakery products with delicate flavors. Because lactose binds volatile 
flavor components, there is less flavor loss during processing and storage (Udovicic et al., 2013).  
 
Physical characteristics of pan bread 

The results in Table (7) showed the physical characteristics of pan bread prepared by 
incorporating different improvements to whole wheat  meal (Sakha 93) .From the obtained results, it 
could be observed that, the higher value in loaf volume and specific volumes were noticed in sample S3 
followed by sample S2 (533.45 cm3 ; 4.01 cm3 /g ) and (521.66 cm3 ; 3.92 cm3 /g), respectively than 
control(1) 391.67 cm3 and 2.91 cm3 /g and control(2) (455.67cm3 and 3.38 cm3  / g ), respectively. 
  
Table 7: Effect of some improvements on physical characteristics of whole wheat  meal pan bread. 

Characteristics Loaf volume(cm3) Weight (g) Specific volume (cm3/g) 

Control(1) 391.67 134.67 2.91 
Control (2) 455.67 134.69 3.38 

S1 500.12 134.66 3.71 
S2 521.66 133.13 3.92 
S3 533.45 133.10 4.01 

Control (1):(whole wheat meal), Control (2): whole wheat meal (hydrated bran),S1:(Control 2)+ gluten, S2:(Control 2)+ gluten + 
ascorbic acid, S3:(Control 2)+ gluten + permeate. 
 

The obtained data are in line with (Sahi, 2014) who found that the use of ascorbic acid in bread 
making leads to greater loaf volume and a finer more uniform crumb structure. Lactose present in whey 
also contributes to increased volume and improved gas retention (Stoliar, 2009). Extensibility of dough 
was responsible for increase in loaf volume of bread (Edward et al., 2001). 
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Staling of flat bread: 
Staling of whole wheat flat bread samples prepared using  bread improvers (S1 ; S2 ; S3 )  as well 

as control(1,2) was followed during five days of storage at room temperature (25±2oC) are presented in 
Table (8). From the obtained results in Table (8) gradual decrease in AWRC% (low freshness) for all 
different flat bread samples during storage period was recorded. The significant lowest reduction in 
AWRC % values after 5 days of storage period was noticed in S3 sample (44.43%) followed by S2 
(45.043%). Control(1,2) and S1 samples was the faster in the reduction of AWRC % by increasing the 
storage period. Ascorbic acid is one of the most commonly used in baking improvers due to its 
properties, which lead to an increase in dough strength and consequently in bread volume (Aamodt et 
al., 2003). 
 
Table 8: Effect of some improvements on staling of flat bread  

Days Control (1) Control (2) S 1 S 2 S3 
0 387.03±0.825e 389.52±0.033d 405.16±0.037c 420.17±0.055b 436.4125±0.033a 
1 305.67±0.690e 308.17±0.135d 333.21±0.031c 344.45±0.045b 369.79±0.1065a 
2 267.13±0.113e 269.62±0.209d 301.14±0.020c 314.93±  0.039b 335.34±0.0374a 
3 228.59±0.090e 239.17±0.045d 251.54±0.020c 267.11±  0.060b 282.67±0.051a 
4 Nd 208.72±0.041d 229.85±0.029c 250.98±  0.017b 264.14±0.021a 
5 Nd Nd Nd 230.91±  0.021b 242.48±0.025a 

 Means in the same row with different letter are significantly different (P ≤ 0.05). 
Control (1):(whole wheat meal), Control (2): whole wheat meal (hydrated bran),S1:(Control 2)+ gluten, S2:(Control 2)+ gluten + 
ascorbic acid, S3:(Control 2)+ gluten + permeate. 

 
Stoliar (2009) indicated the staling or firmness of bread results primarily from starch 

retrogradation, a complex process that involves recrystallization. Lactose does not recrystallize after 
cooling and thus helps retard staling over time. This oxidizing agent acts directly on the structure of 
gluten proteins, enhancing the gluten network through the formation of disulfide bonds (Nakamura and 
Kurata, 1997). 

 
Staling of pan bread: 

Results of the staling rate of fresh pan bread samples prepared of whole wheat meal using bread 
improvers (S1 ; S2 ; S3 )  as well as control(1,2) was followed using alkaline water retention capacity 
(AWRC %) method after bread production and during six days of storage at room temperature (25±2oC) 
and results are presented in Table (9).  

                   
Table 9: Effect of some improvements on staling pan bread. 

 Control (1) Control (2) S1 S2 S3 
0 219.18±0.42e 227.24±0.25d 236.33±0.33c 240.52±0.33b 245.29±0.21a 
1 210.10±0.02e 219.43±0.02d 228.85±0.04c 233.27±0.03b 239.08±0.13a 
2 198.06±0.01e 205.64±0.04d 214.92±0.03c 220.81±0.02b 225.95±0.02a 
3 169.18±0.02e 187.32±0.03d 201.34±0.03c 208.53±0.03b 213.74±0.03a 
4 Spoilt  160.72±0.17d 188.74±0.04c 196.35±0.02b 199.05±0.03a 
5 Nd Nd                Nd 170.83±0.03b 177.77±0.03a 

6 Nd Nd Nd 148.53±0.03b 158.21±0.23a 

Means in the same row with different letter are significantly different (P ≤ 0.05). Control (1):(whole wheat meal), Control (2): 
whole wheat meal (hydrated bran),S1:(Control 2)+ gluten, S2:(Control 2)+ gluten + ascorbic acid, S3:(Control 2)+ gluten + 
permeate. 

 
The results of Table 9 show that there was a reduction of AWRC% (low freshness) for all 

different pan bread samples during storage period. The significant lowest reduction in staling value in 
the third day was noticed in pan bread sample S3 which prepared by using  gluten +permeate  (12.86%) 
followed by S2 prepared by using gluten+ ascorbic acid (13.30%) in comparison with control(1) (22.81%) 
and control(2) (17.57 %).At the end of storage period (sixth days), the reduction percent of AWRC was 
38.25% and 35.50 % for samples S2 and S3, respectively, compared with other samples (control(1,2)  and 
S1) which were spoiled. (Grosch and Wieser, 1999) reported that L-Ascorbic acid is widely used as a 
bread improver in wheat breads. It achieves its effect by oxidation of L-ascorbic acid to de-hydro-
ascorbic acid (DAA), which then becomes the oxidizing agent. Staling or firmness of bread results 
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primarily from starch retrogradation , a complex process that involves recrystallization. Lactose does 
not recrystallize after cooling and thus helps retard staling over time. (U.S. Dairy Export Council, 2011).  
 
Evaluation of flat bread shelf life 

The extension of shelf life by delaying bread staling is one of the biggest challenges for baking 
industry today (Plessas et al., 2008). The shelf life of bread is relatively short, mainly due to a number 
of physicochemical alterations that occur after baking and during storage. These alterations are known 
as bread staling, which is responsible for the disposal of large quantities of bread (8–10%), resulting 
in economic losses (Katina et al., 2006). 
 

Table 10: Effect of some improvers on shelf life of flat bread. 

Samples 
Storage period (days) 

0 1 2 3 4 5 

Control (1) - - - + ++ +++ 

Control (2) - - - - + ++ 
S1 - - - - + ++ 
S2 - - - - - + 
S3 - - - - - + 

NOTE: Inhibition levels of growth fungi:“  ـــ ” no Inhibition around the filter disc;“ +” Inhibition with weak, almost 
undetectable zone;“ ++ ” Inhibition with detectable zone (diameters of 1- 2 cm);“ +++” strong inhibition with clear but 
irregular zone (diameters of 2- 4 cm).Control (1):(whole wheat meal), Control (2): whole wheat meal (hydrated 
bran),S1:(Control 2)+ gluten, S2:(Control 2)+ gluten + ascorbic acid, S3:(Control 2)+ gluten + permeate. 

 
The results also showed of Table (10) that the examination after 3days revealed absence of bread 

fungal spoilage, the first signs of bread rope spoilage were observed in the control(1) after 3days 
followed by control(2) and S1 after 4 days, the first sign of fungi spoilage appear later after 5 days for S2 
and S3 , These results are in accordance with Latif and Masud, 2006, they found that the lower cell loads 
of yeasts and moulds were observed for bread with lecithin and ascorbic acid. Lactoferrin, α-lactalbumin 
and β-lactoglobulin are a source of antimicrobial proteins. Casein macro peptide (CMP), α1 and α2 -
caseins are further examples of whey antimicrobial peptides, these data are similar with those reported 
by Rizzello et al. (2005). 
 
Evaluation of pan bread shelf life 

Shelf life of bread is generally limited due to the staling phenomenon and fungi spoilage, in 
particular moulds. Among strategies aimed to improve quality of bread, some effects were reported by 
using different natural compounds (Lucera et al. 2012). 
 
Table 11: Effect of some improvers on shelf life of  pan bread. 

Samples 
Storage period (days) 

0 1 2 3 4 5 6 
Control (1) - - - + ++ +++ +++ 
Control (2) - - - - + ++ +++ 

S1 - - - - + ++ +++ 
S2 - - - - - - + 
S3 - - - - - - + 

NOTE: Inhibition levels of growth fungi:“  ـــ ” no Inhibition around the filter disc;“ +” Inhibition with weak, almost 

undetectable zone;“ ++ ” Inhibition with detectable zone (diameters of 1- 2 cm);“ +++” strong inhibition with clear but 

irregular zone (diameters of 2- 4 cm).Control (1):(whole wheat meal), Control (2): whole wheat meal (hydrated 

bran),S1:(Control 2)+ gluten, S2:(Control 2)+ gluten + ascorbic acid, S3:(Control 2)+ gluten + permeate. 

 
The results in Table (11) showed that the examination after 3days revealed absence of bread 

fungal spoilage, the first signs of bread rope spoilage were observed in the control(1) after 3days 
followed by control(2) and S1 after 4 days , the first sign of fungi spoilage appear later after 6 days for 
S2 and S3 , These results are in accordance with Wikström and Eliasson( 1998), they found that ascorbic 
acid is in itself a reducing agent with effects on dough properties similar to those of the oxidizing agents 
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added to improve bread dough. Also, from the same table these data are similar with those reported by 
Clare and Swaisgood 2000, they found that the presence of antibacterial peptides in the whey permeate 
might contribute to its antimicrobial capacity. In addition, Lactose and permeate have the potential to 
slow staling of bread, thus increasing shelf-life (U.S. Dairy Export Council, 2011). 
 
Conclusion   
        The findings in this study have shown the potentiality of the combined use of improvers in whole 
wheat bread production. It can be concluded that hydrated wheat bran , gluten powder with permeate 
powder or ascorbic acid improved the technological qualities of whole wheat flat and pan bread 
produced from Sakha 93, extended shelf life and reduced staling rate, and using the whole wheat bread 
for different categories of society such as diabetic people and obesity persons. 
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	Results of the staling rate of fresh pan bread samples prepared of whole wheat meal using bread improvers (S1 ; S2 ; S3 )  as well as control(1,2) was followed using alkaline water retention capacity (AWRC %) method after bread production and during six days of storage at room temperature (25±2oC) and results are presented in Table (9). 
	Means in the same row with different letter are significantly different (P ≤ 0.05). Control (1):(whole wheat meal), Control (2): whole wheat meal (hydrated bran),S1:(Control 2)+ gluten, S2:(Control 2)+ gluten + ascorbic acid, S3:(Control 2)+ gluten + permeate.
	The results of Table 9 show that there was a reduction of AWRC% (low freshness) for all different pan bread samples during storage period. The significant lowest reduction in staling value in the third day was noticed in pan bread sample S3 which prepared by using  gluten +permeate  (12.86%) followed by S2 prepared by using gluten+ ascorbic acid (13.30%) in comparison with control(1) (22.81%) and control(2) (17.57 %).At the end of storage period (sixth days), the reduction percent of AWRC was 38.25% and 35.50 % for samples S2 and S3, respectively, compared with other samples (control(1,2)  and S1) which were spoiled. (Grosch and Wieser, 1999) reported that L-Ascorbic acid is widely used as a bread improver in wheat breads. It achieves its effect by oxidation of L-ascorbic acid to de-hydro-ascorbic acid (DAA), which then becomes the oxidizing agent. Staling or firmness of bread results primarily from starch retrogradation , a complex process that involves recrystallization. Lactose does not recrystallize after cooling and thus helps retard staling over time. (U.S. Dairy Export Council, 2011). 
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	The extension of shelf life by delaying bread staling is one of the biggest challenges for baking industry today (Plessas et al., 2008). The shelf life of bread is relatively short, mainly due to a number of physicochemical alterations that occur after baking and during storage. These alterations are known as bread staling, which is responsible for the disposal of large quantities of bread (8–10%), resulting in economic losses (Katina et al., 2006).
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