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ABSTRACT 
Consumer demands for healthy and convenient diet has led to development of a huge room for 
functional food ingredients. The objective of the present study undertaking to investigate the 
nutritional value, sensory characteristics of gluten free pan bread prepared red kidney beans, rice, 
sorghum, cassava, psyllium and doum fruit powder which is suitable to be incorporated into celiac 
disease diets. This investigation was carried out to study the possibility of utilization doum powders to 
improve the nutrition value in gluten free pan bread. Four formula levels of substitution 5% doum 
formula (1), 10%doum formula (2), 15% doum formula (3) and 20%doum formula (4) were used. 
Physico-chemical and sensorial analysis of different raw materials and formulas were done. The 
obtained results revealed that red kidney bean had the highest contents of protein (26.39) and cassava 
had the highest contents of carbohydrates 92.16%. The highest values of fat and fiber were noticed in 
the psyllium flour while ash content was in the doum powder. The protein, ash and crude fiber 
contents in 20% doum substituted (formula (4) were increased by 12.08 , 36.46 and 167.11% 
respectively in relative to the control (2) On the other hand, total carbohydrates content decreased in 
the same formula by 6.50%. It was noticed that increase the doum levels in the formulation, 
significantly (P ≤ 0.05) increased K, Ca, Na, Mg, Fe and Zn content in pan bread formulas compared 
to that of control. Specific volume was decreased in 20% doum (3.68 cm3/g) in relative to the control 
sample (4.05 cm3/g). It was also observed that with increasing the doum powder levels in the pan 
bread formula, hardness and chewiness were increased. Meanwhile, resilience, cohesiveness and 
springiness were decreased with increasing the doum levels in the pan bread formulae. Substitution of 
doum powder up to 10 % was acceptable by panelists. It could be concluded that consuming doum 
powder gluten free pan bread could provide children with part of their daily requirements of protein, 
fiber, calcium, iron and zinc in celiac diets. 
 
Keywords:  red kidney, rice flour, doum, psyllium, cassava flour, pan bread 

 
1. Introduction 

Celiac disease (CD) is an autoimmune enteropathy caused by the ingestion of gluten containing 
grains in genetically susceptible individuals. The CD is one of the most common food induced 
disorders worldwide with an estimated mean prevalence of 1% of the total population (Lamacchia et 
al., 2014). New recent epidemiological data showed that celiac disease (CD) is a common disease in 
the world. It’s now understood to affect as many as 1:266 people worldwide. However, its symptoms 
are common to many other conditions and can range in severity. CD is often overlooked or 
misdiagnosed. Consequently, individuals may remain undiagnosed and untreated for many years 
(Saturni et al., 2010). 

Rice (Oryza sativais) is main staple food for many countries, providing 20% of the food energy 
supply in the world. Rice is characterized by low prolamin, hypoallergenic activity, insipid taste, low 
sodium and high digestible carbohydrate contents, which is suitable to be incorporated into celiac 
diets (Phimolsiripol et al., 2012). The most popular gluten free bread products are based on rice flour 
(Matos et al., 2014).  
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Sorghum (Sorghum bicolor L.) is a cheap source of natural antioxidants to prevent the 
development of oxidative rancidity in edible oils and other lipid food systems (Dykes and Rooney, 
2007). 

The use of cassava (Manihot esculenta) flour in bread making is a convenient alternative for 
promoting the use of a local crop as well as reducing imports of wheat flour, promoting the 
production of high quality cassava flour, offering a gluten-free product and developing biofortified 
and fortified foods. Although the substitution level of cassava flour is limited, in some products, the 
incorporation of additives or flours from other crops improve the nutritional value and bread making 
quality of the baked foods (Aristizábal et al., 2017).  

Red kidney beans (Phaseolus vulgaris L.) consider to be high in component like protein 
(possess essential amino acid) carbohydrates, dietary fiber, minerals and vitamins. Proteins are 
normally considered as the prominent macronutrient in red kidney beans (Boye et al., 2010). Its 
protein has the highest lysine content (about 5 %) and can be used for the fortification of cereal based 
products (Thapa, 2012).  

Doum (Hyphaene thebaica L.) fruit is an excellent source of carbohydrate and fiber. 
Additionally, micronutrients such as vitamins (especially B vitamins) and minerals including K, Na, 
Ca, Mg, and P also help to regulate the biological process in body and impart health benefits 
(Admassu et al., 2013). Doum fruit has been used as an anti-hyperlipidemia drug (Sa’adah et al., 
2017). According to Bayad (2016), the H. thebaica fruits have antimicrobial, antioxidant, antidiabetic, 
antihypertensive and hypolipidemic effects. Doum has nutritional and pharmacologic properties 
(Aboshora et al., 2017). It contained a high amount of amino acids such as valine, leucine and some 
non-essential amino acids such as alanine, aspartic acid, glutamic acid, glycine, serine and proline. It 
is also, very rich in minerals such as potassium (K) and phosphorous (P) (Abdel-Rahman 2011).  

Psyllium and xanthan gum present similar rheological behaviours, as both are responsible for 
weak gelling properties (Haque et al., 1993). Psyllium had a similar behaviour to xanthan with respect 
to specific volume and weight loss (Belorio and Gómez, 2020). Psyllium (Plantago ovata) is a source 
of natural and concentrated soluble fiber derived from the husks of blonde psyllium seed. Husk is the 
outermost skin of the seed which is removed by a mechanical process. Total recovery of husk is 
around 25 to 26 % from the seed. The psyllium husk contains 6.83% fiber, 0.94% protein, 4.07% ash 
and 84.98% total carbohydrates (Anjali and Renu, 2015). These properties allow its application in the 
food industry to carry out pysllium can be used as a substitute of gluten, fat or act as an emulsifier or a 
thickening agent (Zandonadi et al., 2009). 

In commercial products, the use of psyllium is also prominent, similarly, as other 
hydrocolloids; psyllium is a natural fiber with important hydration and gel-forming properties 
(Belorio et al., 2020)  

So, the present investigation aimed to assess the possibility of producing new modified formula 
of gluten free pan bread with high nutritive value. 
The objectives of this study were to use:  
1- Rice, cassava and sorghum (as a wheat replacer) as a source of carbohydrates and free gluten 
2- Pysllium as a substitute for xanthan, acts as an emulsifier and thickening agent. 
3- Red kidney bean as a source of protein, essential amino acid especially lysine. 
4- Doum fruit powder as a rich source, minerals and as a functional ingredient 
 

2. Materials and Methods 
 
2.1 Materials: 

Cassava tubers were obtained from Horticultural Res. Institute, Vegetables Department. Rice 
(Oryza Sativa L.), Psyllium, sorghum (Sorghum bicolor L.), and red kidney bean (Phaseolus vulgaris 
L.) were purchased from Field Crops Res. Institute, Agric. Res. Center, Giza. Egypt. 

Doum fruit flakes (Hyphaene thebaica) were obtained from El Khateeb Company, Giza, Egypt. 
Instant active dry yeast, sodium chloride and corn oil were purchased from the local market, Cairo, 
Egypt. 
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2.2 Methods  
2.2.1 Preparation of raw materials  

Red kidney bean were thermally treated seprestely for 30 minutes at 100 c to be effective for 
improving the nutritional value and flavor according to the method described by McWatters, (1985). 

Cassava tubers were washed, peeled and soaked in water for five days after the chipping 
operation. The water was changed every day (Tewe, 1983) to allow residual hydrocyanic acid in the 
cassava to diffuse out and dried in air circulated oven at 50 °C for 24 hours.  

Rice, sorghum, Dry doum fruit flakes, Cassava tubers and red kidney bean grains were ground 
to get homogenous particles using a laboratory mill (Brabender Automat Mill Quandrumat Senior, 
Germany) and sieved through a 60 mesh. All raw materials packed and stored in a refrigerator (4˚C) 
until used. 

Preparation of composite flour by mixed rice, sorghum, Cassava, Pysllium and red kidney bean 
were mixed in mixer and dry doum powder addition according to the percent of doum in table (1)  
 
2.2.2 Baking method 

Six formulas were baked using the straight dough methods (Trejo-González et al., 2014) with 
some modifications as presented in Table (1). 100 g wheat flour or composite flour (mixed raw 
materials), 5 g sugar, 7 g shortening, 1.5 g dry yeast, 1 g salt and water were added as required. The 
combined materials were mixed for 4 min, raised for 30 min, punched for 5 min, and raised for 
another 30 min. The dough was divided, punched again for 5 min, rounded and molded. Then it was 
placed in baking pans and allowed to rise for 60 min at 30°C. Pans bread were baked for 10 min at 
250°C then allowed to cool on racks for about 1hr before evaluation.  

Four Pan bread formulae were compared with two controls pan bread samples.  
 
Table 1: Ingredients % of different formula to prepare pan bread  

Doum Rice Cassava Red kidney bean Sorghum Psyllium Wheat Formulae 
 ---- ---  ---- ---  ---- - -- 100 Control (1) 

 - 20 25 40 10 5  --- Control (2) 
5 20 20 40 10 5  --- Formula 1 

10 20 15 40 10 5  --- Formula 2 
15 20 10 40 10 5  --- Formula 3 
20 20 5 40 10 5  --- Formula 4 

Control (1) wheat flour 100%, Control (2) composite flour without doum, Formula (1) composite flour with 5% doum, 
Formula (2) composite flour with 10% doum, Formula (3) composite flour with 15% doum, Formula (4) composite 
flour with 20% doum 

 
2.2.3 Chemical composition of raw materials and pan bread samples 

Moisture, crude Protein, total fat, ash and crude fibers were determined in raw materials and 
tested pan bread according to the method outlined in AOAC (2005). Carbohydrates were calculated 
by differences as follow:  
Total carbohydrates = 100 – (fat + fiber + ash + protein). 
 
2.2.4 Minerals content of raw materials and pan bread samples: 

Minerals content of samples were determined according to the method outlined in AOAC 
(2019). Minerals content of sodium (Na), potassium (K), calcium (Ca), magnesium (Mg), iron (Fe) 
and zinc (Zn) were digested by Microwave Go Plus (Anton Paar, Austria) then determined using 
Microwave Plasma-Atomic Emission Spectroscopy (MP-AES 4210, Malaysia). 

 
2.2.5 Physical characteristics of different formula pan bread samples 

Physical characteristics of the prepared pan bread; weight and volume were determined 
according to the method described by Colims et al., (1982) and AACC (1995), respectively. Specific 
volume (cm3/g) was calculated by dividing volume by its weight. 

  
2.2.6 The texture profile analysis (TPA) of different formula pan bread 

A Texture analyzer (BROOKFIELD CT3 TEXTURE ANALYSER operating instructions 
Manual No.M08-372-C0113, Stable Micro Systems, USA) was used to measure the Texture profile of 
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cakes in terms of hardness (N) Cohesiveness, gumminess (N), chewiness (mj), adhesiveness (mj), 
springiness (mm), and resilience of the sample. the sample (2.5 cm height and 4 cm diameter) were 
compressed  twice to 40% of the original height using settings as text-TPA, probe-36 mm cylindrical, 
Pre-text speed -2 mm/s, post- text speed -2mm. the experiments were conducted under ambient 
conditions.  

 
2.2.7 Color analysis of pan bread formulae 

Color of different formulae pan bread was determined in terms of using Lab scan XE spectro-
colorimeter (Hunter Associate Laboratory Virginia, USA, and Model LX16244) following the method 
of McGuire (1992). Pan bread from each batch was placed in a glass sample cup of 5.8 cm internal 
diameter and color coordinates were measured. An average of 10 readings was reported for each 
sample. 

 
2.2.8 Sensory evaluation of pan bread formulae 

The sensory characteristics of the tested pan bread were evaluated according to Bourré et al., 
(2019). The different formulae pan bread were cut into quarters and coded with three digit random 
numbers. Panelist always received the same quarter of the bread slice. Twenty experienced and 
trained panelists from the staff of Food Technology Institute, Agricultural Research Center were 
selected to participate in the panel. The pan breads were evaluated for taste, odor, texture, crust color, 
crumb color, general appearance and overall palatability. 

 
2.2.9 Statistical analysis 

Statistical analyses were carried out by SPSS 16 program (SPSS, 2000). Data were expressed as 
means ± SD. and the Statistical analysis was performed using one-way analysis of variance followed 
by Duncan’s tests. 
  
3. Results and Discussion 
 
3.1 Chemical composition of raw materials 

Beans have two or three folds amounts more of protein than cereals and provide a suitable path 
for eliminating the protein malnutrition (Shehzad et al., 2015). So, in the current study, it could be 
noticed that the highest protein content (26.39%±1.23) was in the red kidney bean (Table 2). These 
results are similar to found by Thapa, (2012) who reported that red kidney bean possess an excellent 
nutritional profile with 22.7 % protein, 3.5 % ash, 1 % fat and 57.7 % carbohydrates. As compared to 
other starchy foods red kidney beans starch is much slowly digested and possesses a very low 
glycemic index (Nyau, 2014). 
 
Table 2: Chemical composition (%) of raw materials  
Constituents 

Wheat Rice Sorghum Cassava 
Red kidney 

bean 
Doum Psyllium 

Moisture 11.99±0.45 9.42±1.12 10.45±1.21 11.25±1.28 12.49±1.05 11.15±1.07 11.29±1.26 

Crude Protein* 11.85±0.57 7.71±0.65 9.85±1.06 3.09±0.13 26.39±1.23 7.65± 0.21 13.30±0.04 

Fat* 1.10±0.36 2.22±0.10 2.89±0.10 0.66±0.29 2.14±0.27 2.30± 0.10 4.20±0.24 

Total Ash* 0.61±0.28 0.68±0.39 1.12±0.02 1.84± 0.05 4.16±0.38 5.95± 0.20 4.70±2.57 

Crude Fiber* 0.66±0.25 0.25±0.11 3.31±0.21 2.25± 0.34 5.49±0.25 20.42±0.30 40.33±4.34 

Total 
Carbohydsrate* 

85.78±2.13 89.14±3.21 82.83±4.82 92.16±7.32 61.82±4.38 63.68± 0.9 37.47±0.84 

Values are means ± SD (n = 3). * On dry weight basis 

 
Psyllium (table2) had the highest values of fat (4.20%±0.24) and fiber (40.33%±4.34). 

Ziemichod et al., (2018) reported that Plantago psyllium contained 4.16% fat and 74.45% fiber. The 
same table showed that the highest value of ash content was in doum powder (5.95%± 0.20). Seleem, 
(2015) found that Doum powder had highest level of ash content (6.60%) that some other raw 
materials  
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The highest carbohydrates contents Table (2) were in cassava, rice and wheat flours (92.16, 
89.14 and 85.78 %, respectively). Folake et al., (2012) reported that cassava is an excellent energy 
source (80-90% carbohydrate) forming an important source of energy in the human diet worldwide. 
Rice containing no gluten, low levels of sodium, protein, fat and fiber, and a high amount of easily 
digested carbohydrates is desirable for certain special diet such as gluten-free food products (Ji et al., 
2007).  

The variation in chemical composition among researchers may be due to different growing 
conditions (such as geographic, seasonal variations, climatic conditions and soil characteristics), and 
extent of foreign materials, impurities, varieties, different processing and measuring methods (Taher-
Maddah et al., 2012). 
 
3.2 Mineral contents of raw materials  

Red kidney beans were the best source of minerals like K, Ca, Mg and Fe (Souci et al., 2000). 
The results in Table 3 showed that red kidney bean recorded the highest contents of calcium, 
magnesium and zinc (92.80, 123.20 and 3.74 mg/100g, respectively). Sodium, potassium and iron 
contents were the highest values in doum powde (226.24, 512.06 and 5.46 mg/100g, respectively). 
Aamer (2015) showed that the doum-fruit flour (DFF) could be considered as a good source of 
minerals (K, Ca, Na, and Mg). Potassium, calcium and iron contents of psyllium were similar to doum 
flour. These results of Na, Ca and Fe contents in doum powder are in line with Seleem (2015) but they 
were different in other minerals. The variation in results may be due to the difference in planting 
location and planting time as reported by Ezekwe  et al., (1999). 
 
Table 3: Minerals content (mg/100g dry weight) of raw materials 
Minerals 
content 

Wheat Rice Sorghum Cassava 
Red kidney 

bean 
Doum Psyllium 

Na 25.89± 0.31 123.00± 0.13 157.20± 1.28 22.23± 0.01 21.82± 1.35 226.2± 5.16 54.62± 2.18 

K 140.20±2.33 185.64±4.38 192.35±6.27 12.29±0.01 342.0±1.23 512.06± 3.27 411.3± 6.27 

Ca 12.50± 0.22 32.39±0.48 20.85±0.13 13.80±0.00 92.80±5.29 34.85±0.14 34.54±0.84 

Mg 119.05± 0.26 120.21±0.01 35.9±0.02 20.00±0.27 123.20±2.16 70.35±0.83 51.82±0.68 

Fe 0.79± 0.12 0.45±0.04 0.46±0.02 0.30±0.02 5.03±0.95 5.46±0.18 2.91±0.02 

Zn 0.50 ± 0.09 0.23±0.02 0.27±0.01 0.22±0.02 3.74±0.01 2.87±0.02 2.73±0.04 

Values are means (n = 3) ± SD.  
 
3.3 Chemical composition of pan bread formula 

Proximate analysis such as protein, fat, ash, crude fiber and total carbohydrates, were 
determined in different tested pan bread formulae and the results are showed in Table (4). Protein, fat, 
ash and crude fiber contents were increased in control (1) relative to control (2) by 9.17, 5.79, 130.92 
and 533.80%, respectively. Protein, fat, ash and crude fiber contents were also increased from control 
(2) to formula (4) by 11.84, 97.48, 36.46 and 167.11%, respectively.  

 
Table 4: Chemical composition (% on dry weight basis) of pan bread formulae 
Chemical Constituents 
% 

Control 
(1) 

Control 
(2) 

Formula 1 Formula 2 Formula 3 Formula 4 

Crude Protein 11.45± 0.91 12.50± 0.68 12.75 ±0.38 13.11 ±0.86 13.52± 0.24 14.01± 0.56 

Fat 2.07± 0.04 2.19± 0.01 2.25 ±0.02 2.32± 0.01 2.45± 0.01 2.52± 0.02 

Total Ash 1.52± 0.02 3.51±0.02 3.71 ±0.03 4.16± 0.03 4.50± 0.03 4.79± 0.04 

Crude fiber 0.71± 0.03 4.50± 0.07 6.1 ±0.07 8.20± 0.11 10.31± 0.12 12.02± 0.13 

Total carbohydrates 84.25 ±3.19 71.30 ±4.13 75.19 ±3.25 72.21 ±4.36 69.22 ±3.54 66.66 ±3.28 

 Values are means ± SD (n = 3). 

 
On the other hand, total carbohydrates content decreased from control (1) to control (2) by 

15.37% and from control (2) to formula (4) by 6.50%. Doum-fruit powder up to 20 % in this study 
increased the nutritional value of formulae in terms of fiber, protein, and ash contents. Doum-fruit 
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flour up to 15 % could partially substitute the wheat flour in bread to increase its nutritional value in 
terms of fiber content (Aboshora et al., 2015). 
 
3.4. Minerals content of pan bread formulae: 

 It is well known elsewhere that a doum fruit is a rich source of minerals such as Na, K and Ca 
(Aboshora et al., 2014; Admassu et al., 2013). The present results showed a considerable significant 
difference (p≤ 0.05) in all the mineral elements in the pan bread formulae (Table 5). It could be noted 
that increase of doum powder levels to the formulation significantly (P ≤ 0.05) increased K, Ca, Na, 
Mg, Fe and Zn content of pan bread formulae compared to that wheat of control . In view to this 
study, the ratio of sodium to potassium in the all pan bread formulae was in agreement with the work 
of Aremu et al., (2006) who reported that the Na/K ratio less than one has a great importance in the 
human body for the control of the high blood pressure.  

These breads were found to be rich sources of essential minerals which in most instances 
exceed the recommended dietary allowance (RDA), thus may keep the balances and ratios between 
those in need (Aboshora et al., 2015). 

 
Table 5: Minerals content (mg/100g) of pan bread formulae 
Minerals 
content 

Control (1) Control (2) Formula 1 Formula 2 Formula 3 Formula 4 

Na 205.80 ±0.43 222.90 ±0.23  242.33±0.64  263.22±0.94 273.85±0.39 279.50±0.31 

K 150.21±8.26 313.7 ±15.26  359.9±12.29  441.3±19.25  476.6 ±15.29  511.8 ±14.96  

Ca 18.25 ±0.18 52.80 ±0.27  54.22 ±0.12  56.01 ±0.36 57.26 ±0.61  60.06 ±0.43 

Mg 112.94±0.11 120.59 ±0.16  128.93 ±0.64  132.24 ±0.34  134.9 ±0.38  138.75±0.32  

Fe 0.75 ±0.08 2.64 ±0.11 3.00 ±0.05 3.33 ±0.27 3.60 ±0.23 3.89±0.18 

Zn 0.48 ±0.04  1.63 ±0.02 1.70 ±0.08 1.86 ±0.08 1.95 ±0.05 2.01 ±0.05 

Values are means ± SD (n = 3).  

 
3.5. Physical properties of pan bread formulae 

Weight, volume and specific volume of pan bread formulae were evaluated and the results are 
showed in Table (6). From the results, it could be indicated that the weight, volume and specific 
volume of control (1) were 148 g, 600 cm3 and 4.05 cm3/g respectively. It was also observed that 
weight values increased from 150 g in the control (2) to 157 g in the formula (4) doum. Whilst, the 
volume and specific volume were decreased from 593 cm3 and 3.95 cm3/g to 577 cm3 and 3.68 cm3/g, 
respectively. 

The reduction in loaf volume seems to be related to the high amount of fiber present in the 
doum fruit flour, which diluted the gelling properties of psyllium formation during fermentation and 
baking. Moreover, the resulting gluten with fiber addition became stiffer and less extensible, and this 
led to a lower ability of the dough to retain the gas (Wang et al., 2004). These results agreed with the 
findings of Aboshora et al., (2015) who reported that, the specific volume of bread with doum flour is 
supposed to be within the range of 3.22–4.87 cm3/g. The specific volume of standard bread should be 
6 cm3/g and should not be less than 3.5 cm3/g (CGPRDI, 1983). 

 
Table 6: Physical properties of pan bread formulae 

Pan bread formulae 
Weight  

(g) 
Volume  

(cm3) 
Specific volume 

(cm3/g) 
Control (1) 148 c 600 a 4.05 a 

Control (2) 150 b 593 b 3.95 ab 

Formula (1)  151 ab 589 bc 3.90 b 

Formula (2) 153 ab 584 bc 3.82 bc 

 Formula (3) 155 ab 581 c 3.75 c 

Formula (4) 157 a 577 d 3.68 d 

Means followed by different letters in the same column are significantly different (P ≤0.05) 
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3.6 Texture profile analysis of pan bread formulae 
The results in Table (7) showed the effect of doum incorporated on pan bread texture profile 

analysis. It was observed that increasing of doum flour levels in the pan bread formulae increased 
hardness and chewiness. On the other hand, resilience, cohesiveness and springiness were decreased 
with increasing of doum flour levels in the pan bread formulae 

Hardness increased from 1.11 N for wheat control and 1.30 N for formula control to 2.84 N for 
formula with 20% doum flour, and it was directly proportional to the amount of doum added; this may 
be as a result high fiber content in the pan bread incorporated with doum flour. The firmness of the 
product depends on the resilience value, whenever was small can recover faster from deformation 
(Bhol and Bosco, 2014). The results were revealed that the pan bread sample with 20 % doum was 
harder than the other pan bread samples. 

  
Table 7: Texture profile analysis of pan bread formulae 
Formulae Hardness (N) Resilience Cohesiveness Springiness (mm) Chewiness (mj) 

Control (1) 1.11e 0.65 a 1.24 a 4.17 a 4.10 e 

Control (2) 1.30 d 0.53 b 0.95 b 3.88 ab 5.56 d 

Formula 1 1.36 d 0.50 b 0.92 b 3.76 b 6.14c 

Formula 2 1.45 c 0.47 b 0.86 c 3.68 c 6.72 c 

Formula 3 1.61b 0.46 b 0.80 c 3.59 d 7.40 b 

Formula 4 2.84 a 0.44 c 0.75 d 3.56 d 8.25 a 

Means followed by different letters in the same row, significantly different (P ≤0.05) 

 
Chewiness was increased as the amount of doum flour increased from 4.10 mj (wheat control) 

and 5.56 mj in formula control to 8.25 mj in formula contained 20 % doum. Meanwhile, resilience, 
cohesiveness and springiness were decreased from 0.65, 1.24 and 4.17 mm in wheat control and 0.53, 
0.95 and 3.88 mm in formula control to 0.44, 0.75 and 3.56 mm in formula contained 20% doum, 
respectively. Starches play an important role in pan bread baking processes during pan bread baking, 
starch granules gelatinize and have the ability to trap air bubbles, facilitating gas retention during 
fermentation (Hug-Iten et al., 2001). Rice and maize flours, along with various techniques or 
additives have also been applied to improve physicochemical properties, acceptance, and shelf life of 
dough and bread (Therdthai et al., 2016). 

 
3.7. Color analysis of pan bread formulae 

The L*, a* and b* values of pan bread formulae have been presented in Table (8). The tested 
pan bread formulae were significantly darker with lower L* values compared to the wheat control and 
formula control. Pan bread made from wheat flour (72% extraction) and formula control free doum 
displayed a higher lightness L*, and b* values and lower a* values as compared to the other formulae, 
may be because of the brown color of the doum. The brown color of pan bread is the result of millard 
reaction occurring between reducing sugars and amino acids during baking process, as well as time 
and temperature of baking (Cauvain, 2016).  

 
Table 8: Color analysis of pan bread formulae 
Pan bread formulae L* a* b* 
Control (1) 79.5 a 1.9 e 35.4 a 
Control (2) 70.4 b 2.6 d 30.5 b 
Formula (1)  63.1 c 3.1 c 32.7 b 
Formula (2) 61.9 c 3.5 c 27.3 c 
Formula(3) 56.6 d 4.2 b 24.1 c 
Formula (4) 51.8 e 5.1 a 20.3 d 
Means followed by different letters in the same Colum significantly different (P ≤0.05). 

 
In case of 15 and 20% doum, which are of dark brown color, caused significantly lower L*, 

higher a* and b* values. These may be attributed high protein content which is known to have 
negative correlation with L* value (Mamat et al., 2010). Darkness in both crust and crumb could be 
related to the lysine content (Admassu et al., 2013). 
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3.8. Sensory properties of pan bread formulae  
Sensory evaluation is one aspect of greatest importance since consumer acceptance usually 

encourages the marketing process of any new product. Results in Table (9) showed the sensory 
properties score of free gluten pan bread formula. The pan bread prepared from wheat flour control 
(1) gives the highest scores of all sensory properties for panelists. There were no significant (P<0.05) 
differences among formula control, formula (1) and (2) doum powder in taste and odor. But there 
were no significant differences between formula control and formula (1) doum powder for texture, 
crust color, crumb color and general appearance. Mohammed et al., (2012), reported that the 
darkening of crust and crumb might have been attributed to the Maillard reaction during baking due to 
higher lysine content. Darkness in both crust and crumb could be related to the lysine content 
(Admassu et al., 2013). 

Sensory evaluation showed that free gluten pan bread supplemented of doum powder5% were 
nearly acceptable by panelists with formula control (2). On the other hand (Aboshora et al., 2015) 
reported wheat flour pan breads supplemented up to 15 % doum powder flour were acceptable to the 
panelists and there was no significant difference in terms of taste, texture and overall acceptability 
compared to the control. 

  
Table 9: Sensory properties of pan bread formulae 

Formulae 
Taste 

20 
Odor 

20 
Texture 

15 

Crust 
color 

15 

Crumb 
color 

15 

General 
appearance 

15 

Overall 
acceptability 

(100) 
Control (1) 19.25 a 19.0 a 14.38 a 14.0 a 14.0 a 14.0 a 94.63a 

Control (2) 17.94 b 18.00 b 14.00a 13.74 ab 13.12 b 13.27 b 90.07b 

Formula 1 17.49 b 17.94 b 13.56 ab 13.00 b 12.74 b 13..00 b 87.73b 

Formula 2 17.00 bc 17.00 bc 13.00 b 12.51 c 12.18 c 12.34 c 84.03bc 

Formula 3 16.40 c 16.15 c 12.21 bc 12.00 c 12.00 c 11.74 d 80.50c 

formula 4 15.10 d 15.00 d 11.35 c 11.89 d 11.52 d 10.40 e 75.26d 

Means followed by different letters in the same row, significantly different (P ≤0.05) 

 
3.9. Percentages of the recommended dietary allowances (% RDA) provided from Doum pan 
bread for Children (4-8 years).  

The percentages of the recommended dietary allowances (% RDA) are provided from 100g of 
pan bread for children are shown in Table 10), it could be observed that formulae of pan bread with 
15% doum powder covers up to 71.16% of protein requirement, 36.00% of iron requirement, 38.40% 
of zinc and 5.73% of calcium. It could be noticed that consuming doum powder pan bread could 
provide children with part of their daily requirements of protein, fiber, calcium, iron and zinc. 
 
Table 10: Amounts of the tested doum pan bread samples which should be intake to gain the children 

(4-8 years) RDA of some nutrients.  

RDA of some nutrients 
Amount (gm) 

Control  
(1) 

Control 
 (2) 

Doum 
Formula 1 Formula 2 Formula 3 Formula 4 

Protein (19 g/d) 60.26 65.78 67.11 69.00 71.16 73.73 
Fiber (25 g/d) 2.84 18.00 24.4 32.8 41.24 48.08 
Calcium (1000 mg/d) 1.83 5.28 5.42 5.60 5.73 6.01 
Iron (10 mg/d) 7.5 26.4 30.00 33.30 36.00 38.9 
Zinc (5 mg/d) 9.60 32.60 34.00 37.20 38.40 40.20 
According to Food and Nutrition Board, Institute of Medicine, &National Academies, (2004). 

 
Conclusion 

From the above results, it could be concluded that the free gluten pan bread formulae 
incorporated with doum flour up to 10 % was acceptable and provided a high nutritional value while 
15% was high nutritional value with only a small depreciation in pan bread quality.  
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