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Abstract 

The effect of inoculation by two bio-fertilizers, Rhizobium radiobacter and Candida incommunis, mixed with different levels 

of nitrogen fertilizer on vegetative growth of the winter wheat cultivar (Maser 1) was studied in the field experiment of sandy 

soil farm at 6th October Agriculture Company, El-Qasasin, Ismailia Governorate, Egypt. Results indicated that the addition of 

different levels of mineral N (25, 50, 75 and 100 kg N fed-1) and biofertilizers had significant effect on protein and 

carbohydrate of wheat bread. Increasing of protein and ash contents of bread made from wheat treated with biofertilizer than 

that the values of either whole grain or wheat flour and decreasing in the total carbohydrate. The increase in the mean value of 

P content was greater in yeast+ bacteria mixture (0.47%) than other treatments. Using yeast, bacteria and yeast + bacteria 

mixture resulted increase in K content of wheat grain with corresponding value of 0.58, 0.61 and 0.65%, respectively. The 

amount of Fe ranged from 46.90 to 62.8 mg/kg, 52.34 to 66.80 mg/kg and 54.36 to 67.00 mg/kg for yeast, bacteria and their 

mixture, respectively. The mean value of wheat grain contained 24.69 mg/kg of Zn for the mineral (control). mean value of 

Mn content of wheat grain with corresponding values of 41.83, 42.59 and 44.75 mg/kg, respectively. The data revealed that 

there is significant effect on the rheological characteristics, i.e., wet, dry gluten and gluten index between treatments and 

control. The mean value of wheat flour 82% showed that wet gluten amounted in 17.15% for the mineral (control). Wet gluten 

ranged from 18.52 to 19.23%, 16.78 to 17.01% and 17.35 to 17.92% as a result of treatment with yeast, bacteria and yeast + 

bacteria mixture, respectively. This study aimed to use different mineral nitrogen levels alone or combined with bio-fertilizers 

(Rhizobium radiobacter sp strain inoculation and Yeast) to enhance the growth yields of wheat and improve its chemical and 

physical properties and its nutrients component that reflects on the nutrients value of the balady bread offered to the Egyptian 

populations.  
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1. Introduction 

The key objective for achieving high yields needs 

a wide use of chemical fertilizers, so farmers utilize 

chemical fertilizers frequently in spite of it being 

costly and causing environmental problems such as 

soil erosion problem [1]. Bio-fertilizers with their 

various kinds are microorganisms that play an 

advantageous role in forming a proper region around 

roots that promote growth of plants through 

facilitating uptake of minerals [2]. In agriculture, 

using chemical fertilizers is remaining the mainstay 

as respond to increasing requests for food in the 

world at present, thus, chemical fertilizers are used to 

supply wheat plants with the necessary elements [3]. 

Biofertilizers are significant for increasing yield in 

sustainable agriculture besides the reduction in 

quantity of chemical fertilizers [4]. These bio-

fertilizers such as Rhizobium radiobacter preserve the 
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root health by controlling pathogens and enhance the 

plant growth by absorption of nutrient elements [5]. 

Wheat (Triticum aestivum L.) is family of Poaceae 

(Gramineae), the vital cereal crops in world. Due to 

their exhaustive nature, these crops require more 

nutrients and have posed a great threat to a long term 

sustainability of higher production. Wheat contributes 

more calories, proteins, minerals, B-group vitamins 

and dietary fiber to diet than any other cereal crops. 

Because of the Egyptian national target is to raise the 

wheat productivity through increasing the planting 

area to decrease the gaps between wheat consumption 

and production [6]. 

From durum wheat, numbers of different foods 

product can be made, such as bulgur, pasta, bread [7]. 

According to plant fertilization, the quality of 

semolina and pasta are depending on the 

concentration of the protein confirmed by high doses 

of N fertilization and this needs good management 

for crop nutrition [8]. Egyptians yearly consume 

approximately 16 million tons of wheat, out of this 

quantity, 8.795 million/ton are cultivating in Egypt, 

while the rest amounts are import from outside [9]. 

Bread is the principal food and a stable for the 

majority of population, constituting an average of 

70% daily caloric intake of the Egyptians. Balady 

bread is the most popular type of bread in Egypt, 

since 90% of the Egyptian families consume the 

subsidized balady bread in their daily meal. 

Therefore, the present study aimed to utilizing the 

wheat cultivated in sandy soil in Egypt and treated 

with biofertilizers to raise their wheat productivity 

and quality, as well as, assess the effects of these 

biofertilizers on enhancing the wheat bread quality 

and studying the chemical composition, rheological, 

organoleptical and quality attributes of wheat Balady 

bread quality.  

 

Materials and Methods 

The experimental work was carried out in sandy 

soil farm at 6th October Agriculture Company, El-

Qasasin, Ismailia Governorate, Egypt. The processing 

of balady bread part was carried out in the Food 

Technology Research Institute, Agricultural Research 

Center, Giza, Egypt. 

Materials 

The wheat grains variety (Masr 1) that used in this 

study were obtained from the Crop Institute, 

Agriculture Research Center, Giza, Egypt. The used 

mineral fertilizers were ammonium nitrate (33 %N) 

at rates of 25, 50, 75 and 100 kg N fed-1 applied 

three times, 21, 40 and 60 days after implant and two 

doses of potassium sulphate (48 % K2O) at 75 kg 

fed-1 rate applied after 21 and 45 days from planting. 

The bio-fertilizers Rhizobium radiobacter strain with 

accession number HQ395610 and Candida 

incommunis strain were obtained from the 

Department of Microbiology, Soils and Water 

Research Institute, Agricultural Research Center, 

Giza, Egypt. All other ingredients were obtained 

from local market. 

 

Technological properties of wheat 

Wheat grain flour extraction rate 

Wheat flour extraction rate was conducted by 

conditioning the wheat grains at 14% moisture for 24 

hr. The conditioned grains were milled using 

quadrant roller mill which fractionate the meal into 

flour soft bran and rough bran. Each fraction was 

weighed and calculated as a percentage [10]. 

 

Chemical Composition  

Moisture, crude protein, fat and ash content were 

determined according to the methods described in 

A.O.A.C. [11]. 

 

Determination of Minerals Content 

 Minerals content including potassium (K), 

phosphorus (P), iron (Fe), zinc (Zn), and manganese 

(Mn), were digestion as described by Kirleis et al., 

[12] and determined by using the atomic absorption 

spectrophotometer (Perkin- Elmer 3300).  

 

Rheological measurements  

The rheological characteristics of wheat flour as 

dough stability, the degree of softening after 20 min, 

water absorption and the dough development time 

were determined using Farinograph-E, Brabender, 

Duisburg, Germany [13]. The absorption of water 

and kneading of the wheat flour were determined by 

mixing 50 g of wheat flour with some quantity of 

water. Over the time, the dough become resist against 

the mechanical stress and measured by the 

Farinogram torque. By using the Farinograph curves, 

the following parameters were determined which 

include, dough development time (DDT, time to 

reach maximum consistency), water absorption (% of 

water needed to give dough consistency of 500 FU), 
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stability (duration time of dough consistency) and 

degree of softening (difference in FU) between the 

line of consistency and medium line of torque curve). 

While, the maximum resistance (Rmax), extensibility 

and extension energy were also determined by using 

Brabender Extensograph-E.  

 

Determination of wet and dry gluten 

Both of wet and dry gluten were determined 

according to the method of AACC [13] as follows: 

flour sample (10g) was put in a glutomatic wash 

chamber equipped with polyester sieve (88 micron). 

Sodium chloride (4.8 ml, 2% w/v) was mixed with 

the flour to form dough during 20 sec. followed by 

continuous washing (automatically) for 5 min. The 

separated wet gluten was transferred to special 

cassette and centrifuged at 6000 rpm/min. The 

fraction passed through the cassette or remained on 

the other side of the cassette were collected and 

weighed which was considered as wet gluten. The 

wet gluten was put in Glutork (type 2020) at 150°C 

for 4 min. to obtain the dry gluten. The percentage of 

gluten was calculated as follows: 

 

Wet gluten (%) = (Wet gluten weight)/ (Weight of 

sample) x100 

 

Dry Gluten (%) = (Dry gluten weight)/ (Weight of 

sample) x100 

 

Gluten Index= (Remainder gluten in casset)/ 

(Total gluten) 

 

Preparation of balady bread 

The balady bread was prepared by follow the 

methods of Faridi and Rubenthaler [14] as follows: 

The balady bread formula consists of wheat flour 

(1Kg, 82% extraction rate), water (850 ml), fresh 

yeast (3% w/v) and salt (10g). The ingredient was 

well mixed for 10 min. The resulted dough was kept 

to ferment for 10 min, then divided into pieces (135g) 

which placed in a tray molded with layer of wheat 

bran and kept to ferment for 40 min. (final proofing). 

The dough spices were flatted to about 20 cm 

diameters and baked at high temperature oven (450-

550°C) for 1-2 min. After baking, loaves were left to 

cool at room temperature before sensory evaluation. 

 

Sensory evaluation of balady bread 

The produced balady bread was evaluated for 

sensory characteristics by panelists from the staff of 

Bread and Pastry Res. Dep. Food Technology 

Research Institute, Giza, Egypt. The bread was 

organoleptically assessed for taste, odor, color, crumb 

color, texture, volume and the overall acceptability. 

The scoring scheme was established as mentioned by 

El-Farra et al. [15]. 

 

Statistical analysis 

The data were statistically analyzed according to 

technique of variance analysis (ANOVA), for the 

split plot design. The different treatments were 

compared using the least significant difference (LSD) 

at percentage level of significance test which 

recorded by Waller and Duncan, [16] using IBM 

SPSS statistics version 19 software (IBM Corp., 

Armonk, NY, USA). 

 

    

Result and Discussion 

Wheat flour (82% extraction rate) 

Data showed in Table (1) shown that, addition of 

different concentrations of mineral N and bio-

fertilizers had significant effect on protein, 

carbohydrate and fat of wheat flour with 82% 

extraction rate. Comparison of the mean values of 

protein shows that, using of bacteria was the highest 

(12.46%), while, the control was the lowest 

(11.77%). The highest values of protein for soil 

treated with yeast, bacteria and mixture of bio-

fertilizers combined with mineral nitrogen at rate 75 

kg N/fed compared to the other treatments, this 

increasing maybe due to the bio-fertilizer influence. 

In addition, the protein values of wheat flour 

ranged between 11.5 to 12.06% for soils received 

mineral N fertilizer levels, while they ranged between 

12.13 to 12.5% for those combined with yeast. Also, 

they ranged from 12.19 to 12.69% for those 

combined with bacteria. Moreover, the protein ranged 

between 12.19 to 12.5% for soil treated with 

combined mixture (yeast+ bacteria). On the other 

hands, carbohydrate shows mean value of 86.31% for 

the control. It could be noticed that the treatment of 

(yeast + bacteria) resulted in slight increase over that 

of bacteria treatment, while slight decreases were 

noticed in control and yeast treatments.  
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TABLE 1 

Effect of bio-fertilizers and different mineral nitrogen rate on the chemical composition of wheat flour (82% extraction rate) 

 

Treatments Mineral N 

fertilizer rate 

(kg/fed) 

Protein 

(%) 

Carbohydrate 

(%) 

Fat 

(%) 

Fiber 

(%) 

Ash 

(%) 

 

 

Mineral 

 

  

25 11.5 86.63 0.57 0.39 0.91 

50 11.75 86.34 0.58 0.40 0.93 

75 11.75 86.31 0.60 0.40 0.93 

100 12.06 85.99 0.60 0.41 0.94 

Mean 11.77 86.31 0.59 0.40 0.93 

 

 
Yeast 

25 12.13 85.95 0.59 0.40 0.93 

50 12.44 85.61 0.59 0.41 0.95 

75 12.5 85.49 0.61 0.45 0.95 

100 12.44 85.53 0.62 0.45 0.96 

Mean 12.38 85.64 0.60 0.43 0.95 

 

 
Bacteria 

25 12.19 85.89 0.60 0.39 0.93 

50 12.38 85.67 0.61 0.40 0.94 

75 12.69 85.29 0.64 0.43 0.95 

100% 12.56 85.4 0.65 0.44 0.95 

Mean 12.46 85.55 0.63 0.42 0.94 

 

 
Yeast+ bacteria  

25 12.19 85.94 0.56 0.41 0.90 

50 12.31 85.75 0.62 0.42 0.90 

75 12.5 85.48 0.67 0.44 0.91 

100 12.44 85.5 0.69 0.44 0.93 

Mean 12.36 85.66 0.64 0.43 0.91 

L.S.D., at 0.05 (Rate) 0.06 0.05 0.02 N.S N.S 

L.S.D., at 0.05 (Treatments) 0.07 0.05 0.03 N.S N.S 

Interaction 0.14 0.11 0.05 N.S N.S 

N.S.: None Significant 

 

Wheat bread 

Data tabulated in Table (2) revealed that the 

addition of different concentration levels of mineral 

N and bio-fertilizers had significant effect on protein 

and carbohydrate of wheat bread. In bread, the 

increasing of protein content was found due to using 

of the bio-fertilizer treatments, as well as, the 

increasing the consumption of carbohydrates by yeast 

in the fermentation process. Meanwhile, fat and fiber 

content show the similar trend of mean value results 

between treatments compared to control. Ash content 

shows increase than control. It could be 

recommended that, the use of (yeast+ bacteria) 

mixture followed by yeast and bacteria, the mixture 

has different enzyme activities and ability to fix 

nitrogen and other minerals from soil to plants. It 

could be concluded that, the using of bio-fertilizers 

improves the quality of the wheat grain which 

reflected in wheat flour and quality of bread. The data 

were in the line with the finding of El- Nagar, [17]. 

 

TABLE 2 

Effects of bio-fertilizers and different mineral nitrogen levels on the chemical composition of balady bread 

Treatments 
Mineral N fertilizer 

rate (kg/fed) 

Protein 

% 

Carbohydrate 

% 

Fat 

% 

Fiber 

% 

Ash 

% 

 

 

Mineral 

 

  

25 11.75 84.13 1.45 1.31 1.36 

50 12.19 83.64 1.49 1.32 1.36 

75 12.44 83.35 1.50 1.35 1.39 

100 12.5 83.24 1.51 1.35 1.40 

Mean 12.22 83.59 1.49 1.33 1.38 

 

 

Yeast 

25 12.25 83.48 1.51 1.34 1.42 

50 13.5 82.18 1.50 1.36 1.46 

75 13.63 82.0 1.53 1.36 1.48 
100 13.56 81.99 1.56 1.39 1.50 

Mean 13.24 82.41 1.53 1.36 1.47 
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Bacteria 

25 12.31 83.44 1.50 1.34 1.41 

50 13.13 82.56 1.52 1.34 1.45 
75 13.31 82.35 1.52 1.35 1.47 

100 13.25 82.35 1.54 1.36 1.50 

Mean 13.0 82.67 1.52 1.35 1.46 

 

 

Yeast+ bacteria 

25 13.13 82.62 1.46 1.36 1.43 

50 13.19 82.54 1.46 1.36 1.45 

75 13.38 82.27 1.51 1.38 1.46 

100 13.31 82.19 1.55 1.39 1.56 

Mean 13.25 82.4 1.50 1.37 1.48 

L.S.D., at 0.05 (Rate) 0.05 0.42 N.S. N.S. 0.03 

L.S.D., at 0.05 (Treatments) 0.05 0.49 N.S. N.S. N.S. 
Interaction 0.01 N.S. N.S. N.S. 0.06 

N.S.: None Significant 

 

Effect of different types of bio-fertilizers and nitrogen mineral fertilizer on mineral content of wheat grains, 

flour and bread 

1. Wheat grain 

Data in Table (3) show the contents of phosphorus 

(P), iron (Fe), potassium (K), manganese (Mn) and 

zinc (Zn) in wheat grains. The all minerals contents 

of wheat grains were significant increasing by all 

treatments. The increase in the mean value of P 

content was greater in (yeast+ bacteria) mixture 

(0.47%) than the other treatments. The lowest mean 

value of wheat grain phosphorus recorded as 0.37% 

for the mineral (control) [18]. 

Concerning K content, the control treatment shows 

a mean value of 0.50%. The using of yeast, bacteria 

and mixture of (yeast+ bacteria) results in increasing 

of wheat grain K content with corresponding values 

0.58, 0.61 and 0.65%, respectively. The mean value 

of wheat grain Fe of control was 50.76 mg/kg and the 

amount ranged from 46.90 to 62.8 mg/kg, 52.34 to 

66.80 mg/kg and 54.36 to 67.00 mg/kg for yeast, 

bacteria and their mixture, respectively. The mean 

value of wheat grain of Zn of control was 24.69 

mg/kg. It worth to notice that all treatments increased 

Zn in wheat grain which found in the same trend as 

that of Mn. The using of yeast, bacteria and mixture 

of (yeast+ bacteria) results in increasing the mean 

value of Mn content of wheat grain with 

corresponding values of 41.83, 42.59 and 44.75 

mg/kg, respectively. This may be due to the releasing 

of more available micronutrients to be absorbed by 

plant roots caused by the organic acids which 

produced from the microorganisms and resulted in 

decreasing of soil pH [19]. 

 

TABLE 3 

Effects of bio-fertilizers and different mineral nitrogen rates on minerals content of wheat grains 

Treatments Mineral N fertilizer rate 
(kg/fed) 

P 
(%) 

K 
(%) 

Fe Zn Mn 
mg/kg 

 

 
Mineral 

 

  

25 0.28 0.45 44.70 22.77 35.70 

50 0.33 0.48 48.22 24.60 38.12 
75 0.40 0.53 53.11 25.12 40.16 

100 0.45 0.55 57.00 26.33 45.18 

Mean 0.37 0.50 50.76 24.69 39.79 

 

 

Yeast 

25 0.30 0.46 46.90 24.00 36.80 

50 0.35 0.53 53.11 27.00 41.22 

75 0.49 0.67 62.80 33.10 43.70 

100 0.44 0.66 59.00 31.20 45.60 
Mean 0.41 0.58 55.45 28.83 41.83 

 

 
Bacteria 

25 0.32 0.50 52.34 25.60 37.21 

50 0.41 0.57 56.36 30.40 42.35 
75 0.53 0.71 66.80 40.00 44.80 

100 0.46 0.67 60.24 39.00 46.00 

Mean 0.43 0.61 58.94 33.75 42.59 

 

 

Yeast +bacteria  

25 0.35 0.53 54.36 30.22 39.60 

50 0.43 0.60 58.60 40.50 44.30 

75 0.52 0.75 67.00 45.00 47.10 
100 0.58 0.70 61.36 44.30 48.00 

Mean 0.47 0.65 60.33 40.01 44.75 

L.S.D., at 0.05 (Rate) 0.04 N.S 0.02 0.14 1.04 

L.S.D., at 0.05 (Treatments) 0.08 0.04 1.09 0.09 0.08 
Interaction N.S N.S 0.35 0.27 0.08 

N.S.: None Significant 
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Inoculation with bio-fertilizer strains enhanced the 

solubility of the added rock P and K to be more easy 

to uptake by plant roots [20]. Also, the high amount 

of P and K that uptake subsequently promoted the 

plant growth. Therefore, the function of KSB 

(potassium solubilizing bacteria) is to increase the 

availability of potassium in soil and hence increase its 

plant content. This study suggests, that the plant 

growth development is related to both increasing K 

solubility due to the effect of the solubility K strains 

as well as increasing the uptake of P. Other study 

reported that, the inoculated bacteria increase the 

plant growth, nutrient uptake, and yield of maize 

plants [20]. In addition, Sheng et al. [21] reported 

that, the potassium released was affected by pH, 

dissolved oxygen and strains used. Also, application 

of potassium solubilizing bacteria increase K 

availability in soil and also increases the mineral 

uptake by plant. Ahmed et al. [22] found that 

application of bio-fertilizer combined with nitrogen 

fertilizer led to increasing the N, P and K content in 

guar plants. Mahfouze and Sharaf-Eldin, [23] found 

that, the bio-fertilization of Egyptian soil decreasing 

the pH, and increasing the availability of trace 

elements that enhance the plant growth. 

 

2. Wheat flour (82% extraction rate) 

The data in Table (4) indicate the effect of yeast, 

bacteria and their mixture on the mineral content 

(mg/kg) of wheat flour (82% extraction rate). The 

mineral contents of wheat flour (82% extraction rate) 

were significant increased by all used treatments. The 

mean value of wheat flour phosphorus recorded 

0.28% for the control. The highest mean value of P 

content was in (yeast+ bacteria) mixture (0.34%) than 

the other treatments. The lowest mean value of wheat 

flour phosphorus recorded 0.28% for control. 

 

TABLE 4 

Effects of bio-fertilizers and different mineral nitrogen rates on minerals content of wheat flour (82% extraction rate) 

Treatments Mineral N fertilizer rate 

(kg/fed) 

P 

(%) 

K 

(%) 

Fe      Zn Mn 

mg/kg 

Mineral 

 

  

25 0.21 0.29 30.1 17.80 20.31 

50 0.28 0.30 34.21 18.00 20.54 

75 0.31 0.31 36.14 18.13 20.93 

100 0.36 0.36 39.00 18.55 21.11 
Mean 0.28 0.32 34.86 18.12 20.73 

Yeast 25 0.25 0.39 43.19 19.03 20.84 

50 0.29 0.49 50.00 19.83 21.25 
75 0.44 0.56 55.91 20.05 22.04 

100 0.43 0.54 54.14 19.91 21.91 

Mean 0.35 0.49 50.81 19.71 21.51 

Bacteria 25 0.28 0.40 42.01 20.33 21.19 
50 0.38 0.51 50.88 20.41 22.31 

75 0.46 0.65 56.91 21.11 23.18 

100 0.42 0.64 54.04 20.58 22.86 

Mean 0.38 0.55 50.96 20.60 22.38 

Yeast +bacteria  25 0.30 0.45 49.34 21.57 22.21 

50 0.38 0.52 55.03 21.71 22.94 
75 0.55 0.67 58.51 22.08 23.91 

100 0.49 0.64 56.93 21.71 23.25 

Mean 0.43 0.57 54.95 21.80 23.07 

L.S.D., at 0.05 (Rate) N.S N.S N.S N.S 0.10 

L.S.D., at 0.05 (Treatments) 0.05 N.S 0.03 0.30 1.11 

Interaction N.S N.S N.S N.S 0.80 

N.S.: None Significant 

 

The content of K showed a mean value of 0.32% 

for the control treatment. All treatments resulted in 

highly significant increase than the control. Fe 

content showed a mean value of 34.86 mg/kg for the 

control treatment. Meanwhile, other treatments 

showed a significant increase compared to control. Fe 

amount ranged from 34.19 to 55.91, 42.01 to 56.91 

and 49.34 to 58.51 mg/kg, respectively, for yeast, 

bacteria and their mixture. Zn content showed a mean 

value of 18.12 mg/kg for the control. All treatments 

showed an increase compared to control. Mn content 

showed a mean value of 21.11 mg/kg for the control. 

All treatments showed an increase compared with 

control. In addition to, the highest value of minerals 

content of soil treated with bio-fertilizers combined 

with mineral nitrogen at rate 75 kg N/ fed. 



 BIOFERTILIZERS EFFECTS ON CHEMICAL COMPOSITION, RHEOLOGICAL, ORGANOLEPTIC.. 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 66, No. 7 (2023)  

 

569

3. Wheat bread 

Table (5) show the mineral content of wheat bread 

produced from wheat fertilized with yeast, bacteria 

and their mixture under the recommended dose of 

nitrogen mineral fertilization. The minerals content 

(Fe, Zn and Mn) of wheat bread were significant 

increased by all treatments. The mean value of wheat 

bread P recorded 0.35% for the mineral (control). It 

ranged from 0.28 to 0.46, 0.40 to 0.49 and 0.33 to 

0.56% as a result of fertilized with yeast, bacteria and 

their mixture, respectively. K content showed a mean 

value of 0.37% for the control treatment. 

 

TABLE 5 

Effects of bio-fertilizers and different mineral nitrogen rate on minerals content of wheat bread 

Treatments Mineral N fertilizer rate 
(kg/fed) 

P 
(%) 

K 
(%) 

Fe Zn Mn 
(mg/kg) 

Mineral 

 
  

25 0.25 0.34 40.32 19.14 21.41 

50 0.30 0.36 40.91 20.14 22.30 
75 0.38 0.37 41.03 21.53 24.56 

100 0.40 0.40 41.14 21.96 26.76 

Mean 0.35 0.37 40.84 20.72 23.76 

Yeast 25 0.28 0.40 44.88 20.34 22.51 

50 0.32 0.50 51.93 22.05 23.66 

75 0.46 0.59 56.22 24.49 25.19 

100 0.45 0.56 55.81 23.65 24.35 

Mean 0.37 0.51 52.21 22.64 23.93 

Bacteria 25 0.40 0.46 42.34 22.41 24.40 

50 0.45 0.56 42.74 27.94 26.11 

75 0.49 0.67 57.22 31.01 28.89 

100 0.48 0.66 52.96 28.38 28.19 

Mean 0.45 0.58 48.81 27.45 26.90 

Yeast +bacteria  25 0.33 0.55 50.76 23.55 24.40 
50 0.42 0.56 55.53 23.05 25.11 

75 0.56 0.74 59.11 24.77 25.93 

100 0.55 0.70 57.34 23.13 25.43 

Mean 0.46 0.64 55.69 23.63 25.22 

L.S.D., at 0.05 (Rate) N.S N.S 0.09 0.02 0.14 

L.S.D., at 0.05 (Treatments) N.S N.S 0.11 0.03 0.13 
Interaction N.S N.S 0.20 0.05 0.28 

N.S.: None Significant 

 

The mean value content of Fe was 40.84 mg/kg 

for control treatment, and the high increase in Fe 

amount was found in all treatments. Zn content 

shows a mean value of 20.72 mg/kg for the control, it 

could be found that all treatments show an increasing 

compared to control. Mn shows an increase in all 

treatments compared to control and the highest mean 

value of Mn content was in bacteria (26.90 mg/kg) 

compared to other treatments. 

The application of organic fertilizer with mineral 

fertilizer gave an increasing in N, K and P content 

compared to adding organic fertilizer alone. The 

percentages of nitrogen, phosphorus, potassium and 

crude protein significantly increased by inoculation 

of wheat grain with Azos., yeast and Azos. + yeast 

when compared with control treatment (without 

inoculation) during the two seasons [24]. This may be 

due to the important role of nitrogen fixation bacteria 

on increase of the endogenous phytohormones (IAA, 

GAS and SKS) that play a vital role in the active root 

formation, increase of the nutrients uptake, and 

increasing the photosynthesis rate [25].  

El-Kholy and Omar, [26] found that the wheat 

grain inoculated with nitrogen fixing bacteria 

(Bacillus polymyxa, Azospirillum brasilense and 

Azospirillum lipoferum) and two strains of yeast 

(Saccharomyces cerevisiae and Candida utilis) with 

nitrogen fertilization at El-Serw province (Damitta 

Governorate) had effect on both yield and nitrogen 

content of plants. This describe the weakens of the 

natural adherence in the cortex tissue of the 

inoculated roots, where, this will increase the mineral 

over the adsorption surface of the cortex cells by 

some kind of sponge effect then increasing N, P and 

K uptake. These useful effects result in increasing 

accumulation of dry matter and minerals in plants and 

economic plant parts, and cause a significant increase 

in yield. The nutrient status of grain shows high N, P 

and K contents in the plants treated with Azospirillum 

brasilense [27]. The highest values of nitrogen, 

phosphorus, potassium contents and protein 

percentage were recorded by using the full 

recommended dose of NPK (F5) with yeast 

inoculation. However, the lowest values of nitrogen, 
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phosphorus, potassium contents and protein 

percentage were recorded by F1 with non-

inoculation. This may be as a result of enhancing the 

metabolic activity of the plant root when mineral 

nutrients are supplied through the fertilizers addition 

to the soil [28]. 

The using of high rate of nitrogen and bio-

fertilizers will increase the protein content compared 

to control [29]. Other study reported that, using of 

vermiculite under different treatments of N-sources 

resulted in increase of P, K and N uptake in straw up 

to 13.6, 15 and 15.5%, respectively, and also increase 

in NPK-uptake by grain up to 18.5, 21.3 and 19.4%, 

respectively. Our results are the same with results 

obtained by Merwad et al. [30] who reported that the 

using of vermiculite under organic treatments 

improve NPK-uptake by straw and grain of barley 

cultivated in sandy soil. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Effect of bio-fertilizers and different mineral nitrogen rates on minerals content of wheat grain, flour and wheat bread 

 

Effect of different types of bio-fertilizers and nitrogen mineral fertilization on the rheological 

characteristics of wheat flour 82% extraction rate 

Table (6) shows the effect of different types of 

bio-fertilizers on the rheological parameter of wheat 

flour. The data revealed that there was significant 

effect on the rheological characteristics, i.e., wet, dry 

gluten and gluten index between treatments and 

control. This may be due to the bio-fertilizer 

treatments considered as natural fertilizer. The data 

were in the line with those reported with Toaima et 

al. [31] showed significant in rheology parameter. 

Wet gluten content and sedimentation value in wheat 

flour tended to increase with the increase of the 

amount of nitrogen fertilizer.  

The mean value of wheat flour 82% showed that 

wet gluten amounted in 17.15% for the mineral 

(control). Wet gluten ranged from 18.52 to 19.23%, 

16.78 to 17.01% and 17.35 to 17.92% as a result of 

treatment with yeast, bacteria and (yeast + bacteria) 

mixture, respectively. Which resulted dry gluten with 

a range of 7.02 to 8.12, 5.75 to 6.16 and 6.32 to 

6.93%, respectively? Similar trend was found 
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concerning gluten index. Moreover, when wheat flour 

mixed with water to dough forming, the matrixes of 

protein in the individual cells are forming continuous 

network that converses the necessary of 

viscoelasticity to get high-quality bread [32]. Using 

yeast in this study showed high mean value of wet 

and dry gluten content of 18.94 and 7.58%, 

respectively. Ohm and Chung, [33] reported that the 

quantity and quality of proteins determined by the 

content and quality of proteins determined by the 

content and quality of gluten. With respect of gluten 

index, it is depending on the amount of wet gluten 

that crosses the sieves under centrifugal force, while 

a higher proportion of gluten still remains on the 

sieve after centrifugation indicating this gluten 

formed was strong [34]. Gluten index decreased from 

79.45% (yeast) to 75.6% (bacteria). This finding 

agrees with Enriquez et al. [35] reported that, the 

optimum gluten index value for baked purposes 

should between 60 and 90%. Also, they established 

that, there is not any correlation between wet gluten 

and gluten index. 

 

TABLE 6 

Effects of bio-fertilizers and different mineral nitrogen rates on the rheological properties of wheat flour (82% extraction rate) 

Treatments Mineral N fertilizer rate 
(kg/fed) 

Wet Gluten 
(%) 

Dry Gluten 
(%) 

Gluten Index 
( %) 

Mineral 

 
  

25 16.84 5.81 75.1 

50 16.95 5.91 75.7 

75 17.00 6.13 76.2 

100 17.82 6.80 76.8 

Mean 17.15 6.16 75.95 

Yeast 25 18.52 7.02 78.7 

50 18.83 7.18 79.1 

75 19.18 8.00 79.8 

100 19.23 8.12 80.2 
Mean 18.94 7.58 79.45 

Bacteria 25 16.78 5.75 75.1 

50 16.82 5.80 75.5 
75 16.91 5.87 75.8 

100 17.01 6.16 76.0 

Mean 16.88 5.89 75.6 

Yeast +bacteria  25 17.35 6.32 76.9 
50 17.53 6.40 77.5 

75 17.73 6.54 77.6 

100 17.92 6.93 77.8 

Mean 17.63 6.55 77.45 

L.S.D., at 0.05 (Rate) 0.71 0.59 1.61 

L.S.D., at 0.05 (Treatments) 0.29 0.35 1.17 

Interaction 0.48 0.43 2.58 

 

The percentage range of water absorption was 

found to be 73.0 to 78.5%, 76.4 to 80.0% and 69.0 to 

77.4% in yeast, bacteria and their mixture, 

respectively. Our results were found the water 

absorption increase by increasing addition of bacteria 

that reduce the dough blends stability. On the other 

hand, the highest stability was found with (yeast+ 

bacteria) mixture flour than that of the other 

treatments (Table 7).   

Kulp and Lorenz, [36] indicated that, the addition 

of bacteria led to increasing in water absorption rates, 

and not effect on the dough development time, this 

may be due to no newer bonds formation due to 

generation of strong intermolecular electrostatic 

repulsive forces [35]. From farinogram results, the 

degree of dough softening was in¬creased by 

increasing the concentration level of bacteria (Table 

5), this results were in agreement with the findings 

results of Clarke et al. [37]. 

Extensograph data presented in Table (7) show 

some properties namely, the elasticity, extensibility, 

P. N and energy were significant. The results of 

extensograph parameters showed that the addition of 

(yeast + bacteria) mixture to the wheat flour reduced 

dough extensibility. The data revealed that as the 

increasing level of bacteria + yeast, decrease the 

extension resistance due to the raising of proteolytic 

activity and gluten degradation that results in loss of 

extension resistance. The generated energy value of 

mixing of wheat flour with yeast plus (yeast + 

bacteria) mixture was decreased.   

According to, the obtained results, an overall 

improvement bacterium with yeast addition not 

change the bread physical properties including 
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volume and density, while, decrease the dough 

inability and functionality including: resistance to 

extension, dough consistency, extensibility, elasticity 

during the bread processing. Clarke et al. [38] 

detected reduction in dough extensibility with lactic 

acid and the mixed sourdough not have the same 

effects of addition of single-strain sourdough. Other 

study reported, a slight decreasing in extensibility and 

deformation energy of dough containing dehydrated 

sourdough [36]. Our results were in agreement with 

results of Tafti et al. [39] who reported no significant 

difference in energy values between sourdough 

levels. 

 

TABLE 7 

Effect of bio-fertilizers and different mineral nitrogen rates on rheological properties of dough 

 

Treatments 
Mineral N 

fertilizer 

rate 

(kg/fed) 

Farinograph Extensograph 

Water 

Absorption 

(%) 

Arrival 

time 

(min) 

Dough 

Development 

(min) 

 

Stability 

(min) 

Degree of 

Softening 

(B.U) 

Elasticity 

(BU) 

Extensibility 

(mm) 
P.N 

Energy 

(cm2) 

Mineral 

 

25 70.0 1.5 2.0 4.0 50 180 100 1.80 40 

50 73.0 2.0 2.5 4.5 80 200 90 2.22 45 

75 77.0 2.0 3.0 5.5 50 210 120 1.75 48 
100 78.5 1.0 1.5 4.0 100 190 130 1.46 46 

Mean 74.63 1.63 2.25 4.5 70 195 110 1.81 44.75 

Yeast 

25 73.0 1.5 1.5 2.5 80 150 80 1.87 35 
50 75.5 2.0 2.5 3.0 70 190 95 2.00 34 

75 76.0 1.0 1.5 4.5 70 200 115 1.74 42 

100 78.5 1.5 2.0 6.0 50 220 135 1.63 61 
Mean 75.75 1.5 1.87 4.0 67.5 190 106.25 1.81 43 

Bacteria 

25 76.4 1.5 2.0 4.5 70 220 120 1.83 50 

50 77.5 1.5 2.0 5.5 50 220 110 2.00 50 

75 78.0 2.0 2.5 3.5 90 190 117 1.62 45 

100 80.0 1.5 2.0 2.5 90 160 125 1.28 39 

Mean 77.98 1.63 2.13 4.0 75.0 197.5 118 1.68 46 

Yeast + 

Bacteria 

25 69.0 1.0 1.5 4.5 40 180 100 1.80 43 

50 70.0 1.5 2.0 5.5 50 200 90 2.22 45 

75 72.0 1.5 2.0 6.0 50 230 100 2.30 46 

100 77.4 1.5 2.0 4.0 70 190 110 1.73 38 

Mean 72.1 1.38 1.88 5.0 52.5 200 100 2.01 43 

L.S.D., at 0.05 (Rate) 5.59 0.31 0.58 0.72 1.28 10.51 10.56 0.43 3.45 

L.S.D., at 0.05 

(Treatments) 
5.78 0.74 0.81 1.14 2.81 14.93 7.05 0.51 7.067 

Interaction N.S 0.62 N.S N.S 2.56 21.02 21.1 0.86 6.91 

N.S.: None Significant 

 

Effect of different types of bio-fertilizers and nitrogen mineral fertilizer on sensory characteristics 

Data in Table (8) shows the effects of different 

types of bio-fertilizers and nitrogen mineral 

fertilization on sensory characteristics of balady 

bread was Non-significant. The sensory evaluation 

included the general appearance, taste, crust color, 

separation of layers, roundness, distribution of crumb 

and odor. Results of the sensory evaluation in Table 

(8) showed enhancing the intensity of bread taste 

compared with the yeast fermentation [40]. Shadi et 

al. [41] found that L plantarum was added to bread 

dough formulation at 0,5,10 and15% concentrations, 

showed that the highest score of taste were belonged 

to sample contained 5% sourdough while sample 

with 15% sourdough gained highest score of bread 

odor. The sensory properties of balady bread were 

increased between treatments compared with control 

bread. This result agrees with that reported by Gomez 

et al. [42]. 

 

TABLE 8 

Effects of bio-fertilizers and different mineral nitrogen rates on sensory characteristics 

Treatments Mineral N 
fertilizer rate 

(kg/fed) 

General 
Appearance 

(20) 

Taste 
(20) 

Crust 
Color 

(15) 

Separation of 
layers 

(15) 

Roundness 
(10) 

Distribution of 
crumb 

(10) 

Odor 
(10) 

Mineral 25 17 19 13.5 14 9 9.5 9 
50 17 19 13 14 9 9.5 9 

75 17 19 13 14 9 9.5 9 

100 17 19 13 14 9 9.5 9 
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Mean 17 19 13.1 14 9 9.5 9 

Yeast 25 18 19 14 14 9 9 9 
50 18 19 14 14 9 9 9 

75 18 19 14 14 9 9 9 

100 17.5 19.5 14 14 9 9.5 9 

Mean 17.9 19.1 14 14 9 9.13 9 

Bacteria 25 19 19.5 14 14 9 9 9 

50 19 19.5 14 14 9 9.5 9 

75 18 19 14.5 14 9 9.5 9 

100 18 19.5 14.5 14 9.5 9.5 9 

Mean 18.5 19.4 14.2 14 9.13 9.38 9 

Yeast+ bacteria 25 18 18.5 14 14 9 9 9 
50 17.5 18.5 14 14 9 9 9 

75 17.5 19 14 14 9 9 9 

100 17.5 19 14 14 9 9 9 

Mean 17.6 18.7 14 14 9 9 9 

L.S.D., at 0.05 (Rate) N.S 1.35 N.S N.S N.S 1.49 2.42 

L.S.D., at 0.05 (Treatments) 1.58 0.97 1.19 N.S N.S 1.09 2.82 
Interaction 1.82 1.35 N.S N.S N.S N.S N.S 

N.S.: None Significant 

 

Conclusion  

From the collected data in the current 

investigation, it can be concluded that inoculating of 

wheat grains with bio-fertilizers Rhizobium 

radiobacter and Candida incommunis or the 

combination between them with doses of nitrogen 

fertilizer caused increasing of wheat growth, improve 

the wheat quality and increase the wheat nutritional 

values. Therefore, increase the nutrients of the 

produced balady bread and enhance its sensory 

characteristics. 
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